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World resources
Forecasts and Globalisation (WR-F)
Shifting Paradigms To Study Urban Sustainability
Du Plessis C., South Africa
Beyond Sustainability - The Importance Of Thinking Beyond Efficiency Based Initiatives In Buildings
Hes D., Australia
Lifecycle Tower - High-rise Buildings In Hybrid Timber Construction
Rhomberg H.R., Bonomo J.B., Austria
Factor 10: Multiplying By 10 Resource Productivity In The Urban World
Salat S., Bourdic L.B., France
Un-changing Climate?
Söderlund A.T., Finland
Energy Efficiency Improvement Of Building Stock In The European Union
Tuominen P., Klobut K., Tolman A., Finland

Water and waste management (WR-W)
The application of Solidification and Stabilisation technology for the treatment of harbour sediments
Fotis P.D., Hytiris N., Bennabi A., United Kingdom, France
Twin Tanks for Fresh and Flush Water Supply System in Hong Kong Housing Authority Public Rental
Housing Estates
Yeung C.K.Y. Mak J.Y.W., Ho C.S., Pang H.W., Fung C.K.Y., Lai W.K.W., Hong Kong
Energy Water Relationships in Reticulated Water Systems
Lawton M.E, New Zealand
Economic Feasibility Study for Rainwater Harvesting in Brazil
Motta S.R.F., Teixeira P.C., Paulino J.F.A., Aguilar M.T.P., Brazil
Life Cycle Inventory of the Pneumatic Waste Collection System in a Dense Urban Area
Punkkinen H.M., Merta E.S.A., Teerioja N.S.I., Finland
Sustainable Wastewater Polishing Treatment by Wetlands
Sallanko J.T., Lakso E., Finland
Planning for SME’s Proactive Waste Management in Office Building Retrofit Projects
Yang J., Li M., Li Q.M., Australia, China

Material And Energy Flows (WR-M)
2000-watt-society In Switzerland
From A Global Perspective To A Single Building
Kellenberger D., Steiger P., Lenel S., Schneider S., Ménard M., Switzerland
From Smart Grids To Synergy Grids
Larsson N., Hovorka F., Salat S., Bourdic L., Canada, France
Life Cycle Energy Consumption And Co2 Emissions Of Buildings: An Overview And Case Studies In
Beijing
Peng P.B., Lin L.B.R., Zhu Z.Y.X., China
Simulating Energy Demand And Emissions Of The Residential Building Stock In Germany By Taking
Occupant Characteristics Into Account
Hiete M., Stengel J., Schultmann F., Germany
The Effects Of Slag Content And Surface Finish On Concrete Albedo
West R.P., Sweeney A., O' Connor C., Ireland
Indicators For Environmental Monitoring Of The Swedish Building And Real Estate Management
Sector
Toller S., Finnveden G., Wadeskog A., Miliutenko S., Sweden
Energetic Urban Planning – A Novel Approach To Carbon-neutral Cities
van den Dobbelsteen A., Tillie N., Netherlands
Observed and simulated town energy balance parameters in Helsinki, Finland, 2009/2010
Drebs A.J., Fortelius C.G.E., Finland
Heat Mapping The Netherlands – Laying The Foundations For Energy-based Planning
Broersma S., Fremouw M., van den Dobbelsteen A., Netherlands
The Contribution Of Plastic Pipe Systems To Sustainability In The Built Environment
Spirinckx C.H., Harget D.C., Belgium, United Kingdom
The Embodied Air Emissions Of Construction Sector In Norway: The Input-output Analysis
Huang L., Bohne R.A., Hovde P.J., Norway
Improved Service Life Predictions For Better Life Cycle Assessments
van Nunen H., Mooiman A., Netherlands
Low Exergy Systems For High-performance Buildings And Communities
Schmidt D.S., Germany
Unique Investigation Of Chemicals In Construction And Indoor Air Of Swedish Dwellings
Giselsson S.E., Sweden
Description Of The Swedish Building Stock By Material From A Swedish Statistical Survey Of 1800
Buildings.
Hjortsberg M., Sweden

Physical Properties Of The Cellulose Foam Thermal Insulation By Cellulose And Starch,
Polypropylene
Kang J.S., Choi G.S., Lee S.E., Republic of Korea
Novel Construction Materials For A Sustainable Future
Wang W.D.M., Ang A.K.S., Low L.G.L., Chew Sarah s.c., Low L.G.L., Singapore
Life Cycle Assessment Of Canadian Steel Building Design And Case Studies Comparison Limitations
Straka V.A., Gorgolewski M., Pinto I.L.R., Canada
Application Of Lca In The Construction Sector: Considerations On Impact Allocation In Steelmaking
Processes And Its Reflection On The Cement Industry
Saade M.R.M., Silva M.G., Silva V.G., Brazil
Influence Of Impact Allocation Between Steel And Its Slags On Their Potential Use In The
Construction Sector
Saade M.R.M., de Oliveira B.M., da Silva M.G., Silva V.G., Brazil
Developing A Life Cycle Assessment (lca) Database Of Wood Materials Based On International Field
Survey
Nambu Y., Ikaga T., Japan
Shading system and daylight control in low energy office buildings in Norway
Haase M., Wigenstad T, Norway
Life Cycle Assessment of a residential building in Brazil
Motta S.R.F., Garcia D.B., Aguilar M.T.P., Brazil
Aia 2030 Commitment Initiative: Design Firms’ Role, Tools And Processes For Transforming The
Building Design And Construction Industry To A More Sustainable Model
Vujovic V.V., United States
Design For Reuse Of Building Materials In The Us
Guy G.B.G., United States
Demonstration Of The Economic Viability Of Applying Technological Innovations To Air-conditioning
Systems In Buildings: Exhaust Air Heat Recovery, The Variation In External Air Flow And Water
Reuse.
Vedovello C.S.V., Melhado S.B.M., Gonçalves C.M.G., Brazil
Ecomimesis a 21 Century Model For A Sustainable Built Environment Based On Natureï¿½s
Ecosystems
Woo L.C., Woo L.C., United States

Theme 2
Well-being in cities and urban environments
Indicators for the QualityoOf Life (CU-I)
Light Trespass From Exterior Lighting In Urban Residential Areas Of Compact Cities
Chao Y.C., Huang K.Y., Kuo P.Y., Taiwan
Evaluation Of Investment In House Improvement Considering Non-energy Benefits Delivered By
Health Promotion
Eguchi R.E., Ikaga T.I., Murakami S.M., Kawakubo S.K., Japan
Environmental Comfort And Urban Spaces
Benedetti C., Leone G., Di Palma D., Russo A., Ratajczak J., Italy
Qualitative User Evaluation Of Energy Efficient Buildings – Case Studies Of Six Passive Houses And
Zero-energy Buildings
Thomsen J., Hauge Å.L., Denizou K., Jerkø S., Wågø S., Norway
Design For Well-being In Older People’s Residential Environments - Sustainable Design In Finland
And Sweden
Verma I., Aalto L., Malmqvist I., Elf L.M., Finland, Sweden
Modular Flat Design For Mass Customization In Hong Kong Housing Authority Public Rental Housing
Estates
Yeung C.K.Y., Fung C.K.Y., Lai W.K.W., Cheng I., Hong Kong
Clarification Of Health Benefit Yielded By Appropriate Maintenance Of Housing And Regional
Environment
Deguchi M., Ikaga T., Kawakubo S., Japan
Indoor Air Quality – A New Important Criterion For The Sustainability Of Houses
Koch G., Krische A., Austria
Shall We Dense? / Save: My Life
McPherson S., Haddow A., Australia
Tool Indicators For Sustainable Building Materials. Target Study - Lime Mortars.
Vasconcelos S., Alho C., Portugal
An Important Piece Of The Puzzle
Wörman E.C., Sweden
A Preliminary Study Of Resident's Mental Health In Archilife Symbiosphere 1 Center
Lin Y.J., Chou Y.C., Su C.H., Taiwan
Symbiotic Shield: The Archilife Symbiosphere I Center (asic) As A Basic Sustainable Built Unit To
Minimize Human Living Demands To The Global Resources
Day Y.T., Chung C.H., Taiwan

Sustainable Urban Housing And Alternative Indicators Of Well-being
Karhu J., Nenonen S., Finland
A Study On The Residents’ Awareness For Energy-saving Renovation Measures
Lin S.H., Lai R.P., Liu H.Y., Taiwan
Successful User Engagement In The Construction Sector Based On Perfection Project Case Study
Kowalska A., Poland

Cultural and Regional Issues (CU-C)
Modeling Common Health-related Factors Of Housing And Regional Environment In Japan
Ando S.A., Oshige K.O., Shiraishi Y.S., Ikaga T.I., Hoshi T.H., Japan
An Exploration Of The Challenges Facing Developers Of Affordable Dwellings Following Low Carbon
And Ecological Priniciples, In Rural Locations In Wales
Hatherley S.A., Littlewood J.R., Counsell J.A.M., Geens A.J., Sinnett N., United Kingdom
Architecture In Crisis
Trocka-Leszczynska E., Jablonska J., Poland
An Analysis Of The Visioning Process Of The Inner City Community Sustainable Swansea Project
Fox C.E., Littlewood J.R., Counsell J., United Kingdom
From Tradition To Modernity: Role Of Food Activities In City Evolution And Hybridization Of
Sustainable Built Environments
Odeyale T.O., Sodagar B., Temple N., O'Coill C., United Kingdom
Towards Sustainable Residential Practices - Can Architecture Make A Change?
Støa E., Larssæther S., Norway
Measuring The Influence Of Using Intelligent Living Concept On The Sustainable Rural Villages In
Taiwan
Chang K.F., Chou P.C., Taiwan
Urban environment and inhabitants' welfare in Constantine: when cultural issues oppose
socioeconomic changes
Makhloufi, M., Algeria
Changing Around Time (cat-med): Sustainable Urban Models
Marín Cots P., Spain
Sustainability In A Historic Context – Case Bulevardi 6 In Central Helsinki
Vanhanen J., Vehviläinen I., Finland
Role of Architecture in Immigrants’ Integration Process
Virkkala V.I.I., Tenho T.E.V., Finland
To Set Up The Composting System In Ultimate Structure Of Symbiosphere Ii In Taiwan
Gao C.C., Taiwan

The Innovative Concept Of Housing Renewal: Emphasis On People In Major Renewal Process Of Old
Neighbourhoods. Case: Peltosaari-project, Riihimäki
Väkevä-Harjula I., Finland
The Environmental Impact Of Industry And Development In Regional Australia
Hamilton-Foster E.L., Australia

Innovative Management and Operation (CU-M)
A Top Down Approach To Improve Ieq While Reducing Energy Consumption
Bluyssen P.M., Oostra M.A.R., Meertins D., Netherlands
Productive Development And Sustainability In Tuscany Environmental Policy In Industrial Areas: The
Apea
Gallo P., Gianfrate V., Italy
Carrot City: The Impact Of Food Security On The Design Of Cities And Buildings
Gorgolewski M.T., Canada
A Study On Operational Information Hierarchy Through An Energy Efficiency Contest ~case In Taikicho "my Home" Energy Efficiency Contest 2010-2011~
Morishita Y., Ikeda H., Yashiro T., Magori B., Fujii H., Nunome M., Higasa H., Yamagata K., Japan
Climate Change - Mitigating Effects Vs. Adapting To Climate Change
Rasmussen T.V., de Place Hansen E.J., Denmark
Dematerialization Of The Built Environment
Sato S.P., Paulert R., Silva B.A., Carboni M.H.S., Rocha G.L., Baldessar S.M.N., Santos A., Brazil
Venturing Gbi-nreb Into Carbon Credit: A Sustainable Framework For Malaysian "green Property"
And "green Economy"
Bagdad M., Mohamad M.F., Malaysia
Soft Landings For Sustainable Buildings - Designing For Operational Outcomes.
Bunn R., United Kingdom
Green Leases In Australia: An Analysis Of Current Trends And Issues
Burroughs V.S., Australia
R&D Based Living Buildings in a Fast Changing Environment R&D Instead of D&C for a Sustainable
Environment
de Ridder H., Netherlands
Sustainable Management As An Effective Solution For The Improvement Of Working Conditions On
Building Sites In The State Of Pernambuco - Brazil
Priori L., Jéferson J., Brazil
Green Lease Model Creation for Single-user Office Building
Rajakallio K., Anttila M., Finland
A Heat Robust City. Case Study Designs For Two Neighbourhoods In The Netherlands.
Kleerekoper L., van den Dobbelsteen A.A.J., van Dorst M.J., Hordijk G.J., Netherlands

A Sustainable Future For The Past: Managing Historic Industrial And Urban Environments
Landorf C.M., Australia
A Prototype Domestic Energy Model using Intelligent Agents
Lee T., Yao R., United Kingdom
Strategies For An Integrated Sustainable Renovation Process: Focus On The Swedish Housing Stock
‘people’s Home’
Thuvander L., Femenias P., Meiling P., Sweden
Resources For Regeneration: Economic And Financial Processes For Social Housing In Italy
Piermattei P., Italy
The Real Challenge (regional Environmental Affordable Living) In Western Australia's North West.
Williams B.W., Australia
Sustainable Social Housing: Transformations In Maintenance And Management Practices For Public
Housing In Hong Kong
Au B., Pang H.W., Wong G., Chan L.S., Hsu V.K.L., Hong Kong
Retrospective Evaluation And Prospective Value-add: A Review Of R&d Investment In Australia
Hampson K.D., Kraatz J.A., Australia
Climate Adaptation: The Future Of Extra-care Housing For The Elderly In The United Kingdom.
Keeffe G.P., McHugh I., United Kingdom
Understanding Customer Needs Is The Key To A Sustainable Community
Siponen J.T., Malvalehto J.M., Herrala M.E., Haapasalo H., Finland
Modeling Health-related Factors Of Housing And Regional Environment In The City Of Kitakyushu
Shiraishi Y.S., Ando S.A., Ikaga T.I., Hoshi T.H., Oshige K.O., Japan
Umeå. More Sustainable Buildings. The Network For Sustainable Construction And Real Estate
Management In Cold Climates
Söderström R., Johansson C., Sweden
Inspired By The Past-built For The Future–appreciated Living Conversion And Redevelopment Of A
Former Electrical Substation Into 51 Residential Units With Meeting Points Ludwigshafen, Germany
Schneider B., Osika K., Osika A., Germany
Existing Buildings- From Energy To Sustainability
Samila E., Heikkinen L., Finland
Global and Regional Building Performance Benchmarking and its Use to Improve Buildings'
Performance
Skopek J.S., Canada
Innovative And Effective Trials For Upgrading Efficiency In Social Housing In Italy, Aimed At
Sustainability And The Reduction Of Energy Poverty
Corsetti M., Italy

Evidence-based Brief For Sustainable Healthcare Environments
Svedbo Engström M., Wijk H., Elf M., Sweden
Energy Efficiency In Historical Architecture: Peculiarity And Limitations Of Italian Case
Cerroni F., Italy
Integrated Solutions Of Collective Housing Rehabilitation In Romania
Georgescu M.S., Ochinciuc C.V., Bliuc I., Dumitrescu C., Iana C., Romania
Energy Assessment Of An Office Building In Hong Kong Using Lcem Tool
Yang Z., Okumiya M., Wei Q.P., Tokita S., Japan, China
Change Dwelling Condition: New Dwelling In Used Real Estate Market Units
Barros L.A.F., Brazil

Land Use, Infrastructure, Transport (CU-L)
Choi Hei Road Park - A Community Park Converted From An Abandoned Quarry
Chan S.H.W., Hong Kong
Usable Sustainability Of Shopping Centres: Components Of The Rating Tool
Alho J., Nenonen S., Nissinen K., Niemi R., Finland
Spatial Modelling Of Electric Vehicle Uptake And Electricity Grid Impacts In Australia
Paevere P.J., Higgins A., Australia
Infrastructure Of A New Carbon Neutral Settlement
Slagstad H., Brattebø H., Norway
Development Strategies Of Finnish Municipalities: Gis Approach In Evaluation Of Development
Scenario Impacts On Co2e Balance
Tvrdý J., Finland
Smart Use Of Storage Potentials Of Electric Vehicles For Renewable Energy Generation In The Built
Environment; A Design Scenario
van Timmeren A., Bauer P., Silvester S., Beella S., Quist J., van Dijk S., Netherlands
Land Use And Urban Planning. Contributions To Urban Sustainability
Faísca M.G., Alho C.A., Silva L.M.C., Portugal
Sustainable Building Services Design For Affordable Social Housing In Hong Kong
Leung C.K., Leung Y.K., Tang W.K., Hong Kong
Envisioning An User-centric Infrastructure Lifecycle Management
Manninen A.P., Kärnä S., Nenonen S., Finland
Cultural Sustainability In An Australian Regional Centre: The Case Of Swan Hill
Nichols D.G., Darian Smith K., Australia
Risk And Vulnerability Assessment Of The Build Environment In A Dynamic Changing Society
Nie L., Oyen C.F., Groven K., Aall C., Norway

Development Of A Commercial Building Site Selection Framework For Minimizing Greenhouse Gas
Emissions And Energy Consumption
Weigel B.A., United States
The Bioclimatic Urban Planning, A Case Of Study: The Railway Workshops Area In Bozen, Italy
Benedetti C., Pasetti Monizza G., Leone G., Girasoli M.T., Italy
Urban Sprawl Promoted Through Master Planning
Amado M.P., Ribeiro M.R., Portugal

Theme 3
Sustainability in developing countries
Appropriate Sustainable Technologies (DC-T1)
A Comparison Evaluation By Sbtool On The Green Buildings Certified From Taiwan Eewh System
Kuo Y.C., Chiang C.M., Chang K.F., Chou P.C., Taiwan
Challenges In The Environmental Assessment Of Humanitarian Construction. Case Study From
School Reconstruction Project In Haiti.
Kuittinen M.K.J., Kaipainen S., Finland, Haiti
Natural Ventilation And Traditional Architectonical Devise: Physical Analysis Of Badgir Structure.
Benedetti C., Leone G., Baratieri M., Brauer I., Italy
Life-cycle Assessment Of Different Building Technologies For Partion Walls - Contribution To Future
Developments On Interior Partition Concepts
Mendonca P., Macieira M., Mateus R., Braganca L., Braganca L., Mendoca P., Macieira M., Braganca L.,
Portugal
Sustainable And Eco-efficient Technologies - Multi-dwelling Urban Building 2030
Piasecki M.P., Poland
Feasible Sustainable Building For A Small Development Project In South East India
Versele A., Voet J., Claes K., Biesbroeck K., Wauman B., Breesch H., Belgium
Determinants Of Successful Sustainable Building Practices In Nigeria
Anigbogu N.A., Nigeria
The Solarpowerhouse Concept – A Model Of Transition Towards Affordable Energy Services For
Delta State, Nigeria
Geissler S., Austria
Barriers To Sustainable Construction (development) In South Africa
Emuze F., Smallwood J.J., South Africa
Promoting Sustainable Technology – What Have We Forgotten?
Tracey-White J.D., United Kingdom
Ecoenvolventes R & D. Passive Architectural Envelopes High Thermal Performance And Low
Environmental Impact For Tropical Geo-climatic Zones With Cultivated Native Woods And Plants.
Varini C.V., Velasco R.V., Rocha E.R., Bolaños T.B., Moscoso A.M., Contreras C.C., Romero P.R., Luciani
S.L., Colombia
Energy Conservation Technologies For Subtropical Public Buildings - A Study Of The Retrofit Design
Of The Taipei County Sustainable Development Education Center
Wu H., Cheng C., Hu C., Chao N., Taiwan
Moisture And Mould Problems A Threat Against Sustainable Buildings, The Betsi Study In Sweden.
Åberg O., Sweden

A New Approach To Energetic Requalification Of Existing Buildings: The Impact Of The Planning
Decisions On Moisture Content And Behaviour
Benedetti C., Demattio M., Girasoli M.T., Marchesi M., Rondoni M., Italy
Ecological Dimension Of The Intermediate Habitat
Gradinaru T., Baran I., Gradinaru T., Romania
Principles Of Sustainable Development And Architectural Design
Lepadatu C., Fartatescu M., Dumitrascu A.I., Romania

Coastal Cities, Risks of Climate Change (DC-C)
Sustainable Construction In Colombia: Main Actors And Implementation
Guevara J.A., Vargas H., Ozuna Giraldo A.O., Rivera J.R., Colombia
A Case Study Regarding The Potential Impact On Socio-economic And Property Development
Resulting From Road Transport Corridors In Africa
Hauptfleisch A.C.H., Marx H.J., South Africa
Swarm Planning: A Unified Approach Dealing With The Two Sides Of Climate Change
Roggema R.E., Van den Dobbelsteen A.A.J., Australia, Netherlands
Us/japanese Building Energy Efficiency Measures In Relation To Southeast Asia
Washiya S., Yamamoto Y., Ono K., Miyazaki K., Takaguchi H., Knapp R., Japan, United States
Modeling Effective Global Warming Countermeasures For The Residential Sector In China For 2050
Xing R.X., Ikaga T.I., Japan
Homeostasis In Architecture And Climate Change – A Case Study
Lanzinha J.C., Furtado L.C.G., Jular J.E.R., Portugal

Urbanization, Mega Cities, Employment (DC-U)
The Sustainability Guidelines For Slums Upgrading Projects
Aulicino P., Abiko A.K., Andrade M.H., Brazil
Analysis Of Sustainability In The Slum Upgrading Process: The Storm Water Subsystem And The
Accessibility, Mobility And Transport
Abiko A.K., Andrade M.H., Aulicino P., Brazil
Snow Transportation By Wind Action On A Wide Roof With Irregular Curved Shape Placed In Urban
Texture
Teleman T.E.C., Axinte A.E., Vasies G., Romania
Building The New World- Three Eco-city Projects To China
Eriksson P., Paloheimo E., Mikkonen J., Finland
The Impact Of Vegetation On Urban Microclimates
Shinzato P., Duarte D.H.S., Brazil

Actions Of Low-carbon Construction For Cities Responding To Climate Change Impacts In China
Wang X.M.W., Wu J.X.W., Wang X.W., Hua H.H., Hua H., China
Indicators To Measure Sustainability In Urban Developments
Amado M.P., Freitas J.C., Lopes T.C., Portugal

Theme 4
Sustainable processes and eco-efficient technologies
Assessment Of Cities, Neighbourhoods, Buildings And Products (EE-A)
Sustainability Assessment Of Renovation For Increased End-use Energy Efficiency For Multi-family
Buildings In Sweden
Brown N.W.O., Bai W., Björk F., Malmqvist T., Molinari M., Sweden
Does Sustainability Increase The Value Of Properties?
Frank S.O., Stoy C., Germany
Design Of A Simplified Comparative Ecological And Economic Lca Tool For Swiss Residential
Apartment Buildings – Methodological Approach
John V., Wallbaum H., Switzerland
Sustainability Assessment System For Housing In Germany – Concept, Experiences, Opportunities
Immendoerfer A.I., Luetzkendorf T.P., Rietz A., Schuetz H., Germany
Developing Energy And Ghg Reduction Model For Commercial Office Building Stock
Seo S., Foliente G., Australia
Lca In Building Certification: Experiences From Germany
Wittstock B., Braune A., Fischer M., Kreissig J., Lemaitre C., Sedlbauer K., Germany
Certification Of Sustainable Housing In Large Housing Estates - Experience From The European
"longlife" Project
Dirlich S., Blum A., Germany
Assessing The Built Environment’s Contribution To Sustainable Development: The Sustainable
Building Assessment Tool
Gibberd J.T., South Africa
Life Cycle Costs And Life Cycle Assessment Benchmarks For Residential Buildings In Germany
König H., De Cristofaro M.L., Germany
Sustainable Building Assessment Systems As Integrated Tools For Effective Policy Level Steering.
Mäkeläinen T. (Finland), Häkkinen T. (Finland), Lupisek A. (Czech Republic,
Life Cycle Assessment Methodologies In The Construction Sector: The Contribution Of The
European Lore-lca Project
Peuportier B.L.P., Herfray G., Malmqvist T., Zabalza I., Staller H., Tritthart W., Wetzel C., Szalay Z., France,
Sweden, Spain, Austria, Germany
Outline Of Approach To Low Carbonization By Strengthening Casbee For New Construction (2010
Edition)
Sato M.S., Murakami S.M., Ikaga T.I., Takai H.T., Yanai T.Y., Hayashi T.H., Endo J.E., Japan
School Buildings On The Path To The 2000-watt-society
Aumann A.A., Switzerland

Sustainable Buildings – A Global Overview Of Users’ Perceptions
Baird G., New Zealand
Integrating Municipal Climate Targets With Planning Targets At Building Level In A Life Cycle
Perspective
Malmqvist T.I., Keski-Seppälä L., Glaumann M., Sweden
Towards A 2000 Watt Society – Assessing Building-specific Saving Potentials Of The Swiss
Residential Building Park
Heeren N., Jakob M., Wallbaum H., Switzerland
Selecting Environmental Assessment Tool For Buildings
Glaumann M., Malmqvist T., Wallhagen M., Sweden
Per Capita Energyfor Living, Work, Transport And Other Social Activities In Cities In Kinki Region,
Japan
Yamaguchi Y., Nakashima S., Shimoda Y., Japan
Comparison Of Sustainability Rating Systems For Buildings And Evaluation Of Trends.
Berardi U., Tortorici G., Italy
The Influence Of Building Plot Ratios On Urban Heat Island Intensity In The Tropics
Wong N.H., Jusuf S.K., Ignatius M., Eliza A., Singapore
Comprehensive Assessment Of Whole Japanese Cities From The Perspective Of Environmental
Efficiency
Kawakubo S., Murakami S., Asami Y., Ikaga T., Yamaguchi N., Kaburagi S., Japan
A Systems Approach To Urban Development
Kuronen M., Finland
Toward A Multiscale Sustainability Assessment Of Urban District Projects
Lombardi L.P., Trossero E.T., Italy
Methodological Improvements In Life Cycle Analysis Of Buildings: Results From The Coimba Project
Salmon N., Peuportier B., Chevalier J., Sidler O., Mikolasek R., France
Comparison Effective Environmental Strategies For Buildings, Houses And Transportation In Highdensity Cities And Low-density Cities
Yokoo N.Y., Oka T.O., Japan
Sustainiable Construction Projects: Case Study Of Flexible Strategies For Long-term Sustainability
Under Uncertainty
Fawcett W., Vennström A., Albrecht S., Krieg H., Huges M., United Kingdom, Sweden, Germany, United
Kingdom
An Empirical Evaluation Of Metropolitan Carbon Mitigation Strategies
Heinonen J.T., Junnila S.I., Kyrö R.K., Finland
It Takes Only Two Hours To Get Rough Estimate Of Urban Eco-efficiency
Lahti P., Nikkanen A., Puurunen E., Finland, United States

An Empirical Evaluation Of The Significance Of The Carbon Spike In The Construction
Säynäjoki A.J., Heinonen J.T., Junnila S.I., Finland
Neighborhood Eco-efficiency – A Finnish Perspective
Säynäjoki E.S., Kyrö R.K., Heinonen J.T., Junnila S.I., Finland
Adding Value Using Sustainable Building Construction In Cyprus: The Case Study Of The Cyprus
University Of Technology In Limassol
Hadjimitsis D., Themistocleous K., Achillides Z., Philimis P., Sofou S., Cyprus
Generating An Understanding Of The Development Criteria Required For The Next Generation Of
Sustainability Assessment Methods For The Built Environment.
Poston A., Emmanuel R., Thomson C.S., United Kingdom
What Is Best For The Climate - Refurbishment Or Replacement Of Buildings?
Rønning A., Vold M., Norway
Multi-criteria Assessment Of High Performance Residential Building Envelope Typologies In Canada
Roos R.J., Gorgolewski M.T., Canada
Futurebuilt – A Programme For Realizing Best Practise Climate Effective Architecture And City Areas
Rusten B., Stoknes S., Norway
The Cultural Values Embedded In Building Environmental Assessment Tools: A Comparison Of
Leed-canada And Japan’s Casbee
Blaviesciunaite A., Cole R.J., Canada
Sustainable Evaluation - Concept To Assess The Applicability Of Secondary Aggregates In Concrete
Herbst T., Rübner K., Meng B., Hauer B., Germany
Life Cycle Assessment Of Energy Efficient Timber Frame Outer Walls – Does Thicker Insulation Pay
Off?
Folvik K., Holthe K., Einstabland H., Norway
Next Generation Of Sustainability Assessment – Top Down Approach And Stakeholders Needs
Luetzkendorf T.P., Hajek P., Immendoerfer A.I., Lupisek A., Nibel S., Häkkinen T., Germany, Czech
Republic, France, Finland
Development Of A Sustainability Assessment System For Education Buildings – Relevance,
Specifications And Differences From Other Building Types
Nannen C.H., Wittstock B., Germany
Comparison Of Steve And Envi-met As Temperature Prediction Models For Singapore Context
Wong N.H., Jusuf S.K., Ignatius M., Eliza A., Samsudin R., Singapore
Improving The Environmental Impacts Of A Typical Flemish Retirement Home: A Life Cycle Approach
Debacker W.A., Van Holm M., Annemans M., Heyrman L., Spirinckx C., Verhaegen M., Belgium
Understanding Houses – A Key Step To Sustainability
Burrough L.J., Isaacs N.P., Pollard A.R., Burgess J.C., Camilleri M.T., Saville-Smith K., New Zealand

Undertaking Social Housing Energy Refurbishment In Ireland
Daly P.G., Ireland
Benchmarking Values For Building Environmental Performances Assessment : The French
Experiment
Chevalier J., Lebert A., Fedolliere J., Lasvaux S., Ravel P., Laurent J., Hans J., Nibel S., Chorier J., France
Sustainability Evaluation Of Viennese Housing Estates In Passive House Standard – A Post
Occupancy Reflexion
Smutny R.S., Neururer C.N., Treberspurg M.T., Austria
Development Of Assessment Method For Future Urban Visions In The Depopulating Period
Kiuchi N., Nishino H., Sakata T., Japan
Study On The The Non-energy Benefits (neb) Of Community-wide Energy Utilization And Evaluation
Of The Marginal Abatement Costs
Kuzuki R., Murakami S., Ikaga T., Sadohara S., Yoshida S., Ichikawa T., Kato Y., Tanaka T., Ikuta Y.,
Aozasa K., Japan
Regenerate Suburban Districts – Proposal For The “ground-scraper” Corviale In Rome
Mazzola E.M., Italy
Evaluating The Impact Of Sustainable House Design And Environmental Attitudes On Resource
Usage
O'Callaghan B.T., Hyde R., Australia
Towards Integration Of Environmental, Functional And Economic Indicators For Envelope And
Structural Frame Selection: Proposal For Discussion At The Conceptual Design Stage
Oliveira F.R.M., Gomes V., da Silva M.G., Brazil
Enhancing Building Rating Systems Through Carbon Footprinting
Russell M.D.R., United States
The Energy-efficient Buildings Ppp Multi-annual Roadmap And Longer Term Strategy
Carosio S., Cioffi M., Bourdeau L., Fernandez M., Italy, France, United Kingdom
Sustainable Urban Environments And Future Scenarios
Gaterell M.R., Caputo S., United Kingdom
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PREFACE
The 6th World Sustainable Building (SB) Conference, SB11 Helsinki, addresses new opportunities for
improving quality of life, mitigating the effects of climate change and making new business.
The SB Conference series, co-sponsored by CIB, iiSBE and UNEP, gathers the world’s leading industry
experts and researchers on sustainable built environment. the aim of this prestigious summit, held every
three years, is to share leading knowledge, and also to find new solutions which can enhance sustainable
ways of living and working within built environments. the previous conference SB08 held in Melbourne was
an overwhelming success, attracting more than 2.000 delegates from over 60 countries with over 350 papers
and speeches delivered and 185 posters shown, and thus setting new standards that the SB11 Helsinki
intends to carry even further by getting more countries involved and increasing the technical quality of the
conference contents.
To improve our current understanding on sustainable building and to develop new solutions for the present
and future, SB11 Helsinki will provide a vivid forum for discussion and networking between all stakeholders.
51 Scientific Sessions and 10 Special Forums covering all the themes of the conference will showcase the
valuable contribution of experts from more than 50 countries. Seven scientific journals are planned to publish
the conference's best papers.
In this edition the global aspect will be particularly emphasized both in terms of conference themes and
conference organization. as an example, more than 70 countries are represented within the International
Scientific Committee, about three times the number reached in previous events!
To reach further, SB11 Helsinki has devoted a big effort to reinforce communication and dissemination
through a very active website that houses promo-videos, interviews, permanently updated news and a
special section featuring brief reports on recent initiatives worldwide towards a more sustainable built
environment.
Moreover, and hand in hand with the desire to encourage the participation of young generations in SB11
Helsinki, an International Student Idea & Design Competition for Sustainable Neighbourhood Regeneration
in Espoo, SuvelaSURGE has been launched. Without precedent in these international conferences, this
innovative initiative intended for multidisciplinary working teams has received proposals from students from
over 14 countries. Even children have taken part! the results will be presented during one of the conference's
special forums.
Looking forward to a stimulating summit.
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This special forum will look at the potential for the building sector in context of the UN Conference
on Sustainable Development (Rio+20)to be held in June 2012. The forum will be a panel
discussion on approaches to creating more sustainable patterns of consumption and production, in
the building sector and in urban development. The session will address the steps that
governments, NGOs, the building sector, and international agencies must take to realize the full
potential for sustainable building and construction to contribute to meeting overall global
sustainable development objectives.
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A Nearly Zero Energy Building (NZEB) is a building that has a very high energy performance.
NZEB bases on a very low-energy building concept to minimise the energy demand. The
nearly zero or very low amount of energy required is covered to a very significant extent by
energy from renewable sources produced on site or nearby. The Energy Performance of
Buildings Directive (EPBD) requires that all new buildings in EU must be NZEB by 2020. The
leading role of the public sector is reinforced: by 2018 all new public buildings shall be nearly
zero energy buildings. Member States shall by 2015 require, where appropriate, the adoption
of minimum levels of energy from renewable sources in new buildings and in existing buildings
that are subject to major renovation. As the investment costs for renewable energy production
systems are still relatively high, the challenge lies in finding a cost-optimal solution for NZEB.
The session contains examples from different European countries and Japan covering
different building types ranging from housing and offices to schools.
Speakers:
Implementing zero energy buildings in Nordic climate conditions. A case study.
Jormanainen J
Building form, climate and energy supply system in a passive house building
Haase M.:
Towards zero energy office buildings in Northern Europe
Flodberg K., Blomsterberg, Å., Dubois M.C
Achieving Zero Carbon Emission in the UK construction Industry Integrating Offsite
Construction and Renewable Energy Technologies
Nadim W., Boudjabeur S
Energy-Plus Primary School, Hohen Neuendorf, Germany
Luetkemeyer I., Krause J
Zero Energy Building project in the University of Tokyo
Yashiro T., Mago-ori B., Ooka R., Shida H., Sako, H., Hiyama K., Yasuda D., Kato M., Nagata
T., Chikushi K., Kawatani S., Ikeda, H

Implementing zero energy buildings in Nordic climate conditions
a case study
Janne Jormalainen
M.Sc.
SPU Systems Oy
Finland
janne.jormalainen@sp
u.fi

Summary
Essential part of zero energy buildings is energy production at the building level. However in the
northern climate conditions solar power is least available when the demand for heating energy is
the highest. Therefore the design of the building envelope as well as design of the HVAC system is
critical to minimize energy consumption and keeping the building cost feasible. The paper
represents, through real life examples, possible ways to implement zero energy buildings in Nordic
climate conditions. Kuopas apartment building in Kuopio Finland is able to generate 98% of total
energy demand on-site. The cost difference to a similar building fulfilling the 2010 Finnish building
code is 10%. Technical feasibility of zero energy buildings has been verified, but further
development of energy production can bring the overall building cost down.
Keywords: Zero energy building, building envelope of zero energy building, zero energy HVAC
systems, Kuopio zero energy building

1. Introduction
The EU commission recently adopted the new building energy performance directive [1]. According
to the directive all new buildings have to be built to nearly zero energy level by 2020. The basic
principle of net zero energy building is that it produces the same amount of renewable energy that
it consumes during an average year. The building is still connected to electricity or district heating
grids to balance the energy consumption and energy production. In practice in Nordic countries the
building produces more energy than needed during the summer months and that energy can be
sold to other users through the energy grids. In winter months the energy balance is negative.
Implementing zero energy buildings creates challenges in the northern European climate
conditions. Solar power is often used for the energy production at the building level. Nevertheless
in the northern climate conditions solar power is least available when the demand for heating
energy is the highest. Therefore the design of the building envelope as well as design of the HVAC
system is critical to minimize energy consumption. Recent projects in Kuopio [11] and Järvenpää [6]
as well as in Mäntyharju, Finland, introduce the implementation challenges and opportunities very
well in Nordic climate conditions.

2. Case studies used in this paper
The Kuopas apartment building in Kuopio, Finland was the first commercially built net zero energy
building in Finland. It is four story apartment building consisting of 47 apartments for disabled
students. The project was completed in Feb 2011. Similar building in Järvenpää with 44
apartments for elderly people will be used to compare building costs. The Järvenpää building is
very similar to the Kuopas building in terms of structures and technical systems and therefore

Järvenpää building will not be presented here in detail. Järvenpää building was completed in
May 2011.

FIG 1. Kuopas zero energy building in Kuopio (left) Järvenpää zero energy building (right)
Single family home in Mäntyharju represents an example of a smaller zero energy building in this
paper. It was completed in May 2011.

FIG 2. The building in Mäntyharju is a single family home with 150,5 m2 of floor space.

3. Building envelope
Since energy production using solar power is very inefficient and expensive in Nordic countries,
the minimization of energy consumption is the first design principle.
The basic methods to minimize thermal conductivity and air leakage of the building envelope are.
 increasing amount of insulation and avoiding thermal bridges, i.e. lower U-value of structures
 lower thermal conductivity of windows and doors
 smaller area of windows and doors
 air tightness of all elements of the building envelope
In all examples the U-values used in the wall construction are 0,08 W/m2K and in roof 0,07 W/m2K
in Kuopio and Järvenpää buildings and 0,06 W/m2K in Mäntyharju building. Insulation has been
implemented using polyurethane boards to keep the structures as thin as possible and to ensure
risk-free hygrothermal performance of the structures. The water vapor resistance of polyurethane
boards used in these structures is > 4000 x 109 m2sPa/kgm and water absorption in RH 100%

about 0,2 volume% making them ideal for designing risk-free structures. The hygrothermal
performance of the structures has been widely studied [7], [8]. The used structures represent no
risk of mold growth. Furthermore they represent no increased risk of moisture problems due to
better U-values.
The wall construction of all buildings is concrete sandwich element and the only thermal bridges
are the trusses holding the sandwich elements together. The Finnish building code [10] defines
that in apartments the window area has to be at least 10% of the floor space. Thermal conductivity
of windows used was less than 0,8 W/m2K and windows represent about 10 times higher heat loss
per area compared to wall structure, the window area has been kept minimum to about 10%.
Air tightness of the structures and joints was of special attention from the beginning. The air
tightness design target of the Kuopio building was n50-value of less than 0,4 1/h. The measured
n50 values were 0,4 for the Kuopio building and 0,33 for the Järvenpää building. The joints and
seams have been made air tight by applying multiple layers of one-component polyurethane foam.

PU-foam

FIG 3: Wall construction used in Kuopas building [4]

FIG 4: Roof construction used in Kuopas building [4]
Roof construction of the Mäntyharju building was made of composite wooden sandwich elements
manufactured with 320 mm of polyurethane insulation and completely without thermal bridges.

Kerto S-beam 100 mm
Kerto Q-plate 27 mm
PU insulation 320 mm
Kerto Q-plate 27 mm
Kerto S-beam 100 mm

FIG 5: Wooden sandwich roof element used in Mäntyharju building [9]

4.

HVAC systems

Ventilation typically represents the biggest portion of heating energy consumption and therefore
the design principle is to utilize mechanical ventilation with as efficient heat recovery as possible.
Typically the heat recovery is using either rotating or counter-flow plate heat exchanger units. In
the Kuopio building the counter-flow plate heat exchanger units are utilized, providing with about
73% heat recovery efficiency. In Mäntyharju building rotating heat exchanger with annual efficiency
of 75% unit is used. The actual heating of the apartments is implemented using floor heating and
warming the incoming air.

Ventilation 34%

Energy loss through
conductivity and
leakage 28%
Domestic water
heating 26%
Pumps and fans of
HVAC systems 12%

FIG 6. Energy consumption of Kuopas building as a percentage of total energy consumption [3]
In the Kuopio building domestic hot water heating represents roughly one fourth of the total energy
consumption. Key is to reduce the total consumption of domestic hot water by giving residents
feedback about their water consumption and bill them for their water consumption. In the Kuopio
case it is done by measuring and billing domestic hot water consumption separately in all
apartments.
It is also worth noting that electricity represents only 12% and heating energy 88% of total energy
consumption in the Kuopio building.
In Kuopio building the space heating demand is 10,6 KWh/ m2/a and in Mäntyharju building 20
KWh/ m2/a.

5.

Energy production

By definition net zero energy building must produce as much energy as it consumes in an average
year. In Kuopio building solar water heating, solar electricity and geothermal heating/cooling are
used for energy production. Geothermal energy is used in winter for pre-heating of incoming air to
ventilation system and in the summer to pre-cooling of incoming air.
This geothermal system involves no heat pump but only circulator pumps to circulate the fluid in
the closed system. Cooling of the building during summer months is done entirely by geothermal
cooling.
Altogether 72 pcs, 108 m2 of electricity producing solar panels and 35 pcs, 126 m2 of water heating
solar panels are utilized.
In the Mäntyharju building energy is produced by solar water heating, solar electricity and air-towater heat pump.

FIG 7. Energy production of different systems of the Kuopio building as percentage of total energy
production. [3]
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FIG 8. Monthly balance of energy (KWh) produced on site and sold to grids of the Kuopio building
during different months of a year. [3]
Kuopio building is connected to both electricity and district heating grids. Fig 7. shows the balance
of purchased and sold energy during different months of a year. Total energy consumption is
balance is -2292 KWh per year.
Large scale implementation of such buildings will represent challenges to balancing of energy grids.
Based on [5], many problems of the small scale electricity production can be avoided by feeding
the electricity production close to transformer. In terms of district heating grids, one possible
solution would be to consider group of buildings as one energy production and consumption block
and use buildings different energy usage and consumption patterns to balance energy production
and consumption. Warm water storage could be used to balance production and consumption
during different times of the day.

6.

Cost considerations

According to the owner Kuopas Oy, the building cost of the Kuopio building has been calculated at
2700  €/  floor  m2, and comparable building built to fulfil the 2010 Finnish building code about 2450
€/  floor  m2. The added cost from zero energy construction was about 10% in the building cost.
In the Järvenpää zero energy apartment  building  cost  was  2870  €/floor  m2. In comparison, cost of
renovation of 1983 built apartment building for elderly residents next to the new building was 2530
€/floor  m2 [6]
When aiming for zero energy building, the added cost to building envelope is quite small. Since the
Finnish building code requires outer wall U-value 0,17 W/ m2K the additional PU-layer required to
achieve U-value 0,08 W/ m2K is 150 mm. The cost of this layer can be estimated to be about 20
€/m2. The added cost to windows, when they are upgraded from building code level U-value 1,0
W/m2K to zero energy level U-value 0,8 W/m2K  is  about  40  €/ m2. These estimates are based on
average market prices from several manufacturers, without taking into account potential effects to
other building elements.
It can be concluded that most of the cost difference is related to the energy production. It is also
important to remember that these projects are pilot projects and therefore the added cost will most
likely reduce with the further development and mass production of the concept.

7.

Conclusions

Since the buildings account 40% of total energy consumption in EU [1], they represent very
significant opportunity to reduce greenhouse gas emissions. Three recent examples of zero energy
buildings implemented in Finland show the feasibility of zero energy buildings even in very harsh
Nordic climate conditions. The Kuopas apartment building is situated in Kuopio, where the annual
average temperature is only less than 3 degrees centigrade (Ilmatieteen laitos, 2010), is able to
produce about the same amount of energy that it consumes. Careful design of building envelope to
minimize thermal conductivity and air leakage as well as energy efficient ventilation and control of
hot water consumption are used to minimize the energy consumption. Renewable energy sources
such as solar electricity, solar water heating and geothermal energy can be used to produce
energy. Cost of examples also shows that the building cost is about 10% higher compared to a
similar building fulfilling 2010 Finnish building code in energy efficiency.
Since most of the added cost is related to the technical systems and energy production, further
development and study of these systems is necessary to reduce overall building cost. Possible
ideas to study further are, production of energy at building group level and alternative ways to
produce renewable energy such as utilizing bio fuels.
It is also worth considering concepts, where energy production is not included from the beginning.
Building envelope design can be done according to the zero energy standards and the technical
systems can be designed to accommodate energy production, which can be introduced at later
stage, when energy production technologies will become more inexpensive. This would allow lower
cost  of  “future  proof”  buildings.  
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Summary
In Trondheim, Norway a new passive house building is now under planning. It will be exhibited in
Madrid, Spain during the Solar Decathlon Europe 2012. Afterwards it should be brought back to
Trondheim in Norway and serve as an exhibition building for zero energy technology. In this
context it was important to develop an adaptation strategy that allows an optimized performance
both, during the competition in Madrid and afterwards in Trondheim.
This paper focused on the different parameter influencing the zero energy balance for this new
passive house. Energy calculations were done in order to define different energy efficiency
measures (insulation level of different components, advanced facades, control strategies), and
energy supply system (solar, heat pump, combined cooling, heat and power). This formed the
basis for an adaptation strategy and optimization towards a plus energy house within the different
contexts.
The results show that due to the extreme climate differences between Madrid and Trondheim,
adaptation towards a plus energy house is difficult.
The PH design for Madrid climate fulfills the PH requirements (max 120 kWh/(m2 a)). Due to the
performance of the PV system a surplus of PE can be achieved.
The results will be very helpful in the further development of market viable solutions for passive
houses and net zero energy homes.
Keywords: Passive house, energy supply, climate adaptation

1. Introduction
In Trondheim, Norway a new passive house building is now under planning. It will be exhibited in
Madrid, Spain during the Solar Decathlon Europe 2012.
Solar Decathlon Europe is organized by the Secretary of State for Housing and Urban
Development at the Spanish Ministry of Public Works with the collaboration of Universidad
Politécnica de Madrid and the support of the US Department of Energy.
The objective of this international competition, in addition to generating new knowledge, is to
create awareness among the general public on rational use of energy. And also to demonstrate
that a more efficient energy use is possible and affordable, if buildings are constructed to avoid
losing heat in winter and staying cool in summer, therefore using less heating and air conditioning,
utilizing less consuming appliances, and getting the energy needed through renewable sources
such as the sun.

Afterwards it should be brought back to Trondheim in Norway and serve as an exhibition building
for zero energy technology. In this context it was important to develop an adaptation strategy that
allows an optimized performance both, during the competition in Madrid and afterwards in
Trondheim.
Figure 1 Solar paths for Madrid, Spain and Trondheim,
Norway
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Proposal for a Norwegian standard that
defines the terms for low energy and
passive houses respectively, has been
published and is in force since 2010
[1]. Requirements for maximum energy
demand for heating and heat loss in
combination with normative values for
internal heating and ventilation values
are some of the described criteria. It
was decided to design the thermal
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criteria.
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Energy supply system

A Norwegian energy labeling scheme for buildings has been initiated at. 01.01.2010, with effect
from 01.07.2010 [2]. Adjustments of the scheme have already been notified. Today it consists of
two labelling schemes:
The building's energy label scheme:
Based on estimated total delivered (flow) energy to the building.
Heating energy label scheme:
Based on the heating system's environmental impact, expressed as a percentage delivered
non-renewable energy by the energy of hot water and heating. High percentage results in
poor brand value
Requirements for maximum energy supplied to the building is based on table values and
calculated for the building planned to be situated in a given climate (Oslo). Heating system's
environmental impact is similarly categorized.

2. Methodology
The first design proposal was looking into the design for the warm climate in Madrid. It was decided to design the thermal envelope according to passive house criteria.
Max. 15 kWh/(m2 a) heat energy demand
Air tightness of n50 = 0.6 ach
Total PE should be max. 120 kWhPE/(m2 a)
The first design goal was to create comfort conditions in the period of the SDE competition in September. The comfort criteria described in the competition are:
Temperature band between 23 and 25 °C
Humidity levels between
Thermal comfort between
Once the building was designed the energy consumption for the whole year was calculated. Here,
optimizations are possible with an adaptive building envelope that responds to the climatic conditions by regulating solar radiation through the building envelope.
Finally the building design was placed in the Norwegian climate by locating it in Oslo. The passive
house criteria could then not be met. An adaptation strategy had to be found that ensures low
energy consumption for heating. Here, the Kyoto pyramid was used to adapt the building in three
steps:
1. Reduce heat losses through windows
2. Maximize solar heat gains
3. Reduce transmission losses through walls, roof, floor
Figure 1 South facade of single-family house with 64m2

3. Results
The results show that with U-values as summarized in Table 2 the building provides PH criteria. In
the following chapters the building design for Madrid is described, followed by the heat balance for
Madrid and Norway, followed by the adaptation to the Norwegian climate. Finally, the differences in
solar energy supply are described.

3.1

Building design for Madrid, Spain

The calculation of energy use are based on the Norwegian Standard for Low-energy, and passive.
[1].
The maximum energy demand for heating (space and temperature corrected annual mean
temperature for on-site)
Maximum heat loss figures for the building
The following requirements level can be established (T, TRONDHEIM, annual mean = 4.9 degrees):
Table 1 Building geometry
Length of north and south facade:
Length of west and east facade:
Height (without roof):
Number of floors:
Deviation from south direction:
Ground area:
Useful area (heated):
Volume total:
Air volume:
Facade north resp. south:
Facade east resp. west:

10.0 m
6.4 m
3.0 m
1
0.0 °
64.0 m²
51.2 m²
192.0 m³
153.6 m³
30.0 m²
19.2 m²

Surface-to-volume value:

1.2 m-1

3.2

It may be worth noting that where the
passive concept to date has used
about 15 kWh / (m2 y) for heating,
(same
value
as
the
German
Passivhaus Institut use), open NS
3700 because of land use and climate
correction, for now a much higher
value [1, 5].

Heat balance for Spain and Norway

Table 2 Construction details for building in Madrid
climate
U values of the walls:
north:
south:
east:
west:
Absorption coefficient of the
walls:
Roof: U value:
Floor: U value:
Door (north facade):
Area:
U value:
Thermal bridges:
Interior temperature:
Limit of overheating:
Infiltration:
Mechanical ventilation:
Heat recovery efficiency
efficiency factor of air conditioning:
Internal gains:
Kind of indoor walls:
Kind of outdoor walls:

0.25 W/(m² K)
0.25 W/(m² K)
0.25 W/(m² K)
0.25 W/(m² K)
0.5
0.25 W/(m² K)
0.25 W/(m² K)
2.0 m²
0.80 W/(m² K)
0.05 W/(m² K)
20 °C / 23
25.0 °C
0.07 1/h
0.50 1/h
90 %
2.5 kWhcool / kWhelectricity
3.2 W/m². i.e. 28.0
kWh/(m² a)
heavy construction
heavy construction

In order to account for delivered energy,
system losses due to regulation,
distribution, and production have to be
taken into consideration and allow to
link between net energy demand and
delivered energy. Annual average
energy
system
efficiencies
recommended to use are presented in
Table B9 of [3]. Advanced building
simulation tools can help to calculate
system losses more accurately.
The only system efficiency that is
required to use in TEK07 is the heat
recovery system efficiency which
directly reduces net energy demand of
ventilation air (due to heating of
ventilation air).

3.3

Adaptation strategy

Table 3 Details of window properties in Madrid climate
Windows area in m²:
Fraction of windows
area at the facade
Kind of windows
U value glazing in
W/(m² K)
U value frame in
W/(m² K)
g value glazing
Fraction of frame
Shading

When the building is placed in Oslo,
Norway, the building construction is
not complying with the Norwegian
building codes . In order to achieve
10 % PH level different changes were
applied. We started with improving
the window quality then the walls,
roof and floor. Finally, the heating
3.0
demand was reduced to below 15
kWh/(m2 a) as required.
2.8
0.8
20 %

North: South: East:
West:
1.8
27
1.9
1.9
6%
3.0

90 %
10 %
double glazing
3.0

3.0

2.8
2.8
2.8
0.8
0.8
0.8
20 %
20 %
20 %
Automatic, gt=0.06 (closed)

3.3.1 Window properties
In Madrid a double glazed window
with air filling with an U-value of 3.0
base
window
W/(m2 K) and a g-value of 0.91 was
case
case1
case2
case3
sufficient to provide enough solar
heat protection
heat gains that compensates for
Kind of windows: double glazing
triple glazing
heat losses during winter. The
U value glazing in 3
1.00
0.50
0.50
window properties were changed for
W/(m² K):
the situation in Norway. First, a
U value frame in 2,8
1.50
0.70
0.70
double glazed window with argon
W/(m² K):
filling and a U-value of 1.0 W/(m2 K)
g value glazing:
0,8
0.52
0.51
0.51
was used. It also has a much better
Fraction of frame: 0.20
0.20
0.20
0.10
window frame so that the Uw
improved to 1.0 while the g.value
was reduced to 0.52. Then, a triple
Table 5 Specification of windows and wall, roof and glazing was chosen with a Ug-value
floor construction in Norway
of 0.5 W/(m² K) and a Uf-value of the
frame of 0.7 W/(m² K). Finally, large
walls, windows could be used that reduce
Building data:
base
windows
roof,
the fraction of the frame to 10%.
floor
case case1 case2 case3 case4 3.3.2 Wall, roof, floor
The initial insulation thickness of the
Mean U value in
W/(m² K)
0.69
0.42
0.34 0.34
0.22 walls was increased from 150 mm to
400 mm. Thus, U-values
Specific transmission losses in W/K
155.7
95
76.8 76.1
49.2 for walls, roof and floor where
reduced from 0.25 W/(m² K) to 0.1
Specific ventilation
W/(m²
K).
losses in W/K
6.6
6.6
6.6
6.6
6.6
Sum specific losses
in W/K
162.3 101.6
83.4 82.7
55.8 3.4 Energy supply alternatives
Thermal inertia in
hours
46.7
74.5
90.9 91.6 135.6 To improve the energy performance
the building is equipped with solar
Maximum heating
load in kW
5.9
3.6
2.9
2.9
1.9 collectors and PV.
Maximum specific
3.4.1 Solar thermal system
heating load in W/m² 115.1
70
56.3 55.9
37.3
The size of the solar thermal system
Heat energy demand
is crucial for the building design in
in kWh/m2
129.8
65.7
40.7
35
11.5 Madrid. Here, 3m2 collector with
Solar gains in
1000l storage tank gives a solar
kWh/m2
191.2 121.5 107.4 112.6
88.8 fraction of 60%.
Table 4 Evolution of window construction in Norway

The efficiency of the solar thermal collector (ST) system is 10.
In Norway the solar fraction reduces drastically which is why it was decided to apply a larger
collector size. This means that the building in Madrid has an oversized collector area. The vacuum
collector could be adjusted by turning the absorber plates in a more vertical position.
3.4.2 PV system
The PV system consists of 60m2 panels with nominal power of the PV system: 10 kW (crystalline
silicon) and combined PV system losses of 23.0% (estimated losses due to temperature: 6.0%
(using local ambient temperature), loss due to angular reflectance effects: 4.7%, other losses
(cables, inverter etc.): 14.0%).
Figure 2 Primary energy balances in Madrid climate

Results for the primary energy balance
are given in Figures 2 (Madrid) and 3
(Oslo). Primary energy factors for
electricity were taken to be 2.6, while
fuel oil was assumed to be 1.1.
Electricity form PV was multiplied with
2.6.
It can be seen from Figure 2 that PE
surplus form January until December
as well as over the whole year occur.
PE for fuel oil only occurs from
November to April while PE electricity
occurs the whole year with a peak in
July and August due to additional
cooling needs. Only in December the
building requires more PE than PV
can produce. However, over the year
the PV system produces a surplus of
PE of 247 kWh/m2.

Figure 3 Primary energy balances in Oslo climate

It can be seen from Figure 3 that PE
surplus form March until October as
well as over the whole year occur. PE
for fuel oil only occurs from November
to April while PE electricity occurs the
whole year with a peak in July and
August due to additional cooling
needs. PE from PV can balance the
PE needs from March until October.
That means that from November to
February the building requires more
PE than PV can produce. However,
over the year the PV system produces
a surplus of PE of 141 kWh/m2.

Figure 4 Net zero primary energy in Madrid and
Norway with adaptation options

Figure 4 shows the results of the
primary energy balance between
demand and supply. It can be seen
that the PH in Madrid fulfills the PH
requirements (max 120 kWh/(m2 a)).
Due to the performance of the PV
system a surplus of PE can be
achieved. Moved to Norway, the
building still manages to perform as a
NZEB (more PE supply than demand).
But with all changes in the building
fabric (case 1 - 4; Table 5) an even
better result can be reached. PH
requirements are met for case 2 to
case 4.
It also shows that there is possibility to
increase PE demand (absolute) by
increasing floor area by adding a
second floor.

4. Conclusions
It was important to develop an adaptation strategy that allows an optimized performance both,
during the competition in Madrid and afterwards in Trondheim.
This paper focused on the different parameter influencing the zero energy balance for this new
passive house. Energy calculations were done in order to define different energy efficiency
measures (insulation level of different components, advanced facades, control strategies), and
energy supply system (solar, heat pump, combined cooling, heat and power). This formed the
basis for an adaptation strategy and optimization towards a plus energy house within the different
contexts.
The results show that due to the extreme climate differences between Madrid and Trondheim,
adaptation towards a plus energy house is difficult.
The PH design for Madrid climate fulfills the PH requirements (max 120 kWh/(m2 a)). Due to the
performance of the PV system a surplus of PE can be achieved.
Moved to Norway, the building still manages to perform as a NZEB (more PE supply than demand).
PH requirements are met for case 2 to case 4.
A possibility to increase floor area by adding a second floor should be further explored.
Layering the building envelope with different materials in different climates together with adjustable
thermal mass provides good potential. Further, the results indicate that solar applications
integrated with other energy supply technologies should be further developed for the Norwegian
market until they provide cost effective solutions.
The results will be very helpful in the further development of market viable solutions for passive
houses and net zero energy homes.
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Summary
As   part   of   the   Swedish   project   ‘Energy-efficient office buildings with low internal heat gains:
simulations   and   design   guidelines’,   a parametric study about daylight autonomy potential was
carried out for a single office room located in Sweden. The study was achieved with the validated
simulation program DAYSIM 3.1b, which allowed varying the following parameters: glazing-to-wall
(GWR) ratios,   climate   files,   orientation,   inner   surfaces’   reflectance,   glazing   visual   transmittance,  
venetian blind management and electric lighting dimming and switching systems. The results show
that the optimal GWR for single office rooms in Swedish cities lies between 20-40% depending on
the orientation. The North orientation demands larger GWR (40%) without additional ‘glare’ risks
from direct sunlight patch. The South orientation yields good daylight autonomy potential with 20%
GWR. The results also show that the difference in terms of DAcon is negligible between StockholmGothenburg-Malmö and very slightly lower in Östersund. The reflectance of inner surfaces may
have an effect that is as significant as orientation, especially for small GWR and North orientation.
The use of a low visual transmittance glazing demands much larger GWR (60%) to achieve the
same DAcon as small GWR (20%) with no proportional reduction of glare risk. Smaller GWR with
higher transmittance glazing should yield lower energy use due to the reduced heat losses in the
winter. The results also indicate that the venetian blind must include an automatic management
strategy in order not to compromise the potential for daylight harvesting. Finally, the choice of
electric lighting dimming and switching systems and base lighting power density (LPD) are major
issues, which have a more significant impact on energy use than GWR, orientation, climate, etc.
Keywords: office-buildings, low-energy-use, lighting, daylighting, windows, glazing, orientation,
shading, dimming, occupancy-sensors.

4. Introduction
This paper presents the results of a parametric simulation study carried out as part of the Swedish
project   ‘Energy-efficient office buildings with low internal heat gains: simulations and design
guidelines’.  This  Swedish project pursues the general following objectives:
 To increase knowledge for the building industry supporting the development of costeffective office buildings with good indoor climate and low energy use.
 To study the potential and limitations in Sweden for construction of office buildings with very
low energy use.
 To reduce energy use by 50%, with very low cooling and heating loads and low peak loads
for the same investment cost as a traditional office building, while meeting the requirements
of the Swedish building code BBR.
The first phase of this project is a completed review 1 of recently built low energy office buildings

in Scandinavia and Northern Europe, a state-of-the-art   which   shows   today’s   best   practice   in  
building design and energy efficiency. In the second phase of the project, dynamic simulations of
energy use and indoor climate are carried out with the software IDA ICE 4, a multi-zone simulation
tool developed by Equa Simulation AB. Simulations are performed for two building types; a
rectangular building with single office rooms and a square building with open-plan arrangements.
Different parameters are studied such as insulation levels, air-tightness, thermal mass, windows
and glazing, solar shading, lighting control, efficient office equipment, ventilation strategies and
passive cooling techniques. Different scenarios are combined with a holistic approach in order to
achieve the target energy use.
This article presents the results of the first phase of the simulation study, which concerns only the
daylight autonomy potential in single office rooms. The simulations are performed with the
validated program DAYSIM 3.1b.
The exploitation   of   daylight,   commonly   referred   to   as   ‘daylighting’,   is   recognized   as   an   effective  
means to reduce the artificial lighting requirements of nondomestic buildings 2-5. Besides direct
savings, which reduce the energy consumption for lighting, indirect energy savings can be found
(under  ‘warm’  conditions)  because  of  the  reduced  heat  production  and  energy  consumption  for  air  
conditioning 6. However, large fenestration areas may result in excessive solar gains and highly
varying heating and cooling loads 7. One important design decision in low energy office buildings
is thus the selection of adequate glazing areas that allow a good view out while preventing
overheating, glare and unnecessary consumption of energy for cooling and heating.
In an attempt to provide some guidelines to architects and engineers concerning this key design
aspect, this paper presents the results of a parametric study about glazing area ratios in relation to
orientation, climate, inner wall reflectances, glazing properties and shading strategy for single-cell
office rooms located in Sweden. This study also assesses the potential for electricity savings for
lights by selection of an appropriate electric lighting system. The study focuses only on daylighting
and electric lighting aspects; thermal aspects (heating and cooling loads) will be considered in a
future phase of this project.

5. Earlier studies about window size in offices
Earlier in Sweden, Bülow-Hübe 8 investigated the light distribution, daylight factors, daylight
availability and lighting electricity use in single-cell and open-plan offices using computer
simulations (Rayfront/RADIANCE, DAYSIM) in Gothenburg, Sweden and for a south orientation.
The effect of a few façade alternatives were compared and glare was estimated based on absolute
luminance thresholds of 2000 cd/m2. Three different façades were compared, where the windowto-wall-area (WWA) was 30, 60 and 100% of the façade area. Her results indicated that an office
glazed to 100% does not provide significantly more light on the office desk than a 60% glazed case
both with and without the studied shading system. The results also indicated that the daylight
factor does not increase in direct proportion to the glazed area since light transmitted below 0,8 m
primarily hits the floor, where around 70% is absorbed. The author concluded that very large
windows do not mean that the light is automatically better or proportionally more abundant.
Also in Sweden, Poirazis, Blomsterberg & Wall 9 presented extensive energy simulations of a
typical, single skin office building built in the 1990s in Gothenburg using a dynamic energy
simulation tool (IDA ICE). In order to study the impact of glass on the energy use during the
occupation stage, office building alternatives with 30, 60 and 100% WWA area were studied, along
with  the  building’s  orientation,  plan  type  (open  and  cell  plan  offices),  control  set  points  and  facade  
elements (type and size of windows, type and position of shading devices, etc.). Their results
indicated that office buildings with fully glazed facades are likely to have a higher energy use for
heating  and  cooling  than  buildings  with  conventional  facades  (e.g.  30%  WWA).  In  the  ‘best’  case,  
the additional energy use of the 100% glazed building was 15% higher compared to the energy
use of a 30% WWR building.

6. Method
This paper presents the results of a new parametric study that was carried out using computer
simulations where the following parameters were varied: glazing-to-wall ratio (GWR), climate,
orientation, reflectance of inner surfaces, glazing visual transmittance, shading device and electric
lighting dimming and switching scenarios. The general plan of the parametric study is illustrated in
Table 1.
Table 1: Plan of the parametric study.
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6.1

Light simulation program used

The parametric study was entirely carried out by simulation using the validated 10 program
DAYSIM 3.1b, which is a RADIANCE-based daylighting analysis tool developed at the National
Research Council of Canada and the Fraunhofer Institute for Solar Energy Systems in Germany
11. DAYSIM uses the daylight coefficient method 12 to efficiently calculate illuminance
distributions under all sky conditions in a year and the Perez sky model 13. The simulation
parameters for the DAYSIM-RADIANCE calculations were set to ‘Scene complexity 1’. Also, the
improved –dds calculation algorithm was used, which allows a more accurate prediction of
illuminance levels in the direct calculation 14.
6.2

Description of the office model

A single cell office room was modelled using Google SketchUp and exported as *.3ds file to
DAYSIM. This office room was 2.4 m wide by 4.2 m deep with a floor-to-ceiling height of 2.7 m,
which are standard dimensions for single cell office rooms in Sweden 15. The office was
furnished with one corner desk measuring 0.8 m deep and located at 0.75 m from the floor (Fig. 1).
The reflectances of inner surfaces in the base case office room were 80% for the ceiling, 70% for
the walls and 40% for the floor and desk surfaces. The office room had a single window located on
the 2.4 m-wide facade, and which alternately faced the South, East, North and West directions. A
0.1-m wide and 0.1-m deep frame was built around the glazing area and centred with respect to
the outer wall, which had a thickness of 0.25 m. The glazing sill height was at 1.0 m from the floor

(i.e. above the desk) for all GWR smaller than 40%. The glazing type selected as a base case for
the study was a double pane assembly with one selective coating and one clear glass (in the
Pilkington Suncool 70/40 series) with a visual transmittance of 72%.

Fig. 1: Section-perspective (left) and plan view (right) of the single cell office room showing the
position of the 12 illuminance sensors.
6.3

Climate files used

The base case office was modelled in Stockholm (lat. 59.65N, long. 17.95E) using a climate file
with data recorded at Arlanda airport downloaded from the EnergyPlus weather data website.
Three other cities (Malmö, Gothenburg, Östersund) in Sweden were studied as well as two cities in
Canada (Quebec City, Montreal), in order to compare the results of the Swedish sites with other
sites located in a similar, Nordic climate. The ground reflectance was set to 20%.
6.4

Dimming and switching strategies for electrical lighting

Table 2 summarises the parameters used for the switching and dimming strategies studied for the
electric lighting system. The figures are retrieved from a previous publication 16.
Table 2: Dimming and switching strategies for the electric lighting system.
Electric lighting system

Location of sensors

Manual switch (door)
Automatic switch-off

All sensors
3 sensors at 1.575 m
from window
3 sensors at 1.575 m
from window
3 sensors at 1.575 m
from window
3 sensors at 1.575 m
from window
3 sensors at 1.575 m
from window

Automatic switch
on/off
Photoelectric dimming
Photoelectric dimming
+ auto switch-off
Photoelectric dimming
+ auto switch on/off

6.5

Standby
power
(W)
0
3

Delay
time
(min.)
0
5

Ballast
loss factor (%)
0
0

3

5

0

2

0

15

5

5

15

5

5

15

Calculations and data analysis

A horizontal grid consisting of 12 points at desk height (0.8 m) was defined in the model as
calculations points for the illuminance values (in lx), as illustrated in Fig. 1(right).
The following metrics were analysed for each case:
-Daylight autonomy continuous, DAcon (%), see 17;
-Daylight autonomy max, DAmax (%), see 17;

-Useful Daylight Illuminance, UDI (%), see 18:
 UDI fall short < 100 lx;
 UDI reached 100-2000 lx;
 UDI exceeded > 2000 lx.
For daylight autonomy calculations, benchmark illuminance values of 500 lx were used. The
calculations were performed assuming the office was occupied Monday through Friday from 8:00
to 17:00. We assumed that the occupant left the office three times during the day (30 minutes in
the morning, 1 hour at midday, and 30 minutes in the afternoon). Daylight savings time was
assumed from April 1st to October 31st.

7. Results
7.1

Effect of GWR for south-oriented office in Stockholm
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A first series of simulations were performed for a south oriented office with variable GWR (from 1080%) located in Stockholm. The results of these simulations are presented in Fig. 2.
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Figure 2: a) Daylight factor (%) as a function of distance from glazing in relation to GWR (%) for
single-cell, south-oriented office in Stockholm and b) DAcon (%, top of diagram) and DAmax (%,
bottom) as a function of GWR (%) in relation to distance from glazing for single-cell, south-oriented
office in Stockholm, illuminance set point 500 lx. The value shown for each distance from window
is the average of values measured at three sensors located parallel to the window.
Figure 2 shows that the daylight autonomy continuous (DAcon) varies from 62-82% at 1.575 m from
the window, which is the preferred sitting zone. At 30% GWR, the DAcon is around 78%, which is on
the   borderline   between   ‘good’   and   ‘excellent’   daylight   designs   according   to   the   criteria   set   by  
Rogers 17.This is a good performance considering the fact that the base illuminance value was
500 lx (300 lx would be sufficient for ambient lighting in the whole room according to Swedish
lighting norms). An increase of GWR to 40% allows reaching about 80% in DAcon at this sensor and
an increase of GWR to 60% provides 83% in DAcon. This figure thus shows that a glazing area
larger than 30% GWR provides marginal additional benefits in terms of DAcon, reproducing results
previously obtained by other researchers 8. Fig. 2b shows that DAmax below 5%, a criteria
proposed by Rogers 17, is reached for GWR 20% or less at 1,575 m from the window.
7.2

Effect of GWR relative to climate for south-oriented office

A second series of simulations were performed for a south-oriented office with variable GWR (from
10-80%) alternately using the climate files of Malmö, Gothenburg, Stockholm, Östersund, Quebec
and Montreal (Fig. 3).

90

100
Stockholm
90
Gothenburg
80
Östersund
70
Malmö

DAcon

80
70
60

UDI (%)

Daylight Autonomy, base 500 lux (%)

100

50
40
30

DAmax

20
10

0

UDI
reached
UDI
exceeded

Montreal
60
Quebec
50
Stockholm
fall
40 UDI
short
Gothenburg
30
Östersund
Malmö
20
Montreal
10
Quebec
0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Glazing-to-wall ratio

Glazing-to-wall ratio

Östersund
Malmö
Montreal
Quebec
Stockholm
Gothenburg
Stockholm
Gothenburg
Östersund
Malmö
Montreal
Quebec
Stockholm
Gothenburg
Östersund
Malmö
Montreal
Quebec

Figure 3: a) DAcon (%) (top of diagram) and DAmax (%) (bottom of diagram) as a function of GWR
and b) UDI reached, exceeded and fall short in relation to climate, for a south oriented office. The
points show the average values obtained for the 12 sensors.
Figure 3a shows that DAcon values rise sharply for GWR varying between 0 and 30% GWR but
more  or  less  ‘stabilize’  for  larger  GWR,  for  all climates studied. The results obtained for Montreal
repeat results obtained from earlier research 7. DAcon values are higher (around 88-92% for
GWR >30%) in Montreal and Quebec than in the Swedish cities (around 72-81% for GWR > 30%),
which is due to the different latitudes and climates. The DAmax values (bottom of diagram) show
that the requirement of 5% proposed by Rogers 17 is met only for 20% GWR, which indicates the
need for solar shading devices for GWR larger than 20%. There are negligible differences between
the 60% and 80% GWR cases simply because extra glazing area in the 80% GWR case is located
under the sensors.
The UDI diagram of Fig. 3b shows that UDI is reached more often with smaller GWR and that
increasing the GWR results in a sharp decrease in UDI reached, in all climates studied. The shape
of the curves is slightly different in Quebec and Montreal compared to the Swedish cities. UDI fall
short values (<100 lx) are significantly lower in Montreal and Quebec, compared to the Swedish
cities, which was an expected result. It is interesting to observe that the UDI fall short curves drop
sharply   from   10%   to   30%   GWR   but   that   ‘stabilisation’   occurs   after   this   for   larger   GWR.   Thus  
increasing GWR does not produce much higher rates of low illuminance values while the UDI
exceeded values rise sharply from 30% to 60% GWR.
7.3

Effect of GWR in relation to orientation and climate

In a third series of simulations, the GWR was varied along with the orientation and climate, using
only the climate files of Stockholm, Östersund and Montreal (Fig. 4).
Fig. 4a and 4b show similar trends for Stockholm and Östersund and even Montreal, the South
orientation is generally the one with the highest daylight autonomy as expected while the North
orientation has the lowest daylight autonomy compared to the South and even East and West
orientations. In general, the orientation has a larger impact on DAcon for smaller GWR and less
impact as the GWR increases, in the three cities. All curves show a steep rise from 10 to 30%
GWR  but  the  daylight  autonomy  more  or  less  ‘stabilises’ after 40% GWR, especially for the South,
East and West orientations. In the three cities, there are negligible differences in DA con with GWR
60% and 80% and differences of less than 5% in DAcon values between 40% and 60% GWR. The
choice of optimum GWR should thus be somewhere between 20-40%, all other glazing ratios are
uninteresting. Also, Fig. 4 shows that there is more benefit of increasing the GWR above 30% on
the North facade compared to the other facades.
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Figure 4: a) DAcon (%) as a function of GWR (%), in relation to orientation for a single office in
Montreal and Östersund and b) Stockholm. Each point presents the average value for the 12
sensors.
Fig. 4a and 4b show that the steepest rise in DAmax curve is, as expected, for the South orientation.
For the North orientation, DAmax is under 5% for all GWR studied. These observations show that
the South orientation is the one more in risk of glare due to direct sunlight patch and should have
visual and solar protection devices for all GWR larger than 20%. For the North orientation, it is
possible to have a nearly all glazed facade without significant glare risk due to direct sunlight.
7.4

Effect of glazing visual transmittance

The fourth series of simulations consisted of studying the impact of glazing visual transmittance on
DAcon, DAmax and UDI for two glazing types: 1) the original glazing with 72% visual transmittance
and 2) a spectrally selective, solar protective glazing with a visual transmittance of 36% (Fig. 5).
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Figure 5: DAcon (%) and DAmax (%) as a function of GWR (%), Stockholm for the South and North
orientations.
Fig. 5 generally shows that the DAcon values are significantly lower with the 36% glazing visual
transmittance and also that this low-transmittance glazing generates larger differences between
South and North orientations and between the various GWR studied. However, it is interesting to
note that although the glazing visual transmittance is only half of the first glazing tested (36%
versus 72%), the DAcon values are not divided by two, as would have been expected. In fact DAcon
values are at least 3/4 or more than the original DAcon values obtained with the 72% glazing. The
DAcon values fall in the range 40-60%,  which  is  considered  as  ‘adequate’  daylight  design  according  
to a criteria proposed by Rogers 17. The results also indicate that the benefit of increasing the
GWR above 40% is marginal for both glazing tested, especially for the South orientation. On the

North facade, however, an increase in GWR from 40% to 60% brings an increase in DA con from 53%
to 65% for the 36% glazing type, which is significant.
7.5

Effect of shading device
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The next series of simulations consisted of testing a case with an automatic venetian blind that
was automatically pulled down as soon as irradiation on a sensor exceeded 50 W/m2. In these
simulations, a simpler blind model was used, which is pre-programmed in DAYSIM to let 25% of
the daylight which would normally pass through the window. The results of these simulations are
presented in Fig. 6 for the South orientation only.
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Figure 6: DAcon (%) and DAmax (%) as a function of GWR (%), with an automatic venetian blind that
was automatically pulled down (> 50W/m2) for a) an active occupant and b) a passive occupant, for
a South-oriented office in Stockholm.
Fig. 6 present DAcon and DAmax values obtained for an active (a) and a passive (b) occupant
combined with an automatic venetian blind (simple model). The results are contrasted with the
ones obtained for the case with no venetian blind in the window (in light grey tone). The results
show that the automatically controlled venetian blinds reduce a little DAcon in the space, most
significantly for the sensors located in the back of the room (3.675 m). The use of an automatically
controlled venetian blind in the case of a passive occupant greatly reduces daylight autonomy. The
shape of the curves is slightly different from the cases with no venetian blinds (in grey). It is
interesting to note that with much larger GWR (e.g. 60%), the DAcon is still below that of a case with
no venetian blind and much smaller GWR (e.g. 20%), and this for all sensors in the room. This
then again confirms the fact that using larger GWR does not necessarily guarantee larger
electricity savings for lights, since a venetian blind will certainly be pulled down in case of larger
GWR and since this will greatly reduce DAcon in the room.
7.6

Effect of electric light dimming and/or switching strategy

The last simulation series consisted of investigating the effect of various switching and dimming
strategies for the electric lighting system. The results are presented in a separate paper but some
results are discussed in the conclusion section.

8. Discussion and conclusions
This article presents the results of a parametric simulation study about daylight autonomy and
useful daylight illuminance for a single office room located in Sweden, with a window visual glazing
transmittance of 72%. The study generally shows that the optimal GWR for an office in Stockholm,
Malmö, Gothenburg or Östersund is between 20-40%. The continuous daylight autonomy
increases sharply with GWR increasing from 0-30% but stabilises afterwards. The benefits in terms
of DAcon of increasing the GWR from 40% to 60% are marginal and they are nonexistent for an
increase in GWR from 60% to 80%. For the South orientation, a 20% GWR provides good daylight
design without major glare risks due to direct sunlight. There are significant benefits of increasing

the GWR from 10% to 20%, but the benefits of increasing the GWR from 20% to 40% must be
weighed against the additional costs of cooling and heating on this facade. However, for the North
orientation, a 40% GWR provides larger additional DAcon compared to the South orientation,
without any additional direct sunlight risk. The results also show that the South orientation has the
largest potential for DAcon while North has the lowest DAcon but no direct sunlight risk. East/West
orientations have a similar DAcon, which is between that of South and North orientations. One
design advice would then be to seek for GWR of 20% on the South facade, 30% on East and West
facades and 40% on North facades but these numbers must also consider the impact of GWR on
heating and cooling loads and thermal comfort.
Generally, the results indicate that, although the DAcon is more limited in the Swedish cities
compared to cities at lower latitude (Montreal, Quebec), it is still possible to achieve good to
excellent daylight  design  with  ‘reasonable’  GWR  in  Sweden.  Moreover,  the  results  show  that  there  
are negligible differences in DAcon between the three largest Swedish cities (Stockholm, Malmö,
Gothenburg). Östersund has a slightly more limited but not significantly lower DAcon than
Stockholm, Malmö and Gothenburg.
The results (not presented here) also showed that the effect of inner wall reflectance can be
significant and even as important as the effect of orientation. This is especially true for small GWR
and North orientation, where a large portion of daylight is from the internally reflected daylight
component.  For  large  GWR  (60%),  the  effect  of  inner  surfaces’  reflectance  is  negligible.
Simulations with low-transmittance glazing (Tvis = 36%) showed that larger GWR (60%) are
needed to obtain the same DAcon as  ‘small’  GWR  (20%)  with  relatively  little  reduction  in  glare  risk
from direct sunlight patch. Thus the results generally indicate that it is preferable to have smaller
GWR (20%) with high visual transmittance glazing (72%) than large GWR (60%) with low visual
transmittance glazing (36%) since there will necessarily be less heat losses in the winter in the
former case and DAcon will be about the same or even higher.
Simulations with automatically controlled venetian blinds showed that DAcon is a little reduced with
the venetian blind in the case of an active user who pulls the blinds up again. However, with a
passive user who leaves the blinds down all day once they are pulled down, the DAcon is much
more limited. This emphasises the need for an automatic management of window blinds, otherwise,
the potential for daylight harvesting is limited in the Nordic countries.
The study of different electric lighting dimming and switching strategies showed that the choice of
the electric lighting system generally has more impact on energy use than the GWR. Automatic
switch on/off system yields more energy use than an ordinary manual switch near the door with a
mix of active and passive users. Photoelectric dimming with occupancy switch-off allows reducing
electricity use by at least 50% compared to all cases with manual switch near the door. A simple
occupancy switch-off yields intermediate savings i.e. around 25% savings compared to the case
with the manual switch near the door. Interestingly, the electricity savings are not significantly lower
on the North than on the South facade. The initial lighting power density (LPD) is an important
design decision, especially if there is no possibility for photoelectric dimming. In this case, it is
possible to achieve an annual electricity use target under 10 kWh/m2yr with automatic switch-off
and LPD 8W/m2 regardless of GWR. For all cases with LPD of 10 W/m2, it is necessary to use
photoelectric dimming to obtain lighting electricity use below 10 kWh/m 2yr, which is a
recommended target in future low energy office buildings 19.
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Summary
In response to the initiatives to mitigate the global climate change severe effects, the UK
Government has set targets pledged to cut carbon emissions by 80% by 2050. The UK built
environment - alone, accounts for about one third of the total (Carbon Dioxide) CO2 emissions, and
consequently represent a major challenge for meeting the Government set targets. This
commitment requires that all new homes in the UK to be zero-carbon by 2016.
Achieving the UK set target, however, can only be realised through combining energy efficiency
measures with renewable energy technologies (RET). While there are a number of successful
case studies for employing RET in buildings, their performance has proven to be ‘less than
anticipated’. Offsite construction (OSC) may arguably help improve the performance of RET
through the provision of energy efficient buildings. This paper uses a qualitative approach
(literature review) to explore and tease out the barriers and challenges facing the integration of
RETs into existing buildings.
The main factors contributing to the underperformance of RE technologies (RET) were attributed to
a large extent to design, installation, and maintenance issues with regards to the unavailability of
relevant skills on the professional as well as on the operative level. Integrating OSC and RET from
the outset - within a controlled factory environment - would allow achieving energy efficiency
measures, ensure structural stability of the building, while maintaining an aesthetically acceptable
product. This is anticipated to improve the RET performance in buildings, and thus help meet the
Zero Carbon Emission set target.
Keywords: UK Construction Industry, Offsite Construction, Renewable Energy, Zero Carbon
Emission

1. Introduction
The greenhouse (GH) effect is a natural phenomenon which regulates the temperature of earth [1].
The continuous rise in earth’s average temperature is largely attributed to human activities’ added
GHG to the atmosphere; and thus ‘alarmingly’ contributing to the world’s global warming [2]; [3]; [4].
These human activities’ are multifaceted and include among others burning fossil fuels to generate
power for cars, factories, power plants, homes, offices, etc.; in addition to cutting down trees,
generating waste and farming [1].
According to the Kyoto Protocol [5], developed countries are bound to meet certain greenhouse

gas emissions reductions by 2008-12 relative to a 1990 baseline. The protocol covers six
greenhouse gases produced by human activities: Carbon Dioxide (CO2), Methane, Nitrous Oxide,
Hydrofluorocarbons, Perfluorocarbons, and Sulphur Hexafluoride. Where the CO2 is responsible
for about 70% of the GH effect [6]; [7]; [8].
Buildings use about 40% of all energy consumed worldwide, resulting in a carbon footprint
exceeding those of all transportation combined [9]. GHG emissions arise mainly from energy used
for space heating (over half of the energy), one-fifth for water heating, and the remainder is used in
appliances (16%), lighting (6%), and cooking (5%) [10]. As a result of climate change a decrease in
heating demand, and increase in cooling requirements is anticipated [11]. Considering the overall
risks and impacts of GHG emissions, estimates of the damage would rise over 5% of global GDP
each year. However, if actions are taken for reduction, this would amount to only 1% of global GDP
each year [12].
In order to mitigate the GHG the EU member states are required to include renewable energy (RE)
in the planning of cities infra-structure, and to achieve minimum levels of energy from renewable
sources in new buildings and in existing buildings that are subject to major renovations [13].

2. The UK Built Environment
There are about 25 million dwellings in the UK [14], the majority of which (85%) will still be
operational in 2050; and hence represent a challenge for achieving CO2 reduction [3]; [15], [16],
[17]; [18]. These buildings would require retrofitting in addition to locally produce energy from the
different RET available. Nevertheless, the worst-performing homes should be considered for
demolition [18]. Despite the bulk of negative environmental impacts are attributed to the large and
‘inefficient’ stock of existing homes [19]; the Government initiatives predominately target the
emissions in new developments which are estimated to represent 9 million homes by 2050 [15].
The majority of developments are micro developments i.e. contain less than 10 units (Figure 1).

Fig1: Number of homes by development size [20]
The number of new build homes in the UK in 2005/6 was estimated at 213,700 and is projected to
exceed 300,000 by 2015 [21]. One of the key reasons for the increased housing market demand is
the decline in average household occupancy, especially that more people are expected to live

alone. In 2004, the average household occupancy was 2.34. By 2026 this is expected to be
reduced to 2.09 [20]. The decrease in the number of occupants arguably increases in the GHG
emissions. A single person household is estimated to use more energy/person than a four person
household [20].
In the UK, homes alone are estimated to contribute to 27% of the UK’s total carbon emissions due
to the inefficient use of energy [15]; [22]. The main reason cited for the inefficient use of energy
comprises poor design, inadequate technology, and the inappropriate behaviour of end users [9].
In response to the Kyoto Protocol, the UK Government has set a binding target to cut the UK
carbon emissions by 80% by 2050. This commitment necessitates that all new homes are to be
zero-carbon by 2016 and all remaining new buildings to be zero-carbon by 2020 [17].

3. Renewable Energy in the UK
Renewable Energy may be defined as any energy source that is naturally (re)generated and is not
depleted through continuous use; these include non-carbon sources such as solar energy,
hydropower, wind, tide and waves and geothermal heat, as well as carbon-neutral technologies
such as biomass [23].
The UK policy on RE addresses two major challenges namely tackling climate change and
consequently ensuring security of RE supply. In this context, the UK Government has set a target
that 20% of the energy in the UK be generated from renewable sources by 2020 [24]. Thus, more
than 30% of UK electricity (compared to 5.5% in 2009) and 12% of heat is anticipated to be
generated from renewable. While this commitment is acknowledged to add cost burden, the
significant business and employment opportunities are anticipated to create up to a half million
more jobs in the UK renewable energy sector [7].

3.1

The Market Value

The UK’s share of the global market value for the different RE markets represented: 3% of the
global £351,41 billion wind energy sector in (2007/2008); 3.7% of the £1.98 billion global wave
and tidal market value; and 3% of the £141.98 billion global solar market value [25]. The UK’s
renewable energy market is anticipated to grow by around 22% by 2020. The main forms of
renewable energy demand in the UK in 2005 were biofuels and wastes (83%), hydropower (10%),
and wind power (6%) [26].
The RE micro-generation sector account for 100, 000 installations in the UK in 2005. The majority
of which derived from early solar hot water heating installations [27]. The on-site energy technology
market in 2016 is estimated at £2.3 billion/year at 2007 prices where PV, biomass combined heat
and power (CHP), and micro CHP are expected to increase considerably.
3.2

Challenges and Barriers

3.2.1 Reliability and Viability
Despite the worldwide agreement that RET may help reduce CO2 emissions; scepticism prevails
with regard to RET being economically and even environmentally (in some cases) unviable
[25];[28]; [29]. However, RE supporters argue that the anticipated increase in upfront costs (about
2%) is estimated to result in life cycle savings of 20% of total construction costs, i.e. more than ten
times the initial investment [30]. This require that RET are assessed for their suitability for the
different developments. For example, photo voltaic (PV), biomass boiler, and solar hot water are
more suitable for smaller developments; whereas bio-energy CHP are commonly used in larger
developments. Thus, the use of RE in smaller developments accrue larger costs than in larger

developments [29]; [31]. Hence, the successful implementation of RE on-site solutions to meet the
proposed low and zero-carbon (LZC) legislation largely depends on the nature of the
developments being constructed [21]. Consequently, the economics and feasibility of site-wide
schemes for meeting LZC often improve with increased development size.
In an attempt to better appreciate the viability of various RET, EST [29] mapped the different
technologies with regards to their suitability for the various development sizes and housing types.
In this context, rural housing is argued to be suitable for the majority of RET as opposed to urban
housing where restrictions may apply [29]. However, in spite of PV technology being one of the
expensive RET, it is widely used and installed in the majority of homes due to being the only RE
technology which is accessible and suitable to almost all development sizes and house types [21].
Further challenges to the successful implementation of low carbon energy generation are the
intermittent nature of RE sources, as supply may not coincide with demand. Thus, energy storage
and transmission will become increasingly important [25]. This intermittent requirement would
eventually have impact on the design and structure of buildings. Thus, cost-effectiveness, technical
and technological barriers, market barriers and availability of various technologies in the market,
political, economical/financial barrier, reliability, social, and environmental barriers represent a
challenge for the wider uptake of RET [3];[23];[29];[32];[33];[34]. In the same context, [28]
suggested that some RET are more economically and environmentally viable than others such as
wind power, solar power, biomass, and geothermal which were questioned on economic and/or
environmental grounds. Additional barriers to the implementation of RET, and thus achieving zerocarbon homes, was the uncertainty surrounding the provision of on-site/micro-renewable [34]; [35];
[36].
3.2.2 RET Underperformance
Micro RET has been largely criticised in the UK for their underperformance. Small and micro wind
turbines for example with around 6,5000 small and micro wind turbine installations were criticised
for their underperformance. A study conducted by Encraft consultant engineers found that on
average wind turbines only generate 214 watt hours per day, which is enough electricity to power
four low energy light bulbs for a day or less than five per cent of a household’s daily electricity. This
finding contradicted with the manufacturer’s claim that wind turbines can provide 30 per cent of
household’s electricity needs [37]; [38]. Manufacturers attributed this failure to the wrong siting of
the turbines, assuring the ability of turbines to produce 30% of household’s electricity.
3.2.3 Skills Problem
The anticipated increase in the RE micro-generation market, is expected to require over a 30 fold
increase in skill requirements for installers and maintenance operatives over the 2006 requirement
[21]. However, there is still a lack of experienced planners, designers, and installers with the
relevant know-how in many parts of the EU [13]; [21]; [39]. Furthermore, the timeline to achieve
zero carbon for all developments by 2020 is criticised for not allowing much time for the
construction industry to adapt their practices and develop, evaluate and consolidate solutions.
Consequently the different stakeholders, such as developers, design consultants, planning officers
etc. would not be able to re-skill and re-evaluate their position in the delivery chain [31]. This led to
a major concern about micro-renewable being ‘bolted-on’, as damage to the building was recorded
during and after their installations [40]. This has led to the criticism that the integration of
renewable technologies into small scale developments, are currently unreliable, unfeasible to
integrate in certain situations; and are therefore believed to be installed to the detriment of profits,
with no consideration to space and aesthetic requirements [21]; [34]. This criticism is further
reinforced by notable projects which have underperformed such as London Town Hall by Norman
Foster and Partners, who was described as a “virtually non-polluting public building”, and yet has
scored ‘E’ with regards to its CO2 footprint [39]; [41].
From a consumer perspective, many RET technologies face the challenge of public acceptance

particularly with integrated systems with regards to the visual effect such as wind turbines, and the
structural safety with regard to transmitting vibrations to the fabric of the building [42]. This is
especially true when the structure was initially not designed to receive extra weight such is the
case with existing buildings.

Drawing on the different barriers for the wider deployment of RET, barriers could be categorised
according to the level of their importance and action needed (Figure 2). Major barriers which
require immediate and short term actions include the high cost of the technology and the
inadequate skills base followed by inadequate information and consumers negative perceptions
[27].

Fig. 2: Barrier importance vs mitigation action timescales [27]

4. Renewable Energy and Energy Efficiency
From an implementation perspective, RET are advised to be combined in pairs for each
development size and often include the CHP technology to help meet energy requirements [21].
Nevertheless, the successful deployment of RET are only anticipated to occur when capacity loads
are first managed. This require that RET are combined with high energy efficiency measures; in
addition to good paring of various RET options to provide the requested service [23]; [43]. Energy
efficiency measures [29] include:
-

Insulation
Reduced thermal bridging
Improved air-tightness
Controlled ventilation
Efficient heating and hot water systems
Responsive heating and hot water controls
Efficient lighting and appliances

Energy efficiency measures are anticipated to reduce the demand for energy and resources, and
are generally perceived as more robust and longer lasting than just depending on the ‘supply side’

measures such as low and zero-carbon generation technologies [19]; [31]. However, the
construction industry is criticised for lacking the sufficient information, guidance and mechanism to
design and construct buildings to meet the carbon target. This result in designing a building with
the traditional methods than simulate the performance and consequently address the excessive
demands on energy by adding expensive renewable energy technologies. Hence, leading to
unnecessarily expensive buildings which often fail to meet the original target [44]; leading to the
perception that energy efficient buildings are more expensive than the traditional buildings.
In order to achieve cost effective RE solutions a number of issues need to be taken into
consideration from the outset. These encompass the inclusion of carbon targets in the design brief
and contract at the outset. Consideration should also be given to the likely occupancy pattern
early on in the design process. In addition, RE technological issues and appropriateness need to
be investigated in line with site characteristics and consequently building design, orientation, and
fabric in order to improve the performance of RET [43].
The inclusion of onsite RET, would eventually yield in change in design requirements especially
foundation design and space arrangements [43]. It is anticipated that the integration of the different
RET into the design to incorporate the technology from the outset or enable future fitting at a later
stage need to be underpinned by a policy [45]. Hence, in order to help attain energy efficiency,
meet the required standards, and reduce cost, housebuilders advocated the greater
implementation of offsite construction in housing [34].

5. Offsite Construction
The construction industry has been generally criticised for its low productivity and lack of
innovation compared to other industries. Hence, many calls were instigated to improve the
performance of the construction industry by learning from other industries such as the
manufacturing industry through the taking up of the concept of production [46]; [47]; [48]; [49]; [50].
Offsite Construction (OSC) is a business strategy that encapsulates more than merely the
production and assembly of products. OSC involve transforming the traditional manual construction
process into a manufacturing and assembly process in order to reduce cost, time, and improve the
quality of the final product/service. This is further achieved through engaging people, embracing
new technologies, and translating clients’ needs into building requirements [51].
The Code for Sustainable Homes (CSH) Level 4 for affordable and social housing mandates the
use of renewable energy. This requires the integration of complex technologies and specialised
skills which may not be available within the traditional construction industry practices [52].
Additionally, with the increasing number of new households in the UK which is projected to exceed
300,000 per year by 2015, and in order to meet this increasing demand, the UK Government has
promoted the wider use of OSC [53]. Further drivers for the wider uptake of OSC practices
included overcoming skills shortages and gaps (inherited within the UK construction industry which
adversely affects the quality of housing), improved health and safety, and consequently improved
environmental performance and consequently less waste [54]; [55]; [56].
In the UK, around 10 million tones of waste are generated and taken away to landfill. It is argued
that at least £150 million can be saved through better waste management [57]. Thus, the
increasing cost of material is anticipated to make the wider use of off-site construction an attractive
proposition [57]. In this context, OSC is perceived as an opportunity to improve efficiency and
sustainability [58].

6. Rational for integrating OSC and RE
Numerous examples for integrating RET into buildings have been criticised for their
underperformance. Torcellini et al. [59] evaluated six ‘high performance buildings’ which combined
energy efficiency and RET, and attributed the underperformance of RET to a number of issues:

-

Technological and technical problems related to the technology itself,
Discrepancy in computer simulations and actual performance of technologies,
Energy production was lower than energy requirements,
The unsuitability of technologies to particular sites, e.g. trees and adjacent building
shadows may affect the performance of PV,
Occupants behaviour which design teams failed to predict,
Construction details carried out on site varied from the design and specifications,
Commissioning mainly address the performance of individual components and not the
overall performance of the building once operational,
Design flaws,
Installation errors, and
Improper maintenance, etc.

Another study compared the performance of an OSC home and traditionally built home [20],
suggested that the OSC house outperforms on-site traditionally constructed house in terms of the
GHG emitted as a result of light design which was combined with increased levels of energy
efficiency. The study highlighted major components that contribute to CO2 emissions during the
traditional construction to include the material used, contingency and over ordering of an extra
10%, which result in increased waste. On the other hand, OSC practices allowed more control,
fewer material (due to a better estimations), and consequently less waste.
Due to the controlled working environment, OSC allow combining energy efficiency and integrated
RET to meet the Zero Carbon target, and still be profitable. A successful example of benefiting
from combining OSC and RET was set by Sekisui Chemical Co, one of the largest PV housing
manufacturers in Japan. Sekisui Homes managed to increase the delivery of their PV solar homes
from 46% in 2003 to 52% in 2004 in response to the market demand for sustainable homes [60];
[61]. In this case, Sekisui Homes managed to benefit form lower utility cost due to superior airtightness and thermal insulation of the unit, and mass production to equip homes with solar electric
system as standard provision rather than an option. This helped selling the surplus power
generated during the day (Figure 3).

Fig. 3: Sekisui OSC homes integrated PV technology [61]

7. Discussion and Conclusions
There is a worldwide challenge to cut CO2 emissions, the major cause for the Greenhouse effect
and consequently the global warming. The UK Government has set a binding target that 20% of
energy in the UK is to be generated from renewables by 2020. Although the existing building stock
represents the major challenge for cutting the CO2 emissions, the majority of climate change
initiatives predominately target new build. There are various RET available in the UK market which
is evolving rapidly. It is estimated that RE on-site/micro technologies to grow considerably by 2016.
The sole dependence on RET, however, is not enough to help meet the energy requirements. On
the other hand, depending on the energy efficiency measures solely would only achieve 25%
reduction in operational carbon emission at an increased cost of 0.14%. It is therefore suggested
to combine energy efficiency measures while pairing low and zero carbon (LZC) technologies to be
able to satisfy energy demand and consequently meet the zero carbon target [43]. Furthermore, it
is recommended that RET need to be incorporated from the outset into the design process as an
integral part of the building function [59]. Nevertheless, while there is general agreement that RET
may help reduce CO2 emissions; there were debates about the environmental and economical
viability of such technologies. The current practice depends on retrofitting RET into existing
buildings, resulting in the underperformance of the technologies due to installation and
maintenance problems. Furthermore, the unavailability of professional and manual skills
represents a challenge for the successful wider uptake of RET.
Drawing on the problems arising from incorporating RET into existing buildings, the need for
combining energy efficiency measures with RET, the shortages in professional, installation and
maintenance skills, and the lack of proper commissioning etc.; off-site construction is anticipated to
help mitigate those problems. The integration of building components and RET within a controlled
factory environment would allow improve energy efficiency and maintain structural integrity of the
building. This is, to a large extent, attributed to the OSC concept of ‘design-to-manufacturelogistics–and-assembly’ (DMLS) and hence ‘treats’ the building as a system rather than individual
components. Benefiting from the mass production and mass customisation concept with the
integration of RET is further anticipated to reduce the cost of RET and hence, make it sustainable
and economically viable.
Further research is anticipated to explore case studies to empirically test the qualitative results and
to quantify the implications of the post integration/retrofitting of RET into existing building stock,
and the potential of integrating RET with OSC from the outset in a controlled factory environment.
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Summary
Germanys first new build energy-plus school building is based on an integrated design approach
that provides excellent learning conditions regarding spatial quality, air quality, thermal and visual
behaviour. The main technical features are the highly insulated passive house standard, a newly
developed hybrid ventilation concept, the use of renewable energy sources and the integration of
innovative building components.
Keywords: Plus-Energy-building, passive house, hybrid ventilation, integrated design, school
building

1. Introduction
The primary school in Hohen Neuendorf, north of Berlin, is the first new-build plus-energy school
building in Germany. The building has a gross floor area of 7.414 m2 and is designed to enable
primary school teaching in accordance with contemporary needs. The project comprises of the
construction of a primary school with an integrated triple-field sports hall. The integrated design
approach conceives all technical, energy-based and functional requirements as an integral part of
the architecture and permits a lean technical concept with a simple, easily controllable and low
maintenance engineering system for reaching high a comfort indoor climate. The goal of the
project is to show, that it is possible to realise a Plus Energy School building without increased
costs in comparison to a “normal” new building.

Fig. 1 Primary school building, view from West

2. Integrated architectural and technical concept
2.1

Objectives

Based on the aspiration of Hohen Neuendorf to become a Green City and the need to minimise the
long term running costs, the main objective for the design of the primary school was to develop a
sustainable concept that provides good learning and teaching conditions with low operational costs
for the commune.
The task was to develop an integrated architectural design that integrates the technical needs, the
conditions of use, users behaviour and the economical and ecological requirements.
2.2

Building concept

The building complex comprises a primary school and a sports hall. The primary school is
designed for 540 pupils and has 18 classrooms, specialist rooms for arts, music, computing, nature
sciences, a small library and a cafeteria. A central “school street” connects all functions of the
building. The classrooms are oriented to the south. The sports hall has a floor area of 1215 m2 and
is divisible into three parts. The total floor area of the two storey building is 7.400 m2

Fig. 2 Floor plan ground floor and first floor

Fig. 3 Drawing of the east and west facade

2.3

Integrated spatial and technical strategy

In cooperation with the teaching team a room concept was developed that enables different kinds
of teaching situations. The so called “home area” consists of a multifunctional room in combination
with a smaller teaching room, an extended circulation space, a wardrobe and a sanitary unit for
each class. The technical concept for ventilation and lighting is based on this room concept.

Home area for one class

daylighting

natural ventilation

mechanical ventilation

Fig. 4 Utilization and technical concept for a “home area”
2.3.1 Hybrid ventilation concept
By grouping the class room and sanitary unit to a “home area” a combination of natural and
controlled ventilation can be realized. The advantages of both ventilation types are combined to
create a good balance of thermal comfort, air quality, user acceptance and energy efficiency.
The ventilation of the classrooms is primarily achieved by a rapid natural ventilation during the
breaks using motor controlled full-height vent windows. With only this type of ventilation CO2 levels
will increase quickly during the lessons. Thus it is combined with a small mechanical ventilation for
dampening these. The supply air flow for the classrooms correlates to the amount of the exhaust
airflow needed for the sanitary units. A good thermal comfort in summer is achieved by passive
night cooling using the motor controlled vent windows cooling down the large areas of thermal
mass.

Fig. 5 Windows for natural ventilation
2.3.2 Daylighting and solar shading
The south oriented facades of the classrooms have been developed in detail to provide effective
solar shading, natural lighting und passive solar energy gain. Fixed exterior blinds protect the
windows against the summer sun, vertical fabric blinds enable effective solar shading due to the

Fig. 6 South facade of the classrooms in detail and under construction
users requirements. The windows above the fixed blinds have a nanogel-glazing to diffuse the
daylight. The windows that are not protected against the summer sun have integrated fixed solar
shading and light directing louvers. The deep spaces of the classrooms receive natural light from
two sides, the small rooms get natural light from one side only.

Fig. 7 The school building seen from SE, W and SW
2.3.3 Acoustics and thermal storage
The sound absorption in the classrooms is developed in a way that enables heat storage in the
concrete ceilings to minimize overheating in summer periods. As Fig. 8 shows, there is no
suspended ceiling to keep the thermal mass in contact with the room. To provide effective sound
absorption the blackboard wall is covered with broadband absorbing acoustic panels. At the
opposite wall only one third of the wall is covered with the same material. The walls and the ceiling
of the sports hall are covered with sound absorbing material.

Fig. 8 Interior view of a classroom an interior view of the sports hall
2.4

Building construction

The main structure of the building comprises of concrete walls, concrete ceilings and a concrete
roof for the school building, and a timber roof construction for the sports hall. The building has a
very good insulation level that achieves the passive house standard.
Table 1 U- values of the building envelope
Exterior wall 1
Exterior wall 2
Windows
Roof
Slab
2.5

U- value
0,15
0,13
0,80
0,11
0,10

W/m2K
W/m2K
W/m2K
W/m2K
W/m2K

Energy concept

Using natural processes and passive technologies was a main objective and precondition to minimize active technical components (Lean-Building-Concept). Because the technical components
have a considerably shorter lifecycle than the building envelope, the careful use of active technical
systems will significantly reduce the lifecycle costs of the school without compromising a high level
of comfort and energy efficiency.
The main features of the energy concept are:
-

passive house standard of the building envelope
optimised daylight strategy to achieve high daylight autonomy
daylight dependent automatic lighting control
detailed facade concept to provide effective solar shading, natural lighting und passive solar
energy gain
improved thermal comfort in summer using night ventilation, thermal mass for heat storage and
free cooling
a hybrid ventilation strategy using mechanically opened windows for natural ventilation during
the teaching breaks supported by a mechanical ventilation system
use of renewable energy resources (wood pellets for heating, integrated photovoltaic plant for
power generation, wood pellet driven combined heat and power generation)
Integration of new and innovative building components. This includes different types of innovative glazing, electrochromic glazing, LED lights, filters and control for the ventilation system.

Fig. 9 View from east – facade of the specialist rooms, cafeteria and sports hall
The combination of the above listed measures lead to a very low primary energy demand for the
building. The calculated primary energy consumption for heating, cooling, lighting and appliances
is 23 kwhpe/m2a. A partial compensation of this need is realized by a micro CHP, which is used
throughout the year to cover basic loads. For the compensation of the remaining primary energy
demand, a building integrated photovoltaic solar power plant with 55kwp is used. The annual
primary energy production by the CHP and the integrated PV-Power plant is 24 kwhpe/m2a.
2.6

Monitoring

A monitoring of the building performance is planned. During the monitoring phase an optimisation
and adjusting of the engineering system will be undertaken. The project is part of the research
programme for energy-optimised buildings in Germany (EnOB), financed by the Federal Ministry of
Economics and Technology.
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Summary
This is a case illustration of experimental pilot project to research, develop, design and construct
net zero energy building (hereafter ZEB) by the authors in the campus of the University of Tokyo.
The paper describes technologies invented and applied in the building as well as how the technologies are integrated to functionalize the building.
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1. Introduction

The idea of zero energy building is getting to be popular concept in various countries all over the
world. Japan is not exceptional; The Ministry of Economy, Trade and Industry of Japanese Government is supportive to develop and diffuse the idea of net zero energy building. The research
committee organized by METI [1] defined net zero energy building as;
A building that consumes zero or nearly zero energy on an annual net basis by reducing primary
energy consumption in the building through enhanced energy efficiency performance of the building envelop and facilities, networking of neighbouring buildings, on-site utilization of renewable
energy, and so on.
Associated with METI, New Energy and Industrial Technology Development Organization (hereafter NEDO) initiated the project to subsidize to the experimental pilot projects of ZEB. The University of Tokyo had the opportunity to get the subsidy for design and construction of ZEB buildings in its campus. This paper introduces technologies applied in this experimental pilot project. It
also presents how technologies are integrated to enhance higher energy use performance.

2. Project description
2.1 Outline of the building
The building was constructed in Komaba campus, one of the three major campuses of the University of Tokyo. The building is called as “The building for innovative education”. It has five floors
and one underground level floor. The total floor area of the building is 4,477m2. It includes several
studios and convention rooms such as halls and meeting rooms.
2.2 Design team for ZEB
Original version of conceptual design of the building has nothing to do with the idea of ZEB. The
University of Tokyo, as a client, decided to introduce the idea of ZEB after the first version of conceptual design has been completed. Consequently, design process of ZEB is a series of change
orders from client side.
Various experts committed in the process of design development process during which the building
has been transformed from ‘ordinary building’ to ZEB. The design team of the ZEB is interdisciplinary and is composed of architects, building service engineers, users and administrators, contractors and researchers in Institute of Industrial Science, the University of Tokyo.
Various design issues are mutually interdependent, thus, change and modification relating to some
issues draws bunches of changes of other issues. The interdependency required tough design
management process. Consequently, design process includes not only success but also failures.
Members of the team held periodic meetings where information has been exchanged and the
design has been discussed and coordinated based on design documents made by team members.
Thus, the periodic meeting provided the opportunity for design integration.
2.3 Scenario for net zero energy
The design team defined reference level at 1830MJ/m2/ywar as a standard reference level in
comparison. Then the team aimed to reduce 35% from the reference level within three years since
its start of operation. The inventory of the reduction is;
50% reduction in heating
30% reduction in cooling
20% reduction in lighting
20% reduction in clean water use
30000kwh/year (i.e. 1880GJ/year) generation by PV
Then the design team estimate another 20 % reduction no later than 2020 by proactive demand
control and optimization based on energy use monitoring system. Furthermore, respecting on rapid
improvement in efficiency of building service equipment, another 20 % reduction by 2030 is supposed to be expected by replacement of exiting equipments by those with higher efficiency in future. In addition, conversion efficiency of PV would be doubled by 2030, Consequently, if those
assumed conditions would be realized, the building could be net zero energy building.
2.4 List of technologies applied
Various technologies are invented and developed respecting on specific conditions and requirements of the building. Fig.1 presents technologies installed and integrated in the building, which
includes
1) smart double skin cladding system by adaptively movable louvers
2) heat pump system by ground source/water utilization
3) radiation cooling/heating panel system
4) thermal mass utilization
5) natural ventilation by chimney effect
6) desiccant dehumidifier by exhaust heat from heat pump
7) LED lighting system
8) Potable water saving including rain water utilization
9) PV

10) integrated building operation system by AI based control

Fig. 1 Technologies applied to the building

3. Technologies developed and applied
This chapter presents outline of technologies developed and used in the building through collaboration of the interdisciplinary design team.
3.1 Smart double skin cladding system by adaptively movable louvers
The west and east elevations of the building have considerable thermal load as well as an opportunity to utilize natural ventilation, natural light and heat radiation from sunrays in winter. In order to
solve the contradict requirements on selective control of light heat and airflows, design team invented and developed smart double skin cladding system with adaptively movable louvers. In case
of fixed windows, triple glazing sashes with inlet for natural ventilation are installed together with
external sun shading.
In case of openable windows, invented double skin system is applied; the system consists of movable vertical louvers and their frames. Each vertical louver unit is composed of double layered slat
panels and a double glazed panel. (Respecting on that this double skin is installed in the west and
east elevation, slats are installed vertically.) The unit can be rolled around vertical axis. Consequently, as it is shown in Fig.3, both slat panels and glazed panel can face outside/inside selectively depending on outside conditions. In addition, white coloured side of slat and black coloured side
of slat are also turned around, thus, both sides of slat can face outside selectively as well.
Fig. 2 shows three modes of movable louvers. The mode A aims to minimize thermal load by sunrays in summer by letting white coloured side of slat face to reflect sunray rays. The mode B aims
to maximize natural ventilation and natural light utilization in spring and in fall (i.e. when thermal
load from outside is low) by letting slats and glass give maximum way to airflow and natural light
from outside. The mode C intends to heat gains from sunrays in winter by letting black colour side
of slats faces outside. Fig. 3 presents detailed mechanism how the double skin system works in
summer and in winter.

Mode A
Mainly in the morning in summer, white coloured side of slat panels in movable louvers faces outside and the angle of louvers follows diurnal motion of the sun to prevent inclusion of sunrays to
inside.
Mode B
Mainly in spring and in fall, movable louvers are open to outside to maximize natural ventilation. If
outside temperature should be lower than inside in night in summer, natural ventilation is introduced through inlet within slat panels to facilitate night purge effect. The moving mechanism of
louvers is manupirated by artificial intelligent controller which is introduced in 3.7.
Mode C
Mainly in the morning in summer (i.e. duration of time when sun altitude is relatively low), black
coloured side of movable louvers faces outside in order to collect radiated heat from the sun and to
stock them in upper flower slabs by utilizing its thermal mass. Even in the time when louvers are
shut, visibility from inside to outside is assured by deliberate detailing of punching metal shape of
slats.
Fig. 2 Three modes of 3.1 Smart double skin cladding system with adaptively movable louvers
(developed by Shida and Magori et.al.)

Fig. 3 Mechanism of smart double skin cladding system with adaptively movable louvers (developed by Shida et.al.)
3.2 Heat pump system by ground source/water utilization
In general, ground temperature is stable in all four seasons (in Tokyo, 16-17 degrees). Thus,
utilization of ground and/or ground water as heat sources enables higher energy efficiency in heating and cooling of building. To utilize the potential of ground heat, the building applies ground
source/water based heat pump system by installing 10 tubes of 100 meter length U shaped heat
exchangers as well as a pair of wells in the underground of the building.
Respecting on previous researches by Ooka, one of the co-author of this paper, possibility of clogging in well was predicted. This is a reason why a pair of well is used; clogging could be prevented
by exchanging the role of pumping well and returning well periodically.

Fig. 4 Heat pump system by ground source/water utilization (developed by Ooka et.al.)

3.3 Radiation cooling/heating panel system with desiccant dehumidifier
Conventional air conditioning method changes the temperature of air to warm or cool human’s
body. This indirect warming and cooling via air includes waste and inefficiency in energy use. Contrarily, warming and cooling by radiation panel is a method to warm or cool human’s body directly.
It does not need the energy for bringing air and for activating fans. It also avoids needless draft as
well as upgrades indoor air quality and comfort. The installed ceiling panels have function of radiation panels. Before application to the building, performance of the radiation panels had been verified through experiments in laboratories.

Fig. 5

Radiation cooling/heating panel system (developed by Sako et.al)

When radiation cooling system by ceiling panels is introduced, water drops by dew condensation
around ceiling panel could be happened. In order to prevent such kind of dew condensation disaster, accurate control of indoor humidity is necessary. Desiccant dehumidifier system is effective
measure for non condensation. However, conventional desiccant technique has low energy use
efficiency because of consumption heat for recovery of desiccant materials. To solve this problem,
solar heat and/or exhaust heat needs to be utilized for recovery of desiccant materials. Desiccant
dehumidifier system installed in this building utilizes exhaust heat from heat pump air conditioning
system.
3.4 Thermal mass utilization
The building is designed to stock heat gain in floor slabs by utilization of its thermal mass. Together with internally generated heat such as heat from lighting and computers, the building aims to
make zero-heat-load for air conditioning in winter. In other seasons, night purge mechanism is
introduced; structural members and spaces between ceiling and floor panels are cooled by natural
ventilation in night in order to minimize cooling load when mechanical cooling system starts its operation in the morning.
3.5 LED lighting system and integrated system
Needless to say, the use of LED has advantage in energy conservation compared with conventional lighting. This building aims more higher efficiency than simple, stand alone use of LED.
The building embodies integrated control system that maximizes use of natural light and facilitates
complementary use of artificial light by LED with dimmer function.
Fig. 6 shows outline of the integrated system. Previously mentioned louvers in double skin cladding system moves based on evaluation of the data from pyranometer; In case pyranometer
would suggest that it is raining or cloudy, louvers moves to introduce maximum quantity of day light
to inside. In case it would suggest bright and no direct sun rays, louvers also settle to the direction
to introduce natural day light as much as possible. In case of sunny day with direct sun rays that
could increase cooling load such as in summer, the louvers are settled to prevent inclusion of sun
rays to inside of the building. In case indoor space is warmed artificially, louvers are settled to proactively introduce heat gains. Together with and harmonised with adaptively controlled louver
system, artificial light by LED is controlled. Motion sensors works to switch off and on LED lighting

which is controlled to assure sufficient illumination intensity based on illuminometer. The system
is manipulated by artificial intelligent controller which is introduced in 3.7.

Fig.6 Integrated use of natural light and LED
3.6 PV (photovoltaic) system
Photovoltaic system by 300 meter square of thin-film solar modules are installed on the roof of the
building. The maximum capacity of generation reaches to 30kw which is 10% of anticipated maximum peak load demand of electricity in summer. Annual total electric power generated by installed
PV is estimated as 400GJ in primary energy basis. Generated electricity is designed to be used in
the building (i.e. PV here is separated from network). The building also embodies continual monitoring system to measure site basis real efficiency of the PV.
3.7 Integrated building operation system by AI based control
The building embodies energy monitoring system based on the idea of information embedded
building [2]; the monitoring system consists of sensors of energy use, temperature, humidity, indoor air quality, illumination intensity etc. The real time basis data is transferred from sensors as
digital data to server which is located off-site. The stocked and input data in the sever is analysed
through the process shown in Fig.7. The visualised real time basis reporting of the analysis is accessible to all stakeholders of the building through WEB site. Consequently, the system is used as
a device of benchmarking for building owners and users. The major users of the building are students of the university of Tokyo. Thus, the College of Arts and Sciences of the University of Tokyo
is now preparing environmental education by utilization of the energy monitoring system as a visualization device for education.
The system shown in Fig. 7 has another implication for building operation. Continuous collection of
real time data and analysis facilitates to establish more precise and accurate prediction model of
energy use of building through genetic algorithm, which can be called as a sort of artificial intelligence. It is an enabler of proactive demand control by feed-forward operation based on the precise
prediction through artificial intelligence (hereafter AI). In another word, the integrated operation
system is an AI based tool for continual improvement of building operation as well as environmental education. This is a mechanism of artificial intelligent (AI) controller which is shown in Fig.2 and
Fig.6.

Fig.7 Proactive demand control system using real time energy monitoring and a sort of AI

4. Concluding comment
The design team of the building developed brand new technologies that could enhance the reality
of the idea of ZEB. Though those are invented to respond to specific conditions of the project, the
author believes it could be applicable in the other ZEB oriented projects. In addition, the method of
design integration is expected be the template for following projects.
The building will be fully completed in May 2011. Thus, actual performance of building against net
zero energy and target defined in the scenario in pre-design process is not yet reviewed and
evaluated. The authors will commit in the process in building operation of the building as well as
the educational activities using this building. The authors wish to report on the actual performance
of the building continually through various opportunities in future.
References
The authors appreciated all collaborators of the reported experimental building projects and
funding agencies including NEDO for their support and contribution
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Special Forum 4
Industry Panel
19. October 2011 at 11 AM

The session aims at sharing views on how sustainable building solutions and services will be
implemented, further developed and researched by the industry. Views are presented from WBCSD,
ENCORD, EC and private sector to be debated with the audience in a panel discussion.
The speakers:
Achievements in Energy Efficient Buildings and WBCSD’s Recommendations for Sustainable
Urban Infrastructure
Constant van Aerschot
ENCORD’s Sustainability Charter – what’s important for the industry?
Ger Maas
Sustainable Building Research in FP8 – Opportunities for the Industry
European Commission
Sustainable Construction Glossary
Ulla Sirkeinen
Sustainable Urban Development Solutions
Carles Llop
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Special Forum 5
Sustainable public procurement - how does the
public sector build
19. October 2011 : 02 PM
Concept &
Coordination

Dipl.-Ing. Andreas Rietz (BBSR)
Dr.-Ing. Günter Löhnert (sol id ar Berlin)

Moderation

Prof. Dr.-Ing. habil Thomas Lützkendorf, (KIT); Dr.-Ing. Günter Löhnert

Co-operation-Partners Karlsruhe Institute of Technology (KIT), Germany
Organisation
Topic & Goal

Wednesday, the 19. October 2011 at 2 PM; Duration about 90 minutes
Green procurement has become increasingly important in recent years. The Federal
Government in Germany supports initiatives to promote green and sustainable procurement
by the public sector. The Federal Ministry of Transport, Building and Urban Development
published the Guideline for Sustainable Building. It offers a concrete practical aid for the
planning, the construction, the structural maintenance, the operation and utilisation of
federally owned properties in Germany. This is an important step to introduce Green Public
Procurement (GPP) in the building sector. The long-term objective is to implement
environmental, social and cultural requirements legally effective in the competitive tendering
procedure. Life cycle costs have a significant impact on the economic efficiency of a building.
It must be possible for the contracting entity to include life cycle costs in the selection
process.
For this reason, the presentations held and discussed during this special forum will address
the following issues:
-

Overview over existing guidelines and initiatives on how to promote green and
sustainable procurement in the public building sector;

-

The importance of the public building sector acting as role model for private building
owners and the building and construction industry;

-

Compliance with regulations of public procurement laws, for example to ensure a high
degree of transparency in the competition and to avoid discrimination of competing offers;

-

Prevention of risks of cost increases in conjunction with public procurement.

This special forum aims to provide substantial insights into green and sustainable public
procurement issues across all levels of government and public administration and will lead to
recommendations.
Programme

Introduction

Prof. Dr.-Ing. habil Thomas Lützkendorf; Karlsruhe Institute of
Technology (KIT), Germany

Presentation 1 MR Dipl.-Ing. Hans-Dieter Hegner, Head of Division, Federal Ministry
of Transport, Building and Urban Development, Germany: ”National
strategy of sustainable development”
Presentation 2 Mrs. Barbara Johanna Wieler, PricewaterhouseCoopers:
Report “Collection of statistical information on Green Public
Procurement in the EU”
Presentation 3 Dipl.-Ing. Nicolas Kerz, Head of Centre of Competence Sustainable
Building within the Federal Institute for Research on Building, Urban
Affairs and Spatial Development (BBSR): “Guideline and Assessment
System for Sustainable Building as an instrument for sustainable
procurement in the public building sector in Germany”
Presentation 4 Annette Aumann; Sustainable Building Group, Building Department,
City of Zurich, Switzerland: “Sustainable public procurement in
Switzerland”
Discussion
Summary

Prof. Dr.-Ing. habil Thomas Lützkendorf
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Special Forum 6
Valuing Sustainability
19. October 2011 : 04 PM
Concept &
Coordination

Prof. Dr. Thomas Lützkendorf
Dr. David Lorenz

Moderation

Richard Lorch, Editor, Building Research & Information

Co-operation-Partners Royal Institution of Chartered Surveyors (RICS)
Topic & Goal

Evidence of a sustainable building’s ability to yield higher premiums than its conventional counterparts is pivotal for large-scale market penetration and mainstreaming of
sustainable building. This special forum will be a follow-up event to a special forum
that was organised on this topic by the same coordinators and sponsors in the framework of SB08 in Melbourne in 2008. The purpose of this follow-up is to illustrate recent
developments with regard to sustainable valuation in terms of policies, research output
and practical toolkits and training for valuers that allow describing, assessing and
communicating the financial outperformance of sustainable buildings.
For this reason, the presentations held and discussed during this special forum will
address the following issues:
-

Latest trends in empirically demonstrating the relationship between a building’s
environmental and social performance and its market value. What are the crucial elements for further strengthening this link?
How must existing property valuation methods and practices be altered so that
they are capable of reflecting sustainability issues?
Overview on existing guidelines and recommendations on how to practically
address sustainability issues within valuation reports.
Discussion of future challenges for valuation professionals and their professional organisations.

Findings from this special forum will be widely disseminated through the various RICS
communication channels.
Speakers

The special forum will take place in close interaction with one or more of the regular
scientific sessions of SB11. It is, however, suggested that selected individuals will be
invited to prepare and present scientific works at the forum. These include:
-

Contact

Sarah Sayce, Kingston University – “Residential / Commercial Valuation Information Papers”
Erika Meins / Hans-Peter Burkhard, CCSR Zürich – „NUWEL Guideline“
Stephen Hill, Co2 FuturePlanners – “Professional Responsibility”
David Lorenz, Karlsruhe Institute of Technology – “Valuing Sustainability”
Frank Hovorka, Caisse Depots – “UNEP FI Signatories Perspective on Valuing
Sustainability”

Prof. Dr. Thomas Lützkendorf
Karlsruhe University
Germany
Phone: 0049 (0)721 608 8336
Fax:
0049 (0)721 608 8341
Mail: thomas.luetzkendorf@wiwi.uka.de

Dr. David Lorenz FRICS
Lorenz Property Advisors
Germany
Phone: 0049 (0)7204 8389
Fax:
0049 (0)7204 8105
Mail: d.lorenz@propertyadvisors.de
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SB Regionals
19. October 2011 at 11 AM

Session One
First session is focused on sustainable buildings policies and practices being put into place in
Europe and the United States, with an emphasis on the development of reporting and the
challenges of establishing baselines to measure progress. Through a careful analysis of the "state
of play" of policies and practices in France, to a broader look at work in 27 European Union
countries, and a evaluation of the potential for the building sector in the United States, this session
will provide an overview of the progress and potential for sustainable buildings in countries with a
significant building stock.
State of Play of Sustainable Building- France
Anne-Claire Freyd
CSTB
Transforming the EU Building Stock
Oliver Rapf
Building Performance Institute Europe
Developing a US Report on the Potential for Buildings
Constantine Kontokosta
New York University- Schack Institute of Real Estate
Session Two
Focusing on the efforts to promote and implement sustainable building policies and practices at all
levels, this session continues a look at the "state of play" in Latin America and the Caribbean and
Southeast Asia regions, and the practices and policies being implemented in Canada and China.
Rapidly developing countries face significant challenges and opportunities in achieving national
development objectives and promoting sustainable building policies. The development of best
practices in Canada and China will also be explored, providiug a broad view across climatic and
geographic regions within this session.
State of Play of Sustainable Building- Southeast Asia
Whatt-Bin Choo
Building and Construction Authority of Singapore
Sustainable Building Practices in Canada
Teresa Coady
B+H Bunting Coady Architects
Assessing Sustainable Building in China
Jun Li
Global Building Performance Network
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SB Urban Session
19. October 2011 at 16 PM

Co-organized by iiSBE (International Initiative for a Sustainable Built Environment) and UNEPSBCI (United Nations Environmental Programme – Sustainable Buildings and Climate Initiative),
this session offers an overview of various approaches at the issue of sustainability at the urban
level. The complexity of the subject is thus analysed from several standpoints: from the public
policies adopted in the compact, tropical city of Hong Kong, to the Smart Cities / CONCERTO
initiatives promoted in pilot cities by the European Commission, to the assessment challenges
faced by the Urban Morphology Lab (developer of a full methodology which uses custom indicators
for urban areas), to the practical approach of the design of an entire district in Sejong City, Korea.
Through this wide outlook on sustainability in urban areas and thanks to the diversity of the
experiences of the panelists, this session will offer a broad insight in the subject to urban policy
makers and designers alike.
High Density Development: A Balancing Act- Hong Kong's Experience
KS Wong
Hong Kong Green Building Council
Urban Morphology Lab
Serge Salat
CSTB
"Smart Cities Initiative: CONCERTO"
Sven Damman
EU DG ENER
First Prime / Eco Human Housing (invited)
Sung Woo Shin
Hangyang University
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Special Forum 7
Core Indicators
20. October 2011at 11 AM

The goal of the session is to present an innovative approach for SB assessment and present
the European collaborative and coordinated approach.
The recent outcomes of the research work suggest that a top-down approach should be
followed in the selection of indicators in order to ensure the validity of sustainability
assessments. Certain overarching issues of concern related to sustainable development and
relevant for buildings should form the point of departure. All dimensions of sustainability have
to be covered - environmental, economic and social aspects. For sustainability assessments
these general issues of concern serve as “end points”. Areas of building performance have
impacts on issues of concern. Sustainability indicators together with measurement methods
enable the quantitative and qualitative assessment and comparison of these aspects of
performance while benchmarks provide information about the typical and improved levels of
results for buildings in terms of different indicators.
The session will
summarise the state-of-the-art of core indicators’ development (projects, initiatives,
regulations and standards),
explain the benefits from the use of measurable core indicators of sustainable buildings,
to assess problems and possibilities to solve,
assess the future potential of core indicators’ as instruments of steering and voluntary
processes for sustainable building and
discuss the potential of core indicators in the harmonization of local rating systems.
Speakers:
Summary of
•
•
•

current developments
Marcel Loomans: FP7 Perfection
Sylviane Nibel: FP7 SuPerBuildings and Sustainable Building Alliance
Natalie Essig: FP7 Open House

Tarja Häkkinen: Potential of measurable core indicators as instruments of steering and voluntary
processes
Ari Ilomäki: Current role of core indicators in standards and regulation
Thomas Lützkendorf: Possibilities of core indicator developments to harmonise sustainable
building rating systems, problems of classification
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Special Forum 8
CROSS-SCALE PERFORMANCE ASSESSMENT
14:00-15:30, Thursday 20th October 2011
1. Intent
To examines the roles, expectations, conceptual underpinnings and operational issues associated with
suites of assessment tools that collectively operate cross-scale, i.e., buildings, neighbourhood,
community, urban and city scales.
2. Background
Assessment tools were initially introduced to provide a comprehensive performance evaluation of
individual buildings across a broad range of environmental criteria. Over time the major systems have
introduced versions for a range of different building types, typically with a common structure but tailored
to suit specific performance issues. Similarly, with varying degrees of success, the major systems have
sought to introduce life-cycle approaches either into their structure or in the definition of individual
performance criteria, and to embrace broader sustainability issues.
The most recent development has been the introduction of versions of the methods that operate at the
neighbourhood, community, urban and city scales. Although creating multiple versions for different
building types and incorporating life-cycle is not without difficulty, changing scales is arguably the most
challenging development in the design and application of assessment methods. Shifting scales
expands on the type and scope of issues to be included in the assessment as well as raising a host of
questions regarding the overall role of the assessment, the stakeholders, how the results are organized
and communicated, and to whom, etc. Of equal concern are the theoretical and practical issues
associated with the relationship between building assessments and those made at a larger scale.
Buildings influence, and are influenced by, their surrounding context. As such, the scope and structure
of the assessments at varying scale should also acknowledge and account for such synergies.
3. Objectives
The primary objectives of the proposed special session are:
To shed light on cross-scale performance assessment issues by providing a critical examination of
the major systems that currently have versions at multiples scales. In particular, it will examine and
critique how environmental, social and economic performance criteria change qualitatively as one
shifts scales.
To examine the approaches, boundaries and indicators included in the major existing systems that
have versions directed at different scales, and explore how these may inform the design of future
assessment tools.
4. Schedule
The 90-minute session will have representatives of four major systems present their respective systems
and approaches to address the objectives identified in 3. above (15 minutes each). This will be followed
by a moderated interactive session with the audience:
14:00
14:05
14:20
14:35
14:50
15:05
15:30

Introduction
BREEAM
LEED
CASBEE
Green Star
Discussion
Conclude

Ray Cole
Martin Townsend
Scot Horst
Shuzo Murakami
David Clark
All/Audience
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Special Forum 9
PROPERTY INVESTORS NEED
SUSTAINABILITY INDICATORS AND TOOLS
Thursday 20.10. at 16.00 – 17.30

chairs: Frank Hovorka, France and Maija Virta, Finland
During last years the sustainability has become more interesting topic also among property investors
around the world and many have started to prepare sustainability policies. However, there is still rather
limited evidence, how sustainability will affect the real estate business in general and therefore
responsible investment decisions still lack hard facts e.g. on a rational link between sustainability and
financial performance. When sustainability is in focus, also new kind of indicators and tools are
needed among the investors.
In this workshop both the property investors and construction industry are discussing their need for
sustainability indicators and tools and how these will influence property business in future. We aim to
answer the following questions: Why sustainability and green values are important for a company
running a business in property or for property owner? Is sustainability creating a competitive edge
today or is it already a must? How property and construction business is measured today and what will
be the future measures? Also first results of the pan-European empirical study on the financial
performance of sustainable office and retail properties are presented in this special forum.
Speakers of our special forum:
o
o
o
o

Financial Drivers of Sustainable Real Estate - Results of s-i-r-e Project, Prof. Dr. Jürg
Roland Bernet, CEO of EURO Institute of Real Estate Management, Switzerland
Sustainability Indicators and Tools - What is Needed? Frank Hovorka, Head of real
estate sustainable policy, Caisse des Dépôts, France
Creating Green - Leading the Sustainability Development in Shopping Center Business,
Kirsi Borg, Manager, Environment and Sustainability, Citycon, Finland
Why construction sector has invested in green R&D? Ger Maas, President, The
European Network of Construction Companies for Research and Development
(ENCORD), the Netherlands

In the end we will discuss with audience what the most interesting research topics are currently and
how to improve the collaboration between the property investors and sustainability researchers.
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SBChallenge
20. October 2011

The Sustainable Building Challenge is a process focused on the existing tools for the
assessment of sustainability, the development of new ones, and innovative sustainable
building design concepts and techniques. Organized by the International Initiative for a
Sustainable Built Environment (iiSBE), it has been part of the global SB conference series
since its inception. The 2011 edition of SBChallenge has collected over 40 projects from 14
countries, from individual teams to national teams alike. A selection of this projects will be
presented in three panels on different typologies of buildings (education; offices & research
centres; public: accommodation, commercial, social utility). Each panel will feature the
presentation of seven projects, followed by a short discussion and Q&A on the design
solutions and challenges posed by the building type. Videos and papers of all the projects of
SBChallenge will also be available during the conference in the SBChallenge area, next to
room 102.
SBChallenge session 1, Education, 11:00-12:30
Vargbroskolan, Storfors, Sweden (DELTAte)
Takamatsu University Building 2, Kagawa, Japan (SBC11 team Japan)
Okanagan College Penticton Campus, British Columbia, Canada (SBC11 team Canada)
Frontier Project, Rancho Cucamonga, California, USA (HMC Architects)
Rosignano Marittimo Public Library, Italy (SBC11 team Italy / AREAPROGETTI)
Eco//nect, Heerlen, the Netherlands (HSZuyd / RiBuilT)
Energy- Plus- Primary School Niederheide, Hohen Neuendorf, Germany (IBUS architects
and engineers)
SBChallenge session 2, Offices & Research centres, 14:00-15:30
New Research Laboratory at the Tobitakyu Research Center of the Kajima Technical
Research Institute, Japan (SBC11 team Japan)
Obayashi Corporation, Technical Research Institute, “TECNO-STATION”, Japan (SBC11
team Japan)
Nissan Global Headquarters, Yokohama City, Japan (SBC11 team Japan)
REGAIN Building, Wales, UK (Cardiff University / Blaenau Gwent Borough Council)
Modemet, Stockholm, Sweden (The Swedish Research Council Formas)
Tripark Las Rozas, Madrid, Spain (SBC11 team Spain)
ST Diamond Building, Putrajaya, Malaysia* (IEN Consultants Sdn Bhd)

*awaiting confirmation
SBChallenge session 3, Public: accommodation, commercial, social utility, 16:00-17:30
All Seasons Hotel, Troyes, France (TERAO SARL)
A Grander View, Kitchener, Ontario, Canada (SBC11 team Canada)
Eco-coop supermarket, Italy (SBC11 team Italy)
The Blood and Tissue Bank of Catalonia, Barcelona, Spain (SBC11 team Spain)
ETSAV Student Residence, Sant Cugat del Vallés, Barcelona, Spain (SBC11 team Spain)
40 Apartments in the Giron Group, Zaragoza, Spain (SBC11 team Spain)
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Special Forum 10
Sustainable Built Environments with High
Performance Energy Systems
21. October 2011 at 9 AM
The workshop Sustainable Built Environments with High Performance Energy Systems in Special
Forum 10 will be supported by the researchers of the »International Society for Low Exergy Systems in
Buildings (LowExNet)« and the working group of the just ended International Energy Agency ECBCS
Annex 49: Low Exergy systems for High-performance Buildings and Communities. This Special Forum is
on Friday 21 October starting at 9 AM and will be lead in a close cooperation with industry and research
partners by Dr. Tekn. Dietrich Schmidt, Head of Department Energy Systems at the Fraunhofer Institute for
Building Physics IBP.
There is an obvious and indisputable need for an increase in the efficiency of energy utilisation in buildings.
Heating, cooling, ventilation and lighting appliances account for more than third of the world’s primary
energy demand. As we know, there are great potentials for possible savings left, but not only in the amount
of energy, also in the used energy quality, the used exergy. Through a number of international, European
and national projects new so called »Low Exergy Systems« have been developed and existing ones have
been optimised in an integral manner, where energy supply structures, emissions and energy use are
regarded simultaneously.
The exergetic evaluation of energy conversion processes adds a qualitative element to the traditional
approach to energy. Inclusion of exergy demand permits an evaluation that goes beyond considerations of
energy efficiency in buildings or community systems. For example, the temperature levels of various supply
systems and the exergetic potential of fossil and renewable fuels are integrated into the calculation. This
approach goes beyond the quantitative treatment of energy demand and requires the inclusion of
thermodynamic conditions.
There are already a number of systems available on the market und built examples can be presented.
Following the “lowex” principles we open up chances for a more efficient energy use, a wider integration of
renewable energy sources in an efficient way and the development of innovative system solutions for
buildings and community structures.
Active interaction between the research community, industry and government is necessary for the
technology transfer that is needed for adoption of sustainable development concepts and technologies. A
high level of engagement will guarantee that communities can enjoy a sustainable, integrated design that
takes in to account not only environmental aspects but also economical as well as cultural and social
needs. With the predicted impacts of climate change and the need to both adapt and mitigate the effects of
such, there is an urgent need for an expert opinion and integrated measures adopted across government,
industry and academia to ensure a sustainable future.
SB11 will offer a multifaceted program that builds strong and effective linkages across stakeholder groups
to advance sustainability knowledge and practice through market and industry transformation. Versatile site
visits are included in to the program will enable and encourage participants to actively interact and to share
information on best practices.
For any further information please contact:
Chairman: Tekn. Dr. Dietrich Schmidt
Fraunhofer-Institut für Bauphysik IBP
Tel.: +49 561 804 1871
Mobile: +49 175 35 65 972
dietrich.schmidt@ibp.fraunhofer.de

Co-Chair: Lars Sønderby Nielsen
Uponor Corporation
Lars.Nielsen@uponor.com

Keynotes: 40:40 Looking back and looking forward
The Relevance of Time
Lorch Richard, United Kingdom
Environmental Issues Past, Present & Future: Changing Priorities & Responsibilities for Building
Design
Cole Raymond J., Canada
Rapid Urbanisation in Developing Africa
Ngowi Alfred, Botswana
China's rapid urbanisation: challenges and opportunities
Li Baizhan, China
Built environment professionals in the UK:
40 years back, 40 years on?
Bordass Bill, United Kingdom

Keynote: sustainable businesses
Mesoscopic Solar Cells for Building Integrated Photovoltaics
Grätzel Michael, Switzerland

SB11 Keynote
40:40 Looking back and looking forward (part 1 of 5)
The Relevance of Time
Richard Lorch
Editor
Building Research &
Information
United Kingdom
richard@rlorch.net
www.rbri.co.uk

As humans, we typically conceive of programmes and plan activities 5-10 years into the future.
However, a tension exists between the timeframes imposed by several environmental challenges
and human capabilities to respond both quickly enough and to plan over a sustained period of
hundreds of years. This conflict between short and long timeframes is particularly relevant to the
built environment which can change slowly, has long life spans and influences consumption of
significant resources. This was best summed up by Stewart Brand:
"Responsibility… means mastering long lead times, long lag times, and the hidden effects of
cumulative change." [1] (p 9)
'Time' is the hidden constraint. This focus on time is particularly apt within the context of
sustainable development. The past century has experienced enormous and rapid technological
innovation, globalisation, population increase and environmental degradation. These have many
diffuse impacts in a variety of domains. Within the human sphere, they have particularly influenced
of our perceptions, expectations and actions relating to 'time', with an increasing focus on the short
term but at the risk of de-sensitising individuals and society to contemplate consequences for the
long term. The short term focus represents a loss of capability to think about time in an
intergenerational framework of 40, 80 and 200 years.
There is a pressing need to re-engage with a wider time perspective [2] and understand the scale
and scope of environmental and social challenges. This entails both the use of hindsight (looking
back) and foresight (looking forward). Backcasting provides another way to engage with the future
by setting future goals and then establishing the implications and plans in the intervening period of
time for reaching those goals.
With the current average human lifespan of approximately 80 years, researchers, policy makers
and practitioners spend their working lives (40 years) developing ideas and working toward their
implementation. Recalling previous contexts, goals, processes and lessons is vital if this
knowledge can be harnessed to address environmental imperatives and goals for the coming 40
years. The concept of intergenerational equity (often framed in terms of resources) must also
include the transmission of knowledge in order to avoid 'collective amnesia' through forgetting
important lessons gained over the past generation.
A first step is to frame how context, understanding, expectations and behaviours change over time
as well as to pose questions about the extent of change that can occur in this amount of time.
Forty years are a milestone for the significant changes that have occurred since the first oil shock
of the 1970s and for looking forward to 2050 - which is a key date for the achievement of
greenhouse gas emission reductions.

The recognition and acceptance of environmental concerns has become a mainstream and
increasingly fundamental tenet over the past 40 years - a major achievement considering the
cultural and political barriers, but it is not yet universally accepted. With the benefit of hindsight, it is
appropriate to not only remember what has changed over the past 40 years but to enquire about
the conditions leading to outcomes, what has remained elusive and what, if any, lessons were
learned that can be applied to the present and the future. Cole [3] (p 92) explored three critical
domains:
•
•
•

acceptance and adoption of environmental issues both political and socially
growth in the complexity of environmental research and its influences on practices
reframing and re-conceptualizing research practices to impact on a more widespread
adoption of environmental and sustainable practices

Some key environmental notions have also transformed over the past 40 years as research and
public debate have altered the course of policies and strategies. However, the built environment
has always been central to the discussion - initially concerned with 'conserving' energy as a
response to 1970s oil shocks, to recognizing the deleterious effects of CFCs and greenhouse
gases, to the (belated) recognition that "solutions" could not be only technical or economic, they
must include the social, cultural and political dimensions [4], [5]. A notable but under-researched
issue is the increasing urbanisation and densification of cities, their impacts on consumption,
environmental degradation, health and social well-being and the potential for addressing these
concerns [6].
Crucially, the built environment affords one of the few significant opportunities for addressing time
as a long term phenomenon - how cities cope with pressures and accommodate change, how they
provide continuity and also have the potential to control or exacerbate resource consumption. The
predominant research focus over the past 40 years has been on buildings - creating 'greener'
buildings typically framed within a set of technical and social issues. But the larger, more difficult
aggregate scale of building stocks and cities is emerging as a primary concern - both in developed
countries (for operating and managing existing stocks) and developing countries (for rapidly
creating new districts and cities).
Cities are one of the most durable things in human material culture and successful cities have very
long lives. The survival and transformation over centuries shows both their endurance and their
potential for adaptation [7]. Some cities have ruined themselves by a lack of foresight. For
example, deforestation and its consequences of mudslides or lack of water or arable land have led
to the demise of some cities. But cities are capable of correcting their mistakes, provided that they
have the capacity to change and recognize the available window of time. European cities managed
to overcome epidemics over a long timeframe with many physical, social, governance and medical
measures. Only a long-term perspective can both anticipate and resolve these kinds of problems
[8] and preserve the social, cultural, physical and natural capitals invested in building stocks and
cities [9].
The current discourse on vulnerability and resilience in cities (and the ecosphere) is a modern
interpretation of this concept of time. It signals an emerging confidence to engage with 'time' and
look beyond a 10-year cycle to several generations ahead. Over the past century, not only has the
world's population grown three fold, the proportion of people living in cities has increased from 14%
to 50%. Migration to cities in the developing world has accelerated and the largest cities over the
next 40 years will be in developing countries. The rate of urbanisation is creating problems not
only for the immediate absorption of people but for planning over the medium to long term.
Insufficient attention has been devoted to this rapid urbanisation, its consequences in developing
countries and potential solutions. Significant questions exist about the capabilities of these cities to
absorb a rapid influx, provide a quality of life and stabilize the hinterlands (both natural and human
resources) on which they depend. Beyond this, there are more fundamental questions about

whether imported models of planning and the Western template of urbanisation are appropriate to
the social, cultural and environmental particularities in different countries. Indigenous and
ingenuous solutions are best developed within a framework that explicitly acknowledges cultural
and social needs.
A major challenge for the next 40 years will be the delivery of capabilities for implementing change.
This entails both a significant change of mindset and worldview [10] as well as practical skills and
services [11]. Both the researcher and practitioner communities have had an influential role on
creating profound change in policy, practice and management. As Farmer and Guy have stated
[12] (p 377):
Sustainable design is constituted through the co-evolution of socio-technological approaches
that develop from practical experience and which take shape as designers, constructors,
users and, crucially, communities confront environmental problems, learn about their (and
others’) values, beliefs and practices, and adjust and progressively enhance the ecology of
built environments.
A fundamental change is needed in how professionals define themselves - on an ethical basis as
stewards of the built and natural environment and on a practical level of ensuring their services
actually deliver the intended outcomes. Although the structure of the construction industry varies
between different countries [13] [14], the underlying question is individual professions, firms and
project teams can have a greater role and responsibility for the performance of buildings [15] [16]
and cities.
The provision of both robust theoretical argument and empirical evidence has been a persuasive
lever for change, along with dialogue between the two communities. As a leading built
environment journal at the forefront of this change, Building Research & Information celebrates not
only its 40th year of publication, but also the diversity of contributions that the research community
has made to policy, strategy and practice.
Four different global perspectives are briefly presented to stimulate thought and discussion over
the course of SB11 and well beyond to assist the framing of research and action:
• Environmental Issue Past, Present & Future: Changing Priorities & Responsibilities for
Building Design by Raymond J. Cole
• Rapid Urbanisation in Developing Africa by Alfred Ngowi
• China's Rapid Urbanisation: Challenges and Opportunities by Li Baizhan
• Built Environment Professionals in the UK: 40 Years Back, 40 Years On by Bill Bordass
It is hoped this will enlarge our collective sense of time:
• not to forget lessons from the past
• to have the confidence to think several generations ahead
• to redefine our roles as guardians and stewards
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Hindsight permits access to the extent to which past environmental issues and opportunities came to
fruition and which became overshadowed by other societal priorities. Future developments, by
contrast, are always speculative. While we can posit possible, probable or plausible environmental
futures, their full consequence can never be confidently foreseen. Backcasting – envisioning a desired
or preferable future and then defining steps to attain it – by contrast, at least offers the benefit of
keeping all solutions open while trying to connect the present with the future. The timeframe over
which environmental issues are reviewed historically is clearly important in identifying whether they
involve long systemic changes or simply short-term events without significant lasting consequence.
Future time frames are equally critical – confidence diminishing with the extension of the time horizon
beyond the present.
This presentation primarily focuses on the environmental issues forty years ago, the present and forty
years into the future – mapping past developments and current directions and momentum in North
America. Almost any set of arguments relating to global environmental issues since 1971 has walked
the difficult and fine line between “doom-saying” and optimism. Indeed, the notion that as a society
“we are caught between a sense of impending apocalypse and the fear of acknowledging it” [1] has
been an indirect, but consistent tension in the shaping of attitudes towards building design and human
settlement patterns over this period. Moreover, that ideas can be ahead of their time and that presentday strategies are often a rediscovery and reinterpretation of those in the past are equally evident
throughout this period.
Offering a positive vision that strikes accord with collective human values is considered more effective
in creating change than one that continues to characterize an apocalyptic future. Here, rather than
posit a future, the presentation seeks to define what issues for building design are likely to gain in
importance and which are likely to diminish. It accepts the premise that our worldview shapes our
values, theories and preconceptions and that these in turn determine the problems we perceive, the
knowledge we seek and the actions we take. Dominant world-views have, historically, taken centuries
to mature and Western societies remain largely entrapped in the dominant Cartesian Newtonian
mechanistic worldview of the mid-seventeenth century, one that implicitly places human enterprise
dominant over and essentially independent of nature. Significantly, Gladwin et al [2] suggest that
human minds have evolved in ways that render us unable to comprehend, let alone begin to address,

the challenge of sustainability. These now ingrained biases that favour notions such as simplicity,
certainty and immediacy, they suggest “…serve to impede adaptive learning deemed essential for
sustainability.” (p243)
Capra [3] illustrates how the reductive approaches to scientific enquiry dominant for over the past few
centuries are gradually succumbing to the holistic nature of the disciplines of biology and ecology and
how the machine metaphor is being replaced by one of networks. Such a whole-systems approach will
invariably guide future building-related initiatives and strategies across all scales. The scale of
environmental events and where intervention to affect positive change occurs – global, national,
communal or individual – are, therefore, central to this discussion, particularly in the way that it has
influenced performance requirements and strategic approaches to buildings.
The environmental debate through the late 1960s and early 1970s was broad in scope – embracing
resource use, environmental impacts, population growth, food production, social and community
structure – set within an acknowledgment of productive and assimilative limits of the planet.
Publications such as Limits to Growth [4] and Only One Earth: The Care and Maintenance of a Small
Planet [5] (written for 1972 United Nations Conference on the Human Environment), were
accompanied grassroots activities emphasizing alternative values, lifestyles and technologies. Again,
the scale of comprehension of environmental issues and scale of engagement emerge as critical
issues. Starr’s review of Only One Earth that it “...tells us once again that all the species on earth
derive their sustenance from a finite, though large, stock of raw material which can neither be added to
or subtracted from. If the capital stock is unwisely manipulated, or reduced to a form which resists
useful regeneration, earth’s living organisms will sooner or later find themselves pinched of their
necessities.” [6] What constitutes “sooner” and “later” remains central to environmental discourse,
policy and action.
After the 1973 oil embargo, a broader framing of environmental issues collapsed into a singular and
dominant focus on energy supply and use, and this persisted well into the 1980s. The emergence of
building environmental assessments in the 1990s, reestablished engagement with a broader range of
performance issues, but this primarily focused on individual buildings. With their maturation,
assessment systems have extended in scale to embrace neighbourhoods and communities. Again,
the scale of intervention shifting towards what is considered meaningful, comprehensible and
manageable for society to collectively engage in affecting positive change.
The relative emphasis placed on technological and social aspects of change has changed over the
past forty years, as indeed have the ways they have been framed and manifest. During the late 1960s
and early 1970s these were intertwined within the alternative lifestyles and alternative technologies of
a counterculture. Until relatively recently, however, technological and social aspects of environmental
change have followed more independent discourses, with by far a greater emphasis on the former.
Geo-Engineering – the deliberate large-scale manipulation of the planetary environment to counteract
anthropogenic climate change [7] – is finding increased attention as a response to, and of acceptance
of, our collective inability to curtail anthropocentric greenhouse gas emissions in a timely manner. Yet
again, in contrast to this debate, a host of small-scale initiatives and partnerships are emerging
premised on a desire to engage and affect change at a local scale. Localism, for example, supports
local production and consumption of goods, local control of government, and promotion of local
history, local culture and local identity. Which aspects, and their extent, can be reestablished and
maintained at a local level and which remain within the domain of national and global production, trade
and exchange, will clearly evolve according to the constraints and opportunities afforded by place.
The parties to the United Nations Framework Convention on Climate Change have met annually from
1995 in Conferences of the Parties (COP) to assess progress in dealing with climate change. Hunt

and Townshend [8] suggest that a comprehensive international climate change agreement “will
probably be possible only when a critical mass of countries is committed, because of self-interest
rather than perceived altruism, to taking sufficient action.” [emphasis added] Lutzkendorf et. al., [9]
similarly suggest that “it is also likely that financial stakeholders’ engagement in and contributions to
further developing the built environment towards more sustainable development will increase in the
coming years” (p. 498) but that this will not be “due to altruistic reasons but in order to meet their very
own interests and goals.” (p. 498) It is likely that such a motive will remain a key driver for others
associated with the production of buildings until a greater shared responsibility is evident. At what
scale that this takes affect – global, national, regional, community – has direct bearing on the success
of the building-related strategic choices we make.
A number of historical threads that have either been latent or running parallel to conventional green
building discourse and practice over the past forty years are now converging under the umbrella of
regenerative design and development. While many of its core tenets – systems thinking, community
engagement, respect for place – have long individual histories in architectural discourse and practice,
regenerative design begins to tie them together in a cogent manner. Regenerative design relates to
approaches that support the co-evolution of human and natural systems in a partnered relationship.
Within regenerative development, built projects, stakeholder processes and inhabitation are
collectively focused on enhancing life in all its manifestations – human, other species, ecological
systems – through an enduring responsibility of stewardship. Regeneration, in contrast to this
emphasis on “doing less harm” which has dominated past practice, carries the positive message of
considering the act of building as one that can give back more than it receives and thereby over time
building social and natural capital.
Within an increasingly interconnected and interdependent world, successive waves of movements
advocating greater engagement at a regional and local level have persisted. While environmental
pessimism in the early 1970’s precipitated an emphasis on autonomy at the individual building level,
the presentation illustrates a growing broader emphasis on greater self-reliance at the community
scale. Specifically, regenerative design accepts and promotes “place” as the primary starting point for
design and “….connecting people back to the spirit of place in a way that they are vitalized by it and
become intrinsically motivated to care for it.” [10] (p5) Indeed, there is increasing recognition that
social solutions (including defining acceptable/appropriate behaviours) may play an equal, of not
greater, role in creating positive change than technological ones.
Advocating that environmental issues can best be addressed at a community scale does not of course
abrogate national and international approaches. Indeed, it is the emerging relationship between these
two scales of engagement and intervention that is perhaps most significant. Almost three decades
ago, Buchanan [12] suggested that "[p]erhaps (and hopefully) what we are witnessing is the traumatic
period prior to the birth of a viable global civilisation in which networks of communication and trade will
no longer be homogenising and destructive agents but will have such abundant capacity as to allow
regional peculiarities to survive and be savoured." The pervasiveness and overwhelming momentum
of information and communication technologies now dominate industry, commerce and recreation and,
as such, dictate the pace of almost all human activity and expectation. We are an increasingly
connected species and are entering, what Buchanan suggests, a "truly universal civilization” that “will
not only envelop the world and give its citizens the breadth of experience so ordered” but will “also
encourage that depth of experience that comes from being rooted in, and caring for, local issues and
which is another dimension to the idea of being universal." While the current social context is clearly
different, the partnered, co-evolutionary relationship with nature, placed-based priorities of
regenerative design provide an interesting contrast with the counterculture in the late-1960s – early1970s. Stewart Brand’s launching of the Whole Earth Catalogue in 1968 and the CoEvolution
Quarterly in 1974 characterised a period of a strong sense of community, nurturing of a sense of

stewardship and alternative forms of “low-technology.” While the first two are evidenced in
regenerative design, the current acceptance and deployment of advanced information technologies in
support of these objectives is a clear difference.
Forty years ago, the American Institute of Architects’ 1971 National Convention was themed The Hard
Choices and posed three questions that illustrate both nuanced similarities and differences from the
current debate:
1. What should be the patterns of human settlement at the national, regional and local scales?
2. Within these patterns of dispersion, how do we use all our human resources?
3. What do we have to give up to create a livable environment?
Its most recent 2011 Convention themed Regional Design; Revolution; Ecology Matters took the
position that “innovative approaches to planning, design, and construction, along with evolutionary or
revolutionary approaches to practice, collaboration, and partnerships, can create more resilient urban
ecosystems where cities of all scales contribute to a region’s sustainability and regeneration.” [12] This
represents a broad, yet highly probable, characterization of our future design responsibilities.
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Summary
This presentation primarily focuses on the rapid urbanisation in Africa forty years ago, the present
and forty years into the future – mapping past developments and current directions and momentum
in Developing Africa. Generally, African history can be viewed in three periods: when African tribes
were administering themselves; when they were administered by foreign powers; and after
attaining political independence from the foreign powers.

1. Looking 40 Years Back
1.1 Post Colonial challenges
Traditionally, African tribe clusters inhabited productive lands and/or made a living from these
land(s). For example, The Bantustan were cattle herders who also farmed-lived in grass-veldt
areas and cultivated land. These groups created settlements with villages in close proximity to
resources and infrastructure such as water and connecting roads and administrative centres. The
San/Basarwa of Southern Africa inhabiting the Kalahari Desert made a living through hunting and
wild fruit gathering. The design of their buildings took cognisance of their hot climate and way of
life in their material use, adaptability and flexibility. They practiced temporal/nomadic settlement
lifestyle.
These were among testament examples of communities which lived in harmony with nature and
adapting their ways of life to suit their respective locality, environment, and availability of materials.
Their built environments were also a manifestation of their celebrations and economies of
production. Their way of life intuitively balanced both their economies and ecosystem with a long
term sustainable harmony. Hunting, farming and cattle herding were all tribally controlled to
preserve resources and this enabled local communities to live from land without depending on
handouts from outside their localities.
1.2 New nations and new hopes
The ‘Scramble for Africa’ brought critical changes and mainly upset the delicate balance on
people’s ways of life and social stability. The introduction of paid labour set native sustainable
systems in decline. In Southern Africa, industrialization of South Africa, particularly through its

mining caused destabilization as it attracted able-bodied and energetic men from such Southern
African countries as Lesotho, Swaziland, Mozambique, Malawi and Botswana, thus depleting their
home regions of vital manpower. For instance, at independence, over 30 percent of Batswana
men between the ages of 20 and 40 worked in South Africa.
1.3 New cities and beginnings of urbanity: Imported experiments of urbanity
Imported utopian ideas such as Ebenizer Howard’s Garden City concepts were unsuccessful
experiments in the formation of new cities across southern Africa. In Botswana, for instance, her
capital city Gaborone, was designed from scratch in 1964 to accommodate a population of 30,000
but the population has skyrocketed to 191,776 by 2006 [1] with no modification of the original plan.
1.4 Migration and population displacements
The attraction of these new urban cities and the promise of a better life contributed significantly to
the great migration of rural population to new cities, through the 1970’s peaking during the gold
rush of the 1980’s in Johannesburg mines. For instance, the United Nations documents that 40%
of the total least developed country population lived in urban areas in 2000, compared to 26.1% in
1975. More specifically, 34% of the 2000 Sub-Saharan African population was urban – a jump of
more than 62% over the 15 years. This rapid movement to urban areas reflects the desire of rural
inhabitants to improve their economic situation: migration results when the individual’s expected
urban wage exceeds that for the rural sector [2] but it was not always appreciated that increased
wages do not necessarily reflect an improved quality of life.
Migration had significant adverse effects on the rural settlement economic systems. Local
vernacular knowledge drained as men (from across the sub-continent) went to South African mines
to earn a new living based on a different set of economic principles (paid labour). This population
loss affected local communities’ ability to self-sustain their ways of life to one where governments
had to become the provider through social programmes in terms of handouts.
As cities grew, the boundaries of urban/rural thresholds become vague and pressures to absorb a
rapidly growing population led to sprawl. Over a period of 20 years Gaborone assimilated 4
neighbouring former rural settlements into its suburbs. Loss of productive traditional lands/labour
and movements away from self sustenance through local production led dependency – both for
rural and urban people. The breakdown of the existing sustainable model led to economic
problems both individually and collectively. The government of Botswana spends millions a year in
social programmes which have been largely described as handouts. The changes in people's
attitudes towards self-reliance have led to a dependency syndrome and reliance on government
handouts. Paradoxically, the aspiration of economic improvement and a better quality of life
through migration to cities has not fulfilled the dream for most people; but the migration to cities
continues despite this.

2. Current state of affairs
Southern Africa’s problems and indeed Africa’s urban/rural problems are currently centred on core
human needs issues including insufficient resources and/or mismanaged services. They also
include severe social dislocations, high levels of crime and insecurity, corrupt and inefficient local
government institutions, striking inequalities in wealth and especially the pervasive poverty that
blights most urban settlements.
Land conflicts and decline of food sustenance to imported dependency have created conflicts such
as xenophobia, witnessed in South Africa where 12 migrant workers were killed in xenophobic
attacks fuelled by immigration (New York Times, May 19, 2008). Former South Africa President
Nelson Mandela remarked, "Sub-Saharan Africa is the only region in the world where urbanization
is associated with negative economic growth”.

Productive lands continue to be converted to meet urban population growth and sprawl. Cities
originally built on manageable and utopian ideas such as Gaborone have been left to grow without
mitigating strategies. This has created social challenges such as lack of housing, basic health
services, affordable modes of transport, affordable food, employment and the loss of culture or
identity of indigenous knowledge as rural populations assimilate foreign cultures and ways of life.

3. Looking forward to 2050 and planning for sustainable future
Southern Africa contains significant resource wealth. Countries such as Zimbabwe were once
labelled the ‘bread basket of Africa’ because of its production potential. This has completely
reversed due to a combination of bad policies and natural disasters such as drought.
Because urban poverty in Africa is extremely complex, sustainable solutions to the problems of the
most destitute will require an integrated approach, based on community participation. The key to
reversing the current emerging crisis in Southern Africa’s urban centres should lie with:
a. Resolving land issues and formulating prudent land use strategies that reinforce
sustenance – for both rural and urban populations. In particular, this means stabilizing
or reducing the rate of migration by making rural life as attractive as urban life.
b. Provision of basic human needs such as shelter, sanitation, clean water and hygiene
c. Reinforcing the existing social concepts of harmonious living in cities and urban areas
d. Planning for climate change (adaptation to different climatic conditions)
Resources need to be equitably distributed to ensure rural populations can maintain improved
livelihoods without the need to immigrate to urban centres for better services and economic
opportunities.
Knowledge and empowerment of indigenous populations should also be integral to future
developments to ensure interchange and improvement of rural livelihoods. Community participation
should also be key part of empowering communities. In Malawi, Habitat for Humanity, works with
local and district governments, the national authorities, community groups and traditional chiefs to
build low-cost houses and latrines.
Research, documentation and improvement of vernacular habitation principles of local cultures
must be an integral part of development (settlement patterns, forms and types of shelters, etc)
Reversing migration patterns and its social ills needs to take cognisance of a shift in the profile of
modern immigration because the migration that has dominated the past 30 years is largely seen as
an economic one. However, recent research undertaken in Namibia, Zimbabwe, South Africa and
Kenya shows that direct food transfers from rural households to urban households significantly
contribute to urban food security at the household level. Migration, therefore, forms an important
component of household strategies in response to dynamic and often difficult economic conditions
in rural and urban areas.
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Forty years ago (1970) China was predominantly agricultural / rural and in the midst of the Cultural
Revolution. China's influence then in the world economy was minimal until the late 1980s.
Economic reforms in China initiated after 1978 began to generate significant and steady growth in
investment, consumption and standards of living. The rapid economic growth in China has
contributed greatly to urbanisation - new wealth from manufacturing and trade has been invested
into cities, but not into rural areas which has exacerbated further migration into cities. The Chinese
construction industry has become a pillar for economic development. From 1980 to 2010, the total
annual output produced by the construction industry increased from 28.7 billion RMB to 9520.6
billion RMB; jobs in the construction industry increased from 8.54 million to 35.97 million [4].
China’s urbanisation rate rose from less than 20% of the total population in the early 1980’s to 45%
in 2007 [1,7]. It is expected to reach 50% by 2012 and 60% is predicted for 2030 (making 880
million urban dwellers) [6, 8]. During the 12th Five-year Plan Period (2011 to 2015), urbanisation
will maintain an annual increase of 0.8%; around 50 to 60 new towns will emerge each year, each
with a capacity to accommodate 200,000 to 300,000 inhabitants (roughly 15m people per year), in
addition to the expansion of existing cities [3, 5]. Housing construction over the past decade has
been rapid and widespread in cities, large and small, across China.
Although urbanisation has been a public policy for the past 30 years, China also has unique policy
mechanisms to slow the rate of urbanisation: the right to live in a city is not automatically granted to
the rural population and the one child policy for urban dwellers. China began to implement the
“hukou” system (residence permits) over half a century ago whereby one was legally attached to
their town or village. This was to reduce mobility as well as to inhibit an uncontrollably rapid rate of
urbanisation: agricultural labourers were prevented from migrating to the cities. However, the more
recent development of the economy requires such labourers, therefore the mobility restrictions
have been greatly reduced. However, the massive presence of a temporary population in cities has
created new dimensions of social and spatial stratification in transitional urban China.
The European and North American models of cities influenced the formation of new Chinese cities
and the re-planning of existing cities. However, it is becoming apparent that these imported ideas
cannot meet the needs of Chinese people and culture. One of many examples is the shift from
bicycle to automobile in modern China. In 1990, there were less than 250,000 private passenger
vehicles in China; by 2009, there were over 26.2 million private passenger cars alone [4]. This
number will inevitably increase because of rising standards of living, more and more people in
China aspire to own a car. Despite a programme of massive road construction over the past 15
years, China's cities are not able to cope with this enormous volume of traffic. Vehicular emissions
have become a major source of urban air pollution, further exacerbated by intensive amounts of

traffic congestion [10]. We've now begun to realize cars are part of the problem. This creates an
enormous paradox for China: despite its amassing of wealth, it is no longer possible or appropriate
to emulate Western ways, particularly for the design of cities. However, the expectations of many
people are still to aspire to Western forms of consumption.
Without any doubt the rapid urbanisation has caused serious environmental degradation: (surface
and ground water, urban air quality, land, natural resources) as well as adverse impacts on human
health.
Energy consumption in buildings as direct energy services currently accounts for about 30% of the
total energy consumption in China, whilst being projected to increase to 40% [2]. Large amounts of
materials are being consumed by new building construction of 2 billion square metres, as well as
existing building refurbishment. These embodied energy in construction material productions
consume 19% of total national energy and account for 16% of carbon emissions. Including the
transportation of these produces, the aggregate CO2 emission from producing construction
materials accounts for 19-21%, thus, the whole lifecycle of CO2 emissions in building stock has
already surpassed 50% of the national total [2, 6]. The energy consumption in buildings will
continue to increase due to higher expectations. The highly economically developed area of China
has a climate of hot summers and cold winters, an area of 1.8 million km2 and a dense population
of around 550 million [6]. Currently this portion of the country lacks central heating systems, so the
indoor air temperatures are 5-15°C in the winter and above 28°C in the summer. Consequentially,
inhabitants use air-conditioning units in both summer and winter to cool or heat as they desire.
Amongst the rapid construction over the past two decades, unlike many Western cities, there was
little consideration given to conservation of existing buildings and neighbourhoods, nor to the
longevity of buildings. The imperative of meeting current, short term challenges typically took
precedent over medium to long term issues. A new building is only expected to last 30 years or
less before it is replaced. It is difficult to predict how many buildings from 2011 will survive to 2050.
Development of green building strategies and eco-cities has recently become part of the national
strategy. Recently, premier Wen Jiabao wrote: “Now is the most crucial moment for China to
promote industrialisation and urbanisation, and it is a good chance for green building development.
We should catch this opportunity in order to push ‘Green Building Action’ from planning, legislation,
technique, code and design aspects.” [2, 9]
Having looked to foreign sources for inspiration and advice over the past 30 years, China now
needs to develop its own expertise, not merely in the technical sense but in terms of vision and
intellectual leadership. It needs to create new forms of urbanism that are more stable and resilient
- both in terms of managing the people's demands and expectations as well as fulfilling them. This
may mean drawing on historical wisdom and precedents.
A key recognition today is that 'solutions' are not going to be only technical in their nature. The
emphasis on social expectations, behaviours and programmes will be a significant focus. Indeed,
having rapidly invested in enormous infrastructure and building projects, it may be wise to
acknowledge these projects (whether environmentally sound or not) form a major legacy that is not
easily changed. So the challenge is how we manage and use this legacy.
Key challenges for research, policy and implementation for next 40 years are:
•
What are the limits to China's urbanisation? Can the rate of urbanisation be sustained? Do
sufficient local resources exist to support an urban population? And with a diminishing rural
population and loss of agricultural land, can China maintain a productive agricultural sector
to feed its people? A ‘healthy urbanisation process’ and ‘sustainable developments in cities’
will be key tasks for future social-economic development. Therefore, guidance and
evaluation are essential.

•

What can be done to support rural life - for quality of life, wealth and happiness? One of the
major threats of development under rapid urbanization and economic growth is increasing
socio-economic inequalities especially between rural and urban areas. Eliminating disparity
between the urban and rural population will be the country’s immediate task. With the
implementation of the 12th Five-year Plan period (2011 to 2015), urban and rural
development will be more balanced.

•

The shift from construction (new build) to management (operation, maintenance and
conservation) of the building stocks over the next 40+ years. We need to acknowledge that
people consciously consume energy. (Buildings are passive, intermediary objects, so they
only respond to the demands and decisions made by people). It is the time to think about
ways to establish effective management systems and involve people in the innovation.

•

Managing people's expectations and behaviours. Does rising wealth need to be
accompanied by rising consumption in energy and material resources? This is particularly
important for how we define thermal comfort in buildings and cities.

Two indications of how China's cities can change over the next 40 years are the concept of the
eco-city and the refurbishment of existing buildings and cities. The eco-city in China has generated
world-wide interest as it is an attempt to design cities on ecological principles both in terms of the
urban design and the management of expectations. Green Building and eco-city are already
influencing the next generation of development in China. A number of pilot /demonstration ecocities have been designed which aim to promote ecological principles and have a role in
implementing in China’s city and town development. China has shown strength and ingenuity in
developing manufacturing capacity and technical expertise over the past 30 years. China has
recognized both the environmental problems and the limits to consumption under the current
model. After more than two decades of reform and opening-up, people’s living standards have
significantly improved; the number of people living in poverty has decreased substantially. Over the
next 30-40 years, it has the potential to shift its focus to both the management of expectations and
new forms of urban living.
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1. Forty years ago
Exactly forty years ago, I moved from science research into a multi-disciplinary building design
practice, RMJM - although my association with RMJM ended in 1984. This puts me perhaps in a
useful position to reflect on what it means to be a practitioner, how the concept of professionalism
has changed, and to speculate on how it might develop in the future. We had just emerged from
the 1960s, a euphoric, idealistic and busy time for the industry: the UK had been building record
numbers of houses, not to mention new roads, public buildings, and universities. Energy supplies
were going to be abundant: we had coal, the promise of North Sea gas, and nuclear electricity “too
cheap to meter”, in the words of Lewis Strauss, head of the US Atomic Energy Commission. The
nature of professional practice was also being examined. For example, the Oxford Conference in
1958 created an impetus to take architectural education and practice from an arts- to a sciencebase. It also led to the seminal study 'The architect and his office” [1]. This was followed by the
RIBA Plan of Work [2], which provided a logical structure for creating a building, with the architect
seen as the natural leader of the team. Its sequential process included 'Stage M - Feedback', in
which architects would re-visit their projects and capture the lessons.
The UK also had great hopes for prefabrication and for computer-assisted numerate rationality in
planning and design. It was the time of the professional, the technologist, the meritocrat, and the
public development corporation, starting things off and capturing the increases in land value for the
benefit of the community. The new universities received quinquennial funding, which allowed their
designers to plan five years ahead. This continuity of work under architectural leadership allowed
RMJM to employ its own planners, civil, structural and services engineers, landscape architects,
industrial designers and cost consultants. We could build multi-skilled project teams, and keep
them together – the sort of thing we can only dream about today.
In the late 1960s, things started to go sour, e.g. with analysis shown to have been lacking in
imagination, technical failures, the destruction of town centres, and social problems in the heroic
comprehensive redevelopment schemes. Industrialised construction got a bad press with the
structural collapse in 1969 of Ronan Point, a system-built apartment block. The god of rationality
had failed.
In the seminal book, Building Performance, Markus et al [3] demonstrated the need for building
professionals to obtain feedback from their completed buildings. Sadly, its publication was closely
followed by the second edition of the RIBA Plan of Work [4], which omitted 'Stage M – Feedback',
apparently because clients did not want to pay for it; and architects did not want to take the

responsibility unless they did. Stage M was replaced by a note in Stage L, passing the buck firmly
over to the client by warning them that teething problems were not unlikely, and that mechanical
systems might need considerable tuning.
In 1973-74 the international situation got worse, with the global oil crisis; while in the UK we had
the miners’ strike and three-day week (on the other two, we worked in mittens, without heat or
light). How did all this affect building professionals? There was less work, and more fragmented,
both in place (with more overseas work) and in time, with many stops and starts. Quinquennial
funding disappeared. At RMJM, these changes made it difficult to hold integrated project teams
physically together and to share tasks, so people aggregated more into skill groups (e.g. electrical
engineers), losing some of the close, informal integration we had previously enjoyed.
There were also positive aspects, including working with different people, in different countries,
coming to terms with greater constraints, and developing energy-conscious designs1. Interesting
solutions began to emerge, for example, “mixed mode” buildings, that combined natural and
mechanical ventilation and cooling systems, not only to save energy, but so clients did not need to
send staff home in a power cut. The second oil shock in 1979 made energy-saving yet more a
priority. We prepared for a new era of long life, loose fit, low-energy buildings, assisted by
government-funded research including monitoring of performance in use.

2. The 1980s
Some major buildings completed in the early 1980s reveal innovative responses to the new
constraints. For example, Arup Associates’ Gateway Two naturally-ventilated atrium office, (e.g.
[5]) and RMJM’s mixed-mode NFU Mutual and Avon Insurance HQ (e.g. [6]) showed how
integrated professional teams could bring together the science of passive design with the
engineering of mechanical and electrical systems to produce low-energy buildings of high quality.
We thought we had glimpsed the future, but the world changed again. Politics had swung to the
right, in 1979 with Margaret Thatcher’s government in the UK and then in 1980 with Ronald
Reagan in the US. It was all about free markets, not public services, with geopolitics and debt
loosening the constraints on oil supplies and Britain itself becoming an oil-exporting nation. The
1980s office buildings the UK market sought to emulate proved not to be Gateway Two and NFU2,
but the American-inspired air-conditioned Broadgate and Stockley Park. Out-of-town
supermarkets, retail and business parks also flourished, increasing car-dependency.
How did this political change affect UK building professionals? The government saw professions
at best just another business and, at worst, a conspiracy against the public - a phrase that Adam
Smith actually applied to meetings of tradesmen. Recommended fee scales were abolished, and
competition encouraged. This reduced design costs, but also gave less time to explore the brief,
design a project and supervise the construction. The architect was no longer seen as the natural
leader of the team - a position the profession had perhaps condemned itself to by allowing other
consultants to take on the more numerate skills. So design and building teams needed project
managers, further diluting the fee, and these people were often more interested in matters of
construction cost and time than long-term quality. If in the 1960s, construction professionals had
been held in regard for their value added, the 1980s largely failed to appreciate how design and
planning could influence quality of life and provide viable long-term buildings and communities,
partly of course owing to the earlier disappointments.
With clients seeking competitive bids for individual services, it became difficult to maintain
integrated, multi-skilled teams. The quantity surveyors (QSs) at RMJM were early victims, as
clients wanted costs policed independently. In my experience, working with an in-house QSs could
be challenging and creative, while external QSs either didn’t give you enough money to do a
proper job, or created a safety net for the design team - neither approach being in a client’s true
The UK’s first building regulations affecting insulation of non-domestic buildings were introduced as recently
as
1976.
2
In 2001, Gateway Two was refurbished, sadly with the addition of air-conditioning to meet market criteria.
Fortunately, when refurbished in 2005, NFU was not subjected to this indignity, justifying the original mixedmode design concept.
1

interest. They also stuck more rigidly to elemental cost plans, making it more difficult to strike an
effective balance between the costs of fabric and services in integrated, low-energy designs.

3. The 1990s
The 1980s ended with another financial shock, and another terrible time for the construction
industry. The extravagances of 1980s were questioned, and people started talking about “lean and
fit” buildings. With the BREEAM environmental assessment system launched in 1990, the Rio
conference in 1992 and government research into improving sustainability and reducing carbon
emissions, there was hope for a new age of professional services for more sustainable buildings.
The UK government report Constructing the Team [7] added further encouragement. The lowcarbon agenda also led to new government-funded research into building performance, including
the Probe (Post-occupancy Review of Buildings and their Engineering) studies that I helped with
[8]. On the other hand, privatisation (particularly of the fuel industries and the Building Research
Establishment - the UK's national building research organisation) and continued loss of technical
expertise within government, meant the construction industry was losing contact with important
longer-term public-interest research and feedback about building performance in use.
In 1997, the new UK government commissioned a report, Rethinking Construction [9]. This
superseded the Latham Report and focused on the contractor and the supply chain. The new
report mentioned performance a lot, but largely in relation to speed, cost and reliability of
construction, not how well the completed building actually worked. There was also an ascendancy
of image over substance, of management skills and contracts over technical skills, and with means
(e.g. new, landmark buildings) being confused with ends (what we actually needed these buildings
to do). The 1990s also saw the rise of Private Finance Initiative (PFI) projects, where teams bid to
finance, design, build, operate and maintain buildings, typically for 30 years. In theory, this gave
contractors the incentive to design for good life cycle value, and to innovate in the interests of the
user. In practice, it has seldom worked out that way, with many poor-quality buildings, expensively
and cumbersomely procured and expensive to run.

4. The past decade
The 2000s started with financial problems and ended with even bigger ones. In between, it saw a
building boom in the UK, particularly of health and educational buildings, many funded by PFI
mechanisms, and in the commercial, retail and entertainment sectors. Meanwhile, technical skills
in government continued to be outsourced, further weakening feedback loops. Research suffered
too, with the government report Rethinking Construction Innovation and Research [10] seeing the
strategic framework for R&D as being owned by the construction industry. This view failed to
appreciate that the industry itself had limited understanding of building performance in use - where
there is a strong public interest dimension, requiring government-funded research. Fairclough saw
performance as being controlled by regulation, while in practice, compliance and performance tend
to be two very different things as modern buildings are far from 'fit-and-forget'. Consequently
policy measures intended to improve the sustainability of our new and existing buildings
(reinforced, of course, by commercial pressures) has tended to require too many things that look
good in theory, but are not the most robust and effective improvements in practice. This has made
many buildings too complicated and expensive, with shortcomings in performance and high
energy, maintenance and management costs; while feedback from buildings in use suggests that a
more robust approach is to make things simpler and do them better.

5. What next?
There are unprecedented challenges to improve the sustainability of the built environment, now
subject to strong financial constraints. For example, UK government policy is for new buildings to
be zero-carbon within a decade; and for the energy and carbon efficiency of existing buildings to
improve dramatically. To respond effectively, the construction industry needs to provide a very
different service. At the moment, designers design (and sometimes inspect), constructors build,
and everybody usually disappears as soon as a building is handed over. This makes no sense
where all the talk is of innovation, with increasingly complicated mechanical and electrical systems

that usually need explaining carefully to occupiers and tuning-up in operation. The industry needs
to follow-through into use, feed back the experience, and learn the lessons of what works in
practice and what doesn't.

6. Making building performance evaluation routine
The charity I work with, the Usable Buildings Trust, promotes the evaluation of building
performance in use, extracts the lessons, and takes findings to people who can make a difference.
One objective has been to make building performance evaluation a routine activity for design and
building teams, so they can understand the consequences of their actions; help clients, occupiers
and managers to get the most out of their buildings; and carry back the knowledge to the future
benefit of their organisations, the industry and the wider community.
It has been surprisingly difficult for designers and contractors to do the follow-through and
feedback work required. As in the 1960s and 1970s, although the benefits are clear, nobody wants
to pay for it – not even clients and government, who say “why doesn’t the industry do this anyway”,
without realising that industry, clients and government are lockstepped into a dysfunctional system,
from which nobody can readily escape.

7. A new professionalism?
Since markets have been unable to do what is necessary, would a new appeal to professional
ethics help? The purpose of any profession is to supply disinterested counsel and service to
others, for a direct and definite compensation, wholly apart from expectation of other business
gain, in order to protect society's larger interests. This responsibility to do 'the right thing' goes
beyond the obligation to the person paying the fee. The idea of professionalism may seem dated,
owing to the social and political culture of the past thirty years, at least in the UK and USA.
However, professional institutions require their members to understand and practice sustainable
development. Surely this must include a focus on outcomes? Otherwise we risk producing
buildings that not only fail to perform as intended, but might even prove too complicated and
expensive for us to look after.
Frank Duffy [11] summarised the problem: "…[we] have not developed a tradition of practicebased, user research, preferring to outsource both user research and teaching almost entirely to
the universities. This fractured history may be the reason why environmental design has never
developed the equivalent of the science of epidemiology – which, in its macabre way, is an
essentially user-based, feedback-rich discipline."

8. Soft Landings
To overcome some of the barriers, we have been helping to develop an approach known as Soft
Landings [12], [13]. This helps client, design and building teams to take more account of
outcomes. Its activities can run alongside any procurement system, for any project, anywhere,
reinforcing the processes at five critical stages:
1. Inception and briefing: setting the tone and establishing a focus on outcomes.
2. Design and construction: maintaining the focus on outcomes and managing expectations.
3. In the weeks before handover: ensuring better operational readiness, and engagement of
occupiers.
4. In the first few weeks or months after handover: providing aftercare and fine-tuning.
5. In the first three years of occupation: monitoring, post-occupancy review and feedback.
Soft Landings focuses on users, managers and outcomes. It benefits from champions who can
take it forward and essentially help to reinforce the “quality” leg of the quality-cost-time tripod.
While cost and time tend to be the immediate concerns for builders and project mangers, what
endures is the quality of the outcome.
Soft Landings is about changing attitudes of mind, enabling the new professionalism. Case
studies are beginning to show that once clients and design and building teams have experience of
it, Soft Landings becomes win-win-win and save-save-save. Construction costs are less, because

you don’t spend money on things you don’t really need and instead get the essentials to work
better. Running costs are lower, because buildings can become less complicated, more usable
and more manageable. Better-tuned systems use less energy (some case study schools halved
their electricity bills) and help occupiers to be more comfortable and productive.

9. In conclusion
My vision for 2050 (and preferably for 2015) is that building professionals are closely and routinely
involved with the outcomes after construction or alteration work is completed, base their practices
on in-depth understanding of what really happens, and re-engage with their responsibilities to
society at large.
Over the past decades, the role of professionals and the meaning of professionalism have
diminished. The results from this are deeply problematic. To meet society's challenges and
expectations, there is a need to deliver built environments that perform as expected. On a broader
canvas, both building professionals and researchers have a central role in society to provide a
long-term view, by recognizing the stewardship and guardianship needs of the pubic interest.
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Summary
Learning from the concepts used by green plants in solar energy harvesting and conversion, we
have developed a molecular photovoltaic device that is based on the sensitization of nanostructured oxide films by a dye or a semiconductor quantum dot. Following its inception in 1985, the dye
sensitized mesoscopic solar cell was the first device to use a three-dimensional interpenetrating
network (bulk) junction for solar light energy harvesting and conversion. As in natural photosynthesis, the role of the sensitizer is to absorb light and generate electric charges, which are collected
as electric current. The latest progress in the molecular design of sensitizer and charge transport
materials has enabled unprecedented photovoltaic performance to be attained, reaching 12-13%
on the laboratory cell scale and 10 % on the PV module level, fostering first industrial applications.
Mass production of flexible light-weight cells on the megawatt scale has started in year 2009. A
unique and attractive feature of these cells is that they be easily made in the form of transparent
electricity producing glass panels which capture ligth from all angles. The use of these electric power producing windows in glass facades or skylights of buildings will create new markets for photovoltaic cells. The color and transparency of these panels can be varied by the choice of the sensitizer and the thickness of the nancrystalline oxide film used to support the sensitizer molecules.
The low cost and ease of production of the new cell will benefit large-scale applications. The outlook is particularly bright for building integration of this new photovoltaic cell technology.
Keywords: Buidling integrated photovoltaics, Dye sensitized solar cells, electric power producing
widnows, nanocrystalline

1. Introduction
Perhaps the largest challenge for our global society is to find ways to replace the slowly, but inevitably vanishing fossil fuel supplies by renewable resources. To realize the sustainability of life on
Earth, we need rapid technological progress in renewable energy generation and carbon-free
energy resources. The sun provides about 120’000 terawatts to the earth’s surface which amounts
to six thousand times the present rate of the world’s energy consumption. However capturing solar
energy and converting it to heat, electricity or chemical fuels, such as hydrogen, at low cost and
using abundantly available raw materials remains a huge challenge. Photovoltaic cells are expected to make pivotal contributions to identify environmentally friendly solutions to this energy problem. One technology of great promise is that of dye sensitized mesoscopic solar cells (DSCs)
which employ three- dimensional (bulk) interpenetrating network junctions for light harvesting and
charge carrier transport using structural elements with features in the 2 -50 nm size range. Leading
a new generation of solar cells, the DSC is the only solar cell that separates the two functions of
light harvesting and charge carrier transport, whereas the semiconductor in all known inorganic
and organic photovoltaic devices performs both operations simultaneously. This imposes stringent
demands on the optical and electronic properties of the semiconductor, i.e. its band gap and conduction band or valence band position as well as mobility and the recombination time of photogenerated charge carriers. As a result, the choice of suitable materials that are able to act as effi-

cient photovoltaic converters is greatly restricted. The separation of the functions of light absorption and carrier transport achieved by the DSC opens up many options for the light absorbing and
charge transport materials. One particular important application concerns their integration in buildings.

2. Current state of the technology
Since their inception in 1985 [1], dye-sensitized solar cells have been under continuous development [2]. Such systems can be manufactured at low cost from earth abundant materials and with
minimal environment impact. Based on detailed life cycle analysis, carried out by competent institutions, their energy pay back
time is less than one year which
compares favorably with > 3
years for silicon cells. They presently reach power conversion
efficiencies above 12 % in singlejunction-type laboratory cells over
15% in tandem and cells. The
module efficiency attained by industry is 10 %, providing a technically and economically attractive
alternative to conventional p–n
junction-based photovoltaic devices. An example for integration of
transparent DSC modules in a
bulding is shown in Figure 1.

Fig. 1. Transparent dye sensitized PV panels integrated in a building in Sydney Australia (courtesy
Dyesol corporatiom).

3. Outllook
Dye-sensitized solar cells have already attained efficiencies on the laboratory as well as on the
module scale which render them competitive to other thin film solar cells. Their low cost and ease
of production avoiding expensive high vacuum steps should benefit large-scale applications.. Impressive stability both under long-term light soaking and high temperature stress has been reached
fostering first industrial applications. Large scale commercial production of dye sensitized solar
cells has started in 2009 and orders by major orders have been placed by industrial clients. These
systems will promote the acceptance of renewable energy technologies, not least by setting new
standards of convenience and economy.
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Summary
This paper presents the results of a strategic basic research project originating in frustrations with
approaches to the study of urban sustainability that were based on a worldview and scientific
paradigm that were inadequate in coping with the reality of cities as complex social-ecological
systems. The aim of this paper is not to engage in the various debates linked to the critiques of
urban sustainability and the approaches used to study it, but rather to move beyond the critical
debate to propose a framework for the study of urban sustainability that moves from a reductionist
and mechanistic worldview to a whole/living systems worldview that explicitly engage with the city
as a complex adaptive system.
Proceeding from a point of departure which assumes that approaches grounded in the currently
dominant (reductionist) scientific paradigm are trapped within the confines of solutions and
ideologies that created the problems of sustainability in the first place, a meta-synthesis of
literature on a whole/living systems worldview - spanning the fields of quantum physics, ecology,
transpersonal psychology, indigenous knowledge and philosophy - set out to develop a better
understanding of such a whole/living systems worldview and its associated scientific paradigm.
From the theoretical and philosophical foundation provided by this literature review the approach to
the study of urban sustainability presented in this paper was developed. While the focus of the
paper is on the paradigm shift in the study of urban sustainability, a very brief look at the
whole/living systems worldview (hereafter referred to as the ecological worldview) that informs it is
provided as background.
The ecological worldview describes a world that is a fundamentally interconnected and
interdependent set of ever-changing processes and relationships structured in nested systems of
increasing complexity. In this world humans and nature are not co-existing but separate systems.
Instead they form one integrated holarchic global social-ecological system that spans across
matter, life and human social and cultural phenomena and in which humans co-evolve with other
entities in the system. The theory of action provided by this worldview holds that as humans are an
integral part of nature, they are participating in and co-evolving through its processes and therefore
subject to its laws. Effective action would then learn from and follow the laws of nature, and
cooperate with and participate in its processes so that the outcomes of actions contribute to the
well-being, nourishment and regeneration of the world. Further, in an ever changing and
unpredictable world in which our efforts to provide constants can establish a chain of ever more
costly surprises, effective action should be guided by principles of precaution, reflection and
adaptation. The concepts of integration and holism inherent in this worldview also applies to its
theory of knowledge, with arguments being made for a scientific paradigm that integrates different
types and sources of knowledge, including indigenous knowledge systems and knowledge
acquired through experience and contemplation. This introduces the idea of a transdisciplinary
epistemology that draws upon different knowledge sources to deal with the various biophysical and
social systems that constitute the social-ecological system and their dynamic, non-linear and everchanging relationships. From this perspective a scientific paradigm is identified that focuses on the

dynamic relationships of complex adaptive living systems through research in complexity, networks,
ecology, and resilience. From this basic understanding of the world an approach to the study of
urban sustainability was extrapolated.
This approach considered the following: a) how the ecological worldview defines sustainability and,
by extension, urban sustainability; b) how it defines the city as problem space and thus the kind of
problems to be studied; c) how knowledge is generated from within this worldview, i.e.
methodological approaches; and d) what should be studied and thus the research agenda for
urban sustainability science. It is proposed that urban sustainability from within an ecological
worldview starts by asking how all the parties involved (including the natural environment) can
contribute to creating a healthy and resilient social-ecological system that can regenerate itself.
The study of urban sustainability is therefore not necessarily about how to make ‘correct’ choices
of technology or ideology or fix perennial problems, but about understanding the dynamics that
give rise to desirable and undesirable urban phenomena so as to participate most effectively in the
natural evolution of the city as a healthy social-ecological system. The city itself is identified as a
complex adaptive social ecological system consisting of interpenetrating biophysical and mental
phenomena that come into being as a result of relationships between elements at a number of
scales, across biophysical and mental levels, and in nested systems (e.g. household,
neighbourhood, and city). The view of the city as a complex adaptive social-ecological system
changes the perception of the city as an artefact to that of the city as an ever-changing sociospatial-temporal meta-process, comprising innumerable interacting and nested processes resulting
from self-organisation and adaptation and resulting in the emergence of unpredictable patterns and
events. This requires the development of processes, practices and tools for enabling and capturing
learning and reflection.
From the above the main areas of scientific inquiry in the ecological worldview are identified as: a)
identifying the fundamental laws that govern the dynamics of complex adaptive systems; b) the
processes of adaptive change, how to interact with these and how to deal with the risks and
uncertainties inherent in these processes; c) the conceptual models of social-ecological systems
and how these guide the first two areas of inquiry; and d) the relationship between human
technological systems and the larger biogeochemical systems of which they form part. When
studying urban sustainability, these areas of inquiry can be roughly divided into three overlapping
problem sets, ranging from developing a general understanding to developing specific responses
and solutions – with the one building on the other. The first set of problems deals with the problems
of modelling the dynamics of cities as social-ecological systems in models that integrate the bioand noospheres. Understanding the system, its structure and its behaviour in general, is a
necessary first step in order to address the second set of problems that aims to identify and
understand the system attributes that are critical for sustainability – i.e. the factors and variables
determining the resilience of urban systems. This understanding, in turn, is necessary to deal with
the last set of problems, which aims to develop strategies, processes, practices and technology
pathways that will allow humans to effectively participate in the functioning, regeneration, evolution
and overall wellbeing of the urban SES.
This paper offers in a highly condensed format a coherent description of the emerging ecological
worldview and specifically how it would influence the study of urban sustainability. In exploring
what the ecological worldview would mean for the study of urban sustainability, two new
perspectives on the problem are offered. The first is founded on a revised interpretation of
sustainability that focuses on maintaining resilience and integrity of local and global socialecological systems through strategies that respond and adapt to, and evolve with, change and
surprise. The second new perspective is the specific conceptual framework presented for
understanding cities as social-ecological systems that brings together a number of ideas about the
make-up of the city system and its structure, as well as the characteristics of its dynamics in a
framework that provides a specific understanding of the city system as rooted in an ecological
worldview. Lastly, the study brings together a number of existing research areas, which are
currently pursued independently, into one agenda that opens up the possibility for a true integrated
approach to the study of urban sustainability.
Keywords: Urban sustainability, resilience, ecological worldview, social-ecological system

1. Introduction
This paper presents the results of a strategic basic research project [1] originating in frustrations
with approaches to the study of urban sustainability that were based on a worldview and scientific
paradigm that were inadequate in coping with the reality of cities as complex social-ecological systems. Such frustrations include: a) the use of models of urban sustainability based on historical
European city models that are difficult to reconcile with the realities of 21st century urban living in
non-European cities[2] [3], and for which there is no real empirical evidence to justify their privilege
[4][5][6][7]; b) reductionist assessment methods that use simple aggregation to describe the performance of what is in essence a complex system [8][9][10]; and c) a growing realisation that the
next main challenge for urban sustainability requires the integration of biophysical and socioeconomic concepts into a unified systems framework [11][12][13] that can assist with the understanding and hopefully management of the ‘wicked problems’ of cities[14]. The aim of this paper is
not to engage in the various debates linked to these and other critiques of urban sustainability and
the approaches used to study it, but rather to move beyond the critical debate to propose a framework for the study of urban sustainability that moves from a reductionist and mechanistic worldview
to a whole/living systems worldview that explicitly engage with the city as a complex adaptive system.
Proceeding from a point of departure which assumes that approaches grounded in the currently
dominant (reductionist) scientific paradigm are trapped within the confines of solutions and ideologies that created the problems of sustainability in the first place [15][16][17][18], a meta-synthesis
of literature on a whole/living systems worldview - spanning the fields of quantum physics, ecology,
transpersonal psychology, indigenous knowledge and philosophy - set out to develop a better understanding of such a whole/living systems worldview and its associated scientific paradigm. From
the theoretical and philosophical foundation provided by this literature review the approach to the
study of urban sustainability presented in this paper was developed This approach defines the following: a) the philosophical points of departure, i.e. how urban sustainability and the city as problem space is defined; b) the ways of engaging with the study of urban sustainability, i.e. methodologies and research strategies; 3) a high-level research agenda providing guidance on the types
of problem to be studied.

2. A brief look at a whole/living systems worldview
While the focus of the paper is on the paradigm shift in the study of urban sustainability, a very brief
look at the whole/living systems worldview (hereafter referred to as the ecological worldview) that
informs it is necessary as background. A worldview can be seen as a collection of concepts,
theorems and assumptions that provides a coherent description of the structure, function and
nature of the world, as well as general theories of value, knowledge and action [19][20][21]. The
whole/living systems worldview describes a world that is a fundamentally interconnected and
interdependent set of ever-changing processes and relationships structured in nested systems of
increasing complexity [22][23][24][25]. In this world humans and nature are not co-existing but
separate systems. Instead they form one integrated holarchic global social-ecological system [26]
that spans across matter, life and human social and cultural phenomena and in which humans coevolve with other entities in the system [27]. The theory of action provided by this worldview holds
that as humans are an integral part of nature, they are participating in and co-evolving through its
processes and therefore subject to its laws. Effective action would then learn from and follow the
laws of nature, and cooperate with and participate in its processes so that the outcomes of actions
contribute to the well-being, nourishment and regeneration of the world [12][28][29]. Further, in an
ever changing and unpredictable world [30][31][32] in which ‘our efforts to preserve and holds
constant can establish a chain of ever more costly surprises[33] effective action should be guided
by principles of precaution, reflection and adaptation. Especially important for this paper is the
epistemology of this worldview and how it influences the scientific paradigm associated with this
particular worldview.
The concepts of integration and holism inherent in this worldview also applies to its theory of

knowledge, with arguments being made for a scientific paradigm that integrates different types and
sources of knowledge, including indigenous knowledge systems and knowledge acquired through
experience and contemplation[33][34][35][36]. This introduces the idea of a transdisciplinary
epistemology that is multi-referential and “involves all our faculties of knowing and understanding
[37] and is “at once between the disciplines, across the different disciplines and beyond any
discipline” [38]. This transdisciplinary epistemology is necessary to deal with the challenges of
science in the 21st century which “has to focus on linkages between social, political, economic,
biological, chemical and geological systems, finding dynamic, cross-systemic explanations where
static and reductionist models once prevailed”[39] and deal with change, disorder, and non-linear
relationships [40]. The understanding of the world as a holarchic social-ecological system and the
need to protect the health and integrity of this system places the focus of science on a specific set
of dynamic systems – i.e. social-ecological systems.
A scientific paradigm provides a common set of beliefs about the kind of entities the universe is
composed of, and therefore what must be studied; the fundamental laws and explanations that
should be addressed; the scientific thinking (or disciplines) that should be used to find these
explanations and the types of research problem with which scientists should concern themselves
[41]. The ecological worldview presents a universe that consists of dynamic relationships and it is
therefore these relationships and the systems they engender that should be studied. Of particular
interest are those systems which exhibit non-linear dynamics [42] and the various levels of living
system [43], as they are foundational to the study of social-ecological systems. This would imply
that the thinking and methodologies that should be used are those that provide theories on
systems behaviour and structure (e.g. systems thinking, network thinking); complexity thinking and
with it theories of self-organisation and emergence; organic thinking that deals with living systems
(e.g. ecology, living systems theory); and theories of adaptive change (e.g., resilience thinking).
The research problems within this paradigm that concerns issues of sustainability fall within four
overlapping areas of scientific inquiry and their application to real world problems. These areas are
a) the laws that govern the dynamics of complex systems; b) the processes of adaptive change,
how to interact with these and how to deal with the risks and uncertainties inherent in these
processes; c) the conceptual models of an integrated social-ecological system and how these
guide the first two areas of inquiry; and d) the relationship between human technological systems
and the larger biogeochemical systems of which they form part.
From this basic understanding of the world, as well as the scientific streams of thought that could
be used to understand it and the problems identified both by the worldview and the need to find a
more effective and wholesome way for humans to participate in the creation of the global socialecological system, an approach to the study of urban sustainability can be deduced. The following
discussion is therefore an argument extrapolated from the start-up conditions provided by the
ecological worldview.

3. Studying urban sustainability in an ecological worldview
An approach to the study of urban sustainability needs to consider the following: a) how the
ecological worldview defines sustainability and, by extension, urban sustainability; b) how it defines
the city as problem space and thus the kind of problems to be studied; c) how knowledge is
generated from within this worldview, i.e. methodological approaches; and d) what should be
studied and thus the research agenda for urban sustainability science.
3.1

A new model of sustainability

The ecological worldview offers an alternative interpretation of sustainability and sustainable
development that is based on the idea of an interdependent and interconnected living world in
which humans are an integral part of nature and part of the processes of co-creation and coevolution that shape the world. In this view, environmental sustainability is seen as foundational to
any other sustainability considerations, just as a life-supporting and life-enhancing biophysical
context is essential to quality of life, however this may be defined. In other words, it is the
foundation upon which the pillars of social, economic, technical or institutional sustainability are
constructed, not just another pillar. Ecological sustainability is therefore a survival imperative,

whereas social and economic sustainability (and the definitions thereof) are ethical issues, the
resolution of which can support or destroy ecological sustainability. Within this worldview three key
themes direct the interpretation of sustainability – relationship, change, and reflection.
The concept of relationship is a foundational principle of the ecological worldview that sees all of
existence as called into being through relationship, and the interactions brought about by different
types of relationship as creating the kind of world we inhabit. The objective of sustainability from
this perspective would be to cultivate relationships that sustain the ability of the global socialecological system to provide not just life-supporting but also life-enhancing conditions for the global
community of life. To achieve this, it would be necessary to align human efforts with those of nature,
resulting in cities that are embedded in and contributing to natural processes of creation, evolution
and regeneration.
Sustainability is generally envisioned as a change from a current ‘unsustainable’ state to a future
‘sustainable’ state that can be achieved by following certain recipes and rules. The human
development enterprise would then focus on maintaining this imagined optimal state. However, as
is pointed out by a number of critics [8][13][40][45], such an optimal state cannot be seen as a
steady state that allows no further change. This would be an untenable position in a world that is
an ever-changing, impermanent and inherently unpredictable set of processes. In such a world the
objective of sustainability could not be to reverse change or resist it once an optimal state has
been achieved, but would rather be to accept change as inevitable and adapt to and evolve with
the changes. These changes could come about through a changing environment (e.g. natural
disasters), the consequences of previous actions (e.g. climate change), or new knowledge (leading
to new technologies) and understanding (leading to new value systems).
However, certain levels of change can tip local and global social-ecological systems into a different
stability regime where conditions may not be favourable for human life. Sustainability would thus
also lie in maintaining the resilience of these systems – i.e. their ability to absorb change without
tipping into a different stability regime. This is especially important when dealing with changes in
the biosphere, as [human] life depends on a very specific and narrow set of biogeochemical
parameters. Outside these parameters, though, the notion of some set of ideal ‘sustainability’
conditions that should be sustained is meaningless, and against the basic developmental
processes of life which feed on change and novelty.
A key concern of sustainability is therefore about learning how to respond and adapt to, and evolve
with, change and surprise, while avoiding changes that would move global and local socialecological systems into stability regimes that would threaten the life-supporting and life-enhancing
capacity of these systems. What is important in this interplay of allowing and adapting to change,
and ensuring the persistence of conditions that would keep the system within a preferred stability
regime, is the need for reflection in order to learn from both failures and successes, and achieve
sufficient understanding of the workings of global and local social-ecological systems to be able to
learn from, work with and anticipate the dynamics in these systems.
These points describe an interpretation of sustainability that is substantially different from that
which is currently dominant in the sustainable development discourse. Table 1 provides a brief
comparison of the differences between the currently dominant model of sustainable development,
and the new sustainability model derived from the ecological worldview
Table 1: Comparison of current and new sustainability models
Current sustainability models

Whole Systems Sustainability

Goals
Meet socially negotiated goals/conditions of
sustainability across three spheres of
development.
Strategies

Maintain resilience and integrity of local and
global social-ecological systems.

Command and control, manage, measure,
fixed/static.

Cooperate, participate, adapt, learn, understand,
flexible, dynamic.

Measure
Progress towards goals.

Distance from thresholds.

Approach to problem solving
Reductionist - Solve individual, tightly scoped
problems and add solutions to solve large
problems.

Holistic – Understand big picture to solve
problems of relationship and emergence.

What then does this mean for notions of urban sustainability? Current criteria of urban
sustainability is largely informed by political processes at global, national and local government
levels that attempt to find a balance between the concerns of various interests groups in society,
and which draws on historical patterns to shape urban form and function. Urban sustainability from
within an ecological worldview approach the problem from a different angle. Instead of an
oppositional approach based on needs, entitlements and trade-offs, it starts by asking how all the
parties involved (including the natural environment) can contribute to creating a healthy and
resilient social-ecological system that can regenerate itself. The study of urban sustainability is
therefore not necessarily about how to make ‘correct’ choices of technology or social or economic
ideologies, or find solutions to a range of pre-determined and often perennial problems (e.g.
poverty, crime, waste), but about understanding the dynamics that give rise to desirable and
undesirable phenomena so as to participate most effectively in the natural evolution of the city as a
healthy social-ecological system. To be able to study these dynamics, it is necessary to understand
how the ecological worldview defines the city as problem space.
3.2

The kind of problems to be studied

Jane Jacobs [46] observed that cities are problems of organized complexity “which involve dealing
simultaneously with a sizable number of factors which are interrelated into an organic whole”,
presenting the researcher and planner with Rittel and Webber [14] referred to as ‘wicked problems’.
What makes urban problems so particularly difficult is the fact that they are social-ecological
systems (SES). Such systems can be seen as consisting of interpenetrating biophysical and
mental phenomena [27]: an ‘exterior’ biosphere created by biogeochemical processes (including
those originating from human activities) or what St Isidore of Seville [47] called the urbs (stones) of
the city; and an ‘interior’ noosphere created by and experienced through the human psyche and
processes of thought and social interaction (St Isidore’s civitas: the emotions, rituals and rules of
the city). Thus the city is a phenomenon originating from and created by both mental-social and
technological-natural processes and relationships. This requires that conceptual and other models
used to inform planning and design processes also account for the flows between interior aspects
(e.g. value systems or structures of legitimization, such as regulations) and both interior changes
(e.g. a shift towards a specific value system such as environmentalism) and exterior change (e.g.
changing value systems driving the development of new technologies). They must further be able
to close the loop by accounting for changes in the exterior related to manifestation of interior
events (e.g. the use of a new technology increasing pollution levels). This would require the
development of new ways of modeling and new types of indicators.
Social-ecological systems further consist of relationships between elements at a number of scales,
across biophysical and mental levels, and in nested systems (e.g. household, neighbourhood, city).
Two key concepts that describe the specific hierarchical nature of SESs are holarchy and panarchy.
Koestler [23] coined the term holarchy to describe a systems hierarchy where each element is
simultaneously a whole (as an individual entity) and, as an element in the system at that level, a
part of a larger whole. The whole can thus be seen as an emergent property of the structural
relationships and interactions of the parts. Furthermore, each holarchic level operates according to
its own set of rules or patterns that determine behaviour at that level. However, lower levels can
influence higher levels through upward causation (e.g. through local elections or the cumulative
effects of pollution), and higher levels can control or influence what happens at lower levels

through downward causation (e.g. national laws influencing individual behaviour or global warming
leading to change in local precipitation patterns)[48]. This notion of interaction and influence across
different hierarchical levels is the central tenet of the second concept, namely panarchy.
Holling et al.[49] coined the term ‘panarchy’ to provide an organising framework for theory dealing
with cross-scale dynamics in natural and social systems. Within the panarchy, change (as
expressed through an adaptive renewal cycle of breakdown and release, re-organisation, growth
and exploitation, and conservation) is a constant phenomenon at each level or scale of the system.
Within each of these stages of the cycle different survival strategies are privileged, thus driving
different types of agent behaviour. However, the adaptive cycle phases at different levels also
interact or connect with one another, thus driving system change across levels. The panarchy is
constructed gradually as potential accumulates at one level, until a threshold is passed that allows
the establishment of a slower and larger level. Conversely, the panarchy collapses or enters state
breakdown when there are simultaneous crises at different levels (e.g. all levels of the system
enter the breakdown phase of their individual adaptive cycles at more or less the same time), or a
crisis cascades across all levels. From this point of view, the objective of [urban] sustainability
initiatives is not to resist or reverse change, but to accept that change is inevitable and manage the
phase changes within the urban system in such a way that the system does not lose its functional
integrity and tip into another stability regime, or so that such collapses do not cascade upwards
into the larger (regional or global) system. This means managing the capacity of the system to
experience shocks while retaining essentially the same function and structure, and therefore
identity – a concept known as resilience [49][50].
This proposition shifts the objective of urban sustainability research away from providing solutions
to problems that appear to be “easily definable, consensual and judged undesirable by the
predominant opinion” [51], and then, in turn, solving the problems created by these solutions.
Instead, the objectives of research become to a) study, understand and monitor the thresholds and
boundaries that define the preferred stability regime of the urban SES and the variables that
influence them; and b) to study and understand the dynamics that have given rise to undesirable
phenomena, in order to find the most effective leverage points at which to intervene to keep the
urban SES within a desirable stability regime. This would mean that the important system
properties to study are those related to change and the city’s ability to deal with change – for
example, resilience, adaptability, transformability, connectivity and diversity.
A third aspect of social-ecological systems is that they are complex and adaptive with properties of
self-organisation and emergence. Batty [52] suggests that to understand cities as complex systems
means accepting that most change (e.g. growth) in cities is based on individual decisions and not
according to a centrally-devised grand plan, and therefore the study of cities would require models
that can link agent behaviour across the panarchy in order to understand the basic mechanisms of
urban change processes. A key aspect of complex adaptive systems is that their constituent
agents are constantly making predictions based on various internal models of the world (i.e. the
implicit or explicit assumptions about the way things are held by each agent), and adapting to each
other and to the external environment. These adaptive responses and interactions allow the
system as a whole to undergo spontaneous self-organisation into collective structures with
properties that cannot be predicted from the properties of the parts, and which the agents may not
have possessed individually [53] – a concept referred to as ‘emergence’. Walker and Salt [50]
suggest further that it is not just agents that self-organise, but also the patterns and processes
within the system that create the panarchy. This happens both in purely physical systems and in
SESs. What differentiates physical systems from SESs such as cities is that the agents in SESs
often alter their behaviour consciously in response to anticipated outcomes.
The view of the city as a complex adaptive social-ecological system changes the perception of the
city as an artefact to that of the city as an ever-changing socio-spatial-temporal meta-process,
comprising innumerable interacting and nested processes resulting from self-organisation and
adaptation and resulting in the emergence of unpredictable patterns and events. Thus the study of
urban sustainability cannot just be about the objective discovery of data that leads to an improved
understanding of the city. It is also an iterative and a subjective process of discovery, interpretation
and rethinking in light of changing circumstances, new knowledge and surprise, reflection on

meaning and implications, and judgments about the consequences and the appropriateness of
actions to their context. It is furthermore a practice that requires a constant awareness of these
processes and how they change knowledge and understanding, so that the lessons learnt about
the production of knowledge and the outcomes of research can be captured for further learning.
This requires the development of processes, practices and tools for enabling and capturing
learning and reflection.
Having identified the main points of departure for an urban sustainability science, the next step is
to investigate the appropriate methodological approaches.
3.3

Methodological approaches

The epistemology of the ecological worldview suggests that knowledge is generated through the
interplay of different types of knowledge from many different sources and epistemologies, each of
which contributes a partial truth to the larger truth [15][54]. This requires an approach to science
that is inter- and transdisciplinary, using multiple methodologies not only to acquire and test
knowledge, but also to apply it in real-world situations. Knowledge in this paradigm is co-produced
through a collaboration of scientists, practitioners, civil society and the public and private sectors
[55][56][57]. This epistemology requires the development and use of novel transdisciplinary
methods and frameworks that can accommodate: a) the participatory, subjective, and exploratory
nature of ecological paradigm science; b) the complex and normative nature of the problems
presented by urban social-ecological systems; c) the interdependence of scientific inquiry and
practical implementation and testing; and d) the requirement for iterative processes of doing,
reflection, learning, and adaptation.
In addition to the methodologies associated with the key research domains or streams of thought
identified as underpinning the ecological scientific paradigm, urban sustainability science also
requires transdisciplinary methodologies that would allow co-operation and integration of
knowledge generated in each of these domains, as well as knowledge from other sources.
However, as described above, a transdisciplinary approach also requires integration of knowledge
derived from sources outside traditional scientific disciplines, the co-production of knowledge with a
range of non-scientific partners, and the continuous interplay of theory and practice. Urban
research can draw on two participatory traditions that can be adapted to the study of urban
sustainability. The first is the range of planning methodologies and approaches developed to deal
with the complexity and unpredictability introduced by social factors, e.g. transactive planning [58],
deliberative planning [59][60], community-based planning [61], communicative rationality [62], and
collaborative planning[63]. Although these have not been developed specifically for research
purposes, they offer a number of tools and methods for engaging communities and other
stakeholders. Participatory and use-inspired research traditions drawn from organisational
behaviour research, e.g. Action Research [64][65][66] and related systems such as Soft Systems
Methodology [67][68] and Appreciative Inquiry [69][70] offers a second range of tools and methods
that can be adapted to develop participatory methods for the study of urban sustainability.
However, the development of a transdisciplinary methodological approach remains one of the key
challenges for research within the ecological scientific paradigm and the study of urban
sustainability within this paradigm.
3.4

A research agenda for urban sustainability science

It is proposed that the main focus of study in the ecological scientific paradigm is the dynamic
relationships within and the properties, processes and laws guiding the behaviour of complex
adaptive systems, and social-ecological systems in particular. The objective of such study is not to
predict, but to understand these systems well enough to be able to engage effectively in these
dynamic processes so as to avoid the system tipping into an unfavourable stability regime. The
research agenda described here provides only a very high-level indication of the kind of research
problems and questions that flow from an ecological worldview and due to the need for brevity
does not engage with the details.

As discussed above, the main areas of scientific inquiry in the ecological worldview are: a)
identifying the fundamental laws that govern the dynamics of complex adaptive systems; b) the
processes of adaptive change, how to interact with these and how to deal with the risks and
uncertainties inherent in these processes; c) the conceptual models of social-ecological systems
and how these guide the first two areas of inquiry; and d) the relationship between human
technological systems and the larger biogeochemical systems of which they form part. These four
areas overlap and interact in many ways. It is therefore more useful to understand them, and the
scientific thinking that underlies them, as part of one integrated research system. While there are
many fundamental and generic areas of understanding that are being developed within each of
these problem domains, the objectives and main questions of urban sustainability discussed above,
and the challenges for the study of urban sustainability that were surfaced, bring a specific useinspired focus that identifies the main areas of inquiry defining the research agenda for an urban
sustainability science.
These areas of inquiry can be roughly divided into three overlapping problem sets, ranging from
developing a general understanding to developing specific responses and solutions – with the one
building on the other.
3.4.1 Problem set 1: How to model the dynamics of cities as SESs
The first area of inquiry deals with the problems of modelling the dynamics of cities as socialecological systems in models that integrate the bio- and noospheres. The kind of problems in this
problem set is mainly concerned with the development of software, mathematical algorithms and
modelling methodologies. Key technical research challenges include the development of special
algorithms that would allow the coupling of different kinds of models (e.g. conceptual, spatial, and
computational) and different sub-system models, as well as the incorporation of learning,
reasoning and decision-making functions in modelling software and the development of selfreflective validation methods. Added to this are the methodological challenges of eliciting and
making explicit the noospheric information and causal dependencies – such as values, beliefs, and
power relationships – that drive behaviour in cities, and including these in the model in a
meaningful way. Current research addressing these challenges include: variations on the inputoutput models developed by Leontief [71]; discrete choice models [72][73]; general ecosystem
models [74]; modelling cities as complex adaptive systems [52][75][76][77]; micro-analytic
simulation models [78][79][80]. Key research challenges that remain are; a) developing agentbased models that can accommodate multiple interacting influences on agent decisions to mimic
the learning, reasoning and complex decision-making protocols of self-aware and reflexive agents;
b) developing the technical and methodological aspects for a modelling framework that couples
different kinds of models to integrate qualitative and quantitative information about the bio- and
noospheric elements, processes, relationships, and sensitivities of a city as the interact in both
time and space across the panarchy; and c) developing the tools and methodologies for eliciting
and describing noospheric information, causal dependencies, and sensitivities.
3.4.2 Problem set 2 – What determines resilience in the urban SES
Understanding the system, its structure and its behaviour in general, is a necessary first step in
order to address the second set of problems that aims to identify and understand the system
attributes that are critical for sustainability – i.e. the factors and variables determining the resilience
of urban systems. While the concepts of resilience are fairly well-developed in ecology, their
application to an urban social-ecological system (SES) is still immature. How notions such as
redundancy, diversity, ecological variability, connectedness and feedback would translate into the
urban SES raises several questions, such as to what degree can technology substitute for
functions provided by nature; does technology contribute to or reduce response diversity; and how
would the introduction of technology affect the redundancy and functional niches of other actors in
the system? Furthermore, the noosphere provides its own types of functional groups or elements
that are not mirrored in the biosphere, e.g. values, laws, and loyalties. This leads to questions such
as: What are the functions, responses and functional groups within the urban noosphere and what
would diversity mean in this context? And what level of functional and response diversity in the
noosphere is required to maintain the overall resilience of the urban SES? Finally, trying to

understand the levels of connectedness and the feedback loops across scales and levels of the
system requires clarity on what types of nodes, links and network properties is relevant to
describing the networks which the urban SES comprises and how does the structure of these
networks influence resilience and adaptability; and how would the thresholds and boundaries of
preferred stability regimes, the variables determining the system’s position relative to these, and
the key tipping/leverage points be defined?
This understanding, in turn, is necessary to deal with the last set of problems, which aims to
develop strategies, processes, practices and technology pathways that will allow humans to
effectively participate in the functioning, regeneration, evolution and overall wellbeing of the urban
SES.
3.4.3 Problem set 3 - How to effectively participate in the functioning of the urban SES
The third problem set, discussed in this section, moves from research focused on understanding
the sustainability of cities as SESs, and the context within which initiatives have to be developed,
to use-inspired research which aims to develop (or design) strategies, processes, practices,
technology pathways and urban forms and spaces that foster sustainability based on and in
collaboration with the strategies and metaphors of nature. The main point of departure is the idea
that humans are co-creative participants in the processes of nature, and the most effective way of
participating in these processes would be to follow the laws of Nature and cooperate with and learn
from nature. Two simultaneous and interrelated strategies is suggested: the first deals with the
development of nature-based technical solutions, while the second deals with the development of
ecological planning and design approaches that are based on non-conventional thinking and a
different model and metaphor.
The research stream that concerns the development of technologies, systems, and spatial and
structural forms at all scales of the urban environment that reconnect the creative processes of
humans and nature in a mutually supportive, symbiotic partnership, build on several overlapping
areas of current research, especially the fields of ecological engineering [81][82][83][84] and
ecological design[12][85][86][87] [88][89]. The second research stream address the problem of
incorporating the human factor into ecological design and engineering strategies and technologies
through the development of specific strategies and processes for thinking, planning and design.
This stream concerns itself with the following challenges: a) developing indicators that can be used
to track the systemic influences and complex adaptive processes that cause change in the urban
SES, monitor change in both the interior and exterior aspects of the urban SES, and provide timely
feedback about the state of critical system variables; b) developing planning and design processes
that can accommodate constant and unpredictable change, continuous reflection, learning and
adaptation, and the efficient and effective collaboration of many different parties; and processes of
self-organization and emergence; c) understanding the different types of generative rules and
processes that give form to 21st century cities as influenced by changes in technology, norms,
culture and biophysical environment; and d) developing processes and tools that would build a
common language and understanding between different participants in the planning and design
process.

4. Conclusions
This paper offered in a highly condensed format a coherent description of the emerging ecological
worldview and specifically how it would influence the study of urban sustainability. In exploring
what the ecological worldview would mean for the study of urban sustainability, two new
perspectives on the problem are offered. The first is founded on a revised interpretation of
sustainability that focuses on maintaining resilience and integrity of local and global socialecological systems through strategies that respond and adapt to, and evolve with, change and
surprise. This interpretation has significant implications for how urban sustainability is defined and
the questions that the study of urban sustainability aims to answer, as well as the objectives of
research. It requires a rethink – not just of the criteria for urban sustainability that inform current
decision-making and the practices they engender, but also of the whole idea of having goal-driven
criteria and indicators, as well as the type of sustainability assessment tools that would be required.

The second new perspective is the conceptual framework for understanding cities as socialecological systems that brings together a number of ideas about the make-up of the city system
and its structure, as well as the characteristics of its dynamics in a framework that provides a
specific understanding of the city system as rooted in an ecological worldview. This framework,
while still in an early stage of development, provides structure to the problem space of urban
sustainability and is a response to the call by Moffat and Kohler [13] for a formalised structure for
the various models and subsystems that can describe cities as social-ecological systems and
provide a transdisciplinary methodology for defining and assessing sustainability.
Lastly, the study brings together a number of existing research areas, which are currently pursued
independently, into one agenda that corresponds to the main questions an ecological worldview
approach would pose to urban sustainability. In doing so the linkages and dependencies between
these different areas are illustrated, opening up new possibilities for research in the interactions
and learning between different areas. Situating these questions within an ecological theory of
values and action and interpretation of sustainability further provides a shift in focus that enriches
the scope of each of the main research themes and opens up the possibility for a true integrated
approach to the study of urban sustainability.
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Summary
Current practice in green buildings is centered on increasing their efficiency in the use of water,
energy, provision of comfort and material usage. Though admirable and a step on the journey
towards a more sustainable future, this paper questions their effectiveness in light of growing
populations and continued expectations around wealth. Based on the work of several leading
thinkers this paper speculates how green buildings could become net contributors to their context
rather than more efficient takers and looks at the barriers to this type of thinking. It looks at the
concepts of positive and regenerative development as possible ways of looking beyond
sustainability and outlines ongoing research investigating their real world application.
Keywords: eco-efficiency, regenerative design, positive development, biophilic design, carrying
capacity, beyond sustainability

2. Introduction
This paper is an introduction to the thinking that is behind a 5 year research project looking at
many aspects of how to move to beyond efficiency based sustainability to a more net positive or
regenerative design and development framework for the built environment. It begins with outlining
the reasons why we are looking beyond sustainability and then refers to leading thinkers and their
approach to this question and the directions the research is taking to investigate these ideas.
2.1 Increasing impact despite efficiency improvements
It is common knowledge that the built environment has a large and increasing impact on the
environment as great and increasing numbers of people live in cities [1]. Cities have large impacts
in terms of uses of resources (energy, water, materials, etc.); they impact on air, water and soil;
produce waste and so forth. Cities, due to their historical locations also, often turn biodiverse and
productive land into relatively bio-absent systems of hard surfaces that retain heat, divert water
and add to pollution. Because of this cities are the single greatest reason for the increased rate of
degradation to our carrying capacity simply because they house the greatest percentage of the
earth’s people [1].
Issues of sustainability and human impact on the environment have been discussed throughout
history, from Benjamin Franklin in the 1700s to the first mention of climate change by Svante
Arrhenius in 1896, through to today [2] [3], but it only in the last 100 years that the carrying
capacity of the earth is being so eroded that impacts are tangible [4]. Consider acid rain, toxicity
build up, infertility, smog, increases in respiratory disease, mass extinction of species, urban heat
island, climate change, flood, desertification, and so forth. In response there are significant efforts
being made to ensure our future built environment is as efficient and low consuming as is possible,
with the proliferation of rating tools and ways to support the general uptake of eco-efficiency. This

is a great first step and an important way to develop a base of understanding, a language, around
what sustainability means in the built environment. Yet, as mentioned above, we are still rapidly
degrading the environment.
“This is especially evident in light of the recent distressing findings of the Millennium
Ecosystem Assessment, the most comprehensive scientific assessment of the state of the
world's ecosystems ever produced. (and an initiative for which the UN Foundation
provided considerable financial support through UNEP).
At the heart of the assessment generated by 1,300 scientists from more than 90 countries
is a stark warning, namely that: Human activity is putting such a strain on the natural
functions of the earth that the ability of the planet's ecosystems to sustain future
generations can no longer be taken for granted. Among its findings, the report found that
60 percent of the services provided by the world's ecosystems that support human well
being are significantly degraded. [5]
Research done over the last 10 years [6] shows that though these leading edge eco-efficient or
‘green’ buildings are increasing in number and efficiency, they have several major drawbacks.
Firstly they are still net consumers and degraders of the earth carrying capacity, 80% efficiency is
excellent, but with increased rural to urban migration greater numbers of new urban areas need to
be built, this is still an increasing impact. Secondly, often there is a disconnect between the design
and the actual performance of these buildings, designing the potential for efficiency does not mean
it will be used as designed. As we will see further in this paper, that is because of mismatch
between user and behaviour and the building provided for them. These efficient buildings are often
designed to be optimal within themselves and do not consider the broader environmental or social
context within which they sit. Being isolated from the system means that economies of scale,
opportunities and synergies are missed, thus you get the situation where a new building is built
next to a completely usable empty slightly older building, you get 5 buildings putting in water
treatment systems where a district system would be more efficient. Yet, even more worryingly this
disconnect with the system, and centrally to the argument of this paper, the building is
disconnected from the social and environmental opportunities around it. Thus you get a carbon
neutral building that the users hate being in.
Why is this seen as sustainable building then? To start with we need to understand what we
currently mean by the term ‘sustainable development’. Sustainability, depending on who you speak
to, is about sustaining. Most of us approach it with a view to keeping things as they are – or not
letting them get worse. The problem, and the cause of its contestability, lies in what people are
trying to sustain – the use, misuse and consequent renegotiation of the term ‘sustainability’ has
resulted in a reduction of its potency. Furthermore, the efficiency approach of minimising impacts,
or perhaps even more problematically offsetting impacts, is seen as ineffective as outlined above
with increasing populations and so forth. The author supports others in concluding that our current
‘sustainable’ building is aiming for eco-efficiency [6] [7] [8].
What the current eco-efficiency approach to sustainable buildings is doing is treating the symptoms
and not looking at the causes, as in the brief example given above; we are not looking at the
system. Many authors have said this already, we are trying to solve problems without looking at the
context of why they are occurring [3] [7].This paper is too brief and the areas too large to give
these contextual systemic causes justice, but the author contends that central to our inability to
stop our degradation of the earth’s carrying capacity is our concept of value and success, the
resulting distribution of power, dumbs down the masses to the point where they are disconnected
to the consequences of their decisions. Thus, very simplistically put, buying illegally logged timber
furniture no longer is a moral decision; it is just that it is cheaper than the alternative. The buyer is
generally not even aware of the type of timber or that their decision had consequences. They are
passive consumers rather than active participants. Tools like LEED, Green Star etc. attempt to
address this particular example by giving credits for choosing certified timber, and some
governments have banned the import of illegally logged timber, but while the consumer is unaware
and willing to buy it illegal logging will continue.
Leaving this discussion; with its main aim achieved, an acknowledgement that there is a larger

series of systemic problems that need to be researched and considered in halting the continued
degradation of the earth’s carrying capacity; the author would like to now focus on some
approaches that are being used to design and develop the built environment in consideration of the
system. It is important to see that there is a continuum beyond the eco-efficiency based approach
we are employing now [7]; Zari and Jenkins [8] [9] define this as moving from eco-efficiency, to
eco-effectiveness to regenerative design. The approaches of biophilic design and positive
development should also be placed within this continuum, as they encompass the importance of
designing for human contact with nature and for nature itself.
The central argument that all of these approaches put forward is that nature should be a partner in
any design or development. The system in which a project is placed must reject the nature-human
dualism for a model where humans are part of nature, in fact very much dependent on nature. With
this view, it is quite evident why eco-effectiveness, positive, biophilic, regenerative design and
development are part of the future path. They aim to move from great efficiency (or minimal impact)
through to zero impact (or cradle to cradle development), to contributing back and increasing the
carrying capacity of the system. The next part of the paper gives a brief introduction to the
approaches listed above using case studies to outline how they can be part of the future of
sustainable buildings and outlining the research that the author is undertaking.

3. Beyond eco-efficiency approaches
3.1 Eco-effectiveness, neutral and cradle-to-cradle development
McDonough and Braungart [10] coined the concept of Cradle-to-cradle, or eco-effective, design
and development. It addresses the problems of being ‘less-bad’, or efficient but still having a
negative impact, by looking at how a system can
become neutral, self sustaining. It is based on
understanding and working within a systems approach
and is seen as a business strategy that brings prosperity
ecologically, socially and economically. It argues that if
production systems are closed and all waste is a
resource for another product then population growth is
not a problem. It tries to argue that with this approach to
development then we do not need to be limited but can
approach the world as an abundance of opportunity, as
long as all outputs are kept within the system and do not
degrade other systems. It is interesting to think about
what this approach would mean for energy production
as an example: could energy production be seen as
cradle-to-cradle if the outputs are used by another
industry? This has occurred in the Netherlands where
Fig. 1 Overview of the area of the greenhouses (Fig. 1) in projects such as WarmCO2 [11]
are made more efficient by using the waste heat and
Greenhouses [11]
CO2 from industry and energy production in the region.
Ongoing research into the use of LCA, building efficiency improvements and the use of rating tools
to support increased effective efficiency implementation is part of exploring the opportunities and
limitation of this approach.
3.2

Biophilic design

Biophilic design is introduced in Kellert et al [12] as: “the deliberate attempt to translate an
understanding of the inherent human affinity to affiliate with natural systems and processes...into
the design of the built environment.” Biophilic design addresses the disconnection of humans from
nature, by looking at the physiological and psychological benefits based on medical and
neurological studies. Thus the nature-human dualism is shown to actually do harm, not only
degrading carrying capacity but also the ability to live fulfilling healthy lives.

Kellert and colleagues [12] present six elements with over ten
attributes each outlining aspects of biophilia [13] which can be
incorporated in the built environment. Zari [14], outlines that the two
most common manifestations of biophilic design are the integration of
the living world, for example integration of living walls, roofs, urban
landscaping and indoor plants. And secondly, the design outcomes that
aim to increase psychological wellbeing, with the built environment
mimicking the geometry and form of nature (Fig. 2). Fractal
architecture, repeated pattern, repetition of form and scale are some
attributes listed by Zari [14] represented in Hindu and Gothic
architecture.
Research in to the biophilic aspects of reference to nature, the
integration of trees and green infrastructure into cities is
Fig. 2 The Esplanade, Singapore, by
part of the exploration of this approach
DP Architects (DPA) Michael Wilford &
Partners [Authors own photo]
3.3 Positive development
Positive development is an approach developed by Birkeland [15] and defined as “physical
development that achieves net positive impacts during its life cycle over pre-development
conditions by increasing economic, social and ecological capital”. This argues that cities can never
be neutral, they always replace an existing eco-system and its eco-services and therefore to begin
to address this inherent negative impact, cities need to become positive providers of eco-services.
The strength of this approach is the view that current approaches to design and development can
be turned around to become positive, active and contributing systems. Further, it looks at the
existing city infrastructure, the 98% of the building stock that is existing and asks ‘how can it begin
to contribute?’.
Birkeland looks at each element of a city as a potential multifunctional framework for growing
plants, integrating agriculture, educating, producing energy, collecting water and so forth. In
Birkeland’s words: “The idea put forth by
Positive Development is that built environment
design could have net positive impacts by
retrofitting urban areas to increase total
natural and social capital. However, this would
require a new approach to design. Buildings
must not only become eco-productive (i.e.
produce clean energy, water, soil, air, and
food), but must reverse the impacts of
previous development and expand indigenous
ecosystems and ecosystem services - in
absolute terms.” [16]
Fig. 3 Artists impression of the ANSI [18]
Birkeland, often refers to examples of positive
technologies and concepts, such as green
walls, roofs, permeable pavement, living machines, renewable materials, light transmitting
concrete, passive technologies such as wind towers, trombe walls, solar stacks, and so forth [17].
She brings these together in the concept for the Australian National Sustainability Initiative (Fig. 3),
where the structure is modular, constructed off site and deconstructable, the walls and roofs serve
several functions including housing eco-system services and small animal and plant life. Buildings
are passively cooled using their structure as integral elements in the provision of comfort.
This approach is being investigated and linked to the biophilic design by looking at green
infrastructure and the urban heat island effect. There are seven building each with a different
treatment–high albedo roofs (emitting and insulating), green roof, deciduous plants, ever green
plants, control–being monitored for a period of three years. They are being monitored for comfort,
contribution to the UHI and energy use.

3.4

Regenerative and restorative development

The idea of ‘regenerative design’ was first proposed by the landscape architect John Tillman Lyle
[19]. Rather than the stability of sustainability, Lyle presents regenerative design as a dynamic
process of participation, feedback and continual change over time. It is a concept that Lyle intends
to be applied not only to individual circumstances, but rather to the design of entire cities and landscapes. Thus, Lyle sees regenerative design not only as a change in process and product, but also
as a change in attitude towards our very relations with our environment [19].
Based on the work of Moore [20], Reed [21], Reed and Eisenberg [22], Owen [23] [24] [25] and
Owen and Hes [26], the ideas of regenerative design and development here are proposed to have
three elements:
3.4.1 Adding value
The premise is simple – that our actions should result in net benefits to our ecological and social
environments. The application is more complicated, but it is based on what Reed has described as
building capacity rather than things [21].
3.4.2 Humans as part of the natural system
Regenerative design looks for inspiration in the complexity and symbiosis of nature. However, it is
necessarily more than biomimicry, the design attempts to reconcile the historically constructed
division between humans and nature. It invokes an ethic of care and a connection with the spirit of
place as a necessary condition to challenge our current position.
3.4.3 Adding the socio-political dimension
The author and her colleague Owen [26], drawing on the work of Moore, argue that the third aspect of regenerative development is the socio-political dimension, and here lies its difference with
positive development and eco-efficiency as this requires value judgements which can never be
quantified. Sustainability does not exclude the socio-political dimension, but it defines it as a distinct realm; one of the four ‘pillars’ or three ‘legs’ depending on how the pie is sliced. Conversely,
regenerative design is concerned with the complex web of relationships that form an integrated
whole that cannot so easily be dissected. Regenerative design is still evolving and maturing in its
ideas and applications. Unlike sustainability it is not premised on an idealised end point but rather
recognises the necessity of the process of development along variously divergent and convergent
paths. This research aims to help in this evolution and maturation by adding concrete examples to
the debate and by providing a forum for discourse about the key ideas.

A small example of regenerative development in Melbourne that is being researched in relation to
this approach is the Venny, adventure play ground designed by the design team at the City of
Melbourne. The site provides a positive
engaging space for children of the nearby
housing commission areas that do not have
gardens. The research to date has shown that
this project produces more energy than it
consumes, is water self-sufficient, has passive
elements which ensure that the building is
comfortable all year around except for in the
coldest part of winter, has a green roof, uses
recycled freight containers (Fig. 4), has
remediated a previous tip, provides space for
Fig. 4 Venny, external Image (City of
the production of food, the list goes on. The
Melbourne)
building provides space and area for those
who have none, and educates, linking the children to the food they consume, their environment,
and the ability to learn through explorative play. Yet, what stands it apart from the standard
recycled, neutral project is the story of place, the
ownership, love and engagement the users feel for the
building. The children did not want to leave their old
building, it had their art, time and history imprinted on
every wall, floor, ceiling. It was bright, loved and part of
who they were. The designers worked with the staff
and the children, observed, listened, asked what they
wanted. The children made a model of the old building,
used drawings and clay to design the layout of the
new site, and spent months stencilling, telling stories
about what they loved about the old building and
Fig. 5 Venny, floor (City of Melbourne)
dreaming about what the new building could be. When
the new building was opened the children were so
excited, they did not know where to look, the new building was brighter, warmer, new, but old as
well. The designers had engaged one of the staff, an artist, to develop the floor of the new building,
this incorporated thousands of paintings, words, artworks, photos and stories of the old building
(Fig. 5). One of the things the children really wanted the new building to keep was the old door; this
was integrated photographically into the floor at the entrance. One child on entering the building
squealed and fell to the floor as people rushed over he was there arms outstretched hugging the
image. This is regenerative design.
This approach is being researched by looking at several projects such as the Venny and
monitoring it for comfort, resource use, doing post occupancy evaluations, using a mixture of
quantitative and qualitative methods, including LCA, interviews, focus groups, physical monitoring
and observation.

4. The Barriers
The barriers to the implementation of many of these ideas are similar to many new concepts, the
risk of failure, the change from exiting modes of practice, the difficulty in justifying the value of
additional investment in non-tangible outcomes for example eco-system services, social and
psychological wellbeing, the lack of education, the lack of motivation and so forth. The authors own
research shows that these barriers are addressed by action at many levels; the first is work with
schools and children to create knowledge and engagement. The second is through theory
expressed in case study and physical examples with the provision of clear to the point information
and guidance, providing a vision, a built example and a road map. The Venny for example is being
monitored for two years, the users observed, a post occupancy evaluation done and a full LCA
carried out. The third is the honesty to learn, to listen, the courage to make mistakes and to share.
Also important is engagement at all levels: it is not only a policy problem, an industry problem, a
technological problem, a conceptual problem, an economic or social problem and so forth, it is
something that needs to be addressed across all disciplines and all scales – it is about working

together. Finally it is about thinking outside the system that has created the problem for the
solutions, and that starts with a vision, this paper introduces the idea that this vision could be about
becoming active participants of the ecosystem we are in, contributing to it.

5. Conclusion
Built environment professionals have become adept at the implementation of efficiency based
sustainability initiatives (eco-efficiency), saving large amounts of energy, water, waste and
improving indoor environments. This is commendable but with increasing populations and
continued reliance on economic growth and consumption as a demonstration of success we are
just being ‘less bad’ as McDonough puts it. It is time to see this eco-efficiency movement as the
first step in learning to reconnect the built environment to the context in which it sits, particularly reestablishing a connection to nature.
It is time to look at work with our built environment on a systems level and ensuring no impact by
thinking cradle-to-cradle. We need to re-establish the psychological and physiological benefits of
connection to nature using biophilic design principles while providing eco-system services using
positive development. We need to design with restoration in mind, asking ‘what can out
interventions contribute?’. Most importantly we need to focus on the context for each project, each
city, each development, linking the story of place, partnership with the local environment and
linking individuals back to place through inclusion and education. For nature will survive without us,
we will not survive without it and our ‘sustainability’ is not something that can be regulated it will not
occur without active participation and the built environment is the place to start this new journey.
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Summary
Due to increasing global challenges for the building industry such as urban growth, scarcity of resources and complex construction work, an international research consortium led by Cree GmbH
intends to face this situation by developing a wood-hybrid construction system for high-rise buildings. Therefore, the result of the research project is a unique product, the LifeCycle Tower, which
functions as a solution for use in an urban context, offers high resource-efficiency by focusing on a
renewable resource – timber, and is developed as a standardised universally usable modular system. The LifeCycle Tower concept is featured by a highly energy-efficient building services concept,
industrial series production, supply chain management and life cycle-oriented design. In order to
turn the LifeCycle Tower into reality, Cree GmbH was set up and the first two real projects will be
built soon. LCT ONE will be an eight-storey demonstration building in the form of an office block in
Dornbirn, Austria reporting the advantages of the building concept on a public stage. LCT TWO is
the first commissioned project and will be one of the largest wood-based office buildings in the
world in Montafon, Austria.
Keywords: Cree, life cycle tower, sustainability, hybrid timber, high-rise building, lct one, cree by
rhomberg, rhomberg, construction, timber

1. Global challenge for the building industry
0B

Processes of cultural, ecological and economic change observed around the world are leading to
an altered frame of reference for and different demands on the building industry.

1.1

Urban growth
5B

The urbanisation of the world presents an enormous challenge to the future of mankind.
Even today, 50% of the world's population lives in cities of more than a million inhabitants.
Experts believe that this could rise to 75% within 30 years. Over the same period the world's
population is expected to rise by 78 million people per year – roughly the population of Germany (United Nations world population report 2008).
The countries that profit from an economic upswing strive to transform their cities into better
places to live.
Buildings will have to reach greater heights to keep pace with the rising requirement for
space. Accordingly the future activity of the global building industry will become concentrated
in urban areas and on the construction of multistorey buildings.
1.2

Scarce resources
6B

If present-day methods of using the world’s resources were maintained, then 2.5 planets
would be required to satisfy the future demand for resources. For Europe in particular, where
90% of all raw materials have to be imported, guaranteeing the fulfilment of that need for resources will be an essential precondition for prosperity and social harmony.
Construction worldwide is responsible for around 40% of today's consumption of resources
and energy as well as 40% of global CO2 emissions (UNEP 2010). It is clear that efficient
use of resources and energy, and a reduction in CO2 emissions will be considerable factors
in successfully addressing these issues. One of the consequences will be an increase in the
statutory provisions and targets relating to energy and resource efficiency applicable in many
countries.
1.3

Complex construction
7B

Up to now, urban development has been based mainly on conventionally built prototypes of
complex construction. This entails high construction costs, long erection times and elevated
design and construction risks.
Systematisation and industrialisation of the building production process, such as emerged
decades ago in the automotive industry, has so far not been seen in the construction industry.

2. Integrated research – high-rise buildings in wood
The changing global construction scene was the trigger that spawned a research project over several years. An international interdisciplinary team of experts led by Cree GmbH has developed a
new type of wood-based construction system for buildings up to 100 m high (30 storeys). The
special feature of the research process was the integrated interplay of knowledge leaders from all
the professions in the building industry, such as architecture, structural engineering, building physics, building services, process management, marketing etc.

Three main objectives were pursued:
2.1

Large volume building
8B

As a result of the global trend towards urbanisation, efforts were made to develop a solution
for use in an urban context. The objective was the development of a multistorey building solution capable of reaching up to 30 storeys or 100 m in height (LifeCycle Tower research
project).
2.2

Resource efficiency
9B

The shortage of resources and the associated rising prices of raw materials turn the intelligent use of material goods into an enormous competitive advantage for the building industry.
Therefore timber, a renewable and local resource, was chosen as the basis for the development of the new building system. Its reduced "ecological rucksack" is only half that of conventional buildings (BRIX research project). Most products we create from the resources of
the earth contain far more material by virtue of their extraction, transport and processing than
their self-weight alone would suggest. According to the renowned chemist and environmental
researcher Prof. Friedrich Schmidt-Bleek all goods have an ecological rucksack. To produce
a kilogram of steel takes on average 8 kg of mineral ore and fossil fuels, a kilo of copper 348
kg, while a kilo of aluminium "actually" weighs 37 kg. Wood has an ecological rucksack of 1.2
kg. Moreover, wood as a material has the potential to improve the CO2 balance by 90% (PE
INTERNATIONAL study) and reduce the weight of the building by 50 % (LifeCycle Tower research project).
2.3

System building
10B

A further objective of the research was to develop a standardised universally usable modular
system containing a significant proportion of building technical services (heating, cooling,
ventilation,…). The individual elements should, as in the automotive industry, be capable of
being prefabricated in a factory and modular to the extent required by the client. The concept
of serial off-site production was intended to ensure economies of scale, consistently high
quality and rapid erection of the building on site.
The first research project "8+" investigated the technical feasibility of buildings in wood construction. The results showed that it was technically feasible (from a structural engineering point of view)
to erect buildings 80 metres or more in height. The research did not consider the commercial marketability or the likelihood of obtaining statutory construction approval of the final concept. It was
therefore not possible to construct a building based on principles of the "8+" research project.
The second "LifeCycle Tower" research project extended the findings of the "8+" project and
developed a new building system modified to suit the requirements of the modern real estate market. Industrial prefabrication and special consideration of fire safety in the design led to the new
product becoming ready for the market.
From research project to built property: with the "LCT ONE" the developed concept was transformed into reality in the form of an eight-storey demonstration building.

3. The "LifeCycle Tower" – a unique product
1B

3.1

Architecture
1B

A rectangular core was adopted as the basic structure to ensure that the nodes in the stiffening
components would be as few and as simple as possible and compatibility maintained with every
available facade system.

Fig. 1 LifeCycle Tower – construction phase
The system can be divided into three main components:
a) Core
b) Deck
c) Facade column
a) Core:
The core is erected in two sections, each 32 m high, in order to
maximise stiffness and ductility while being economically competitive with conventional building systems. The reduction to two
horizontal interfaces secures not only structural and economic
benefits, it also permits a high degree of prefabrication and
shortens the construction time.
The central core for this project was selected primarily for its
structural properties, however this arrangement also has disadvantages when it comes to efficient use of floor area, as incorporating the second escape route inevitably results in a less favourable rentable space ratio.

Fig. 2 The core
b) Deck:
A wood-concrete composite rib construction was chosen for the deck. This fulfils several functions:
On the one hand it withstands the transfer of the enormous forces from the facade columns;
on the other hand it ensures the separation of each storey required for fire protection. The
space between the ribs allows the building services equipment to be installed within the thickness of the deck. The system also increases the resistance to the spread of fire at the deck
soffit. Suspended ceilings are not envisaged. The wood should be left visible for the room users to enjoy, as at the facade supports.

Fig. 3 Deck
c) Facade columns:
Double columns, designed to provide the required fire resistance, transfer the facade forces directly to the deck, avoiding
transverse compressive stresses, and then directly into the
column pair below. The connection of the unrestrained columns with the deck is made completely without steel components and is secured by a mortice joint.
Wooden frames link several pairs of columns into one unit that
can be installed together with the facade.
The combined installation of primary and secondary facade
elements allows site work to progress more quickly compared
with conventional systems as this is a completely dry method
in which no curing times are involved.

Fig. 4 Facade columns
Modular construction
Prefabricated construction elements with consistent, standard solutions reduce the need for oneoff designs. Construction details have already been incorporated and the components only have to
be put together on site. Subsequent work involving non-prefabricated components, such as separate fire protection cladding, is kept to a minimum. The elemental approach avoids the need to
construct complex details on site, which is difficult to ensure is done properly in such environments.
3.2

Energy design
12B

A complex, highly energy-efficient building services concept was developed for the LifeCycle
Tower, which can be built to PlusEnergy, low energy or PassivHaus standards.
The energy design of the building focuses on the use of geothermal energy, which is used for cooling as well as heating the building. The distribution and transfer system is designed for the required system temperatures. Combined heating and cooling deck elements are used for space
heating and cooling. Also integrated into the deck elements are the lighting, controlled ventilation,
fire detectors and sprinkler systems.
Further elements for the preferential use of regenerative energy include solar-thermal hot water
equipment, renewable fuel for higher-temperature consumer units and photovoltaics integrated into
the facades.
Room temperature requirements in summer (comfort criteria and places of work regulations) make
building cooling by passive chilled ceilings indispensable despite solar shading. The resulting

higher energy consumption can however be minimised by an intelligent control concept (Venetian
blind control, automatic night-time cooling) and by appropriate user-behaviour. Opaque ventilation
windows and raised spandrels are other ways of keeping the area of transparent facade as small
as possible. Analyses have shown that smaller window areas are preferable for reducing the cooling load even though this means less solar gain during the heating season. The disadvantages
from any increase in the use of artificial light can be alleviated by light redirection in the upper parts
of the Venetian blinds.
3.3

Fire safety
13B

Fire protection is an important aspect in obtaining approval to construct multistorey buildings. In
the last 20 years, modern timber construction has experienced enormous growth both in terms of
technology and in economic efficiency, which is also reflected in the continuous amendments to
the statutory regulations. Significant differences within national and regional statutory regulations
continue to mean that generally applicable statements about the likelihood of construction approval
being granted for multistorey buildings cannot be made, all the more so because approval is very
dependent on the proposed building use (hotel, office, residential).
A detailed analysis of the possibilities offered by timber construction and consideration of the risk
of the spread of fire posed by the combustibility of
wood led to the adoption of the following approach
to the LifeCycle Tower:
The timber elements are not encased and are
designed to provide 90 minutes fire resistance.
The connecting joints of separating fire walls
to ceilings, floors and corridors are made from
mineral-based building material.
Horizontally running building services are
connected to non-combustible mineral building materials.
No voids in the building components.
Fig. 5 Fire exit plan
Fire propagation from floor to floor is prevented by continuing the concrete part of the composite deck right up to the facade.
Simple and comprehensible escape route layout achieved by dividing the floors zones, i.e. using
encapsulated timber elements used on escape routes (shaded green in the layout below) and exposed timber elements in the main floor space (shaded yellow). Zoning ensures that all the components of the escape routes are protected from fire and that there is a safe means of evacuation
and access for firefighting.
Self-activating extinguishing systems
The building installations include an integrated high-pressure water-mist extinguishing system.
This extinguishes and suppresses fire using three principles of physics:
Cooling – The most important property of water in firefighting is its ability to cool. Water can
absorb over 2 MJ/kg of energy when it turns into steam.
Inertisation – The sudden local evaporation (inertisation) of the water mist inside the flames
results in the water mist expanding to about 1700 times its original volume. This displaces the
oxygen inside the flames and suffocates the fire by cutting off the oxygen supply. In addition
to extinguishing the fire, the discharged water mist binds the fumes from the fire, washes
them out of the air and carries them to the floor.
Blocking/shielding of radiated heat – The high number and density of extremely small mist
droplets (micro-water droplets from 20 to 200 µm) absorbs thermal radiation very effectively.

Real fire tests
Several real fire tests were performed on the decks as part of the research project. The test results
served to optimise the components and led to a reduction of the amount of concrete required to
obtain the REI 120 certificate for use in high-rise buildings.

Fig. 6 Real fire tests

4. Commercial considerations
2B

Construction costs for a system-built LifeCycle Tower are fully comparable with those of a conventionally constructed building. A comparative analysis for the two building types found that the additional initial investment cost for the LifeCycle Tower was only 2%. The objective of the further research is to achieve cost leadership in the area of resource & energy-efficient large-volume buildings.
4.1

Industrial series production
14B

Industrial fabrication of standardised components will exploit the economic advantages of
scale and learning curve effects. Factory quality assurance will also lead to minimisation of
errors and consistently high quality of construction on site.
Supply chain management

4.2
15B

Cree is not a manufacturer. The independence of contractors and subcontractors means that
the best bids out of the local market suppliers can be accepted for production and erection.
Capacity bottlenecks or overproduction can be evened out by flexible integration of the producing firms.
Life cycle-oriented design

4.3
16B

The cost of erecting a building is responsible for only 20% of the total cost of the building
over its entire life cycle. The concept of the LifeCycle Tower incorporated extensive considerations of cost-effective use, reuse and demolition of the building. One of the consequences
of this is the absence of loadbearing partition walls in the structural frame, which allows room
sizes to be freely varied in the future. A high energy standard ensures low operating costs
and the wood can be used for energy generation following the cascading use principle at the
end of the building's life cycle.

5. Implementation concept
3B

The product is now ready for the market after years of research: a sustainable wood hybrid building system for large high-rise buildings, designed down to detail level. Despite allowing freedom of
design, buildings can be erected in a very short time and guarantee a minimised use of resources
and energy throughout the whole life cycle.

Formation of Cree GmbH
A dedicated company with a present staff of 8 was set up in 2010 to further develop and market
the findings of the research. The partners are Rhomberg Holding GmbH, Signa Holding and RIMO
Privatstiftung.
The development of the LifeCycle Tower and Cree has been met with acclaim and interest from all
over the world, presented at international conferences and cited as a pioneering project in innovative timber construction by leading experts.
Building an eight-storey prototype – LCT ONE
The design conclusions drawn from the research project are to be implemented in an eight-storey
demonstration building. With construction in the form of an office block starting in early 2011 in
Dornbirn, Austria, the building will shortly be put to use under real conditions. The client is Cree
GmbH. Based on this prototype, the advantages of the building concept (including resource and
energy efficiency, 90% improved CO2 balance, 50% shorter construction time, series production)
will be reported on a public stage.
The prototype will be used primarily as offices. Other use functions, e.g. "Hotel" and "Residential"
will be simulated in separate parts of the building. The project is intended to serve as an exemplary
model for modern sustainable building and point the way ahead for the future development of this
sector of the construction industry.

Project: LCT ONE
Location: Dornbirn /Austria
Client: Cree
Construction start: Spring 2011
Completion: Winter 2011
Dimensions: Over 1500 m² usable floor area
Fig. 7 LCT ONE
Building one of the largest wood-based office buildings in the world – LCT TWO
The first commissioned project is a large building with just under 10,000 m² floor space. The technical and economic advantages of the proposed LifeCycle Tower wood-hybrid building system
were decisive in the commissioning of Cree. Verifyable compliance with the fire safety requirements and the ecological advantages of the system were further important factors in the acceptance of the tender by the client.

Project: LCT TWO
Location: Montafon/Austria
Employer: illwerke vkw
Construction start: Spring 2012
Completion: Spring 2013
Dimensions: Over 10,000 m² floor space
Fig. 8 LCT TWO

International marketing
The building system in its finally developed form will be marketed internationally using LCT ONE
and LCT TWO as reference projects. Potential target markets will be analysed in parallel with the
international positioning of the Cree brand.
Country-specific construction approval
The engineering feasibility of the tower based on its
current stage of development can be confirmed.
Construction approval of actual projects still has to
be obtained from the competent authorities in each
future location.
A strategy of sequentially increasing the maximum
permissible building height will be adopted to ensure
future construction approval. Cumulative experience

Maximum permissible
number of storeys

Number of completed projects

Fig. 9 Maximum permissible building height strategy
(construction approvals, fire safety concepts, certifications, testing,…) grows with every completed
project and serves as the basis of discussions for obtaining approval of the next higher building
class.

6. Advantages at a glance
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

LifeCycle Tower
Sustainable,
resource-efficient,
profitable: The facts.

A hybrid wooden building:
90% improved CO2 balance
Dramatic reduction in the use of resources
High energy efficiency, low operating costs
Innovative system-built construction:
Short construction times
Cost security
Minimised sources of error during construction
Excellent living quality:
Individual design
Pleasant room climate
Added value for the region:
Use of existing resources
Strengthening of SMEs
Expansion opportunities for contractors

Fig. 10 LifeCycle Tower Rendering at Night
The concept offers enormous opportunities – for the local timber construction industry as well as
housing component manufacturers, contractors and suppliers. The uniqueness of using wood as a

visible and sensual construction material for high-rise buildings will lead to new modern perception
of nature's building material.
In terms of its export potential, the LifeCycle Tower provides an opportunity for local skills to develop international connections and to strengthen the economy and research locations.
It allows small and medium enterprises (SMEs) to benefit, above all those which in isolation are
considered not to possess the necessary prerequisites for strategic internationalisation. The implementation and international marketing of the developed modular system opens the way for
SMEs to international know-how transfer and real export opportunities.
Wood as local renewable construction material will become increasingly important: it secures regional or national independence interms of raw material supplies and protects against high
prices.The propagation of the LifeCycle Tower concept in regions in which timber is of high importance therefore strengthens their economies and independence.
6.1 Factbox LifeCycle Tower
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Dimensions
Height:
Grid:
Ceiling span:
Use:

up to 100 m
1.35 m
8.10 m or 9.45 m without intermediate columns
The system is suitable for offices, hotels, restaurants,
apartments and retail premises

Materials
Basement, ground floor and 1st floor: Reinforced concrete
Decks from 2nd floor: Wood hybrid
Facade columns from 2nd floor: Wood
Mechanical and electrical services
Optionally PlusEnergy / PassivHaus / low energy building standard
Electricity generated from photovoltaics
Operating cost monitoring
Facade
Single or double facade
Integrated solar shading
Manually operated ventilation windows for natural ventilation can be provided
Individually designed facade architecture
6.2 Factbox Cree GmbH
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Address:

Mariahilfstr. 29
6900 Bregenz/Austria

Partners:

Rhomberg Holding GmbH
Signa Holding
RIMO Privatstiftung

Director:

DI Hubert Rhomberg

No. of employees:

8

www.creebyrhomberg.com

Website:
Email:

H

H

info@creebyrhomberg.com
H

H

The name "Cree" is borrowed from the philosophy and lifestyle of a nation of original North Americans of the same name. The company tries to emulate the close relationship of the Cree Indians
with nature and the environment in a modern way: today's CREE stands for Creative Resource &
Energy Efficiency.
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Summary
The next doubling of the global urban population and the double constraint on planetary global
resources and climate change will involve doubling the available wealth while dividing by five the
consumption of resources needed to produce it. This is an extremely ambitious goal. Following the
approach of Ernst U. von Weizsäcker, the paper will develop a factorial approach to increasing
urban resource productivity combining cumulative multiplicative factors such as the productivity of
urban form, systems efficiency and people behaviour. The design of cities constitutes the greatest
potential source of savings at zero or negative cost. The paper will present an innovative approach
that highlights the multiplicative effects of multi-scale urban policies. It provides a new theoretical
framework to analyse both for transport and building energy consumption. It aims at being used as
a steering tool for urban energy policies, by allowing a comparison of investments at different
scales: city scale, neighbourhood scale, systems and individual behaviours.
Based on an algebraic factorising, this method splits energy consumption into 4 elements,
everyone corresponding to a specific scale. One of the main interests of this method is that it can
be used for every urban energy sector: heating, cooling, lighting, but also transportation. This
factoring method leads to an urban energy efficiency formula that highlights the influence of every
scale on energy efficiency. The further advantage of this approach is that it can be used to
scrutinize the effect of a marginal change in one of the parameters on the overall urban efficiency.
The novelty of this approach is that it actually uncouples efficiency levers that used to be mixed up
and inseparable before. It could furthermore be used in policy-making as a financial tool to
compare the impacts, the costs and the relevance of energy efficiency measures at different scales.
Following this factorial approach, the productivity of the urban system can be multiplied by ten
through a combined action on urban morphology, connectedness and spatial distribution, on
bioclimatic architecture, on synergy grids for closing all material and energy loops and on
significant changes in people behaviour.
Keywords: resource productivity, urban morphology, energy efficiency

1. Introduction
Ever-increasing environmental constraints demand a profound reconsideration of natural resource
consumption. Technical solutions now   make   it   possible   to   increase   buildings’   energy   efficiency,  
reducing their negative ecological effects. However, these solutions must be integrated into a more
comprehensive urban planning process, steering urban forms and human behaviour towards more
efficient environmental models. This paper shows that increasing the productivity of resources in
cities should result from an in-depth thought on urban morphology. The increase by 2 Billion of the
urban population and the doubling of the world urbanized surface in the next two decades [1]
requires doubling the available wealth while dividing by five the consumption of resources needed
to   produce   it   if   we   don’t   want   to   overshoot   the   global   ecological   footprint. This is an extremely

ambitious goal.
The design of cities constitutes the greatest potential source of savings at zero or negative cost.
Denser [2] better connected cities [3] designed to be more open to the light, sun and wind [4] will
improve well-being along with social and economic exchanges while economizing all the square
kilometers of asphalt, the concrete, the electricity and the water that are currently lost in the overly
long, overly scattered and overly disseminated networks of our sprawling contemporary cities. If
the productivity of the urban system was multiplied by ten, humankind could continue to urbanize,
creating wealth and eliminating poverty while halving the pressure exerted on the planet.
Multiplying resource productivity by ten in the urban world is technically feasible and would
produce huge macro-economic returns. We are adopting the approach developed in 1997 by
Ernst U. von Weizsäcker, Amory B. Lovins and L. Hunter Lovins [5]. However, due to the change in
the global situation in thirteen years, the accelerated degradation of all ecosystems, and the
amplification of climate change, the already ambitious target of this report has to be raised if
humankind is to avert a disaster. Scenarios of efficiency that enable the pursuit of existing growth
exist. It is not necessary to overexploit resources in order to attain our levels of comfort, since 80 to
90% of resources are actually being wasted. According to a study by the American Academy of
Engineering,  93%  of  the  material  we  buy  and  ‘”consume”  never  ends  up  in  the form of marketable
products; 80% of the products are thrown out after being used once [5].

2. Adopting resource productivity in cities
2.1. The car syndrome in cities and its savings potential
Our cities resemble our cars. They move around huge quantities of matter and energy. When we
drive a car we move our bodies from place to place along with an additional tonne of material. To
that, we have to add the quantity of material that must be moved to manufacture the car: more
than 1,520 tons in the course of extraction, refining, transportation, manufacture and assembly.
The catalytic converter alone, although it weighs only 9 kg, requires the displacement of more than
2 tons of material because it contains several grams of platinum, and this is the weight of the rocks
that have to be extracted to produce a gram of platinum. And so far our analysis is limited to the
car as an object apart. In a systemic approach, everything that is required to enable its movement
must be factored in: all the infrastructures, the parking lots, the highways, and so forth. For our
cars to get around, gigantic quantities of materials need to be displaced [5]. Moreover, the car
distends the city and makes its services more distant and inaccessible for pedestrians. Car use
itself fuels the unlimited growth of car use [6].
Urban density can divide the number of cars by 2.5, and even by 4 or 5 in eco-districts like Malmö
and BedZed. The penetration rate of cars is less than 40% in Paris, 70% in the greater Parisian
region and higher than 100% in Los Angeles, where many households own more than one car.
Let’s   assume   a   reduction   of   a factor 4; this would amount to a savings of 5,000 billion tons of
material to supply a world of 5 billion urban inhabitants living in Malmö- or BedZed-type urban
conditions as compared to those of Los Angeles. The savings potential is considerable. In the
United States, the automobile industry and related sectors consume about 70% of the lead, 60% of
the rubber and road surfacing, 40% of the machine tools and the platinum, 34% of the iron, 20% of
the aluminium, zinc, glass and semi-conductors, 14% of the steel and 10% of the copper.
Therefore a 60% decrease in the vehicle penetration rate (basically a shift from the Los Angeles to
the Paris model) would cut American consumption of lead by 28%, of rubber and material for road
surfacing by 24%, of machine tools and platinum by 16%, of iron by 13%, aluminium, of zinc, glass
and semi-conductors by 8%, steel by 7% and copper by 4%. This reduction in the material
consumption of the American economy would free resources for activities that produce other forms
of wealth, like those related to the information society.
2.2. Dense and compact cities are like ultra-light hybrid vehicles
In traditional automobiles, 80 to 85% of energy is lost before reaching the wheels and only 1%
serves to move the driver. Why? Because traditional vehicles are made of steel and acceleration of

this mass of very heavy material requires a powerful engine that otherwise runs under capacity
most of the time. In addition, 15 to 20% of the energy that reaches the wheels is essentially
dissipated in heat. In city driving, about a third of the energy heats the air displaced by the vehicle
(this proportion reaches 60 to 70% on a highway), a third heats the tires and the road, and a third
heats the brakes [5]. The first step to making cars more efficient is making them lighter. Using ultra
resistant, lightweight materials like carbon fiber or titanium and modern alloys, a 400-kg four-to-five
seater can be built that is three to four times lighter than a traditional vehicle. An enhanced
streamlined, aerodynamic design could increase air penetration by six. Better tires, supporting less
weight, could reduce tire loss three- to five-fold. This ultra-light strategy has been tested with
success. The second step to enhancing efficiency is using a hybrid electric propulsion system,
notably by electronically recovering 70% of the braking energy, storing it temporarily and reusing it
for uphill driving and acceleration. By combining ultra-light and hybrid strategies, efficiency could
be increased by a factor of fivefold rather than two- or three-fold.
-

-

Weight savings have a snowball effect: the lighter the car, the smaller its components;
some even become unnecessary.
The compounding of savings is even quicker with hybrid propulsion.
When ultra-light   technology   has   eliminated   nearly   all   the   energy   losses   that   can’t   be  
recovered (to the air, tires and the road), the only remaining wheel-power loss goes into
braking, and the electronic propulsion systems of hybrids recover most of the braking
energy.
These saving are multiplied two- or three-fold by avoiding driveline losses. Such a vehicle
could consume 0.4 to 1.6 l/100 km while being much easier to manufacture than a
traditional car, at the same cost or even less [5].

The combined strategies that serve to multiply by five the energy productivity of ultra-light hybrid
vehicles could be transposed easily to increasing the energy productivity of cities. For cars, the
main factor responsible for energy loss and waste was the weight. For cities, it is the spatial
expansion. In comparison to a compact city, in a sprawling city, 80% of the energy is wasted in
transporting residents over great distances, heating detached suburban houses, exposed on five
sides, bringing in supplies, carrying (and loosing) water over networks that are seventeen times too
stretched out [1]. Energy use varies with the size of the city. The dream of ever growing mobility
has turned against the residents of great megalopolitan regions. The quality of life in suburbia
costs so much in energy and in time spent in travel that it is no longer guaranteed. Making cities
denser and reducing their radius to a more human scale quadruples energy productivity for the
same quality of life. New technologies like cogeneration, smart and synergy grids, and renewable
energies can then provide cleaner energy to these lighter cities in more efficient conditions (by
recovering losses and reducing peaks). Energy technology can double efficiency; increasing
density can quadruple it. The total savings is multiplied not by a factor of four or two but by eight. A
denser, better-designed city with optimized energies is eight times more efficient than a sprawling
city and the energy is used eight times more productively.

3. A factorial approach to urban resource productivity
3.1. Optimizing simultaneously urban forms and flows
The goals of sustainable urban development are not isolated. Applied simultaneously, they create
a strong synergy and have a compounding effect. A human-scale city that is well-connected and
offers efficient low-energy transportation, for example, reduces the need for travel and the energy
and carbon costs when travel is necessary. By dividing by two to three the number of commutes,
and dividing the carbon emissions of each commute by four to five, carbon emissions from travel
can be reduced by a factor of eight to fifteen. Simultaneously optimizing the urban form and the
flows running through it [1] is crucial to improving resource productivity significantly. Urban form
and flows cannot be conceived separately. A sprawling, fragmented, low-density city makes the
use of efficient public transportation difficult. It generates a lot of travel and at a high energy and
carbon cost. A dense city has the opposite effect.

Many strategies can be used to double or quadruple resource productivity. But only by combining
strategies can productivity be increased ten- or twenty-fold. In many cases, if optimization is not
implemented on a big enough scale, all later efforts at optimization will be costly and ineffective,
whence the vital importance of urban forms. Optimizing urban and architectural designs from the
outset greatly increases the efficiency of technological mechanisms while diminishing their costs
and this optimization costs nothing. In cold climates, for example, a compact building with a low
interior volume to outer envelope ratio can halve heat loss through envelope and therefore reduce
heating needs by the same factor [7,8,9]. The opposite is the case in hot climates where the
“passive”  volumes  – the volumes situated less than six meters from the outer envelope that benefit
from natural lighting and ventilation – have to be increased [10,11,12]; Optimizing layouts can
divide heating and air-conditioning needs by two to four; these reduced energy needs can then be
met  to  a  large  extent  by  renewable  energies  managed  through  a  “smart  grid”.  On  the  other hand, it
is pointless to try to compensate for a bad layout design by costly technological devices.
3.2. Human scale: a way for enhancing productivity in the urban world
What we have to set in motion in the urban world is a phenomenon comparable to the computer
revolution, which has been making equipment ever smaller, faster, more reliable and cheaper.
Enhancing productivity in the urban world, like in data processing, involves using smaller
components assembled in a more complex way. We must make a complete break with, on the one
hand, the type of zoning that separated uses only to reconnect the zones later via highways, and,
on the other, the massiveness and repetitiveness of modernist constructions. Only a smaller,
subtler and denser fabric of smaller buildings mixing uses can create an accessible city, reducing
at the same time the costs of the resources immobilized in giant, useless infrastructures and of
energy needed to ensure large-scale mobility over great distances in oversized cities. The human
scale and everyday human movements must become the new measure of the city.
Efficiency   doesn’t   cost   money;;   it   makes   money.   The   prejudice   against   energy   savings   as   costly  
remains widespread. But it is inaccurate today. By combining new technologies, simultaneously
optimizing urban forms and flows, and implementing the many possible synergies that compound
productivity gains, considerable energy savings turn out to be even less costly than limited savings.
Cities are complex systems and the economic benefits yielded by actions on their different
components have a multiplicative rather than additive effect. Doubling energy productivity by
optimizing the urban form, multiplying it by a factor of 2.5 by optimizing building technology,
doubling it again by optimizing the energy systems that supply a city whose energy needs have
been divided by five, does not lead to doubling productivity but to increasing it tenfold.
The productivity of each separate component is at least doubled, but the productivity of the whole
city is multiplied by ten [13]. Enhancing resource productivity requires an integrative rather than
reductive approach, which signifies that the challenge has to be tackled globally, not piece by
piece. An exclusively specialized approach must be avoided. The city necessitates the creation of
synergies.
3.3. 4 leverage levels
The innovative method we propose is transposable to the main sectors of urban efficiency: lighting,
heating and cooling for buildings and transportation. The overall energy efficiency of a city can be
split into 4 levels, each of them corresponding to a specific scale.
The first level corresponds to the district or city level. The overall morphology is responsible for
creating or at least modifying the energy demand. The best example is transportation. The
transportation demand within a city is mainly driven by the morphology: density and mix between
housings, jobs and amenities. A dense and mix city will structurally require less transportation.
When it comes to heating or cooling, urban morphology also has a significant influence, notably via
the urban heat island effect by  changing  city’s  albedo [14]. The presence of green areas within the
city influences the temperature as well, also via albedo effects [15,16]. Given the climate and

meteorological parameters, urban morphology can increase or decrease urban temperature, and
thus change the demand for heating or cooling.
The second level still concerns urban morphology but is more local. In our factoring, it relates to
the   ‘softness’   of   urban   development.   For   the   transportation   sector,   it   stands   for   the   proportion   of
soft transport allowed by the local urban form. It is thus a proxy of how friendly the local urban form
is to pedestrian and cyclists.  When  it  comes  to  heating  and  cooling,  the  ‘softness’  aspect  turns  into  
a   ‘passivity’   aspect.   Building   form   has   a   tremendous influence on the energy requirements. A
significant part of energy needs can be covered by passive heating, cooling and lighting [17] with a
proper building form. The building technology such as insulation, glazing and ventilation also has a
tremendous  impact  on  the  energy  consumption,  impacting  on  the  ‘passivity’  of  the  building.
The third level deals with  system’s  energy  efficiency.  Most of the current effort is only concentrated
on this specific level: How to improve the efficiency of a car or of a heating system. This aspect
though only corresponds to one among 4 levels of our analysis, which highlights the much bigger
potential of a comprehensive approach.
Eventually, the last level takes into account the behavioural aspect. Depending on a wide range of
parameters, two persons in the exact same context can consume a significantly different amount of
energy. There is a growing interest in this topic, providing more and more insights on the
relationships between energy consumption and behaviours, and how to help change them.
3.4. 4 levels factoring method for transportation
Following this decomposing of urban energy efficiency, the four levels can be mathematically
described as follows for the transportation:
- A demand D in transport, in km per inhabitant per year, which is directly related to the
overall urban morphology.
- The softness of the urban development, given as the proportion of soft-transport Psoft
(cycling and walking), of public transport PPT, and individual vehicle PIV. For practical
reasons, it can be given as a 1x3 row-vector:
𝑠𝑜𝑓𝑡𝑛𝑒𝑠𝑠 = [𝑃
-

𝑃

The energy intensity of every type of transportation, corresponding to the amount of energy
consumed by one passenger travelling one km (J/(km.pas)), which is the inverse of the
efficiency (pas.km/J). The energy intensity of soft-transports is equal to zero, IPT for public
transports, and IIV for individual vehicles. Once again for practical reasons, it can be given
as a 3x3 diagonal matrix:
0 0
𝑒𝑛𝑒𝑟𝑔𝑦  𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 = 0 𝐼
0 0

-

(1)

𝑃 ]

0
0      = 𝑑𝑖𝑎𝑔(0, 𝐼 , 𝐼   )
𝐼

(2)

The behaviour factor BF is then given as a multiplicative positive factor, which stands for
the effective use that people have of soft transport, public transport, and individual vehicles.
Depending on individual behaviours, it can increase (when bigger than one) or decrease
(when smaller than 1) the use of each kind of transport mode. It is given as a 3x1 columnvector:
𝐵𝐹
𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟𝑎𝑙  𝑓𝑎𝑐𝑡𝑜𝑟 = 𝐵𝐹     
(3)
𝐵𝐹

The main advantage of this method is that the overall consumption for transport is given as the
product of each factor. The factors have to be multiplied in order to get the energy consumption.
𝑒𝑛𝑒𝑟𝑔𝑦  𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝐷𝑒𝑚𝑎𝑛𝑑 ∗ 𝑆𝑜𝑓𝑡𝑛𝑒𝑠𝑠 ∗ 𝐸𝑛𝑒𝑟𝑔𝑦  𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 ∗ 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟𝑎𝑙  𝑓𝑎𝑐𝑡𝑜𝑟

(4)

In mathematical terms:
𝐸

=𝐷

∗ [𝑃

0
𝑃 ]∗ 0
0

𝑃

0
𝐼
0

𝐵𝐹
0
0      ∗ 𝐵𝐹
𝐼
𝐵𝐹

    

(5)

This method then allows identifying the impact of energy saving measures at all city scales. City
scale morphology improvements (make the fabric denser, increase the housing/offices/amenities
mix) will make Dtransport smaller. Developing soft transportation (also via density and mix), or public
𝑃
𝑃 ], by increasing Psoft and PPT. Improving systems’  
transports will change the vector [𝑃
efficiency both for public transports and individual vehicles will make the terms in the matrix smaller.
Changing individual behaviours will reduce BFIV and increase BFsoft and/or BFPT.
3.5. 4 levels factoring method for heating, cooling and lighting energy consumption
The exact same analysis can be applied to heating, cooling and lighting. The method is described
for heating only.
-

The demand Dheating is directly associated with climatic and meteorological parameters.
There is obviously little leeway to change the weather. However, as described here above,
urban morphology has a significant influence on urban micro-climate notably via the urban
heat island and wind effects. It can be given as a heat demand per inhabitant (J/inhab).

-

The   ‘softness’   mentioned   for   transportation   can   be   changed   into   a   ‘passivity’   parameter.  
Depending on the form of the building, the design and the materials used, the proportion of
the heating demand changes significantly. This can be due to passive thermal gains, due to
solar irradiance, but also to fewer thermal losses, due to insulation or double-glazing for
instance. It is given by a 1x2 row-vector, which gives the proportion of heating needs
covered by passive energy gains (PPG) and the proportion that has to be covered by energy
consumption (PNPG). Note that PPG+PNPG=1.
𝑃

𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔  𝑝𝑎𝑠𝑠𝑖𝑣𝑖𝑡𝑦 = [𝑃
-

The energy intensity of the heating system is given in a 2x2 matrix, Iheating (consumed
energy / effective energy) being the inverse of the heating system efficiency.
0
𝐸𝑛𝑒𝑟𝑔𝑦  𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 = 0

-

(6)

]

0
𝐼

(7)

    

The behaviour factor BF stands as for the transport analysis:
𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑟𝑎𝑙  𝑓𝑎𝑐𝑡𝑜𝑟 =

𝐵𝐹
𝐵𝐹

(8)

    

Again, the overall consumption is given by:
𝐸
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3.6. Multiplicative effect of an urban energy policy
This approach offers a generic framework to quantify and compare the changes in consumption
due to different policy measures. The following example presents the drop in heating energy
consumption associated to two measures:

-

-

An improvement in the heating system efficiency means a drop dIHeating (negative) in the
energy intensity IHeating (as efficiency is the inverse of intensity). The equation leads to an
overall drop in energy consumption for heating dEheating given by:
𝑑𝐸

=𝐷

∗ [𝑃

𝑃

𝑑𝐸

=𝐷

∗𝑃

∗ 𝑑𝐼

]∗

0
0

0

     ∗

𝑑𝐼

𝐵𝐹
𝐵𝐹

(10)

    

(11)

∗ 𝐵𝐹

An improvement in the   ‘passivity’   of   buildings   (improvement   in   insulation  for   instance)   will  
increase the proportion of passive energy PPG and decrease PNPG by the same amount dP:
𝑑𝐸

=𝐷

∗ [𝑃

𝑑𝐸

=𝐷

∗ (𝑃

+ 𝑑𝑃

𝑃

− 𝑑𝑃) ∗ 𝐼

− 𝑑𝑃] ∗

0
0

∗ 𝐵𝐹

0
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𝐵𝐹
𝐵𝐹

    

(12)
(13)

This approach has two main advantages. On the one hand, it proves the multiplicative effect of a
multi-scale policy, from urban morphology to individual behaviours. On the other hand, it can be
used as a policy steering tool, by quantifying the effect of a measure on the overall consumption.
Eventually knowing the costs of every type of measure, it can be used for a city-scale optimisation
under budget constraints.

4. Optimizing urban morphology, structure and density: playing on the
two first factors
4.1. Density and fuel consumption
Density is the most powerful lever for increasing the energy productivity of cities. Quadrupling
density multiplies energy productivity by at least the same amount while fostering simultaneous
improvements of urban forms and flows. Urban density is the ratio of the total number of built
square meters divided by the entire surface of the site including public spaces and roads. In fact, in
traditional European urban fabric the building footprint on the site can be as high as 65% while in
American sprawl or modernist urban fabric it may be lower than 10%. In modernist utopian visions
such  as  in  Le  Corbusier’s  city  of  3  million  inhabitants,  the  ground  was  left  empty  for  the  enjoyment  
of city parks. Sadly in reality, the space between buildings has been occupied by giant highways
and turnpikes and by huge parking lots. In most parts of Paris the urban density is between 4 and
5, while in Shanghai or Guangzhou for example it is around 1 at neighborhood scale and much
lower at global city scale.
Why? The modernist break with the past reversed the relationship between solid masses and
empty spaces in the city, between the built area and the street. This break is manifested in an
inversion in the plot coverage: from over 0.5 (around 0.6 to 0.7) in continuous historical fabrics
(houses with courtyards, row houses, terraces or blocks of the Roman, New York, or
Haussmannian-type), they fall to between 0.2 and 0.1 in the groupings of discontinuous
architectural objects advocated by modernism. Almost mechanically, height comes to compensate
for the loss of density, since gross urban density is calculated by multiplying the plot coverage ratio
by the number of floors. The massiveness of the objects also compensates for the density loss,
and consequently modernist cities have a much more massive texture than historical cities. This
break with the past can be seen in both building density and plot density. Traditional urban blocks
are four times denser on the average than the modernist towers and avenues, and 16 times
denser than suburban developments, as shown in Fig. 1.

Fig. 1 The comparison between the dense compact medium rise urban fabric of Paris (blue) and
the scattered high rise urban fabric of Guangzhou (red) shows that the density in Guangzhou is 4
times lower than in Paris. Source: CSTB Urban Morphology Lab Paris, see [18].
Increasing density reduces the need for travel and for setting up public transit systems. It is a key
factor in the energy performance of cities both through transportation energy and through urban
typology. Transportation energy is linked to density by a simple law. The Newman-Kenworthy
curve [19] shows that the amount of fuel consumed for individual vehicles per inhabitant is an
inverse function of demographic density that can be expressed as follows, A being a constant, d
the urban density and k a constant :
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Comparing (13) and (14) leads to:
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We can make the first-order assumption that D is entirely described by the density parameter. The
marginal change in energy consumption dEIV associated with a change 𝛿𝑑 in the density, all other
things being equal is, with 𝐸 the initial consumption :
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4.2. Building block form and energy needs
An analogue analysis can be made about urban form and heating consumption in buildings.
Building form plays a crucial role on heating needs. The amount of thermal energy losses through
the envelope of a building is proportional to the surface to volume ratio. Well-designed density
makes it possible to attain ratios of compactness for buildings (Surface area / Volume) of around
0.25, thereby simultaneously reducing heating and cooling needs [20]. With a good street aspect
ratio coefficient (height/width) and a good street orientation as a function of cardinal points and
dominant winds, we can achieve extremely high efficiency in terms of natural lighting and passive
ventilation [21,22]. This environmental efficiency must be fine tuned to local conditions. No city is
identical and the projects must be embedded  in  each  city’s  climate [10], topography, relationship to
space, eventually to the ocean, rivers or mountains, and always to a society and its rituals.
In Paris due to their poor compactness (0.6 for the isolated pavilions compared to 0.2 for the

haussmannian blocks) the new pavilions use as much heat as the buildings of the past century that
are not well insulated. Due to their poor compactness, with the same building insulation technology
the pavilions would require 3 times more energy for heating than haussmannian blocs. They have
to compensate a bad urban morphology by an expensive insulation. The environmental impact of
heating needs is huge as in Paris 80% of CO2 emissions of the residential sector are due to
heating.
But sprawl and pavilions have environmental drawbacks beyond heating needs. Traditional
European cities urban blocks allows for the creation of a dense urban fabric, with a mix of activities
and good connections by public transports. This is why transfers account only for 25% of the total
consumption of energy of their inhabitants, versus 50% for the pavilions and slabs. Total energy
consumption for a new construction in the centre of Paris is of 800 MJ/m².year versus 1300
MJ/km2.an for a new pavilion (+60%) and more than 2000 MJ/km².year for an old pavilion. Unless
by reducing individual transfers, which is not possible due to the form and organization of the
suburbs, it is impossible for pavilions to be as energy efficient as courtyard blocks in the town
centre: they would need to have 0 loss through the envelope. Carbon emissions due to transfers in
the suburbs are 2 to 3 times higher than emissions for heating in the suburbs. Moreover they are
twice as high as the emissions of the centre of Paris. The emission rate in new slabs in the
suburbs is 40% higher than the one of Paris. When considering energy consumption for buildings
only, it is 20% higher in the suburbs in comparison with Paris. This shows that new technologies
cannot be a solution alone since someone living in a very well insulated pavilion creates twice as
much carbon emissions as an inhabitant of a renovated old building in central Paris.
The APUR created a method in order to quantify the energy needs for heating associated to a type
of building in theory. This method has been successfully applied to Paris and has been calibrated
for  Paris’  climate [23]. This method does not take into account the type of system used to heat the
building. On the contrary, this calculation only accounts for the requirements of a building, given its
form and its envelope (insulation and glazing). It mostly takes into account thermal losses through
the envelope and thermal solar gains. It  is  thus  a  direct  estimation  of  what  we  call  the  ‘passivity’  of  
the building. As long as it has been calibrated for Paris, we assume that the first term D (taking into
account the climate and the heat island effect induced by urban morphology) has been implicitly
integrated in the calibration of the APUR model. The needs for heating Ethheat can thus be written as
D times the energy needs which are not covered by passive gains PNPG:
𝐸
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The APUR model can be simplified and we assume here that the theoretical energy needs for heat
are only equal to the thermal losses:
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A stands for a constant
C is the compacity, equal to the ratio of the building envelope S and the volume V of the
building at the power 2/3 (for dimensionality issues): the lower the compacity, the lower the
losses
U stands for the conductance of the walls (the better the insulation, the lower U)
DH stands for the degree-hour.

Following the factoring method given by (9):
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Two  changes  in  buildings’  ‘passivity’  can  now be tested via our method:
-

A change in insulation induces a drop dU (negative) in the U coefficient. It leads to a
change in Eheat equal to:
𝑑𝐸

-
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On the other hand, an improvement in the compacity dC (negative as well) will impact the
thermal losses through the envelope. The change in Eheat can be written as:
𝑑𝐸
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For a new building, a higher compacity depends on architectural decisions, but is not directly
associated with a higher or a lower price. However, it will have a direct influence on heating energy
consumption. To reach the same standards, a lack in compacity will have to be compensated by a
better insulation, which is costly. What about considering compacity as an opportunity cost?

5. Optimising the other factors
5.1. The typology of street patterns
Street patterns are the key to create pedestrian cities. They are very different among cities. We
have used the theory of graphs to assess the efficiency of street networks. An important parameter
among others, the cyclomatic number (the number of different paths between 2 points in a network)
is high in Paris, Hong Kong, Kyoto, Tokyo and the ancient parts of Chinese cities but is divided by
15 in the new Chinese developments The average distance between intersections is more than 3
times higher in Guangzhou CBD than in Paris, while the density of intersections is 10 times lower
in Guangzhou than in Kyoto. Both Tokyo and Kyoto are typical walking cities in Asia, influenced by
Chinese culture. In the middle of the picture stands the 19th century European fabric, with striking
similarities between Paris, Hong Kong and the centre of Melbourne, all planned by Europeans. The
average distance between intersections is usually 150m and the cyclomatic numbers range from
60 to 90. These cities were planned as walking cities and provided with good public transport. At
the opposite side are contemporary Chinese developments showing huge distances between
intersections (between 500m and 600m) and very weak levels of connectivity, with cyclomatic
numbers around 6 (thus 15 times weaker than in Europe). These street patterns are typical of caroriented cities.
Further research has to be made with our factoring method in order to assess and quantify the
influence of street patterns parameters on both:
- The overall demand for transport induced by the morphology (Dtransport)
𝑃
𝑃 ]
- The ‘softness’ vector [𝑃
5.2. Optimizing the productivity of energy systems (production and distribution) and
reducing emission coefficients
Renewable energies distributed in the urban fabric can supply more than 20% of the energy
(biogas, biofuels, mini power plants and wind turbines, solar panels). The effects of these changes
will appear in the efficiency terms 𝐼
, 𝐼 and 𝐼 . Again when it comes to reducing the
consumption of coal, uranium and hydro-electric power, factors are multiplicative rather than
additive. Furthermore, urban form is once again a key factor for increasing the solar potential of
cities and the availability of renewable energies [24,25,26].

5.3. Reducing consumer energy wastage
Responsible behaviours   on   the   part   of   residents   and   consumers   can   reduce   a   city’s   energy  
consumption by a factor of 2 at least. The example of urban heating in Paris shows that collective
systems without individual meters multiply wastefulness by a factor of 𝐵𝐹
= 2.5. Whereas
residents with electric heating consume on the average half of their theoretical consumption, those
with urban heating consume 𝐵𝐹
= 1.3 times their theoretical consumption 𝐸
[13].

6. Conclusion: The multiplicative effect of factors
The factors of urban productivity improvement to reduce consumptions are multiplicative not
additive. In a totally optimized city, energy consumption would be divided by 100. If we take into
consideration the inertia of existing buildings and an incomplete optimization, the urban form and
orientation can reduce energy consumption by a factor of 2, building technology by a factor of 2.5,
energy systems by a factor of 2, and resident behavior by a factor of 2 – for a total reduction by a
factor of 20. So we see that a factor 4 or even a factor 10 target is far below this reduction potential.
The same analysis can be transposed to transportation systems, by improving the urban
morphology, soft-transits, systems efficiency and individual behaviours.
It is important to follow an order to get the various factors to work in synergy. It is absurd to
imagine that technology alone can save us when urban forms remain deficient. Indeed urban forms
must be improved first in order to set up low-energy technologies. Very low-energy systems of
mobility and of passive buildings can be established only when there is density, bioclimatic city
design, mixed-use zoning and complexity of forms. Only in a city designed for pedestrians, where
all basic services are within five-minute walking distance, can generalized accessibility cause a
spectacular drop in transit energy consumption. Only in a well-designed city can the optimal
relationship between full and empty spaces be conducive to forms of buildings and streets that
favor natural lighting, solar input in winter and passive cooling in summer. The multiplicative
savings constituted by the technologies used in the components of efficient buildings can develop
on the basis of this kind of dense, bioclimatic urbanism, which characterized all vernacular fabrics
before the industrial revolution. The very same components installed on massive, energydevouring towers do not offer a sustainable solution since the advanced technology cannot
compensate the very high needs of badly planned, positioned and designed buildings. The same
holds true for energy production and distribution systems. Designing urban systems with multidirectional, well-distributed flows, relying on local renewable energy sources, with a high recycling
rate – characteristics of closed ecosystems – is only possible over a certain density threshold and
in urban forms that are sufficiently open yet well defined and designed. The prior conditions
needed to multiply the energy productivity of our cities by four or by ten are density and a good
urban layout. Urban morphology appears to be the primary decisive factor to leverage, in addition
to the widely-discussed   influence   of   building   technology,   energy   systems,   and   consumer’s  
behavior. Besides, we believe that urban morphology should play a leading part in the quest for a
sustainable growth, as urban forms comes first and influence greatly the possibility to use one
technology  or  another,  as  well  as  inhabitants’  behaviour.
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Summary
Climate is changing. This is generally understood as resulting from human intervention. In
his important keynote speak at SB10 in Amman, Prof. R.J. Cole, suggested that without
human impact the nature would heal itself, and consequently the climatic chaos would
ease.
Would the elimination of human impact really result in balance and harmony? The
contradiction of an ‘un-changing climate’ versus ‘changing climate’ is questioned, and
proved to be well against all we know of the past of the Planet Earth.
The aim of this paper is to give the reader a general idea of the dynamics of the climate. In
cases the extremes are found to be much wider, and in others much narrower than one
may have expected. This study offers also a hint of our future – and gives the humans a
rôle in the climatic drama, and wider context for ‘sustainability’.
The conclusion is that without human impact we would be in the middle of an advancing
glaciation.
Keywords: Climate change, ocean level, mean temperature, atmospheric CO2, insolation,
sustainability

1.

Introduction

We humans are naturally enough very interested in our own rôle in the great play of
Nature. Are we its leading actors – or just some occasional passengers on Planet Tellus?
These contradictive visions of the human rôle! have detonated the recent debate about the
Climate Change. The truth may lie somewhere between the extremes, as ever.
The study focuses into the period of present life forms, the last 542 million years of
Phanerozoic Era. The four environmental key indicators are followed: 1) ocean level, 2)
mean temperature, 3) atmospheric CO2, and 4) insolation.

2.

Ocean level
During the Phanerozoic Era, the
ocean level has varied perhaps from
+400 m (Ordovician), and certainly
from +250 m (Cretaceous; see Fig 1)
to –120…130 m 19’000 BP (see Fig.
2). Ocean level has thus varied
roughly within the range of half a
kilometre (530…370 m). We know
this largely because oil industry has
had keen interest in studying the
ocean level variations.

Fig. 1 Phanerozoic Global Sea Level Fluctuations: the
blue line exaggerating, red minimizing the details [1].

Fig. 2 Changes in ocean level mirror the glaciers. Glaciation tends to mean a long bumpy
road down - and then a rapid recovery after every c. 100’000 years [2]
Ocean level can change fast, indeed, typically in the ends of glaciations. For example,
after the last glacial maximum in 19’000 BP (–120…130 m usl), the Oceans rose by some
20 m in a century (‘Meltwater Pulse 1A’), just before 14’000 BP (see Fig. 3). This
expansion of the seas had revolutionary effects into the continental coastlines (the
peninsulas of Indonesia, Great Britain and Japan became archipelagos), climate, and the
living conditions in general. No wonder, there are over 500 ‘myths‘ of the ‘Great Deluge’,
all over the world. Everyone knows it happened. The echo of this Climate Change is still
bouncing in our minds.

Fig. 3 Changes in sea level since the end of the last glacial period [3].

Fig. 4 Sea level has risen 18,5 cm during the 20th century, as measured from 23
geologically stabile sites [4].
For a comparison, during the 20th century the Ocean level rose by 0,185 m (see Fig. 4).
This speed is less than 1% of that apocalyptic – but purely natural – rise of the ocean level
in the end of the last glaciation.

2.

Global Temperature

The Phanerozoic Era was preceded by several ‘Snowball periods’, like the Marinoan c.
650 million years BP, Sturtian c. 730 million, and Kaigas c. 760 million years BP [5] – with
forms of life completely alien to us. Then suddenly in 542 million years BP the Greenhouse
Gasses like CO2, resulted in the most successful Phanerozoic Era, still continuing.

Fig. 5 The Phanerozoic temperature of Planet Earth [6].
The Phanerozoic Global temperature has varied from over +25 °C (e.g. PalaeoceneEocene Thermal Maximum PETM with subtropical poles) down to +10 °C (the coolest
moments of the present and Carboniferous-Permian glaciation, see: Fig. 5). Thus the
mean temperature has been around +17,5 °C and the range of its variation c. 15 °C.
The last 50 million years Global mean temperature has been in a downslide. 30 million
years BP Antarctica got ice cover, 10 million years BP Alaska and 3 million years BP also
Greenland was covered with ice. The tendency is still towards cooler and longer glaciation
periods, with widening seesaw of temperature, ocean level, CO2 and other parameters.
The turning point with the beginning of rising mean temperature is not visible at least
within the next millions of years. The present Climate Change and its temporal warming up
can be seen as counter acting this natural development.
During the 20th century, the Global
temperature has risen by c. +0,9
°C (see Fig. 6), to the present +1415 °C. Climate model projections
summarized in the latest IPCC
report indicate that the global
surface temperature is likely to rise
a further +1.1 – 6.4 °C during the
21st century [8].

Fig. 6 shows the instrumental record of global average
temperatures [7]
The high-end prediction of +6.4 °C would lead us to a Global temperature of +21.4 °C in

year 2100 – and quite a different looking Earth from the present. During the whole
Phanerozoic Era has Global temperature been as high only five times: the Cambrian,
Devonian, Triassic and Carboniferous, as well as Paleocene-Eocene periods have only
momentarily seen such warmth (Fig. 5).
This scale of heating will not end within this century, but will continue for some time, before
fading, just like the other sudden effects of meteor impacts, super volcanoes, etc.

Fig. 7 Tertiary Global temperatures [9]
The highest temperatures have never before occurred in the middle of an Ice Age. This
would have incredible consequences with the complete melting of the continental and see
ice, resulting in +80 m higher ocean level than today, and trees growing on poles. During
the equally heated Eocene period (Fig. 7), Pacific Ocean bottom water temperature was
+13°C, in comparison to the present value of +2°C [10]

Fig. 8 The rise of Ocean Level in the 21st Century, according to recent studies [11].
Researchers have concluded that the ocean rise until the end of this century would be
max 2 m (Fig. 8). The seas are so massive, that they react only slowly to warming. But
when they start, they run a long time.
All in all, the change in Global temperature predicted by the IPCC is incredibly big and
fast. For example the Eocene, Oligocene (Ol-1), Miocene (Mi-1) and Pliocene ‘megadeathdrops’ in temperature were some –1,5 °C only, and took a much longer time (see Fig. 7).
Thus the IPCC report gives us a very, very bad vision of our future, indeed. Even the
politically agreed max +2 °C limit sounds hopelessly huge.

3.

Atm CO2

CO2 is the second important Greenhouse gas (9-26%) after water vapor (36-70%). It is
needed to keep the Earth warm. At the moment, the Greenhouse effect keeps us at +1415 °C, i.e. some 33 °C warmer than the planets ‘effective temperature’ –18…-19 °C. [12]

Fig. 9 Phanerozoic Atmospheric Carbon Dioxide 542 – 0 million years ago [13].
The amount of atmospheric CO2 has varied during the Phanerozoic Era from over 7000
ppm (Cambrian, 25 x the present, Fig. 9), down to the recent 180 ppm (1/2 x the present),
during the coolest periods of our Ice Age.
So, in a big picture, the amount of atmospheric CO2 has constantly diminished, and has
never been as low as recently. The Earth looks like loosing its atmospheric CO2 altogether
within c. 50 million years. Then it would also loose all of its photosynthetic plants, and a
grand majority of the rest of its ‘visible life’. Such a situation would mean the end of the
Phanerozoic Era as we know – and live – it.
The World would once more time return to its Snowball phase, experienced several times
before the Phanerozoic. Perhaps only some deep-sea worms, along their hot water
chimneys, would continue their life as ever before. But for the rest of us this would mean
the end.

However, notwithstanding the 50 million years of cooling and 500 million years of receding
atmospheric CO2, after year 1800 AD the CO2-values have rocketed (Fig. 10). The
claimed cause for the sudden increase is the anthropogenic release of CO2, mainly due to
the industrial use of fossil energy sources (coal, oil, gas, wood, turf).

Fig. 10 CO2 variations during the last 400’000 years, and during the last 1000 years [14].

Fig. 11 CO2 at Mauna Loa, Hawaii: last 50 years [15].

The cause for the yearly rise and fall (fig. 11) is the annual cycle of plant respiration of
nearly 10 ppm. This means that the Nature could in principle consume the atmospheric
CO2 down to the Ice Age–normal 180 ppm in only 20 – 30 years – or all together within
only 40 – 60 years - if there were no recycling of CO2 back to the atmosphere (human,
volcanic, impact, etc).
A curious thing is, that the graphs of e.g. O18 follow basically those of CO2, together with
the Global temperature and ocean level change. No one has claimed that 018 would be
‘quilty’ for warming up. Hence it not completely clear whether the growth of atmospheric
CO2 is a reason for warming, a reaction to warming, or both.
Additionally, low atmospheric CO2 does not always correlate with cool climate, as it
should, if the present understanding would be fully correct. E.g. in the middle of the
Ordovician Ice Age there was 10 times more CO2 in the air than today, i.e. c. 4000 ppm.
Fourthly the present understanding of atmospheric CO2 is limited by the fact that we do
not know where c. 30% of it goes. When speculating with parts per million (ppm), a
discrepancy of whole 1/3 in the source data is painful enough and does definitely not allow
any final conclusions, yet. More study must be done first. NASA tried, but their OCO-1
satellite sunk into the Ocean in 2009 [16].

4.

Insolation

Fig. 12 The Milankovich rhythms of the track of the Earth [17].
According to Milankovich theory, insolation varies based on the interplay of three
competing rhythms of the track of the Earth, its eccentricity (c. 100’000 yrs), precession
(23’000 yrs), and obliquity (41’000 yrs; Fig. 12). This dynamics has a major role in the
rhythms of the Global climate. From the beginning of the present ice age some 3 Ma to
800’000 BP the 41’000 year obliquity was strongest, but then after the 100’000 year
eccentricity has been the pace maker.

Fig. 13 Summer insolation, Global temperature and atmospheric CO2
25’000 – 5’000 BP [18]
The last insolation peak was already 11,000 years ago, at the end of the last glacial period
(Fig. 13). This energy pulse was strong enough to melt down the continental ice caps of
North America and Europe. Since then the insolation has declined by about 10% down to
476 W/m2.

Fig. 14 insolation (sunshine) at 65° North [19].
From now on it will slightly rise for the next 30,000 years (Fig. 14), but will still be low
enough for the next glaciation to form.

Fig. 15 Northern Hemisphere ice volume [20].
Only after c. 100’000 years we will experience the next interglacial period, comparable to
the present conditons. This is shown by the figure 15, describing Northern Hemisphere ice
volume for the last 200,000 years, and a projection for the next 130,000 years. According
to these calculations, the Earth is at the beginning of a 20,000-year plunge into the next
ice age, with c. 100 m recess of the Ocean level.

5.

Discussion

A question rises, why didn´t the next glaciation begin with the sinking of the insolation?
Instead, our climatic conditions have remained very stable indeed during the whole
Holocene interglacial until now (Fig. 13).
One explanation may lie in the Human Factor: the gradual spreading of slash-and-burn
agriculture from 7000 PB. Then the primitive metal production and later growing
industrialism and finally traffic have further enriched the atmosphere with CO2, while cattle
breeding added Methane.
If the present natural state of affairs should be an advancing glaciation, and we have with
our activities caused quite another type of development – what will happen if we suddenly
loose our capacity of emitting growing amounts of CO2 and Methane into the atmosphere?
This could happen e.g. due to Global Economic Crash, or ceasing of economically usable
oil and gas resources, or even due to the Climate Change negotiations. They all may
weaken the Human Greenhouse Effect.
The Ice Age cooling vector is gaining strength under the cover of the temporary Human
warming effect. The yearly consumption of the Nature is c. 10 ppm of the atmospheric
CO2, and that we could get down to the 180 ppm atm CO2, typical to a glacial period,
within a couple of decades only after stopping emiting.

Thus, if the Human warming effect would stall, we would fall right in the middle of an Ice
Age, and this Climate Change would most probably be more drastic than without emitting
growing amounts of agricultural and industrial Greenhouse Gases for several thousands of
years.
It is interesting to recall the beginning of last Weichselian Glaciation in the end of the
Eemian interglacial, some 114’000 BP. First there was half a century very hot weather that
melted Greenland’s ice cap 30-50% smaller than present, so that Ocean level rose 4–6
metres above the present. Antarctica and Greenland were 3-5 °C warmer than presently.
Southern Greenland got forested [21]. The light cool soft melting water covered the heavy
warm salty waters of the North Atlantic Golf current – which effectively died. Then after the
glaciation was free to proceed with a sudden, a couple of decade long free drop of
temperature and Ocean level. Thus, we may deduce that the warmer it gets (and the more
soft water covers North Atlantic, the more effectively will the Golf Stream die out, and) the
cooler climate will be achieved.
The basic environmental challenge of an Ice Age lies in its seesaw / rollercoaster-type of
climate. With extremely rapid intervals the conditions typical to Helsinki can be found right
where they are now - and then some 3’000 km to the south, i.e. around Alexadria, Egypt.
Under extreme climatic stress, stationary states, cities, agriculture, traffic, energy
production and other basic functions of modern society will become very challenging to
maintain, indeed. Movable life style will be preferred: Ice Age breeds sailors.

6.

Conclusion

The Humans are part of the Nature, willing or not.
There is absolutely no such thing as ‘Un-Changing Climate’. Instead, the Climate changes
constantly, with or without humans, destroying old while creating new (Fig. 16).

Fig. 16 Insolation, the base pulse of Planet Tellus, 800’000 BP to 800’000 AP [22]
If the Human impact would be eliminated, as professor R.J. Cole suggested, the result
would definitely not be balanced and harmonious, but most probably as drastic a turn as
because of any other equal-sized sudden change in the parameters of the Nature: we
could be right in the middle of an advancing glaciation within decades.
The present day warm climate is not a bench mark for sustainability. We should not
assume it continues eternally. Instead, the fundamental measure for ‘sustainability’ is the
survival of our species – and the rest of the earthly life – under all imaginable conditions.
Thus we should be much better prepared to meet all the challenges of the constantly
Changing Climate, not forgeting the superior power of the Nature, as seen in the
Fukushima 2011, Haiti 2010, Indonesia 2004, Tangshan 1976, San Francisco 1906, etc.,
or the possible hit by ø 400 m Apophis in 2029 or 2036 – as well as those thousands of
other potentially dangerous shooting mountains racing around the track of Earth. Or the
supervolcanos like Yellowstone 640’000 BP and Toba 73’000 BP.
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Summary
Approximately 40% of energy consumption in the European Union (EU) is used in buildings.
Energy certification of buildings, introduced by the Energy Performance of Buildings Directive, is
aimed to encourage energy renovations. How this will succeed depends to a large extent on the
conditions in Member States (MS). In the international scientific collaboration project both technical
and institutional country specific characteristics were investigated in ten MS. The barriers to energy
savings and the policy measures set up to overcome these barriers were preliminarily mapped by
interviewing the stake holders in each of these MS. The project delivered assessment on energy
savings achievable in the housing stock in selected MS. We also elaborated on the efforts to
identify obstacles that hinder active implementation of energy enhancement measures. A number
of face-to-face interviews and extensive electronic questionnaire surveying homeowners were
carried out simultaneously in ten MS. The results of this part focusing on Finland is reported. The
study shows that 10% of energy consumption for space heating can be avoided by the year 2020
and 20% by the year 2030 if cost-effective energy improvement measures are implemented in the
building stock of studied MS. Non-technical barriers to reach these reductions are be further
discussed in the paper.
Keywords: Building, Building Stock, European Union, Energy efficiency, Saving potential, Energy
certificate, Market barrier, Interview, Survey, Questionnaire.

1. Introduction
Improving energy efficiency is regarded by the European Commission (EC) as a key element in the
Community energy policy. It is described by the Commission as the most effective way to improve
security of energy supply, reduce carbon emissions, increase competitiveness and stimulate the
development of markets for new energy-efficient technologies. EC reports that the households
sector has been estimated to represent 27 % of the energy savings potential by the year 2020 [1].
Article 11 of the newest version of the Energy Performance of Buildings Directive (EPBD) [2] stipulates that residential buildings must have an Energy Performance Certificate (EPC) when they are
sold, rented out or constructed. The EPC includes a label rating of the energy efficiency of the
dwelling and recommendations of cost-effective energy saving measures. The basic idea of the
certificate is an assumption that decisions made at homes are based on information available to
the household about cost effective energy saving measures.

The two main items to address are the potential to save energy; and the reasoning behind decisions concerning actual choices made in residences.

2. Energy saving potential
2.1

Methods

The research was limited to residential buildings in the participating member countries of the
IDEAL-EPBD project, namely Belgium, Bulgaria, the Czech Republic, Denmark, Finland, Germany,
Latvia, the Netherlands, Portugal and the United Kingdom. The size, composition and energy
consumption of the housing stock in each country were studied. The study focused on privately
owned dwellings because consumer behaviour is especially relevant and determines what actions
take place in this part of the housing stock. Private homes represent the bulk of the dwelling stock
in Europe.
An inventory of housing stock was made for this study to form the basis for calculating the
expected saving potential for existing dwellings. The results give insight in total cost-effective
saving potential in dwellings <1000 m2 and can be used as a baseline to monitor the effectiveness
of the EPBD. Statistical data of the building stock were investigated by the project partners.
Savings potential in each country were derived according to the procedure elaborated in the
reference [3].
2.2

Baseline of Energy Efficiency

The baseline for energy efficiency in each country depends largely on two parameters: the energy
consumption in the residential building types present in the housing stock and the size of the
housing stock.
Based on the data reported by the partners from each country, weighted averages for heating
energy consumption were calculated for two building types: single family houses and apartment
buildings. In this context, separate houses owned and occupied by only one family belonged to the
category single family houses. All the other types of dwellings (attached houses, blocks of
apartments, etc.) were grouped in the category apartment buildings. Average heating energy
consumption varied between 96 kWh/m2/a in apartment buildings in Bulgaria and 273 kWh/m2/a in
houses in Latvia. The Finnish housing stock is relatively small, being the third smallest in the
countries studied (Figure 1).
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Figure 1. Size of housing stock in each country and the weighted average of heating energy
consumption in each country.

The results show that the existing stock of single-family houses in the nine countries consume
877 000 GWh of energy for space heating annually. For apartment buildings, the consumption is
474 000 GWh annually.
2.3

Energy Savings Potential

As can be expected, the countries of IDEAL-EPBD have very different savings potentials. The
countries with a large inventory of buildings hold the largest savings potentials in absolute terms,
namely Germany and the United Kingdom (Figure 2). On the other hand, based on average
consumption numbers, some countries are likely to have large potentials for savings on national
level. However, their relative contribution to the European total will remain small. Such is the case
of Latvia, for instance. The effects of annually applicable cost-effective energy efficiency retrofits
will accumulate to produce the annual savings shown in Figure 2.
Apartments - Energy savings relative to
present consumption (%)

Houses - Energy savings relative to
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Figure 2. Relative saving potentials in each country.
Summing up the results for all nine countries, 88 TWh/a could be saved in single family houses by
the year 2020 and 58 TWh/a in apartment buildings, totalling 146 TWh/a. By 2030 the respective
figures are 169 TWh/a for houses and 110 TWh/a for apartments, totalling 279 TWh/a for all
dwellings. In relative terms the potential represents approximately 10 % by 2020 and 20 % by 2030
of present heating energy consumption.
In Finland, considering apartment buildings and houses, the latter seem to have a lager savings
potential of 9.5 % by 2020 and 18.1 % by 2030. This is similar compared to other countries, as can
be seen from Figure 2. In apartment buildings the figures are 3.7 % by 2020 and 7.1 % by 2030,
which is low compared to other countries.

3. Barriers to implementing the energy saving potential in Finland
Energy Performance Certificates are supposed to assist consumers with recommendations for cost
effective measures to improve the energy efficiency measures in their homes. The inventory of
barriers explores which barriers are perceived in each country participating into IDEAL-EPBD
project. This is an important stage in order to find effective ways to overcome both country specific
and general consumer barriers. A multitude of barriers hinder improvements in the participating EU
countries, i.e. homeowners did not prioritize energy efficiency when they purchased their dwelling;
and could simply be unaware of or indifferent to the energy consumption of the buildings. The
results of this wider study are reported in [4]. Here, the more detailed information concerning

Finland is given as an example of the findings in the various types of interviews, namely 6 face-toface interviews with professional (mostly institutional) stakeholders; 5 face-to-face interviews with
common families who recently bought a home; and an internet based questionnaire with 120
responses. The problems experienced during the introduction of the labelling for the EPBD varied
according to the instance of the respondents.
3.1

Interviews with national points of interest holders

The first round of interviews was made with national points of interest holders (including Ministry of
Environment Department of the Built Environment/Construction; Motiva; RAKLI - The Finnish
Association of Building Owners and Construction Clients; The Finnish Real Estate Federation;
Finnish Real Estate Management Federation; and the Homeowners Association).
The majority of the interviewees pointed out that the issues of energy repairs exist practically
always only in coincidence with the general major refurbishment project. There hardly exists
“energy repair” as such. On the other hand there hardly exists a major refurbishment project
without some energy efficacy improvements included into the project. In general, it seems that it is
very difficult to focus on energy as an issue by itself; it is embedded in the entire life cycle
management of buildings.
Regulation is no barrier for energy efficacy. The expected impact from EPBD is modest because
the current requirements already are high. There is some criticism on the way of application of
different directives containing energy related issues. More preferable might be a skeleton law with
nationally relevant regulations. Many of the interviewees mentioned that the (for historical reasons)
protected buildings are a problem, because they are protected by conservation laws and some
other regulations would require actions contradictory with the protection laws. However, Ministry of
Environment gives guidance on these issues.
The construction markets are well operating in Finland. There are several providers of about
anything relevant to the topic. However, major companies are not interested in the repairs of
existing buildings during the business boom; and the companies may not be competent in the
recession (lack of experience). Regarding the innovations, a company needs a good business idea
to attempt to be a top provider. The preventing mechanism is that it is hard to find clients willing to
experiment with the new products. However, development projects may be very rewarding
because the markets are large.
3.2

Investigation with house owners

The home owners were selected from among those who had recently bought a house, and
approached by face-to-face interviews during the summer of 2009. Another bigger group interview
followed by an internet based questionnaire in 2010. The face-to-face interviews were designed to
find out the user experienced demand for the EPBD enforced labelling. Then the internet
questionnaire was designed to cover a more wide range of specific items.
3.2.1 Results from face-to-face interviews
The key findings of the face-to-face interviews include that the most prominent reason for selecting
the house was the location. The concern in the building was mostly on the condition regarding the
potential moisture damages or hidden structural damages. None of the interviewees mentioned
energy audit. They all were quite well aware of the potentially poor energy performance of the
buildings at he time of the purchase, and had very different approaches from total renewal of the
structures to simply accepting status quo. All of the interviewees had done repairs on the house.
The degree of repairs varied, but a common reason was to add comfort, even if the means were
different. Also energy-related repairs were (at least partially) motivated by attempts to improve
comfort.
The interviewees were aware of their potential to save energy and able to name some means for it.
Illumination was one of the favourite candidates for spearing energy. On the other hand, there was

a prevalent notion that they already do quite some of the achievable and the further saving would
lessen their comfort perhaps too much. None had an energy label. Private owners did not feel they
need it for anything unless they are going to sell the house.
3.2.2 Results from the Internet based questionnaire
The questionnaire was advertised in the magazine of Finnish Home Owners Association in June
2010. The number of respondents was 120. Majority of the house purchases had taken place
during the past ten years, only 6 in 2010. Not surprisingly the location, price and size of the
property were reported quite important; but also availability of garden and outdoors spaces was
reported most significant for decision to buy. The least important was the type of heating system,
likely because it could be changed. Some buyers were looking for (cheap) property to be
thoroughly renovated, and poor condition is not an obstacle for purchase there. The top reason for
home improvements was to make home more comfortable. The favourite item in home
improvement was general decoration (47 %); and then work on the garden/outdoors space (33 %).
The favourite energy improvement was to draught-proof windows and/or doors (17 %) – and that
indeed is the reasonable and efficient thing to do, provided that sufficient air exchange is not
impaired in the process
Nearly all of the respondents had heard about the energy certificates; most frequent source was
newspapers (73 %), followed by television (54 %). Internet was o frequent source as well (41 %).
Slightly over one fifth had heard of it from estate agents and property sales material. But only half
of the respondents had seen an energy certificate. And the confusion over the matter grows when
more details were enquired. The importance of the energy label seemed quite marginal.
The respondents are fairly well educated about the environmental issues and confident in finding
the information on how to improve the energy efficiency of their home. However they were far less
confident in finding the appropriate people to carry it out. If people go for energy efficacy repairs,
their main reason is the reduction of running costs, and the criterion for selecting the repairs is the
overall cost of making the repairs.
The overall conclusion is that people feel confident with the information provided by authorities and
relevant trade’s people on energy issues; they hardly feel a need for Energy Certificate for solving
their refurbishment issues. Therefore the motivation for getting a certificate is weak, and there
remains plenty of confusion about the use of it. People appreciate the comfort of their home, and
are willing to pay attention to it. If they implement energy improvements, it is to save money. Thus
the reason for energy repairs is secondary to their primary interest of comfort.

4. Discussion
The interviews revealed that one of the practical problems with energy issues in buildings is the
underdeveloped maintenance culture. The bigger entities of relevant, interactive aspects should be
considered, and systematic, planned actions should replace the ad hoc urgency solving.
Moreover, privately owned housing is not an institution and has no institutional decision making.
The needs and aspirations of the home and apartment owners are diverse. It can not be expected
that technological-economical rationality takes place; in housing corporations decisions are
compromises. Because of these human influences, the outcome of decision making process often
results in the budget allocation somewhere else instead of energy efficacy improvements.
Considering the energy savings potential in the stock, the results are rather conservative compared
to other studies. The Action Plan for Energy Efficiency [1] reports an estimated saving potential in
the buildings sector of 28 % in 2020, of which 91 Mtoe in the residential sector. Furthermore the
plan points that the Energy Performance of Buildings Directive can play a key role in realising the
savings potential in the buildings sector. On the other hand, a recently published study of the World
Business Council for Sustainable Development [5] asserts that a reduction as high as 60 % in the
energy use in buildings is possible by 2050. The rate of improvement deemed possible here and in
the Action Plan for Energy Efficiency would eventually lead to such levels of reductions.

The countries have very different energy savings potentials depending on the size and condition of
the housing stock. In absolute terms, greatest savings potentials are in Germany and the United
Kingdom mostly due to the sheer size of the housing stock in the said countries. Relative to
present energy consumption, the greatest savings potentials were identified in Bulgaria and Latvia.
In Finland houses have generally similar savings potentials as other countries. For apartment
buildings, however, the figures are lower. This seems to be related to a lower number of
economically sensible improvements available for larger buildings and to a relatively good existing
energetical performance of apartment buildings in the cold climate.

5.

Conclusions

The studied countries have very different potentials for energy savings much depending on the
size and condition of the housing stock but their total cost-effective achievable savings represent
approximately 10 % by 2020 and 20 % by 2030 of present heating energy consumption. This is a
considerable saving potential when taking into account that typically heating represents around 1020% of energy consumption in European countries.
The human decision making does not favor energy saving repairs when allocating own resources.
When such repairs are done, the saving of running costs is an incentive and the cost is considered.
So there is an element of economic rationality, but it is secondary to improvements aimed at the
comfort features of home.
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Summary

The aim of this study was to investigate the effect of cement on the geotechnical properties of
contaminated harbor sediments with the use of S/S technology Treatment techniques such as
Solidification and Stabilization are becoming increasingly important in the contaminated land
sector while they increase awareness of the environmental impact arising from its activities and
resulting materials. This study was conducted on harbour sediments derived from Le Havre
Harbour (France). The main objectives of this study were to determine the basic geotechnical
and chemical characteristics of the harbour sediments, to mix harbour sediments with
alcalosynthetic zeolites and ordinary Portland cement (OPC) at 5, 7.5 and 15 percent by dry
weight of the sediments, to determine the compressive strength of the stabilized sediments after
curing for 7, 14 and 28 days and 90 days and to examine the leaching characteristics (in
accordance with the norm EA NEN 7375:2004 protocol) of the stabilized material with emphasis
to alcalosynthetic zeolites Heavy metal concentrations.
.
Keywords: Harbour Sediments; Solidification/Stabilization; Polluted sediments; Heavy metals;
Mechanical properties; Leaching

1. Introduction
Sediments, which result from natural processes, are an essential, integral and dynamic part of
river basins, estuaries and coastal zones. The primary sediment input into an estuary generally
comes from the river, with the grain sizes potentially ranging from gravel through sand, to fine
silt and clay. Another important sediment source is sand carried into the estuary from the marine
environment (from the ocean beach) transported into the estuary by tidal currents flowing
through the inlet. In some estuaries and bays this marine source of sediment can dominate over
the river supply [1]. The mixing of river and marine derived sediments within the estuary is
controlled by a number of different parameters such as the sediment transport resulting from the
continued river flow, reversing tidal currents and the particular circulation pattern of water within
the estuary. These processes vary hourly to seasonaly and for this reason sediment distribution
and composition is the result of a long-term integration of sediment-transport processes.
Navigation in waterways together with harbour access can only be ensured by dredging
operations. Each year, several 100 millions of tons of materials are dredged around the world
[2]. After dredging, traditional solutions such as ocean dumping are constrained by national and

international regulations. European directive number 75/442/CE (JOCE, 1975 [3]), classifies
dredged sediments as waste under section 17 05 05 (polluted sediments) and section 17 05 06
(other sediments). Discharges of industrial and domestic waste water, shipping and agriculture
are the main sources of pollution in harbour sediments. These activities can alter the initial
sediment composition leading thus to a material containing harmful components such as
organic compounds and heavy metals. Most organic pollutants are micro-biologically
decomposed by different pathways, and which are finally converted into CO2 and water.
However, the behaviour and fate of heavy metals is governed by various physico-chemical
processes, which dictate their availability and mobility in soil and sediment systems. Depending
on their binding forms, sediment-associated metals like chromium, cadmium, zinc, copper,
arsenic and lead, are more or less available for mobilization and subsequent uptake by plants
and living organisms. Sediments containing a concentration of up to several hundred mg/kg of
heavy metals represent one of the most challenging, contentious, and politically charged
environmental issues involving heavy metal-contaminated materials. The extensive, worldwide
contamination of riverine and harbour sediments contaminated by heavy metals and the large
potential costs involved with the remediation of these materials has heightened debate amongst
regulators, responsible parties, the scientific community, and community members [4].
Long-term storage of contaminated sediments in designed containment facilities does provide a
relatively inexpensive remedial option. However, terrestrial disposal, is costly and requires large
areas (Jones et al, 2005 [5]). For example, Brouwers et al, 2005 [6] indicates that ripening,
which is the most common treatment technique for dredging material, has reached its limitations
since it is time consuming (it takes 1.5 to 2 years for the soil to be suitable as a construction
material) and also, it cannot cover the constant supply of dredging sludge. The development of
beneficial use strategies for dredged sediments is therefore necessary, since it can provide
affordable methods to remove the contaminants and beneficially use the decontaminated
material.
Shortages of natural resources in combination with the sustainable development approach
adopted by several countries, led different domains such as civil engineering, agriculture, and
manufacturing to plan and perform more efficient strategies in relation to the beneficial use of
dredged sediments. Stabilization is a pre-landfill waste treatment process, which has been used
for different types of industrial wastes, but is particularly suited to those containing heavy metals
[7]. The solidification/stabilization (S/S) process utilizes chemically reactive formulations that,
together with the water and other components in sludges and other aqueous hazardous wastes,
form stable solids. The material used for solidification/stabilization (S/S) not only solidifies the
hazardous waste by chemical means but also immobilizes, encapsulates, destroys, sorbs, or
otherwise interacts with selected waste components. The result of these interactions are solids
that are non hazardous or less hazardous than the original waste.
Previous research on the use of solidified/stabilised raw fine sediments in construction has
shown that treatment by hydraulic binders could satisfy the needed mechanical and chemical
characteristics [2]. However, the proportion of hydraulic binders needed to meet prescribed
specifications is important. For sediments from Le Havre Harbour (France), about 15% of a
hydraulic binder was necessary [8]. However, the need for a large amount of hydraulic binder
makes the use of raw dredged sediments unlikely from an economic point of view. Moreover,
the presence of organic matters can constitute a problem with regards to cement hydration [8].
In this context, this study is aimed at developing a solidified/stabilised material based on fine
dredged sediments in combination with hydraulic binders. The amount of binders used ranged
from 5% to 10% increasing thus the economic viability of contaminated harbour sediments
treatment. To evaluate the influence of binders on the mechanical behaviour of the designed
materials, mixes were treated with cement (at different proportions) and alcalo-synthetic
zeolites, and compared. Moreover, the environmental impacts of the raw fine sediments and the

designed mixes are investigated by performing leaching tests.

2. Materials and Methods
After description of the site from where the sediments are dredged, the basic characteristics of
the studied materials are discussed and a developed methodology is implemented to identify
mixes with optimum mechanical and environmental behaviour.
2.1

Site description

The marine sediments used in this study were dredged from Le Havre Harbour (Fig. 1). The port
district extends 27 kilometres from west to east (from the breakwaters to Tancarville) and at its
maximum point runs 5 kilometres from north to south. The port area of Le Havre includes the
zones directly related to sea traffic and a vast industrial and port complex, covering
approximately a 50 million m3 area. The environmentally-protected land covers a total surface
area of more than 1,600 hectares, primarily lying within the nature reserve of the Seine

Figure 1. Location of Le Harve (left) and Le Havre Harbour (right).

estuary.This harbour is well known for its intensive industrial activities (e.g. petroleum, gas, and
steel) and can process every type of cargo, whether in liquid or dry bulk format including
hazardous waste and goods.
The dredged fine sediments presented in this study were obtained from the sea-bed at about 15
m in depth. Samples of the dredged materials were stored in sealed containers of 0.04 m3 in
volume.
2.2

Characterization of Harbour Sediment

2.2.1 Chemical Characterization
In order to characterize the environmental impacts of the dredged sediments, leaching tests
were performed on three samples from the same batch according to European test standard EN
12457-2 [9]. In the leaching tests, a liquid-to-solid ratio of ten (L/S 10) was adopted. Eluates
from waste samples were analyzed via Inductively Coupled Plasma Mass Spectrometry (ICPMS) and the average values from the three tests are shown in Table 1. According to the
prescribed limits establishing the criteria and procedures for the acceptance of waste at landfills
[10, 11], the disposal of the material on a terrestrial site would require treatment due to the high
levels of Chromium, Zinc and Nickel.

Table 1. Analysis of physico-chemical elements in leachate after leaching test
Tests

ICRCL Trigger Values

After Leaching

22
12
25
100
130
300
300

As (mg/kg)
Cd (mg/kg)
Cr (mg/kg)
Cu (mg/kg)
Ni (mg/kg)
Pb (mg/kg)
Zn (mg/kg)
References

Pollution Level

European directive

Low

«2 »
«4 »
§ 131 §

« 64 »
§ 135 §

« 101 »
§ 433 §

Class III

Class II

Class I

Inert waste

Non dangerous

Dangerous

2003/33/CE (JOCE,2003)
Waste

«»

§§

2.2.2 Physical Characterization
The main physical characteristics measured in the dredged sediments are reported in Table 2.
Using oven drying at 105oC, the measured initial water content was 66.03%. This high water
content is typical of dredged sediments and depends mainly on the type of sediments, but also
on the type of equipment used for dredging. The liquid limit (W L) of the sediments, which
represents the limit between the liquid state and the plastic state as measured by the
percussion cup method, was found to be 78%, while the plastic limit (WP), which represents the
limit between the plastic state and the solid state as measured by the rolling test method, was
found to be 31%. According to the plasticity index (Ip), defined as the difference between the
liquid and the plastic limits, the sediments exhibit similar characteristics as very cohesive clays
with a very low permeability [2]. The specific gravity, measured with the application of Proctor
test was found to be 1680 kg/m3. This value was lower than values adopted for standard
materials and this indicated the presence of organic matter in the sediments.
Table 2. Physical characteristics of Harbour Sediments
Parameters
Value
Water Content (%)

66.03

ρs (kg/m 3)

1680

Atterberg Limits
W L (%)
W P (%)
IP (%)

2.3

78
31
47

Mix designs

The experimental program for solidified and stabilized harbor sediments consisted of the
combinattion of one primary binder (Portland cement-type I 35/A) at variable quantities (5%,
7.5% and 10% by dry weight) and one inorganic secondary binder (alcalo-synthetic zeolites) at
a stable quantity of 1.3% by dry weight. Previous studies on heavy metal contaminated soil [12]
indicated that heavy metal retention capability of alcalo-synthetic zeolites is optimised when
used at range of 1.3% to 2.6% by dry weight of the contaminated soil. In order to enhance the

economic viability of the project, the minimum amount of secondary binder (1.3%) was adopted.
Table 3 summarizes the mix design of the total 3 admixtures with Portland cement being the
only variable component.
Table 3. Mixture proportions of each element
Mixtures

Mix No1

Mix No2

Mix No3

Contained Materials

Proportions

Harbour sediments (g)

7196

Portland Cement (g)

360 (5%)

Zeolites (g)

93.5 (1.3%)

Water (l)

1.8 (25%)

Harbour sediments (g)

7196

Portland Cement (g)

540 (7.5%)

Zeolites (g)

93.5 (1.3%)

Water (l)

1.8 (25%)

Harbour sediments (g)

13746.6

Portland Cement (g)

720 (10%)

Zeolites (g)

93.5 (1.3%)

Water (l)

1.8 litres (25%)

No of samples

7

7

7

In total 21 moulds of S/S treated material, were produced (7 moulds for each mix design) while
the Unconfined Compressive tests and the Leaching tests were performed in triplicate.
Following the production of the S/S material, samples remained in the mould for an additional
24 hours (solidification stage) and then were placed in transparent polyethylene bags in order to
prevent moisture loss.
2.3.1 Unconfined Compressive Strength Test
The compressive strength of the cement mortar in solidified sediments was tested in a
conventional method according to the standard ASTM D2166 [13] test method, using
100x80mm cylindrical moulds. Compressive strength of specimens was measured after 7, 14,
28 and 90 days, using a hydraulic type machine (Press MTS insight 100) for concrete testing
with a loading rate of 1.0 k-N/s. Previous studies [14] indicated that in order for a material to be
suitable for use in the construction industry a minimal strength of 0.34MPa is required, but this
largely depends on the construction domain.
2.3.2 Leaching Test
The heavy metal retention capability (treatment performance) of each mix design was
determined via the Static diffusion test [15]. In total 9 moulds of S/S treated material, were
assessed for heavy metal leaching behavior. The solidified samples, were immersed in nine
different clear plastic containers, with W (mm): 240, H (mm): 180 and L (mm): 290 dimensions,
which were filled with distilled water at a Liquid to Solid (L/S) ratio equal to 5. According to the
standard protocol, the water in each tank needed to be replaced eight times and at specified
intervals. The times at which the water had to be replenished were 0.25, 1.0, 2.25, 4.0, 9.0,
16.0, 36.0 and 64.0 days. Before, the scheduled replenishments of water, leachant samples
were obtained and the pH of the leachant was measured. The samples collected for chemical

analysis, were preserved after collection in Envirobottles and at a temperature between 18 and
22oC.
In total 72 samples were collected for further chemical analysis. 24 samples corresponded to
each of the three different mix designs, which in their turn represented 8 samples for each
selected S/S specimen. All sample leachates were filtered for the removal of fine suspended
solids. In order to avoid metal precipitation from the dissolved liquid phase into the solid phase,
which causes error in the accuracy of the metal concentration measurement, the pH of the
samples was reduced to approximately 1.0 by the addition of concentrated nitric acid before the
metallic analysis, because metals remain dissolved in pH less than 2.0. The presence of Zinc
and Nickel in the leachate was measured by Flame Atomic Absorption Spectrometry (FAAS). In
order to detect the presence of Hexavalent Chromium (Cr(VI)) in the eluates, UltraViolet-Visible
(UV-Vis) Spectrophotometry was used. The spectrophotometric approach that was chosen
relied on the specific reaction of Cr (VI) with 1.5-diphenylcarbazide (1.5-DPC).

3. Results and discussion
3.1

Compressive Strength Results

The compressive strength of the specimens is shown in Table 4, while Figure 2 gives a
graphical representation of the results facilitating thus their interpretation. Between curing ages
7 and 14 days a decrease in the compressive strength of Mix Design No3 is observed. This
could be characterized as an unexpected progression since the amount of Portland cement in
that specific mixture is greater in comparison to the other two Mix Designs. The intensive
decrease in the compressive strength of main specimens could have both a chemical and a
physical explanation. The chemical reason, which is the main cause of an intensive decrease in
compressive strength at the early curing ages of 7 and 14 days, could be attributed to heavy
metal contamination [16].
Table 4. Unconfined compressive strength of the three Mix Designs (MPa)

Mix Design (Cement %)

7

Curing Time (days)
14
28

90

Mix No1 (5%)

1.10

1.20

1.97

2.47

Mix No2 (7.5%)

1.57

1.87

1.17

2.57

Mix No3 (10%)

1.57

1.50

1.85

3.00

Heavy metal oxides such as zinc, nickel, lead and chromium may cause the retardation of
cement paste and prevent the formation of main cement hydration products such as Calcium
Silicate Hydrates (CSH) and pontlandite (Ca(OH)2) crystals, which bear the mechanical forces
[17] such as compressive forces in a solidified cement matrix. This could also be explained by
the high alkaline environment of the eluates (pH=12). More specific in the case of Zn, the Zn
hydroxy anions Zn(OH) and Zn(OH)4-2 are reported to be present between pH 12 and 13. These
anions are transformed into CaZn2(OH)6.H2O, which completely cover the cement grains and
inhibits further hydration reactions [16, 17].

Figure 2. Compressive strength of specimens as function of curing time (days).

Extending the curing period of solidified sediments, especially after 28 days, the hydration
reactions of the cement started and resulted in the formation of main products, which bear high
compressive strength. However Mix Design No2 (7.5% of cement) presents an intensive
decrease in its compressing strength from 1.87MPa to 1.17MPa. This value is even lower than
the value obtained after the first stage of the curing period (7 days). This decrease could be
attributed to the presence of heavy metal oxides, as mentioned earlier, however a physical
explanation could also support this decrease. The presence of fine particles of soil with high
specific surface areas, which might effectively reduce the amount of cement available for
binding the fine and coarse aggregates required to provide adequate strength. In addition, soil
might cover the surface of aggregates and prevent the adhesion of the cement paste and the
aggregates [17]. The compressive strength of specimens cured for 90 days has increased in all
Mix Designs, but negative effects, especially chemical effects, on cement hydration limited this
increment strongly in Mix Design No2 and Mix Design No 3. The only Mix Design that shows a
slow but progressive increase in compressive strength with no negative effects is Mix Design
No1. This leads to the conclusion that effective and rapid treatment of contaminated sediment
could be achieved with the application of Mix Design No1 (5% cement+1.3% of Zeolites).
However, if the application of the solidified products extends into the construction industry then
longer periods setting and curing time are required in order to achieve a satisfactory
compressive strength performance. But before any application, the leaching results of the
solidified soil should satisfy the environmental limits.
3.2

Leaching Results

Regulations and guidelines regarding heavy metal contaminated land have evolved as part of a
more integrated environmental approach. One type of regulation seeks to contain the limit of
addition of heavy metals in the soils, while the other imposes upper heavy metal concentrations
in soils destined to receive wastes (landfill) and in soils designated for future development. It
could be concluded that overlapping issues can easily arise among the different powers that
control contaminated land since there is more than one regulator with concurrent powers. For
the purposes of this study, the recommendation value of the Interdepartmental Committee on

the Redevelopment of Contaminated Land (ICRCL) together with the acceptance criteria for
hazardous waste of the European Landfill Directive (99/31/EC) was adopted. However, this
study is not aimed at performing a risk assessment research. If a risk assessment study is
required, then information from this work could be used to derive a site specific soil guideline
value.
3.2.1 Results
Figures 3 to 5 show Zn, Ni and Cr concentrations in leachates in the specific time intervals of
the tank test.

Figure 3. Relation between the amount of leached Zinc (ppm or mg/l) and test duration (days)

It should be noted that leaching tests were performed in each monolithic bloc after 28 days of
curing. It is generally observable that extending the curing age of solidified soil decreases the
metal concentration in leachates.

Figure 4. Relation between the amount of Nickel (ppm or mg/l) and test duration (days)

This indicates that the treatment has been enhanced by the hardness achievement and
formation of main crystalline phases, which increased the acid neutralization capacity of the
matrix and prevented metal solution in acidic leachants.

Figure 5. Relation between the amount of leached hexavalent chromium (ppm or mg/l) and test duration
(days)

Additionally, due to aging (28 days), more hydration reactions took place and, as a result, more
metals stabilized in the form of metal hydroxide precipitations, which presented themselves in
the developing crystalline phases of hydrated cement or were absorbed into the CSH gel or
zeolite crystals. As a significant result, the leaching concentrations of all metals at any curing
age were considerably lower than ICRCL and European regulatory limits according to Table 1.

4. Conclusion
The increase of cement quantities resulted in an increase, in the appropriate mix designs, in
strength as measured by the unconfined compression test. The final strength obtained is higher
in Mix designs No3 and No2 respectively, and this was achieved during the maximum curing
period (90 days). However, significant decreases in compressive strength were observed in both
mix designs during the curing period. The presence of heavy metals acts as a hydration retarder
and reduces the strength in Mix Design No2 and Mix Design No3 after 28 and 14 days
respectively. In general, the strength increases as the percentage of cement increases and as
the curing period increases. Mix Design No1 shows a homogeneous performance in strength
increase and it is more efficient for landfill designated wastes.
In relation to leaching performance and consequently environmental impact, all mix designs
studied in this project have shown to be capable of reducing heavy metal concentrations by up
to 98%. Alcalo-synthetic zeolites in combination with Portland cement seem to be capable of
incorporating heavy metals in the solidified matrix while cement at minimum quantities can
produce a quick alternative to the problem of long-term storage of contaminated sediments in
designed containment facilities. Finally, it cannot be assured that the overall effectiveness in
heavy metal retention by the three (3) different mix designs will be maintained when applying
different test conditions. On the basis of this study, the developed mixes could be studied with

more polluted sediments in order to evaluate the efficiency of the proposed solution and the
influence of other pollutants in the matrix.
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Summary
Water supply interruption during tank cleansing often causes inconvenience to residents. A solution
is now in place with the introduction of the innovative “twin tanks for fresh and flush water supply
system” to all new public rental housing projects since 2008. Originated by the Hong Kong Housing
Authority, the system not only allows continuous water supply to residents during regular tank
cleansing, but also facilitates maintainability and helps to conserve the environment by saving water.
The first two public rental housing estates benefiting from the new system completed in 2009 are
Yau Lai Estate in Yau Tong and at Shek Mun Estate in Sha Tin.
According to the Hong Kong Waterworks Standard Requirements Clause 4.9 and the Hong Kong
Housing Authority’s current practice, all fresh and flush water tanks need to be thoroughly cleaned
at least once every three and six months respectively. Normally, water supply will be suspended for
about four hours for the cleansing process. Residents may need to store fresh water for temporary
use or use fresh water to flush toilets during those periods. There is also considerable wastage
when water remained in the tanks has to be drained away for tank cleansing.
Our twin tank system is first of its kind putting in use in high-rise residential development, original
and practicable. The design divides each water tank into two compartments and adopts an
“alternately operating” approach. When one of the tanks is shut down for cleansing, the other will
remain in operation thus ensuring continual water supply to residents.
A step by step cleansing procedure is also established for the new system. It passed the test when
Shek Mun Estate has its first tank cleansing carried out in September 2009 and the residents were
satisfied with the operation. With the completion of more new estates, it is estimated that about
75,000 households will benefit from the system in the coming five years, and about 2.8M litre of
water can be saved every year.
On top of the twin tank design, HD also adopt modified water tank discharge pipe-works, enhanced
water tank construction and higher grade waterproof concrete for both water tank and roof floor
construction to enhance durability.
The new system achieves a win-win situation for all. Residents’ quality of living can be improved as
they no longer suffer from interruption of water supply. To the Hong Kong Housing Authority, the
system is cost effective as roof structures become more durable and the service life of buildings

extended. Society as a whole will also benefit as the system is conducive to environmental
protection and sustainable development.
Keywords:
Repair

1.

Twin Tanks, Uninterrupted Water Supply, Water Saving, Reduce Maintenance &

Background and Objectives

The green building research study on Twin Tank System brings benefits to the environment by
saving water and convenience to public rental housing tenants by providing uninterrupted water
supply during cleansing of water tanks in domestic blocks. The system so derived meets the Hong
Kong Housing Authority’s corporate objectives and is founded on our core values of 4C’s: namely
Caring, Customer focused, Creative and Committed. It meets present social, economic and
environmental needs but NOT at the expense of future generations. (Fig. 1)

Fig. 1 4C’s: Caring, Customer focused, Creative and Committed; Social, Economic and
Environmental needs
According to the requirements of the Water Authority and the Hong Kong Housing Authority’s water
tank cleansing schedule, our maintenance team shall carry out regular cleansing of fresh and flush
water tanks in every three and six months respectively. Normally, water supply will be suspended for
about four hours when the tanks are cleaned. Whilst these cleansing operations assure water
quality and hygiene for healthy living, interruption of water supply is inevitable and often causes
inconvenience to tenants. During the time of cleaning of fresh water tanks, tenants will have to
store water before stoppage. They would also need drain away the first flow of fresh water to wash
away muddy water after resumption of water supply. In case of flush water tank cleansing, more
water will be wasted as tenants would use fresh water for flushing during the interruption of flush
water supply. (Fig. 2)

Fig. 2 Suspension of Water Supply

It is also very common and considerable wastage that large amount of water will be discharged from
the wash out of water tanks before cleansing, free flowing across the roof top to the drain point, and
leading to water ponding and possible damages to the roof slab especially in the case where sea
water is used for flushing. (Fig. 3) In the last Comprehensive Structural Investigation Programme
in 2005 conducted for the occupied blocks by the Hong Kong Housing Authority, the reinforced
concrete structure of a number of roof tops and water tanks have been badly deteriorated by
chloride attack and around 30% requires immediate replacement or extensive repairs.

Fig. 3 Water Ponding and Damages to Roof Structure

2.

Concept

With the clear objectives on “Saving water”, “Providing uninterrupted water supply” and “Reducing
maintenance and repairs”, the Hong Kong Housing Authority initiated the concept of Twin Tank
System in January 2007. We started off by examining both fresh and flush water tanks at the roof
and ground level (sump tank) in form of twin tanks. It was estimated that the full capacity of the roof
tank only would be sufficient to maintain uninterrupted water supply to tenants during the cleansing
works of small size sump tank at ground level. Therefore, we considered not necessary to apply the
twin tank concept to the ground level sump tank and focus on its adoption in roof tank only. (Fig. 4)

Adopt Twin Tank System for
Roof Tank:
Roof Tank

•

Maintain water supply from one of
twin tanks to tenants at all floors
during cleansing of another one of
twin tanks

Also adopt associated enhancements:Tenants

•

Direct discharge of waste water to
waste stack

From government mains

•

Use coated reinforcement and high
grade concrete

Sump Tank

NOT Adopt Twin Tank System for
Sump Tank:

•
•

Smaller size (1/3 size of roof tank)
Full capacity of roof tank can provide
adequate water supply after pump
stoppage for 2 hours cleansing

Fig. 4 Assessment to Water Tanks at Roof and Sump Tank at G/F in form of Twin Tanks

2.1 Twin Tank System
To materialize the twin tank concept into the physical design, the system requires a separation wall
between the two tanks with additional supply pipeworks and fittings (Fig. 5).

Single tank

Twin tanks

Fig. 5 Twin Tanks Concept
The Hong Kong Housing Authority started working out a feasible and workable cleansing procedure
to maintain the water supply. The following figures show diagrammatically the sequence in steps
(Fig 6):-

Fig. 6 Cleansing Procedure
2.2 Statutory Compliance
With the additional water supply pipeworks and fittings, the twin tank system basically contravenes
the original Hong Kong Waterworks Standard Requirement Clause 4.1. which has no allowance for
twin tanks, such as
- Only allow “one” ball valve and “one” fullway gate valve; and
- Only “one” automatic control switch and “without” any stop valve in the case of a pumped
supply.
Upon consultation with the Water Supplies Department, they readily accept this novel arrangement,
and in response promulgated under their WSD Circular Letter No. 4/2007 - Amendments to “Hong

Kong Water Works Standard Requirements” Clause 4.1 in October 2007 - allowing each tank fitted
with an automatic control switch and a stop valve for temporary isolation purpose in the case of a
pumped supply to the twin tanks (Fig. 7). An additional pressure switch at the water pipe rise at
ground level pump room is also required to shut off the pump and actuate an alarm under no-flow
condition. This measure is to protect the pump from being damaged and lead to long period of water
supply interruption when both stop valves of the twin tanks are accidentally shut off.

Original

Amended

Fig. 7 Amendment to “Hong Kong Water Works Standard Requirements” Clause 4.1
2.3 Implementation and Benefits
The new system has been fully incorporated in all the Hong Kong Housing Authority’s new Public
Rental Housing projects at design stage since May 2008. Cleansing workers are trained to follow
the cleansing procedure straightly (Fig 8).

Fig. 8 Workers Training
Shek Mun Estate at Shatin, Hong Kong completed in May 2009 was the first estate using the
system. Other recently completed public rental housing projects using the system include Yau Lai
Estate, Chai Wan Estate, Choi Tak Estate and Mei Tung Estate (Fig. 9). The system can save up to
2.8 million litres of water per year and can bring convenience to 75000 flats in the next 5 years.

Fig. 9 Shek Mun Estate at Shatin; and Yau Lai Estate at Yau Tong
2.4 Associated Enhancements
Other associated enhancements include direct discharge of waste water to water stack and
enhancing structure of roof slab and roof tanks are introduced for better durability and sustainability
of the structure. We estimate that there will be cost saving of $2 million for each domestic block for
replacement of water tanks in 30 to 40 years. As expected, “Zero” adverse comment has been
received from the tenants in the estates using the system.
2.4.1 Direct discharge of waste water (Fig. 10)
In discharging the residual and waste water, the Hong Kong Housing Authority adds new pipings to
allow direct discharge via buffer tanks or hoppers into the waste stacks instead of free pouring
across roof slab.

Fig. 10 Direct discharge of waste water with Hoppers or Break Tanks
2.4.2 Enhancing durability of structure (Fig. 11).
Epoxy coated reinforcement and higher grade concrete are introduced for use in the roof slab and
the roof tanks. Twin water tanks are to be constructed with Grade 45 waterproof concrete and
reinforced with epoxy coated re-bars and main roof slabs are to be constructed with Grade 45
concrete designed to satisfy the moderate exposure condition in CoP 2004.

Grade 45 Waterproof
Concrete for Water
Tanks

Grade 45 Concrete
for Main Roof Slabs
Fig. 11 Epoxy Coated Reinforcement and Higher Grade Concrete to Roof Slab and Water Tanks

3.

Recognition & Commendation

The design team of the twin water tank system has been granted a Special Citation (Cost
effectiveness) Award under the category of General Public Service (Team) of the Civil Service
Outstanding Service Award Scheme 2009. In 2010, the system was awarded the Finalist in the
Green Building Award 2010 under the Hong Kong Green Building Council (Fig. 12)

Fig. 12 Civil Service Outstanding Service Award Scheme 2009 and Green Building Award 2010

4. Conclusion and Way Forward
The new water supply system achieves a win-win situation for all. Residents’ quality of living can be
improved as they no longer suffer from water interruption during tank cleansing. To the Hong Kong
Housing Authority, the system is cost effective as roof structures become more durable and the life

of buildings is extended. Society as a whole will also benefit as the system is conducive to
environmental protection and sustainable development.
In our core values of 4C’s, the Hong Kong Housing Authority cares for the tenant’s convenience and
environmental impact; focuses on customer’s need for more reliable water supply; creates an
original system for domestic blocks in Hong Kong; and commits to face and resolve hurdles in
statutory requirements. As a responsible public sector developer, the Hong Kong Housing Authority
has displayed an innovative system that meets the 3 dimensions of sustainability, economics,
environmental and social sustainability. For the society, we set good example in water conservation
and raise the public awareness in saving water. For the global gain, we conserve a natural resource:
water which is becoming scarce. The Hong Kong Housing Authority will continue to work closely
with other government departments, non-government organizations, academic, and industry at
large to promote the design and other water saving initiatives in the public and private sectors for
better conservation of our water resources.
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Summary
This study aimed to heighten the recognition and understanding of the relationship
between water infrastructure and energy use. It included a review of international
initiatives but primarily considered a number of water infrastructure providers in New
Zealand and assessed the energy use associated with the four main components of
the water supply and wastewater. From this study several conclusions were drawn as
to how energy requirements associated with water infrastructure could be reduced.
Keywords: Water, energy, infrastructure, efficiency

1

Introduction

The relationship between the reticulated urban water cycle and the energy used in
those processes are considered to highlight the operational energy component of
urban water systems and suggest that this factor should be given more weight in the
design of reticulated water systems, as energy costs rise. The study was undertaken
to provide one aspect of why and how the urban water infrastructure could be
modified to be more resource efficient and resilient now and in the future.

2

Methodology

In New Zealand, data on energy used through various sectors of the water network
have been captured by some councils, as part of monitoring their energy use and in
reporting to the International Council for Local Environmental Initiatives (ICLEI) on
greenhouse gas emissions. Data from four council-managed water supply and
wastewater systems, with a diversity of local conditions, have been analysed for their
relative energy use and energy efficiency of the various water supply and wastewater
processes. Energy data from the councils at Nelson, Waitakere, Kapiti Coast and
Palmerston North were consolidated into four sectors of the reticulated water system
being: water supply pumping, water supply treatment, wastewater pumping and
wastewater treatment.

All councils involved in this study had put in place systems to best meet required
health standards and protect the immediate environment. The downside of such
systems is the operational requirements and energy costs in a time when those costs
will most likely increase. The question thus, is what can be done to bring down the
costs of current infrastructure and what design changes could be made to make
future water infrastructure more energy efficient, while still achieving the
effectiveness and health standards that are required. These initial results showed
some variations in energy efficiency between the systems and a consideration of
relative energy use between sectors. For example, the degree of water supply
treatment required and the degree to which gravity-fed systems are available were
key factors in the energy operating cost of the water supply systems.

3

Discussion

The investigation revealed that while the connection between energy use and urban
water systems was being made increasingly, both overseas and in New Zealand,
there is a scope for further innovations or alternative solutions to be considered when
designing systems or considering what sort of solutions to use. A number of
recommendations were made to reduce overall energy requirements:
•

Water Demand Management Options to manage down demand and ensure
the infrastructure is efficient

•

Utilising Energy Audits and Benchmarking Tools

•

Maintenance of Pumps and Motors through ensuring pumps are maintained
at their optimal level of efficiency

•

Reducing Peak Demand Times

•

Utililising Co-Gen from Wastewater Biogas

•

Using other On-Site Renewable Energy Sources

•

Considering a secondary supply

•

Re use of water, especially where wastewater is tertiary treated

The study concludes that there is a growing awareness of energy requirements in
water infrastructure both in New Zealand and overseas. Better monitoring and
reporting systems will help focus on design and operational changes that improve
efficiency. In particular, considering energy and water as one system will ensure
future water infrastructure does not over-burden the environment or our finances.

INTRODUCTION
Access to clean water and the removal of wastewater is a hallmark of civilized urban
living, delivering health and comfort benefits. Over the last 150 years, sophisticated
reticulated systems have been developed to supply those services. Traditionally,
reticulated water infrastructure has developed in conjunction with population growth
although in some parts of the country, Wellington included, raw sewage was pumped
directly into the harbour in recent history. This infrastructure is not just water
intensive but also energy intensive, especially where significant levels of treatment
and pumping are concerned. With both water and energy supplies undergoing more
pressure and populations predicted to continue to grow, it is sensible to consider how
our water related services can be met in a way that reduces the consumption of, not
just water, but also associated energy. Critical to the design consideration is
recognizing that hydrocarbon based energy supply will become substantially
restricted and therefore more expensive in the next few decades. In addition,
environmental externalities associated with energy generation, even our main
renewable energy source through hydro dams, will add to that pressure and hence
energy efficiency should be a key consideration in any infrastructure investment
decision.
Previous research (Lawton et al, 2008a) has considered the benefits of a demand
management approach to water, which in turn reduces associated energy
requirements. While leakage reduction and demand management interventions are
the most effective means of conserving both water and energy, there is also scope to
focus on the design of current and future water systems to limit energy requirements.
Understanding where energy requirements are highest is necessary to be able to
design energy efficiency into reticulated water systems and ensure that the on-going
operational costs of these services to communities are minimized. The design could
consider water services based on ecological principles and closed systems that
move towards being self-sustaining. The recovery of energy from wastewater
treatment is but a step in that direction.
Some overseas studies have already highlighted the need to consider the use of
energy in water infrastructure. The California Institute for Economic Efficiency (CIEE,
2000) notes: “Critical elements of California’s water infrastructure are highly energy
intensive. Moving large quantities of water long distances and over significant
elevations in California, treating and distributing it within the state’s communities and
rural areas, using it for various purposes, and treating the resulting wastewater,
accounts for one of the largest uses of electrical energy in the state. Significant
potential economic as well as environmental benefits can be cost-effectively
achieved in the energy sector through efficiency improvements in the State’s water
systems.” New Zealand is generally fortunate in not having to pump water significant
distances, the exception being the Waikato pipeline with a second pipeline
anticipated in 2026, unless the demand is reduced.
The report, “Energy Down the Drain: The Hidden Costs of California’s Water Supply”,
(NRDC, 2004), highlights a generally accepted approach to utility development where
the cost or value placed on utilities relates only to the utility provided by that utility
company, hence:
“Water utilities value only the cost of treating and delivering water. Wastewater
utilities value only the cost of collection, treatment and disposal. Electric utilities value
only saved electricity. Natural gas utilities value only saved natural gas. This causes
underinvestment in programmes that would increase the energy efficiency of the
water use cycle and increase agricultural and urban water use efficiency.”

Studies have proposed that by assessing water on its total value, energy and water
demand management programmes that could not meet the earlier cost-effectiveness
threshold become attractive (CEC, 2005).
Water scarcity has become a critical and defining issue for Australia with climate
change and related policy taking centre stage as an already very dry continent
attempts to innovate and greatly extend the useful life of its already overstressed,
and in many cases, over-allocated water resources. The relationship between water
and energy is especially pertinent in Australia because it is likely that additional new
future supply will come from energy-intensive desalination and “black water”
treatment plants in order to meet future demand. In New Zealand according to the
CEO of the Sustainable Energy Association of New Zealand, “New Zealand’s current
centralised electricity system means that power has to travel relatively long
distances, which results in New Zealand having one of the highest power loss rates
in the developed world” (SEANZ. 2008). So while much of that energy is generated
through hydro-dams, considered to be renewable, the use of that energy is still
inefficient compared with local renewable sources.
In response to the wider issue of water scarcity, greenhouse gas (GHG) mitigation
and water conservation, measures have been implemented country-wide. Australia's
Commonwealth Scientific and Industrial Research Organisation (CSIRO) have
carried out a study considering the missing connection between these critical efforts
(Kenway et al, 2008). In addition, studies on pumping and water treatment efficiency
have been explored to better understand the available opportunities of energy and
water conservation, (ibid).
CSIRO has considered the water-energy relationship for seven major cities, six in
Australia and Auckland City in New Zealand. To explore further the energy intensive
areas of the water cycle, studies were undertaken to provide guidance on how to
implement more energy efficient measures within the water supply and wastewater
systems. The outcome of the research has shown that the large variance in energy
intensity associated with urban water systems for each city was mainly due to
differences in topography, water source and treatment systems.
METHODOLOGY
To arrive at an initial understanding of New Zealand’s reticulated energy and water
relationship, energy use was analysed for four councils operating in differing water
infrastructure contexts.
Previous Beacon water-related research indicated that the consistency and method
of water- related data collection between councils was highly variable, (Lawton et al,
2008b). To overcome this problem and collect a consistent data set, only councils
with a commitment to assessing and managing carbon emissions through the
International Council for Local Environmental Initiatives (ICLEI) were considered for
the study. However, even though ICLEI requires collection of energy/water supply
and treatment data, it was evident from the initial data inspection that there was no
consistent method of recording the information. This, and the time required for
council officers to collect and collate the information, excluded many councils from
the study.
A range of water infrastructure features and configurations was considered to
investigate the individual and relative energy intensities they contributed to water
infrastructure. The four councils selected are shown in Table 1, along with their key
water infrastructure features.

Council

Supply Type

Wastewater
Treatment
standard
Waitakere City Council Five dams: mainly gravity Tertiary –Mangere plant
(WCC)
fed plus the pipeline from (Tertiary
treatment
reduces
the
nutrient
the Waikato
concentration
in
the
wastewater)
Palmerston
North City Turitea
Stream
and Tertiary
Council (PNCC)
artesian well (at peak
times)
tertiary,
Kapiti
Coast
District Four systems, largest Predominantly
Council (KCDC)
system
supply
from some secondary
treatment
Waikanai
River,
bore (Secondary
water at peak times during uses bacterial action to
degrade organic matter)
dry weather
Nelson City Council (NCC) Maitai Dam and the Predominantly tertiary
Roding River
Table 1: Case study councils with key water infrastructure features
The energy examined in this study reflects direct inputs to water cycle operational
requirements (i.e. electricity for pumping and operations of the treatment facilities)
and makes no consideration of embodied energy in plant construction.
The water cycles were broken down into the following four sectors based on the
study, (NRDC, 2004).
Water Pumping: The energy required to extract the water from its source, the
conveyance of water to the treatment site, and pumping required to supply the enduser.
Water Treatment: The energy required for the processes of treating water that
meets potable water health standards. Some localities then exasperate the energy
used in pumping and treatment through significant pipe leakage rates which vary
between a low c.11% in Waitakere to a reported over 50% in one part of the country.
Wastewater Pumping: The energy required for any pressurisation or pumping that
occurs within the wastewater's collection, conveyance to treatment site and disposal.
Wastewater Treatment: The energy required for the operations occurring in the
wastewater treatment plant.
The energy data collected for this study for all but Waitakere City Council (WCC) is
derived from the ICLEI Councils for Climate Protection (CCP) Programme milestone
1 data. The milestone 1 data is an inventory of city councils’ greenhouse gas
emissions for council services and operations and provides an analysis of sources of
these emissions from the municipality as a whole.
Although WCC contributed to ICLE, much of its water cycle is managed by the
regional water wholesaler - Watercare Services Ltd., so the data was sourced from
the Auckland Water Industry’s Annual Performance Review (Auckland Water
Industry, 2006/2007) and WCC’s 2007 to 2008 annual water pumping figures
(Ecowater, 2008). Total energy used for each area (i.e. water pumping, wastewater
treatment, etc.) of the entire Auckland region was collated from the Watercare Annual
Report (Watercare 2008) and the percentage of water (13%) and wastewater (11%)
allocation for WCC was attained from the Auckland Water Industry report. There may
therefore be some minor discrepancies in the calculated amounts for WCC, due to

the differing years from which the information has been collected; being what was
available at the time of the research.
The information from each council was analysed to provide the following efficiency
equations:
•

Water Energy Efficiency (kWh/Cubic Metres) = Annual Water Supply Energy
(kWh)/ Annual Water Supply (Cubic Metres);

•

Wastewater Energy Efficiency (kWh/Cubic Metres) = Annual Wastewater
Energy (kWh)/ Annual Wastewater Supply (Cubic Metres).

These results were then compiled to deliver the total water-energy intensity
relationship as annual kWh/per person that provide a snapshot of the relative
intensities of the various systems.
RESULTS
Waitakere City Council (WCC)
The total energy figures for WCC in Table 2 were derived from their percentage of
Watercare’s energy figures, plus the contribution managed directly by WCC.
Waitakere’s water supply source is located close to where it is consumed and 98% of
the supply is gravity fed due to the height of its dams in the Waitakere Range.
Domestic and other water uses average 220litre/pp/pd.
The total energy figures for WCC were derived from their percentage of Watercare’s
energy figures, plus the contribution managed directly by WCC.

Stage
Water Pumping

Energy (KWh)

Energy %

853,578

6.31

Water Treatment

3,180,600

23.50

Wastewater Pumping

1,439,948

10.64

Wastewater Treatment

8,060,030

59.55

Total Electricity (kWh)

13,534,155
Energy (kWh)

Volume
(m3)

Energy Water
Ratio (kWh/m3)

Water Cycle

4,034,178

17,054,177

0.24

Wastewater Cycle

9,499,978

15,159,110

0.63

Population

193,400

Notes: Pop expected to grow to
257,200 by 2026

kWh per capita

69.98

Table 2: Summary of WCC’s Energy/Water Use Relationship

On an annual per capita basis, the energy use for the total reticulated water system
was 69.98 kWh. On a per capita basis, WCC’s energy efficiency is the best of the
four councils studied. As can be seen in Table 2, the highest energy use occurs with
wastewater treatment (59.55%), followed by water treatment (23.50%) and
wastewater pumping (10.64%) and then water pumping (6.31%). In terms of energy
intensity, WCC’s wastewater treatment is nearly three times that of supply. However,
wastewater treatment also involves anaerobic digesters, which provide biogas for onsite power generation providing 51% of the energy required for the wastewater
treatment process, significantly increasing the energy efficiency of that system.
Palmerston North City Council (PNCC)
The population of Palmerston North is 67K and is expected to grow by another third
by 2026. Water use, domestic and all other uses for the city, is estimated at 423
litres/pp/pd. The Council has a demand management programme focused on
reducing outdoor water use over summer and a leak reduction study. The water
supply to the main urban area of Palmerston North is sourced from the Turitea
Stream as well as by four artesian bores at times of high demand. There are two
storage dams at Turitea to help manage supply from the Turitea Stream. The
analysis of data is summarised in Table 3.

Stage

Energy (KWh)

Energy %

Water Pumping

1,123,556

21.26

Water Treatment

413,056

7.80

Wastewater Pumping

478,056

9.03

Wastewater Treatment

3,278,056

61.91

Total Electricity

5,294,724
Energy (kWh)

Volume (m3)

Energy-Water
Ratio (kwh/m3)

Water Cycle

1,538,612

10,391,426

0.15

Wastewater Cycle

3,756,112

11,567,000

0.32

Population

67,300

Note: Expected to grow by 33%
in the next 18 years (2026)

kWh per-capita

78.67

Table 3: Summary of the Palmerston North Energy/Water Use Relationship
PNCC’s water supply shows a kWh per capita figure of 78.67. This is the annual
energy requirement per capita for PNCC’s water infrastructure. The highest energy
use occurs with wastewater treatment (61.91%), followed by water pumping
(21.26%), wastewater pumping (9.03%) and water treatment (7.8%). Energy
requirements for the total amount of electricity used annually is 5,294,724 kWh’s. The

energy/water ratio for supply was at 0.15kWh/m3 while wastewater treatment was at
0.32kWh/m3.
The most energy intensive part of the system was for wastewater treatment. The
plant recently had a $15.5 million upgrade, which included a phosphorous treatment
system in order to improve the standard of wastewater being disposed of into the
Manawatu River.
Kapiti Coast District Council (KCDC)
Located on the lower West Coast of the North Island, KCDC has a focus on reducing
water demand. The current high water usage of 650 litres/pp/pd is significantly due to
the sandy soils and dry summer climate and hence high outdoor use for domestic
and some market gardens. The population of 46K is likely to grow as Kapiti is a
popular retirement area and a commuter town for Wellington.
Kapiti’s future supply is a critical issue for the council with the expected capacity
likely to be met within the next two to three years. Restrictions on water-take from the
Waikanae river supply require a shift to bore water extraction during dry periods of
the year. The energy required to extract this bore water is higher than from the river.
The wastewater treatment in the District is to tertiary standard, with some secondary
treatment. A number of properties also use septic tanks.

Stage
Water Pumping

Energy (kWh)

Energy %

118,590

1.69

3,353,589

47.69

777,493

11.06

Wastewater Treatment

2,782,749

39.57

Total Electricity

7,032,412

Water Treatment
Wastewater Pumping

Energy (kWh)

Volume (m3)

Energy-Water
Ratio (kWh/m3)

Water Cycle

3,472,179

7,817,730

0.44

Wastewater Cycle

3,560,233

4,025,000

0.88

Population

46,200

Has
a
population

rapidly

kWh per capita

152.22

growing

Table 4: Summary of Kapiti Coast Energy/Water Use Relationship
KCDC’s highest energy use is in water treatment and reflects the poor drinking
quality standard of the base water sources. Kapiti’s total water system shows a kWh
per capita figure of 152.22, the highest of the four council case studies. This is the
amount of energy per person required annually for water infrastructure. The highest

sector of energy use occurs in treating water (47.69%), followed by wastewater
treatment (39.57%), then wastewater pumping (11.06%) and water pumping (1.69%).
The energy/water ratio for supply was 0.44kWh/m3 while wastewater treatment was
0.88kWh/m3.
Nelson City Council (NCC)
Nelson has long dry summers with limited access to further future water supply
sources. The population base is 46K but is substantially exceeded in the summer
months as Nelson is a popular tourist destination. Through use of regular summer
water restrictions, resulting in a low yearly average level of domestic water use of
160 l/pp/pd, the Maitai and Roding Rivers can provide sufficient water to meet the
City’s needs until 2060.
Nelson has two main wastewater treatment systems: Nelson North Treatment Plant,
nine kilometers out of Nelson (will reach treatment load capacity in 2020) and Bells
Island Treatment Plant (of which only 45% of plant wastewater is from Nelson).
These systems use 360km of wastewater pipes with 27 pumping stations.

Stage

Energy (KWh)

Energy %

Water Pumping

1,247,058

21.02

Water Treatment

1,884,634

31.77

643,940

10.85

Wastewater Treatment

2,157,313

36.36

Total Electricity

5,932,945

Wastewater Pumping

Energy (kWh)

Volume (m3)

Energy-Water
Ratio (kWh/m3)

Water Cycle

3,131,692

8,115,000

0.39

Wastewater Cycle

2,801,253

6,082,550

0.46

Population

41,000

Note: Expected to grow from
46,000 to 53,000 in the next 15
years (2023)

kWh Per Capita

114.71

Table 5: Summary of NCC Energy/Water Use Relationship
Nelson’s water supply shows a kWh per capita figure of 114.71. This is the amount of
energy used per capita per annum for the water infrastructure. As with two of the
other case studies, the highest energy use occurs with wastewater treatment
(36.36%), followed by water treatment (31.77%), then water pumping (21.02%) and

wastewater pumping (10.85%). The energy/water ratio for supply was 0.39 kWh/m3
while wastewater treatment was 0.46 kWh/m3. Like Kapiti, Nelson’s water treatment
energy requirements were relatively high at 31.77%, reflecting the high level of
treatment required from the rivers. NCC’s energy profile is more evenly distributed
than the other councils although again, probably because of the river-fed supply,
water treatment is relatively high.
From the collated data, the energy efficiency of the water and wastewater systems of
the four councils and the total kWh/ per capita for each overall system can be
compared. Their relative overall efficiency is highlighted as kWh/capita per annum.
The relative energy efficiency is depicted in Figure 1.

Figure 1: Figure demonstrating the kWh per capita figure for water supply and
wastewater from the four case study areas.
Overall, WCC has the most efficient per capita system with PNCC not far behind,
given its significantly higher per capita water use. However, if the energy generated
through Watercare’s wastewater treatment is included in the calculation then WCC’s
overall water infrastructure would be even further ahead in terms of energy efficiency.
As wastewater treatment was the highest segment for three of the four councils it
demonstrates the value in capturing waste gas, primarily methane, for alternative
uses. As WCC and PNCC had the larger populations, it could be extrapolated that
systems serving larger populations are more energy efficient, but given the low
sample number, further study would be needed to substantiate that claim.
Energy associated with water treatment was a major contributor to KCDC’s energy
profile and does re-affirm the policy approach they are taking, trying to introduce
rainwater tanks to provide water for non-potable uses and supplement reticulated
supply, especially as much of the potable water is used to irrigate their dry sandy
soils. Nelson’s water supply, also from rivers, also needed considerable treatment
but the supply issue was aggravated by the city’s topography, requiring water
supplies to be pumped from considerable distances. Of interest was the low level of
energy used by PNCC for water treatment, despite being taken from the Turitea
Stream and being subjected to alum-flocculation gravity filtration.
Wastewater pumping was consistently a low contributor to over-all energy use, being
between 9% and 11% for the case study councils.
CONCLUSION
Energy and water are both resources that are coming under increased pressure,
globally and locally. Efficiency of both design and operation is required to reduce
environmental and financial costs from urban reticulated water systems. Monitoring

and analysis is required to better understand where high costs occur and wherever
practical design them out of the system with reference to international best practice
studies. A design consideration for smaller communities should be how best to
replicate or substitute for the advantages offered by larger populations and at what
scale those amendments could best be achieved. Any system that offers cogeneration will reduce the energy burden on the water infrastructure.
Energy expended in wastewater pumping was not a major component of the four
case studies. Energy expended in the treatment of wastewater was relatively high for
three of the four case studies. This reflects the fact that wastewater in these
communities is treated to tertiary level with direct environmental benefits. However,
the high energy associated with this level of treatment indicates the potential for
design and operational improvements to be developed.
In this study, both the background research and local data analysis highlighted a
number of ways that energy associated with water infrastructure could be reduced.
1. Water Demand Management Options: Managing down demand and ensuring
the infrastructure is efficient, eg has low leakage rates, will always be top of the list
for reducing energy requirements. A wide range of demand management options are
available, from on-site supplementary supply to more efficient water fitments and
fittings. Reduction in water requirements will have a “flow” on effect of reducing
energy use.
2. Utilising Energy Audits and Benchmarking Tools: The lack of in-depth
knowledge of the over-all energy utilisation of water infrastructure is of concern.
Councils that are contributing to ICLE’s studies or organisations like Watercare who
are making that information public are in the minority. Monitoring and benchmarking
are considered useful tools in providing baseline performance data against which
future strategic decisions are to be made.
3. Maintenance of Pumps and Motors: Once constructed, there are limited ways
of maximising the efficiency of water supply and wastewater systems. A key
approach is to ensure pumps are maintained at their optimal level of efficiency.
Variable speed drivers to help monitor and manage energy use of the motors lets
motors operate much more precisely and not over run unnecessarily.
4. Reduce Peak Demand Times: The National Resource Defense Council “Energy
down the Drain” report (2004) notes that the energy costs for water systems depend
heavily on whether energy is consumed during on-peak or off-peak periods.
5. Co-Gen from Wastewater Biogas: Wastewater biogas is an on-site energy
resource that may be used instead of remotely sourced natural gas or electricity. The
biogas methane is collected during the anaerobic digester stage of a wastewater
treatment process.
6. Other On-Site Renewable Energy Sources: Other local renewable energy
sources can be provided for energy intensive processes, an example being the
provision of wind-power to the desalination plant in Perth. On-site renewable energy
generation through wind or solar may become a common feature as energy prices
rise. PNCC has implemented a closed loop system using a mini-hydro dam,
providing a degree of energy self-sufficiency in water supply.
7. Consideration of a secondary supply: The energy required to treat water to
potable standards is a significant cost to some communities such as Kapiti. It
highlights a lack of logic in treating water to a high potable standard to use it for the
majority of household uses, or in Kapiti’s case, mainly outdoor use, when untreated
water will suffice. It suggests that for some communities, serious consideration
should be given to the provision of a secondary water supply source that does not

require treatment to that level. KCDC has recognized this approach in a proposed
District Plan Change to require rainwater tanks installed in all future new homes.
8. Re use of water, especially where wastewater is tertiary treated: In general,
New Zealand provides a high level of wastewater treatment, required for protecting
our waterways, but which is energy intensive. Instead of being discharged to
waterways, tertiary treated wastewater could be used for non-potable uses, in
particular irrigation, instead of using treated potable water.
This study concludes that there is a growing awareness of energy requirements in
water infrastructure both in New Zealand and overseas. Better monitoring and
reporting systems will help focus on design and operational changes that improve
efficiency. In particular, considering energy and water as one system will ensure
future water infrastructure does not over-burden the environment or our finances.
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Summary
Water is an essential natural resource for health and quality of human life. It is as well important for
planet's biodiversity. The rational use of water is of vital importance for a sustainable development,
particularly regarding domestic consumption. In modern cities, the buildings stand out as major
consumers of treated water. Thus, it is important to adopt solutions to minimize water waste in
buildings. One possible solution is the use of rainwater as an alternative source for the domestic
demands. For the effective use of this potential, it is fundamental the right sizing of the system to
capture and store water. The dissemination and promotion of this practice can be encouraged by
the economic feasibility of using rainwater. This feasibility depends on several factors, including
the local rainfall and the correct sizing of the system considering the capacity of reservoir water
collected. This paper presents the design of rainwater tanks. These tank’s design is assisted by
the software N-Pluvi which uses data rainfall data from several Brazil's cities which are located in
different climatic zones. The software's output is a simulation of the tank, and this way it was
possible to determine the cost thereof, analyzed the time for return on investment and present the
economic feasibility of using rainwater in the cities studied.
Keywords: Water conservation, building, sustainability, rainwater harvesting

1. Introduction
The rational use of water is a measure that brings environmental and economic benefits. In
buildings, the efficient use of water is essential because of the large water consumption over the
lifetime of the same. Currently several strategies are discussed for conservation of water use
(Sautchúck, 2005). Collect rainwater is a practice historically used in various parts of the world.
Currently, countries such as Germany and Australia seek to spread the use of rainwater. The
water is usually collected from the roof of a house and being used for irrigation of gardens and
plants, cleaning of external areas and car wash, that spending represents about 50% water
consumption in cities. The water can also be used for flushing of toilets by an independent

hydraulic system of the drinking water system. The methods used to collect water buckets ranging
from small to large tanks or not associated with filtering systems.
For the use of rainwater will be an effective measure of environmental and economic benefits, it’s
necessary the correct sizing of the system to capture and store water. The system design will be
influenced by factors such as available area for the collection, demand and available rainfall. The
economic viability of rain-collection system will be determined not only by the quantity and
abundance of rainwater, but also by the regularity of their distribution during the year. The
economic study of the deployment of tanks to collect rain rainfall considering the diversity of the
different localities is important to encourage the adoption of this alternative source of water.
Brazil has a large land of 9372.614 km2, diverse topography and climate dynamics, with a variety
of climates in different locations. Overall, the country has three different types of macroclimate:
equatorial, tropical and subtropical. However within the same climatic zone there are specific
details of microclimates. According to the classification of Koppen – Geiger, Brazil has ten different
climatic regions characterized from rainfall:
1. Region with high temperatures and heavy rainfall;
2. Region with high temperatures and rain in summer and dry in winter;
3. Region with a high temperature and rain in summer and autumn;
4. Region with moderate temperatures with hot and rainy summer;
5. Region with moderate temperature with well-distributed rainfall and hot summer;
6. Region with high temperature and no dry season;
7. Region with winter rainfall;
8. Region with high temperatures with hardly any rain in winter;
9. Region with mild and rainy summer with moderate temperatures;
10. Region with moderate temperature with well distributed rainfall and mild summer.
Facing the reality of the Brazilian climate’s diversity, this study assesses the size and cost of
rainwater tanks in cities located in different climatic zones. With the data collected, it is analyzed
the rates of return on investment and economic feasibility for the cities studied.

2. Materials and Methods
Initially simulations were performed that allowed the calculation of the capacity of reservoirs in
Brazilian cities located in different climatic zones: Belo Horizonte, Sao Paulo, Brasília, Belém and
Fortaleza. The city of Belo Horizonte is located in a region of high temperatures and rain in
summer and dry in winter. The city of Sao Paulo is located in region with moderate temperature
with well-distributed rainfall and mild summer. The city of Brasília is located in region with
moderate temperatures with hot and rainy summer. The city of Belém is located in region with high
temperatures and heavy rainfall. The city of Fortaleza is located in region with mild and rainy
summer with moderate temperatures.
The simulations were performed on software developed by researchers in the group NOC-UFMG.
The software was implemented in the Java programming language with Web user interface so as
to be accessible from the Internet. This feature allows you to have updated versions every time the
system is accessed. The software is supplied with the rainfall for periods of the locality under study.
Must be provided to the software the catchment area, the loss factor, and demand for water.
Studies can be performed in a period of days, week or months. From the data and starting from
zero volume of the reservoir, the flow is simulated input and output of water and calculated the
volume of water available for storage in each period. To calculate the reservoir run several cycles
by increasing the volume of the box until it is suppressed demand stipulated.
Rainfall data were supplied by the site INMET (2008) [06] and are presented in Table 1. We
considered the monthly average over the last thirty years.

Table 1: Average volume of rainfall per month different locations in Brazil, considering the last
thirty years (INMET, 2008)

Month
January
February
March
April
May
June
July
August
September
October
November
December

Average rainfall index (mm)
Belo
Belém
Horizonte
355
325.4
420
89.7
440
118.8
350
67.9
300
6.6
140
25.6
150
0.0
130
14.5
140
174.6
120
102.9
120
176.4
220
455.7

Brasília

São Paulo

Fortaleza

240
210
180
120
40
10
20
20
50
180
240
250

240
260
160
80
75
55
45
45
65
130
145
200

130
220
340
350
230
160
90
30
20
15
10
50

For system design, we adopted a standard model building, based on revised data of per capita
consumption of water in Brazil (GHIS, 2004). The model represents an average pattern of
consumption in the Brazilian residential typology. It was adopted a standard consumption of 200
liters per capita per day. The catchment area studied was the roof of the building model is thus
defined a loss coefficient of 0.80 of water abstracted. We defined four scenarios of demand and
the area used to capture rainwater. The scenarios are presented in Table 3.
Table 3 - Definition of scenarios for system design
Residence with four people, 2 cars and 80 m2 garden
Scenario 1
Catchment
Demand met
area
150 m2
Internal Uses:
Toilet: 4 people X 4 use/people/day X 6 L/use X
30 Days = 2.880 L/month.
External uses:
Car washing: 2 cars x 1 wash/week x 0,2 L/s x
20 minutes x 4 = 1.920 L/month
Garden: 0,2 L/s x 20 minutes x 2 times/week x
4 times/month = 1.920 L/month.
Total: 6.720 L/month
7 m3/month.
Scenario 2
Catchment
Demand met
area
75 m2
Internal Uses:
Toilet: 4 people X 4 use/people/day X 6 L/use X
30 Days = 2.880 L/month.
External uses:
Car washing: 2 cars x 1 wash/week x 0,2 L/s x
20 minutes x 4 = 1.920 L/month
Garden: 0,2 L/s x 20 minutes x 2 times/week x
4 times/month = 1.920 L/month.
Total: 6.720 L/month
7 m3/month.
Scenario 3
Catchment
Demand met
area

150 m2

Scenario 4

Catchment
area
75 m2

External uses:
Car washing: 2 cars x 1 wash/week x 0,2 L/s x
20 minutes x 4 = 1.920 L/month
Garden: 0,2 L/s x 20 minutes x 2 times/week x
4 times/month = 1.920 L/month.
Total: 3840 L/month
4 m3/month.
Demand met
External uses:
Car washing: 2 cars x 1 wash/week x 0,2 L/s x
20 minutes x 4 = 1.920 L/month
Garden: 0,2 L/s x 20 minutes x 2 times/week x
4 times/month = 1.920 L/month.
Total: 3840 L/month
4 m3/month

From the sizing of the reservoir was obtained in the simulation calculated the cost of it. To simplify
the implementation was considered a cubic reservoir of concrete. In the cost was considered the
excavation, the forms of wood, concrete pumped machined, the steel and the blanket sealing. The
values of these items have been identified from surveys of SINAPI (National System of Costs
Survey and Index of Construction) held by the Federal Savings and IBGE (Brazilian Institute of
Geography and Statistics) for the price of construction inputs in February 2011 in each region
studied and are presented in Table 4.
Table 4: Inputs considered in estimating the cost of reservoir
Belém

Belo
Horizonte

Brasília

São Paulo

Fortaleza

Plywood sheet Chapa2 mm

R$22,83
/m2

R$16,64
/m2

R$20,80
/m2

R$19,19
/m2

R$25,61
/m2

Concrete fck=35,0 Mpa

R$460,50
/m3

R$342,52
/m3

R$369,44
/m3

R$312,21
/m3

R$350,24
/m3

Steel screen CA-60 5,0 mm/
10x10 cm

R$16,50
/m2

R$11,34
/m2

R$13,63
/m2

R$13,00
/m2

R$11,82
/m2

Impermeable asphalt 3mm

R$27,14
/m2

R$20,59
/m2

R$23,04
/m2

R$21,92
/m2

R$22,64
/m2

Excavation

R$17,44
/m3

R$18,35
/m3

R$16,96
/m3

R$25,43
/m3

R$16,01
/m3

Execution of the form for
concrete

R$32,51
/m2

R$35,19
/m2

R$34,87
/m2

R$38,71
/m2

R$52,55
/m2

Concrete pouring

R$87,38
/m3

R$95,76
/m3

R$89,19
/m3

R$118,41
/m3

R$83,34
m3

Application of impermeable

R$34,56
/m2

R$26,66
/m2

R$28,07
/m2

R$28,89
/m2

R$28,89
/m2

The turnaround times was defined in different scenarios for each city, considering the cost of water.
The water cost was based on the tariff for public water supply in the cities, assuming a
consumption of 24 m3 per month (table 5). In the city of São Paulo was considered the cost of
central MC.

Table 5: Rate of public water supply for the cities studies

Rate of public water supply
Normal Residential –
Consumption 24 m3

Belém

Belo
Horizonte

Brasília

São PauloMC

Fortaleza

R$ 2,68
/m3

R$ 4,21
/m3

R$ 4,03
/m3

R$ 5,54
/m3

R$ 4,00
/m3

3. Results and Discussion
The figure 1 presents different scenarios for the capacity of the reservoirs in m3 system for the
cities examined. In the city of Belem, the system can meet demand in all scenarios. In the city of
Belo Horizonte, Brasilia, Sao Paulo and Fortaleza, the system meets the demand only in scenarios
1, 3 and 4. The cities of Belém and São Paulo had the lowest values for the tank. The cities of Belo
Horizonte, Brasilia and Fortaleza showed higher values for capacity of the reservoir. Belo Horizonte showed the worst condition in relation to the size of the reservoir for the system.
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Figure 1: Scaling in m³ of the reservoirs in the cities
The figure 2 shows the costs of construction of reservoirs in the cities analysed. The city of Fortaleza showed the highest values for the reservoir. The cities of Belém and São Paulo had the lowest values for the reservoir.
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Figure 2: Costs of reservoirs in the cities

The figure 3 shows the time of return to investment in the construction of the reservoir to collect
rainwater in the cities studied for different scenarios.
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Figure 3 - Payback time in years of investment in construction of the reservoir in the cities

4. Conclusions
The results show that the time of return to investment in container utilization system for rainwater is
from 2.2 years for the best result of Sao Paulo in scenario 1, and 13.2 years for the worst result in
the city Fortaleza in scenario 4. Studies have indicated a better rate of return on investment in
cities that have a more distributed rainfall throughout the year. Even in cities that had the worst
rates of return, they still have economic viability of the system of exploitation of rainwater, since the
return to happen within the lifetime of a building, between 30 and 50. It is noteworthy that for better

understanding of the economic viability of the system to use rainwater, more studies are necessary,
considering issues not addressed in this study as other costs of system construction, system
maintenance, exploration of the tendency of the future cost of water and others.
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Summary
Pneumatic waste collection is a novel waste collection method. Its potential to increase safety and
hygienic levels and reduce traffic flow makes the pneumatic waste collection an interesting choice
when planning new solutions for the waste collection in dense urban areas. In this case study, the
environmental loads (GHG, NOx and SOx) of hypothetical pneumatic system installed in Punavuori
area, Helsinki, Finland, are calculated and the results are compared to those of the prevailing
conventional vehicle operated waste collection system. Life cycle inventory (LCI) is used as a tool
to evaluate the environmental loads of the relevant life cycle phases. A marginal analysis is
performed by determining the environmental loads of the pneumatic waste collection first for a
smaller area and then gradually expanding the analysis to cover a larger area. Also, the number of
waste fractions collected varies in the different stages of the analysis. In the results, the loads
formed in the whole case area in both waste collection systems are combined. According to the
analysis, replacing the prevailing waste collection with pneumatic system would generate more air
emissions. The electricity consumption and the origin of energy have a significant effect on the
results, but decisive are the emissions from manufacturing the system components. On the local
level emissions nonetheless diminish, since collection traffic reduces.
Keywords: pneumatic waste collection, life cycle inventory (LCI), marginal analysis

1. Introduction
Pneumatic waste collection system has been suggested as a high-tech solution which has a
potential to increase the hygienic and safety level of waste collection. Such a system reduces the
need for vehicle transportation in collection areas, thus reducing noise and congestion effects and
potentially saving space [1]. Pneumatic waste collection has also been proposed as a means to
enhance source separation [2]. By pneumatic waste collection it is possible to collect around 80 %
of municipal solid waste. The system is not suited for large items, hazardous waste, waste electric
equipment nor liquid waste. [3]
In a stationary pneumatic waste collection system, waste collection points are located according to
case specific needs. The collection points comprise one or several waste inlets, depending on
application technique and the number of waste fractions collected. Waste is transported in
underground pipelines through the use of vacuum to waste terminal. There, each fraction is
diverted to its own container. Full containers are transported to final processing and disposal sites.
In Finland, constructing and designing pneumatic waste collection systems has focused on new
urban areas. However, it is also possible to implement pneumatic waste systems in a smaller scale

in buildings being renovated or partially rebuilt or in existing dense urban areas. In such areas,
conventional vehicle based waste collection is often challenging due to, for example, varying
topographies and limited space for waste transportation vehicles. Waste containers may also be
placed impractically due to lack of proper placing spaces. The use of pneumatic waste collection in
these areas could provide a competitive alternative to conventional waste collection. However,
installing pneumatic waste collection system into existing infrastructure is challenging. For example,
it can be difficult to integrate new pipelines with existing under- and overground structures. Also, for
residents the average distance to the nearest waste collection point may lengthen if there are
fewer points for pneumatic waste collection relative to traditional containers.
This case study analyses the hypothetic application of pneumatic waste collection system in the
densely built and populated district of Punavuori in central Helsinki and its environmental loads.
Additionally, we have evaluated the relevant environmental effects of the prevailing conventional
vehicle operated waste collection system in order to compare the loads of alternative collection
systems.

2. Methodology
2.1

Life cycle inventory

Life cycle inventory (LCI) was used as a tool to analyse and to compare the emissions of both
waste collection systems studied. According to ISO 14040, LCI “involves data collection and
calculation procedures to quantify relevant inputs and outputs of a product system” [4]. Thus, LCI
identifies and quantifies the energy and material flows entering and leaving a given system, such
as energy, waste and emissions. Ideally, the social effects such as noise and congestion effects
should be included in the life cycle assessment. However, because of the difficulty of quantifying
social aspects, in this study these effects are discussed qualitatively. The economic aspects of the
pneumatic waste collection system in the same area are reported in another paper [5].
The first phase of LCI is the definition of the relevant life cycle phases and the functional unit (FU)
per which the results are presented. The functional unit of this study was the annual waste
generation in the case area (loads /a). Additionally, results per ton of waste are presented. The
environmental loads included in LCI were the air emissions of green house gases (GHG), nitrogen
oxides (NOx) and sulphur oxides (SOx). The CO2, CH4, and N2O emissions were converted into
commensurable CO2 equivalents by using the GWP factors (Global Warming Potential) 1, 25 and
298, respectively (for 100 years’ time period) [6]. The calculation covers all the emissions during
the life cycle of the system separately for each compound, which are finally summed.
2.2

Boundaries of the LCI

The following life cycle phases of pneumatic waste collection system were defined as relevant:
1. Manufacturing of pipelines and waste collection points and the production of their raw
materials (steel, plastic, concrete)
2. The building of the waste terminal and the related components as well as production of
their raw materials, transportation of construction materials to building site
3. The installation of pipelines (excavation and re-asphaltation)
4. The system’s use of energy
5. The transportation of waste containers to waste treatment centre and the production of the
required diesel fuel
For the conventional vehicle operated waste collection, the following life cycle phases were defined
as relevant:
1. Manufacturing of waste containers (plastic)
2. Collection and transportation of waste from the collection area to waste treatment centre
and the production of the required diesel fuel

The transportation of system components to case area, the manufacturing of machinery for earth
construction purposes, and the end of life cycle of system components after their service life were
not included in the study. As a whole, these life cycle phases were evaluated as minor. The number
of transportation vehicles in pneumatic waste collection was assessed as roughly equal to the
vehicle number in the conventional system. Also, the treatment and disposal of the collected waste
is defined out of the scope of this study because the utilization and treatment of waste does not
influence the collection phase.
2.3

Description of the case area

Punavuori area in central Helsinki was chosen to represent a densely built and populated district in
Finland. The case area contains 11 city blocks. It is a typical example of a city area where
conventional vehicle operated waste collection is often challenging, due to varying topographies
and limited space for waste transportation vehicles and containers. Table 1 shows basic data on
the case area and the annual waste generation.
Table 1 Source data including population, buildings and waste generation on the case area.
Basic data
Population
Buildings
Apartments
Number of inhabitants per apartment
Waste generation
Mixed refuse
Organic waste
Paper
Cardboard
total

2.4

Number
5 095
98
3 911
1.3
t/a
1 055
155
662
64
1 936

Data source
[7]
[7]
[7]
Data source
[7]
[7]
estimated value
estimated value

Modelling of the waste collection systems

A hypothetical pneumatic waste collection system suitable for the case area was modelled with the
help of system suppliers. Additionally, the evaluation of the relevant environmental effects of the
prevailing conventional vehicle operated waste collection system was performed by using a timebased model [8]. The environmental data were collected from the case study area whenever
possible, otherwise earlier studies and other data were used. All relevant life cycle phases, their
useful lifes, materials or processes and the data sources are listed in Table 2. The basic
characteristics of the modelled pneumatic collection system are presented in Table 3. A detailed
description of the life cycle phases included in LCI for both systems is provided in chapters 2.4.12.4.4.
Table 2 Source data of different life cycle phases in both systems.
Pneumatic system
Useful life (yrs)
Material or process
Data source
Waste terminal, building
35
materials, building, transporting
[9]
Waste terminal, equipment
20
steel
[10]
Pipes
35
steel
[10]
Pipe installation
machines used, asphalting
[11], [12]
Collection points
25
steel, HDPE plastic, technical space
[10], [13], [14] *
Electricity consumption
average electricity production
[15]
Transportations
transporting, diesel production
[16], [17]
Vehicle based collection
Waste containers
13,5
HDPE plastic
[13], [14]
Transportations
transporting, diesel production
[18], [17]
* Loads of technical space calculated based on loads generated in building the waste terminal, by scaling
down the building. Primary structures and the transportation of materials were not included.

The comparison of the results on pneumatic waste collection with those of the conventional waste
collection system using waste containers was made by means of marginal analysis. This way it
was possible to analyse the feasibility of pneumatic waste collection system installed, compared to
vehicle based collection. In the marginal analysis, both systems were assumed to cover four
municipal solid waste fractions: mixed refuse, organic waste, paper and cardboard. At the first
stage of the analysis, only mixed refuse was expected to be collected with pneumatic waste
collection, whereas the other residues were supposed to be collected conventionally. At the
following stages, the examination was extended one fraction by one (in the order: organic waste,
paper and cardboard) so that at the final stage pneumatic waste collection covered all four waste
fractions. The size of the waste terminal and the number of waste inlets in each collection point
was also supposed to grow alongside with fractions added to pneumatic collection. The
environmental loads of the pneumatic waste collection were first calculated for a small area and
then gradually expanded the analysis to cover two larger areas. In the results, the loads formed in
the case area in both waste collection systems were combined. Detailed information on the
analysis is presented in Figure 1 and in Table 3.
Table 3 The proceeding of the marginal analysis and the data collected from systems. VB: vehicle
based, PC: pneumatically collected, M: mixed refuse, O: organic waste, P: paper, C: cardboard.
Ground state
Step 1

VB collection
M+O+P+C

Pneumatic system
Blocks included
Main pipe line length (m)
Feeder pipe line length (m)
Total pipe length (m)
Number of collection points
Number of waste terminals
Vehicle based collection
Blocks included
Number of collection points [7]

Area 1
Step 2
Step 3
Step 4
Step 5
Area 1
4-8
584
920
1 504
23
1
1-3, 9-11
50

PC fractions
M
M+O
M+O+P
M+O+P+C

Area 2
Step 6
Step 7
Step 8
Step 9
Area 2
1-8
1 064
1 360
2 424
34
1
9-11
69

PC fractions
M
M+O
M+O+P
M+O+P+C

Area 3 PC fractions
Step 10
M
Step 11
M+O
Step 12
M+O+P
Step 13
M+O+P+C
Area 3
1-11
1 626
1 920
3 546
48
1
88

2.4.1 Waste terminal
The waste terminal is a semi-warm hall building, constructed from prefabricated reinforced
concrete and situated in an underground parking space. The hypothetical location of the terminal is
presented in Figure 1. The waste terminal consists of sorting equipment, waste containers for
different fractions, baling presses and suction devices. The size of the terminal collecting one
waste fraction was assumed to be 200 m2, two fractions 267 m2, three fractions 334 m2 and four
fractions 400 m2 [19].
2.4.2 Pipes and collection points
Pipes for main and feeder lines are typically manufactured from non-alloyed PE-coated pressure
vessel steel. One collection point consists of one or more waste inlets according to the amount of
fractions collected or the technology used. In Finland, one collection point serves typically 100 –
150 inhabitants [2]. In many other countries, though, 200 – 300 inhabitants per one point are
common due to higher population densities [19]. In this study it was assumed that one collection
point is sufficient to cover the waste production of approximately 125 persons. This means that
there is significantly smaller number of collection points (ca. 50 % less) than in the prevailing
vehicle based collection (Table 3). One collection point was supposed to consist of the number of
waste inlets needed on each stage of the study (Table 3).

Fig. 1 Case-area in Punavuori. Numbers from 1 to 11 present the blocks covered by the pneumatic
system. Red lines represent the modelled main pipe lines and the blue box the approximate
placing of the waste terminal. Feeder pipe lines are not marked in the picture.
2.4.3 Operation, maintenance and transportations
Pneumatic waste collection requires electricity for operation, heating for waste terminal, basic
maintenance and temporary reparations. The transfer of waste from inlets to the waste terminal is
done by the means of air flow. The quantity of electricity needed depends on the amount of the
waste generated and thus the filling rate of the waste inlet. This determines the amount of suctions
needed per day. Also the degree of filling or one-cycle suction influences the electricity
consumption. The smaller the filling rate is the more it consumes energy per waste ton conveyed
[20]. At the same time, the number of collection points influences indirectly electricity consumption
[19].
The transportation of waste from the terminal to further treatment or final disposal is typically done
by truck, taking one container at a time. The energy consumption is smaller than in ordinary vehicle
based waste collection, because the actual waste collection drive is not required. Also the amount
of waste transported per time is usually greater than in ordinary waste transportation vehicles.
Mixed refuse, paper and cardboard containers at the waste terminal were supposed to be emptied
as soon as they were filled, and because of hygienic issues, the containers for organic waste in
every three weeks regardless of the waste accumulation.
Measured values of the energy consumption were not available, so the calculations were based on
approximate values compiled from the system suppliers. Fluctuation among different electricity
consumption estimates was significant (50–356 kWh/waste ton). The annual electricity
consumption estimate used in the calculations was 184 000 kWh and the electricity consumption
emptying one single waste inlet by air suction was calculated according to this value. The number
of waste suction times needed was determined based on the amount of waste accumulation in one
collection point and the one inlet’s storage capacity. The outcome of this calculation was that mixed
refuse is collected twice a day and the other fractions once a day.
From the environmental loads of the systems operation, only electricity consumption and
transportations (including diesel fuel production) were taken into consideration. Loads caused by
maintenance work, reparations and heating the terminal were evaluated as minor.

2.4.4 Conventional vehicle operated waste collection
Currently, the vehicle operated waste collection, where waste is collected to plastic containers is
used in the case area. Approximately 60 persons use one collection point. Waste containers in
Punavuori are emptied by rear loading waste transportation vehicles [8]. Waste collection drive
differs from the transportation of waste to treatment or disposal sites (more accelerations and
stopovers) and thus produces different amount of emissions. Fuel consumption and exhaust fume
emissions were modelled [18] on the basis of timing experiments made in the case area [8].

3. Results
3.1

Environmental loads of the pneumatic waste collection

The origin of emissions formed in pneumatic waste collection and vehicle operated waste
collection is easier to understand when total loads are divided into each system’s life cycle phases.
Figure 2 presents the annual total emissions of waste collection in the case area and emission
shares of each life cycle phase within the two systems. The total amount of GHG and SOx formed
is higher in the pneumatic waste collection than in the vehicle based collection (steps 1 and 13).
The most significant single loading phase is the electricity needed in pneumatic waste collection.
However, regarding the NOx emissions the overall situation is opposite. Thus the total amount of
GHG and SOx emissions increases, whereas the NOx emissions decrease, when the area studied
is extended. Reduced NOx emissions result from the descending rate of vehicle based collection.
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Fig. 2 Air emissions in both systems studied at every life cycle phase (in kg/a). The loads were
calculated for three extended areas in 13 different steps (see also Table 3).
However, there are some uncertainties related to the evaluation of the loads caused by the electricity usage. The presented calculations do not take cognizance of how the properties of waste
influence the energy consumption. Though, it is presumable that the suction of lighter fractions
does not consume energy as much as heavier fractions do [2]. Furthermore, the approximate values compiled from the system suppliers did not emerge the supposed operation mode of the system. Each waste inlet may have sensors which indicate when the inlet is full after which the inlet is
emptied. An alternative control mode is a scheduled collection [21]. Scheduled collection increases

the energy consumption per waste ton for fractions with low accumulation rate (in this case organic
waste and cardboard). In this study, it was assumed that the collection is scheduled.
The single most important cause of GHG and NOx emissions in the vehicle based collection is the
collection and transportation of waste. The NOx emission from the transportations is so high that it
leads the vehicle based collection to be the weaker of the two alternatives examined. The
formation of SOx emissions in vehicle based collection is negligible, because the emission levels of
modern waste transportation vehicles are low.
The share of transportations in SOx emissions is insignificant also in pneumatic collection. NO x
emissions caused from the container transportation are quite remarkable in this system also.
Though, the transportation of containers from the waste terminal in the pneumatic system
generates only sixth of the NOx emissions compared to the vehicle based collection. This results
from the avoided collection traffic in pneumatic waste collection system. Also GHG emissions are
two thirds lower in transports related to the pneumatic system, than in waste transported
conventionally.
The overall air emissions for pneumatic collection (in step 13) and vehicle based collection (in step
1) in different emission categories calculated per waste ton are presented in Figure 3. The results
are similar to those calculated per annum; the GHG and SOx emissions are higher in pneumatic
collection and lower in the category of NOx than in vehicle based collection.
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Fig. 3 Results for different emission components in the vehicle based waste collection and
pneumatic waste collection, calculated per waste tonnage. VB: vehicle based collection, PC:
pneumatic collection.
3.2

Sensitivity analysis for CO2

As mentioned earlier in the chapter 2.4.3, the variation among different electricity consumption
estimates was significant. The energy consumption in the case area was supposed to be 95
kWh/waste ton. The value was an average of one system supplier’s wider estimate 70-120
kWh/waste ton. Therefore a sensitivity analysis was made also from these approximations to
investigate the effect of varying electricity consumption on the final results.
The emissions related to electricity consumption depend on the production method and emission
factor of the electricity. The calculations in this study are based on the emission factors of the
average Finnish electricity production in 2004 [15]. The emission factor of average electricity
production may alternate annually, depending on, for example, the amount on renewable energy
used and the climatic circumstances. On this account, the evaluation of the effect of changing CO2
emission factor was accomplished. The CO2 emission factor used in the base case calculations
was 292 g/kWh. In the sensitivity analysis an alternative emission factor used was 212 g/kWh,
which is the mean value based on the monthly electricity production data published from the year

2010 [22].
The difference in electricity consumption in the CO2 emissions for the two extremes (highest
electricity consumption + highest emission factor vs. lowest electricity consumption + lowest
emission factor) is over twofold. It is noticeable though, that the results from other emission
compounds might not be similar to these results. That is, the electricity produced in the year 2010
might not be environmentally friendlier in all emission classes.
Changing the emission factor and electricity consumption estimate has also influence on the
relative shares of the loads caused by the electricity consumption and by other system
components. If the electricity used would be totally from renewable sources, the CO2 emissions of
the whole system would be reduced from 51 to 24 kg/waste ton. Nevertheless, the GHG emissions
would still be higher in pneumatic collection than in vehicle based collection, because of the effects
from the stationary components the system needs.
Figure 4 demonstrates the effect of emission factor and electricity consumption estimate on the
CO2 emissions of the whole system. With the lowest energy consumption value and the lower
emission factor the emissions varied between 18 kg (step 1) and 39 kg (step 13) per waste ton.
With the highest energy consumption value and the higher emission factor the variation between
different steps is higher (18-59 kg/waste ton).
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Fig. 4 The effect for changing the CO2 emission factor of electricity production and electricity
consumption estimate in 13 different steps investigated. A: emission factor 212 g/kWh, energy
consumption 70 kWh/waste ton, B: emission factor 292 g/kWh, energy consumption 120
kWh/waste ton.
To conclude, in order to improve the reliability of results, it would be crucial to have a realistic
estimate of the energy consumption. Also, the choice of emission factor for electricity has a
significant effect on the results.

4. Conclusions
According to the analysis, replacing the prevailing waste collection with pneumatic waste collection
would generate more air emissions. The emissions are associated with the high electricity
consumption of the system and the manufacturing of system components. On the local level,
namely at the waste collection area, the emissions nonetheless diminish, since collection traffic
reduces. This implies better air quality at the collection area but at the same time the transfer of
emissions to areas where the system components are manufactured or the electricity is produced.
For the pneumatic waste collection system covering the whole case area, the total NOx emissions
are 24 % smaller compared to the situation where conventional vehicle operated waste collection
is implemented on the same area. However, SOx emissions in pneumatic collection system are 17
times higher than those of conventional collection. The GHG emissions are increased threefold.
The emissions from vehicle transportation are expectedly reduced.

The assumptions on the electricity consumption and the origin of energy have a significant effect
on the results. If the electricity used in the pneumatic collection was assumed fully renewable, the
GHG emissions due to electricity use would be eliminated. However, even in this extreme case the
total GHG emissions of the pneumatic collection system would be larger than those of
conventional collection system due to emissions associated with the manufacturing of system
component.
There are, however, other aspects that favour the installation of pneumatic systems in already built
residential areas. These factors include the positive effects arising from reduced vehicle
transportation, such as less congestion and noise, the general improvement in hygienic conditions,
reduction in contamination, odour, and pests, and possible positive effects on both residential and
occupational safety. An interesting question is, how the system affects residents’ eagerness to
recycle would develop, as the user comfort of waste collection improves as a result of the
aforementioned reasons, but at the same time the average distance to the nearest waste collection
point increases. Additionally, a question to ponder is, whether there is any effect on waste
reduction, if the system can be equipped with technology that measures the generated waste
volumes on the household level. However, these effects remained outside of the scope of the
quantitative evaluation, mainly due to lacking data or the difficulty of measuring such effects.
At the same time, it should be kept in mind, that also other solutions can improve waste collection
in dense urban areas. Multi-chamber trucks have been suggested to reduce the need for vehicle
transportation in collection areas, the use of alternative fuels (natural gas, biodiesel, biogas) may
decrease emission loads, and twin-engined vehicles are devised to diminish the noise effects
caused from vehicle collection. Also the installation of deep collection containers reduces the need
for collection traffic. Progress in the pneumatic system can also be expected.
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Summary
Wetlands have been used as a polishing treatment for municipal wastewater in Finland for approx.
20 years. Most of these are natural wetlands. Using wetlands after efficient wastewater treatment
is an economical way of producing high quality treated water and cutting down the pollution load of
water bodies. Wetlands have also been used in the control of diffuse pollution in agriculture and
forestry.
Keywords: Wetland, wastewater, wastewater purification, tertiary treatment, polishing treatment,
BOD, phosphorus, nitrogen, nutrients, municipal wastewater

1.

Introduction

The ground layer has long been used for municipal wastewater purification in Finland. In the early
1970s, wastewater infiltration to marshland (seepage trench technique) was used in many places
in northern and eastern Finland. Overland flow or wetland treatment is nowadays used in Finland
as a polishing treatment after municipal wastewater treatment, treatment of mining effluent or as a
water treatment method in agriculture, forestry and peat production areas.
Wetlands can be constructed with major earthworks and vegetation planting, or they can be more
natural. They have been used all over the world for treating municipal wastewater and non-point
source pollution control[1,2,3]. Wetlands have also been used for industrial wastewater treatment and
removal of metals from wastewater[4,5]. They can be used successfully in the northern
Scandinavian climate, with cold winters[6].
Wetlands are used for wastewater polishing in four places in Finland: Siikalatva, Inari, Ruka, and
Kempele. Three of those plants were built in the 1990s, while the newest one, Siikalatva, was built
in 2007. This paper focuses on the characteristics of those four wetlands and on the purification
effect they have achieved.

2.
2.1

Ruka, Lakeus and Mellanaava wetlands
Characteristics of Ruka, Lakeus and Mellanaava wetlands

All these wetlands were built in the period 1992-1996, so their use and environment have settled.
These wetlands are used as a tertiary or polishing treatment after biochemical wastewater
treatment in neighbouring plants, which produce good quality treated water. The size of the
wastewater plants, expressed as population equivalents (PE), is: Ruka 15 000, Lakeus 36 000,

Mellanaava 4 500. All these plants are located in northern Finland: Ruka in Kuusamo city, Lakeus
in the municipality of Kempele, and Mellanaava in the municipality of Inari.
The environments of these wetlands are quite different. The Ruka wetland was originally a pine
swamp, where the thickness of peat is 0.5-1.5 m, and the area of this wetland is 0.7 hectare. There
is no open water and the water flows mainly in the top peat layer among the vegetation (Figure 1).
The slope of the Ruka wetland is on average 8.5‰. Retention time of water in wintertime is on
average 1.9 days, but in summer time it is longer due to smaller hydraulic loading since the
wastewater plant serves a ski centre, which causes very high inflow variation[7]. The average inflow
to the wastewater plant in 2009 was 640 m3d-1, while the range was 130 - 2 400 m3d-1.

Fig. 1 Wetland used in Ruka communal wastewater treatment plant.
The wetland in Lakeus is 4.4 hectares. The soil there is dense clay sand and the vegetation
consists of cane-grass and willow. The water depth in the wetland is 0-1.1 m, and the amount of
open area is approx. 30% (Figure 2). The retention time of water is on average 1.5 days in winter
time and even 4.0 days in summer time. The average inflow to this wastewater plant in 2009 was 4
700 m3d-1, while the range was 3 400 to 7 700 m3d-1.

Fig. 2 Wetland used in Lakeus central wastewater treatment plant.

The wetland at the Mellanaava wastewater plant is 5.4 hectares. The vegetation there is sparse
(Figure 3). The thickness of peat layer varies from 0.7 m to just over 1 m. Under the peat layer
there is a dense clay deposit[8]. The Saariselkä ski centre produces a large proportion of the
wastewater flow to Mellanaava, so the loading of wetland is largest in springtime. The average
inflow to this wastewater plant in 2009 was 1 100 m3d-1, while the range was 800 to 1 400 m3d-1.

Fig. 3 Wetland used in Mellanaava communal wastewater treatment plant.
2.2

Purification effect of Kuusamo, Lakeus and Mellanaava wetlands

The incoming water to all these wetlands is good quality, biochemically treated wastewater. The
wetlands are used as a polishing treatment for wastewater because the pollution load capacity of
water bodies in northern areas is limited. The purification effect of these wetlands in terms of BOD7
and phosphorus was quite good in early 2000 (Table 1). However, by 2009 the results from the
wetlands were slightly poorer (Table 2). This variation is probably the result of natural annual
fluctuations in climate etc. However, a recent study found no decline and even a slight
improvement in the purification efficiency of these wetlands in the long run[9].
Table 1. Average purification effects of the Kuusamo, Lakeus and Mellanaava wetlands in early
2000 [8]
Parameter
Suspended solids
BOD7
Ptot
Ntot

Mellanaava
Inflow
Reduction
mg l-1
%
11
48
6.5
25
0.01
0
41
2

Kuusamo
Inflow
Reduction
mg l-1
%
4.1
86
6.4
63
0.33
90
40
30

Lakeus
Inflow Reduction
mg l-1
%
15
66
8.9
20
0.22
61
52
1

Table 2. Average purification effects of the Kuusamo, Lakeus and Mellanaava wetlands in 2009
Parameter

Mellanaava
Reduction %
16
12
4

Kuusamo
Reduction %
64
64
13

BOD7
Ptot
Ntot
*data from 2010, no compulsory data available for 2009.

Lakeus
Reduction %
23
35
18*

3.
3.1

Siikalatva wetland
Characteristics of Siikalatva wetland

The Siikalatva wetland is quite new and it is in its maturation period. The wetland is quite large
compared with the number of PE served by the wastewater plant (9 300) and medium wastewater
flow, which was 1 700 m3d-1 in 2009. The plant treats wastewater from Siikalatva and Pyhäntä
municipalities by a rotating biological contactor, with phosphorus post-sedimentation by PAC. The
wastewater plant is also quite new, having started operation in early 2007.
This wetland consists of 3 different parts (Figure 4):
- a natural wetland, 3.0 hectares, water level +64.0 - +64.5
- a wetland area with planted reed canarygrass, 4.5 hectares, water level +62.5 - +63.0
- an untreated old peat production area, 17.0 hectares, water level +62.4, water volume ~100 000
m3.
The natural wetland came into operation at the same time as the wastewater plant, in early 2007.
The reed canarygrass was planted in 2006 after liming (20 t/hectare) of the peat area. This area
was taken into production in summer 2007. The use of the old peat production area started in
summer 2008, after construction of an earth dam to raise the water level.

Fig. 4 Water from Siikalatva wastewater plant goes first through natural wetland, then through a
wetland area with planted reed canarygrass and finally through an untreated old peat production
area.
3.2

Purification effect of Siikalatva wetland

In the first years of operation the last part of wetland, the untreated old peat production area, was
not ready for production. At that time the water sampling point was after the reed canarygrass area.
The effect of wetland on BOD7 and nitrogen levels was positive, but the amount of phosphorus in
water increased (Table 3).
Table 3. Purification effect of natural wetland + reed canarygrass wetland on treated wastewater in
Siikalatva, 2008-2009
Parameter
Reduction, %
Content after wetland, mg l-1

BOD7
58
3.0

P
- 26
0.1

N
27
24.0

Possible reasons for the increase in phosphorus content of water in wetland might be the young
wetland and the very small amount of phosphorus in wetland water. In such cases, some
phosphorus can dissolve from the soil into the water. The liming of the reed canarygrass area also
increased phosphorus inputs from soil.
In 2010 the last part of the wetland, the untreated old peat production area was introduced,
although the amount of vegetation in this area is low. Based on analyses in summer 2010, the last
part of wetland increased nitrogen removal greatly. It also had a positive effect on phosphorus
removal, but the effect on BOD7 and CODCr was not as good (Table 4). This moderate function can
be caused by the low amount of vegetation in young wetland, which was removed from peat
production only recently. There were also some peat updrafts from the bottom in areas of open
water. This effect, caused by gas production in the bottom layer, is also common in artificial lakes,
where it stops in a few years.
Table 4. Purification effect of the combined Siikalatva wetland in summer 2010. The last part, old
peat production area, has little vegetation
Parameter & sampling
time in 2010
BOD7
mg l-1
P
mg l-1
N
mg l-1
CODCr
mg l-1

4.

2.6.
21.7.
10.8.
2.6.
21.7.
10.8.
2.6.
21.7.
10.8.
2.6.
21.7.
10.8.

Quality of water from
wastewater plant

Quality of water after
canarygrass area

13.0
6.4
8.1
0.13
0.09
0.28
31
35
29
48
49
52

6.0
8.4
5.7
0.19
0.46
0.30
14
27
21
68
140
110

Quality of water at
final outlet of the
wetland
4.4
3.6
10.0
0.10
0.37
0.22
3
13
12
64
180
160

Efficiency of the wetland in winter

The main plants in the wetlands, e.g. water sedge and horsetail, are annual plants. They grow their
roots bit by bit and build up new filter/substrate/adsorbent every year. Although biological activity is
not very intensive in cold periods some degradation of biological material occurs, most during
autumn. Chemical reactions are much lower at temperatures around 1 ˚C than at 20 ˚C. All these
affect the overall annual pollution reduction, with the effect being slightly weaker in cold years
(Figure 5).

Fig. 5 Intra-seasonal variation in BOD7 reductions in the Lakeus wetland. The larger negative
numbers are due to very small incoming concentration, at which small changes inflict a large
negative effect [9].

5.

Discussion

The range of purification efficiency in these wetlands is wide. They have different hydraulic
loadings and the incoming water can be of different quality. For example in those cases when
phosphorus content of incoming water is very low, it is not easy to get good purification results in
wetland. The environments are also different in terms of amount of peat, slope, vegetation etc.
Furthermore, the climate and the severity of the winter have a major effect on the activity of
wetland.
In the case of a large wetland such as Siikalatva, evaporation and precipitation have a
concentrating or diluting effect on outflow. For example, in the period 1961-1990 precipitation at
Siikalatva was 588 mm and evaporation 455 mm. In summertime, the net water balance
concentrates the water in wetland (Table 5). This is apparent e.g. in flow measurements for 27 July
2010, when inflow to wetland was 1062 m3d-1 and outflow 474 m3d-1. The situation was similar on
18 August 2010, when inflow was 1200 m3d-1 and outflow 540 m3d-1. Seepage to groundwater can
also have this kind of effect, but it is not dependent on climate conditions in the area and so would
be more constant. In addition, these wetlands have been built on the site of natural wetlands,
where the underlying soil normally has very low water conductivity. The water balance and
seepage issue will be studied in future research.
Table 5. Mean monthly summer precipitation and evaporation at Siikalatva, 1991-1990.
Evaporation by Class A container.
Precipitation, mm
Evaporation, mm

6.

May
40
98

June
55
129

July
68
122

August
81
76

September
61
30

Conclusions

The use of wetland is a beneficial polishing treatment for water after treatment in a well-functioning
wastewater treatment plant if high quality outflow is needed. Through wetland treatment, it is
possible to further reduce the organic matter and nutrient loads to water bodies in an economical
way, if there is suitable area available for the wetland. Wetlands can also be used for water
pollution control in other connections, for example for diffuse pollution control in agriculture and
forestry.

7.

References

[1]

KAO C.M., WANG J.Y., LEE H.Y., and WENN C.K., “Application of a constructed wetland for
non-point source pollution control”, Water Science and Technology, Vol. 44, No 11, 2001,
pp.585-590.
KO J.Y., DAY J.W., LANE R.R., and DAY J.N., “A comparative evaluation of money-based
and energy based cost-benefit analyses of tertiary municipal wastewater treatment using
forested wetlands vs. sand filtration in Louisiana”. Ecological Economics, Vol. 49, No. 3, 2004,
pp. 331-347.
KRUZIC A.P., and KREISSI J.F., “Natural treatment and onsite systems”, Water Environment
Research, Vol. 81, No. 10, 2009, 1346-1360.
CHEN T.Y., KAO C.M., YEH T.Y., CHIEN H.Y., and CHAO A.C., “Application of a constructed
wetland for industrial wastewater treatment: a pilot-scale study”, Chemosphere, Vol. 64, No.
3, 2006, pp. 497-502.
YEH T.Y., “Removal of metals in constructed wetlands: review”, Practice Periodical of
Hazardous, Toxic, and Radioactive Waste Management, Vol. 12, No. 2, 2008, pp. 96-101.
SALLANKO J., MIKKONEN A.K., and LAKSO E., Experiments of using wetlands to boost
wastewater treatment. Odpadni vody – wastewater 2005, 6th international conference and
exhibition, Teplice, Czech republic, 10th – 12th may 2005. Conference proceedings – poster
papers. Ed. by Ruzickova I., Koller M., Wanner J. Asociace cistrirenskych expertu CR. pp.
199 – 202.

[2]

[3]
[4]
[5]
[6]

[7]
[8]

[9]

MIKKONEN A.-K., Hydraulic of peat based wetlands. Master’s thesis, University of Oulu,
Department of physical science, 2003, pp. 65, in Finnish with English Abstract.
RONKANEN A.-K., and LAKSO E., (2007). Research and development of Mellanaava
polishing treatment wetland, end report. University of Oulu, Process and environmental
engineering department, water resources and environmental engineering laboratory, 2007,
pp33, in Finnish.
HALLIKAINEN S., Wetland treatment as waste water polishing treatment in Ruka and
Kempele, Diploma thesis, University of Oulu, Process and environmental engineering
department, 2003, pp. 98, in Finnish with English Abstract.

Planning for SMEs’ Proactive Waste Management
in Office Building Retrofit Projects
Jay Yang
Professor
Queensland University
of Technology
Australia
j.yang@qut.edu.au

Mei Li
PhD Candidate
Queensland University
of Technology
Australia
m14.li@student.qut.ed
u.au

Qiming Li, Professor, Department of Construction Management and Real Estate, Southeast
University, China, njlqming@163.com

Summary
Office building retrofit projects face many challenges for on-site waste management. While the
projects themselves have the potential for a significant level of reuse and recycling from deconstruction and demolition, their unique characteristics often prohibit direct application of existing
waste management systems, which are typically based on managing waste generated through
new material application in new build projects. Moreover, current waste management plans include
no stimuli to involve Small and Medium Enterprises (SMEs) for on-site waste management. As
SMEs carry out the majority of on-site work as subcontractors, their active involvements will result
in more proactive approaches to waste management and enhance project delivery.
This paper discusses the interim results of a continuing research aimed at engaging SMEs in the
planning processes of waste management through the collaboration between subcontractors and
main contractors of retrofitting projects. It introduces a conceptual model for SMEs to proactively
plan and manage on-site waste generation for both deconstruction and construction stages, before
traditional waste management plans by the main contractor come into place. The model also
suggests a collaboration process between SMEs as subcontractors and large companies as the
main contractor to improve the involvement and performance of SMEs in waste management of
office building retrofit projects.
Keywords: waste management, SMEs, planning, office building retrofit

1. Introduction
The construction industry is facing major environmental challenges worldwide because of its
significant impact to the environment [1]. To create good built environment and achieve sustainable
construction along the process, waste is always a critical issue. In 2006-07, Australians generated
approximately 43.8 million tons of solid waste, with 38% from the construction and demolition
sector [2]. In the UK, the wastage rate in the construction industry was as high as 10-15% [3]. In
Hong Kong, the annual generation of construction and demolition waste from 1993 to 2004 was
more than doubled [4].
To maximize resources and reduce waste, retrofitting becomes more popular now than decades
ago. It exerts less environmental impact [5], because the materials and components dismantled
from the buildings usually presents high values of reuse or recycling [6]. As existing stocks of office
buildings age and become deficient in performance, which is happening in many developed

countries[7, 8], they need to be refitted and upgraded, therefore stimulating the retrofit market. In UK
in the year 2004, this sector accounts for almost half of the industry’s output [8]. In Australia, with
the average age of office building stock across CBDs ranging from 25 years in Brisbane to 31
years in Adelaide [9], there is an increasing need for retrofitting of a large stock of aging office
buildings. Both owners and occupants are looking for more energy efficient and environmentally
sustainable products in order to secure long term financial returns. This requires effective
management of on-site waste from these retrofit projects.
Waste management plans (WMPs) or various formats of waste minimization strategy for
construction projects is the policy widely accepted all over the world, including Australia, EU, UK,
US, Spain, Hong Kong, etc. [10-16]. The government obligates the project developer and contractor
to design a waste management plan for the construction site. Four issues are typically included in
such plans: waste type, waste quantity, waste collection and treatment, cost and financing. These
issues are all based on post-generation stage of on-site waste and the plan is for “static” waste
management. As retrofit process produces waste with project progress, the entire waste
generation process cannot be effectively managed by the existing plans, as it follows a dynamic
waste production schedule. When any changes or uncertain events take place during the project
progress, waste generation in practice would be different from expectation. It will affect the efficacy
of waste management measures and reduce the targeted reuse and recycling rates of the project.
The waste generation process, which is closely related to the project implementation, has to be
studied to form a new plan supporting dynamic management. Only through this way, more practical
waste minimization target can be realized in retrofitting projects.
Most existing waste management plans require the main contractor which is usually a large
company to conduct the planning task. In the UK for example, the Site Waste Management Plans
Regulations 2008 formulates that the client and principal contractor will take all reasonable steps
for waste management [12]. Implementing a waste management program requires the investment of
a large amount of money in the early stages of projects, including implementing site planning,
using environmentally friendly materials, and installing waste management facilities and equipment,
which are the main obstacles affecting company’s willingness to be involved [13], especially for
Small and Medium Enterprises (SMEs) which are more cash flow focused [17]. SMEs occupy
overwhelming majority of market share in the construction industry. In Australia from 2007 to 2008,
small and medium enterprises contribute 80-90% of employment, profit and added-value of the
whole construction industry [18]. As the executers of almost 90% of on-site construction work [19],
SMEs have to deal with waste generation first hand therefore are most qualified to participate in
waste management. Their active engagement and participation will improve the existing situation
of deficient waste management and increase waste reuse and recycling. It puts forward the
necessity to promote the current operation system of waste management plans by encapsulating
the responsibility of SMEs in an appropriate way.
This paper intends to establish a conceptual model to engage SMEs in planning for on-site waste
generation process of office building retrofit projects. The result will work towards improving the
involvement and performance of SMEs in on-site waste management in retrofit projects. It may
also lead to better practices of on-site waste management through the collaboration between main
contractors and subcontractors.

2. Managing Waste in Office Building Retrofit Projects
Most retrofit projects involve changing both external and internal appearances of the building, so
the waste materials produced from retrofit work are a large amount in a short time period [20].
Previous research divided commercial building retrofit/refurbishment project into four phases
including planning phase, strip-out phase, fit-out phase and occupation phase, to present features
of good waste minimization practice [21]. Several important issues for waste management were
identified to consider and plan in each phase and the roles and responsibilities of project
stakeholders were analysed to achieve waste minimization. It highlighted some important points
such as the establishment of secondary markets for dismantled materials, maintaining a clear
chain of responsibility for handling and sorting waste, recording of the quantity and destination of
all waste leaving the site, “shallow estimating” of materials, group rather than individual packaging

for items, and ongoing monitoring of waste generated against targets set at the beginning of the
project [21].
Reuse and recycling are important objectives of managing materials and components dismantled
by retrofit activities. Different office building components have different levels of reuse and
recycling rate, on site or off site, due to the material composition and method of construction.
Hardie et al. [22] divided the building in Australia into four categories including building fabric, fittings,
finishes and service components. It was found that building fabric received a significant level of
recycling and almost all of this recycling happened off site. Landfill was the principle destination
reported for most fittings. The majority of all finishes ended up in landfill and no recycling on site
was reported. High levels of recycling off site occurred with most services components but there
was very little reuse reported.
Collecting data of on-site waste is a very important issue for waste plan and management, which
can assist progress analysis of site performance, comparative study across a range of projects and
lead to establishment of benchmarks of reuse and recycling practices. Hardie et al. [23] argued that
a clear distinction has to be made between reuse and recycling to consider the exact way to treat
waste. It was also believed that recording the destination of all waste after it leaves the site is
necessary. This avoids the possibility of separated waste with no suitable end user being counted
as recycled when it in fact ends up in landfill.
WMPs are widely used to prepare for on-site waste management. However, an overview of
government regulations related to waste management plans in Australia indicated that there was
no evidence of an industry consensus on the best system for monitoring and tracking waste on
commercial refurbishment/retrofit projects. Very few companies adopted a standard method of
measuring waste outcomes in order to make cross project comparisons [24]. There is no effective
means of planning for waste minimization [6].
Existing research has mostly targeted post-generation stage of waste in office building retrofit
projects. Reuse and recycling, which are the final results of waste generated during the project
process, have been among popular topics of discussion, with the current state of play and ways for
improvement covered extensively. But the waste generation process and the uncertain project
nature [25] affecting waste production will determine the waste performance and affect the
management quality. Some problems of practical issues have already been discovered by existing
research. Attention now needs to be turned onto the internal process of waste generation on site,
which happens along with the delivery of office retrofitting projects. To make waste management
target more realistic, contractors are required to produce detailed waste generation schedule.
However, current research has not worked out an effective way to incorporate such practices into
the whole system of waste management.

3. Features of Office Building Retrofit Projects and Implications to
Waste Generation and Management
Office building retrofit projects bring greater challenges to waste management compared to new
build/demolition projects. Because of the continuous production of waste with the ongoing of
project work, waste generation is influenced by project delivery according to some unique
characteristics. The identified features of office building retrofit projects by previous research and
their implications to on-site waste generation and management are shown in Table 1.

Table 1: Features of Office Building Retrofit Projects and Implications to Waste Generation and
Management
Source

Feature

Gn (1999); Perng,
Hsia & Lu (2007);
Sanvido (1991) [26-28]

Buildings are partially occupied
Limited space

Douglas (2006);
Yang & Lim (2007)
[7, 8]

Dulung & Pheng
(2005); Holm
(2000); Quah (1992)

[25, 27, 31]

No interference with project delivery

Short schedule of site work
CBD locations

More restrictions for on-site waste
generation and handling

Small subcontracts

SMEs’ participation as
subcontractors and cooperation
with large companies as main
contractors

Uncertainties during project
delivery

Difficulties to control waste
generation process

[20, 29, 30]

Egbu (1997); Gn
(1999); Juan (2009)

Implication to waste generation and
management

A recent survey confirmed that the complex process involving physical site constraints and new
problems emerging from work progression is very common in office building retrofit projects. It
could lead to changes of design and unexpected waste. This situation would change the initial
waste management plan including managing activities and resource arrangement.
It is also discovered that the recycling rates quoted in WMPs of office building retrofit projects at
the approval stage of a project may have little correlation with the actual rates achieved in practice
[6]
. In fact, WMPs are based on estimated waste data, while the uncertain nature of office building
retrofit projects makes such estimation unreliable [20, 29, 30]. Besides, the management is only based
on existing waste already generated on-site. It is not detailed enough to integrate waste generation
with project delivery to provide a picture of the dynamic waste management process. It is also
unable to establish effective and feasible waste minimization target. When unexpected events
occur and affect waste generation, the existing WMPs cannot quickly react to waste generation
change and adapt the committed to future project implementation and waste generation process. A
detailed plan for managing on-site waste generation based on project delivery processes is
needed to provide the realistic basis for organizing waste management activities. SMEs, with their
‘hands on’ approach to on-site waste, are ideally suited for such a responsibility.

4. SMEs’ Perceptions and Performance in Waste Management
Waste management is a critical issue on every part of the construction supply chain. It needs all
project stakeholders to join forces and cooperate for waste avoidance and minimizations during the
whole of project delivery. It is important to business and community sustainability that small
businesses are actively engaged in reducing waste generation and implementing waste disposal
practices [32]. However, it was found that SMEs in general place considerably less emphasis on
waste management within their site work process, compared with the main contractors [33].
According to some, waste management is often the job of large enterprises as main contractors,
because they have to conform to building codes and regulations. Large companies usually have
recognized and certified environmental management systems, which is perceived by labour-only
subcontractors to be not cost-effective [34, 35]. A number of reasons may exist, such as [32, 34, 36-38]:
• Small turnover without return on the costs of system establishment and certification
• Small sum of waste from small part of job not economical for management
• Lack of resources
• Lack of technical understanding and capability

•

Lack of motivation

SMEs are recognized as an indispensable part of the construction industry, concerning their active
participation and great contributions [18, 39, 40]. However, their performance in achieving sustainability
in retrofitting projects has been lacklustre. It is argued that SMEs need to improve their capability in
areas of acknowledgement, culture, management and technique to achieve performance
promotion [41].
A survey conducted by the authors has confirmed that the lack of motivation and technical knowhow among SMEs are common difficulties in office building retrofit projects. Effective method and
techniques need to be established to promote active involvement of SMEs to waste management.
Waste issue needs to be integrated with the whole project delivery. Waste should be managed as
project resource and waste management needs to be planned based on project schedule and
resource constraints. In this case, collaborations between SMEs and large companies are
imperative to achieving such goals [41].
The result of the survey highlights that collaboration between SMEs as subcontractors and large
companies as main contractors is an important factor for planning and managing waste during
project work process. It is part of the organizational commitment, which is an important driver for
SMEs to conduct effective on-site waste management. However, respondents of the survey
indicate that there is not enough collaboration among contractors taking place in the current
industry for proactive waste planning and management.

5. Proactive Planning Model for SMEs’ Waste Management
As integral parts of the construction supply chain, SMEs and large companies have lots of
collaboration to do when working together as a unified team in the construction industry [42, 43]. For
waste management, the value of waste minimization and project sustainability is also controlled
and realized by the cooperation of stakeholders [44]. There is the prospect for SMEs to take up
reasonable responsibility for on-site waste management to establish a way of collaboration with
large companies.
SMEs, mostly as subcontractors, are the ones carrying out most of the on-site work [19], so they are
most prone to problems and issues of on-site waste. It is possible for SMEs to proactively plan and
manage waste generation process, before the traditional waste management plans by main
contractors come into place. This approach will improve the performance of SMEs for on-site
waste management and enhance effectiveness of waste management system for the construction
industry.
Findings from the general literature study as well as specific issues unearthed from past research
have suggested several key elements towards SMEs and Main Contractor collaboration, which
include:
• Clear communication for existing building information
• Instant response to project variation
• Joint problem-solving for project complexity
The collaboration between SMEs as subcontractors and large companies as main contractors can
be based on the appropriate distribution of responsibilities in on-site waste management plans
according to the capabilities of the stakeholders and the specific characteristic of office building
retrofit projects, as shown in Figure 1. SMEs are supposed to plan for on-site waste generation
schedule before project starts, including waste types, quantities and time, which are related to their
work methods and progression. Large companies as main contractors would outline the waste
generation flow of the whole project based on the plans from each subcontractor. Therefore, they
can have an overall strategy for on-site waste management and conduct detailed resource
allocation and activity organization. In the case of unexpected event, differences of waste
generation data in practice can be obtained and compared with the initial plans from SMEs. Large
companies could modify waste management issues accordingly. In this way, the scale economy of
waste handling and management can be achieved. Reuse and recycling rates can be set up more

practically thus easier to realize. More importantly, SMEs can engage and actively participate in
on-site waste management in office building retrofit projects.
As part of an ongoing research, this planning model will form the basis for interviews and case
study in the future for elaboration, modification and proof of the feasibility and applicability.
Planning level

Waste generation

Planner

SMEs

Planning issues

Plan for work progress
Identify waste categories
Identify quantity for each waste
category
Set up schedule of waste
generation

Waste management

Large
companies
Review subcontractors plan
Identify waste generation flow
of the whole project
Discuss with subcontractors
for possible adjustment and
optimization

Large
companies
Plan for on-site waste storage
Plan for schedule of on-site
material reuse
Plan for schedule of waste
collection for off-site recycling
Plan for resource allocation to
support on-site waste management

Project delivery

Uncertainty event
and project variation
Planning basis

Subcontracting work

Project

Figure 1: Scenario for Collaboration between SMEs and Large Companies in
On-site Waste Management plans of Office Building Retrofit Projects

6. Conclusions
Effective waste management is a significant step towards the goal of sustainable construction. In
office building retrofit projects, the issue of waste faces greater challenges due to the projects’
complex nature and the way wastes are generated. The performance of on-site waste
management throughout the industry can vary significantly depending on the level of involvement
of small to medium enterprises (SMEs), that carry out the majority of on-site works. A model is
proposed for SMEs as subcontractors to plan and manage waste generation process in
collaboration with large companies as main contractors. The model encourages SMEs to actively
plan for managing on-site waste generation in line with work progression and large companies to
identify waste flows and lead the forward planning process to manage the generation, minimisation
and handling of the produced waste.
Continuing research in this space will help improve the engagement of SMEs in managing waste in
office building retrofit projects within their grasp. It will also promote the practicality and
deliverables of project on-site waste management plan, as well as optimize resource reuse and
recycling for industry level sustainability. The next phase of the research will focus on the specific
information and relevant tools that can be applied to the theoretical model and to integrate waste
generation process with the whole implementation and delivery of office retrofitting projects.
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1.

Summary

Ten years ago, the vision of a "2000 Watt Society" was developed at the Swiss Federal Institute of
Technology (ETH) in Zurich, Switzerland. It calls for a continuous reduction of energy consumption
from 6,500 watts today to an average global energy consumption of 2,000 watts per capita (1,500
watts renewable and 500 watts non-renewable energy) and a cut in Global Warming Potential from
8.7 tons to 1 ton CO2-equivalent in the next 100 to 150 years. The advantage of this vision is that it
is applicable in the global, national as well as local levels.
In 2007, the Swiss Federal Council agreed on a new energy policy in which energy efficiency and
renewable energy are to support a sustainable energy system based on the 2000 Watt
Society .This new national energy policy has been adopted by several states (or Cantons). Plenty
of cities (e.g. Zurich) have successfully introduced an “Energy City” label.
A small community in the Swiss Alps (S-chanf) with mostly heritage-protected buildings has
developed a concept for achieving the 2000 watt goals in future. It proved to be possible thanks to
a large future source of renewable energy from a new sewage treatment plant.
On a development site scale (e.g. former industrial area), a research project funded by the Swiss
Federal Office of Energy and the Office for Building Construction of the city of Zurich has
developed a methodology and tool to calculate the energy efficiency of areas to be developed. The
simple tool assists investors and planners in calculating the total energy consumption and
greenhouse gas emissions on the basis of the preliminary design stage with a limited amount of
information: retrofit or new construction, planned mix of use (e.g. living, restaurant, etc.), floor area,
etc. The underlying default values can be adapted on the basis of the full planning stage. The
results are presented in a way to easily gather insights, where the project could be improved in
terms of energy efficiency.
The methodology will make use of the principles applied to single buildings in the Energy Path of
Efficiency document published by the Swiss Society of Architects and Engineers [1].

2.

Introduction

The global reservoir of fossil energies, in particular oil, is approaching exhaustion with increasing
speed. Soon, all attention will be on the hard-to-access deposits. The exhaustion of these reserves
will lead to actual or supposed shortages which will in turn result in economic upheaval or even
armed hostilities. It is obvious: we are living at the expense of future generations. This also applies

to the greenhouse gas problem. The carbon dioxide concentration in the atmosphere has
increased by 35 percent in the last 125 years. Re-orientation is urgently required. [2]

3.

Goals, Requirements and Implementation of a 2000-watt Society

3.1

Introduction

Ten years ago, the vision of a "2000 Watt Society" was developed at the Swiss Federal Institute of
Technology (ETH) in Zürich. It is based on the question of the minimum energy required per
person and year for any region on earth to not constrain its economic development. The answer
was 1,000 watts per inhabitant and year. For Switzerland as a highly developed country it was
assumed to be about double: 2,000 watts per inhabitant and year, a reasonable and feasible goal.
By chance, this value matches with average energy consumption worldwide and Swiss
consumption in the year 1970. To include the topic of climate change, the Energy Science Center
(ECS) at the ETH added a “1 ton CO2 society” based on the research of the IPCC
(Intergovernmental Panel on Climate Change).
Today, the per capita energy consumption in Switzerland is on average 6,500 watts. The ambitious
goal for 2150 is to reduce the energy consumption to 1,500 watts of renewable and 500 watts of
fossil fuel and to reduce GHG emissions from 8.7 t today to 1 ton CO2 equivalents in future.

Fig. 1: 2000 Watt Society path of reduction [16]
The quality of life suffers no limitation in the 2000 Watt Society. On the contrary: security and
health, comfort and individual human development improve, incomes rise in 50 years by around 60
percent. These ambitious goals, however, cannot be achieved without decisive action [2]. Socially
acceptable energy production and distribution also brings daily energy consumption closer to the
consciousness of the population.
The graph on the next page shows the structure of this publication and the implementation of the
concept of the 2000 Watt Society from a global perspective down to its relevance for a single
building.
The imperatives to act locally (right arrow) arise from a global perspective and global added value
for all is created by the total of individual sustainable measures (left arrow). The 2000 watt target
value refers to one person and one year at a global, national and community level; at the
development site and building level, the target values have been converted in Switzerland into

guide values per m² of energy reference area. The conversion was performed by making
assumptions on the occupancy rates for various types of building uses.
3.2

Global / European

The Kyoto agreement, whose aim is the global
reduction of greenhouse gas emissions, expires
in 2012. At present, negotiations are taking place
at international level for the post-Kyoto period,
which are especially concerned with agreeing on
new CO2 reduction targets and persuading
countries such as China, India and the USA
which have not yet come on board to sign the
agreement.
The European Union (EU) already agreed an
integrated strategy in the area of energy and
climate protection in December 2008. Specifically,
it wants to reduce its CO2 emissions by 20
percent (compared to 1990) by 2020 (or even 30
percent if an international consensus is reached)
and also to reduce energy consumption by 20
percent by means of efficient energy use. In
addition, it wants to increase the share of
renewable energies in the energy mix to 20
percent by 2020. [2]
Fig. 2: From a global perspective to a single building
3.3

National / State (Canton)

In its report entitled “Strategy on Sustainable Development 2002“ (Swiss Federal Council; March
2002, [3]) the Federal Council states: „The scenario of the 2000 Watt Society serves as a target for
energy and climate policy which, in the long term, would require a reduction of greenhouse gases
(primarily CO2) permanently to one ton per capita and coverage of energy consumption with 500
watts per capita from fossil and 1500 watts per capita from renewable energy sources. The Federal
Council is aiming for this in the coming decades. In this respect, the Federal Council is supporting
further clarifications by a working group within the Council which will formulate intermediate targets
and clarify responsibilities and deadlines.“ The Federal Council therefore states no target year for
reaching the 2000 Watt Society in its sustainable development strategy.
In recent years in the ETH domain, various institutes have given a lot of thought to the topic of the
2000 Watt Society. Apart from the energy research strategy [4], work under Novatlantis ([5] and [6])
and the book by Koschenz et al. [7] are to be valued as more recent contributions. Whilst the work
of Novatlantis tackles the question of technical efficiency potentials of all applications, the book by
Koschenz et al. [7] focuses on building technology. The central question with all these
interpretations is always with which technologies the target of the 2000 Watt Society can be
achieved.
Mathematically and technically, energy consumption in Switzerland can easily be reduced to 2000
watts per person with the help of risk-free and sustainable energies if differentiated measures are
taken for different forms of energy.

Fig. 3: 2000 Watt Society path of reduction in Switzerland
The so-called 2000 Watt Society path of reduction from around 6,000 watts to 2,000 watts per capita (of which only 500 watts are non-renewable) is divided into four differently controllable areas of
energy provision and supply:
a) Sufficiency is concerned with voluntariness and the understanding that a contribution to the
public good can be made by saving energy. This is often equated with doing without, but
can be balanced with incentives. In general, the consumer behaviour of private households
and private and public services belongs in this area.
b) Energy sources are matched with the demand for energy with efficiency, both in terms of
quantity and with regard to the energy potential versus supply. New planning and renovation of buildings and systems in both the private and the public sectors belong in this area.
c) The use of the potential of low-CO2 resources is achieved by the substitution of nonrenewable with renewable energies in all economic sectors.
d) For mobility, energy consumption and environmental pollution is driven by personal use of
individual or public means of transport. Increasing shared mobility reduces the amount of
energy used per journey.
As a good example of regional energy planning in accordance with the 2000 Watt Society is the
Canton of Grisons (South-East Switzerland). With the complete revision of the energy law of the
Canton, the government wants to move the Canton’s energy policy an important step forward. The
purpose of the new energy law is first and foremost efficient and sustainable energy use as well as
economic and environmentally friendly provision. In addition, fossil fuel consumption is to be lastingly reduced and the use of local and renewable energies boosted. With this, the Canton wants to
make a contribution to the long-term goals of the 2000 Watt Society. This is also being done in an
effort to reduce CO2 emissions to one ton per year and inhabitant in line with national and international efforts.
3.4

Communal

In Switzerland, the municipalities are the last or lowest public instance, which can adopt the
national provisions of the 2000 watt targets in their laws. Parallel to the planning of the new energy
law, the municipality of S-chanf in the Canton of Grisons performed a feasibility test by means of a
rough concept. The municipality is situated in the Oberengadin in the Canton of Grisons in the
southern Swiss Alps and has some 700 inhabitants. In 2008, the municipality of S-chanf had a
primary energy requirement of 6,000 watts per person. The proportion of non-renewable primary
energy in the overall primary energy requirement is around 90% and is evenly distributed across

the areas examined. Of all the greenhouse gas emissions, almost half originate from heating
requirements and one third from mobility and the transport of goods. A very small proportion
originates from electricity requirements.
Scenarios for calculating possible paths of reduction have led to the following findings in regard to
the greatest primary energy reduction potential:
Substitution of energy source for heat production (use of waste heat from the future
sewage treatment plant)
An increase in the efficiency of heat production (insulation of buildings)
Transformation of the electricity mix with an increase in the share of renewable energy
Optimisations in the areas of mobility and transport of goods
In order to successfully implement these “direct” measures, a number of so-called “indirect”
measures in the areas of development and land use planning, supply and disposal, organisation,
etc. must be implemented in the municipality of S-chanf. These can be support-grants, reduced
prices for public transport tickets or a bulletin board showing the municipality’s current energy
consumption. [8]
3.5

Development Site

3.5.1 Introduction
The vision of the 2000 Watt Society represents an important initiative for reducing primary energy
use and greenhouse gas emissions and has been able to take root in the construction sector.
Numerous public and private builders have already initiated and partly started to operate 2000
watt-compatible construction projects.
The methodological foundations for the implementation of the 2000 Watt Society in the
construction sector have been set out in SIA documentation D0216 “SIA Energy Path of
Efficiency“[9]. As part of a further development of this instrument, the calculation method for the
three building categories living, office and schools was published as an SIA leaflet in mid-2011 [1].
Table 1: Types of use which are new in this project

Use

Complexity
Living
Administration
School
Other

Single use

Mixed use

Complete dev. site

This project

This project
This project
This project
This project

This project
This project
This project
This project

So far, no fundamental principles exist for further building categories, mixed use buildings or entire
development sites. Types of use which differ considerably from those of the SIA Energy Path of
Efficiency [9] can either only be reconciled with the requirements of the 2000 Watt Society with a
great deal of extra effort or their conformity is not traceable and basically remains an unproven
assertion.
The purpose of this project was therefore to complement the SIA Energy Path of Efficiency [1] in
the field of construction projects with special types of use, where for example sales, hotel,
restaurants and commerce are developed together. Those methodological and techno-ecological
questions which cannot be covered by the SIA Energy Path of Efficiency [1] due to their complexity
were very much in the foreground. Since the determination of uniform target or guide values for
specialised types of use is not entirely possible, alternative variants for defining target values such
as best practice or qualitative rating processes were also used. In addition, it should be possible to
extend the system boundary from an individual building to an entire development site. This
decisively extends the applicability of the 2000 Watt Society in the construction sector and taps an

important potential from the point of view of Swiss energy policy (17 million m² of disused
development sites in Switzerland). The 2000 Watt Society concept makes a distinction between
the following 5 energy use categories: buildings, mobility, consumption, nourishment, energy
distribution. Current paper assesses only the first two of these categories – buildings and mobility –
as these are the areas that a site developer can have the biggest impact in the early stages of the
project.
A calculation tool has been developed in order to assess various site development projects with
regard to the aims of the 2000 Watt Society. It guarantees that all projects are treated in
accordance with the same fundamental principles (system limit, data basis, etc.). This achieves
transparency on the one hand and allows for a comparison of two or more development projects.
3.5.2 Calculation Tool
A development site is assessed by means of three areas of energy use: production/disposal,
operation and mobility. Two conditions must be met in order to be able to make a statement
possible: the input from site developers, builders and planners/architects had to be minimal, simple
and easily understood and it had to ask for all information necessary for calculating non-renewable
and total primary energy and greenhouse gas emissions in the areas of energy use
(production/disposal, operation and mobility).
Basically, the tool consists of the following input and result pages:
Basic input regarding development site:
The information requested here must be filled in so that a result can be calculated. The tool makes
use of a number of default values which are described briefly in the instructions and in detail in the
final report (including their derivation). This includes information about the site (for example its
public transport connections), the sub-sites (for example arrangement of buildings), the buildings
(for example their energy standard), types of use within the buildings (for example floor area,
parking spaces) and energy provision (for example 50% heat from oil heating and 50% from solar
collectors). This page also includes the graphics with the overall results per site for the
environmental indicators assessed and also divided up into the sub-sites, the areas of energy use
(production/disposal, operation and mobility) and the types of use.
Input regarding new types of use:
Should the default types of use (living – apartment building, hotel, office, restaurant, school,
speciality shop, food, shopping centre) not be sufficient, additional types of use can be defined and
entered on this input page. In addition to the guide values for all sub-areas these are the
kilometres per year travelled by residents/staff for mobility, the heat energy as well as default
values for ventilation, cooling, etc. for operation and, for example, the height between floors and
the overall proportion of windows in the facade for production/disposal.
Input regarding new methods of construction:
Should the default construction methods (solid concrete structure, solid concrete-brick structure,
composite concrete-wood, light-weight construction, garage) describe a specific building
inadequately or not at all, these can be freely defined on this input page. The input parameters are
the exterior wall above ground terrain, the roof, the window type, excavation, exterior wall
underground, foundation and interior construction components.
Input regarding further information:
This input page permits the user to manually define mobility distribution as a function of the
development site location (motorised individual transport, public transport and slow traffic), the
energy sources for heat, hot water and cooling and also the yield from the photovoltaic system.
Detailed results:
This page contains a results table and also graphs with partial results per sub-site for the
environmental effects examined as well as division into the areas of energy use
(production/disposal, operation and mobility) and also the types of use.

3.5.3 Methodology
Different methods are used for the individual types of energy use: production/disposal, operation
and mobility. These are described below:
Construction /disposal:
The individual types of use are handled as individual buildings for calculating non-renewable primary energy and greenhouse gas emissions. This means that the exterior wall, roof and foundation
surfaces are calculated from the zone in the building (upper, middle, lower zone or entire building),
the number of heated and unheated floors (cellar, storeroom or garage), the total floor area and the
compactness (of the types of use). In addition, the user must state whether it is a new building or a
renovation and which construction type is to be used. The following default construction types are
available: solid concrete structure, solid concrete-brick structure, composite concrete-wood, lightweight construction, under-ground garage, above-ground garage and parking lot.
Further construction types can be added manually. Pre-fabricated standard construction components from SIA leaflet 2032, “The Grey Energy of Buildings” [10] are available. These constructions
originate from the web-based construction components catalogue (Bauteilkatalog) [11]. The primary non-renewable energy and greenhouse gas emission factors for the materials used in the
constructions (production and disposal) originate in turn from the KBOB material list [12] which was
compiled from the ecoinvent Life Cycle Assessment database [13].
The guide values comply with the guide values published in SIA MB 2040 “Energy Path of Efficiency” [1] for the types of use living, office and school. The guide values for the other types of use
were derived from existing values:
Operation:
The building shape (compactness), the energy standard and the building intervention (new
construction/renovation) supply the basis for the calculation of the heating requirement. The energy
requirement for the remaining purposes (lighting, operating facilities, ventilation, air conditioning,
hot water) is calculated by means of default values per purpose.
The following information is required for fulfilment of energy demand:
All heat sources used to heat the buildings on the whole development site with the corresponding degree of coverage
All heat sources used for producing hot water on the whole development site with the
corresponding degree of coverage
All cold generators used for cooling the buildings on the whole development site with the
corresponding degree of coverage
All power sources used on the whole development site with the corresponding degree of
coverage and the information as to whether the power is supplied by a supply agreement or produced on-site. Self-produced power is not included in the energy and greenhouse gas emission balance.
The default values for the types of use living, office and school are adopted from the SIA 2040
Energy Path of Efficiency pamphlet [1]. For additional types of use (hotel, sales, restaurant,
garage), the default values for lighting, operating facilities, ventilation and cooling are derived from
the standard values in SIA 2024 [4]. Hot water requirements are based on SIA 380/1 [14]. The
standard efficiency values for the various heat and cooling sources are based on standard values
from SIA 2040 [1] and MINERGIE [15]. For the thermal solar systems, efficiency is represented by
the relationship of the circulation pump’s electrical energy to the system’s heat yield. The yield per
m2 of the thermal solar systems serves to calculate the size of the system. The construction of the
system is incorporated into the purpose production and negative growth. This applies equally to
heat pumps and photovoltaic systems.

The guide values for the types of use living, office and school are adopted from the SIA 2040
Energy Path of Efficiency [1] leaflet. For additional types of use (hotel, sales, restaurant, garage),
the guide values are calculated on the basis of the default values. A building envelope figure
(thermal envelope area divided by heated floor area) of 1.0 is used for all types of use. The end
energy requirement of the heating and cooling sources is calculated under certain assumptions.
The relatively deep efficiency of the heating and cooling sources, in conjunction with the rather
strict default values on the energy requirement side result in guide values for operational energy
which are compatible with the milestone for 2050 of the 2000 Watt Society.
Mobility
The project values for mobility are calculated in two ways:
Derivation from the number of parking spaces
Person- and type of use-related derivation
In the model, either one of the two ways or a combination of them are scheduled for adoption depending on the location and degree of integration of public transport into the site.
The derivation of the guide values is based as far as possible on the values in the SIA Energy Path
of Efficiency and SIA pamphlet 2040 [1]. If no guide value is defined, the guide value for employees
in offices, area-adjusted for the number of staff, is used. The visitor/customer ratio is derived from
a reference figure. The guide value for mobility is thus brought closer to the 2000 watt guide value
in the best possible fashion by means of the person-area-adjusted relationship to the established
office key figure. No means were available for more in-depth examinations.
3.5.4 Case Study
A new development site with mixed use is evolving on Gleis Nord, the former Hero site in Lenzburg.
The Hero site is a centrally located industrial area in Lenzburg, approximately 40km west of Zürich.
The former canning factory was founded in 1885. The site was constantly extended until 1970 and
forms an outstanding element in the industrial development of Lenzburg.The builders‘ aim is to
supply the entire Gleis Nord site with heat from renewable energy sources and to conform to the
2000 Watt Society’s guidelines. The aim of the land owners’ (EBM Elektra Birseck) and its’ partner
for the development of the site (Losinger Construction SA) is to supply the entire Gleis Nord site
with heat and cooling from renewable energy sources and to conform to the 2000 Watt Society’s
guidelines The entire site is to be divided into eight individual sub-sites (sub-sites A-H). Individual
existing buildings (production building and administration building on sub-sites A, B, D) exhibit
good basic structures and should be preserved (and converted) for this reason.

Fig. 5: Overview of the Gleis Nord site – existing buildings

The following usage matrix is scheduled for the Hero site:
Table 2 Gleis Nord site usage mix
Surfaces (m2 GF)

New buildings

I – Living apartments

Existing buildings

Total

41,905

4,093

45,948

3,775

1,480

5,255

16,270

8,068

24,338

0

1,763

1,763

1,685

1,674

3,359

Underground car park

15,800

5,325

21,125

Site total

79,435

22,353

101,788

Site total excluding
Underground car park

63,635

17,028

80,663

II – Hotel
III – Administration
V – Sales
VI - Restaurant

The following mixed use is scheduled:
Table 3 Gleis Nord site operating energy mix
Heating
Burner, biogas, 850 kW

45%

Wood burners, wood chips, 300 kW

25%

Heat pump, ground water, 1'450 kW

30%

Cooling

Reversible heat pump 200kW

20%

Direct cooling, ground water, 450 kW

80%

Electricity

Eco-electricity (e.g. hydropower)

100%

Total

100%

100%

100%

The calculation tool calculates the following non-renewable primary energy requirement from this
information as follows:
Non-renewable primary Energy per m2 heated floor area
M J / m2
800

Construction and Disposal

Building Operations

700

Mobility

Sub-site A

Sub-site B

Sub-site C

Sub-site D

Sub-site D

Sub-site E

Sub-site F

Sub-site G

Sub-site H

Sub-site I

Apartments

200

Hotel

Office

100

One-line shop

Groceries

Supermarket

Restaurant

School

Garage

600
500
400
300

0

Area of Energy use

Sub-site

Type of Use

Linear (Target value)

Fig. 6: Result non-renewable primary energy, Gleis Nord site

In Fig. 6 the consumption of non-renewable energy per square metre of heated floor area is shown
in relation to the guide value (red line). The first bar differentiates between the categories or purposes of production/disposal, operation and mobility. Due to the very high proportion of renewable
energies in the operating energy and an energy-saving construction, this type of use has the lowest share of non-renewable primary energy. The non-renewable primary energy from mobility constitutes more than 65% of the total consumption due to the large number of parking spaces and the
correspondingly induced traffic. The results in the second and third bar (sub-site and types of use)
are determined primarily by the corresponding floor areas. For example, the ratio of living area to
the overall floor area constitutes 55% for the “type of use” bar. This corresponds roughly to the
non-renewable primary energy share of 50% in the third bar.
3.5.5 Guideline
A structured approach is described by means of case studies in a graphically attractive guide
which illustrates the steps involved in the development of 2000 watt-compatible sites. The following
elements are included:
Summary of the methods used and fundamental concepts
Instructions for using the calculation tool
Instructions for interpreting the results
Five to six case studies with non-renewable primary energy, total primary energy and
greenhouse gas emission results
This guide, together with the calculation tool and the comprehensive final report, will be handed out
to interested site developers, investors, builders, architects and planners in Switzerland who wish
to build a 2000 watt-compatible site.
3.6

Building

The vision of the 2000 Watt Society represents an important initiative for reducing primary energy
consumption (total and non-renewable) and greenhouse gas emissions and has been able to
establish itself in the construction sector. Numerous public and private builders have already
initiated and partly begun to operate 2000 watt-compatible construction projects.
The methodological fundamentals for the implementation of the 2000 Watt Society in the
construction sector have been set out in SIA documentation D0216 „SIA Energy Path of Efficiency“.
As part of further development of this instrument, the calculation method for the three building
categories living, office and schools will be published as SIA pamphlet 2042 “SIA Energy Path of
Efficiency” [1].

4.

Prospects and obstacles

Opinions on appropriate climate protection measures amongst experts and economists are divided:
some see the appropriate route to CO2 reduction in the reduction of energy consumption through
efficiency and increased use of solar energy as well as further sustainable energy sources. On the
other hand, others see an unchanged or even rising energy requirement and continue to rely on
allegedly CO2-free nuclear energy and on the use of geothermics and also solar energy with a
power network extending as far as Africa.
The two concepts, the 2000 Watt Society and the CO2 Society, are thus played out against each
other. The main difference between the two concepts is that the technical solutions for the CO2
Society involve risks and are only suitable for developed societies, whereas the 2000 Watt Society
includes all social levels and stages of industrial development of the world’s population from a
global scale down to individual buildings.

Despite resistance, the concept of the 2000 Watt Society is, however, gaining in weight. As a
forerunner, the city of Basle already decided in 1983 to do without nuclear energy. In some cities
and municipalities the 2000 Watt Society today serves as a guideline for their energy planning and
for an exit from nuclear energy. As the “Swiss energy city”, Zurich has even anchored this concept
with a large popular majority in its municipal code.

5.

Conclusion

The aim of the 2000 Watt Society to go from today’s energy consumption (6,500 watts in
Switzerland) to 2000 watts of primary energy, only 500 watts of which is non-renewable, and a
reduction in greenhouse gas emissions from 8.7 t today to 1 ton of CO2 equivalents is extremely
ambitious. These figures were determined at a global level. Switzerland has adopted these targets
in its sustainable development strategy. Some Cantons and municipalities have even added these
targets to their energy laws. The Swiss Engineers and Architect’s Association (SIA) has endorsed
these targets as guide values for various building types per heated area. Planners could thus be
given useful support in moving towards the 2000 Watt Society.
Since many industrial sites in Switzerland are disused (and will soon be disused) they are available
for site construction projects with mixed types of use. There was therefore an urgent need to
provide site developers, builders, planners and architects with a guide with calculation tool to
check 2000 watt compatibility. Due to the possibility of depicting additional, as yet unexamined
types of use in the calculation tool, existing SIA pamphlets are being merged on the one hand and
others developed further on the other.
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Summary
The tree pattern is the model of classical energy (or flows in general) distribution: remote
production in a big central unit and then hierarchical distribution down to the single house. The
efficiency and resilience problem of this pattern is that lower (and even intermediary levels) in the
hierarchy are entirely disconnected, which not only creates losses in the flows (and a peak
approach because there is no possibility of local transfers) but it makes them entirely vulnerable to
any damage and break in the upper levels of the hierarchy. The paper is intended to provide an
overview of an opposite concept we call Synergy Grids. Synergy Grids concentrate on a
neighbourhood scale and multiple systems, including supply, demand and optimization of thermal
energy, potable and grey-water systems, local renewable and DC power systems within buildings.
All of these systems will require optimization algorithms and systems and a new form of zone
management to be successful. By using thermodynamics of systems far away from the equilibrium,
the paper demonstrates that the optimal structure of a synergy grid is a scale free fractal structure,
which maximises the efficiency and resilience of the grid.
Keywords: synergy grids, energy efficiency, urban resilience, fractals, Pareto laws

1. Introduction: A paradigm Shift
The tree pattern is the model of classical energy (or flows in general) distribution: remote
production in a big central unit and then hierarchical distribution down to the single house. The tree
pattern  is  Thomas  Edison  and  electricity  companies’  major  contribution  to  urbanism  at  the  end  of  
19th century. The efficiency and resilience problem of this pattern is that lower (and even
intermediary levels) in the hierarchy are entirely disconnected, which not only creates losses in the
flows (and a peak approach because there is no possibility of local transfers) but it makes them
entirely vulnerable to any damage and break in the upper levels of the hierarchy. The paper is

intended to provide an overview of an opposite concept we call Synergy Grids. This concept is
based on an extension of a relatively well-known concept called smart grids. While current work on
Smart Grids focuses on the optimization of supply and demand of electricity within large regions,
Synergy Grids concentrate on a neighbourhood scale and multiple systems, including supply,
demand and optimization of thermal energy, potable and grey-water systems, local renewable and
DC power systems within buildings. All of these systems will require optimization algorithms and
systems and a new form of zone management to be successful. The paper will eventually consider
relevant issues in building uses, density and configuration. Smart or synergy grids are the opposite
of hierarchical tree organisations, with not only local production, but also many loops and
connectivity at the lower levels of the hierarchy, which increases the efficiency, the stability and the
resilience of the system, like in the blood system or in a river delta. This pattern is similar to a leaf
with multiple loops and connectivity. The paper will develop a mathematical approach of the
synergy grids optimization and show that the most efficient and resilient structure is a
size/frequency distribution of its elements following a Pareto law (an inverse power law), that is a
scale free fractal. This is true for natural and artificial systems. This is the key of an efficient design
of such a grid and even a way of measuring its theoretical gains of productivity according to
different designs, scaling levels, degrees of connectivity. The paper thus integrates the
optimisation of components (building scale) and the optimisation of the whole (urban scale) though
a scaling approach based on the contemporary theories of complexity.
The paper comprises 2 parts: an overview of the extensions of the smart grid concept to integrate
all flows into a synergy grid; a scientific approach of the optimal structure of a synergy grid showing
that a scale free fractal structure maximises the efficiency and resilience of the grid. The second
part gives measurable results on the gains to be expected from such a synergetic approach
closing loops at all scales from a partial application of these concepts in the REAP strategy for
Rotterdam.

2. From Smart Grids to Synergy grids
2.1

Smart Grids and Synergy Grids

This section is intended to provide a rationale and starting point for an exploration of a concept we
call Synergy Grids. This concept is based on an extension of a relatively well-known concept called
Smart Grids, which is currently the focus of much intensive study in many countries. In order to
understand our idea of Synergy Grids, we must first review the major ideas and features behind
the Smart Grid concept.
2.2

Smart grids

A Smart Grid is an electric power network that links generators and users of electric power in a
new way, by adding intelligent electronic controls and software to the system.
The smart grid can collect the optimal amount of information necessary for customers, distributors
and generators to change their human and equipment behavior in a way that reduces system
demands and costs, increases energy efficiency, optimally allocates and matches demand and
resources to meet that demand, and increases the reliability of the grid.
The social and technical benefits of a smart grid are reduced greenhouse gas and other emissions,
lower costs, increased reliability, greater security and flexibility to accommodate new energy
technologies, including renewable, intermittent and distributed sources. The issue of GHG
emissions is key in driving climate change, and the focus on electrical production goes to the heart
of the issue, since commercial buildings in developed countries use the majority of all electrical
output, and most electricity is generated in very inefficient thermal power plants.

Components of a Smart Grid may be defined to include:
 Electrical distribution networks;
 Energy generation sources including:
o
o
o
o

Traditional fossil-fuel or nuclear power generating stations;
Large renewable power supply sources, such as wind, solar thermal or wave power;
District or local renewable energy sources, including wind, solar and bio-mass combined
heat and power (CHP);
Small intermittent power supply sources to and from individual homes and buildings;

 Network software that optimizes power demand and supply and provides diagnosis of actual or
incipient problems with the line or with equipment;
 Power use controllers that are linked to individual appliances or equipment, and that have the
ability to shave peak power demands by signaling linked equipment to turn itself off for a period
of time, or to reduce its power requirements;
The scale of application of most Smart Grid projects is somewhat undefined, but it appears that
most project developers are looking at regional or sub-regional areas; e.g. large areas with many
thousands of customers.

Fig. 1: conceptual diagram a Smart Grid

2.2.1 Potential Smart Grid benefits for utilities
 Avoidance or minimisation of power blackouts or disruptions because of network resiliency
(similar to internet);
 Inducing consumers to use power more efficiently with respect to sources and peak periods;
 Reduction of peak loads
 From the two factors above, reduced greenhouse gas emissions
 Stability of consumption

 Maintenance of a high level of power quality through the ability of identifying sources and
characteristics of distributed power sources in the grid;
 Fraud detection and prevention
2.2.2 Benefits for building operators and owners
Assuming that building systems and equipment have interfaces with an external smart grid network,
benefits also occur at the building level. Such gains could be:
 Real-time load and supply adjustment according to power generation situation;
 Real-time information on the source of electric power (green or conventional) that allow
building operators to use sources with reduced or no GHG emissions, and also to take
advantage of shifting electricity rates, optimize the scheduling and performance of building and
tenant systems (including electric cars), and to optimize the way that occupants use the
building.
 Performance data from the grid can also form the basis of emissions trading;
 An ability to export power that may be generated on site by, for example, PV arrays or
regenerative power captured from elevator braking;
 Higher level of power quality for critical IT systems;
 Smaller sized building technical facilities that mean savings in investment and operation cost.
 Performance data from the grid on GHG reductions can also form the basis of emissions
trading;
 Use  of  building  “operation  flows”  such  as  waste  water  to  produce  energy
 Use of building functions as a variable in energy consumption, for instance anticipated or
delayed cooling or ventilation
 Predictive systems can be linked to the grid
 Use of energy storage capabilities built in the building such as:
o
o
o

Building thermal inertia or thermal storage
Built in batteries or power storage
Sprinkler water tanks as thermal storage.

2.2.3 Broader extensions of the concept
Malta depends entirely on foreign fuel oil for the production of its electricity and a substantial
portion of the electrical output is used for the desalination of more than half of its water supply.
Malta is therefore developing a smart grid to cover both electrical and water supply systems across
the island. 250,000 interactive meters will monitor electricity and water usage in real time, set
variable rates and reward customers who consume less energy and water.
2.3

Synergy grids

Smart grids R&D has been focused on the optimization of electric power. One of the fundamental
aspects of the concept is the optimization of supply and demand, through control and storage
systems. If we develop the Smart Grid idea at a local scale, we may be able to deal with a wider
range of issues and more in depth;
There are many other neighborhood-scale systems that could benefit from optimization. This would
provide an appropriate framework for developing strategies for neighborhood infill and renovation
programs that must reach very high levels of performance. Such an integrated approach at a local
scale might more logically be called a Synergy Grid.
Some of the neighborhood-scale (zone) systems that could benefit from optimization of supply and
demand include:
 Buildings with a deficit or surplus of thermal energy;
 Buildings with a deficit or surplus of domestic hot water;
 Buildings with a deficit or surplus of grey water;

 Buildings with a deficit or surplus of DC power;
 Buildings with a deficit or surplus of parking spaces;
 Owners of private electric vehicles with a deficit or surplus of DC power;
Each of these urban sub-systems could benefit from appropriate storage systems, controls and
algorithms for optimization of supply and demand, and distribution networks.
A Synergy Grid, as we define it, would go beyond the current definition of Smart Grids to include
the following elements within a small urban neighborhood (here referred to as a Zone for
convenience).
1. The Smart Grid proposals we have seen are silent on the topic of space heating or cooling,
and the possibility of thermal generation in the zone (GSHP, CHP or bio-mass), as well as
thermal storage in the zone to serve such thermal sources. This is especially logical in the
context of some buildings producing a heat surplus (captured through heat-recovery ventilation
systems), while others could benefit economically from zone-supplied heat.
On the cooling side, some building operators may find it more economical to draw on a chilled
thermal source supplied from the zone. We therefore see a need for thermal mid-term
storage of thermal generation sources and a re-distribution system of low-temperature heating
systems of buildings in the zone that have thermal deficits. As with AC and DC power,
optimization controls and software are essential to optimize such a system.
2. Many modern buildings make provision for rainwater capture and grey water use, but some
(e.g. highrise) have relatively minimal opportunities for rainwater capture, while low-rise
buildings can produce large amounts. There is therefore logic in exploring a zone-wide
greywater and redistribution system for all buildings in the zone. Such a system would filter
and treat grey and black-water within the zone before storage. Again, optimization controls
and software are essential to optimize such a system.
3. A similar case can be made for a zone-wide system for solid waste storage and recycling for
all buildings in the zone.
4. In large zones, a local transport system should be considered, as has been provided in
Masdar. This would be designed to operate in conjunction with central vehicle parking for all
buildings in the zone, with capacity calculated and controlled according different peak time
usage patterns of different occupancy types (e.g. peak use for office and retail during the day,
residential at night).
5. The role of DC power is dealt with in some Smart Grid proposals, but usually in relation to
power contributions by regional renewable energy sources and with respect to plug-in electric
vehicles. The possibility of DC power as a parallel system in a smart grid is one that should
be investigated further, in view of the possible use of DC for power storage, lighting and
equipment. The usual disadvantage of DC is a high rate of power loss over distance, but that
problem has been minimized in new high-voltage systems, and in any case would not apply to
a local smart grid system.
Sources of DC power include that produced from CHP, PV, wind power, bio-mass or other
renewable source on site or in buildings in the zone (remember that some buildings are better
oriented, or have configurations better suited for solar). ). Providing this at the zone level, as
well as in member buildings, would ensure diversity of supply.
6. As in Smart Grid systems, DC power should be provided for vehicle re-charging in the zone.
7. The storage of DC power would have to be an important feature of a Synergy Grid, to store
power generated in the zone, and to store off-peak power from outside sources, for
redistribution to other buildings in the zone with a deficit. Of course, as in Smart Grid projects,
excess DC power could be converted to AC and exported back to the grid.

8. We also propose to explore the installation of DC power systems in commercial buildings in
the zone, operating in parallel with conventional AC systems to directly provide power to lowvoltage DC equipment. This reflects the greater availability of DC power sources and also the
increasing prevalence of DC-powered systems in buildings, such as electronic light ballasts
and computer equipment. Such an approach would greatly reduce AC-DC conversion losses.
A major Japanese company is reportedly ready to produce a parallel AC/DC distribution
system for buildings. Such parallel systems would represent a major shift in systems thinking,
and would also require that parallel lines of electronic equipment be developed.
All of these systems will require optimization algorithms and systems, and a new form of zone
management to be successful.

Fig. 2: example of possible Synergy Grid

3. Designing Smart Grids and Expected Benefits: Scale Hierarchy,
Exergy maximization, Connectedness and Resilience
We have already outlined the benefits that are awaited from the introduction of Smart Grids. We
see Synergy Grids as adding additional energy and environmental benefits from the integration of
other systems, beyond what is currently planned. Perhaps most important are gains in resiliency,
efficiency and quality of service. This section will show that the optimal structure of a synergy grid
is a scale free fractal structure, which maximises the efficiency and resilience of the grid. It gives
measurable results on the gains to be expected from such a synergetic approach closing loops at
all scales from a partial application of these concepts in the REAP strategy for Rotterdam.

3.1

REAP Rotterdam: The New Stepped Strategy

An example of synergetic strategy, integrating all scales of the urban development in a series of
closed loops, has been developed for Rotterdam with calculation of the measurable benefits by
Andy van den Dobbelsteen, Nico Tillie and Duzan Doepel from Delft University of Technology,
Municipality of Rotterdam and DSA Architecture Rotterdam. According   to   these   authors,   “by the
year 2025 Rotterdam aims to have halved its CO2 emissions; an ambitious plan that will require a
revolutionary approach to urban areas. One proactive response to this challenge is an exploratory
study of the Rotterdam Hart van Zuid area. This has resulted in the Rotterdam Energy Approach
and Planning (REAP) methodology. REAP supports initial demand for energy, propagates the use
of waste streams and advocates use of renewable energy sources to satisfy the remaining
demand. REAP can be applied at all levels: individual buildings, clusters of buildings and even
whole neighbourhoods. Applying REAP to Hart van Zuid has shown that this area can become
CO2 neutral.” [1] REAP has been recently expanded to REAP + in order to cover all material flows
and provides results on the benefits of this approach on several case studies.
The REAP methodology is based on closing synergetic loops at interlocking scales, that is what
their authors call the New Stepped Strategy [2]. This strategy adds an important intermediate step
in-between the reduction in consumption and the deployment of sustainable sources, and
incorporates a waste products strategy, partially inspired by the Cradle-to-Cradle philosophy [3] :
1.
2.
3.
4.

Reduce consumption (using intelligent and bioclimatic design)
Reuse waste energy streams
Use renewable energy sources and ensure that waste is reused
Supply the remaining demand cleanly and efficiently ” [1]

Figure 3: The New Stepped Strategy from Dobbelsteen et alii, 2011
The New Stepped Strategy is similar to the Synergy Grids concept. It makes optimal use of waste
streams – waste heat, waste water and waste material; it not only applies to individual buildings yet
also to urban scales. Waste streams from one chain may be used in a different chain. For
example, waste water can be purified and the silt fermented to form biogas which can be reused in
the energy chain.
This integration of flows at different scales requires a spatial planning approach and a special
attention to the urban morphology not only of built forms but also of the flows themselves. The
work undertaken by CSTB Urban Morphology Laboratory shows that this optimization of flows is
not feasible without paying a sufficient attention to the forms of these flows and to the urban forms
within which these flows are taking place.
3.2

A brief glimpse on the bridges existing between urbanism, fractal theories, economic
and energy efficiency: the equivalence between power laws, Pareto distribution and
Zipf’s  law

In Principles of Urban Structure [4], Nikos Salingaros has demonstrated a universal rule for the
distribution of urban elements. This universal rule is a Pareto distribution. Il fact Pareto distributions
are so universal that they allow for a simultaneous economic, energy and environmental optimum.
In terms of spatial planning, urban design and synergy grids design, the complexity of fractal forms

following Pareto laws plays a fundamental role as explained below. The current researches of
CSTB Urban Morphology Laboratory explore the key role of Pareto laws both in spatial planning,
energy efficiency, economic efficiency and the design of synergy grids. Pareto first described the
distribution of wealth within society by using power laws. Pareto distribution can be expressed as a
cumulative distribution function: 𝑝[𝑥 > 𝑥]~𝑥 . Initially used to describe the allocation of wealth
within  society,   it   was   then   derived   in   other  fields  under  the   “80-20  rule”   name. Zipf then widened
the use of an analog formula to various types of distribution, such as word frequencies, income
and  city  size  distributions.  Zipf’s  law,  also  known  as  the  rank  size  distribution  can  take  the  following  
form, using a probability distribution   function   (x   corresponds   to   the   rank,   and   α   is   a   constant):  
𝑝[𝑋 = 𝑥]~𝑥 .
Power laws have a tremendous importance in many natural and man-made phenomena. They
allow describing a wide range of distributions with analog properties: many small objects and few
large objects, many small events, and few large events. This structural law is valid in numerous
domains: internet websites, size of cities, rent distribution within a town, lung structure, river basin
structure…The  inverse  power  law  can  be  written  as  𝑝(𝑥) = 𝑘𝑥 where p(x) is the multiplicity of an
object (or the frequency of an   event),      x   the   size   of   the   object   (or   of   the   event),   k   and   α   are  
constants.  It  is  easy  to  prove,  after  some  basic  algebra,  that  Zipf’s  law  and  Pareto  distribution  are
synonymous with a power law distribution [5]. The analogy between the probability distribution
function   expressing   Zipf’s   law   and   inverse   power   laws   is   obvious.   The   same   analogy   can   be  
obtained for the Pareto distribution. The cumulative distribution function can be expressed as
follows for a power law, leading to the expression of a Pareto distribution:

𝑃[𝑋 > 𝑥] =

𝑝(𝑦)𝑑𝑦 =

𝑘𝑦

𝑑𝑦 = =

𝑘
𝑥
𝛼−1

(

)

Power laws are sometimes considered as scale-free distributions. This point constitutes the
intrinsic link between power laws and fractal distributions: a scale-free distribution means that the
distribution is the same whatever scale we look at in on. Newman proves that this scale-free
property is not just verified by power law distributions, but is even only true of one type of
distribution that is power law [5]. A scale free distribution mathematically satisfies for any b:

𝑝(𝑏𝑥) = 𝑔(𝑏)𝑝(𝑥)
Let us set x=1 in this equation. It gives 𝑔(𝑏) =

( )
( )

and the scale free distribution definition can be

written as

𝑝(𝑏𝑥) =

𝑝(𝑏)𝑝(𝑥)
𝑝(1)

Following the definition of a scale free distribution, the relationship is true for any b and can thus be
differentiate with respect to b. We then set b=1 and get the following:

𝑝, (𝑏)𝑝(𝑥)
𝑝, (1)
⟹ 𝑥𝑝, (𝑥) =
𝑝(𝑥)
𝑝(1)
𝑝(1)
( )
The solution of this simple first-order equation is ln 𝑝(𝑥) =
ln 𝑥 + ln 𝑝(1) . The unique
′( )
𝑥𝑝, (𝑏𝑥) =

functions that satisfy the scale-free distribution hypothesis are thus power laws that can be written
as 𝑝(𝑥) = 𝑝(1)𝑥

with 𝛼 = −

( )
′(

)

The   equivalence   between   Pareto   distribution,   Zipf’s law and scale-free distribution is not only a
mathematical curiosity, but has a much more profound meaning. This type of structures
independent from the scale of observation are the basis for a new scientific approach of systems
first theorized by Mandelbrot [6] under the generic name of fractals. The fact that the same

Mandelbrot   generalized   Zipf’s   law   proves   the   proximity   between   these   approaches.   The  
generalized Zipf-Mandelbrot’s   distribution   can   be   expressed   as  𝑝(𝑥) = 𝑘(𝑥 + 𝜌) where   ρ   is   a  
parameter aiming to fit the data, and especially used in quantitative linguistic [7]
3.3

Pareto distributions for the connections: synergy grids and a scale free complexity of
the web of connections

In addition to providing information on the flows that run through it, the grid creates a web of
relations between producers and consumers at each scales, and between consumers themselves.
Through the improvement of this structure of connections, renewable energies will be much
efficiently used, overcoming their intermittent nature and the storage difficulties. Because
hierarchical networks today do not provide users with real-time consumption, they can try to use
less water in general but cannot adjust their consumption at the right moment, even though such
adjustments yield considerably more savings. Synergy grids make this possible by providing realtime data on the environment and the consumption of other users. What synergy grids do and what
is the source of their efficiency is developing the web of connections at all scales of the urban
structure.
The energy and flow systems currently used have not these rich web of connections because they
follow a rigid hierarchical structure that connects very large energy production or sewage treatment
plants, generally located outside cities, to a great number of end-users. It is a system that lends
itself to mass production and distribution but at a very high cost, due to power losses along the line
and the oversized, extremely resource-hungry infrastructures. The hierarchy of such systems and
their absence of connectedness at intermediate and lower scales make them in reality very simple.
The recursive pattern of the tree makes it a very simple structure when analysed with graph
theories or Space Syntax analysis. [8] [9] [10]
Hierarchical   tree   patterns   don’t   allow   connecting   elements   within   the   same   scale   and   thus   don’t  
allow local exchanges and the emergence of a scale free complexity. The tree is simple and poor
in connectedness. The elements of the same scale remain disconnected without moving to the
upper scale. The hierarchical structure does not allow developing a web of flow exchanges
between elements of the same scale. A house cannot produce energy and exchange it with the
adjacent  house  or  with  the  owner’s  car  for  example. In order to create this web, connections must
exist between the elements at each scale. In this case complexity may emerge at each scale in the
structure, which is a concept developed by the Urban Morphology Lab under the name of “scale
free complexity”..
Therefore the structure and hierarchy of the system of connections (links) is as important as the
distribution and efficiency of elements (nodes). That means that at each scale in a complex system,
the structure of connexions must follow a Pareto distribution with a few long-range connections, an
average number of medium-range connections and a great number or short-range connections. As
shown by Nikos Salingaros [4] by analogy with the physics of potential, the shorter the connection,
the more intense and strong it should be. This is the structure of a leaf. A living city is even more
complex than a leaf, as it should have a leaf structure at each scale we look at it on. In this case it
has a scale free complexity similar to that of a semi-lattice [11].
To apply these abstract concepts to urbanism, this means that factors such as complexity, density,
sprawl, mixed use zoning, or separation of activities will work to promote or restrain the
development of this scale free complexity and thus of synergy grids to replace the usual
hierarchical structure. This also means that the synergy grid itself must show this scale free
complexity. First, unlike large-scale traditional networks, synergy grids must be developed at
different scales. A synergy grid can be deployed on the scale of a single building, to help in the
arbitration between different uses of the electric current, water and other resources, or on the scale
of a whole district or the city, to optimize resource distribution from different spots in the city and

balance demand between various users. But the more important is that synergy grids can integrate
the flows at the different scales of the urban structure. Energy or water or material flows can be
distributed in closed loops through the urban space on several scales, with for example energyproducing buildings and districts that could be virtually self-sufficient and even supply energy to
other districts.
3.4

Integrating urban forms and flows: the optimal urban morphology

The development of synergy grids has to go hand in hand with an urban organisation that gives
priority to density (to minimize pipe and cable distances), to mixed-use zoning (to balance
demands over time), and to an urban diversity that integrates the structures that produce energy
and harness renewable resources into its green spaces, roads and rooftops. By situating an
energy-producing essentially residential district next to a more commercial district, that also
produces energy, production could be redirected from one district to the other as a function of the
time of day, since daytime consumption will be higher in the commercial area and consumption
higher evenings and weekends in the more residential area.
Upscaling from building to city scale is the key strategy for developing a highly efficient synergetic
approach. Synergy grids increase the level of order and complexity in the urban structure by
increasing the number of connections and creating loops into loops like in figure 4.

Figure 4: Reuse of waste flows and upscaling from building to city level from Dobbelsteen et alii,
2011 a.

3.5

Synergy grids, urban structure order and exergy maximization

A global thermodynamic approach allows to conceptualize and evaluate the benefits of synergy
grids following Pareto laws.In thermodynamics, the exergy of a system is the maximum useful
work possible during a process that brings the system into equilibrium. Exergy is the potential of a
system to cause a change as it achieves equilibrium with its environment. Exergy is the energy
that is available to be used.
Kay’s   contribution   to   industrial   ecology   is   especially   relevant   when   considering urban systems.
Mature ecosystems are highly organised and complex steady states far from equilibrium. These
steady   states   are   exergy   production   maxima.   Following   Kay’s   statements   [12], an   “open   system  
with exergy pumped into it is moved away from equilibrium, but nature resists movement away
from equilibrium [...]. When the input of exergy and material pushes the system beyond a critical
distance from equilibrium, the open system responds with the spontaneous emergence of new,
reconfigured organized behaviour that uses the exergy to build, organize and maintain its new
structure.”  Order  and  organisation  appear  as  a  way  for  open  systems  to  counteract  exergy  inputs,  
by increasing their exergy dissipating capabilities.
High levels of organisation and maximal exergy dissipation are thus closely related. But how is it
related to urban efficiency? To avoid a vocabulary inaccuracy, Kay introduces the term of
‘effectiveness’ [12], corresponding to the ability to dissipate exergy. In other words, it describes
how able the system is to fully use the high quality energy (high exergy) and only reject low quality
energy. This exergy aspect is fundamental in industrial ecology.

Coming back to cities efficiency and synergy grids, with similar energy inputs, a highly organised
system with a scale free complexity in its connections will make a much more effective energy use
than a less organised one, by extracting much more useful exergy from the same initial amount of
energy.
What are the measurable results of the increase in structural complexity created by a synergetic
approach in terms of exergy? They optimize the use of exergy in the whole system and improve
the energy effectiveness of the whole system up to a factor 6. According to Andy van Dobbelsteen
et   alii,   “when we consider the organisation of our energy system it is clear that a lot of primary
energy – 96% from fossil or nuclear sources in the Netherlands [13] – enters our society but at the
same time a lot of heat is lost (in the air, water or ground) and nothing useful is done with many
waste products. Highly exergetic energy such as natural gas, which combusts at a temperature of
1200-1500oC is delivered to all public and private amenities, energetically for relatively low-grade
purposes. Taking into account exergy this is a significant potential loss of energy. Therefore,
natural gas should be used only for processes that actually require this temperature, for instance
some heavy-industrial processes. For domestic heating to 20oC this is not necessary. If a house is
well-insulated, air-tight and using heat-recovery on exhaust air, a heating temperature between 25
and 40oC will suffice. Waste heat from greenhouses or from supermarkets could provide the basic
heating for dwellings, whereas amenities requiring higher caloric heat can be supplied by
energetically higher-grade processes. In such a low-ex system the primary energy demand is
much lower because only the functions requiring a highly exergetic input will use fossil and nuclear
energy.
A more sustainable system based on the usage of this waste heat is called a 'low-exergetic (or
low-ex) system' [14]. It requires significantly less primary energy and this primary energy would
only be used by the most high-grade functions. In its separate compartments this system may not
be efficient but as a whole it is very effective: a system of cascading of energy qualities – which
has been discussed by various scholars – can improve our energy system effectiveness by a
factor of 6 [15] while we are currently plodding away at methods to achieve an improvement in
efficiency  of  as  little  as  10%.”[1].
3.6

The case of Hart van Zuid

The synergetic approach with a series of interlocking loops at different scales has been applied to
the Southern Rotterdam district of Hart van Zuid ('Heart of South'). Without entering into too much
detail, the following steps were taken as described by Dobbelsteen et alii,[1]:
Step 0: Making an inventory of the current energy consumption. This is to be a newly-built area so
right from the start the perfect function mix can be set up.
Step 1: Reducing energy consumption. The most advanced techniques in energy saving will be
used. Total demand of the new cluster for heat is 26,741 GJ, cold 21,106 GJ and electricity 13,245
GJ.
Step 2: Reusing waste streams. Balancing the heat-cold relationship by the addition of functions:
50 m swimming pool (permanent need for heat), ice skating rink (permanent need for cooling) as
well as homes and offices. Heat-cold ratio becomes 1:0.8. Thermal storage covered heating
demand 21,106 GJ. Resulting heating demand is 5,635 GJ.
Step 3: Generating renewable energy. The resulting demand for heat can be completely satisfied
by the addition of solar collectors on the roofs and the incorporation of a greenhouse (with a heat
production: of 5,635 GJ and extra electricity demand of 563 GJ) in between the various functions.
This greenhouse will also provide an additional (productive) space. PV panels will generate 1,761
GJ. Resulting energy demand in electricity is 12,047 GJ. This will be sustainably generated at a
higher scale level.

4. Conclusion
So far, smart grids have mainly been developed and tested for electricity production and
distribution. Regrettably, there has been little interaction between the various stakeholders, who
have been experimenting and conducting research independently, and little focus on other
resources, whose supply, also largely dependent on the grid, could be significantly improved using
smart grid methods. Moreover, this goal can only be attained if the different stakeholders work
together within each sector and across sectors. This is the idea behind the synergy grids currently
being   developed   by   the   iiSBE’s   working group on synergy grids [16]. Such grids would integrate
the supply and demand and optimize the interactions between various types of resources, along
with heat storage, rainwater use and distribution, flows of solid waste, local transportation, parking
lots, and so forth. Small-scale sub-systems would also factor into this approach. The iiSBE and
CSTB Urban Morphology Laboratory promote systems on the scale of the city but also and
especially on the district scale with an eye to creating a series of interlocking districts connected by
multi-directional flows.
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Summary
This paper presents a review of the studies on life cycle energy consumption and CO2 emissions of
buildings. Then life cycle energy consumption and CO2 emissions of several typical residential and
commercial buildings in Beijing are calculated and analyzed in detail, based on Building
Environment Load Evaluation System (BELES). The analysis results show that building type,
structure system and energy use condition all have some effects on life cycle energy use and CO2
emissions of buildings in varying degrees.
Keywords: life cycle energy consumption, CO2 emissions, embodied energy, BELES

1. Introduction
Energy saving and CO2 emissions reduction are crucial issues for addressing climate change and
achieving sustainable development, which is a very important development strategy for the
Chinese government. In China, about 40% of total energy consumption is used directly or indirectly
in construction sector, so for construction industry to meet the energy efficiency targets is essential.
LCA is a very useful tool in energy analysis. And it has very important significance for us to study
the energy consumption and carbon emissions from the perspective of the life cycle, which will
bring about better understanding of the performance of buildings to help make more reasonable
choices for energy saving solutions in order to achieve real sustainable development in society.
First, a detailed review of studies on life cycle energy consumption and CO2 emissions will be
made in this paper. Then, the life cycle energy use and CO2 emissions of several typical residential
and commercial buildings in Beijing will be calculated and analyzed in detail.

2. Case studies of life cycle energy consumption and CO2 emissions of
buildings
The case studies of the literature presented in this paper are resulting from 104 cases across 16
countries, including 37 residential buildings (single house, multi-storey residence and apartment)
and 67 commercial buildings (office, hotel, market and school). The energy data of all the cases
were converted into primary energy with the unified unit kWh/m2 per year. Embodied energy,
operation energy and life cycle energy of each case were summarized and analyzed. Life cycle
energy consumption of residential buildings mainly falls in the range of 40-400 kWh/m2 per year,
and that of commercial buildings falls in the range of 120-550 kWh/m2 per year. The distribution of

energy consumption over a building’s life cycle is similar to that of CO2 emissions.
A total of 13 buildings in Beijing were studied in this paper, including 6 residential buildings, 3
general commercial buildings and 4 large commercial buildings. The calculation performance is
based on Building Environment Load Evaluation System (BELES), which is developed by the
Department of Building Science in Tsinghua University based on the life cycle assessment theory.
BELES can be used to analyze and calculate energy consumption, resource consumption, and
pollutant emissions of the building in life cycle.
Embodied energy were calculated by using energy module in BELES. According to the results, it
can be seen that the mean value of embodied energy is 1347.3 kWh/m2 for residential buildings,
1495.3 kWh/m2 for general commercial buildings and 1700.2 kWh/m2 for large commercial buildings. The mean value of CO2 emissions of building materials for residential buildings is
756.2kgeq/m2, 823.8kgeq/m2 for general commercial buildings and 923.0kgeq/m2 for large commercial buildings.
Operation energy of the cases is divided into two parts: heating energy in winter and other energy
consumption in operation phase. The results ofthe energy consumption data in this phase derive
from investigation, test and regional statistics. All the end-use energy in operation phase is
converted into primary energy by BELES. As the energy consumption data in construction and
demolition phases are not readily available, construction energy and demolition energy are
estimated based upon relevant research results.
The life span of all the buildings in this paper is 30 years according to normal situation in Beijing.
The CO2 emissions in operation, construction and demolition phases are all calculated by BELES
based on the energy consumptions of each phase.

3. Discussion
For residential buildings, over the assumed life span of 30 years, embodied energy accounted for
about 19% of the total energy consumption, heating energy accounted for 61% of the total energy
consumption. The energy consumption within 8 years in operation phase is equal to embodied
energy. The construction and demolition phases have little contribution to the total energy
consumption in this study.
For commercial buildings, the life cycle energy consumption of hotel is the highest, followed by
office and school. The life cycle energy consumption condition of general commercial buildings is
similar to residential buildings in Beijing. However, the operation energy of large commercial
buildings accounts for approximately 83% of the total energy consumption over the lifetime due to
the high electricity consumption during operation phase.
The distribution of CO2 emissions for all the cases is similar to that of energy consumption in building’s lifetime. The CO2 emissions of building materials accounted for about 24% of the total CO2
emissions in lifetime, and that of heating accounts for 61% of the total emissions for residential
buildings in Beijing. The life cycle CO2 emissions of large commercial buildings are 1.6 times that
of general commercial buildings.
The building with a shear wall structure system has the relatively low embodied energy due to the
less use of materials than other structure system buildings. For residential buildings in Beijing,
wall-mounted gas boiler is a more effective way of heating compared to cogeneration, while the
widely use of it will be limited by local supply and price of natural gas. When compared to the buildings in America, the embodied energy of buildings in Beijing is higher, but operation energy is
much lower relatively, which suggests a different way of development in construction sector for
developing countries.

1. Introduction
Energy saving and CO2 emissions reduction are crucial issues for addressing climate change and
achieving sustainable development, which is a very important development strategy for the
Chinese government. In China, about 40% of total energy consumption is used directly or indirectly
in construction sector, so it is vital for the construction industry to meet energy efficiency targets.
LCA is a very useful tool for us to study the energy consumption and carbon emissions from the
perspective of the life cycle, which will bring about better understanding of the performance of
buildings to help make more reasonable choices of energy saving solutions to achieve real
sustainable development in society. Firstly, a detailed review of studies on life cycle energy
consumption and CO2 emissions will be made in this paper. Then, the life cycle energy use and
CO2 emissions of several typical residential and commercial buildings in Beijing will be calculated
and analyzed in detail.

2. Literature review
The studies on life cycle energy (LCE) and life cycle CO2 (LCCO2) emissions of buildings are
mainly performed in developed countries, especially in Europe. Relatively there are little studies in
developing countries. The life cycle of buildings in these studies mainly includes the following parts:
building materials [1-5], construction [6, 7], operation [1-5], maintenance [8, 9], demolition [10-13]
and recycle [14-16]. The results of the environmental data of building materials used in these
studies are mainly based from local survey, relevant LCA software (SIMPRO, ALF, EcoQuantum,
ATHENA, Ecoinvent and BEDEC), while operation energy data mainly comes from the results of
building test in operation phase and energy simulation software (DOE 2, eQuest, Ecotect,
EnergyPlus and ENORM).
Case studies of the literatures presented in this paper are results from 104 cases across 16
countries, including 37 residential buildings (single house, multi-story residence and apartment)
and 67 commercial buildings (office, hotel, market and school). In order to facilitate the comparison
of different cases, all the energy data has been converted into primary energy with the unified unit
kWh/m2 per year by using the conversion factors according to energy form and specific region.
Embodied energy, operation energy and life cycle energy were calculated for each case. From fig.1
it can be found that the relationship between life cycle energy and operation energy is basically
linear although the cases are from different
countries and in different climates. Life cycle
energy consumption of residential buildings
mainly falls in the range of 40-400 kWh/m2
per year, and that of commercial buildings in
the range of 120-550 kWh/m2 per year.
Recently, studies on LCCO2 of buildings are
increasing, and there are already some case
studies to evaluate the results. Fig.2 depicts
the relationship between life cycle CO2
emissions and operation CO2 emissions. It
can be seen that the distribution of CO2
emissions of buildings is similar to that of
energy consumption in life cycle. Life cycle
CO2 emissions of residential buildings are
less than 50kgeq/m2 per year, and that of
commercial buildings falls in the range of 30230kgeq/m2 per year. From fig. 3 it can be
seen that the contribution of operation phase
Fig. 1 Relation between operation energy and
of commercial buildings is greater than that
life cycle energy
of residential buildings.

3. Methodology
The life cycle of buildings in this paper
includes the following phases: building
materials manufacture, construction,
operation and demolition. Accordingly,
life cycle energy (LCE) includes
embodied energy (EE), operation
energy (OE), construction energy (CE)
and demolition energy (DE). Embodied
energy is calculated by using the
energy module in Building Environment
Load Evaluation System (BELES),
which includes the energy used in raw
materials extraction, manufacture and
transportation.
All
the
energy
consumption in this part is unified into
primary energy in BELES. The CO2
emissions
of
building
materials
Fig. 2 Relation between operation CO2 emissions and
(BMCO2) are also calculated based on
life cycle CO2 emissions
carbon analysis module in BELES,
which includes direct emissions in manufacture processes and indirect emissions resulting from
relevant energy consumption. According to Beijing's regional characteristics, operation energy is
divided into two parts: heating energy (HE) and electricity consumption (EC). Energy consumption
data in this phase concludes from investigation, test and regional statistics. All the end-use energy
in operation phase is converted into primary energy by using BELES. As the energy consumption
data in construction and demolition phase are not readily available, construction energy and
demolition energy are estimated based on relevant research results. The CO2 emissions in
operation, construction and demolition phases are all calculated by BLESE according to energy
consumption in each phase. Then, according to the results of each case, some crucial factors
(building type, structure system and energy use condition) are analyzed to find out their impacts on
LCE and LCCO2. Finally, a comparison of energy consumption and CO2 emissions will be made
between developed country and developing country.

Fig. 3 Relation between life cycle energy consumption and CO2 emissions

4. Case studies
4.1

Introduction of BELES

Building Environment Load Evaluation System (BELES) was developed by Department of Building
Science in Tsinghua University based on LCA theory. BELES now includes relevant software
platform and local environmental data in China which can be used to analyze and calculate energy
consumption, resource consumption and pollutant emissions of buildings in life cycle. With C/S
framework in program structure, users can visit network database by client where Internet is
available. The database includes resource consumption and pollutant emissions data of various
kinds of energy sources, building materials, equipments and transportation. Construction and
maintenance of BELES database will continue to be updated and worked on for continuous
maturity.
4.2

Embodied energy and CO2 emissions of building materials

There are 13 cases in this paper, including 6 residential buildings (R1-R6), 3 general commercial
buildings (school, office and hotel) and 4 large commercial buildings floor area of which is more
than 20,000m2 (L-school, L-office1, L-office2 and L-hotel).
Table 1 Basic information and materials list of the buildings studied
Case
No.

Structure

R-1
R-2
R-3
R-4
R-5
R-6
School
Office
Hotel
L-school
L-office1
L-office2
L-hotel

Steel frame
Shear wall
Brick
Shear wall
Frame shear
Frame shear
Shear wall
Frame
Frame
Frame
Frame
Frame
Frame shear

Floor
area
(m²)
7200.0
7750.0
7580.0
13186.0
30129.0
33789.0
8217.0
4956.0
9742.0
20575.0
42365.0
141981.0

30240.0

Steel
( kg/m²)

Cement

(kg/m²)

Glass
(kg/m²)

81.7
71.5
27.1
36.1
47.9
64.1
62.2
76.4
66.5
58.2
77.9
78.1
76.3

109.0
227.0
120.0
206.0
245.0
306.0
241.0
242.0
192.0
196.0
253.0
290.0
305.0

3.3
1.1
0.6
4.5
4.3
7.3
0.3
1.1
7.4
1.7
12.4
11.3
1.3

Alumini
um

(kg/m²)
1.1
/
0.2
1.8
2.9
5.9
0.1
9.6
1.9
2.2
2.2
6.1
9.4

Ceramic

tile
(kg/m²)
45.0
44.0
/
4.0
31.0
23.0
0.4
6.6
23.7
16.5
2.3
8.4
13.0

Brick
(kg/m²)

/
/
214.0
10.7
24.3
26.8
2.6
56.3
/
1.3
1.4
0.6
23.8

Concrete

block
(kg/m²)
56.0
45.0
14.1
0.4
34.1
81.5
100.0
/
34.1
46.3
32.8
23.4
6.5

Building materials are mainly used in structure, but also in other parts such as decoration.
According to Gu [17], structural materials accounted for 70% of the total environment load of the
building materials for residential buildings, and 77% for commercial buildings. These ratios were
used in this study to estimate the total embodied energy and CO2 emissions of building materials.
The results of energy and CO2 emissions are shown in table 3 and table 4 respectively. It can be
seen that the mean value of embodied energy is 1347.3 kWh/m2 for residential buildings, 1495.3
kWh/m2 for general commercial buildings and 1700.2 kWh/m2 for large commercial buildings. The
mean value of CO2 emissions of building materials for residential buildings is 756.2kgeq/m2,
823.8kgeq/m2 for general commercial buildings and 923.0kgeq/m2 for large commercial buildings.
Fig. 4 shows energy consumption and CO2 emissions of different building materials in residential
and commercial buildings. It can be seen that the embodied energy of steel is the most, cement is
the next, followed by aluminum. The proportions of embodied energy in total embodied energy of
the three materials are 37.2%, 32.0% and 13.4% respectively for residential buildings, and that for
commercial buildings are 37.5%, 29.9% and 23.1%. The CO2 emissions of cement are the most,
followed by steel and aluminum. The proportions of the three materials are 43.1%, 36.6% and
8.3% for residential buildings, and that for commercial buildings are 40.9%, 37.4% and 15.0%.

4.3

Energy consumption and CO2
emissions in operation phase

4.3.1 Analysis of residential buildings
in operation phase
Central heating is the main heating
system
in
Beijing
such
as
cogeneration. According to the
statistics of Beijing Construction
Committee, considering transmission
and distribution losses, the average
heating energy of cogeneration is
17.6kgce/m2 per year. In addition to
central heating, there are about 25%
of the buildings in Beijing using
distributed heating system such as
wall-mounted gas boiler. According
Fig. 4 Energy consumption and CO2 emissions of the
to the results from a survey of a
building materials in residential and commercial buildings
residential quarter which use wallmounted gas boiler for heating in winter, the mean heating energy consumption is 86kWh/m2 per
year [18]. In addition to heating energy, other energy consumption of urban household living mainly
consists of domestic hot water, air condition, lighting and cooking. According to the statistics of
Beijing Statistics Bureau, the annual per capita energy consumption of urban household living in
Beijing is mainly electricity (581.9 kWh), natural gas (62.1 m³) and LPG (14.1 kg) in 2007. And per
capita living area of Beijing is 32.86m2. According to these data, excluding heating energy, the
average primary energy consumption in operation phase of residential buildings in Beijing is
49.3kWh/m2 per year.
4.3.2 Analysis of commercial buildings in operation phase
According to statistics, the average heating energy consumption of urban commercial buildings is
17.2kgce/m2 in Beijing. In addition to heating energy, the energy consumption of commercial
buildings is mainly electricity used by air condition, lighting, devices and elevator. The energy
consumption level of different buildings will be very different depending on many factors such as
building system, management and thermal performance of the building envelop. Table 2 shows the
different level of annual electricity consumption of commercial buildings in Beijing. The average
electricity values are used for general commercial buildings according to the different building
types and the high level values were used for large commercial buildings in this paper. The results
of operation energy are shown in table 3. And the CO2 emissions of each case in operation phase
are shown in table 4.
Table 2 Annual electricity consumption of commercial buildings in Beijing [17]
kWh/m2
Average
High
Medium
Low

4.4

Office
40
150
50
20

Hotel
41.5
180
50
20

Market
46
180
60
20

School
32.5
90
40
20

Hospital
49.5
150
60
30

Others
42
90
50
30

Analysis of the construction and demolition phase

The electricity consumption and other energy used in construction processes of the buildings in
Beijing were calculated by Wang [19], and were used in this paper to estimate construction energy
consumption. The energy data of demolition are based on the results of the research conducted by
Ouyang [20]. The results of construction and demolition energy are shown in table 3 and the
results of CO2 emissions are shown in table 4.

4.5

Life cycle energy consumption and CO2 emissions

The life span of all the buildings in this paper is 30 years according to normal situation in Beijing.
Life cycle energy consumption and CO2 emissions of each case are shown in table 3 and table 4.
The distribution of life cycle energy consumption in different phases is shown in fig. 5 and that of
CO2 emissions is shown in fig. 6.
Table 3 Life cycle energy consumption of all the buildings
Case No.
R-1
R-2
R-3
R-4
R-5
R-6
School
Office
Hotel
L-School
L-Office
L-Office
L-Hotel

LCE
(kWh/m2)
7007.8
7025.3
6392.1
6671.3
7122.2
7786.5
6566.1
7017.1
7827.5
8137.3
10234.1
10683.3
11843.7

EE
(kWh/m2)
1352.4
1372.6
739.4
1018.6
1469.6
2131.1
1130.6
1265.7
2089.6
1199.3
1480.9
1930.1
2190.5

Fig. 5 Life cycle energy consumption of cases

HE
(kWh/m2)
4292.7
4292.7
4292.7
4292.7
4292.7
4292.7
4195.1
4195.1
4195.1
4195.1
4195.1
4195.1
4195.1

EC
(kWh/m2)
1317.1
1317.1
1317.1
1317.1
1317.1
1317.1
1200.0
1500.0
1500.0
2700.0
4500.0
4500.0
5400.0

CE
(kWh/m2)
30.4
27.7
27.7
27.7
27.5
30.4
25.1
41.0
27.5
27.5
42.8
42.8
42.8

DE
(kWh/m2)
15.3
15.3
15.3
15.3
15.3
15.3
15.3
15.3
15.3
15.3
15.3
15.3
15.3

Fig. 6 Life cycle CO2 emissions of cases

Table 4 Life cycle CO2 emissions of all the buildings
Case
No.
R-1
R-2
R-3
R-4
R-5
R-6
School
Office
Hotel
L-School
L-Office
L-Office
L-Hotel

LCCO2
(kgeq/m2)
3124.0
3211.8
2808.4
2987.1
3210.3
3536.2
4252.9
4594.7
4923.6
5935.5
8168.2
8350.3
9480.0

MCO2
(kgeq/m2)
733.1
822.0
418.7
597.4
820.6
1145.3
717.7
709.7
1044.0
682.3
848.6
1030.7
1130.2

HCO2
(kgeq/m2)
1601.2
1601.2
1601.2
1601.2
1601.2
1601.2
2146.6
2146.6
2146.6
2146.6
2146.6
2146.6
2146.6

ECO2
(kgeq/m2)
772.5
772.5
772.5
772.5
772.5
772.5
1373.6
1717.0
1717.0
3090.5
5150.9
5150.9
6181.1

CCO2
(kgeq/m2)
11.6
10.5
10.5
10.5
10.5
11.6
9.5
15.8
10.5
10.5
16.6
16.6
16.6

DCO2
(kgeq/m2)
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5

5. Discussion
5.1

Building type

For residential buildings in Beijing, embodied energy accounted for about 19% of the total energy
consumption, heating energy and household energy accounted for 61% and 19%,respectively, of
the total energy consumption over 30 years. The energy consumption within 8 years in operation
phase is equal to the embodied energy of a residential building. The construction and demolition
phases have little contribution to the total energy consumption in lifetime in this study. For
commercial buildings, life cycle energy consumption of hotel is the highest, followed by office and
school. The energy consumption condition of
general commercial buildings is similar to
residential buildings. However, the operation
energy of large commercial buildings accounted
for about 83% of the total energy consumption
due to the high electricity consumption in
operation phase. The energy consumption within
6 years in operation phase is equal to the
embodied energy of a large commercial building.
Thus, it is critical for large commercial buildings
to reduce energy consumption in operation
phase. The distribution of CO2 emissions for all
the cases is similar to that of energy consumption
in building’s lifetime. The CO2 emissions of
buildings materials accounted for about 24% of
the total CO2 emissions in lifetime, and that of
heating accounted for 61% of the total emissions
for residential buildings in Beijing. The life cycle
CO2 emissions of large commercial buildings are
1.6 times that of general commercial buildings.
5.2

Structure system

Fig. 7 Life cycle energy VS structure system

Different building structure systems will affect the amount of materials used in buildings, and hence
affect the building's energy consumption and carbon emissions. From fig. 7 it can be seen that the
embodied energy of frame shear wall system is the highest for residential buildings, followed by
steel frame and shear wall system, the energy consumption of brick concrete system building is
the least. For commercial buildings, the embodied energy of frame shear wall system is the highest,

followed by frame and shear wall system. The results show that the energy consumption and CO2
emissions of shear wall system is less than other structure system for both residential and
commercial buildings in general. Although the embodied energy of brick concrete building is the
least, it should be noticed that this structure will consume a large amount of clay brick, which will
lead to serious waste of resources and greater environmental impacts.
5.3

Energy use condition in operation phase

Energy consumption and CO2 emissions of the case R-5 were compared between two heating
systems: cogeneration and wall-mounted gas boiler. The total energy consumption and CO2
emissions of the two cases are shown in table 5. It can be seen that life cycle energy consumption
of the building reduced by 22% when using wall-mounted gas for heating instead of cogeneration,
while the total CO2 emissions reduced by 34%, which shows that wall-mounted gas boiler is a more
effective solution compared to cogeneration from the perspective of reducing energy consumption
and CO2 emissions. But it should be noted that the supply and price of natural gas may become
the limiting factors of the promotion of wall-mounted gas boiler.
Table 5 comparison between cogeneration and wall-mounted gas boiler
Energy
CO2

Cogeneration(kWh/m2)
Wall-mounted gas boiler(kWh/m2)
Cogeneration(kgeq/m2)
Wall-mounted gas boiler(kgeq/m2)

Life cycle
7122.2
5587.1
3210.3
2125.5

Materials
1469.6
1469.6
820.6
820.6

Heating
4292.7
2757.6
1601.2
516.4

Electricity
1317.1
1317.1
772.5
772.5

C&D
42.8
42.8
16.0
16.0

To quantify and study the differences in energy consumption and CO2 emissions of buildings in
developed country and developing country, the cases were compared between Beijing and
America. Results in table 6 show that the embodied energy of both residential and commercial
buildings in Beijing is higher than that of buildings in America. Contrarily, the operation energy of
buildings in Beijing is much lower than that of buildings in America. The findings have very
important guiding significance for saving energy and reducing CO2 emissions in construction sector
in China. On the one hand, embodied energy and CO2 emissions of building materials should be
reduced by improving production efficiency continually. On the other hand, it should be clearly
realized that although the operation energy of buildings in China is now on a relatively low level in
general compared to some developed countries, more attention should be paid to help people
establish better energy consumption habits and live a low-carbon life to prevent a significant
increase in energy consumption with the continuous improvement of living standards.
Table 6 Comparison between China and America
Building type
Beijing-Residential
USA-Residential [10]
Beijing-Commercial
Beijing-L-Commercial
USA-Commercial [16]

LCA
(kWh/m2.a)
233.4
383.5
237.9
340.8
1148.7

EE
(kWh/m2.a)
44.9
19.0
49.8
56.7
25.9

OE
(kWh/m2.a)
187.0
364.3
186.5
282.3
1146.6

6. Conclusions
The analysis of the cases in Beijing shows that life cycle energy consumption and CO2 emissions
of buildings are mainly depending on two parts: building materials and operation phase.
Construction and demolition phases have little contribution to the total energy consumption and
CO2 emissions over 30 years’ lifetime. Different building types have different distribution of life
cycle energy consumption and CO2 emissions. For a residential building, the energy consumption
within 8 years in operation phase is equal to its embodied energy, and for a large commercial
building the time is only 6 years. The building with a shear wall structure system has the relatively
low embodied energy due to the less use of materials than other structure system. For residential

buildings in Beijing, wall-mounted gas boiler is a more effective way of heating compared to
cogeneration, while its widely use may be limited by local supply and price of natural gas. When
compared to the buildings in America, the embodied energy of the buildings in Beijing is higher, but
operation energy is much lower relatively which suggests a different way of development in
building sector for developing countries.
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Summary
A dynamic simulation model of the German residential building stock has been developed. It allows
assessing eco-political instruments to reduce final energy demand in buildings and to quantify the
corresponding emissions of CO2, NOx, SO2, CH4, NMVOC, and particulate matter (PM). The model
simulates the implementation of energy efficiency measures and heating systems based on
renewable energy. Socio-economic attributes of building owners and occupants, such as
household income, age structure and household size, are accounted for in the investment
behaviour of building owners. Results show that the effects of regulatory instruments alone are
limited. Ecological awareness-raising and information strategies targeting profit maker behaviour
look promising for substantial reductions of final energy demand in the residential building sector.
Assuming constant prospective energy prices, when a refurbishment takes place, the economic
potential of final energy demand reduction of refurbishment is limited to a 32% reduction from 2007
to 2030. Decreasing non-renewable energy demand by increasing biomass combustion may result
in a strong increase in PM emissions. Future work aims at improving the quality and availability of
data concerning the investment behaviour of households as well as analysing the social impacts of
energetic modernisation activity regarding residential buildings.
Keywords: Residential buildings, energy efficiency, simulation model

1. Introduction
Due to their importance with respect to final energy and raw material demand, but also air pollutant
and greenhouse gas (GHG) emissions, as well as land use, residential buildings play an important
role in environmental terms and are therefore in the focus of political decision makers. A plethora of
models want to quantify and forecast the energy consumption in the residential sector on a
regional or national level. Kavgic et al. [1] and Swan et al. [2] classify the underlying approaches
into top-down (econometric, technological) and bottom-up (statistical, building physics based,
hybrid).
In an aggregated model for UK for 2000 and 2050, Lowe [3] highlights the carbon intensity of
electricity supply as determinant for the decarbonization potential of electrical heat pumps and CHP.
He concludes that large CO2-emissions reductions can be achieved without high demolition rates.
Sartori et al. [4] perform a dynamic material flow analysis of the Norwegian building stock from
1900 till 2100. The long-term evolution of demolition, construction and renovation activities is
analysed. The methodology can be transferred to the analysis of energy flows. Aydinalp et al. [5, 6]
use neural networks in order to predict the energy consumption of residential buildings in Canada.

They distinguish energy demand for appliances, lighting and space-cooling [5] as well as for space
and for domestic hot-water heating [6].
Bottom-up models require numerous assumptions to fill in lacking data and generalize small data
samples. Swan et al. [2] explain the lack of data for the residential sector in comparison to other
sectors by the uniqueness of buildings, privacy issues, the high influence of occupant behaviour,
and high costs of “sub-metering”. Typical data sources encompass surveys, individual billing data,
“sub-metering”, and estimated total sector energy. Top-down models use typically aggregated data
as macroeconomic indicators, number of dwellings incl. construction and demolition rates, climatic
conditions, and diffusion of appliances. Thus, a strength and a drawback of these models is the
good availability of and reliance on historical aggregated data. Typical data of bottom-up models
encompass dwelling and climate properties, indoor temperatures and occupancy schedules [2].
The majority of bottom-up models focus on technical potentials of energy efficiency measures [4],
whereas some address also techno-economic potentials [7]. Whilst most models assume general
implementation rates of predefined energy efficiency measures [8], Sopha et al. [9] account for the
real investment behaviour of building owners at a national scale because of its importance
regarding the effects of eco-political instruments. However, the work is limited to heating systems.
Wittmann [10] analyses the energy investment decisions of building owners regarding building
envelope insulation and the replacement of heating systems for a prototype city.
Especially with a view to energy efficiency measures and heating systems based on renewable
energy at a national scale, the investment behaviour and the socio-economic characteristics of
building owners and occupants have to a large extent been neglected by modellers so far.
Therefore, in this paper, a dynamic simulation model of the German residential building stock has
been developed in order to simulate the implementation rates of energy efficiency measures and
heating systems based on renewable energy. Thus, effects of eco-political instruments concerning
final energy demand and the corresponding emissions of CO2, NOx, SO2, CH4, NMVOC, and PM
can be quantified. The model is mainly driven by the investment decision of building owners.
Special emphasis has been put on the refurbishment of existing buildings because of their
importance for emissions. The residential building stock model is described in chapter 2.
Underlying data is presented in chapter 3. Selected results are discussed in chapter 4. Finally,
limitations and results are discussed and an outlook is given.

2. Methodology
2.1

Stock and dynamics of building floor area

Building stock: Scope of the bottom-up model is to simulate the energy demand for space
heating and domestic hot water preparation in the German residential building stock. In order to
account for significant characteristics influencing energy demand, air pollutant and GHG emissions,
as well as refurbishment behaviour, the living space At,BT,CP,EEC,QHS,ECRH,CHS,FS,CS,OS of year t is
differentiated by building type (BT), construction period (CP), energetic envelope class (EEC),
quality of the heating system (QHS), energy carrier for room heating (ECRH), centrality of the
heating system (CHS), German federal state (FS), community size (CS), and ownership structure
(OS).
New construction: The exogenous annual construction rate CRt,BT is differentiated by year t and
building type. The construction rate is broken down into the level of detail provided by the living
space, i.e. CRt,BT,CP,EEC,QHS,ECRH,CHS,FS,CS,OS using data of the last construction period of
At,BT,CP,EEC,QHS,ECRH,CHS,FS,CS,OS and assumptions concerning the changes in energy carriers. The
energetic envelope class and the quality of the heating system are defined by the German national
minimum requirements.
Demolition: The exogenous annual demolition rate DRBT,FS is differentiated by building type and
German federal state. Some building groups (historic buildings, new buildings and recently
refurbished buildings) are excluded from demolition by assumption. The demolition rates of the
remaining building stock are increased in equal measure in order to match DRBT,FS. Thus,

analogously to the new construction rates, the demolition rates are broken down to the level of
detail provided by the living space, i.e. DRBT,CP,EEC,QHS,ECRH,CHS,FS,CS,OS.
Refurbishment: The annual refurbishment-related input rate RIt,BT,CP,EEC,QHS,ECRH,CHS,FS,CS,OS and
output rate RORt,BT,CP,EEC,QHS,ECRH,CHS,FS,CS,OS are differentiated in correspondence to the living space.
These rates are determined based on data concerning building physics, the building envelope, the
heating system, and the building occupants. Data concerning building physics BPBT,CP (excluding
the energetic properties of the building envelope), e.g. areas of building components, building floor
areas etc., is differentiated by building type and construction period. Data concerning the building
envelope BEBT,CP,EEC, i.e. heat transfer coefficients and investments for insulations etc., is
differentiated by the energetic envelope class in addition. Data concerning the heating system
HSBT,QHS,ECRH,CHS, e.g. annual efficiency, emission factors etc., is differentiated by building type,
quality of the heating system, energy carrier for room heating, and centrality of the heating system.
Data concerning the building occupants BOBT,CP,FS,OS is differentiated by building type and
construction period, German federal state and ownership structure.
Thus, the living space in year t+1 can be determined based on stock and flows of living space in t
according to equation (1).
(At+1 = At + CRt - DR + RIRt -RORt)BT,CP,EEC,QHS,ECRH,CHS,FS,CS,OS
2.2

(1)

Energy demand as well as air pollutant and GHG emissions of buildings

Space heating demand: The useful energy demand of each building group is estimated by an
energy balance accounting for heat losses by transmission and ventilation as well as heat gains by
solar radiation and internal heat sources [11]. The calculation is based on data concerning building
physics, the building envelope, and the climatic conditions as well as assumptions concerning the
indoor temperature. For vacant buildings, an indoor temperature avoiding structural damages has
been assumed.
Domestic hot water demand: The useful energy demand for each building is estimated as
product of living space and a constant specific value [kWh/(m²yr)]. For vacant buildings, the
demand was set to zero.
Final energy demand: The final energy demand is estimated based on the calculated useful
energy demand and data concerning the heating system, i.e. annual efficiencies of the heating
system including distribution losses.
Air pollutant and GHG emissions: The direct combustion-related emissions of CO2, NOx, SO2,
CH4, NMVOC, and PM are estimated based on the final energy demand and data concerning the
heating system, i.e. the corresponding emission factors.
2.3

Scenarios

A tuple of a storyline and a bundle of eco-political instruments is defined as a scenario. The model
encompasses several uncertain parameters, e.g. indoor temperatures and refurbishment cycles.
The complete set of one concrete realisation of each uncertain parameter is defined as a storyline.
As eco-political instruments regulatory instruments, energy taxes, financial subsidies as well as
information campaigns are considered. The former encompass minimum requirements concerning
the energetic envelope class and the quality of the heating system. Minimum requirements
regarding the energy efficiency of new constructions as well as refurbishments are accounted for.
The energy taxes are considered by the prices of the different energy carriers. Financial subsidies
are modeled as government grants for heating systems and building envelopes. Finally, the shares
of “types of decision makers” (cf. chapter 2.4) can be changed by information campaigns or the like.
Each instrument provides different levels of intensities. The intensity can be changed for each
simulation period in order to account for gradual tightening of eco-political instruments. The whole
instruments and corresponding intensities for every simulation period are defined as bundle of ecopolitical instruments.

2.4

Refurbishment decision

A refurbishment is determined by its date and the selected alternative. The latter is determined by
the building envelope, i.e. type of window, wall insulation, roof insulation, as well as floor insulation,
and the heating system, i.e. engine-power class, energy carrier, centrality, as well as the quality of
the heating system.
Date of refurbishment: Potential dates of refurbishments are determined by refurbishment cycles.
Starting from the year of construction, it is assumed, that for example the heating system is
replaced every 20 years and the building envelope is refurbished every 40 years. “Potential”
means that such measures are neither always accomplished nor always energetic measures. This
matter of fact is accounted for by the choice of the refurbishment alternative, which is performed by
decision makers.
Profitability of refurbishment alternatives: Based on socio-economic and demographic
characteristics of owner-occupants and tenants, the decision makers are grouped to “types of
decision makers”. For some “types” solely the profitability of a refurbishment alternative is decisive.
In order to assess the profitability of a refurbishment alternative, the annuity for the supply with
space heating and domestic hot water from the perspective of an owner-occupant is used. It is
assumed, that decision makers use current energy prices in order to assess the profitability of a
refurbishment alternative. The assumption of increasing energy prices tends to decide for thicker
insulations and heating systems with lower energy costs. The latter can be achieved by higher
annual efficiencies or by changing to less expensive energy carriers.
Practical relevance and legality of refurbishment alternatives: Independent on the regulatory
framework and the profitability of an alternative, certain changes of the heating system are not
observed in reality to a noteworthy degree in Germany, e.g. the change from fuel oil to coal. This
could be partially explained by comfort issues. Therefore, only the changes shown in Figure 1 are
allowed in the model. This is accounted for by constraining the refurbishment alternatives.
Furthermore, the legality of refurbishment alternatives that is determined by the regulatory
instruments is modeled by constraining the alternatives as well.

Figure 1: Allowed changes of energy carriers (left) and the centrality of the heating system (right)
Types of decision makers: The decision makers are distinguished into owner-occupants and
landlords. These two groups are subdivided into five subgroups each. In the case of owneroccupants, types of decision makers, namely non-energetic renovator, law-abiding decision maker,
profit maker requiring a high rate of return, profit maker requiring a low rate of return, and greenie,
are distinguished. In the case of landlords, management strategies, namely demolition strategy,
maintenance strategy, modernization strategy with high and low required rate of return, and ecomodernization strategy, are distinguished. Non-energetic renovators and landlords with demolition
strategies do not invest in energy efficiency measures, as the regulatory policy-instruments
concerning the building envelope and the heating system are by-passed legally or illegally, e.g. by
patching. Law-abiding decision makers and landlords with maintenance strategy invest in building
envelopes and heating systems corresponding to the national minimum requirements. Furthermore,

they invest at least in level 2 concerning centrality and level 2 or 4b concerning the energy carrier
(cf. Figure 1). They are sluggish and thus stay on their level, if no change is required by rules
explained above. Profit makers and landlords with modernization strategy choose the alternative
with optimum annuity. At least, the national minimum requirements have to be met. If only the
heating system is replaced, the type greenie and landlords with eco-modernization strategy invest
in the heating system with optimum annuity from a set of supposedly eco-friendly heating systems,
i.e. level 4a and 4b with respect to the energy carrier and level 3 and 4 with respect to the
centrality (cf. Figure 1). If, in addition, the building envelope is refurbished, the best insulation is
chosen.
Transformation matrix: The share of types of decision makers and the management strategy is
estimated by expert judgement based on socio-economic and demographic characteristics of
owner-occupant or tenant in Germany. The characteristics considered encompass the age of the
main-salary earner, the net household income, and the household size in the case of owneroccupants, as well as the rent without utilities, the net household income and utility costs in the
case of rented dwellings. The characteristics are summarized in classes. With a given probability, a
transformation matrix assigns every combination of classes to a type of decision maker and
management strategy respectively. Uncertainties in the transformation matrix could be accounted
for in scenarios.
Basic ideas concerning the transformation matrices are summarized in the following. Owneroccupants with low income are not able to invest into the building envelope or ambitious heating
systems because of lacking financial resources. Medium income households generally have funds
at their disposal for investments. However, as resources are, especially at increasing household
size, still limited, required rates of return are high and the majority of the refurbishments performed
correspond to the national minimum requirements. In high income households, the willingness and
ability to invest in more environmentally friendly alternatives is supposedly higher. Overall, in the
class with highest ages, the share of greenies decreases and the share of non-energetic
renovators increases because of shorter planning horizons. As data concerning landlords is lacking,
conclusions have to be drawn based on the characteristics of tenants. Compared to owneroccupants, eco-modernizations are accomplished less frequently. The household income coincides
with the financial capacity of tenants to accept rent increases. Furthermore, such households are
supposed to live in neighbourhoods, where refurbished dwellings can achieve adequate rents.
Finally, high utility costs are supposed to increase the necessity and the acceptance of energy
efficiency measures.
Even though the limited data availability causes high uncertainties in the proposed approach, it
enables the integration of qualitative expert statements, i.e. about relations between different
uncertain figures. At least aggregated implementation rates can be used in order to determine
plausible transformation matrices that reflect the relations mentioned. Subsequently, different
plausible transformation matrices can be analyzed in scenarios.
2.5

Spatial and temporal resolution

The spatial resolution corresponds to German federal states and community size. The results are
simulated for every year and then broken down to community level by the combination with
community data that is given for only one year [12]. This community data encompasses the
German federal state, the community size and the share of residential buildings per building type
as well as complementary data for every German community. Thus, the model output can be
simulated directly at federal state for the different community sizes and indirectly for every single
community.

3. Data
The differentiation of the indices concerning equation (1) is provided in Table 1. The main data
sources are provided in Table 2. A schematic description of the seven scenarios regarded within
this paper is provided in Table 3.

Table 1: Classes for the indices BT, CP, EEC, QHS, ECRH, CHS, FS, CS, CO; EnEV is the German Energy Savings Regulation
Index
BT

Name
Building type

CP

Construction
Period

EEC

Energetic
envelope class

QHS

Quality of the
heating
system
Energy carrier
for
room
heating
Centrality
of
the
heating
system
Federal state
Community
size
Ownership
structure

ECR
H
CHS

FS
CS
OS

Regarded classes
Terrace house, single family detached house, multifamily house (MFH), MFH in New Laender, large MFH,
large MFH in New Laender, high rise building, high rise
building in New Laender
<1919 (timber frame), <1919 (massive), 1919-1948,
1949-1957, 1958-1968, 1969-1978, 1979-1983, 19841994, 1995-2001, 2002-2006, >2006
<1968, 1968-1977, 1978-1981, 1982-1994, 1995-2001,
2002-2003, 2004-2006, 2007-2008 (EnEV07), EnEV09,
EnEV09-30%, EnEV-50%
Existing (average), low temperature boiler and the like,
condensing boiler and the like

Note
-

Variations in
dependence on BT
Variations in
dependence on BT
and CP
-

Fuel oil, domestic gas, solid biomass, lignite, hard coal,
district heat and electricity

-

Decentral, central without domestic hot water (DHW),
central with DHW, central with DHW and solar thermal

-

16 states of Germany
<5,000 [inhabitants], 5,000-19,999, 20,000-99,999,
100,000-499,999, >=500,000
Building/dwelling owner, principal tenant

Variations in
dependence on FS
-

Table 2: Main data sources concerning building envelope, heating system, building occupants
Category of data
Building physics BPBT,CP
Building envelope BEBT, CP, EEC
Heating system HSBT, QHS, ECRH, CHS
Building occupants BOBT, CP
Other data

Main data sources
[13]
[13], [14]
[15], [16], [17]
[18]
[8], [11], [12], [17], [19], [20]

Table 3: Description of the scenarios; other eco-political instruments (energy taxes, subsidies) and
storyline parameters are maintained; minimum requirements describe the year of intensification to
+/++/+++/++++
Scenario
name

Base
Strict law
Gradual law
Greenie
Law-abiding
Profit maker
Quick greenie

Bundle of eco-political instruments
Minimum requirements
Envelope
Heating
(+/++/+++/++++)
system (+/++)
(20)07(+), 09(++)
(20)07(+)
07(+), 09(++++)
07(+), 09(++)
07(+),
09(++), 07(+), 18(++)
12(+++), 18(++++)
07(+), 09(++)
07(+)

Transformation
matrix (information
campaigns etc.)
Perpetuation
Perpetuation
Perpetuation
Only greenies
Only profit makers
(low interest rate)
Only
law-abiding
decision makers
Only greenies

Storyline
Technical
lifetime
of
heating
system
and
building envelope [years]
20/40

15/30

4. Selected Results
The final energy demand reduction from 2007 to 2030 varies between 16% in the scenario “Base”
and 51% in the scenario “Quick greenie” (cf. Figure 2). The scenarios “Gradual law” and “Strict law”
show that a sole sharpening of the energetic minimum requirements results in a 24% reduction
only, as most building owners do not refurbish. In the scenario “Law-abiding” the effect of enforcing
the minimum requirements leads to a 27% reduction. The “Profit maker” scenario shows that the
economical potential is about 32% and thus remarkably higher. The extreme scenario “Greenie”
appears less economic than the scenario “Profit maker” but causes a 39% reduction. The
shortening of the refurbishment cycles enables an additional reduction of 12% which is only
caused by an increased refurbishment of building envelopes as all heating systems are replaced
already in the “Greenie” scenario.
Overall, the results show that environmental awareness-raising and information campaigns
targeting profit maker behaviour seem more promising than regulatory instruments alone in order
to achieve a substantial reduction of the final energy demand. A combination of “Strict law” and
“Law-abiding” scenarios should cause promising effects as well. Furthermore, if decision makers in
the “Profit maker” scenario expect increasing energy prices, reductions in final energy demand are
expectedly higher.

Figure 2: Simulated final energy demand for space heating and hot water preparation in German
residential building stock between 2007 and 2030 in the different scenarios

Figure 3: Evolution of the PM emissions per territory area between 2007 and 2030 in the scenarios
“Strict law” and “Greenie”

In 2007, PM emissions per territory area are higher in the German federal states Saarland, North
Rhine-Westphalia and Berlin (cf. Figure 3). This can be partially explained by the population
density and the share of lignite and hard coal in final energy demand for space heating and
domestic hot water preparation in the order of 1% to 6%. In the scenario “Strict law”, PM emissions
decrease until 2030 about 3%. In the scenario “Greenie”, an increase of 135% is forecasted.
Whereas the substitution of lignite and hard coal leads to a reduction of PM emissions, this effect is
overcompensated by a drastic increase of biomass combustion in the “Greenie” scenario. In some
areas, PM emissions quintuple in the model, but the model accounts only for about 60% of the PM
emissions [21] from residential buildings as secondary biomass heating devices are not considered.
However, as stationary plants of residential buildings emit about 11% of PM emissions in Germany
[21], a potential local aggravation by excessive biomass combustion could be expected.

5. Discussion
5.1

Limitations

The set-up of bottom-up models requires numerous assumptions (cf. chapter 1). Especially the
relatively high spatial resolution and the assumptions concerning the building owner behaviour
might induce strong uncertainties. The amendment to the First Ordinance on the Implementation of
the Federal Immission Control Act (1. BImSchV) of 2010, which is not yet implemented in the
model, will considerably reduce the simulated drastic increase in PM emissions from the residential
building sector. This ordinance sets not only very strict emission factors for biomass heating
systems but enforces these also via stringent controls. Additionally, secondary heating devices that
are not yet included in the model are of high importance regarding PM emissions as well.
Furthermore, in the scenario “Greenie”, highest PM emissions per territory area occur in areas with
high population density. As the availability of biomass is lower than in rural areas, it is not clear
whether the simulated high shares of biomass as an energy carrier are possible.
5.2

Conclusions and outlook

The model results show that under the assumptions made the effects of regulatory instruments
alone are limited. Ecological awareness-raising and information strategies targeting profit maker
behaviour look promising for substantial reductions of final energy demand in the building sector.
Assuming constant prospective energy prices, when a refurbishment takes place, the economic
potential of final energy demand reduction is limited to 32% in the period 2007 to 2030. Finally, the
results highlight that cross-media effects might occur, e.g. reductions in non-renewable final energy
demand and thus GHG emissions due to increased biomass combustion may result in a drastic
increase of PM emissions.
Overall, this model serves as a basis to identify bottlenecks on the way to sustainable energyefficient future in the residential buildings sector by accounting for barriers, such as by-passing the
Energy Savings Regulation or financial burdens of low income households. Future work aims at
improving the quality and availability of data concerning the energy-investment behaviour of
households as well as analysing the social impacts of energetic modernisation activity regarding
residential buildings.
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Summary
The albedo, or solar reflectivity, of a surface varies depending primarily on the colour of the surface.
The use of a cement replacement known as ground granulated blast furnace slag can be used to
increase the albedo of concrete as it is brighter in colour. The surface finish also contributes to the
nature of the light reflected due to dispersion. By increasing the albedo of a surface, there is more
light reflected which reduces the surface temperature therefore mitigating the heat island effect.
The paper describes experimental work which focuses on how to increase the albedo of a concrete
surface and to what extent parameters affect it, namely the surface finish and the cement
replacement content. The sample results indicate that both factors have a measurable effect, with
the level of cement replacement being more important. Direct and indirect means of measuring
albedo are also described.
Keywords: Albedo, colour, ground granulated blast furnace slag, heat island effect, surface finish

1. Introduction
Solar reflectance, or albedo, is defined as the ratio of reflected to incident radiation at a particular
surface or combination of surfaces, over all wavelengths of solar irradiation [1]. It is measured on
a scale of zero to one, where an   albedo   value   of   0   indicates   a   “black”  body   that   does   not  reflect  
any light whereas an albedo value of 1, indicates   a  “white”   perfectly reflective surface [2]. Some
typical values are given in Table 1.
Dark pavement materials with a low albedo, such as asphalt, absorb the incoming solar radiation
which is converted into heat. This causes the surface temperature to become higher than the
ambient air temperature which can create a ‘heat island’ as the near surface air and surface
temperatures are warmer than their surrounding areas [3]. The heat island effect has a number of
disadvantages including the increased energy demand to cool buildings, which results in larger air
conditioning bills, and it also increases the formation of smog as a higher air temperature induces
higher rates of photochemical reactions. Benefits of increasing the albedo of a surface include
increased visibility, especially at night time, leading to reduced lighting by approximately 30% [4]
and improved safety [5].
In developed urban areas, paved surfaces account for a high percentage of the total surface area,
typically between 30% and 40% [6]. Therefore, in order to reduce the heat island effect, it is
desirable to increase the solar reflectance, or albedo. One such method is the use of high solar
reflectance concrete, as concrete is typically lighter in colour than asphalt. Concrete darkens up as
a result of pollution and wear which is evident from the albedo values in Table 1. Aged concrete
has a typical albedo value of 0.35, however, by altering the composition of the concrete by using
the cement replacement material ground granulated blast furnace slag (GGBS), it is possible to
increase the albedo value.

Table 1 Typical Albedo Values [6]
Surface
Albedo
Snow
0.90
Ice Caps
0.80-0.90
White Paint
0.80
GGBS Concrete (50%)
0.50
New Concrete(Traditional)
0.30-0.40
Aged Concrete(Traditional)
0.20-0.30
Aged Asphalt
0.10-0.15
Ocean
0.06-0.10
New Asphalt/Black paint
0.05
In this paper the effect of GGBS and surface finish will be discussed, however, there are other
factors which affect the albedo, principally moisture content and age, but they are outside the
scope of this paper.

2. Materials and Methodology
2.1

Ground-Granulated Blast Furnace Slag

The cement replacement known as GGBS is significantly lighter in colour than ordinary Portland
cement (Fig. 1). It is a waste product from the blast-furnace production of iron from ore and is used
primarily to replace Portland cement for environmental and durability reasons. The use of this
cement produces a concrete that is much lighter in colour, thus increasing its albedo which also
results in brighter environments. Research carried out by Boriboonsomsin and Reza [2] using 30%,
60% and 70% GGBS replacement demonstrated the correlation between the use of GGBS and
albedo value. In Fig. 2, it can be seen that as the percentage of GGBS increases, the albedo value
also increases. Similarly, Levinson and Akbari [7] found that smooth concrete albedo generally
correlated with cement albedo, by using grey Portland cement and white Portland cement. Due to
improper casting, 24 of their 32 mixes were substandard and were not included in the published
results. The four most reflective unexposed samples had albedo ranging between 0.68 and 0.77
and were made with white cement and the four least reflective samples had results ranging
between 0.44 and 0.52 and were made with grey cement.

Fig. 1 GGBS and normal Portland cement [8]
LEED (Leadership in Energy and Environmental Design) credits can be awarded for the
improvement of albedo in a project. LEED is a national standard developed by the United States
Green  Building  Council  which  rates  a  building’s  environmental  performance. The use of GGBS can
have a positive effect on a number of the credit categories because, as it has a higher albedo
value, it can help to reduce the heat island effect . In  particular,  under  the  “sustainable  sites”  credit,  
up to two points can be awarded for increasing the solar reflectance index.

Fig. 2 Relationship between albedo and GGBS content of concrete [2]
2.2

Surface Finish

Research carried out by Taha and Sailor [9] measured the albedo of roofing materials and they
concluded that for the same material or colour, a rough texture effectively decreases the albedo
compared to that of a smooth texture. A rough texture increases the possibility that a reflected
beam strikes the same surface again and is absorbed, therefore a rough surface will have a higher
temperature than a smooth one. Similar research carried out by Bretz and Akbari [10] studied the
performance of roof coatings in relation to albedo. The roof coatings were categorized under
smooth, medium and rough substrates. Although their research did not look specifically at the
effect of surface roughness on albedo, they noted that a rough substrate can result in lower
surface albedo because of geometrical effects i.e. lack of smoothness and because air borne
particles can accumulate in depressions on the surface.
Based on the limited research on GGBS and surface finish, the objective of this more
comprehensive research project is to consider, for different GGBS percentage replacements, four
different surface finishes for concrete as they may also have a significant impact on the albedo
value, thus:
Cast (smooth) – achieved by using the underside (cast face) of the slab
Screed (semi-smooth) – using a steel float to seal the surface of the concrete
Brush (semi-rough) – carried out by using a brush over the surface in one direction
Tamp (rough) – a piece of timber is used to tamp the surface resulting in an undulating
surface

Fig. 3(a) Cast Finish

Fig. 3(b) Screed Finish Fig. 3(c) Brush Finish

Fig. 3(d) Tamp Finish

2.3

Moisture

The slabs are exposed to the environment and thus are also exposed to moisture from
precipitation. The surface moisture is measured using a moisture meter before taking readings of
light reflectance as the moisture content has an effect on the colour; broadly, higher moisture
content will result in a darker colour.
2.4

Methodology

The main purpose of this study is to investigate the principal parameters which affect concrete
albedo, namely surface finish, the percentage content of GGBS and aging. A total of 96 concrete
slabs were manufactured which comprises four different percentages of GGBS (0, 30, 50 and
70%), four different surface finishes and three aggregate types. It is not believed that the
aggregate type will significantly affect the surface albedo, however, it was included in the study to
justify the elimination of this parameter. Two specimens of each type were manufactured for
repeatability purposes. The different surface finishes, representing typical application types,
comprise two smooth finishes, cast and screeded, and two rough finishes, brushed and tamped.
They were exposed to a strict and consistent curing regime for the first 24 hours and cured in air
subsequently before being placed on a rooftop within Trinity College in September 2010. They
have since been set up to record temperature as shown in Fig. 4.

Fig. 4 Concrete slabs with thermocouple set up and central data logger
2.5 Mechanisms of Measurement
For the purposes of this paper, the focus will be mainly on visible light reflection and temperature
changes correlated to sunshine hours. There are a number of parameters being measured over
the course of the study which include temperature, infrared radiation, solar reflectance/albedo,
visible light reflection, moisture content, rainfall and sunshine hours.
2.5.1 Temperature
Thermocouples are being used to measure the increase in temperature inside the slabs when
exposed to natural sunlight. The ambient temperature is also being measured. This means of
testing is being used to indirectly evaluate the solar light absorption. The slabs are 300x300x60mm
in size and thermocouple wires have been placed in each one 20mm from the top surface. Results
are collected using a data logger (Fig. 4) recording at 10 minute intervals.
2.5.2 Visible Light Reflection
A lux meter is being used to measure the incident and reflected light intensity. The meter measures
light  in  units  of  “lux”  (lumens/m2) and the light reflected off a surface is an independent indication of

the level of albedo. This measurement does not determine the albedo directly as a lux meter
measures surface reflectivity based on visible radiation only. Visible light only accounts for 43% of
the solar spectrum. An albedometer, on the other hand, measures both incident and reflected solar
radiation across all wavelengths with the albedo being the ratio of these, however, this parameter
is outside the scope of this paper.
2.5.3 Sunshine Hours
The intensity and duration of sunshine is being recorded as this can be related to the temperature
of the specimens. The irradiance is measured in Watts/m2 using a sunshine duration sensor which
is logging on a continuous basis.

3. Results
3.1

The Effect of Surface Finish on Internal Temperature

Fig. 5 shows sample results from thermocouple readings taken over a number of days during the
month of November 2010. The aggregate in this case was sandstone and there was no GGBS
used. The graph represents four different slabs each with different surface finishes. The ambient
temperature varies daily e.g. marginally above 8°C on day 4 in Fig. 5. The peaks in the graphs
represent the maximum temperature during the day which is dependent on the level of sunshine
present. The cast finish slab was the highest temperature, followed by screeded, brushed and
tamped slabs. The corresponding sunshine hours can be seen in Fig. 6. As there was very little
sunshine on day 4, there is little difference in temperature between the slabs on this day, as
evidenced in Fig. 5.
It is evident that the smoother surface finishes (cast and screeded) obtain the highest temperature
(day 1 - 3), with the rougher surfaces (tamped and brushed) being lower in temperature (day 1 - 3),
which is unexpected based on the literature review. This would indicate that due to the nature of
the undulating surfaces, the tamped and brushed slabs are reflecting more light. In conclusion, the
surface finish has a noticeable effect on the internal temperature of the slabs, where there is
sufficient sunshine intensity. The smooth finishes do not appear to be reflecting as much light as
the rough finishes which are lower in temperature by between 2 and 4°C, which is significant
considering the temperate climate in Ireland.

Fig. 5 Time vs. Temperature - 0% GGBS

Fig. 6 Corresponding sunshine hours

3.2

Light meter

To measure the visible light reflectance of a slab, a light meter is used in conjunction with a black
box specifically designed to eliminate background light, as seen in Fig. 7 [11]. The box is placed on
top of the slab and they are rotated in a horizontal plane so that the tunnel points towards the
incoming light. Both the slab and the box are then tilted in the vertical plane until there is no
shadow cast on the surface of the slab, at which point the incoming rays are parallel to the sides of
the tunnel. The incoming light is measured orthogonal to the ray at the slab surface and the
reflected light is measured at the back of the box (see Fig. 7).
Hole for reflective
light measurement

Fig. 7 Light meter and black box
A measure of visible light reflectance was taken for the slabs, for example, as presented in Table 2
for 0% GGBS concrete. Results are in descending order of reflectivity, with the screeded slabs
having the highest reflectance as expected. The next most reflective finish is the tamped surface,
with cast and brushed following. It was also found that the surface moisture content of the cast
finish was higher if the slabs are recently exposed to rain. This could possibly account for the
reduced reflectivity and it also attained the highest temperature.
Table 2 Average light reflectance for 0% GGBS slabs
Surface
Finish

3.3

Screed

Average Light
Reflectance
Ratio (%)
7.52

Tamp

5.46

Cast

4.91

Brush

4.38

The Effect of GGBS Content on Temperature

Fig. 8 and Fig. 9 represent the temperature change for slabs with different GGBS contents (0 to
70%) for two different surface finishes, cast and brush, over four days during March 2011. The
aggregate used in this case is partially crushed limestone. Day 2 and 4 recorded the most
sunshine intensity, which corresponds to the two higher peaks in both graphs. For both finishes,
the 0% and 30% slabs are closely grouped together with a higher temperature recorded and the
50% and 70% are grouped together with a lower temperature. This is due to the difference in
colour between the slabs as a result of the level of cement replacement. As the GGBS quantity is
increased, there is increased reflectivity off the surface of the slab, therefore there is a discernable
corresponding reduction in temperature. Also, there is a difference between the two finishes; the
cast finish is higher in temperature compared with the brush finish (by between 2-3°C). As
mentioned previously in section 2.3, the moisture content has an effect on the colour of the slabs.
The cast finish has a higher moisture content as it is slower to dry out after rainfall, and thus
appears darker in colour than the brush finish, therefore reaching a higher temperature as the slab
absorbs the sunlight. In conclusion, the addition of GGBS does increase the reflectivity. However,
the figures suggest that a minimum percentage of cement replacement should be 50%, with 70%

only making a difference on days with high sunlight intensity. The surface finish also makes a
difference in this case, however, based on the sample results, albedo is not as sensitive to finish
as it is to the level of cement replacement.

Fig. 8 Time vs. Temperature – Cast Finish

Fig. 9 Time vs. Temperature – Brush Finish

As with the case of 0% slabs, the average light reflected for each of the different finishes is
displayed in Table 3 for 70% GGBS slabs. The screeded slab has the highest reflectance as
previously. In general, the average reflectance is higher due to the high substitution rate of the light
coloured cement. The rough tamped slab has a high light reflectance value and this is possibly due
to dispersion of the light off the slab’s surface.
Table 3 Average light reflectance for 70% GGBS slabs
Surface
Finish
Screed

Average Light
Reflectance
Ratio (%)
8.09

Tamp

6.73

Cast

6.03

Brush

5.37

4. Conclusions
The main objective of this paper is to describe the key effects of different parameters on concrete
albedo, namely GGBS content and surface finish. In order to test these parameters, four different
surface finishes were chosen, as well as four different percentages of GGBS. The concrete slabs
were manufactured in a controlled environment as curing conditions had to be maintained the
same as this could affect the colour.
Based on the sample results, the level of GGBS has a significant impact on the temperature of the
slabs. This can be seen, in particular, on sunny days with high sunshine intensity, as the difference
between the samples becomes more evident. The slabs containing 0 and 30% have a tendency to
be grouped together with a higher temperature than the slabs containing 50 and 70%. This would
indicate that a high replacement level of GGBS is required to see a noticeable effect with regards
to surface reflectance. The thermocouples are a good indicator as they allow remote full time
monitoring of the slabs to indirectly determine solar absorption.

The surface reflectance of the slabs was also measured using a light meter. Full sunshine is
required for this as the presence of cloud greatly affects the readings. There is an increase in the
average surface reflectance of the slabs based on the incoming and reflected solar radiation,
where there is GGBS present and for smoother surfaces. In every case of GGBS replacement, the
screeded slabs are most reflective, followed by tamped, cast and brushed slabs. A possible reason
as to why the rough tamped surface is quite reflective is because there is an increased possibility
that a reflected beam strikes the same surface again and that the lux meter detects this. The
smooth cast finish has a lower surface reflectance which could be due to the higher surface
moisture content of the slab which was recorded, therefore, it is slightly darker in colour.
In conclusion, based on results to date, the GGBS content does account for the change in
temperatures seen in Fig. 8 and 9, and the surface finish has a noticeable affect on the surface
reflectance as seen in Fig. 5. The next step in this research is to use an albedometer to determine
the solar reflectance across all wavelengths, as the lux meter measures only visible radiation.
Effects over time will also be monitored to establish the degeneration of reflectance of concrete
pavements with age.
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Summary
In order to assess the environmental impact from the Swedish Building and Real Estate
Management Sector, a top-down LCA method has previously been developed, based on a an
input-output analysis performed with data from the Swedish System of Environmental and
Economic accounts. In this study, indicators were suggested and used for environmental
monitoring of the Swedish Building and Real Estate Management sector during 1993-2007, based
on this method. During the investigated period, the changes between different years were relatively
limited, except for the greenhouse gas emissions and the use of hazardous chemical products.
Regarding the greenhouse gas emissions, heating was becoming less important than construction
and management towards the end of the period, likely due to a transition from fossil fuels to
renewable fuels for heat production.
Keywords: Sector responsibility, input-output analysis, construction, climate change, LCA

1. Introduction
In Sweden, two important features of environmental policy integration is the use of Environmental
Quality Objectives (EQOs), which describe the desirable quality and state of the environment [1]
and the concept of sector responsibility [2]. As a part of the sector responsibility, the National Board
of Housing, Building and Planning is required to monitor the development of the Building and Real
Estate Management Sector in relation to the EQOs.
In 2009 an assessment of the Swedish Building and Real Estate Management sector was
performed with the aim to describe the environmental impact caused by the sector within the frame
of the EQOs and to identify the significant activities within the sector from an environmental
perspective [3]. For this purpose, a Life cycle assessment (LCA) method was developed. It was
based on an input-output analysis with data input from the Environmental Accounts, a satellite
accounting system linked directly to the National Accounts [4], [5], provided by Statistics Sweden.
The results revealed that the Swedish Building and Real Estate Management Sector in Sweden
contributes with between 10 and 40 % to Swedish energy use, use of hazardous chemical
products, generation of solid waste, emissions of gases contributing to climate change and human
toxicological impacts including Nitrogen oxides and particulates [3]. Further, the up-stream
processes "transports" and "production of non-renewable building materials" contributed
significantly to several of the emissions.
These results can be used for prioritizing between different improving measures. For example
decreased transports and increased material re-use were suggested in order to improve the overall
environmental performance of the sector. More in depth studies regarding these issues are needed
in order to identify the preferable alternatives. However, the developed method may also be utilized
in   order   to   monitor   the   development   of   the   sector’s   environmental   performance   through different
indicators. As the method uses data that is regularly updated, such back-tracking can be done
regularly without much inventory work.
The aim of this study was to suggest indicators for environmental monitoring of the Swedish
Building and Real Estate Management Sector and, based on the method developed previously,
use these indicators for describing the environmental performance of the sector between 1993 and
2007.

2. Method
The indicators to be used for the monitoring were selected in cooperation with the National Board
of Housing, Building and Planning. Criteria were that the indicators should be i) based on yearly
updated information, ii) possible to use for future monitoring iii) easily communicated and iv)
relevant in terms of covering the most important types of impact regarding to the previous results
[3]. The DPSIR model for indicators that has been used for example within the work towards the
EQOs [6] was used as a framework. The DPSIR-model describes how indicators can be defined at
different levels in a causes-effect   situation.   D   represents   “Driving   forces”,   and   such   types   of  
indicators  describe  activities  in  society.  P  represents  “Pressures”  and  describes  the  emissions  that  
the   activities   result   in.   S   represents   “Status”,   which   is   the   resulting environmental status that is
partly   due   to   these   emissions   and   I   represents   the   “Impacts”   from   the   status   on   the   environment  
and   on   humans.   R,   finally,   represents   “Responses”   and   describes   the   measures   taken   to   avoid  
driving forces, pressures, or impacts or to change the status.
For the selected indicators, the results from the years 1993 until 2007 were calculated in order to
show the development and to enable future comparisons with past years. The method used for the
monitoring was the one developed previously [3]. It can be described as a top-down LCA approach
of the Building and Real Estate Management Sector in Sweden, based on an IOA performed with
data from the Swedish System of Environmental and Economic accounts. Indirect impacts from
upstream processes were traced, calculated and added to the direct and downstream impacts in
order to achieve a life cycle perspective on the services provided by the Building and Real Estate
Management Sector. Thus, the results include for example carbon dioxide emitted through the
production of construction material, as well as direct emissions from working machines used for

construction. The calculations also included impact from products that were imported and exported.
The emissions and the energy use for the life cycles of these, however, were calculated as if they
were produced in Sweden.
However, the monitoring of the suggested indicators required further development of certain parts
of the method. This included i) revision of the model developed for estimation of energy and
emissions from heating and ii) new method development for calculating the share of energy and
emissions from transport infrastructure, which was to be excluded from this study as it was
considered as belonging to the transport sector. These further developments of the method are
described more in detail in Toller et al. [7].
The new model developed for estimating the energy and emissions from heating was based on the
assumption that all district heating and part of the electricity production was used for heating.
Further, use of fuel in stationary combustion facilities were also assumed to contribute to heating
except for industries in which the purpose of fuel combustion was assumed to be a part of a
production process rather than heating the building.
It may be discussed whether heating of buildings should be considered as being a part of the
sector responsibility for the Building and Real Estate Management Sector, as it is largely
dependent on the users of the buildings. Therefore, in this study the results were reported both
including and excluding the impact from heating. The fact that heating is an issue that has been
emphasized during the last years also constitutes an argument for following it separately.
The calculation of energy and emissions from transport infrastructure was estimated through the
results from LCAs performed for roads and railways. For roads, the estimation was based on
results reported by Jonsson [8] and for railways, it was based on results reported by Stripple and
Uppenberg [9]. These LCA results were then combined with annual data obtained by the Swedish
Transport Administration (Trafikverket) regarding existing lengths of roads and railways and annual
production rate. The energy used and the emissions formed due to production and maintenance of
roads and railways were then withdrawn from the results obtained through the input-output
analysis. This was needed as transport infrastructure was not considered to be separate from the
Building and Real Estate Management Sector although it is not reported separately within the
Swedish System of Environmental and Economic accounts.

3. Results
The following indicators were selected for the monitoring
 Energy use
 Emissions of greenhouse gases (carbon dioxide, methane and nitrous oxide, calculated as
carbon dioxide equivalents)
 Emissions of nitrogen oxides
 Emissions of particles to the air
 Use of hazardous chemical products
 Production of waste
For the Energy use and the emissions to air, monitoring of the years from 1993 until 2007 was
possible. For these indicators, the sector was defined as both construction of buildings,
maintenance and real estate management, in life cycle perspectives. For waste production and
use of hazardous chemical products, data were not available for real estate management, so the
results only include construction in a life cycle perspective. For these indicators, construction and
maintenance of transport infrastructure is also included in the results. More details on the study
and system boundaries are available in Toller et al [7].
3.1

Energy use

The energy use by the Swedish Building and Real Estate Management Sector were between 135
and 176 TWh per year (fig.1). In these results, heating is included. When excluding heating, however, the energy use was only between 32 and 51 TWh per year. Regarding the energy not used

for heating, the use was equally distributed between construction and management and there was
an increasing trend from the year 1999 to 2007.

Fig.1 Use of energy by the Swedish Building and Real Estate Management Sector for the years
1993 to 2007, including and excluding energy used for heating of buildings.

3.2

Emissions of greenhouse gases

The emissions of greenhouse gases were between 19 and 25 Mton, and there was a trend of
decreasing emissions towards the end of the monitored period (fig 2). However, if heating was
excluded and only the Building and Real Estate Management was considered, there was instead a
slight increase from 1999 to 2007. Obviously, heating was causing the largest part of the
greenhouse gas emissions in 1993, whereas the construction and management became more
important towards the end of the period. The emissions not caused by heating were derived mainly
(between 60 and 70% throughout the period) from construction.
3.3

Emissions of nitrogen oxides and particles to air

The emissions of nitrogen oxides were between 55 and 40 kton, and the emissions of particles to
air were between 14 and 18 kton per year. Regarding the nitrogen oxides, however, the reported
value is connected to large uncertainties due to the exclusion of large but uncertain emissions from
production and maintenance of roads and railways. For both nitrogen oxides and particles to air,
the emissions were slightly increased from 1999 towards the end of the period. Construction was
contributing with slightly more than the management.

Fig.2 Greenhouse gas emissions from the Swedish Building and Real Estate Management Sector
for the years 1993 to 2007, including and excluding emissions from heating of buildings.
3.4

Use of hazardous chemical products and production of waste

For the construction part of the sector, the use of hazardous chemical products increased in 2006
and 2007 (fig.3). For the production of waste, no time series could be calculated as consistent data
was only available for 2006. In that year, the production of waste was 20 Mton, of which hazardous
waste constituted 5%.

Fig.3 National use of hazardous chemical products for construction by the Swedish Building and
Real Estate Management Sector for the years 1997 to 2007.

4. Discussion and conclusions
During the investigated period, the changes between different years have been relatively limited,
except for the greenhouse gas emissions and the use of hazardous chemical products.
The greenhouse gas emissions showed a declining trend during the investigated period when
including heating. It may partly be due to increased energy efficiency during the use of the
buildings [10]. However, the use of energy did not decrease correspondingly and the energy
efficiency in the Swedish building sector stagnated during the 1990s [11]. A more important
explanation for the declining trend in greenhouse gas emissions may therefore be that there has
been a transition from fossil fuels to renewable fuels for heat production.
Although the overall greenhouse gas emissions had decreased, the emissions from construction
and maintenance were increasing and were even larger than heating emissions towards the end of
the period. This suggests that further improvements in order to reduce climate change from the
sector should focus not only on measures regarding heating but also regarding construction and
maintenance [12]. According to Toller et al. [3], production of nonmetallic mineral products (e.g.
bricks and cement) as well as transports and production of metals are contributing significantly to
the greenhouse gas emissions from the construction and maintenance part of the sector. Hence,
increased recycling, well informed selection of building materials and use of building practice that
extends the construction´s life may be measures to consider for approaching the environmental
objective of reduced climate change.
It may be discussed if indicators for monitoring of the Swedish building and real estate sector
should be based on Driving forces, Pressures, Status, Impacts or Responses according to the
DPSIR framework. There might be different interests here depending on the intended use of the
indicators. If the aim is to provide incentives and increase the possibilities for follow up of different
environmental improvement measures, both Driving forces and Pressures, Status and Impact
would be of great interest. However, it might be hard to link driving forces to a particular problem or
EQO, whereas Pressures may be difficult to measure. Regarding Status and Impact,
measurements can be done but distinguishing between different causes for the status or impact is
not easily done. Delay effects also have to be considered when using these types of indicators. In
this study, the emissions to air belong to the Pressure type of indicators whereas Use of energy,
Use of hazardous chemical products and Production of waste are more Driving forces indicators.
The suggested method for environmental monitoring of the Swedish Building and Real Estate
Management Sector has the potential to create incentives and to regularly evaluate improvement
work that is done within the sector. By using a life cycle perspective, the risk of exporting problems
to future generations or other countries is minimized. Also, by using a top-down approach based
on input-output analysis, rather than bottom-up LCA studies, impacts from transportation and
production of construction materials are better covered [13]. However, in order to use the
suggested indicators for monitoring the sector´s contribution to the EQOs, there are still some gaps
to  be  filled.  For  example,  the  indoor  environment  is  not  fully  covered  and  for  the  EQO  “A  nontoxic  
environment”  not  only  the  use  of  hazardous  products  is of interest but also the emissions that are
caused through this use, and through other sources. Further, for the suggested indicators to be
used for monitoring, improved data regarding Use of hazardous chemical products and Production
of waste is desirable. Thus, there is a need for development of the Swedish System of
Environmental and Economic accounts and estimates of the environmental impact from transport
infrastructure need to be improved.
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Summary
The City of Amsterdam has ambitious goals as to become climate neutral. This will only be
possible through a structured approach to both new and existing neighbourhoods.
Following steps from the New Stepped Strategy - as used in the Rotterdam Energy Approach and
Planning (REAP) - and using the methodology of Energy Potential Mapping (EPM), the Amsterdam
Guide to Energetic Urban Planning (in Dutch: Leidraad Energetische Stedenbouw, LES) must
become the manual that will support urban area (re)development towards energy neutrality.
The Guide clarifies the local Amsterdam energy potentials, both natural and anthropogenic, and
gives an extensive overview of measures and data to be used for the sustainable provision of
electricity, heat and cold. This is presented in a very tangible manner, practical to urban planners
and architects, housing corporations and project developers, public institutions and politician.
The Amsterdam Guide has been tested on two sites, one to be newly constructed and another to
be redeveloped, and the incremental approach proved worthwhile, enabling energy neutrality in
both cases. The Guide has incited discussions on both short-term actions and long-term visions
needed to facilitate real climate neutrality in the city of Amsterdam.
The paper will discuss the Amsterdam Guide, its methodology, the cases studied, as well as future
perspectives and considerations.
Keywords: New Stepped Strategy, Rotterdam Energy Approach & Planning (REAP), the
Amsterdam Guide to Energetic Urbanism, Energy Potential Mapping, carbon-neutrality

1. Introduction
1.1

Urgency

In spite of some discussion caused by inaccuracies in their 2007 reports, the general conclusions
by the IPCC [2007] still stand and are widely supported. The climate is changing at an
unprecedented rate and mankind is one of the major causes as acknowledged.
Although the earth receives almost 9000 times more energy from the sun than that mankind needs,
energy is becoming a huge problem. Western societies heavily rely on energy, fossil fuels in
particular. The Netherlands for instance produces less than 4% of its energy by means of
sustainable sources [CBS, 2008]. The rest is fossils and a bit of imported nuclear energy. As
Mackay [2009] demonstrated, it is very difficult to establish a society fully run on renewables.
However, Cullen & Alwood [2010] showed that most of the energy we use is lost as non-functional
waste energy. So the initial demand can be reduced by more effective usage, such as by lowexergy means [Stremke et al., 2011].
Although estimates of resources fluctuate, it is apparent to both energy experts and oil companies
that the end is coming near. We have passed peak oil [ITPOES, 2010]: these days we consume
more oil than can be produced. That this is a literally dangerous situation was demonstrated by the
two gulf wars and recent turmoil around gas from Russia (first: Ukraine disconnected, second:
Belarus threatening to halt the throughput of Russian gas). Apart from this international perspective
and its influence on the price of energy, few people from the West understand how dependent they
have become on energy, and that a collapse in the provision would have devastating effects to
everyday life.
Last but certainly not least, the western appetite for energy is severely limiting the opportunities of
developing and emerging regions to catch up in prosperity. As Figure 1 indicates, western
countries owe their prosperity to limited use of energy in other parts of the world. Needless to say
this situation deviates strongly from the equity goals posed by the Brundtland Committee in 1987.

Fig. 1: Developed countries above the equator infest on other regions for energy… Countries and
the area of land respective to the amount of fuel they consume [Dorling et al., 2009, downloadable
from www.worldmapper.org]
The abundance – until now – and relatively cheap and easy access to fossil energy has made the
world lazy and inactive to search for local possibilities that would avoid demand from alien energy
in the first place. We need to learn this again: planning and designing in such a way that local
resources are optimally seized before any demand is posed upon other areas.

1.2

Climate-neutral ambitions

10 September 2008 the Amsterdam municipal council decided that as of 2015 new construction
projects need to be climate-neutral. This means that projects need to comply with the definition of
climate-neutral building (see section 1.3), with a 9.0 - 9.5 score of the Dutch EPL (energy
performance on location. This council decision implies that energy will become an integral part of
area development, a challenge and opportunity as cooperation between projects and connection
with the surroundings offers added value at various scale levels.
The Amsterdam approach to climate-neutral building aims at project development and the
contribution authorities can make therein. Agreements can be made, for instance, on the thermal
insulation rate as well as energy consumption and generation. The ambitions can only be realised
through a structured approach to both new and existing neighbourhoods.
1.3

Definitions

In Amsterdam, 'climate neutral' is defined as "building without use of fossil resources for the
building-related energy demand" [Ontwikkelingsbedrijf Amsterdam, 2009]. This encompasses
heating and cooling, hot tap water, ventilation and lighting, all ingredients of the energy
performance of a building, however approximately half of all energy used in buildings. The other
half is user-related (predominantly from user appliances).
In terms of the Amsterdam definition of climate neutral, critical connotations can be made, as the
term actually implies a net zero effect on the climate, including all emissions with an influence on
the climate, not just carbon dioxide (CO2), yet also nitrous oxide (NOx), water vapour, chlorinefluorine-carbons (CFCs), methane (CH4), ozone (O3) etc. Through the avoidance of fossil fuels for
building-related energy demands, emission of carbon dioxide, and a great deal of methane, nitrous
oxide and water vapour is avoided, but not everything. Usage of biomass – provided it is replanted
– may be considered as climate- or carbon-neutral, but the technical means to enable this may not
be as such. The story is slightly different when using solar energy, wind and geothermal heat.
These sources produce no CO2 and their equipment for energy conversion will be energetically
earned back within a certain time-frame, leaving no climate marks on the planet.
In this sense the Amsterdam definition rather equals energy neutral than climate neutral. Also
carbon-neutral would describe the aim better than climate-neutral. Perhaps even better would be
'fossil energy free': avoiding any use of fossil fuels in building-related energy consumption.
This said, the official objective of the city is clear through its own definition of climate neutral, and
we can proceed how to achieve it.

2. Methodological basis
The Amsterdam Guide to Energetic Urban planning is founded on methods previously developed:
Energy Potential Mapping (EPM) and the Rotterdam Energy Approach & Planning (REAP), which
in its turn is based on the New Stepped Strategy. All of them will be discussed in this chapter.
2.1

Energy Potential Mapping

The foundations for the method of Energy Potential Mapping (EPM) were laid during the Grounds
for Change project [Noorman et al., 2006], where new perspectives were sought for a sustainable
energy system in the Northern Netherlands (provinces of Frisia, Groningen and Drenthe). This
region traditionally had provided the country with energy – peat in the 19th and early 20th century,
mineral oil since the 1950s and natural gas since 1960. and
is de methodiek van
energiepotentiekaarten ontstaan. The design team of Grounds for Change [Roggema et al., 2006]
introduced a cartoonesk way of charting potentials in the region for energy harvest.

The method of EPM was significantly improved and provided with a scientific approach through a
study for the new environmental plan (POP) of the province of Groningen [Dobbelsteen et al.,
2007]. Based on rudimentary information from topographic, climatic, geophysical and
infrastructural maps, various new GIS-based maps were produced for potential production of
renewable fuels, power generation, heat and cold potentials and even possibilities for carbon
sequestration. Figure 2 clarifies the method developed.
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Fig. 2: Method of Energy Potential Mapping, graphically clarified [Dobbelsteen et al., 2007]
After the POP Groningen report, EPM was further enhanced and tested at other scales through the
EPM studies for expansion plans of Almere, Schiphol Airport and Hoogezand-Sappemeer
[discussed in Dobbelsteen & Broersma, 2010]. For Schiphol and Hoogezand-Sappemeer the
outcome was newly presented in stacked maps, depicting energy potentials at various heights and
depths, as shown in Figure 3, which enabled calculations of the maximum yield to be reapt. In the
case of Hoogezand-Sappemeer, the energy produced would potentially exceed the demand, which
is important as the new development then could also serve older parts in town.
A last development in the EPM range are the heat maps made for the Netherlands [Broersma et al.,
2010], focusing solely on heat and cold demand and supply, and meant to feed a national website,
which will serve the realization of better exchange of energy in the built environment, or even the
spatial planning of new developments.

Fig. 3: Energy potential map for the expansion plan of Hoogezand-Sappemeer, depicting energy
potentials at various heights and depths, enabling calculations of the total energy yield possible
[Broersma et al., 2010]

2.2

The New Stepped Strategy

Since the end of the 1980s, approaches to sustainable building have often followed the 'Trias
Energetica' [Lysen, 1996], or three stepped strategy:
1.
2.
3.

Reduce the demand
Use renewable energy
Supply the remaining demand cleanly and efficiently

The Trias Energetica forms the guideline for a logical, environmentally conscious approach.
However, in the period it has been in use it has not led to the progress required. In particular the
extent of penetrated renewable energy technology, step two, is minimal. Mainly in the Netherlands
one mainly concentrates on step 3, after limited efforts with step 1 and skipping step 2. No wonder
the Dutch are still relying on non-sustainable energy for 96% of their demand.
That step 2 is often neglected and so little use is made of sun, wind and other renewable energy
sources has a lot to do with the step abruptly following a sub-optimal reduction in energy demand
and with the fact that an important intermediate step is not explicitly mentioned in the Trias.
This is the reason why, the New Stepped Strategy (NSS) [Dobbelsteen, 2008] was presented as a
substitute for the Trias Energetica. This strategy adds an important intermediate step between the
reduction in demand and the use of renewable sources, and it incorporates a waste stream
strategy, inspired by the Cradle-to-Cradle philosophy [McDonough & Braungart, 2002]. The former
last step, implying hence accepting the use of fossil fuels, is abolished. Thus, the New Stepped
Strategy is as follows (depicted by Figure 4):

1. Reduce the demand

2. Reuse waste streams

3. Use renewable energy sources (a) and ensure that
waste can be used as food (b)

Fig. 4: Principle of the New Stepped Strategy [Dobbelsteen, 2008]
As can be seen, the NSS has a new second step that makes optimal use of waste flows– waste
heat, waste water and waste material – not only for each individual building but also on a city wide
scale. The addition in step 3 (really 3b) concerns waste that can not be processed in our technical
waste processing cycle and so must be returned to nature. This can only be done if the waste is
safe (non-toxic) and if it can form nutrients for micro-organisms.

The old step 3 of Lysen will continue to be necessary for the coming years of transition, however
eventually this will no longer be possible or desired.
2.3

The Rotterdam Energy Approach & Planning (REAP)

Based on the New Stepped Strategy, a team of people from the City of Rotterdam, architects and
TU Delft [Tillie et al., 2009a] developed the Rotterdam Energy Approach & Planning (REAP) for a
structural approach to urban areas. Therefore, the three steps of the NSS were not only connected
to buildings yet also to clusters or neighbourhoods, districts and the entire city. Figure 5 graphically
clarifies the principle of REAP method.
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Fig. 5: Principle of REAP for urban areas: the New Stepped Strategy that starts with buildings but
expand to neighbourhoods and district for optimal balancing of supply and demand before the
question of sustainable generation is tackled [based on Tillie et al., 2009a]
REAP was tested on, or actually evolved with a study of, the district of Hart van Zuid ('heart of
south'), for which the City of Rotterdam wanted to explore the possibility to become carbon neutral.
The largest harbour city of Western Europe has the ambition to become 50% carbon neutral by
2025, so interventions in the existing urban landscape will be necessary. REAP demonstrated that
Hart van Zuid could become carbon neutral without devastating demolition of existing building,
however with smart exchange of waste energy streams from different urban functions, as well as
some additions of greenhouses, green facades and roofs.

The essential novelty in the REAP method is the explicit step of exchanging, balancing and
cascading of waste energy in an urban context (Figure 6). Earlier approaches had neglected this
yet unreapt energy potential in cities.

Fig. 6: Urban functions have totally different energy patterns for heat (W), cold (K) and electricity
(E). This image shows that a logical connection between specific functions can be made that
require heat or cold, since the generation of cold produces waste heat, which can be used
elsewhere but usually is emitted into the air [Tillie et al., 2009a]
Since its presentation in a Dutch and English language book [Tillie et al, 2009a], it was handed to
the Dutch minister of the environment, got coverage on national tv and radio, was published in a
scientific journal [Tillie et al., 2009b] and inspired other cities to work accordingly. One of them was
the city of Amsterdam.

3. The Amsterdam Guide
Amsterdam Guide to energetic uirban planning (in Dutch: Leidraad Energetische Stedenbouw, LES)
must become the manual that will support urban area (re)development towards energy neutrality
[Kürschner et al., 2011].
3.1

Outline of the Amsterdam Guide

The Guide clarifies the local Amsterdam energy potentials, both natural and anthropogenic, and
gives an extensive overview of measures and data to be used for the sustainable provision of
electricity, heat and cold. This is presented in a very tangible manner, practical to urban planners
and architects, housing corporations and project developers, public institutions and politician.
Figure 7 gives an overview of measures (in simplified icons) in the Amsterdam Guide, divided
between heat and cold versus electricity, with the potential improvement of energy performance
added.

Fig. 7: Overview of the Amsterdam Guide to energetic urban planning, according to the New
Stepped Strategy and with a division between measures (simplified in icons) for heat and cold
(blue) versus electricity (green); figures in red are the potential improvement in energy
performance
3.2

Amsterdam potentials

The Amsterdam Guide commences with an inventory of all energy potentials of the city, in accordance with the method of Energy Potential Mapping. Thus the booklet gives all potentials of natural
energy sources and anthropogenic functions that produce waste streams. This latter is of course
necessary for the second step of the New Stepped Strategy.

3.3

Factsheets

Where REAP was merely a method for an approach to energy-neutral or carbon-neutral cities, the
Amsterdam Guide is presented as a handbook, guideline for urban planning within the objectives
of the Amsterdam climate goals. The method is set within the municipal managerial system of
PLABERUM (translated in English: 'planning and decision making of spatial measures') and gives
practical data regarding financial and technical-spatial measures. Figure 8 gives apart of the
overview of measures of thermal energy.

Fig. 8: Overview of measures and their consequences in the Amsterdam Guide
Measures are presented in factsheets, of which Figure 9 gives two examples, one for heat and
cold, one for electricity. These factsheets are meant to be practical and helpful for urban planners
and other stakeholders involved in the process of making Amsterdam climate neutral.

Fig. 9: Two examples of factsheets within the Amsterdam Guide, on the left hand side bio CHP for
heat production and on the right hand side solar access for power generation
3.4

Case studies

The Amsterdam Guide has been tested on two sites, one to be newly constructed (in northern
Amsterdam) and another to be redeveloped (in western Amsterdam), and the incremental
approach proved worthwhile, enabling energy neutrality in both cases. The Guide has incited
discussions on both short-term actions and long-term visions needed to facilitate real climate
neutrality in the city of Amsterdam. Both urban areas could be made energy-neutral according to
the steps of the Amsterdam Guide.
3.5

Implementation

Before being finally presented, the Amsterdam Guide was discussed with a response group of
people who would have to work with it or who had profound knowledge of the matter. These
meetings were used to improve the model. The concept version of the booklet was presented and
discussed with the Amsterdam alderman for spatial planning, and finally it was presented early
2011 to colleagues of the departments of spatial planning and environmental & building regulations,
hence the people who need to work with it in practice. The response to this was positive and
everyone was asked to test the model in concurrent projects and get back with comments or
suggestions for improvements.

4. Discussion and perspective
The Amsterdam Guide to energetic urban planning, just as REAP, so far have only been theoretic,
though practical, methods that could help urban development towards energy, carbon or climate
neutrality. Useful as they may seem, the proof is in tasting the pudding, so ongoing projects within
the cities of Amsterdam and Rotterdam will have to show whether the models actually work.

In Rotterdam a REAP follow-up study recently started to investigate not just the technical
consequences, yet also the legal, strategic, social and spatial consequences. The test-case this
time will be a real project to be elaborated by the municipality, giving it a proper meaning.
In Amsterdam, several areas are under study, paving the way for a new approach according to the
Amsterdam Guide. The year of 2011 will provide the first findings of working according to the
method, inevitably leading to necessary improvements to version 2.0, expected late 2011.
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Summary
Between July 2009 and June 2010 along a fixed route in the Helsinki city centre the net radiation
balance, dry and wet-bulb air temperature were observed by mobile measurements. The
measurements were taken exactly twice 52 times every Tuesday during the midday hours and the
midnight hours with a high temporal resolution two meters above ground. The observations are
compared with results of the surface-atmosphere exchange model SURFEX, developed by the
research centre of METEO FRANCE (CNRM-GAME), and now used in many front-line numerical
weather prediction models. In our experiments the model was configured according to urban
geometry and building characteristics typical of central Helsinki, while the atmospheric forcing was
derived from the global ERA-Interim reanalysis of European Centre for Medium-Range Weather
Forecasts (ECMWF). SURFEX is found to yield a realistic rendering of the radiative fluxes and the
temperature in the street canyons. The results confirm, that a properly configured meteorological
prediction-model is able to reproduce the key aspects of the surface energy balance of streets and
buildings in a Nordic urban environment, and is likely to be of value in applications ranging from
weather forecasting to urban planning and interpretation of climate scenarios.
Keywords: Town energy balance, modelling, SURFEX, mobile measurements, Helsinki

1.

Introduction

In at least two ways the climate of cities becomes more and more important. Firstly more people
than ever lives and works in urban and semi-urban environments. Secondly the changing cities
influence the meteorological and chemical conditions of the urban boundary layer of the
atmosphere and give a feedback to local and regional climate conditions. Due to the complex
geometry of the cities the urban boundary layer is difficult to observe and to model in time and
space. In situ measurements describe only local conditions and cannot be easily generalized. To
obtain in situ measurements for a representative time and area is quite cost-intensive. A possibility
to avoid these is using surface-atmosphere exchange models to model cities and changes inside
them. The SURFEX -model developed by the METEO FRANCE research centre computes the
exchanges of heat (radiation, conduction, convection), moisture, momentum and carbon dioxide
between the earth surface and the atmosphere, as well as the temperature, wind, and moisture of
the lowest layers of the atmosphere. There are separate modules for the surface types of sea,
inland waters, vegetation, and urban areas. The module used in this project is TEB (Town Energy
Balance model) [1]. TEB is intended to describe the urban energy balance and the interaction
between the urban surface and the atmosphere in the context of a numerical weather prediction
model, hence aggregated over a grid box typically several km in side. Outside numerical weather
prediction (NWP) TEB has been applied to studies of urban heat balance in a number of cities:
e.g.: Vancouver and Mexico [2], Marseilles [3], Basel [4], Lodz [5], Toulouse [6], and Montreal [7].
Proper validation of such a model requires distributed observation in space and time, which are
normally not available. During a field campaign which lasted from July 2009 to June 2010 the four
electromagnetic radiation components (short-wave in (SWin), short-wave out (SWout), long-wave
in (LWin) and long-wave out (LWout)) and air temperature were collected during mobile
measurements in the Helsinki city centre. The net radiation (NetRad) is defined as the sum of

incoming SW and LW minus the outgoing SW and LW. Seven street canyons representing different
types of urban build-up characteristics of the Helsinki city centre were chosen for the validation.
Data collecting and handling methods and the theoretical background for the SURFEX TEB
modelling are described in section 2. Our presentation is focused on the observations made during
the day-time when the solar radiation amounts are big enough to produce characteristically
differences in the town energy balance, but our conclusions are also representative for the nighttime comparison. The research results lead to a better understanding how the town energy
balance works and give the background informations needed for sustainable city planning. The
results are presented in section 3.

2.

Data and methods

2.1. Observations and data handling
The observation were made every Tuesday between July 2009 and June 2010 using a van. All
instruments were mounted at 2 meters height above ground approximately 1 meter in front of the
van. The order of the instruments was the same through out the 12 months of the observation
campaign. The circle was driven in the forenoon starting at 08 UTC and lasted between 1 hour and
15 minutes and 2 hours. The duration of the measurement circle depended more on weather and
road conditions than traffic conditions. The speed of the vehicle was between 30 and 40 km/h (8.3
and 11.1 m/s). The route was 31.8 km long. The following observations were made in 1 second
interval; dry and wet bulb air temperature when T>0°C, else only dry air temperature, using a
ventilated pschyro-transmitter. The radiation components were observed with the CNR1 net
radiometer. The net radiometer was faced up with an open horizon and down to the street in front
of the moving vehicle. During the winter time and times with small differences in the radiation
components the net radiometer accuracy must be taken into consideration.
The data was stored together with the information from a GPS-receiver. The used spatial resolution
for the GPS data was 9 meters in east-west direction and 28 meters in north-south direction based
on WGS84 coordinate system. When the measuring car was moving there was approximately one
to three observation per coordinate. In general only the first observation was used. A special time
step correction was used to avoid influences on air temperature due to traffic jams or other delays.
To avoid natural out-layers the observations were averaged over a 100x100 meter grid around the
selected spots. This improves the comparability between the observations and the model output,
which represents an average over a 90 minutes time step.
2.2. Modelling
SURFEX is a physically-based numerical model of the interaction between the atmosphere and the
surface. Originally developed by the French weather service METEO FRANCE, it is now a part of
several front-line numerical weather prediction systems in Europe. SURFEX computes the
radiative and turbulent exchange of heat, moisture, momentum, and carbon dioxide, as well as the
transport of heat and water within the surface materials. Vertical profiles of temperature, humidity,
wind speed and the kinetic energy of turbulence within the surface layer of the atmosphere and
within the surface materials are additional output parameters.
SURFEX can describe a combination of up to 4 different types of surface (tiles): ocean or sea,
inland waters, natural or cultivated terrain, and built-up areas. Each tile responds to the same
atmospheric forcing (characterized by wind, temperature, humidity, down-welling solar and
terrestrial radiation, rain, snow fall, surface pressure and carbon dioxide content), but is handled by
a separate module. For vegetated and built up surfaces the forcing is transmitted via the surface
boundary layer scheme (SBL) by Masson and Seity [8], where the surface boundary layer is
resolved prognostically on several levels inside and just above the vegetation or urban canopy.
Urban areas are handled by the Town Energy Balance model (TEB) of Masson [1], treating the
urban canopy as an isotropic array of infinitely long street canyons. Forced by incoming radiation,
rain, snow fall, wind speed, air temperature and humidity above the roof-tops, TEB returns the
upward radiative and turbulent heat fluxes as well as the wind, temperature and humidity within the

canopy. The energy and water budgets are solved simultaneously for the three distinct surfaces of
roofs, walls, and roads, taking into account the shading effect of the walls and the radiative heat
exchange between the wall and road surfaces. Heat conduction within the roofs, walls and roads
takes place through several layers of materials, and roofs and walls interact with a common
evolving inside temperature. Roofs and roads may be partially of totally covered by snow. Heat and
water vapour released by traffic and industry may be prescribed, and the heating of buildings is
dynamically modelled by maintaining the inside temperature above a prescribed minimum level.
2.2.1.Definition of urban characteristics
The Helsinki city area was mostly completely built up after the Second World War. Therefore most
of the houses were built of bricks. Houses built from concrete started to emerge in the 1970s. Most
walls of the houses were covered with mortar and stucco.
Seven areas in the Helsinki city centre were chosen to represent the built up area. The areas were
in order as the mobile measuring route crossed them, Tehtaankatu, Iso-Robertinkatu, Bulevardi,
Fredrikinkatu, Aleksanterinkatu, Mariankatu, and Museokatu. The alignment of the streets was
approximately to all directions. For all street the sky view factor (SVF) was defined. Except for
Tehtaankatu and Bulevardi there were no shading nor transpiration sources due to the trees
planted beside the street.
There are two types of street cover in the Helsinki city area, cobblestones and asphalt. Nowadays
some sections of the streets are artificial warmed up to enhance the traffic security during the
wintertime. Almost all roofs are covered with thin metal sheets. All windows were made out of, at
least, double glasses. The location of Helsinki on the map and selected sites in the Helsinki city
centre are shown in Figure 1.
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Figure 1. a) Helsinki on the map, red dot. b) The chosen areas in Helsinki city centre: 1.
Tehtaankatu, 2. Iso-Robertinkatu, 3. Bulevardi, 4. Fredrikinkatu, 5. Aleksanterinkatu, 6. Mariankatu,
7. Museokatu. (areal photos: © 2011 Google – Imagery © 2011 DigitalGlobe, Cnes/Spot Image,
GeoEye)

2.2.2.Meteorological forcing
Identical meteorological forcing was used for all the locations. The forcing data (pressure, downwelling solar and atmospheric radiation, rainfall and snowfall at the surface, and temperature,
relative humidity, and wind above the canopy) consists of short-range forecasts from the archives
of the European Reanalysis Project (ERA interim) of the European Centre for Medium Range
Weather Forecasts [9]. The archive contains global fields at a horizontal and temporal resolution of
about 80 km and 3 hours, respectively.

3.

Results

Due to the huge amount of observed and modelled data we present here only a selection of the
most significant results of our comparison. We divided the results in two groups. The first group
contains ensemble mean time series for the 7 locations during the day-time around 09 UTC,
presented together with maximum and minimum observed values within the ensemble. There are
also interesting results from the night-time observation around 20 UTC, but the signal from the
observations compared with model was weaker due to the smaller forcing by the smaller amount of
down-welling short-wave radiation. The second group contains the seasonal average comparison
for observation and model output, again in the form of ensemble mean values. Here are used the
same parameters as used in the time series comparison. The primus motor of all life, motion and
growth on Earth is the short-wave radiation emitted from the Sun. Facing the Earth's atmosphere
and surface short-wave radiation is reflected, absorbed and redirected. In processes where shortwave radiation is absorbed the media absorbing the short-wave radiation begins to warm up and
according to the Kirchhoff's radiation law emit long-wave energy radiation.
3.1. Time series comparison
Down-welling solar global radiation (SWin), Figure 2a, depends on direct and diffuse solar radiation
at the roof level (external forcing in the model), the solar zenith angle, sky view factor, and
reflectivity of surfaces in the street canyon. As seen in Figure 2a there is good temporal correlation
(0.93) between modelled and observed SWin at street level at annual to weekly level. The model
output is systematically lower than the observations. This may be partly because the down-welling
radiation in the forcing files represents an average for the period from 06 - 12 UTC, while the
observed values represent conditions near 09 UTC. Another reason might be an underestimated
sky view factor in the model. The extreme values present among the measurements clearly
demonstrate the importance of averaging over several sites.
The up-welling solar radiation (SWout), Figure 2b depends on the amount of down-welling shortwave radiation, and the reflectivity of the road surfaces and snow cover in the street. In our modelobservation comparison only 10 per cent of the SWin was reflected. This is less than the typical
albedo of asphalt or granite quoted in the literature [10]. The conspicuous maximum in the
modelled SWout in March 2010 is caused by unrealistically extensive and bright snow cover in the
streets giving rise to an effective albedo of about 60 per cent. Artificial snow clearing is not taken
into account in SURFEX TEB. The snow remains in the streets until it melts away. While a
darkening of snow with ageing is prescribed in the model, the result describes the natural snow
cover, and does not describe the dirty and dark snow patches of spring time Helsinki. Note,
however, the observed extreme SWout values which are also related to the existence of snow in
the streets, remaining in spite of snow clearing.
Down-well long-wave radiation (LWin), Figure 2c, is controlled by down-welling long-wave radiation
at roof top level (external forcing in the model), which itself is determined by atmospheric
temperature, cloudiness and humidity. Also the sky view factor (SVF), emissions and reflections of
surfaces in the street canyon have a large influence. The correlation between TEB and the
observations is very high, almost 0.97. The high correlation confirms the high quality of the forcing
data.
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Figure 2. Comparison of observed (red) and modelled (blue) time series. a) short-wave in (SWin),
b) short-wave out (SWout), c) long-wave in (LWin), d) long-wave out (LWout), e) net radiation
(NetRad), and f) air temperature (T) at 2 meters above ground. (For explanations see section 3.1.).
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Figure 3. Comparison of observed (red) and modelled (blue) seasonal averages, a) short-wave in
(SWin), b) short-wave out (SWout), c) long-wave in (LWin), d) long-wave out (LWout), e) net
radiation (NetRad), and f) air temperature (T) at 2 meters above ground (For explanations see
section 3.2.).

Up-well long-wave radiation (LWout), Figure 2d, is controlled by the surface temperature and
emissivity of the road. Again, there is also a high correlation (0.99) between the observed and
modelled LWout. The low bias in the model must be caused by a too low temperature of the road
surfaces. There may be several explanations for that. The excessive short wave reflectivity noted
earlier may be one factor, but there may also be biases in the, yet unverified, turbulent surface heat
fluxes, or in the heat conduction in the road material. The net radiation (NetRad) is positive for
most of the year in day-time. Only in mid winter there is a period with slightly negative values.
There is a reasonably correspondence between modelled and observed values. The biases noted
in SWin and SWout lead to a negative bias in the net radiation.
The screen level temperature (T), Figure 2f, is mainly controlled by the temperature above the roof
tops, modified by radiation, turbulence, humidity, and the temperature of street surfaces and walls.
There is an excellent correspondence between model and measurements.
Provided with good forcing data and realistic morphological, radiative, and thermal characteristics
of the street canyons, roads, and buildings, the SURFEX TEB yields realistic radiative fluxes and
temperature in the street canyon. Our soundings allow us to construct spatial averages
representing well the homogeneous isotropic city block simulated by TEB. There remains a certain
discrepancy in the temporal sampling, which is might be seen seen in the results for SWin and net
radiation.
3.2. Seasonal averages comparison
Some systematic features of the observed and modelled data are masked by the noise of the data
series. Therefore the results were grouped and averaged into summer (JJA), autumn (SON),
winter shown (DJF), and spring (MAM). Due to the original time schedule of the observed data, the
summer period includes the months of July and August of the year 2009 and June 2010. The
results of the seasonal averaging are shown in Figure 3.
The SWin model-values, Figure 3a, show a low bias, partly because of the effect of temporal
sampling, and possibly too closed street canyons in the model. Moreover, some street canyons like
Fredrikinkatu and Mariankatu are more or less situated in direction of the Sun at observing time. It
happened to be for all seasons except for midwinter direct that the net radiometer could be
exposed directly to the Sun. This is clearly seen noticed in the time series of maximum
observations, too.
Contrary to the case for SWin, for SWout the model values, Figure 3b, exceed the observed values
in all seasons except winter, when the difference is small. There are some points of overestimated
reflectivity of the street surfaces. In spring this is related to the snow cover, as seen earlier in
section 3.1.2. The summer and autumn values show that the albedo of the road surfaces in the
model may be s still set too high. The biases in SWin and SWout indicate the amount of absorbed
solar radiation is generally underestimated in the model.
There is a very close correspondence between the model and the LWin data, Figure 3c, but the
modelled fluxes slightly exceed the measurements in all seasons. This is consistent with the street
canyons being too closed in the model, leading to an underestimated sky view factor.
The absolute values and annual course of LWout, Figure 3d, resemble LWin, but the values are
higher. Hence, there is a net long-wave cooling effect in all seasons. In contrast to LWin, modelled
fluxes are slightly weaker than the measurements day and night (not shown) in all seasons. As a
result of the biases in both LWin and LWout, the cooling of the surface by LW radiation is
systematically underestimated in the model.
The model is able to capture well the absolute values and seasonal variation of the NetRad, Figure
3e. NetRad is positive in all seasons except winter, when it is close to zero. The day time NetRad
is slightly too weak in the model, especially in spring.

For T, Figure 3f, the conclusion of section 3.1.6. continues. There very good correspondence of
modelled and observed screen level temperature is obvious. A cool bias of about 0.7 degree
Celsius in the model appears in all seasons, and is, at least qualitatively, consistent with the
underestimated net radiation.

4.

Conclusions

Provided with good forcing data and realistic urban characteristics, SURFEX TEB gives a good
description of the radiative fluxes and temperature in street canyons of Helsinki. SURFEX TEB
should work equally well in other cities with similar conditions.
A generalized ensemble of observations taken in several streets canyons running in different
directions is essential for validating the short wave fluxes.
In cold climates a special parametrization of snow clearing would be needed.
The results can be used for sustainable city planning and human comfort researches.
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Summary
The methodology of Energy Potential Mapping (EPM) was developed to chart local supply and
demand of energy, in order to map the local potentials for a built environment based on renewable
energy sources. EPM has been used to direct spatial planning towards a process where energy
becomes an extra parameter to deal with when aiming for sustainable built environments.
Following several EPM studies in 2009 we were asked to conduct a study to map the heat demand
and supply of the Netherlands. The heat (and cold) demand of the built environment was
investigated through available statistics, discerning different functions and years of construction, for
instance. The heat potentials included natural sources, such as solar and geothermal heat, as well
as anthropogenic residual energy, such as industrial waste heat.
A general heat map of the Netherlands was drawn, involving both potential supply and demand,
presented in a graphically clear way. More in-depth studies were done of two cases: the rural city
of Emmen and the centre of Rotterdam. These latter studies revealed more detail in the 3D heat
landscape pattern as local typical urban functions became distinct. Finally a proposal was made to
include the energy quality (exergy) or temperature of the heat needed or provided.
This study may be very valuable for future (re)developments where local functions can start
exchanging their surplus or deficiency of heat or cold. This will strongly reduce the demand for
primary energy currently used to heat and cool buildings. And, not least, making better use of
waste energy will avoid further warming of cities in a changing climate.
The paper will discuss the heat mapping study, its methodology, the regional cases investigated indepth, as well as future perspectives and considerations.
Keywords: heat mapping, energy potential mapping, heat cascading, energy exchange, Synergy
of Regional Planning and Exergy (SREX)

1. Introduction
The built environment is responsible for about 40% of Dutch total energy use, half of which is
contributed to heating[1]. In a more sustainable future, this required low temperature heat of mostly
20-25°C should not be provided by for example burning natural gas at over 1000°C. (Bio)fuels and
other high quality energy carriers are far more important for transport and heavy industry.
Fortunately, the low exergetic form of heat tends to be abundantly available in the surrounding
environment and can be harvested by various technological means, for example with solar
collectors or ground loop heat exchangers. On the other hand, of the many types of energy, heat is
among the least transportable ones and therefore rather bound to its location. It can be displaced,
but only over relatively small distances, through highly insulated heat networks.
For these reasons, the charting and quantifying of Dutch local heat characteristics – including
demand - can give planners and (local) authorities a useful tool in designing and developing
sustainable regions based on local (heat) potentials. The method of heat mapping is the latest
development of Energy Potential Mapping (EPM)[3] which has been applied and developed at
different scales since its first development.
In the ‘Heat maps; Dutch heat characteristics mapped’ project, the EPM methodology evolved
further resulting in three dimensional maps at national and regional scale, this time solely for heat
(and cold). Not only the quantity of demands and potentials was visualised, but in a later stage the
quality (exergetic value) as well, which improves upon its ability to show potential connections even
more.
The Heat Maps project was carried out for the Dutch energy research agency Agentschap NL in
order to help develop their online Dutch heat atlas. Within the assignment, the methodology and
visualisation of the heat maps was tested for the whole of The Netherlands at a large scale and for
two regions at a smaller scale. For these regions, the high density city of Rotterdam and the more
regional city of Emmen with its surroundings were used as case studies.
At the national scale large residual heat sources, geothermal potential and other large scale
sources for example are shown in a clear overview, whereas on the smaller scale more detailed
local energy demands and potentials are also displayed. The differences in the regional cases
show how demands and potentials are related to each other at different densities and locations in
the Netherlands.

2. Heat mapping methodology
The purpose of a heat map is to provide a geographical overview of the various thermal sources
and sinks and heat infrastructures in an area, showing the net energetic and exergetic balance and
providing planners and other users a visual catalogue with which to design an energy landscape.
In order to gain a comprehensive overview of an area’s heat characteristics, firstly all sources and
sinks have to be defined. Following the EPM method, secondly, literature resources have to be
identified that give the best available data on quantities, qualities and geographic dispersion, and
in case of absence of these, alternate methods need to be used to calculate or estimate this.
The available data on these heat sources and sinks is subsequently converted into equivalent units,
and, new to EPM, this uniformity of data (encompassing only one type of energy) provides an
opportunity to devise a new three dimensional visualisation method in which, finally, exergy is
incorporated in such a way as to not make the resulting overview less legible.
2.1

Energy Potential Mapping

Over the past five years, the method of Energy Potential Mapping (EPM) has evolved into a
detailed methodology for the development of spatial plans based on energy-effective foundations.
By means of EPM the rudimentary features and properties of an area are analysed, made discrete
and translated into maps of the specific area (be it a region, city, district or neighbourhood)
depicting potentials for energy supply and generation. In the latest studies in accordance with EPM,
these energy potential maps are presented as a stack at different heights (above the surface) and
depths (underground), showing the maximum potential of an area. Based on these, a proposal can
be made for the spatial organisation of the area.
2.2

Sources and sinks

Table 1 lists the input used for the heat maps, and shows which of the variables of location,
quantity and temperature (quality) are defined for each type, although not all the data desired
turned out to be available during the secondary research phase. For the various natural resources,
the annually available amount of heat that can be harvested in a sustainable way, using present
day technologies and avoiding single land use, has been calculated.
Locations can either be a point or an
area, expressed in GJ or GJ/ha per
year (or in suitability, in case of
underground storage or heat exchange).
The data is divided in the categories
demand, supply and infrastructures.
The right hand side of the table shows
which data is suitable for which scale of
map.
With each of the regional and national
maps, the data was collected in large
spreadsheets detailing each subregion,
before translation into visual form.

Input: desired data and variables
location quantity (units)
Bulk consumers
Industries
Greenhouses
Hospitals
Swimming pools
large scale consumers

area
area
point
point

GJ/PJ/ha
Gj/ha
Gj
Gj

V
V
V
V

Residential area
Commercial buildings

area
area

Gj/ha
Gj/ha

V
V

NL

region

Heat supply
Residual heat sources
Powerplant
Incinerator plant
Supermarkets
Specific heavy industriies
Biomass
Sewage treatment plant
residual biomass
Solar collectors
global radiation
" on roofs
" on roads
Geothermal
underground (0-50m depth)
shallow (50-300m depth)
deep (> 2000m)

data used in heat maps
variables to define
data desired in HM
data visualised in HM

temp.

Heat demand

point
point
point
point

GJ/PJ
GJ/PJ
GJ
GJ/PJ

V
V
V
V

point
area

Gj
Gj/ha

V
/

area
area
area

Gj/ha
Gj/ha
Gj/ha

/
V
V

area
area
area

suitability
suitability
Gj/ha

/
/
V

Heat infrastructures
district heating
CHP
Biomass installation (CHP/incinerator)

layout
point
point

/
/
/

Table 1: Example of input values for a regional heat calculation.

2.3

Exergy

The exergy of heat is the theoretical maximum work that can be obtained by bringing the heat in
thermal equilibrium with the environment using a reversible process[2]. Originating from the second
law of thermodynamics, exergy quantifies the quality of energy, which in case of heat relates to
temperature. When assessing the heat potential of an area, it is beneficial to take this quality of
heat into account.
Local industries for example may require higher temperatures than dwellings, and similarly the
heat generated in greenhouses may not have a high enough temperature to heat a living room.
Upgrading the generally ubiquitous low temperature renewable heat to a (less available) higher
temperature with a heat pump requires additional energy, whereas high temperature heat using
industries may have lower temperature waste heat available to establish a heat cascade. The
resulting exergy landscape will thus make optimal use of the quality of valuable high temperature
heat[4].
For the Heat Maps project, sources and sinks have been divided into a number of common
temperature ranges (30-50ºC, 50-70ºC, 70-110ºC and 110+ºC), as well as a separate entry for
renewable fuels (which, if used for heating purposes, should only provide the highest temperature
range).
The resulting area overview (Table 2) shows whether or not it is necessary to import high
temperature heat or biofuels, or if it’s perhaps even possible to export these to surrounding areas.

area size:

area sources
1D / 0D sourc

SUPPLY

name

total

geothermal source
biomass/gas source
solar thermal roofs (housing)
solar thermal roofs (businesses)

467
6
1,218
150

AREA SOURCES TOTAL:
roads
super markets
2x
sewage treatment facilities

20,992
1,632
50,000

area so
1D / 0D

DEMAND

supply (total):

demand dwellings
demand utility / business
AREA SOURCES TOTAL:
miscellaneous
miscellaneous
demand (total):

OUD-CHARLOIS (1574)

149 ha

description

GJ/ha
GJ/ha
GJ/ha
GJ/ha

30 - 50

50 - 70

1,018

200

110 - --

fuel

467
6
150

GJ
GJ
GJ
GJ

0
20,992
1,632

0

0

GJ

22,624

0

50,000

0

0

0

0

50,000

2,314 GJ/ha
200 GJ/ha
0
0

70 - 110

314

2,000
200

GJ
GJ
GJ

0

0

0

0

0

GJ

0

0

0

0

0

Table 2: Example of area exergetic heat analysis:
Oud-Charlois, a Rotterdam neighbourhood.

2.4

Visualisation

As part of the EPM method, an area analysis results in a stack of energy potential maps which
each show the geographical characteristics of a specific type of energy potential, for example
geothermal heat availability or electricity potential for wind turbines based on the average local
wind speed at nacelle height.
The Heat Maps project builds on this, taking
advantage of its focus on a single type of
energy by introducing a cumulative third
dimension in these maps (Fig. 1). Heat
demand is shown as elevated contours; heat
supply fills the resulting sink. When all these
individual 3D maps are stacked, the resulting
3D landscape quickly shows where potentially
demand may outstrip supply, and vice versa.
Point sources like supermarkets, swimming
pools, industry and power plants are depicted
by cylinders, where the colour denotes heat or
cold and hollow cylinders represent a net
demand for an installation. Larger roads can
be equipped with pipes to become giant solar
collectors, and are depicted as yellow bands. If
present, a district heating grid providing heat
transport opportunities is hatched in red.

Fig. 1: Example of a single section of a 3D
heat map.

The next step, visualising the exergetic gradient of available and required heat - without reducing
overall legibility - proved to be a challenge. The initial stack for example would be less visible if
neighbouring areas have a higher total amount available, and the net balance for individual
temperature ranges may be hard to read.
To eliminate these issues, the exergy data has been pictured as a 3D pie chart placed on top of
each area (Fig. 2, rightmost model). Divided in equal sections, the outer ring corresponds to the
demand for a temperature range, with the slices on the inside showing available supply.

Fig. 2: Evolution of the exergy component.

3. Case studies
To explore the visual component of the Heat Map methodology, case studies were done to areas of
varying size. In this section, three of these will be described.
3.1

The Netherlands

For the national scale, available data was grouped into 40 COROP areas (clusters of
municipalities). As small heat sources would have a limited national impact and would significantly
reduce overall map legibility, only larger ones have been included in the national scale.
The map stack (Fig. 3) shows, from top to bottom:
heat demand (glass houses)
heat demand (residential areas)
solar collector potential (residential and glass houses)
point sources (power plants, sewage treatment facilities, etc)
biomass (manure, residential organic waste and trimmings from
public parks)
geothermal potential
ground source heat exchanger potential
underground heat storage potential
The 3D composite map (Fig. 4) shows a large heat surplus in the
Northern Netherlands (mostly due to geothermal heat), as well as a
large net demand in the Rotterdam – Hague area (mostly due to
greenhouses). Also visible are the many point sources and heat
related installations (power plants, anaerobic digesters, sewage
treatment facilities etc).

Fig. 4: Composite heat potential map for the Netherlands.

Fig. 3: Heat potential stack
for the Netherlands.

3.2

Rotterdam

At around 600,000 inhabitants, Rotterdam, the second largest city in the Netherlands, has a
combination of high rise and low rise dwellings, industry, harbours, an extensive network of (main)
roads and various other facilities associated with a densely populated urban area like hospitals, a
zoo and a large sewage treatment facility.
As high-rise areas have far less m2 of roof per dwelling and are overall somewhat less effective
due to shadowing on the lower buildings, a multiplier was applied for some areas to factor this in.
As dwellings have a relatively limited range it was possible to estimate heat demand and supply
per area. Comprehensive data on heat in industrial processes within the harbour areas along the
Maas river was however unavailable due to the highly diverse nature of commercial activity there,
but, where possible, individual factories and other installations have been included.
The map stack (Fig. 5) shows, from top to bottom:
heat demand (residential and glass houses)
main roads (road solar collector) and rivers (cooling)
point sources (swimming pools, supermarkets, etc)
solar collector potential (residential and glass houses)
biomass (manure, residential organic waste and trimmings from
public parks)
geothermal potential
an area map
ground source heat exchanger potential
The 3D composite map (Fig. 6) shows a heat surplus in the relatively
sparse populated southern areas, as well as a large net demand in
the densely populated city centre.

Fig. 5: Composite heat potential map for Rotterdam.

Fig. 6: Heat potential
stack for Rotterdam.

3.3

Emmen

At around 100,000 inhabitants, the regional centre of Emmen provides many facilities
for the surrounding areas, like a hospital, swimming pools, a zoo and a large sewage
treatment facility. Several district heating systems can be found in the area, although
some are reported to currently not be in use. Geothermal potential is moderate but
adequate. Comprehensive data on heat in industrial processes within the commercial
zones was incomplete, but, where possible, individual factories and other installations
have been included.
In order to get a similar size area as the other city
level case studies, the map contours do not always
follow the city limits, but form a smaller, somewhat
rectangular area.
The map stack (Fig. 8) shows, from top to bottom:
heat demand (residential and glass houses)
main roads (solar collector potential)
point sources (supermarkets, swimming pools etc)
solar collector potential (residential and glass
houses)
biomass (manure, residential organic waste and
trimmings from public parks)
geothermal potential
an area map
ground source heat exchanger potential
The composite 3D map (Fig. 7) shows a net demand
in the densely populated areas to the west, a
significant demand and supply in the greenhouse
complex to the east, and a net surplus in most of the
sparsely populated areas in the middle.

Fig.7:9:Composite
Compositeheat
heatpotential
potentialmap
mapfor
forRotterdam.
Emmen.
Fig.

Fig. 8: Heat potential
stack for Emmen.

4. Conclusions
The heat map methodology provides an accessible visualisation of the balance between heat
demand and supply in an area. The focus on low temperature heat (which can’t be transported
very far), does mean heat maps on a regional scale will be more useful than the national map. This
however is also the reason the maps work well visually: the energy scale for low temperature heat
sources is of course relatively limited.
Although the 3D maps developed during the project were intended as a proof of concept and are
static in nature, they do give a clearer overall view than in the current situation where this
information is hidden in many reports and drawings, and the compounded information in the map
can easily be accessed and separated by clicking on objects or turning off layers. This will speed
up transition to more sustainable sources of heat, by helping planners make informed decisions on
infrastructure investments and which technologies to stimulate where.

5. Future development
During the course of the project, several venues were identified that would increase the value of
Heat Maps as a planning tool.
5.1

Heat inventory

The main limiting factor in this project was the availability of comprehensive data on heat
production and demand. Although nationwide geothermal data is relatively easy to come by,
detailed information on for example age, type and energy efficiency of dwellings or the internal
heat cycles of various types of industrial plant was often unavailable. Gathering this data would
greatly increase the accuracy of each map.
5.2

Interactive maps

Even though the 3D landscapes can be explored in detail by panning, tilting and turning layers on
and off, they are still static models. During the project, more interactive parametric models were
briefly investigated with Rhino and Grasshopper, and, given a base vector map of an area,
sufficient data and an expanded script, it is certainly possible to use the Heat Map methodology to
investigate various future scenarios and their geographical impact on heat distribution, by
generating heat maps instantly.
Another venue of interest would be to tie existing data on heat distribution and availability into
Google Maps. As the number of data sets available in Google Maps ever increases, the ease at
which these can be projected on one another will provide a valuable tool for urban and regional
planning, allowing optimisation of heat use while factoring in many other criteria.
5.3

Temperature and time

Many (renewable) heat sources and sinks have outputs and requirements that fluctuate over time,
and will operate at different temperature ranges. Although this study initially focused on lump sums
of GJ and TJ per year for each category, investigating this temporal component of renewable heat
and including an exergetic analysis would make it possible to quantify storage requirements for
heat in an area, for example the necessary amounts of biofuels or aquifer storage, thus increasing
accuracy of projections.
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Summary
The use of plastic pipe systems within the built environment has been growing steadily for
many years, and today accounts for the major share versus traditional materials. The
present paper looks into the potential environmental impacts of using plastic pipe systems in
a typical residential hot and cold water installation. The life cycle assessment (LCA)
methodology according to ISO standards was applied to assess the environmental
performance of a crosslinked polyethylene (PEX) pipe  system  over  its’  entire life cycle, from
the production of raw materials to the final end of life waste treatment. Comprehensive input
data was gathered covering the four major life cycle phases: product stage (raw materials
and conversion into products), construction process stage, use stage and end of life stage.
Six key environmental impact categories were analysed and the contribution of the life cycle
phases assessed in each case. Results showed that the highest environmental burden is
from the production of the raw materials for the PEX pipes. The influence of the construction
process phase is relatively low. At the end of life, for most of the impact categories,
environmental credits are achieved through incineration and energy recovery. In absolute
terms the overall environmental impact is extremely low and equivalent to driving a car a
distance of 5 kilometers. A comparative analysis of a typical copper installation showed the
plastic solution on average 27% of the impact of the copper system.
Keywords: Plastic pipe systems, functional unit, life cycle assessment (LCA), Environmental
Product Declaration (EPD), European sector approach, sustainable construction and
housing.

1. Background / Introduction
Today, the use of plastic materials is well established and still increasing in a wide variety of
applications within the built environment eg. in window profiles, flooring, weather proof
membranes, decorative laminates and air conditioning systems - to name but a few. Long
life and the opportunity to recycle plastics provide clear evidence of their positive
environmental credentials. More specifically, the use of plastic pipe systems has continued
to grow strongly, largely replacing the more traditional materials such as copper and ductile
iron. In 2010, plastics pipe systems accounted for 60% of pipes by metres installed in
Europe in the combined applications of floor heating, radiator heating and sanitary systems
[1]. Over the period 2007 to 2013, the share of plastic pipes is forecast to grow from 55% to
over 63%. Their lightweight, strength combined with flexibility, resistance to corrosion and
proven lifetime durability are just some of the features offering real benefits to the installer
and end user. However, in a world of ever more growing environmental awareness, the
question must be asked; how do plastic pipe systems impact the environment, and how can
they contribute to a sustainable future? Reviews of earlier studies [2,3] have generally
concluded that plastic pipes present an environmentally friendly alternative to more
traditional materials, but have not provided comprehensive evaluation of complete installed
systems with full cradle to grave analysis.

With the now clearly recognised needs of developing ever more sustainable built
environments, the European Plastics Pipes and Fittings Association (TEPPFA) has
established a programme to determine the integral environmental impacts that are
encountered during the life-span of particular pipe system applications. TEPPFA has set up
a project with the Flemish Institute for Technological Research (VITO), with the aim of
carrying out LCAs from cradle to grave of specific pipe installations in both infrastructure and
building applications. The analysis outlines the various environmental aspects which
accompany the pipe systems, from the primary extraction of raw materials up to and
including the end of life (EoL) treatment after their service life time. The overall aim is to
communicate the results of these LCA studies by means of Environmental Product
Declarations (EPDs).
More specifically, this paper reports on the LCA of a specific plastic pipe system used for hot
and cold water installations inside buildings, with the final aim of providing a clear
environmental product declaration (EPD), thus raising the awareness amongst developers,
installers and users, of the potential environmental impacts over the complete life cycle.
Through independent critical review and acceptance of the study (by means of independent
LCA experts from Denkstatt), TEPPFA may also use the results to support policy and
anticipate future legislation concerning sustainable construction and to help focus further
improvements on the more impact generating process phases for plastic pipe systems.
The present study focuses on an installation system based on small bore crosslinked
polyethylene (PEX) pipes and associated joints and ancillary components used in a typical
hot and cold water network. The methodology used to determine the environmental aspects
of the PEX pipe system conforms to LCA methodology, as prescribed in ISO standards
14040 and 14044 [4]. According to these ISO standards, the analysis was carried out in 4
phases:
1. Goal and scope definition of the study;
2. Life cycle data inventory (LCI);
3. Determination of the environmental impacts by means of a life cycle impact assessment
(LCIA);
4. Interpretation of the results.
In the next chapters the different LCA phases are shortly described for the PEX pipe system
for hot and cold water in the building.

2. Goal and Scope Definition
It was required to prepare a cradle to grave LCA consistent with the ISO 14040 and ISO
14044 series of standards for the PEX pipe system for hot and cold water in the building,
and to gather and assess comprehensive and reliable information regarding the
environmental performance generated over its’ entire life cycle. At the same time, this study
would help to provide a reliable database for the development of an ISO 14025 Type III
EPD on the European level for the PEX pipe system for hot and cold water in the building.
The work performed within the technical committee TC 350 and the EN standards are used
for this project [5].
The intended audience of the study is the TEPPFA member companies (and their National
Associations) and external stakeholders eg. governments, NGO’s,   building professionals
and installers. For the latter group, the information from this study will be used in aggregated
manner for public communications, to develop marketing materials and to provide data for
the purpose of developing LCIs and EPDs within the building and construction sector. Since
TEPPFA wishes to publicly communicate the results, a critical review was performed by
Denkstatt.

In summary, the objective was:
 To analyze the environmental impacts of the PEX pipe system for hot and cold water in
the building;
 To investigate the relative performance of the PEX pipe system for hot and cold water in
the building at the system level in order to show that material choices cannot be made at
the production level only;
 To use the results of the LCA study of the PEX hot and cold pipe system for business-tobusiness communication (via an EPD format);
 Where relevant, to compare the environmental profile of the PEX pipe system with
alternative pipe systems.
The scope of the study is defined in the functional unit (FU) which relates to the function
fulfilled by the system to be analysed. The function of the PEX hot & cold water pipe system
was defined to supply a typical residential single family apartment with hot and cold drinking
water. The functional unit was defined as: “the pressure supply and transport of hot and cold
drinking water, from the entrance of a well-defined apartment to the tap, by means of a PEX
hot & cold drinking water pipe system installation supplying a 100 m² apartment,
incorporating a bathroom, separate WC, kitchen and washroom (considering the service life
time of the pipe system to be aligned with the 50 year service life time of the apartment),
calculated  per  year”.
The building system is defined as 100 m² of a typical residential single family apartment in a
5-storeyed building with all the facilities clearly positioned, like bath, shower (see Figure 1)

Figure 1: Design of 100 m² of apartment, representative for the PEX hot and cold water pipe
system
In order to define the design of the PEX pipe system in terms of the functional unit, the
following criteria were used:
 A complete pipe system is installed;
 Solid wall PEX pipe, single layer, is supplied to the building in coil format;







Connections to the several sanitary appliances are not considered, but risers and joints
(compression type) are included in the design;
Plastic bodied press fittings in PPSU (polyphenylene sulphone) type material and metal
(brass) tie-ins are considered in the design;
Brackets and clips are used in only limited numbers (because the pipe system is
installed into the wall and floor). However, the impact of the production process has
been taken into account in this study (at the installation phase);
System components usage by weight is taken as the average of the weights of typical
system designs of two major European suppliers. Since systems are normalised, no
major weight differences occur;
Reference service lifetime of the PEX hot & cold water pipe system is considered to be
50 year; being equal to the service lifetime of the building system, ie. the apartment;

The life cycle of the PEX pipe system was divided in the following different life cycle phases:
 Production of raw materials for PEX pipes;
 Transport of the raw materials to the converter;
 Converting process for PEX pipes, ie. extrusion of the raw materials;
 Production of PPSU fittings; both raw materials and the converting process by injection
moulding;
 Production of brass fittings; both raw materials and the production process;
 Transport of complete PEX pipe system to the apartment;
 Installation of complete PEX pipe system in the apartment;
 Use and maintenance of the complete PEX pipe system during 50 years of reference
service lifetime of apartment;
 Disassembly of complete PEX pipe system after service lifetime of the apartment;
 Transport of complete PEX pipe system to an end of life treatment;
 End of life waste treatment of complete PEX pipe system.
The following underlying principles were adopted when system boundaries were established:
 The infrastructure (production of capital goods eg. buildings, equipment) was not
considered in this study concerning the converting plants for the PEX pipes. For all other
processes (production of basic materials, additives, energy, transport, etc.) the impact of
capital goods was included in the analysis;
 Accidental pollution was not considered in this study;
 Environmental impacts which are caused by the personnel of production units were not
included. This, for example, concerns waste originating from canteens and sanitary
installations. Environmental measures relating to waste processing (combustion kilns, for
example) were taken into consideration in the LCA study. Greater focus was placed on
the final processing, and thus the end destination of generated waste flows.
 To model different waste treatment processes, the end of life (EoL) approach was used
for incineration and landfill, and the recycled content approach was used for recycling:
 For incineration and landfill, the impacts (as well as the benefits: for example the
energy recovery during waste incineration) of the amount of waste that is treated
by waste treatment facilities, was assigned to the producing process (ie. the
process that causes the waste; the PEX hot & cold pipe system LCA). Waste that
is incinerated with energy recovery was considered as part of the system under
study. Therefore emissions and energy consumption related to waste treatment
were included in the LCA. For waste incineration the avoided electricity production
due to energy recovery of waste incineration was taken into account.
 For waste recycling, the credits of recyclates (secondary raw materials that can be
used as input materials, resulting in less virgin raw materials used) are considered
as soon as they are actually used and assigned to the product life cycle that uses
the recyclates. This means that transport to the recycling plant was included. The
recycling process itself and that fact that less raw material is needed when the



produced recyclates (product of the recycling process) are used as secondary raw
materials are allocated to the life cycle where the recyclates are used.
For some processes we used the so-called  ‘cut-off’  rule  where  the  input  on  a  mass  basis  
is lower than 1%. This cut-off rule is used for the following processes:
 Transportation of the different packaging waste flows to the respective treatment
facilities;
 The production of the packaging materials to pack the raw materials for PEX
pipes, the PPSU fittings and the brass fittings in order to be able to easily
transport them from the producers to the converters.

3. Life Cycle Inventory
The objective was to compose a dataset that is representative and relevant for a typical
European PEX pipe system for hot and cold water in the building. The data used in this LCA
study are not case specific, but reflect the average European representative situation. The
production processes run according to standard equipment and operations and thus they are
very similar across Europe. All data relates to the existing situation in Europe, using existing
production techniques and representing modern state-of-technology. TEPPFA member
companies represent more than 50% of the European market for extruded plastic pipes and
therefore Europe in the period 2000-2008 is considered as the geographical and time
coverage for the data provided.
In this paper, “a   pipe   system” refers to the pipe system representing the average at the
European level, and not one specific pipe system. Calculations of the amounts of PEX pipes,
PPSU fittings and brass fittings installed per 100 m² of apartment (Table 1) are based and
calculated on the 100 m² of apartment with its specific design as presented in Figure 1.
Table 1: PEX hot and cold water pipe system in relation to the functional unit

Average in
kg/100m²
apartment life time 50 yr

Average in
kg/FU excl. pipe left
over

Average in
kg/FU incl. pipe left
over

Average PEX
pipe left over
during
installation
(1%) (kg/FU)

PEX Pipe

8,086

0,16172

0,1633372

0,0016172

Plastic Fittings
(PPSU)

0,769

0,01538

Brass Fittings

1,485

0,0297

PEX pipe system

Wherever possible, data collection was based on data derived from members of TEPPFA,
TEPPFA experts, representative organisations for the raw material producers, other
suppliers and data from public LCA databases [6]. TEPPFA supplied, with logistical support
from VITO, all environment-related data for processes, which take place within the
converting factories and during the application itself (transport to apartment, installation,
demolition after 50 years of service life time, transport to EoL treatment, and EoL treatment
itself). The data collection process was discussed during several workshops with TEPPFA
member companies.
For each life cycle phase, data was gathered for all environmental flows from various
sources:
Data on the raw materials for PEX pipes: data was provided by PlasticsEurope (the
Association of plastics manufacturers) for polyethylene (PE) resins [7] which are the primary
raw materials for PEX pipes. Data on the other raw materials (eg. additives and crosslinking

agents) for the PEX pipes were from the PEX Association in close consultation with the pipe
producing members within TEPPFA building application group.
Data on extrusion process of PEX pipes: data was collected within the framework of a
project that had been carried out earlier by TNO and commissioned by PlasticsEurope. In
this framework, data was collected related to the environmental inputs and outputs for the
extrusion of PEX pipes. TEPPFA and VITO experts critically reviewed the proposed datasets
in consultation with TNO before preparing a revised European average dataset. The revised
datasets have been used within this LCA study and incorporate transport of raw materials to
converters and packaging of produced pipes.
Data on other pipe system components (PPSU and brass fittings): various sources of data
were used, including data from TEPPFA experts (quantities that are needed for the
functional unit), publicly available LCA databases (LCI data per kg of components forming
the PEX pipe system) and from key suppliers (eg. PPSU raw materials).
Application specific data: data was gathered dealing with all life cycle phases from
transportation of the packed PEX pipe system to the building to the final EoL treatment
scenario. In this framework VITO prepared an application-specific questionnaire in close
consultation with the TEPPFA experts. Data was collected encompassing different scenarios
for transport to construction site, construction process and demolition process and the EoL
treatment.
In order to be able to compare the environmental impacts of the PEX pipe system with a
more traditional pipe installation using a copper system in the same functional unit, data on
the copper pipe system was also collected. Data for the copper pipe system was taken from
publicly available data sources. Average data representative for Europe was inventoried
from public literature [8, 9, 10, 11] and combined with data from the Swiss Ecoinvent
database [6].

4. Life cycle impact assessment
During life cycle impact assessment (LCIA), the emission and consumption data of the
inventory phase were aggregated into environmental impact categories. The use of raw
materials, energy consumption, emissions and waste were converted into a contribution to
environmental impact categories. The results of the impact assessment are shown as a
figure or table in which the environmental themes (environmental impact categories) are
presented, describing the environmental profile of the functional unit.
In this study, the environmental impact categories were used as presented in the draft
documents prepared by Technical Committee CEN TC350 [5]:
 Abiotic depletion (expressed as kg Sb equivalences): caused by over-extraction of
natural resources;
 Acidification (expressed as kg SO2 equivalences):; caused by acidifying emissions
affecting the ecosystem;
 Eutrophication (expressed as kg phosphate equivalences); caused by excessive
nutrients damaging the ecosystem;
 Global warming (expressed as kg CO2 equivalences): caused by the generation of
greenhouse gases eg. CO2;
 Ozone layer depletion (expressed as kg CFC-11 equivalences); caused by the
generation of chemical emissions breaking down the ozone layer;
 Photochemical oxidation (expressed as kg ethane equivalences): caused by emissions
of chemicals leading to air pollution.
The optional declaration on ionising radiation was not provided in this study as it was
considered that such radiation would be negligible, based on the electricity production
involved.

In discussing the results of the individual profile of the PEX pipe system for hot and cold
water in the building, it is important to know whether or not a process has a significant
contribution to an environmental impact category. For that purpose, the ISO framework was
used [4]. Accordingly, the importance of contributions can classified in terms of percentage.
The ranking criterias are:
A: contribution > 50 %: most important, significant influence;
B:  25  %  <  contribution  ≤  50  %:  very important, relevant influence;
C:  10  %  <  contribution  ≤  25  %:  fairly important, some influence;
D:  2,5  %  <  contribution  ≤  10  %:  little important, minor influence;
E: contribution < 2,5 %: not important, negligible influence.
Table 2 and Figure 2 present the environmental profile results for the PEX pipe system from
the cradle to the grave for hot and cold water in the 100 m² of apartment (expressed per
functional unit). The environmental profile shows the contribution of the various steps in the
life cycle, per environmental impact category. For each category, the total contribution of the
PEX pipe system is always set at 100% and the relative contributions of the various life cycle
phases are clearly shown.
Table 2: Environmental profile of the PEX pipe system for hot and cold water (cradle-tograve) in absolute figures per functional unit

Impact category

Abiotic
depletion

Acidification

Eutrophication

Global warming

Ozone layer
depletion

Photochemical
oxidation

Life cycle phases

kg Sb eq

kg SO2 eq

kg PO4--- eq

kg CO2 eq

kg CFC-11 eq

kg C2H4 eq

Product stage
Production raw materials for PEX pipes

0,00580

0,00114

0,00010

0,33595

0,0000000004

0,00011

Transport of raw materials for PEX pipe to
converter

0,00006

0,00003

0,00001

0,00825

0,000000001

0,000001

Extrusion PEX (pipes)

0,00144

0,00086

0,00056

0,19284

0,00000001

0,00004

Production of PPSU fittings

0,00103

0,00041

0,00040

0,10527

0,00000005

0,00012

Production of brass fittings

0,00030

0,00148

0,00160

0,04336

0,000000003

0,00006

Construction process stage
Transport of complete PEX pipe system to
building site (apartment)

0,00067

0,00035

0,00010

0,09614

0,00000001

0,00002

Installation of PEX pipe system in apartment

0,00066

0,00031

0,00018

0,09915

0,000000004

0,00004

Use stage
Operational use of PEX pipe system
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A: contribution > 50 %: most important, significant influence
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C: 10 % < contribution ? 25 %: fairly important, some influence
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Figure 2: Environmental profile of the PEX pipe system for hot and cold water in the building
from the cradle-to-the grave (per functional unit)

5. Interpretation and conclusions
Analysis of the environmental profile of the PEX Hot & Cold water pipe system shows that
the highest environmental burden is caused by the production of the raw materials for the
PEX pipes. A more detailed analysis shows that production of the HDPE (high density
polyethylene) base resin makes the greatest contribution. This includes the cracking of oil
and subsequent polymerisation of ethylene followed by finishing of the powdered material.
The transportation of the PEX raw materials to the converters has negligible influence on the
environmental profile. The contribution is for all impact categories lower than 1,5% .
The extrusion of PEX pipes accounts for a percentage between 8,5% and maximum 21% for
most environmental impact categories considered in this study. It can be concluded that the
most important contribution comes from the electricity that is needed for the extrusion
process. In addition the production of the cardboard that is needed for packing of the PEX
pipes has a fairly important contribution.
The contribution of the production of the PPSU material and fittings appears to be most
important for ozone layer depletion, although it should be noted that specific data on PPSU
material was not available and therefore similar chemical species were used in the data set.
The impact for all categories is mainly caused by the production of polyphenylene sulphide
production which has been taken into account in this LCA as the best approximation for the
production of the polyphenylene sulphone. More specifically, data for the production of
benzene as a precursor to p-dichlorobenzene was used, and therefore results should be
taken as best possible calculation only. Additionally, the calculated ozone layer depletion
figures are negligible overall, with a total for all  contributions  of  only  8x10ˉ8  kg  CFC-11eq.

The contribution of the production of the brass fittings is mainly coming from the brass raw
materials, and more specifically from the copper and zinc which are the main raw materials
(see Figure 2). The impact of the production of the brass fittings appears fairly important for
acidification and photochemical oxidation and has a little importance for the other impact
categories.
Concerning transportation of the finished goods, calculations show that the contribution of
the transportation of the complete PEX hot & cold water pipe system to the apartment
accounts for an environmental burden for most environmental impact categories around 5 to
22%, with minor influence in most cases.
The influence of the installation phase is relatively low, between 5% and 10% on the total
impact per environmental impact category. The contribution of this phase of the life cycle of
the PEX Hot & Cold water pipe system is of little importance.
The contribution of the transportation of the disassembled PEX Hot & Cold water pipe
system after 50 years of service lifetime (service life of apartment) to an EoL treatment
facility is not important since it is for most environmental impact categories lower than 1,5%
(negligible influence).
A further general observation is the fact that for most environmental impact categories the
EoL treatment of the PEX hot & cold water pipe system leads to environmental benefits or
credits. After 50 years of service lifetime the PEX water pipe system is disassembled: 85%
of the pipe system is considered to go to a landfill and 15% goes to an incinerator with
energy recovery. The benefits in the environmental profile are entirely ascribed to the
incineration of the system after 50 years of service life. Incineration of the PEX waste in an
incinerator with energy recovery leads to energy that can be employed elsewhere as energy
source, helping to realize savings in the production of traditional primary energy. These
avoided   impacts   have   been   incorporated   as   ‘credits’   in   the   study.   Landfill   will   not   lead   to  
environmental credits. Only in the case of global warming, the net contribution leads to an
impact as the credits of saving electricity (expressed as CO 2-equivalences) are less than the
impacts of the incineration in terms of CO 2-equivalences.
Finally, the study overall has provided a comprehensive cradle to grave LCA for a typical
plumbing system installed in a residential apartment. A huge amount of data has been input
to the study and extensive calculations of environmental impacts have been generated. In
order to put the figures into perspective and to try to relate to everyday life; for global
warming (carbon footprint), the contribution of the PEX hot & cold water pipe system
expressed per functional unit as defined, is comparable to the impact of driving a typical
passenger car over a distance of 5 kilometers [6].
Furthermore, a comparative study based on a more traditional pipe installation using a
copper system in the same functional unit, clearly demonstrated that the PEX system offers
significantly lower impact in all environmental categories, and on average 27%. Clearly,
plastic pipe systems are contributing significantly to sustainability in the built environment,
and will continue to offer opportunities for even greater benefits in the future.
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Summary
The construction sector plays an important role in Norwegian economics and emits a large amount
of direct and indirect air pollutants through construction site work and the consumption of materials
and services. In order to quantitatively assess the environmental impacts of construction at a
macro-level and identify key areas which would result in a reduction in environmental loads of
construction projects, this paper estimates air emission of the Norwegian construction sector and
its contribution to national emission by using input-output analysis and time series techniques.
Results show that total GHGs emission from the Norwegian construction sector has increased from
4201 kilo tonnes CO2eq in 2003 to 5343 kilo tonnes CO2eq in 2007. But the total GHGs emission
intensity had decreased from 0.025 kg CO2eq /NOK in 2003 to 0.0156 kg CO2eq /NOK in 2007,
and would be about 50% reduction in 2020 compared with that intensity in 2007. Amount emission
of other air pollutants such as NOX, SOX, NH3, CO and PM10 also had increased from 2003 to
2007. But intensities of them decreased from 2003 to 2007 and would go on decreasing in the
future. We also found that indirect GHGs emission occupied about 84% of total GHGs emission
which implies that selection of low-emission building materials is the most important measure to
reduce the construction sector’s air emission.
Keywords: Embodied air emission, Construction sector, Input-output analysis, Grey model,
Norway

1. Introduction
Climate change, the most serious threat to human being, is to a large extent created by human
itself. The construction industry is not only one of the largest consumers of both renewable and
non-renewable natural resources, but also causes environmental pollution and emission of
greenhouse gases which lead to climate change. Therefore, it is urgent to review and modify
current construction practices to tame air pollution emission.
The total life cycle of built environment includes both embodied air emission and operating air
emission: (1) Embodied air emission: air emitting from process activities and energy use during
building materials production, transportation, on site construction work and final demolition; (2)
Operating air emission: air emitting from energy consumption such as heating/cooling, lighting,
appliance operating during operation stage.
Until now, operating energy and its emission have been focused on, because of its larger share in
the total life cycle (operating energy accounts for about 80% of the total energy use [1]). However,
the percentage of operating energy and its emission is expected to decrease in the coming future,

due to more energy efficient building technologies, more advanced and effective insulation
materials, and advent energy efficient equipment and appliances,. As a result, the significant role of
embodied energy and its embodied environmental impacts has been recognized and shifted the
emphasis to also include embodied energy and related air emission [2-5]. Generally, comparative
studies on operating energy, studies of building embodied energy as well as other environmental
impacts are rare, primarily because of barriers in obtaining quantitative data for analysis, especially
the emission from production activities.
New constructions require energy and materials which will consequently increase the
environmental burden. It is therefore important to know what environmental loads are added when
construction goods/services are produced. One way to express such loads is to quantify air
emission. A unit of embodied air emission is the additional amount of emission including direct and
indirect emissions, when one additional unit of goods/service is produced/consumed [6]. A direct
emission is the emission from construction activities and its related energy use. Intermediate inputs
are necessary for the construction sector such as materials production. Air pollutants emitting from
the process of producing intermediate goods or supplying services is indirect air emission. InputOutput (I-O) method is highly effective for estimating such emission from production.
The construction industry in Norway is a cyclical industry. After a relatively quiet period around the
turn of the millennium, the construction industry has experienced unprecedented growth in recent
years and is likely to be associated with significant energy use and environmental emission. The
target for Norwegian national emission cut that was laid down in the Agreement on Climate white
paper, is to reduce emission in Norway by 12 to 17 million tonnes of CO2 equivalents by 2020 in
relation to the reference path presented in National Budget for 2007. The total emission of
greenhouse gases in Norway increased from about 63 million tonnes of CO2 equivalents in 1990 to
65 million tonnes in 2009. The largest source of greenhouse gas emission in Norway is the
transport sector (32 per cent of total emission), and the industrial sector (26 per cent) is the third
one. Although the direct GHG emission from construction sector is not the biggest in total national
GHG emission, the construction sector demands transport service and materials from industries.
On the way to achieving the target for national emission reductions by 2020, it is therefore
important to know what loads are added to air from construction activities.
Embodied emission deserves a systematic and complete analysis. Embodied emission in products
is primarily the result of activities in industrial and transportation sectors. Moreover, direct GHG
emission from the construction sector increased from 696 kilo tonnes in 2002 to 834 kilo tonnes in
2009. To understand the trend of emission from the construction sector, time series analysis will
also be introduced to figure out the future emission intensity of the construction sector. In this paper,
the embodied air emission of construction projects from 2003 to 2007 in Norway has been
estimated. The structure and development of I–O models and times series analysis will be briefly
reviewed firstly in the following. And then, the implementation of the modelling MATLABs and the
detailed results and analysis are presented. The last part will conclude with discussion of the
findings of this study.

2. Data and method
2.1

Data

The data used in this study is essentially collected from the statistical data published by Statistics
Norway (SSB). The main data sources used are the Input-Output tables of Norway, and the direct
air emission data. Detailed Input-Output tables of Norway which are aggregated to NACE rev.1
level to classify the industries have been released by SSB every year. In this study, we use the last
five detailed I-O tables for Norway, from 2003 to 2007. There are three tables in Norwegian IO
system: symmetric Input-Output table including domestic and import (IO 1700 table), symmetric
Input-Output table for domestic production (IO 1800 table), and symmetric Input-Output table for
imports (IO 1900 table). These three tables figure out the detailed economic flow in Norway.
The direct emission data used is the Norwegian NAMEA-air data, which is based on Statistics
Norway's emission model and covers emission to air in physical units. The air emission in the

Norwegian NAMEA-air data is compiled according to the classifications and definitions of the
national accounts. The official air emission data released now are based on NACE rev.2, and they
have some difference from the air emission data used here which is based on NACE rev.1.
GHGs such as CO2, N2O and CH4 have different impacts on global warming and can be weighted
according to their global warming potential (GWP). This is the ratio of the warming caused by a
substance to the warming caused by a similar mass of carbon dioxide and is termed CO2equivalent (CO2eq). The GWP of CO2, N2O and CH4 regulated under the 2007 IPCC report over a
100 year timeframe which are relevant to this study are: CO2-1; N2O-298; and CH4-25. The GWPs
for each of the above emission were summed to give total CO2eq for the construction sector.
2.2

IO model

For the Input–Output model, the final total emission intensity vector ‘‘E’’ can be calculated by

E S ( I A)

1

(1)
Where A is the technical coefficient matrix, I is the identity matrix, and S is the satellite matrix. The
satellite matrix “S” includes direct emission intensity in CO2, N2O, CH4, NOX, SOX, NH3, CO, and
PM10. The ‘‘E’’ vector is the inventory of emission from the economic output of the construction
sector. In calculating, the IO 1700 table will be used for matrix A and the final total output of the
construction sector.
The NAMEA-air data only includes the emission to air that are a result of Norwegian production.
The emission associated with the imported production of goods and services are not included. Due
to lack of emission data for imported products, the default method assumes the same embodied
emission intensity for both the import and domestic products associated to each sector [7]. Thus the
direct emission coefficient can be defined as [8].
ae jk e jk / x j , j 1,...n
(2)
Where xj is the domestic production in industry j which is got form IO 1800 table, measured in
basic value, ejk is the emission from industry j for emission component k, in physical units, and aejk
is direct emission coefficient for emission type k which gives the amount of pollution type k
generated per NOK's worth of industry j's output.
2.3

Time series analysis

Predicted future embodied air emission is required here. Due to the unstable and complex air
emission pattern, the grey prediction model represents an effective tool to build reliable forecasting.
The grey model is characterized by a low amount of input data and higher forecasting accuracy
when compared with other forecasting techniques. Therefore, the grey forecasting model is
employed to time series analysis of emission intensity here. Among the family of grey forecasting
models, the GM (1, 1) grey forecasting model can be used in circumstances with relatively little
data, and it can use a first-order differential equation to characterize an unknown system because
it ensures a good compromise between simplicity and accuracy of the results. So the GM (1, 1)
grey forecasting model is suitable for forecasting the competitive environment where decision
makers can reference only limited historical data. The GM (1, 1) procedure can be separated into
four steps:
Step 1: The observed original time series are defined as X (0) , where i is ith data point.

X (0)

( x(0) (1), x(0) (2),...x(0) (n)), x(0) (i) 0, i 1,2,...n.

(3)

Calculating the class ratio of X (0)

(k )

x (0) (k 1)
x (0) (k )

(4)

Then we can test whether

( k ) (e

2
n 2

,e

2
n 2

)

(5)

If the answer of equation (5) is “yes”, that means series X (0) can be used for GM modelling, if
answer is “no”, we need to define

X (0)

(ln( x(0) (1)),ln( x(0) (2)),...ln( x(0) (n))), x(0) (i) 0, i 1,2,...n

(6)

( x(0) (1), x(0) (2),... x(0) (n)), x (0) (i) 0, i 1, 2,...n.

(7)

or

X (0)

Step 2: Improved GM (1, 1) model
Transform the original time series into a new sequence X (1) which is operated by the accumulated
generating operation (AGO), where

X (1)

( x(1) (1), x(1) (2),...x(1) (n)), x(1) (k ) 0, k 1,2,...n.

(8)

x(1) (k ) is obtained as follows:
k

x (1) (k )

x (0) (i ), k 1, 2,...n.

(9)

i 1

x (1) can be simulated by the first order grey differential equation as
dx (1) (t )
ax (1) (t ) b
dt

(10)

In equation (10), parameters a and b are the developing coefficient and grey input which can be
estimated by the least-squares error method as

a
b
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Where
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B
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...

(12)
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Y

x (0) (2) x (0) (3) ... x(0) (n)

T
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(1)

In the equation (12), z ( k ) is called background value of the kth datum. The prediction accuracy
of GM (1, 1) model is mainly dependent on its background value. Tan suggested an improved
method based on the new background value [9]. And it was examined to give better result by some
studies [10]. Tan developed:

z (1) (k 1) ((m 1) x(1) (k ) (m 1) x(1) (k 1)) / 2m

(14)
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)
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and
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n
k 2
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where n is the length of the initial time sequence. Then the simulated value of x ( k ) can be
estimated by

xˆ (1) (k ) ( x (0) (k )

b
)e
a

a ( k 1)

b
a

(16)

Then the simulated value of the initial series would be

xˆ (0) (k )

xˆ (1) (k ) xˆ (1) (k 1)

(17)

And the prediction value of p step ahead can be defined as

xˆ (0) (n p) xˆ (1) (n p) xˆ (1) (n p 1)

(18)

3. Results and analysis
3.1

Air emission

Figure1 shows annual total embodied air emission from 2003 to 2007 in the Norwegian
construction sector and also its percentage of Norwegian whole industries (exclude household).
From Figure 1, it can be seen that total air pollutant emission of Norwegian construction sector had
increased from 2003 to 2007. In these five years, main GHG emission such as CO2, N2O and CH4
grew around 30%. Total CO2 emission had risen from 3488.22 kilo tonnes in 2003 to 4394.77 kilo
tonnes in 2007. In all these eight types of pollutants, NH3 emission had increased from 1090
tonnes in 2003 to 1818 tonnes in 2007 with 66% increase which is highest growth , while the
lowest growth is SOX emission which was 2901 tonnes SO2 equivalent in 2003 and 3146 tonnes
SO2 equivalent in 2007 with 8% increasing. Furthermore, even most air pollutant emission of the
construction sector is less than 10% of total Norwegian whole industries, the percentage increased
in the past five years. The percentage of PM10 and CO are more than 10% which means that the
construction sector contributes more to PM10 and CO emission than GHG and acid rain gases.

Fig. 1 Total emission of the Norwegian construction sector and its percentage of the whole
Norwegian industry
Similarly, Ffigure 2 shows annual direct embodied air emission from 2003 to 2007 in the Norwegian
construction sector and also presents its percentage of the whole construction sector. From Figure
2 it can be seen that direct air pollutant emission of Norwegian construction sector increased from
2003 to 2007. Comparing to total GHG emission, the growth rate of direct GHG emission was less
in these five years. From 2003 to 2007, the direct GHG emission had risen 18% in CO2, 29% in
N2O, and 11% in CH4 while the total GHG emission increased by 25% in CO2, 31% in N2O, and 35%
in CH4. The highest growth is direct NH3 emission which increased 48%. Direct SOX emission and
PM10 emission fell down slightly. The percentage of direct emission in total emission is small
(Figure 2 right). Direct CO2 emission contributes around 17-19% of total CO2 emission. The
proportion of direct N2O emission is around 13% while proportions of direct CH4, SOX and NH3 are
less than 5%. Contributions of direct NOX, CO and PM10 emission are around 30%, 28% and 40%.
That indicates that the site construction work is more responsible for PM10 emission than other air
pollutant emission. Figure 2 also shows that contributions of direct emission were decreasing from
2003 to 2007 especially direct CH4 and PM10 emission.

Fig. 2 Direct emission of the Norwegian construction sector and its percentage of the total
emission of the sector
Annual indirect embodied air emission from 2003 to 2007 in the Norwegian construction sector and
its percentage of the total emission from the construction sector are showed as Figure 3. The
indirect air pollutant emission of the Norwegian construction sector also increased from 2003 to
2007 according to Figure 3. On the contrary to direct emission, the growth rate of indirect emission
was higher than the total emission in these five years. During the period of 2003 to 2007, the
indirect GHG emission had risen from 2826 kilo tonnes to 3611 kilo tonnes in CO2 with 6% annual
growth rate, from 992 tonnes to 1304 tonnes with 7% annual growth rate in N2O, and from 14756
tonnes to 19899 tonnes with 7.8% annual grow rate in CH4. The indirect NH3 emission, which
increased 67% from 2003 to 2007 and raised 13.7% annually, rose most quickly among all these
eight air pollutants. The percentage of indirect emission in total emission is huge (Figure 3 right).
More than 80% CO2, 85% N2O and nearly all CH4 (99.7%) in total construction sector are indirect
emission. Around 70% NOX, 93% SOX and 98% NH3 emit from the suppliers to the construction
sector. Figure 3 also indicates that contributions of indirect emission were increasing from 2003 to
2007.
By comparing direct and indirect emissions, it can be found that the indirect emission is the main
source of the construction sector. Total and direct emissions were increasing while the percentage
of direct one were decreasing at the same time, that means the indirect emission is the main
contribution to total emission increasing.This implies that up-supply chain of the construction sector
such as materials production and transportation should be more responsible for total emission of
this sector in GHG and acid rain gases emission. On the other side, comparing to other direct air
pollutant emission, the proportion of direct PM10 emission is much higher. That means the
construction site work will play a more imporant role of PM 10 emission than building materials
production.
Direct GHGs emitted 710 kilo tonnes CO2eq in 2003 and 845 kilo tonnes CO2eq in 2007 with 4.45%

annual growth rate. The growth rate of indirect GHGs was 6.5% during this period. And indirect
GHGs emission occupied 84% of total GHGs emission and dominate the increaseing of total
GHGs emission in the construction sector. The total GHGs emissions had risen from 4201 kilo
tonnes CO2eq in 2003 to 5343 kilo tonnes CO2eq in 2007. Furthermore, the percentage of direct
GHGs emission was decreasing and indirect ones was increasing from 2003 to 2007. That means
the indirect GHGs emission are key to reduce total GHGs emission in this sector. Another worth
noting is that GHGs emission is dominated by CO2 emisson with the small contribution from N2O
and CH4 which is about 8% in direct CO2eq, 20% in indirect CO2eq and 19% in total CO2eq
emission.

Fig. 3 Indirect emission of the Norwegian construction sector and its percentage of the
total emission of the sector

3.2

Trend of air emission intensity

Total emission of the Norwegian construction sector had risen from 2002 to 2007. Fortunately,
intensities of total emission in this sector were decreasing during this period as shown in Figure 4.
The total CO2 emission intensity had decreased from 0.021kg/NOK to 0.015kg/NOK with 7.7%
decrease annually. The total N2O emission intensity and CH4 emission intensity were attenuating
around 6% annually from 2003 to 2007. The annual reduction rate of total NOX and SOX emission
intensity are around 11%, while the annual reduction rate of total NH3 emission intensity is just 1%.
Total CO and PM10 emission intensity were reducing nearly 10% every year during 2003 to 2007.
When comparing direct and indirect emission intensities, the direct emission intensity reduced
more quickly than indirect emission intensity which can be seen from Figure 4. During 2003 to
2007, the annual reduction rate was 9% in direct CO2 emission intensity while it was 7.4% in
indirect one. Direct CH4 emission intensity had decreased 10% annually which is around 3% more

annual reduction than the indirect one. Annually reduction rate in direct NOX, SOX and NH3
emission intensity are about 3% more than indirect one. The changes of N2O and CO emission
intensities are similar in direct and indirect ones. Direct PM10 emission intensity decreased around
13% while the indirect one was 7.8% annual reduction. However, because the percentage of direct
emission is higher than the direct one, the indirect emission intensity plays a more important role
than the direct one even the reduction of direct emission intensity is more than for the indirect one.
That means that the construction sector starts to produce buildings/infrastructure with more and
more environmental friendly methods. But the total embodied pollution relies on suppliers to the
construction sector.
At the same time, direct, indirect and total emission intensities of GHGs in the Norwegian
construction fell down from 2003 to 2007. Direct GHGs emission intensity was 0.0043 kg CO2eq
/NOK in 2003 and 0.0029 kg CO2eq /NOK in 2007. Total GHGs emission intensity reduced from
0.025 kg CO2eq /NOK in 2003 to 0.0156 kg CO2eq /NOK in 2007. The indirect one dominates the
total GHGs emission intensity. And CO2 emission is the dominating part of these three GHGs
emission intensities.

Fig. 4 Emission intensity of the Norwegian construction sector (Total: left, Direct: middle;
Indirect: right)

To know the future of embodied air emission of the construction sector and its contribution to the
national GHGs reduction, the total air emission intensities are forecasted here. In the time series
analysis, the total emission intensities will go on its decreasing trend to 2020. Figure 5 shows the
simulation results of the grey model which was described before. Total emission intensity of N2O,
NOX, SOX and PM10 would be reduced around 70% in 2020 compared with 2007. That means the
acid rain gases which have harmful effects on plants, aquatic animals, and infrastructure through
the process of wet deposition, and PM10 pollution which is linked to health hazards such as heart
disease, altered lung function and lung cancer, will be possibly reduced much in the future. CO2
and CH4 emission intensity will be nearly 50% in 2020 compared with 2007. As a result, total GHGs
emission intensity in 2020 will be half of its value in 2007. That means the construction sector can
be a potential contributor to national GHGs reduction goal.

Total emission intensity in Norwegian construction sector from 2007 to 2020
0,08

0,06
CO2 (kg/NOK)
N2O (g/NOK)
CH4 (g/NOK)
NOX (g/NOK)
SOX (g/NOK)
NH3 (g/NOK)
CO (g/NOK)
PM10 (g/NOK)

0,04

0,02

0,00
2008

2010

2012

2014

2016

2018

2020

Fig. 5 Total emission intensities of the Norwegian construction sector

4. Discussion
Total Norwegian national GHG emission in 2007 was 69.4 million tonnes CO2eq which all industry
sectors and household were accounted for. The construction sector therefore contributed to
approximately 7.7% of total CO2eq emission in 2007. Given 0.845 million tonnes CO2eq was
emitted directly on Norwegian construction sites accounting for 1.21% of national emission.
Comparing to the direct GHGs emission intensity in the Irish construction sector, which was 71.92
tonnes CO2eq/m€ in 2006 [4], the direct GHGs emission intensity in the Norwegian construction
sector, which was about 23.67 tonnes CO2eq/m€ (1€=8NOK) in the same period, was smaller. The
main reason is that a major part of electricity production in Norway is hydropower and electricity is
one of key energy use in the construction sector.
Here, all products and services required for the Norwegian construction sector were produced
based on domestic technology. In Robert’s study on embodied emission in trade for Norway, he
concluded that Norwegian export products contain slightly larger amount of CO2 than its imports,
and fewer amounts of CH4 and N2O in exports than imports [11]. However, the emission intensity of
metal production in other countries is likely to be underestimated compared to the similar emission
intensity for Norway, which was also discussed in his study. And there is about 20% input to the
construction sector from import. Most of them are metal, plastic and wood products. The
discussion of Robert was based on 1995 Norwegian national trade accounts when the first three
main import trade partners were Sweden, Germany and Great Britain. But now, the first three
import countries are Sweden, Germany and China. And we know that main fuel use in China is
coal. Then that means the import products used in the construction sector may have similar or
some higher GHG embodied than domestic products. Therefore indirect emission is still dominant
of total emission in the construction sector.
Even though the construction sector is a promising sector in contributing to the national emission
reduction goal, the main part of the reduction should come from its suppliers because indirect
emission dominate total emission of the Norwegian construction sector. This implies that the
selection of low-emission materials to the construction sector is very important to reduce total
emission from the sector. The embodied energy and carbon dioxide emission from the use of
construction materials should be of concern when planning, designing and constructing a built

environment. To help clients and designers choose materials and services with relatively low
emission, a complimentary policy option to reduce the emission intensity of the construction sector
involves the provision of emission information by suppliers in the sector. With the emission
information released, reducing the overall emission intensity of the sector would be more efficient.

5.

Conclusions

The construction industry is responsible for supply of a more sustainable, less energy and
emission intensive, and affordable built environment to society with lower environmental loads and
at a lower cost. To do this, the information of embodied environmental loads in construction is
necessary. By analysing embodied air emission in the Norwegian construction sector, this paper
reveals that:
1) Embodied air emission in the Norwegian construction sector and its contribution to total
national emission were increasing during 2003 to 2007. The indirect emission is the main
part of embodied air emission and dominates this change in total sector air emission.
2) Intensities of embodied air emission in the Norwegian construction sector have decreased
from 2003 to 2007, and this trend will continue. The indirect emission intensity dominates
this change. This implies that the construction sector produces cleaner products than
before. And the direct emission intensity of the Norwegian construction sector is lower than
e.g. of the Irish construction sector.
3) The trend of emission intensity of the construction sector is decoupled from the associated
air emission, indicating an improvement in environment efficiency in the construction sector
and suggesting that the production in the construction sector is cleaner than the production
of its suppliers.
4) The most important potential of reduction of embodied air emission in the Norwegian
construction sector therefore relies on the suppliers to this sector. Thus policies to drive
owners, designers, and constructors to select low emission materials and material suppliers
to release the information of embodied emission will play a key role in the reduction of the
construction sector air emission.
There are two main limitations in this study. One limitation is that the data material only includes
emission to air as a result of Norwegian production. The emission intensity associated with the
production of imported goods and services is not analysed and is therefore assumed to be the
same as domestic production. This might be one reason to the lack of correlation between the air
emission data and the construction data. The part of air emission that could be attributed to the
construction sector but is not included in Norwegian emission figures is embedded in the
Norwegian imports. About 20% of Norwegian construction sector input is imported. Then splitting
indirect air emission of imported inputs and domestic inputs and their contribution to the total sector
emission and national emission should be done in the future. Another limitation comes from lack of
detailed energy consumption data for the construction sector and its sub-sectors. Comparing it with
Ireland, the direct emission intensity of the construction sector in Norway is less. Subsector
contributions should be examined in order to discuss the reason of this phenomenon. Moreover,
detailed emission from energy use and activities can be analysed to produce policy suggestion.
This can also be updated when more detailed IO table and detailed energy data related to national
accounts are available.
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Summary
The importance of assessments of the environmental performance of materials in buildings based
on life cycle assessment is growing. The applied life span for the building and service lives of its
construction products have big influence on the outcome of these assessments. This paper shows
on basis of conducted research, the influence of the applied life span and services lives on these
environmental calculations. Based on the results it is concluded that with the current tools and
assumptions the actual environmental impact of less durable building elements will be higher and
that of durable elements lower than calculated. Important parameters influencing the service life
and solutions for improving service life predictions for buildings and building elements are
presented in order to optimize the reliability of the environmental assessments.
Keywords: service life, life span lca, assessment, sustainability, improved service life predictions,
Factor method, ESL, RSL

1. Introduction
Usually one can only judge afterwards whether a used service or product really has been
environmentally sustainable. This applies also to the sustainable performance of buildings. These
performances are nowadays frequently assessed by ‘calculations’   with   one   of   the   specialised
instruments on the market like e.g. LEED, BREEAM, GPR and Greencalc. It is expected that the
applied life span of the building and the applied service life of the building elements have large
impact on the outcome of the assessment of the environmental performance of the building related
to materials. With the current various assumptions for life spans and service lives it is the question
whether the assessed environmental performance of a building comes close to the actual
performance. On the one hand it is common practice to use the reference service life (RSL) of a
building element that gives an indication for the period it will last. The RSL only represents one
value which is an average. On the other  hand,  mostly  a  standard  ‘Reference  Study  Period’ (RSP)
is used for the life span of the building that can differ from practice. The influence of the applied life
span and service lives on the results of environmental calculations was studied and to improve the
reliability of the results the possibility to use more realistic life spans for buildings and more realistic
service lives for building elements was investigated.

2. The effect of service life on calculations
2.1

Sustainability and building components

Sustainability is a broad concept, and it is easy to relate a lot of subjects to it. In accordance with
the European Standards made by CEN TC 350 – ‘Sustainability of construction works’   [1] it is
accepted that the environmental, economic and social performances all are important dimensions
to make a good sustainability assessment at the building level. A building with a high quality,
comfort and a good economic value for the future is the basis for a long service life. After that it is

important to minimize the environmental impact. In this paper the following definition (derived from
N.A. Hendriks [2] and expanded by Van Nunen [3]) is used for the environmental performance
related to building components:   ‘the   sustainability   of   a   building   component   is   the   ability   in   its  
function, despite occurring degradation factors, to fulfil certain performance requirements, if
needed by necessary maintenance with the lowest negative impact of that component on the
environment’.  The  first  part  of  the  definition  reflects  the  part  that  is  associated  with  durability.  The
last part relates to the environmental impact of a component. This definition can also be used for
the entire building. The second   part   ‘with the lowest negative impact of that component on the
environment’ leaves a choice for different solutions and materials. For example, the choice can be
made to use several products with a low environmental burden, or one product with a higher
environmental burden, but a longer service life. The choice can be made on component level or at
the level of the entire building.
2.2

LCA as basis for environmental calculations

The Environmental Life-Cycle Assessment (LCA) is the basis for determining   the   ‘environmental  
impact’  of  building  components used in construction. The origins of LCA lie in the research of the
energy sector. Over the years, more and more data was gathered to arrive at a description of the
environmental profile of a product. The entire field of LCA now is described in the ISO 14000 series.
But a full LCA of a building is complex. Therefore new programs were developed with the building
sector in mind. Three examples of tools that originated in the Netherlands are GPR, Dubocalc and
Greencalc. All three tools use some of the data from a full LCA, but with simplified input and output.
In LCA, the environmental interventions of the entire lifecycle of a product is scrutinized and
'translated' into the environment. From extraction through production, transport and (re) use, to
disposal. Or: from cradle to grave. LCA in the construction sector is a relatively new field of
expertise, and a lot of research still has to be done. One of the items that is not applied correctly, is
time. For example usually a fixed life span of 75 years is used for dwellings in the Netherlands.
LCA was originally not developed for buildings, and for buildings the time factor is of special
importance [4]. Many buildings will last for a long time, for example 75, 100 and even 125 years
and longer. A big part of the building components last a part of this period. Deterioration will cause
loss of performance, but maintenance and replacement can improve that performance. These
actions have an influence on the environmental burden themselves.
2.3

Calculations based on a single family house

The actual life span of a building and the nature and frequency of maintenance and replacement of
building components have a major impact on the actual environmental impact of materials. For if a
material last ten times longer than other materials, then the environmental impacts of such material
in principle counts, only for one tenth. To get more information on the degree of influence,
calculations were done with the Dutch calculation tool GPR-building (www.gprgebouw.nl) on basis
of a standard Dutch single family house. This tool uses one number for the average service life of
the building elements and in the calculations the total environmental impact of the building element
(product stage + use stage + end-of-life stage) is divided by the life span of the building. The result
is an (average) environmental burden per year.
Figure 1 shows the deviation in results from calculations with the often for dwellings used
Reference Study Period (RSP) of 75 years, from actual life spans. The blue line in this figure
shows that when the actual life span turns out to be 125 years the total environmental impact by all
the building elements is 19,5% less than calculated with a life span of 75 years. The red line shows
that the  total  influence  on  building  elements  that  don’t  need  replacement  or  maintenance  during  the  
buildings life span is even more: the actual environmental impact is 40% less than calculated.

Fig. 1 Deviation in calculated results of the actual service life from RSP = 75 years
A division was made between building elements that need replacement during the life span of the
single  family  house  and  building  elements  that  don’t  need  replacement, because of their long service life. Then the total environmental impact by this two groups was summarized. The share of
building elements  that  don’t  need  replacement  during  the  service life of the used reference single
family house causes 67% from the initial environmental impact by all building elements. In here the
foundation and structural elements take a share of about 40%. The outer leave and the inner leave
of the cavity wall are important elements of the other 27%. It is clear that these figures shall vary
per building.

Fig. 2 The cumulated environmental impact by building elements over the years

Figure 2 shows the cumulated environmental impact by building elements over the lifetime of the
building. It is clear that maintenance and replacements of building elements are important within
the assessment of the environmental impact. Building elements that can have a great impact on
the results caused by replacements are windows, glass and doors, technical systems, building
related furniture and interior walls.
Figures 3 and 4 show the
growing contribution to the
cumulative
environmental
impact
caused
by
replacements of windows,
glass and doors and the
declining contribution by the
brickwork facade. The upper
figure shows the contribution
at the initial stage (t=0) and
the lower figure 3 after 125
years (t=125)

Figure 3 Change in contribution by different façade elements over the years

Figure 4 Contribution to the total cumulative impact of the building by two types of building elements used in the façade

It is concluded that reliable life span for buildings and service lives for building elements are essential for making correct Life Cycle Assessments or other calculations. A right life span of the building
is most important in relation with very durable building elements, while for less durable building
elements this is the actual service life of the product itself.

3. Life span of the building
3.1

General

In practice most buildings are built without any clear idea of how long they have to last. Only in the
case of temporary or deconstructable buildings an expected life span is mentioned. As a result
decisions regarding the materials to be used, construction principles or replacements cannot be
based on logic. If the quality of a building elements is an issue, this often has only to do with
guarantees for a (short) period after the building was constructed. To get a better idea of the actual
life span of dwellings in the Netherlands existing studies were analysed on the actual service life
and the reasons for demolition. Next to that figures on building production and demolition give
relevant information and opinions of experts were inventoried.
3.2

Research into the actual life span of dwellings in the Netherlands

The Technical University of Delft / OTB has investigated the life span of existing dwellings in the
Netherlands and what characteristics play a role [5]. This history is examined from the 16th century
to the present. It  is  stated  that  a  regular  ‘filtering  process’  will take place. Dwellings with the lowest
quality are demolished and the remaining dwellings are always adjusted to the changing needs
and remain there for ages. Depending on the type of dwelling there are very big differences. Figure
5   shows   that   the   ‘filter   process’   is concentrated in the age range of 75 to 125 years. The rental
single family homes are an exception. With this type of dwelling the   ‘filter   process’   starts   earlier  
while ultimately they have the greatest chance of survival. For   ‘multiple   family   houses’   the   ‘filter  
process’  was  more  radical,  especially in the rental sector. The bigger the dwelling the greater the
chance of survival.
The Technical University of
Delft also examined the
reasons for demolition based
on   data   from   ‘social   rent  
dwellings’   owned   by   housing  
corporations [6]. It is good to
state that these corporations
are the owners of dwellings
with a relatively short service
life. It is concluded that
especially rental multifamily
houses are more demolished.
Very few single family houses
are demolished, only a limited
number of early post-war
homes.
After the Second
World War a lot of relatively
small scale homes were built
with tight dimensions and low
quality.

Fig. 5 The chances of survival of single family houses according to ownership and amount of
bedrooms

Key reasons for the demolition of rented multifamily houses were limited spatial qualities,
combined with poor technical qualities such as poor foundations, wooden floors, inadequate
thermal or acoustic insulation, moisture problems and poor accessibility. It is noted that the main
reasons for demolition will be much less applicable to the current new build dwellings in the
Netherlands. It can therefore be expected that the actual service life of the modern dwelling will
further increase.
3.3

Expert opinions
To get a better view on the life span of a new dwelling,
experts were asked about their opinion as part of a
recent PhD thesis [3]. The answers varied widely
between 55 and 500 years. A trimmed average was
used for this question, so that the extreme values
(upper and lower 12.5%) were flattened out. This
resulted in an average life span for a dwelling of 120.8
years. Further analysis of the answers showed that the
background of the experts has influence on the
responses. According to the opinion of experts of
building associations the average life span of a
dwelling would be 79.4 years (minimum 55, maximum
100 years). Building consultants come to an average
life span of 145.8 years (minimum 75, maximum 200
years). The answers of the research institutes varied
between 60 and 350 years, with an average of 162
years. Project developers come to an average of 288
years, but there were few results from this group.

Fig. 6 Average life span of dwellings, according to different stakeholders
The context is important with regard to the life span. Housing associations tend to use 50 years as
a service life, because their financial system is based on this period. Building consultants and
Research Institutes take a broader view, but are not restricted by the circumstances of the
everyday practice.
3.4

Market information

The current (2011) housing stock in the Netherlands is 44 years old on average. That indicates that
for a RSP of 75 years 7 million dwellings have to be replaced in the coming 31 years. That means
226.000 new dwellings a year while the total production of dwellings in the Netherlands never
became above 82.000. The number of demolished dwellings over the last 20 years was between
8000 – 19000 dwellings per year. That is always less than 0,3% of the total housing stock. This
indicates as well that a life span of 75 years is not accurate but also not possible giving the current
demand of dwellings.
3.5

Recommendations

Based on the information in chapter 3 it can be stated that the life span of a dwelling in the
Netherlands needs to exceed 75 years. 120 years is a good alternative. It was pointed out by the
experts. Moreover earlier research studies in this field came to 100 or more (up to 350) years
(Thomsen) [6] and 110 years (Priemus) [7]. On basis of the research mentioned in 3.2 it is
recommended to come to a further differentiation of advised life span for use as RSP based on the
type of dwelling and its associated features. Table 1 gives as an example of a proposal for the
Netherlands. For long life spans (> 120 years) it is recommended to make some preconditions e.g.
related to spatial comfort and the level of insulation of the building.

Table 1: Example proposal for RSP for dwellings in the Netherlands
Type of dwelling

Number of rooms

Buy or rent
Buy
Rent

≥  3
<3
<3

Life span
[years]
175
120
85

4.

Service life of building components

4.1

Differences in service life

Service life, design life or working life; they all refer to the period of time a product can be used,
with some minor differences. Although these differences may look insignificant, they have influence
on the amount of materials in a building that have to be used over a certain period of time.
Because the end of service life is an indication for replacement, it should be possible to calculate
the amount of materials that are necessary to achieve the complete life span of the building. When
this amount of materials is known, the costs can be calculated, as well as the environmental
burden and other material-related information. To give a well-founded assessment of building
related aspects, such as the environmental burden or (maintenance) costs, the service life of
components needs to be known in as much detail as possible. This is indicated by the point at
which a material can no longer function.
Several studies discuss the end of life. Rudbeck [8] for example differentiates between the life
spans of a building and the way the end of life will occur. He indicates that there are two reasons
for obsolescence: due to deterioration and due to social decisions. The three types of
obsolescence mentioned in ISO 15686 [9] have the same form. Obsolescence due to deterioration
is called the technological service life. Obsolescence due to social decisions is represented by
functional as well as economic obsolescence. The distinction made between deterioration-based
and decision-based obsolescence is important when one tries to look at service life of a product.
Technological obsolescence was of main importance in the past. Products were used until they
were broken and no longer functioned (technically). Over time this changed to other indicators as a
reason for replacement. Functional obsolescence did occur previously, but it was not a common
reason for replacement. Economic obsolescence came into view in the last decades. Prosperity
increased and so did technical developments. A good example of technological developments can
be found in the building services. The technical service life of a heating system was overtaken by
technical advances. The coal oven was replaced by gas ovens before the coal ovens were
technically obsolete.
It can therefore be said that in more and more cases, it is not longer the product that indicates the
end of the (technical) service life of a product, but the occupant who decides that the (functional)
service life of the product is over.
4.2

Factor Method

In prior research the Factor Method came to the fore. This method, defined in the ISO 15686 series,
presents a way of using a reference service life of components (RSL) combined with seven known
factors ((A) quality of components, (B) design level, (C) level of work execution, (D) indoor
environment, (E) outdoor environment, (F) in-use conditions, and (G) the maintenance level). The
RSL can be transformed into an estimated service life of components (ESL) using the effects of the
factors. The ESL can be adjusted for specific circumstances, by giving a higher (better), or lower
(lesser) value to the factor. The default value of the factors is 1.0, therefore the RSL and ESL are
equal if no other effects occur. The value of the factors can be derived from several criteria,
indicating the performance of the individual factors. In the Netherlands a research by SBR is on-

going to provide these criteria. In France a platform was started [10] to provide criteria to score the
factors. The Factor Method provides a method that is relatively simple, but offers more detailed
information about service life compared to the average RSL. The Factor Method is described by
the formula ESL = RSL * A * B * C * D * E * F * G
The Factor Method is quite new. In 2000 the first ISO standard (15686-1) was published and the
last one dates from 2009 (15686-9). Up to now, there is not much expertise in the field, and
research is still ongoing to improve the application of this method. The method leaves room for
improvement. As part of the recent PhD study [3] three major improvements are added to the
existing method.
4.3

The Improved Factor Method

The lack of social aspects in the service life was part of the study [3]. The first improvement is the
addition of two factors. It is stated that technical requirements are no longer the only reason for
replacement, but that economic and functional requirements need to be incorporated as well.
Looking  at  the  indicators  for  replacement,  two  factors  were  added.  The  first  one  is  called  ‘Related  
components’  (R),  and  is  used  to  take  replacements into account that are not necessarily based on
technical deterioration, but because other materials connected to the one under review are
replaced, (i.e. when a window needs replacement the window-pane will also be replaced). The
second added factor   is  called   ‘Trends’   (T).   This   factor   is   used   to   adjust   the   reference   service   life  
according to the choices people make, based on how a product looks (image), or how a space is
used (usage). This factor is especially important when flexibility is an issue.
The second improvement is the
addition of probability to the factors.
Each factor is awarded a suitable
statistical probability. That way the
outcome is based on more
accurate figures than just a single
fixed value. The third improvement
is the application of weighing to the
factors. Weighing is a possibility
that is not used at present.
However, it is possible that some
factors have a larger influence than
others do. A set of weighing factors
is therefore added to the method.
During the data collection for the
weighing factors, the possibility of
excluding one or more factors was
also examined. In the end, all nine
factors (seven from ISO 15686 and
two new factors) were provided
with a weighing factor. The
Improved Factor Method provides
in a more accurate estimation for
the service life of a component.

Fig. 7 Calculation environmental impact of six sample
projects using different models for service life
prediction

4.4

Example

During the research [3] six building projects were used as a sample project. These projects were a
selection from the government programme Industrial Flexible and Demountable (IFD) building. The
programme was initiated to stimulate these three fields of building. The aim of the research was to
look into the possible relationship between flexibility and the environmental burden. As a
consequence all the projects from the IFD-programme have a certain degree of flexibility.
The six projects were used to calculate the environmental burden. All the projects were set at an
expected life span of 120 years, and during this time the necessary maintenance and replacement
was conducted. Even alterations (refurbishments) were taken into account, based on
predetermined scenarios. These scenarios are based on the growing demand of floor space of the
individual rooms and the total building as well. Figure 7 shows the result of the LCA calculations.
The outcome of the LCA is currently displayed in Ecopoints based on Eco Indicator 99, but every
other method could be used. Every project is calculated using the reference service life (RSL).
The outcome of the total environmental burden is set at 100%. Then the existing Factor Method is
used, generating an Estimated Service Life (ESL). The outcome of this calculation is set in
perspective to the outcome with the RSL. Finally the Improved Factor Method is used. This gives
the IESL+, which is also put in perspective to the RSL.
It becomes clear that when the ESL or IESL is used the calculated environmental burden becomes
higher. Differences up to 45 % can occur when compared to RSL. The average outcome of IESL+
lies 23% higher than using the RSL. More detailed information leads to more detailed calculations.
Some replacements occur early because of refurbishment. The main reason is that the RSL is
often negatively influenced by the factors.
4.5

Division over different life cycle stages

Based on the six sample projects an overview of the environmental burden is generated where the
average environmental burden is divided into the building phase, use phase, and disposal phase.
The disposal phase can be calculated as a single value. If maintenance and replacement are not
calculated the outcome will give the results for building and disposal. Now all the different phases
can be distinguished. Calculation leads to a division of 30% building phase, 50 % use phase and
20 % disposing, taking the sample projects as a reference (Figure 8). In this figure the
environmental burden over 120 years is displayed by the thick line. Left the environmental burden
is displayed as a straight line. In this illustration it shows 100% in 120 years. Prolonging the service
life to 150 years leads to an increase to 123%. Shortening the service life gives 66% at 75 years
and 41% at 50 years. The fact is ignored that the building and disposal phase always occur and
that the use phase is the variable. The illustration on the right side shows a more accurate picture.
Prolonging to 150 years leads to an increase to 113%. Shortening to 75 years gives 81% and to 50
years leads to 71%. The figure on the right side is a more accurate representation, because the
structural elements are left out of the life span discussion. When figure 8 is compared to figure 2
some similar outcomes can be found. Prolonging from 120 to 150 years has in both approaches an
increase of 13% (and not 23% as in the current calculations) as a consequence. Shortening form
120 to 75 years leads to a reduction of 24% in figure 2 and 19% in figure 8. Compared to the
current approaches that come to 34% it is a huge difference. This underlines the need for better
service life prediction.

Figure 8 Environmental burden illustrated. Current method using average per year (left) or dividing
in phases (right).

5

Conclusions

The applied life span of the building and the applied service lives of building elements have a very
large impact on the outcome of the assessment of the environmental performance of the building
related to materials. With the current tools and assumptions the actual environmental impact of
less durable building elements will mostly be higher and that of very durable building elements
lower than calculated. More accurate life spans of buildings and service lives of building elements
are essential to improve the reliability of the environmental assessments. An accurate life span of
the building is most important in relation with very durable building elements. For less durable
building elements the actual service life of the product itself is very important because maintenance
and replacements of buildings elements have a big influence on the environmental impact of the
building. In that case the different life cycle stages become important.
It is recommended to come to a further differentiation of advised life spans for buildings for use as
the Reference Study Period (RSP). This can be done by a greater distinction between the type of
building and its associated features. National studies on the actual life span of buildings, opinions
of experts and figures on the building production and rate of demolition can be used to come a list
with advised life spans for use as RSP.
Not only the life span of buildings needs to be harmonized. The individual service life of a product
needs  attention  as  well.  Current  RSL’s  are  too much an average to do justice to the actual situation.
Differences averaging 23% with peaks of double that amount can occur in the calculations of the
environmental impact. This leads to huge differences in LCA. The Factor Method is a good way to
estimate a service life (ESL) that is more close to the actual time. With the improved service life
(IESL) as presented by Van Nunen this is even more elaborate.
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Summary
There is an obvious, known and indisputable need for an increase in the efficiency of energy
utilisation in buildings. Heating, cooling and lighting appliances in buildings account for more than
one third of the world’s primary energy demand. In turn, building stock is a major contributor to
energy-related environmental problems. Furthermore, there are great potentials, which can be
obtained through a more efficient use of energy in buildings.
As a relatively new approach it can be shown that an optimisation of the exergy flows in buildings
and the related supply structures, similar to other thermodynamic systems such as power stations,
can help in identifying the potential of increased efficiency in energy utilisation. Through analyses,
it can be shown that calculations based on the energy conservation and primary energy concept
alone are inadequate for gaining a full understanding of all important aspects of energy utilisation
processes. The high potential for a further increase in the efficiency of; for example, boilers, can
not be quantified by energy analysis - the energy efficiency is close to 100%; however, this
potential can be shown by using exergy analysis [1], the exergy efficiency of a common gas boiler
is about 8%. This shows clearly the potential and need for improvements of our energy use
structure. A similar picture can be drawn by having a closer look to energy supply structures in our
communities.
This paper outlines the international co-operative work in the general framework of the
International Energy Agency (IEA), the ECBCS Annex 49 “Low Exergy Systems for High
Performance Buildings and Communities”, which ended in 2010 [2].
Keywords: Exergy analysis, Energy systems, Buildings, Communities

1. Introduction
As a consequence of the latest reports on climate change and the needed reduction in CO2
emissions, huge efforts must be made in the future to conserve high quality, or primary energy,
resources. A new dimension will be added to this problem if countries with fast growing economies
continue to increase their consumption of fossil energy sources in the same manner as they do
now. Even though there is still considerable energy saving potential in the building stock, the
results of the finished IEA ECBCS Annex 37, Low Exergy Systems for Heating and Cooling of
Buildings [3], show that there is an equal or greater potential in exergy management [4]. This
implies working with the whole energy chain, taking into consideration the different quality levels
involved, from generation to final use, in order to significantly reduce the fraction of primary or
high-grade energy used and thereby minimise exergy consumption [5]. New advanced forms of
technology need to be implemented. At the same time, as the use of high quality energy for
heating and cooling is reduced, there is more reason to apply an integral approach, which includes
all other processes where energy/exergy is used in buildings. In recent years, we have made
substantial progress in the development of new and integrated techniques for improving energy
use, such as heat pumps, co-generation, thermally activated building components, and methods

for harvesting renewable energy directly from solar radiation, from the ground and various other
waste heat sources [6].
The results obtained in research projects on optimised exergy use in buildings are promising and
elucidate a huge potential for introducing new components, techniques and system solutions to
create low exergy built environments. The exergy conversion, e.g. heat or electricity production,
plays a crucial role in possible future activities in the overall system optimisation of the entire
energy system within a building. New solutions can be obtained by taking advantage of the design
of entire quarters or community structures into consideration. Then, by coupling a group of
buildings or by the possible use of new energy sources (e.g. the use of water in old coal mines to
heat and cool entire cities [7]) a more efficient use of energy is possible.

2.

The Concept of Exergy Analyses in the Built Environment

The exergy of an energy flow represents the part of that energy flow which can be completely
transformed into any other energy form and mechanical work. On the contrary, the part which cannot be transformed is designated as anergy. So, exergy is a concept which helps us distinguish
between two parts of an energy flow: exergy and anergy. Only the exergy part of any energy flow
can be converted into some kind of high-grade energy such as mechanical work or electricity. Anergy, on the other hand, refers to the part of the energy flow which cannot be converted into highgrade energy, e.g. low-grade waste heat from a power plant. Exergy can be regarded as the valuable part of energy, while anergy designates the low-value portion and we can derive an energy
quality measure by using this concept. Unless a suitable use for exergy is found, e.g. waste-heat
utilisation in buildings, the low-value part (small exergy fraction in this flow) of the original energy
flow will eventually dissipate into the environment and be irreversibly lost. Such unalterable dissipation is designated as irreversibility. The exergy content of a given flow of energy depends on the
attributes, e.g. the temperature, pressure, and chemical composition, of both the substance carrying the energy (energy carrier), and the surrounding environment. The more different the attributes
of the energy carrier and the environment are, the higher the exergy content of the energy carrier
is. For example, high-pressure steam required for electrical power generation has a higher exergy
content than warm water needed by a dishwasher [8].

Fig. 1 Results of an analysis of energy and exergy flows through a building
The Low Exergy (LowEx) approach entails matching the quality levels of exergy supply and
demand, in order to streamline the utilisation of high-value energy resources and minimise the
irreversible dissipation of low-value energy into the environment [9], [10]. This approach is the key
concept for the work of Annex 49 on energy use and supply structures in the built environment.

3.

Scope and Objectives of ECBCS Annex 49

The scope of this international activity within the frame of the International Energy Agency is to
improve, on a community and building level, the design of energy use strategies which account for
the different qualities of energy sources, from generation and distribution, to consumption within in
the built environment. In particular, this method of exergy analysis has been found to provide the
most correct and insightful assessment of the thermodynamic features of any process and offers a
clear, quantitative indication of both the irreversibility and the degree of matching between the
resources used and the end-use energy flows [10]. To satisfy the demands for the heating and
cooling of buildings, the exergy content required is very low, since a room temperature level of
about 20°C is very close to the ambient conditions. Nevertheless, high quality energy sources, like
fossil fuels, are commonly used to satisfy these small demands for exergy [5]. From an economical
point of view, exergy should mainly be used in industry to allow for the production of high quality
products.

Fig. 2 Desirable energy/exergy flow to the building stock and industry. In the building stock, there
should be a larger share of low valued energy, whereas high quality energy should be left for
other purposes, e.g. industrial processes.
It is known that the total energy use caused by buildings accounts for more than one third of the
world’s primary energy demand [11]. There is however substantial saving potential in the building
stock. The implementation of exergy analyses paves the way for new possibilities of increasing the
overall efficiency of the energy chain. Exergy analysis can support the development and selection
of new types of technology and concepts with the potential of lowering exergy consumption for built
environments and the related supplies. It can also quantify this potential. Up to now, considerable
effort has been made to reduce the energy demand of the building stock and to increase the
energy conversion factors in power stations. The new approach is not necessarily focussed on a
further reduction of the energy flow through a building’s envelope. When the demands for heating
and cooling have already been minimised, the low-exergy approach aims at satisfying the
remaining thermal energy demand using only low quality energy. This creates the potential for
reducing the total amount of exergy needed by the energy supply-demand chain, and for providing
a more customised distribution of exergy to consumers with different exergy requirements.
The main objective of the annex is to use exergy analysis as a basis for providing tools, guidelines,
recommendations, best-practice examples and background material to designers and decision
makers in building, energy production and political fields. Another important objective is to promote
possible energy/exergy and cost-efficient measures for retrofit and new buildings, such as

dwellings and commercial/public buildings, and their related performance analyses viewed from a
community level, including the energy supplies. The major benefit of following low exergy design
principles is the resulting decrease in the exergy demand in the built environment. By following the
exergy concept, the total CO2 emissions for the building stock will be substantially reduced as a
result of the use of more efficient energy conversion processes. This new concept supports
structures for setting up sustainable and secure energy systems for future building stock. The
strategies developed for a better and exergy optimised building design, aimed at a future of clean,
clever and competitive energy use, will help in pinpointing specific actions to reach this goal.
Additionally, the exergy demand of buildings will be reduced due to new, enhanced heating and
cooling systems.

4.

Identified Research Issues

The exergy concept applied to buildings and the related supply structures leads to new research
topics for building stock. The ending ECBCS Annex 49 has been addressing the following research
items [2]:
Combined exergy/energy analyses for community supply structures and buildings, especially
those with changing ambient and boundary conditions. This will lead to the implementation of
dynamic analyses for complex systems.
Optimisation strategies for low exergy distribution and building technology system
configurations.
A mandatory holistic system approach to investigate the dependencies between energy
conversion and the use of energy in buildings. This implies the feedback and the response of
the building to the grid and energy conversion strategies.
The evaluation of known and new, innovative techniques by using developed analysis tools
are showing ways to integrate local renewable energy sources. The results will indicate
directions for new developments.
Better control strategies for building service systems to reduce the overall exergy demand.
Exergy as an indicator for more sustainable energy systems and for long term, cost efficient
solutions.
Indoor comfort provided by placing the minimum possible exergy demand on building service
systems.

5.

Structure of ECBCS Annex 49

To accomplish these objectives, participants carried out research and work on developments within
the general framework of the following four subtasks: The first subtask, “Exergy Analysis
Methodologies”, was aimed at development, assessment and analysis methodologies, including a
tool development for design and performance analysis of the regarded systems. The second
subtask, “Exergy efficient community supply systems”, focused on the development of exergy
distribution, and generation and storage system concepts at a community level. A third subtask,
“Exergy efficient building technologies”, was based on the reduction of exergy demand for the
heating, cooling and ventilating of buildings. The last subtask, “Knowledge transfer, dissemination”,
concentrated on the collection and spreading of information on ongoing and finished work.

Fig. 3 Subtask structure of the ECBCS Annex 49
The community and the building level are directly connected by the final energy conversion
process. Nonetheless, the distribution concept for exergy has to be fixed at the community level.

Fig. 4 The integration of energy sources from our environment, e.g. the use of water from
abandoned mines for heating and cooling buildings, requires exergy efficient supply systems
at the community level and adapted building service systems.

6.

Results

The concept of exergy analyses has been transformed into a number of software tools on the basis
of developed models during the course of the Annex 49 projects.
For the first time a building exergy calculation has been implemented in a Building Information
Modelling (BIM) tool. A new energy and exergy tool called the Design Performance Viewer (DPV)
has been developed in the Building Systems Group at the ETH in Zurich based on the Excel tool
developed in the IEA ECBCS Annex 37 and being expanded in the Annex 49. The tool integrates
with the Autodesk Revit software allowing planners, designers, and architects to obtain an easy-tounderstand graphical display of the energetic and exergetic performance of their building. The tool
can be implemented in all phases of design and most importantly, allows the user to observe
potential impacts of changes during the earliest and most influential phases of the design process.
This facilitates an awareness of energy and exergy performance throughout a project, instead of
energy analysis just being an afterthought at the end of a project.

Fig. 5 Screenshot from DPV tool with spider graph for comparing the performance of different parts
of building design
An other example is the excel-based pre-design tool, which aims at increasing the understanding
of the exergy flows within the built environment and at facilitating further improvements on the
energy use in this sector. It is a simple and transparent tool which brings the exergy approach in an
easy to understand and comprehensible manner for its users, such as architects and construction
engineers.
Pre-design sheet for an exergy
optimised building design
IEA ECBCS Annex 49
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Fig. 6 Fields for input data to define the building envelope in the pre-design excel tool (left) and
drop-down menus for selecting building services (right) within the Annex 49 pre-design tool.
The field of application is mainly focused on buildings with normal and low internal temperatures
respectively, as e.g. residential buildings, day-care facilities for children and office buildings. From
the user, a definition of the building details (e.g. building envelope, air tightness,…) is required. By
means of several drop-down menus, different building systems can be chosen to supply the
required building demands. This allows limiting the required number of input data. Energy
calculations are based on the German energy saving Standard (EnEV-2006) and follow a steadystate approach.
The primary presentation of the annex is a guidebook on how to implement advanced LowEx
technology at a community level in the built environment and how to find supply structures to
ensure low exergy demand of the system solution, while providing good comfort to the occupants
and users of the buildings. This guidebook has been published by the Annex 49 in spring 2011.
Furthermore, the guidebook will focus on analysis concepts and design guidelines with regard to
exergy metrics for performance. A collection of best-practice examples for new and retrofit

buildings and techniques will show the potentials of the new approach. With this basis,
recommendations for policy measures will be suggested and the aim is to conduct pre-normative
work [2]. The focus of the dissemination of documents and other information is to transfer the
research results to be used by practitioners. Methods of information dissemination are to include
newsletters and articles, as well as the Internet is to be used intensively to spread information.
Workshops have been organised in different countries to show the latest project results and to
provide an exchange platform for the target audience (notably, energy managers, designers, and
energy service companies).

7.

Other related activities

The International Society of Low Exergy Systems in Buildings (LowExNet) was founded to
increase the exchange between researchers working within the field of exergy. LowExNet
members are working with exergy issues, supporting the work in the framework of Annex 49 and
have been presenting their results and findings in a number of workshops and seminars, mainly in
the framework of international conferences within the field of building technology, building physics
and building services. The LowExNet group offers a platform for discussion and information
dissemination on the proposed activities. To strengthen and expand the scientific collaboration in
the LowEx field, a number of national (e.g. German and Dutch) and European projects have been
started [12]. Furthermore, a close collaboration to the ASHRAE Technical Committee TC 7.4 on
“Exergy Analyses for Sustainable Buildings” has been established.

8.

Conclusions

The major benefit of following low exergy design principles is the resulting decrease in the exergy
demand in the built environment and related energy supplies. By following the exergy concept, the
total CO2 emissions for the building stock will also be substantially reduced as a result of the use of
more efficient energy conversion processes. This new concept supports structures for setting up
sustainable and secure energy systems for future building stock. The strategies developed for a
better and exergy optimised building design, aimed at a future of clean, clever and competitive
energy use, will help to pinpoint specific actions required to reach this goal. Additionally, the exergy
demand of buildings will be reduced due to enhanced new heating and cooling systems. One major implication is to avoid burning processes in the energy conversion process, since these are
always causing large exergy destructions. The target is to establish a more holistic approach for an
affordable, comfortable and healthy built environment, while obtaining a minimum input of exergy,
and implementing a substantial amount of renewable energy sources into the energy supply of
buildings. Additional and more extensive information can be found on the homepages [2] and [12].
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Summary
In 2006, The Swedish Board of Housing, Building and Planning was commissioned by the
government to perform a larger study on the existing building stock. Approximately 1800
buildings, statistically chosen to represent the entire building stock, were investigated by
experts. Two parts of this investigation was to take inventory on the occurrence of dangerous
substances e.g. asbestos and PCB, and to measure pollutant levels e.g. formaldehyde and
NO2 in the indoor air. The first results were presented in 2009, and more extensive results in
2010.
The inventory shows that PCB is still present in the building stock, in spite of regulations to
remove contaminated material. Asbestos and radon emitting materials also linger in the
building stock. Phasing out such materials is a slow process, due to long service life of
buildings.
The analyses show that indoor air in general have levels of substances that are below the
WHO guidelines for indoor air. This may have a correlation with good ventilation and relatively
clean supply air. For radon, however, the WHO has proposed a limit value which cuts the
present one in half. It is considered socio-economically unreasonable to meet this new value.
Keywords: chemicals, indoor air, formaldehyde, PCB, VOC, radon

5. Introduction
The Swedish government has been discussing goals for improving the built environment,
especially regarding indoor environment, damp and mould, for years. However, the information and
statistics about the technical status of the building stock has been out dated and inadequate. The
latest data were from the ELIB study conducted  in  the  early  1990’s.  The  National  Board  of  Housing,  
Building and Planning, Boverket, was therefore in 2006 commissioned by the government to carry
out a major survey that updated the description of the Swedish building stock.
The commission was composed of several themes, including technical design, indoor environment,
damages and deferred maintenance, energy efficiency and roof safety. The acronym used for this
study was BETSI. Approximately 1800 buildings, statistically chosen to represent the entire
building stock, were investigated by experts. Two parts of this investigation was to take inventory
on the occurrence of dangerous substances e.g. asbestos and PCB, and to measure pollutant
levels e.g. formaldehyde, radon and NO2 in the indoor air. The first results were presented in 2009

[1], and more extensive results in 2010-2011 [2-5]. This paper presents the inventory of hazardous
materials and the measurements of certain substances in indoor air.
5.1

Previous studies in short

5.1.1 Rational use of electricity in the building stock, ELIB (1993)
The research program ELIB studied the technical characteristics, energy use and indoor climate of
the Swedish building stock. The National Institute for Building Research (SIB) made a survey of
1148 statistically selected buildings in 60 municipalities. There are several reports from the
program, but especially interesting for the BETSI study is report no TN:29. TN:29 deals with
technical characteristics of the building stock, regarding household electricity, building electricity,
heating, ventilation, construction type and moisture damage [6]. Comparisons between BETSI and
ELIB and can be done for single-family houses and apartment buildings.
5.1.2 STIL2 schools and kindergartens (2006)
The Swedish Energy Agency is conducting a longer project, STIL2 (statistics on the premises), to
improve the state of knowledge on energy use. Boverket participated in the sub-project on schools
and kindergartens. The aim was to improve knowledge about energy use and indoor environment
in schools and kindergartens. Results from the study STIL2 provides data on schools and
kindergartens to the BETSI study. [7]
5.2

The BETSI study in short

Boverket was commissioned to conduct a larger study and would by means of surveys and
questionnaires develop an updated description of the building stock. Particular focus was to
produce data of damage to buildings and lack of maintenance, and data for development of the
environmental quality objective A Good Built Environment.
5.2.1 Statistical selection
1800 buildings were chosen to statistically represent the entire building stock, divided into the three
main categories of single-family houses, apartment buildings and commercial and public buildings.
Criteria for selection were factors e.g. year of construction, climate zone, and type of building. [2]
5.2.2 Surveys
Approximately 1800 surveys were carried out in statistically selected buildings. The 50 surveyors
underwent a two-day joint training in order to have the same starting points for surveys. A multitude
of questions were asked about each building. Examples are questions on how and when the
building was constructed, tenure status, foundation means, cladding and roofing materials, and
heating method. A number of verification inspections have been conducted to assess the quality of
survey records, instructions and how different surveyors had worked. [3]
5.2.3 Measurements
A series of measurements were carried out in connection with inspections. These measurements
included air circulation, radon, temperature, moisture and chemical substances in indoor air. [3-4]
5.2.4 Questionnaires
Two types of questionnaires were sent to residents in private homes and apartment buildings. The
residents were asked questions about the dwelling, its equipment and use. A parallel questionnaire
which asked about the residents' health was conducted, in different versions for children,
adolescents and adults. The questionnaires were sent to residents in surveyed buildings, but also
to a larger number of people living in private homes to get data from more dwellings. About half of
the questionnaires were answered.[5]

5.3

The basics

Sweden has about 9.3 million citizens. There are about 1.9 million single-family houses and
166.000 apartment buildings.
5.3.1 Single-family houses
The average single-family house was built in 1953 and is a 1.5-storey house with a basement. The
facade is made of wood and the roof is a pitched roof with concrete tiles. The heated area is
160 m2 and the U-value of the external walls is 0.334 W / (m2 •  K). 2.3 people live in the house.
91 % of the single-family houses are owned by those who live there. Detached houses are most
common, with 82 ± 4 %. The largest proportion of detached houses is found amongst those that
were built before 1960.
5.3.2 Apartment buildings
The average apartment building was built in 1959 and consists of a basement and three floors
above ground. The facade is brick or stucco and the roof is a pitched roof with concrete tiles. The
heated area is 1.426 m2 and U-value of the external walls is 0.411 W / (m2 •  K). The building has
14.55 apartments and an average of 1.7 people live in each apartment. About 40 % of the
apartment building stock is lamellar buildings.
Most apartment buildings, approximately 67 %, are rental apartments. The most common
ownership in apartment buildings from 1996 – 2005 is housing tenure.

6. Survey – inventory of harmful substances
Boverket carried out about 1800 surveys, using 50 surveyors. The inventory of harmful substances
was done based on observations and knowledge about age of the building, construction etc. The
following substances were included in the survey:
- asbestos
- ozone depleting substances, CFC
- polychlorinated biphenyls, PCB
- materials in pipes for drinking water
- copper
- biocide treated wood
- oil cistern and separator
- mercury from dental surgeries
- tar
- radon emitting building materials
This paper includes results from the inventory of asbestos, PCB, CFC and radon emitting materials.
6.1

Radon emitting building materials

Radon in indoor air usually comes from the ground through leaks in the building structure. It may
also be emitted from radon drinking water. Stone-based building materials can emit radon, usually
in very small quantities.
Alum shale based aerated concrete, known as blue light concrete, is a material that can cause
elevated concentrations of radon in indoor air. It was used as a building material in the years
1929 – 1975, and more commonly in apartment buildings than in single-family houses. Since this
material is used as part of the supporting structure of the building, it is difficult to replace, and other
remediating techniques are required to solve elevated radon levels in indoor air. [4]

6.2

Asbestos

Asbestos has been widely used for about a hundred years, especially during 1950 – 1976, the year
of the national ban. Asbestos may be present in air ducts, tile adhesives and sealants, floor tiles,
around pipes, as fire protection at the heat source and as a facade or roofing material (asbestos
cement). BETSI shows that there is asbestos in about 40 % of single-family houses and 50 % of all
apartment buildings.
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Fig. 1 Asbestos in single-family houses and apartment buildings, per construction period.
6.3

Polychlorinated biphenyls, PCBs

PCBs have been used in transformers and capacitors since the 1920s. The use of PCBs increased
from 1945 until the climax was reached in the 1960's and 1970's, until the national ban in 1973.
PCBs have been part of sealants, plasticizers, floor paints, insulating glass, insulator oil and
hydraulic oil. PCBs have several good technical properties but show high toxicity in animals and
humans.
A national law on inventory and remediation of PCBs in buildings is in effect. By 2008, a total of
52 000 buildings that were built or renovated during the years 1956 – 1973 should have been
inventoried with respect to PCBs. Only a third of those buildings were inventoried in time. BETSI
indicates that at least 17 500 buildings are likely to contain PCBs.
6.4

Chlorofluorocarbons, CFCs, HCFSs

In the construction sector, ozone-depleting substances have been used for example as refrigerants
in refrigeration and as blowing agents in foam insulation. CFCs were banned from use in 1999,
and refill of HCFCs in leaky refrigeration was banned in 2001.
Ozone-depleting substances were found in 16 % of commercial and public buildings, in 8 % of
apartment buildings and in 5 % of single-family houses.
6.5

Conclusions

Science develops and we learn all the time to be careful with materials and substances that we
previously thought were harmless. When such materials and substances are incorporated in
buildings, it takes a very long time before they are phased out of the system due to the long
service life of buildings.
Potentially harmful substances that are discussed today are lead in brass fittings for drinking water
use, and bisphenol A which is used in relining of old water pipes.

7. Results from analyses
Two factors that may affect the levels of contaminants in indoor air are relative humidity and
temperature. The analyses were carried out during the heating season when indoor air is relatively
dry. The mean indoor temperatures in single-family houses is 21.2 ºC, and in apartment buildings
22.3 ºC. The relative humidity is about 30 % in apartment buildings, and slightly higher in singlefamily houses. [3]
The sampling equipment was placed in the dwellings by the surveyors. The inhabitants were given
instructions on how to pack and send the equipment to the analytical laboratories within a specific
time interval.
7.1

Radon

The radon levels were measured during the heating season 2007 – 2008 in all surveyed singlefamily houses, and in two apartments per surveyed apartment building. Not all sampling canisters
were treated in line with the instructions, and therefore a second sampling round was performed in
some buildings the following year.
Measurements show that the radon levels of in total 250 000 single-family houses and 75 000
apartments in apartment buildings are expected to exceed the limit 200 Bq/m3. The previous
estimation of dwellings exceeding the limit value indicated 280 000 single-family houses and
115 000 apartments. [8]
It has therefore been an improvement since the assessment of the in-depth evaluation of
environmental quality objectives in 2003 when 280 000 houses and 115 000 dwellings were
considered to have elevated radon levels.
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Fig. 2 Distribution of buildings with radon levels within specific intervals.
7.1.1 WHO proposes radon limit value of 100 Bq/m3
In 2010, the World Health Organization, WHO, proposed a limit value of radon set at 100 Bq/m³. [9]
BETSI shows that lowering of the limit value from 200 Bq/m 3 to 100 Bq/m3 would affect 400 000
single-family houses and 230 000 apartments in apartment buildings, or about 1.3 million people.
Regarding new construction, about 5000 people are affected on an annual basis by radon levels
exceeding 100 Bq/m3. [10]

The remediation cost for the existing building stock is estimated at 1.550 – 2.100 million Euro, with
an additional increase in operating cost at 55.000 million Euro. Based on socio-economic
calculation, lowering of the Swedish limit value from 200 Bq/m 3 to 100 Bq/m3 is considered
unreasonable. [10]
7.2

Volatile organic compounds, VOC

There are several sources of volatile organic compounds, VOCs, in indoor air, e.g. building
materials, furnishings and human activities, such as the use of hygiene products and household
chemicals. The total amount of volatile organic compounds, TVOC, is commonly used as
benchmark. The value is obtained by summation of all compounds within the distillation range
around 70-290 º C.
BETSI reports the TVOC values, and the ten most abundant elements in each individual home.
Benzene, 1-butanol and 2-ethylhexanol were quantified in all samples, regardless if they were
included among the ten most abundant elements or not.
Table 1 Mean TVOC results from BETSI, compared with measurements in ELIB.

Single-family houses

Apartment buildings

Year built

BETSI (µg/m³)

ELIB (µg/m³)

before 1960

260 ± 100

-

1961 – 75

360 ± 110

490 ± 230*

1976 – 85

380 ± 170

380 ± 50

1986 – 95

190 ± 60

-

1996 – 2005
Total

230 ± 40
300 ± 50

470 ± 180*

before 1960

200 ± 60

320 ± 40

1961 – 75

150 ± 30

270 ± 50

1976 – 85

150 ± 30

-

1986 – 95
1996 – 2005
Total

130 ± 20
150 ± 90
170 ± 30

310 ± 40
-

Single-family houses +
apartment buildings
Sum
230 ± 30
*
In one of single-family houses was measured a TVOC value of 5100 mg / m³. If the average is estimated without this
outlier, the result is 380 mg / m³.

TVOC values for indoor air in single-family houses varied between 49 and 1424 µg/m³, and in
apartment buildings between 57 and 854 µg/m³.
7.2.1 Comparison with ELIB
Like ELIB, BETSI shows a higher TVOC concentration in single-family houses than in apartment
buildings. The levels have fallen by 20 - 45 % since the ELIB study. This reduction may be due to
several factors, e.g. that producers have changed the chemical content of products, the use of
voluntary emissions testing of building materials, such as floor coverings and paints. Other factors
may be the introduction of the compulsory ventilation check, and increased awareness among the
public in the use of chemicals indoors, including cleaning products.
7.2.2 Comparison with WHO guidelines etc.
Several national and international organisations, including the World Health Organization WHO,

recommend that the TVOC levels in indoor air should not exceed 300 µg/m³. BETSI shows that
this level is exceeded in 32 % of the single-family houses and in 10 % of the apartments in
apartment buildings. Most of these are however within the margin of error of the measurement
method. With regards to the measurement error margins, the BETSI study concludes that the
Swedish housing stock largely meets the recommendations.
7.2.3 Limit value for TVOC
There is no limit for TVOC and it is unlikely that such a thing will be formulated in the future, as the
concept of TVOC cannot be directly linked to human illness. It is possible that limits for individual
VOCs may be introduced in the future. The current knowledge of these low exposure levels is
however considered inadequate and in part contradictory, and do not provide enough scientific
support for introduction of limit values.
7.3

Benzene

Today’s  construction  products,  furnishings  and  household  chemicals  do  not  contain  benzene.  Thus  
the building itself is not the source of benzene in indoor air. The sources are tobacco smoke, motor
gasoline and some white spirits. Especially motor gasoline and emission from combustion engines
that enter the building through the supply air are assumed to be the main sources of benzene in
indoor air.
The environmental objective Clean Air states that the benzene level in outdoor air should not
exceed 1 µg/m³ as an annual mean. This level may also be applied for indoor air. An inventory of
outdoor air benzene levels in 2001 showed an annual mean of 1.6 µg/m³.
There is considerable uncertainty in chemical analyses of benzene concentrations near 1 µg/m³,
and in this case, the total uncertainty was estimated at ± 40 %. The WHO recommended value is
based on an annual mean, while the measurements in BETSI were performed for about two weeks.
Translation of the recommended annual average gives a two-week average, which is estimated at
1.4 µg / m³.
7.3.1 Benzene levels in BETSI:
–
More than half of the single-family houses show values exceeding 1,4 µg/m³, but most of
them are only marginally exceeding this value. The conclusion is that low TVOC values generally
correspond with low benzene levels, and high TVOC levels correspond with high benzene levels.
–
Less than half of the apartment buildings show values exceeding 1.4 µg/m³, but most of
them are only marginally exceeding this value. In apartment buildings, there is no co-variation
between TVOC and benzene.
It is surprising that the benzene levels in indoor air are higher in single-family houses than in
apartment buildings. This could be due to storage of fuel cans in rooms adjacent to the houses, e.g.
stores, utility rooms, and garages.
7.4

Nitrogen dioxide, NO2

Nitrogen dioxide comes from all combustion processes, such as tobacco smoke, traffic and
industrial activities. The main source of nitrogen dioxide in indoor air in homes is the outdoor air.
Heating with gas or cooking on a gas stove also raises nitrogen dioxide levels in indoor air, but the
heating and cooking with gas is very unusual in Sweden. BETSI has found a gas stove in only 4 %
of all homes, and most of these were in buildings built before 1960.
The levels of nitrogen dioxide in indoor air in single-family houses ranged from 2-36 µg/m³, with an
average of below 10 µg/m³. Apartment buildings showed levels between 1-38 µg/m³, averaging just
above 10 µg/m³. The levels in apartment buildings are generally higher than in single-family
houses, in particular for the apartment buildings that were built before 1960. This may be due to
the location of the buildings, as apartment buildings are located more centrally in urban areas with
surrounding traffic, while single-family houses are located in the urban periphery.

Table 2 Mean values of nitrogen dioxide in indoor air, µg/m³.
Built year
Single-family houses

Apartment buildings

Single-family houses +
Apartment buildings

BETSI (µg/m³)

before 1960

6±2

1961-75

6±2

1976-85

9±4

1986-95

8±2

1996-2005

7±2

Total

7±1

before 1960

11 ± 3

1961-75

11 ± 4

1976-85

13 ± 3

1986-95

19 ± 7

1996-2005

10 ± 3

Total

13 ± 2

Sum

10 ± 1

7.4.1 Correspondence with WHO guidelines
The World Health Organization recommends a 1-hour limit value of 200 µg/m³. BETSI shows
markedly lower values in indoor air.
7.5

Formaldehyde

Formaldehyde is present in dwellings mainly due to emissions from materials containing ureaformaldehyde resins and as an additive in consumer products..
Table 3 Mean values of formaldehyde in indoor air, comparison between BETSI and ELIB.

Single-family houses

Apartment buildings

Single-family houses +
Apartment buildings

Built year

BETSI (µg/m³)

ELIB
(µg/m³)

before 1960

20 ± 6

-

1961-75

32 ± 7

14 ± 3

1976-85

33 ± 12

16 ± 3

1986-95

19 ± 6

-

1996-2005

21 ± 2

-

Total

25 ± 5

14 ± 2

before 1960

12 ± 3

-

1961-75

21 ± 12

7±3

1976-85

12 ±3

9±2

1986-95

14 ± 2

-

1996-2005

22 ± 8

-

Total

16 ± 5

7±2

Sum

20 ± 3

-

7.5.1 Comparison with previous study ELIB
The results from both BETSI and ELIB show that single-family houses have higher indoor air
formaldehyde levels than apartment buildings. The results from BETSI are higher than ELIB, in
spite of the development of construction products with lower formaldehyde emissions. This may
result from having a relatively short measuring period of 1 – 3 days in BETSI as compared with
about 30 days in ELIB. The long sampling period in ELIB may have resulted in saturation of the
sampling medium and thus underestimation of actual values. It is quite surprising that the singlefamily houses built in 1961 – 75 and 1976 – 85 show the highest values. Emission of formaldehyde
from materials containing urea-formaldehyde resins generally decrease within a five year period,
and therefore these older houses should show lower levels of formaldehyde in indoor air.
7.5.2 Comparison with WHO levels
In BETSI, the formaldehyde levels in indoor air in single-family houses varied between 7 – 141
µg/m³, and in apartment buildings between 2 – 91 µg/m³. The indoor air levels of formaldehyde in
Swedish homes are significantly below the value recommended by WHO, which is 100 µg/m³ as a
30-minute mean value. Only one of the single-family houses showed a level that was well above
the recommended WHO value.

8. Conclusions
Science develops and we learn all the time to be careful with materials and substances that we
previously thought were harmless. When such materials and substances are incorporated in
buildings, it takes a very long time before they are phased out of the system due to the long
service life of buildings.
Potentially harmful substances that are discussed today are lead in brass fittings for drinking water
use, and bisphenol A which is used in relining of old water pipes.
Levels of contaminants in indoor air are generally lower than the WHO guidelines. Ventilation is
one important factor that affects the levels, and is considered important in indoor air discussions.
Older single-family houses are naturally ventilated, while newer ones have mechanical systems.
Apartment buildings are in general mechanically ventilated and the function of those systems are
regulated by law.
The radon limit value is set at 200 Bq/m3, while the WHO recommends 100 Bq/m3. It is not
considered socio-economically reasonable to lower the Swedish limit value to meet that of the
WHO.
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Summary
The Swedish National Board of Housing, Building and Planning was commissioned, in December
2006, by the Swedish Government to conduct a study of the technical characteristics of the
Swedish building stock. Experts investigated around 1800 buildings, statistically selected to
represent the total building stock, by conducting surveys, taking measurements and asking
residents to fill in questionnaires. One part of the investigation was to produce data to describe the
technical design of the buildings and make a comparison with previously conducted studies. The
result gave an overview of the Swedish building stock, particularly regarding building design,
roofing, facade materials and accessibility. Another part of the investigation was to examine the
deterioration in the buildings caused by lack of maintenance and calculate the costs to restore
them. The survey shows that damages to buildings are mostly due to deferred maintenance and
moisture and the cost to restore to contemporary standards may be very high.
Keywords: Swedish building stock, survey, technical status, deterioration, lack of maintenance,
damages to buildings

1. Introduction
The existing information and statistics covering the technical characteristics of the Swedish
building stock is out-dated and inadequate. The most recent data comes from the survey Elib (se
explonation below) conducted in 1991. The Swedish National Board of Housing, Building and
Planning was therefore commissioned by the Swedish government in December 2006 to conduct a
major survey to describe the Swedish building stock. The instructions given comprised several
objectives including technical design of buildings, indoor environment, energy efficiency and
dangerous substances. The first results were presented in 2009 [1], and more extensive results in
2010-2011 [2-7].
This report presents the studies of technical design of buildings including the extent and nature of
building defects and lack of maintenance in the Swedish building stock. This issue of deterioration
and lack of maintenance and the ability for property owners to address these are often debated. By
this survey there is now an additional source of knowledge of the extent and costs to repair
damages.
The study of the technical characteristics of the building stock has as far as possible been
designed so that they can be compared with previous studies. However, not all data can be
compared because the studies have had different purposes, have used different measuring

methods and the development in the society has put emphasis on different aspects.
1.1

Previous studies

The Swedish Energy Agency is conducting a longer project, STIL2 (statistics on commercial and
public buildings), to improve the state of knowledge on energy use. Results from the study STIL2
provides data on schools and kindergartens to this study. [8]
The research program Elib studied the technical characteristics, energy use and indoor climate of
the Swedish building stock. The National Institute for Building Research (SIB) made a survey of
1148 statistically selected buildings in 60 municipalities. There are several reports from the
program, but especially interesting is report TN:29, since it deals with technical characteristics of
the building stock, regarding household electricity, building electricity, heating, ventilation,
construction type and moisture damage. Comparisons between this study and Elib can be done for
single-family houses and block of flats. [9]
1.2

Sources of errors

There are of course errors in the data collected in the study. The sources of these errors have
been analysed and the data has been treated based on this knowledge. For example confidence
intervals are indicated in most analysis. Here are some sources of errors in this survey:
Errors in documents i.e. inspection protocols, drawings, etc., may cause misinterpretation of how
the buildings are constructed and areas might have been measured improperly, etc. The availability of documents has varied. In 40% of the cases building drawings were of poor quality or were
missing entirely.
Errors during the inspections may have occurred because of carelessness, lack of time, wrong
information from contact persons, difficulties in finding answers to questions, and more. This
source of errors were analysed by conducting control audits and analysis of these shows that the
answers to the questions may vary quite a lot. The control audits were conducted by experienced
personnel and they also had longer time per object to carry out the investigation. The inspectors
knowledge of, for example, environmental and health-affecting substances and measurements
was improved by a two-day seminar that took place prior to the inspections. Most inspectors participated in this training.
Errors due to wrong cost estimates of deterioration in the building stock and the cost to repair these are difficult to assess but Boverket believes that the amount of damage and the costs to repair
are underestimated. This is partly due to not using destructive investigation methods. Another important factor is that property managers who mismanage their buildings probably have chosen not
to take part in this survey.
Error of estimating damage costs may have occurred because the costs are average and the synergy of several measures implemented at the same time are not appearing.
Deficiencies in the database have been identified as and when the data has been reviewed and
subsequently have been corrected afterwards. All required questions are not answered and certain
responses are incorrect. A lot of time and effort has been put into updating the database based on
photos of buildings, matching different questions, re-measuring of areas, etc. Property owners
have received the results of the survey and have had the opportunity to correct inaccuracies. This
has also been helpful in updating the database.

2. The study of the technical status of the Swedish building stock
The aim of the study of the technical status was to obtain information about the Swedish building
stocks technical design and, if possible, compare these data with previous studies.
Causes, nature and extent of damages to buildings and cost of repair were reported at two levels:
problems that need immediate attention and issues that can be addressed later.
Three types of inspection protocols were used; single-family houses, block of flats and commercial
and public buildings. All reports contain fundamental questions concerning the construction, facade,
roof, damages, energy consumption, ventilation and general questions about the building.
2.1

Data concerning technical status from the survey

Sweden has about 9.3 million citizens and there are about 1.9 million single family houses and
166.000 block of flats in the country.
2.2

General questions about the building.

General questions about the building describes the building's location i.e. if there are overhead
lines nearby, the access to the building for handicapped persons, if the building is disturbed by
traffic noise, building type, etc.
The building's features are described in terms of floor height, number of stairwells, lighting in stairwells, waste management, elevators and common laundries etc.
2.3

Building construction

To answer questions about the structural design require some knowledge of building structures
and the possibility for inspectors to inspect the attic and crawling spaces under the foundations.
This was not always the case.
Answers to questions about the building's structural design, type of foundations and drainage system are not easy to answer just by looking at the building. The age of the building and the contact
person's knowledge of alterations can provide guidance.
Questions about the status of crawling spaces and foundations under a building are vital to answer
and they relate to issues concerning moisture, abnormal odours, damp protection of the ground
and density of the floor structure etc. To get some ideas of the conditions of a crawling space the
inspectors measured the moisture content of wood in these areas.
The construction of the floor, foundation slab, exterior walls, loft floors, etc. are described as
accurately as possible. Heat loss through the building structures is automatically calculated based
on building material retrieved from a pre-set list. This information is then used when calculating the
building´s energy efficiency. Data concerning facade materials, roofing materials (type and m2),
roof shape and slope are described. Details of windows can be derived through several questions
like: how big are the windows? Type of windows? Cardinal direction of the windows?
2.4

Dangerous substances

An inventory of dangerous substances is not easy to conduct without having specialised
knowledge but some guidance can be obtained from the age of the building. Questions to answer
are the presence of Asbestos, Freon, PCB, Copper, impregnated wood, materials in tap water
pipes and more.

2.5

Energy

Energy issues are a hot topic and previous studies have focused on energy. In this survey energy
was not the first priority but data on heating of the building, domestic hot water and electricity are
of course reported. The focus of the technical status report is on heating, type of heat pumps, fuel
in combustion boiler, etc. In there is also a study on energy use in Swedish buildings according to
national energy targets [6].
2.6

Ventilation system

Information on the building's ventilation system includes type of ventilation system, number of air
intakes, operation and maintenance of the ventilation systems (filter change, cleaning of ventilation
ducts, periodic inspections).
2.7

Other questions about the building

The properties of flats and non-residential premises are important and the aim was to inspect two
flats in every residential building and as many non-residential premises as possible in commercial
and public buildings. However, it has not been possible to accomplish this in all buildings.
Questions concerning the flats deal with views, original condition of the interior, odours, type of
ventilation system, materials used on floors and walls in the bathrooms, type of stove, fire protection, acoustic indoor environment and more.
The survey shows that the causes of damages to buildings are mostly related to deferred maintenance and moisture damage. The cost to restore the buildings to contemporary standards may
therefore be very high.
2.8

Causes of damages to buildings and deferred maintenance in the building stock

In order to analyse and report damages in the building stock there were three related questions in
the inspection protocol such as questions concerning damages common to all types of buildings
included in the survey, i.e. single family houses, block of flats and commercial and public buildings.
The questions were:
1. What measures have been taken in the last three years?
2. Is there a need for future measures?
3. What renovations/alterations have been made since the building was erected?
The inspectors have assessed the type and extent of damages in buildings based on interviews
with the property owner/contact person and against the following criteria:
Measures that cost more than SEK 50 000 in block of flats
Measures that cost more than SEK 10 000 in single family houses
The inspection was only visual and no destructive testing of the constructions took place
The inspector could choose type of damage from a list of predetermined choices in order to facilitate data management. Damages were recorded for different building elements:
Foundations and structural framework
Facades, complimentary facade elements and balconies
Roof exterior and attics
Windows and doors
Electricity / heating / ventilation / water / sewage
Bathrooms
Interior surfaces, joinery, fittings, stairs

There were also lists of predetermined choices concerning the causes of damage.
Fig 1 Example of causes of damages to the foundation
number
1
2
3
4
5
6

Foundations
Maintenance
Water leakage
Condensation
Decay
Odour, microbial activity,
active mould
Settlement

The inspectors have done their own assessment and asked the contact persons place their
maintenance/repair plan within the following time intervals:
1. Immediate maintenance
2. Within 1-3 years
3. Further ahead (no immediate action is needed)
Other data collected concerning the damages are what the extent of repair is needed (m2, frequency, meter etc), when was the damage discovered. Such information is backed up with photos.
Calculation and analysis of proposed measures and the costs involved were performed by The
Swedish National Board afterwards. If the building owners supplied cost data for actions taken
these figures were used in the calculations. Several consultants have calculated the costs for the
same measures and The Swedish National Board has aggregated the data to derive at an average
cost.
2.9

Measures taken in the building since they were erected

Measures carried out in the buildings since they were built have been registered in the database.
These actions do not have to exceed a certain amount to be registered. Data related to the
measures come from i.e. interviews with the contact person, data from drawings, building permits,
equipment labelling, technical systems, window labelling or notations in operating instructions. The
year in which the measure was carried out is also noted, if it can be obtained. The causes for actions may be maintenance, energy conservation, damage or aesthetic measures. A few examples
of jobs are drainage, additional insulation of the façade, replacement of electrical wiring, changing
of windows, upgrading ventilation systems or renovation of bath rooms.

3. Results from the technical status study
Here follows some results from the investigation of the technical status and damages to the Swedish building stock.
3.1 The average building
The average Swedish single family house and block of flats are presented below. These are not
the most frequent building types, but the buildings have the most prevalent properties.
3.1.1 The average single family house in Sweden
The average single-family house was built
in 1953 and is a 1.5-storey house with a
basement.
The facade is made of wood and the roof is
a pitched roof with concrete tiles.
The heated area, Atemp, is 160 m2 and the
U-value of the external walls is 0.334
W/(m2•K).  
2.3 people live in the house.

Photo: Conny Fridh/Johnér

3.1.2 The average block of flats in Sweden
The average block of flats was built in 1959
and consists of a basement and three floors
above ground.
The facade is of brick or plaster and the
roof is a pitched roof with concrete tiles.
The heated area, Atemp, is 1.426 m2 and Uvalue of the external walls is 0.411
W/(m2•K).
The building has 14.55 flats, and an average of 1.7 people live in each flat.

Photo Niklas Almesjö/Bildarkivet.se

3.2

Form of ownership, building type and lifts

91 % of the single-family houses are owned by those who live there. Most block of flats, approximately 67 %, are rental flats. Single-family houses are usually detached, around 82 %. Highest
percentage of detached single-family homes can be found among those that were built before
1960.
Since 1977 Sweden requires lifts in buildings with more than three stories. Major alterations to an
older building higher three storeys or higher can therefore trigger requirements of installing a lift if
there isn´t one previously. The figures in the table below shows that there are new buildings without a lift, the reason is that these buildings are split-level with entrances on several floors.
Figure 2 Proportion of buildings with three storeys or more with no elevator.
Construction
year
Block of flats
- 60
61 - 75
76 - 85
86 - 95
96 - 05
Total

(%)
66 ± 20
52 ± 15
14 ± 12
(3 ± 5)
(3 ± 6)
45 ± 11

( ) Statistically uncertain

There is almost no statistics available concerning accessibility for physically disabled people in
Swedish buildings are scarce. This survey has found that accessibility to and inside the buildings
are quite poor in older buildings, ie, block of flats constructed before 1960. In 15 % of these buildings you have to climb steps to reach the entrance of a building and in 80 % of the cases there are
steps when you have entered the building.

3.3

Construction engineering - foundation, façade materials, roofing materials and shapes

Many buildings have a combination of several foundation designs and basement exists in more or
less all types of buildings.
Figure 3 Foundation design for single-family houses, block of flats and commercial and public
buildings, percentage
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Most single-family houses have a wood facade (163 ± 16 million m2). The most common facade
materials on block of flats are plaster and brick, (41 ± 27 million m2). About 80 % of all residential
buildings have a pitched roof. The most common roofing material for residential buildings is concrete tiles. The figure shows the area of different roofing materials for residential buildings in millions of m2.
Figure 4 Roofing materials for residential buildings in million m2.
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3.4

Heated floor area

In the survey the term Atemp is used. This term is defined as the heated floor area in spaces designed to be heated to more than 10 °C. The heated floor area in single family houses is about 301
million m2 and in block of flats 237 million m2.
3.5

U-values for external walls

According to the study the average U-value of single-family houses is better than for block of flats
and commercial and public buildings. A comparison with the previous survey (ELIB) shows that the
average U-value has improved in the building stock as a whole for the different years of construction.
Figure 5 Average U-values for external walls
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0.39 ± 0.06
U-value for windows

The average U-values for windows in single family houses and block of flats are 2.2 respectively
2.1 W/(m 2 K). In commercial and public buildings it is 2.3 W/(m 2 K). A new window has an approximate U-value of 2.1 W/(m 2 K). The difference between buildings of different age groups is not
significant, which may be due to windows being replaced in older buildings or that it is difficult for
the inspector to assess the window's quality and design.
3.7

Main source of heating

In single family houses the most common primary heat source is electric heating, 29 %, comprising
of electric boilers, direct electric heating via radiators or electric heating elements in combustion
boilers. Oil and gas are used in 4% of single family houses and in 7% of all block of flats. Compared with the ELIB study there are five times as many heat pumps in Sweden today than it was in
1993.

In block of flats, district heating is the most common source of heating, 64%. Many buildings have
multiple heat sources.
Figure 6 Principal source of heating in residential buildings
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Ventilation systems

Natural ventilation is the most common ventilation system in single family houses constructed before 1975. In newer buildings mechanical ventilation dominates. About 60 % of the single family
houses erected between 1986 and 1995 have heat recovery of the exhaust air ventilation.
Commercial and public buildings often have several kinds of ventilations systems. Mechanical ventilation with heat recovery is the most common type. In block of flats constructed after 1975 mechanical exhaust ventilation dominates. Natural ventilation is hardly non-existing in commercial and
public buildings, but it´s the most common ventilation system in older block of flats (constructed
before 1960).
3.9

Water Damage

Water damage in bathrooms cost large sums of money to repair. The following water damage risks
have been examined in the study:
• leaking pipes
• holes in water membrane within a shower area
• recessed water pipes
The study shows that about 95 % of bathrooms in residential buildings have a floor that is sloping
towards the floor drain, which prevents the water from ending on the floor. There are more singlefamily homes (40 %) than block of flats that have surface mounted water pipes in the shower area.
It is interesting to note that in block of flats built between 1986 and 1995 there are less than 10% of
the bathrooms that have visible water pipes in the shower area. The reason may be that the
project VASKA promoting safe water pipe installations was introduced at the housing fair in Umeå
1986. [10] Approximately 60 % of bathrooms in residential buildings have holes in the water
membrane in the shower area and naturally if there is a leakage the risk for water damage
increase.
3.10 Smoke alarms
The study shows that 80 % of the residential buildings have a functioning smoke alarm and that
74 % have a properly installed and functioning smoke alarm.
3.11 Deterioration in buildings
The results of the survey revealed that 69 % of all single-family homes and 45 % of all block of
flats have some form of deterioration. Most damages recorded, are not of a serious nature. The
chart below shows the percentage of damaged building elements in different types of buildings.
Single family houses have the highest percentage of damage to all building elements. The most
liable component is the roof. About 33 % of the buildings have a reported damage to that. In block

of flats the most damaged part is the external walls and for the commercial and public buildings it
is the foundations.
Figure 7 Proportion of single family houses, block of flats and commercial and public buildings with
damaged building elements
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To restore the damages and lack of maintenance found in the survey will cost a total of 267 ± 40
billion SEK if performed immediately. This sum can be split up as follows: for single family houses
the cost will be 186 ± 28 billion SEK, in block of flats 65 ± 27 billion SEK, and in commercial and
public buildings 16 ± 6 billion SEK.
In comparison, according to Statistics Sweden, maintenance and repair cost of block of flats and
commercial and public buildings were on average about 150 per m2 or about 50 billion SEK per
year. If single family houses and schools were to be included, the sum will be about 100 billion
SEK per year.
Figure 8 Total cost to repair damages to all buildings
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4. Discussion
The study of the technical status will provide updated data about the Swedish building stock that
can be used by researchers, government authorities, trade associations and other interested. This
data will replace the now 20-year old information from previous studies.
The cost to repair the building stock is estimated to 267 billion SEK. It may seem like an enormous

sum, especially as it probably is underestimated. But the study shows that most damages and deterioration reported by the inspectors are not of a serious matter. Compared to the cost of normal
maintenance in block of flats and commercial and public buildings, which amounts to approximately 50 billion SEK every year, the sum doesn´t seem overwhelming. This survey can provide an additional source of knowledge of the extent and costs to repair damages.
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Summary
Korea's annual CO2 discharge is 410 million ton (CO2 ton) per year. The rate of CO2 increase over
the past ten years is 75.5% and the average annual rate of increase is 6.5%. Accordingly, Korea
has been putting much effort into the development of energy saving policies and technologies for
the implementation of UNFCCC (United Nation Framework Convention on Climate Change).
Paper foam insulation presented in this paper is composed primarily of cellulose and starch. Recycled wastepaper is used for extracting cellulose and plant materials such as beans and corn are
used for starch. Paper foam insulation does not use extra gas but is made by vapor expanded method. Therefore, there is no global warming gas emitted during the production process and such
insulation material is decomposed by nature when becomes disused. Being environmentally friendly from the manufacturing process to the disuse process of the product is the strength of paper
form insulation. The expanded foam takes a form of fiber texture with perpendicular orientation but
the majority of cells are in the form of closed cell. Its low absorbency leads to high water resistance
of around 0.07 g/m3 hr mmHg. Paper foam insulation has a density of 20 kg/m3~ 35 kg/m3 and
simplifies the processing. Thermal conductivity is 0.034 W/mK ~ 0.038 W/mK. It is composed primarily of natural materials, and thus it does not emit harmful gases during combustion and does
not contain harmful substances such as formaldehyde and volatile organic compounds (VOCs).It
has very similar performance as EPS (Expanded Polystyrene) insulation in terms of tensile
strength, compressive strength, and absorbency rate. The greatest characteristic of paper foam
insulation is the use of recycled paper as a primary raw material, and the greatest strength is its
outstanding economic efficiency from recycling.
Keywords: Cellulose foam, Insulation, Polypropylene

1. Introduction
The insulation materials used in recent buildings have been made through the development of various technologies and materials. Paper foam insulation presented in this paper is composed primarily of cellulose and starch. Recycled wastepaper is used for extracting cellulose and plant materials such as beans and corn are used for starch. Paper foam insulation does not use extra gas
but is made by vapor expanded method Therefore, there is no global warming gas emitted during
the production process and such insulation material is decomposed by nature when becomes disused. Being environmentally friendly from the manufacturing process to the disuse process of the
product is the strength of paper form insulation. In this paper, the physical properties of paper foam
insulation will be tested to examine its applicability as insulation material for buildings.

2. Paper Foam Insulation
The core material of paper foam insulation is cellulose extracted from waste paper. Cellulose can
be extracted from paper wastes that are usually incinerated for being difficult to recycle. Such paper wastes include useless papers of damaged fibroid material and shredded paper. The manufacturing process is as follows: First, waste paper and starch are mixed together. And a portion of
polypropylene-type resin is added to this mixture. Then, the mixture undergoes the process of vapor expansion and extrusion and becomes insulation in the form of board or filling-type particle.
The cell structure of paper foam insulation is composed of a substance that acts as a nucleus during expansion and a substance that envelops the nucleus. The core technology is characterized by
having no physical or structural change done to the form or film of the cell after the expansion.
The expanded foam takes a form of fiber texture with perpendicular orientation but the cells are in
the form of closed cell. Having low absorbency as a part of closed cell characteristics leads to high
water resistance of around 0.07 g/m3 hr mmHg. The density adjustment for paper foam insulation is relatively simple based on expansion magnification, and can be applied as an insulation
material of high economic efficiency with a density in the range of 20 kg/ ~ 35 kg/ .
The raw materials of paper foam insulation, except for the polyprophylene-type resin, an additive,
are primarily natural materials. Therefore, paper foam insulation does not emit harmful gases during combustion and fundamentally does not contain harmful substances such as formaldehyde and
volatile organic compounds (VOCs). Figure 1 is the examples of products having different density
levels and shapes of paper foam insulation. Figure 2 shows the shape and the cross-sectional texture as an insulation material for buildings. Figure 3 shows the internal insulation technique and the
external insulation technique on actual buildings

a) Low Density Board

b) Mid-Density Board

c) High-Density Board

d) Filling-Type Particles

Fig. 1 Examples of Paper Foam Insulation Forms

b) Perpendicular Cross-Sectional View
a) Product Example of Paper Foam Insulation
Fig. 2 Sectional Details of Paper Foam Insulation

a) Internal Insulation Technique
b) External Insulation Technique
Fig. 3 Examples of Paper Foam Insulation Construction

3. Thermal conductivity
Test results on thermal conductivity in accordance with ISO 8301 (Thermal InsulationDetermination of Steady-State Thermal Resistance and Related Properties) are shown in Table 1
and Table 2. The test was performed in Constant Temperature/Humidity Room that has the room
temperature of 23± 1 and the relative humidity controlled at 50 ± 5%.
The thermal conductivity testing was conducted on products produced under two different settings by controlling the expanded component and magnification.
Total of three types of products were produced under the first setting with the density around 0.02 g/ , 0.026
g/ , and 0.031 g/ , and the average thermal conductivity for each density was 0.037 W/mK, 0.035 W/mK,
and 0.034 W/mK, respectively.
Total of two types of products were produced under the second setting where the expanded components and
magnification were controlled with the density around 0.024 g/ and 0.026 g/ , and the average thermal
conductivity for each density was 0.035 W/mK and 0.034 W/mK, respectively. Figure 4 and Figure 5 are the
correlation diagram of thermal conductivity by density.

A: High-heat plate B: Thermal conductivity tested specimen C: Heat flow meter D:Low-heat plate
Fig. 4 Overview of thermal conductivity testing method by Heat Flow Meter
Table 1. Thermal Conductivity of Products
under Setting #1
TYPE
1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
2-5
3-1
3-2
3-3
3-4

Density
(g/ )
0.0222
0.0221
0.0219
0.0218
0.0258
0.0270
0.0275
0.0268
0.0266
0.0304
0.0307
0.0307
0.0320

Average Thermal Conductivity (W/mK)
0.036
0.036
0.036
0.036
0.035
0.035
0.035
0.035
0.035
0.034
0.034
0.034
0.034

Fig. 4 Thermal Conductivity of Products
under Setting #1

Table 2. Thermal Conductivity of Products
under Setting #2
TYPE
4-1
4-2
4-3
4-4
4-5
4-6
5-1
5-2
5-3
5-4

Density
(g/ )
0.0239
0.0233
0.0230
0.0238
0.0245
0.0240
0.0270
0.0252
0.0247
0.0251

Average Thermal
Conductivity (W/mK)
0.035
0.035
0.035
0.035
0.035
0.035
0.034
0.034
0.034
0.034

Fig. 5Thermal Conductivity of Products under
Setting #2

Table 3. Comparison of Thermal Conductivity
Insulation Type
Density[g/ ]

EPS-1

EPS-2
(Contain Graphite

Paper Foam Insulation
(Setting #1)

Paper Foam Insulation (Setting #2)

0.015

0.043

0.034

0.038

0.039

0.020

0.040

0.033

0.037

0.036

0.025

0.037

0.032

0.035

0.034

0.030

0.036

0.031

0.034

0.032

0.035

-

-

-

0.030

4. Physical Properties of Paper Foam insulation
Figure 6 shows the Figures of absorption test performed in accordance with ISO 4898. Table 4 is the result of
absorption test by density.
Absorption %(V/V)= × 100
Here G1 : Weight after 48 hours from water soaking(g)
G2 : Weight after 24 hours from drying(g)
V : Volume of specimen ( )
Table 4. Absorption by Density
Density
[kg/ ]

Absorption
[%(v/v)]

22.7

2.7

25.6

3.5

31.9

3.1

Fig. 6 Feature of absorption and dimensional stability testing

Table 5 shows the changes in dimensions measured after leaving the test specimens for one hour at ISO 291
Standard after heating for 48 hours at 70 in accordance with ISO 2796.

Fig. 7 Thermal change in dimension
Measurement of thermal change in dimension - Length: (2.3)
Width: (2.4)
Here l0, b0,: Original dimension (mm)
lt, bt,: Dimension after heating (mm)
Table 5. Measurements of Dimensions Stability after Heating
Types
20 kg/m3
25 kg/m3
30 kg/m3

Dimensions before
Heating [mm]

Dimensions
after Heating [mm]

Rate of Change [%]

99.0
100.7
101.8
99.6
100.8
100.7

98.9
100.0
101.4
99.4
100.6
100.5

0.1
0.7
0.3
0.2
0.2
0.2

Length
Width
Length
Width
Length
Width

Moreover, paper foam insulation also reduces floor impact sound when constructed on floor layer. Table 6 is
the test result on dynamic stiffness and loss factor before and after heating in consideration of floor insulation
system used in the residential buildings of Korea. The test method was according to the dynamic stiffness test
method of KS F 2868 (Determination of Dynamic Stiffness of Materials Used under Floating Floors in Dwellings).
Table 6. Dynamic Stiffness and Loss Factor Before/After Heating
Before Heating
Types

Dynamic
Stiffness [MN/

]

Loss
Factor

After Heating
Dynamic
Stiffness [MN/

]

Loss
Factor

Rate of Change in
Dynamic Stiffness

20 kg/m3

5.0

0.18

4.4

0.16

12.0 %

25 kg/m3

6.2

0.23

5.4

0.26

12.9 %

3

7.4

0.19

6.9

0.20

6.8 %

30 kg/m

Table 7. Measurements of Compressive Strength and Flexural Strength
Type

Compressive Strength
[N/cm2]

Flexural Strength
[N/cm2]

20 kg/m3

6.7

2.6

25 kg/m3

7.9

5.4

30 kg/m3

12.3

6.7

Fig. 8 Feature of flexural strength testing

Fig. 9 Feature of compressive strength test

The performance standard of Korean Industrial Standard on the property of Cellulose Foam enacted on February 7, 2011 is as set forth in the Figure 8.
Table 8. Performance standard of Korean Industrial Standard of Cellulose Foam
Type
Kind of Performance
Unit
1
2
3
Density
Thermal conductivity
(Average testing temperature 23 ,
(7~28 days)
Dimensional stability
(70 , 48 hours)
Absorption

kg/m3

30 or higher

25 or higher

Testing method

20 or higher

KS M ISO 845

W/(m·K)

0.034 or less

0.035 or less

0.037 or less

KS L 9016
KS L ISO 8301
KS L ISO 8302

%

1 or less

1 or less

1 or less

KS M ISO 2796

%(V/V)

4 or less

4 or less

4 or less

KS M ISO 2896

Formaldehyde
mg/(m2·h)
Hazard
Emission
(7 days
later) VOCs Emismg/(m2·h)
sion

0.1 or less

KS M 1998

0.1 or less

KS M 1998

Combustibility

-

Burning time to be within 120 seconds, and burning length to be 60 mm or less

KS M ISO 9772

(Reference)
Water vapor
permeability
(23 , 0~50%
Relative Humidity)

ng/Pa·s·m

9.5 or less

KS M ISO 1663

5. Conclusion
Density control and production of paper foam insulation is easily controlled based on expansion
magnification. Paper foam insulation as an insulation material for buildings is applicable to density
of around 20 kg/ ~ 35 kg/ . There is a high correlation between the thermal conductivity of paper foam insulation and density, and showed thermal conductivity test results in the range of 0.034
W/mK ~ 0.038 W/mK for different density levels.
Paper foam insulation uses recycled materials as its primary component and does not emit global
warming gases during expansion. More studies will be conducted in the future on direct/indirect
comprehensive economic assessment and environmental load reduction effect in consideration of
such physical properties of paper foam insulation.
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Summary
In Singapore every year, hundreds of thousands of tons of industrial wastes and dredged material
are being produced and disposed off. On the other hand Singapore has limited resources and
imports all the essential raw materials needed for building and construction purposes. Since
technologies are available to convert these wastes into potential materials applicable for the
industry, it is worthwhile for Singapore to explore this option.
The Center for Sustainable Buildings and Construction (CSBC) of Building and Construction
Authority (BCA) is working with NewEarth Pte Ltd, a local private enterprise to explore
technologies to convert wastes like dredged material and spent copper slag to produce synthetic or
engineered aggregates for building and construction applications. This is in line with the BCA’s
Sustainable Construction Masterplan (SCMP) to reduce and recycle wastes.
Under the SCMP, crushed concrete waste which is currently being used for lower value
applications like backfilling and construction of temporary site access roads, will be ‘up-cycled’ and
processed into recycled concrete aggregates used for structural applications. Alternative potential
waste materials like dredged material and spent copper slag would thus be explored for lowervalue usage or other civil engineering applications, which will in turn free up precious natural raw
materials like granite for structural building works.
CSBC collaborated with NewEarth to use Crystallisation Technology to transform the mixed wastes
of dredged material and spent copper slag into synthetic aggregates for this study. This is a
patented technology comprising three key processes- Stabilisation, Fixation and Encapsulation, as
well as Vitrification.
The study explores the use of these synthetic aggregates for replacement of coarse aggregates in
concrete. In the design optimisation stage, various proportions of dredged material were used to
produce the synthetic aggregates. They were sintered at various high temperatures and the
performance of the synthetic aggregates was studied. Eventually aggregates with 50% dredged
material sintered at 1000ºC were selected to produce the synthetic aggregate mix and used for
further tests. Laboratory results indicated that the selected aggregate mix gave an impact value of
51% and water absorption of 5.24%. They also had a bulk density of less than 1200kg/m3 and
were therefore classified as lightweight aggregates. When these aggregates were used for the
production of Grade 35 and Grade 40 concrete, results showed that the compressive strengths of
both grades of concrete were satisfactory. For the next phase of the study actual field tests on the
concrete produced with synthetic aggregates would be carried out.

In terms of environment impact, leaching test results showed that the concentration of toxic
elements (heavy metals) leaching out from the synthetic aggregates did not pose any hazards to
the environment and are therefore safe for building and construction applications.
The success of the project will go a long way towards contributing to Singapore’s vision of
achieving zero landfill. It will also help reduce our over-reliance of imported building and
construction materials.

1.

Introduction

Singapore is a resource-challenged country. All our essential raw materials needed for the
building and construction industry are imported. Because of our over-reliance on imported raw
materials, uncertainty in the supply of these materials and the influence of global market forces can
have a significant impact on our building and construction industry.
With advance in technology many types of wastes could be converted into useful products for the
building and construction industry. Since natural resources are depleting and more alternative
materials can be made available through technological means, it is timely and worthwhile to
explore the use of such materials in construction works.
In Singapore every year, hundreds of thousands of tons of industrial wastes and dredged material
are being produced. If these materials cannot be used in a meaningful way, they would have to be
disposed off at our only offshore landfill site at Pulau Semakau. This practice is not only
environmentally unfriendly; we are also shortening the lifespan of our remaining landfill site. On
the other hand if there are suitable technologies to convert these materials into novel building and
construction materials, the potential benefits and impact to the industry would be tremendous.
The Center for Sustainable Buildings and Construction (CSBC) of Building and Construction
Authority (BCA) partnered NewEarth Pte Ltd, a local private enterprise to explore technologies to
convert mixed waste of dredged material and spent copper slag to produce synthetic or engineered
aggregates for building and construction applications.
Dredged materials are generated mainly from the dredging and excavation activities related to the
construction and the maintenance of channels at the port terminals. They are sediments
excavated under water, composing of alluvial deposits i.e., boulder, sand and mud, of which may
contain toxic chemicals from land-based sources. Some level of contamination is inevitable and
may vary depending on the proximity of human activities to the proposed dredging works. The
commonly found contaminants include organic contaminants and heavy metals. The key
challenge for the use of dredged materials is to decontaminate or stabilise the chemical
contamination within the sediment matrix as well as to contain the toxic heavy metals present from
leaching out.
Spent copper slag is the by-product generated from grit blasting works at the shipyards. It is
basically inert with no apparent odour and irregularly shaped. Copper slag which itself is a byproduct formed from the copper smelting process, is imported by our shipyards for grit-blasting to
remove rust and marine deposits accumulated on the ships. Spent copper slag may be
contaminated with rust and paints and becomes a waste material, however the contaminants can
be easily removed.

2.

BCA’s Sustainable Construction Masterplan

Singapore realised that a whole-of-government approach is required to steer the whole country
towards environmental consciousness. For this reason an Inter-ministerial Committee on
Sustainable Development (IMCSD) was established and the Sustainable Blueprint was formulated.
In a nutshell, IMCSD’s goals are to improve resource efficiency and to achieve zero landfill.
In June 2009, BCA revised our Sustainable Construction Masterplan (SCMP) to be in line with
IMCSD’s goals. BCA champions the SC drive to lead the industry into the emerging paradigm of
“Sustainability Development”. SC is strategically critical to Singapore in 2 ways:
• Firstly, it mitigates impact on our limited landfill capacity and
• Secondly, it helps to reduce our dependence on imported construction materials and
enhance our supply resilience for these materials.

Under this Masterplan, BCA aims to reduce the use of natural aggregates in concreting works for
buildings through recycling and use of recycled materials, while at the same time advocating the
efficient use of natural materials, through for example design optimisation.
To achieve these goals require a mindset change to view every waste as a potential resource for
the next process in the construction value chain. Through the Masterplan, BCA will ‘up-cycle’ the
majority of the concrete waste for higher-value applications, namely processing it into recycled
concrete aggregates (RCA) for structural concrete in building works (Refer to Figure 1). Currently
the bulk of crushed concrete has been used for lower value applications such as backfilling or as
hardcore material for construction of temporary site access roads. At the same time BCA will also
explore the use of potential waste materials as alternatives for lower value usage or other civil
engineering
applications.
Dredged
material
and copper slag are
some
examples
because
of
the
substantial quantity
generated. Modified
dredged
materials
could also gradually
replace
traditional
imported materials
such as granite for
non-structural
concrete,
thus
freeing up more
granite for structural
building works.
Figure 1. Upcycling chart for building and construction materials

3.

Technology Developed to Treat Dredged Materials

Many studies have been carried out on the use of dredged materials for innovative construction
applications. The production of aggregates for concrete from wastes is being recognized as a
great potential for the utilization of large quantities of waste materials and this possibility has
received increasing attention in recent years.
CSBC collaborated with NewEarth Pte Ltd on a research project to explore the use of synthetic
aggregates converted from a mix of contaminated dredged material and spent copper slag for use
in concrete. The initial research focus was to look at processes to treat sediments in the dredged
material to render them suitable for varieties of beneficial uses. However it was found that very few
processes have been developed to reduce, separate, immobilize or detoxify contaminants in the
dredged materials.
By using intense heat to treat materials such as dredged material, high thermal ceramic
aggregates are formed. Bhatty et al. [1] reported that sludge ash pellets sintered at an elevated
temperature of 1050 deg C developed inert aggregate of reasonable strength, satisfactory for use
as regular coarse aggregates in concrete. Tay et al. [2] produced coarse and fine lightweight
aggregates from mixed waste of wastewater sludge and dredged material, fired within a
temperature range from 1050 to 1200 deg C and crushed to smaller-sized aggregates for use in
concrete. The aggregates were reported to exhibit high thermal insulation and fire resistance
properties, with the 28-day compressive strength comparable to commercial lightweight
aggregates.

With this as a basis, NewEarth (NE) developed a technology to transform the mixed waste of
dredged material and spent copper slag into an environmentally safe material which can be used
as value-added construction materials. The patented technology, also known as ‘Crystallisation
Technology’ (Singapore patent number: 123864 [WO 2005/097368]) involves chemical,
mechanical and vitrification techniques specially designed to process the mixed wastes. The
process is described as follows:
•

First the dredged material was air-dried in a holding tank for several weeks to achieve a
consistent dryness in order to batch accurately by dry mass before grinded to particle sizes
finer than 1mm to promote agglomeration for the ease of palletizing later on

•

Dredged material and spent copper slag were then crushed and grinded to finer size,
sieved to remove sand, sea shell, dried plants and others to obtain uniform and smooth
mixture before water was added

•

The mix was chemically treated by adding silica-based solution to it to stabilize the heavy
metals

•

The mix was further aged for at least 24 hours to enhance the stabilization effect and allow
the development of dredged material bonding

•

The mix was palletized to the desired sizes, then dried
at a temperature of 100ºC overnight to remove water
content

•

Finally the mix was transferred to a muffle furnace and
sintered at 1000ºC for about 600mins. During sintering
at high temperature the silica-based additive will
combine with the dredged material to form a ceramic
surface which will encapsulate heavy metals from
leaching out to its environment.
Figure 2. Synthetic Aggregates

The resulting synthetic aggregates produced are shown in Figure 2.

4.

Properties of Synthetic Aggregates

4.1.

Chemical Composition of Synthetic Aggregate

For the SEM-EDX test, the synthetic aggregate sample produced from a mix comprising 50%
dredged material and 50% spent copper slag, was dried at 105ºC and sieved before elemental
analysis. The normalized average element analysis results of the dried residue were obtained and
listed in Table 1. The dominant elements are Al 7.38%, Si 22.7% Fe 17.7% and O 43.4%, which
are common or ubiquitous elements found in dredged material and spent copper slag. After heat
treatment is applied at 1000°C, majority of the elements will be oxidized to metal oxides, which is
the reason for the high oxide, O content, 43.4% found in the sample. Metal oxides are very stable
compounds which will not dissociate or be affected by pH of its environment.
Table 1. SEM-EDX qualitative element analysis of Synthetic Aggregates
Element content, %
Sodium, Na
Magnesium, Mg
Aluminium, Al
Silicon, Si
Sulfur, S

Element Analysis result (Qualitatively), based on
average of 5 determinations
1.34
0.41
7.38
22.7
0.29

Element content, %

Element Analysis result (Qualitatively), based on
average of 5 determinations

Potassium, K
Calcium, Ca
Titanium, Ti
Manganese, Mn
Iron, Fe
Copper, Cu
Zinc, Zn
Oxygen, O

1.80
2.96
0.47
0.086
17.7
0.79
0.69
43.4

XRD was also carried out on the above sample and treated at temperature of 1000 deg C. Based
on the XRD pattern, the sample contains a mixture of 6 possible crystallization phases including
quartz (SiO2), Magnetite (Fe3O4), Haematite (Fe2O3), Halloysite -10A (Al2Si2O5(OH)4. 2H2O),
Andradite, syn (Ca3Fe2(SiO4)3), Hydrohematite (Fe2O3. xH2O) and Iron, syn (Fe). Quartz is the
main component which has the largest phase in the aggregate.
4.2.
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4.2.1. Water Absorption (WA)
WA

7

The WA tests were conducted
according to BS EN 1097-3 for
the synthetic aggregates sintered
at different temperatures. The
WA performance is crucial
especially when aggregates were
to
be used for concrete
production. The amount of water
absorbed by the aggregates will
directly affect the concrete
workability.
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Figure 3. Effect of temperature on WA of Synthetic Aggregates
As shown in Figure 3, the WA data collected from our experiments ranged from 5% to 8%. Figure
3 also showed that generally as the sintering temperature increased, the WA rate of aggregates
decreased correspondingly. When aggregates with dredged material 50% were tested at different
temperatures it showed reduction in WA at 1000ºC and 1050ºC from 5.5% to 5.28%. This can be
explained that at a higher sintering temperature as the dredged material and spend copper slag
started to fuse, the micro-particles began to tightly bind together and developed a closed pore
structure. I-J. Chiou et al. [3] explained that a glassy or ceramic texture will begin to form on the
surface of the aggregates at high temperature, thus enhancing the WA performance of the
aggregate. The exception was the aggregate with 45% dredged material. It was likely that at that
proportion, insufficient bonding developed between the dredged material and copper slag resulting
in pores forming between the micro-particles. Thus the WA increased from 5.52% to 5.58% even
as the sintering temperature increased from 1000°C to 1050°C.
4.2.2. Aggregate Impact Value

AIV, %

Aggregate Impact Value (AIV) tests were carried out according to BS 812: Part 112. AIV is a test
of the aggregate strength. The AIV is expressed as a percentage of fines produced from the
aggregate sample after subjecting it
to impact from a standard plunger
57
for 15 times.
1000
56
55
1050
As shown in Figure 4, an increase in
54
dredged material content will reduce
53
the AIV value. This is because
52
dredged material helps to fuse and
51
bind the mix together to enhance the
50
strength of the resulting aggregate.
49
When the dredged material content
48
increased from 40% to 50% the AIV
value decreased approximately 3%
47
from 54% to 51%. Similarly a further
46
increase in dredged material content
40
45
50
55
60
65
70
to 65% will reduce the AIV value to
dredged m aterial, %
approximately 48%.
Figure 4. AIV value at different dredged material %
Interestingly, results also showed that an increase in sintering temperature significantly reduced
the AIV. When sintered at 900ºC, the AIV value was 50% but when the sintering temperature
increased to 1050ºC, the AIV value decreased to 47%. This can be explained that when the
sintering temperature increased to 1050ºC, the SiO in the dredged material will fuse and hold the
mix together to develop smaller pore size microstructure and form a ceramic outer layer which
showed ‘glassy’ surface.
4.2.3. Loose Bulk Density
Loose bulk density of the synthetic aggregates was determined based on BS EN 1097-3. Results
in Table 2 showed that the aggregates can be categorized as lightweight aggregates (below
1200kg/m3).
Table 2. Loose Bulk Density of Synthetic Aggregates
Test No.

Loose bulk density, kg/m

1
2
Average

1164
1127
1145.5

5.

3

Potential Applications of Synthetic Aggregates in Concrete

For concrete testing synthetic aggregates with 50% dredged material and 50% copper slag
sintered at 1000ºC was selected and sufficient quantity was produced for the casting of concrete
samples. Since the AIV values of the synthetic aggregates produced were relatively higher than
conventional granite aggregates used for concrete (Max specified under BS 812: Part 112 was
45%), the project team comprising CSBC and NewEarth personnel decided to explore the use of
these aggregates to replace granite aggregates for non-structural concrete applications for a start.
This is despite the fact that there is no conclusive evidence of a direct correlation between the AIV
and the compressive strength of concrete.

As the compressive strength of
concrete is the most common
performance parameter used by
the
engineers
in
designing
buildings and other structures, the
compressive strength tests of
concrete produced using synthetic
aggregates
was
conducted
according to BS 1881: Part 116.
Strength test results from cast
concrete specimens may be used
for quality control, acceptance of
concrete, or for estimating the
concrete strength of a structure for
the
purpose
of
scheduling
construction operations.
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Figure 5. Compressive strengths of Grade 35 concrete
The compressive strength is determined by crushing a concrete cylinder or cube specimen in a
compression testing machine according to the requirements of BS 1881”Part 116.
For the trial tests, the compressive strengths of 6-inch concrete cube specimens cast with 100%
replacement of granite aggregates with synthetic aggregates were evaluated.

Grade 40

KN/mm2

The two most common grades of
concrete used in the industry were
produced- Grade 35 and Grade 40. All
the industrial standard practice in
concrete mixing remains unchanged.
Workability of the concrete was not
compromised because of the low WA
characteristic of the aggregates. All the
concrete cubes were water-cured under
standard laboratory conditions until their
specified ages at 7, 14 or 28 days.
Results of the concrete compressive
strengths are as shown in Figures 5 &
figure 6. The 28-day strengths of both
grades of concrete were satisfactory.
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Figure 6. Compressive strengths of Grade 40 concrete
Due to certain constraints in this project, an actual field test could not be carried out using the
synthetic aggregate mix. For the next phase of the study field concrete produced using the
optimised synthetic aggregate mix would be subjected to various tests according to the existing
building codes and regulations.

1.

Environmental Impact of Synthetic Aggregates

To assess the environment impact due to leaching of heavy metals from the synthetic aggregates,
the Toxicity Characteristic Leaching Procedure (TCLP) test was carried out according to the US
EPA 1311 standard. Results are as shown in Table 3.

Table 3. 3rd Party Verification Test on Leachability of Heavy Metals

Element, mg/L

Arsenic, As
Barium, Ba
Cadmium, Cd
Chromium, Cr
Copper, Cu
Cyanide, CN
Fluorine, F
Iron, Fe
Lead, Pb
Manganese, Mn
Mercury, Hg
Phenolic
compounds
Selenium, Se
Silver, Ag
Zinc, Zn
Nickel, Ni

Synthetic Aggregate

Maximum allowable
Concentration

0.15
0.37
<0.0012
0.020
1.13
<0.06
3.26
1.02
0.099
0.028
<0.0001
<0.15

5
100
1
5
100
10
150
100
5
50
0.2
0.2

<0.045
<0.0015
0.35
<0.0045

1
5
100
5

It was observed that the highest concentration levels recorded were Cu (1.13mg/L), F (3.26mg/L)
and Fe (1.02mg/L). However, the concentration levels for the leached heavy metals were very low
or negligible. This means that the environmental impact of the synthetic aggregates is minimal and
affirmed NewEarth’s patented ‘Crystallization Technology’ is effective in encapsulating the heavy
metals from the dredged material and spent copper slag from leaching out. The use of high
temperatures to convert the structure of the industrial wastes into a ceramic matrix is an added
advantage. The resulting structure is very stable and would not pose any environmental problems
in the long term. The ceramic aggregates are therefore safe for reutilization and are suitable to be
used for value-added building and construction applications.

2.

Conclusion

This study showed that the production of synthetic aggregates using industrial wastes such as
dredged materials and spent copper slag for building and construction purposes is not only feasible
but sustainable. The aggregates had a bulk density of less than 1200kg/m3, therefore it is
classified as lightweight aggregates. Although the AIV is higher than conventional granite
aggregates, the aggregates are still suitable to be used for non-structural concrete. Workability of
the concrete was not compromised because of the low WA characteristic of the aggregates.
Achieving the designed strengths of Grade 35 or 40 concrete was not an issue. TCLP test also
showed that the synthetic aggregates did not pose any hazardous impact to the environment.
The success of the project offers an alternative to landfill and aids in prolonging the lifespan of
Singapore’s only offshore landfill site at Pulau Semakau. Most importantly the feasibility of using
synthetic aggregates also reduces Singapore’s reliance on imported construction materials. By
replacing natural aggregates with synthetic aggregates, valuable natural resources can thus be
freed up and utilized for higher- value applications.
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Summary
Increased environmental awareness has led the construction industry to desire a more
comprehensive understanding of the full life cycle environmental impacts of whole buildings and
components. Life cycle assessment (LCA) studies provide such understanding by assessing
embodied, recurring embodied and operational impacts (cradle-to-grave or cradle-to-cradle
assessments). A variety of LCA tools are currently available to assist LCA users to develop their
analysis, but these tools can impose challenges when comparing different results. This study
entailed the development of an environmental assessment for a steel office building in Canada
using alternative LCA tools and compares its results to a few case studies. The analysis indicates
that comparing results from LCA studies that uses various tools can be misleading. This is due to
the varied methodologies, datasets, assumptions and functional units that each LCA tool and study
includes. A possible solution to this problem is applying an international benchmark rating system
for LCA studies of whole building and building components. An example of such a system used for
building components is the Green Guide to Specification developed by BRE in the UK. Further
research and methodology development is required in order to develop such rating system for
whole buildings.
Keywords: construction industry, life cycle assessment, LCA tools, embodied vs. recurring
embodied vs. operational impacts, international LCA rating system

1. Introduction
A growing awareness of the environmental impact of buildings throughout their life-cycle has led
the construction industry to shift the analysis of inherent environmental impacts from just the
operational life stage, to include a more comprehensive understanding of the full life-cycle of
whole-buildings and components. Hence, there is a move to evaluate the embodied impacts of
materials and components that comprise a building from   “cradle   to   grave”   methodologies (or
“cradle   to   cradle”   when   considering reuse or recycling aspects) [1]. This evaluation and
quantification must be developed systematically through a consistent framework with the intention
of locating major trade-offs and understanding potential areas of improvement [2]. Life cycle
assessment (LCA) methodology, established by the International Organization of Standardization
(ISO:14040), is a scientific tool that provides such complex evaluation [3] [4].
Life cycle assessment evaluates all environmental impacts cumulatively stage by stage over the
entire life span of a product or process providing a more accurate spectrum of environmental tradeoffs and avoiding shifting environmental burdens between each life cycle stage [5] [6]. LCA assists
improving the sustainability of products and processes   by   identifying   “greener”   opportunities  over  
the life stages, and therefore it is a tool for decision makers. LCA assists government agencies to

develop policies and to ensure that regulations are being met. Private and public sectors can use
LCA to provide a better understanding of environmental consequences of alternative choices.
Furthermore,   LCAs   can   help   to   change   a   company’s   mind-set to more environmentally friendly
aspirations [7] [8] [9] [10]. In the U.S.A., this process of evaluation was  first  used  in  the  late  1960’s  
by Coca-Cola to assess the environmental impacts of switching from glass to plastic bottles.
Nowadays, the ISO 14040 family of LCA standards (Environmental management – LCA –
Principles and framework & Requirements and guidelines) are considered the starting point for
system development within the building industry sector [1] [3].
However, developing LCA studies of whole buildings is a very complex task that involves many
challenges regarding data collection for life cycle inventory (LCI) within the system boundaries and
assumptions made that could invalidate the study [1] [10]. In order to ease the practice of LCA
studies for whole buildings and building assemblies, several organizations have developed various
LCA tools and LCI datasets that are based on different methodologies and assumptions. Tools
such as BEES, Athena EIE and Athena EC in North America, EcoQuantum in Netherlands and
Envest 2 in UK, were developed following the ISO standards and comply with the requirements to
perform LCA studies [7] [9] [11] [12] [13] [14] [15]. Nevertheless, using different LCA tools imposes
challenges when comparing results and assessment of various buildings throughout the world
because each tool uses a different set of methodologies and assumptions. Therefore, an
international benchmarking system to rate LCA studies of whole buildings and assemblies could
provide a way to compare building design development internationally and facilitate the
assessment of global impact of buildings. An example of an LCA rating system for building
assemblies was developed by the UK Building Research Establishment (BRE) [15]. Although this
system was developed specifically to UK, it provides an easy way to compare various building
assembly options. This report presents an LCA study of a steel framed building in Toronto,
Canada adopting different LCA tools and illustrates the challenges to compare results from case
studies reported by other researchers.

2. Scope of work and methodology
2.1

Objectives

The main objective of the project was to evaluate the environmental impacts of a steel framed
office building using alternative Life Cycle Assessment (LCA) tools in the Canadian context. The
use of LCA facilitates the investigation of various environmental impact indicators, such as global
warming potential, primary energy and other emissions to air, water and land, through all the
building’s   life-cycles (cradle-to-grave and cradle-to-cradle). It also helps to understand the
embodied impacts compared to operational impacts. Furthermore, the results of this study were
compared to case studies reported in recent publications.
The work entailed a quantitative assessment of the embodied environmental impacts of structural
steel (and associated components) for a typical office building in Toronto. The aim was to provide
a more reliable and consistent source of information on comparative environmental benefits of
material selection putting the environmental impacts in a like for like analysis. Likewise, to provide
for the steel construction industry an updated analysis using the latest tools of assessment
generating better understanding of life cycle of steel framed buildings.
Since Athena
Environmental Impact Estimator (EIE) has been developed as a recognised LCA software tool in
North America to help carry out LCA studies of whole buildings, it was proposed to base this study
on Athena EIE software, but also looking at other alternatives. The focus of the work was to
undertake an Athena analysis of an office building, and investigate the alternatives which exist
within Athena to develop a model of an entire building and to compare the impacts using
alternative calculation methods such as Athena Eco-Calculator and GaBi LCA tools.
The focus of the analysis was on global warming emissions (equivalent carbon dioxide emissions)
and embodied energy, but also air and water emissions, solid waste, and raw resources use was
considered. Even though the indicators do not directly address the ultimate human or ecosystem
health effects, which is a much more difficult and uncertain task, they do provide good measures of

environmental performance, allowing professionals to understand and minimise these effects [2].
2.2

Methodology

The main software used in this research was the Athena Environmental Impact Estimator (EIE)
because it is the leading building LCA tool in North America, and designed to facilitate easy
modelling of whole building assemblies. There are two methods of modelling a building using
Athena EIE. The first method uses the assembly dialogues to select an assembly from the
available menu defined by Athena (Model 2 – EIE by assemblies). This is a user-friendly method
and the software builds a tree to help track entries. The software has a series of predefined
assembly groups: foundations, walls (exterior and interior), roofs, columns & beams and floors.
The user can select many envelope characteristics for each assembly group in order to better
represent the whole building design. Once the user has developed the model of a building or its
parts, the software can provide the environmental results, and also a bill of materials. Athena
Institute [16] compared these bills of materials to detailed manual take-off quantities and suggested
that they are within a range of 10%. Athena also considers that any comparative impact measure
differences of 15% or less are equal or insignificant. This is due to a series of uncertainties in the
LCI  database  and  various  assumptions  used  in  the  software  LCA’s  system.
The second method (Model 3 – EIE by quantities) to model a building in Athena EIE is by providing
material input data by units of weight, area or volume (in the case of concrete). It is the reverse of
the first method as in this case the user calculates the material quantity take-off list and input the
data. The software will then calculate the overall material quantities and provide the environmental
impacts. Model 3 (EIE by quantities) are considered the most accurate in this research because
the materials quantity is more realistic than the Model 2 (EIE by assemblies) as will be shown later.
Therefore these models will be used as base results to compare to other model results as shown in
Section 4.
The general system boundaries
used in Athena EIE can be seen
in the Figure 1. Athena EIE
methodologies consider recycling
and reuse for materials that are
not currently being land-filled at
the end-of-life of the building (e.g.
steel).
The
methodology
assumes impacts for on-site
building disassembly of those
materials including transportation.
The results provided by the
software
are
all
midpoint
indicators and LCI emissions
over the life-cycle span of the
building [16].

Fig. 1 Example of Athena EIE LCA system boundaries for
whole buildings

Athena EIE was chosen for this
research project as the primary
source of data. However, the LCI
databases used in Athena EIE for
steel and concrete structures are
approximately 10 years old.
Therefore, the World Steel
Association provided a more
recent LCI data for steel products
from cradle-to-gate. This data
was used when modelling the
steel building in GaBi, a generic
LCA software tool. Results were

compared and/or complemented  with  Athena  EIE’s  results.    Another  LCA  tool  developed  by  Athena  
is the Eco-Calculator (EC). This is a simplified web based tool that allows a designer to choose
from pre-specified assemblies and build up a whole building, but is limited to the available
assemblies. The software works with predefined values to each assembly group and provides only
initial embodied impacts for building designs.      The   Athena   EC’s   version best suited for this
research was the EC high-rise commercial buildings in Toronto. Athena EC (Model 1) was used to
provide comparative results to the Athena EIE models.
Athena EIE models were developed using both methodologies, first using the predefined assembly
dialogs (by assemblies) and second using a materials take-off list (by quantities). The model by
quantities was developed   using   hand   calculated   values   for   structural   materials   and   Athena   EIE’s  
bill of materials quantity list for other complementary materials. For   the   “by   assemblies”   method  
the software automatically accounts for material losses during construction. Thus   for   the   “by  
quantities”   method,   the waste ratio was applied to the complementary materials for consistency
and account for the likely materials wastage. Furthermore, structural materials were handcalculated in order to assess how accurately the Athena EIE software represents steel structures
using its predefined assembly dialogs.
A major limitation with the LCA research presented here is the LCI data used for the input materials.
The Athena Institute has developed a vast LCI database for the construction materials in North
America, including data collected from manufacturers in Canada and the EPA LCI databases for
US. Although   Athena’s   databases   are   well   recognized,   they   are   approximately   10   years   old   for  
steel products. Therefore, to provide a comparison to the Athena steel date, the World Steel
Association (WSA) was contacted to provide more up to date LCI data for steel products. WSA
has developed the most recent and acclaimed LCI database for the steel industry. Their LCI
allocation methodology is considered the most advanced in order to best define steel products into
LCA studies [17].    Although  the  WSA’s  LCI  database for iron and steel products are a good source
for LCA studies, the database is still in development, therefore WSA was not able to provide
regionalized North American LCI data for this research. The data provided by WSA is the world
average cradle-to-gate LCI data for steel products (including recycling) used in construction. The
WSA LCI data for those materials were developed including an end of life recycling rate of 85%.
The GaBi LCA software was used to develop a life-cycle impact assessment of steel products from
the steel building design. The WSA’s LCI data was used to model the impact of the steel using
GaBi LCA software.      Results   were   collected   using   TRACI’s   methodology   [18] in order to reach
consistency between Athena and GaBi models. These results were integrated with the Athena EIE
data for other materials and results to provide an alternative LCA model (4 – EIE + GaBi) by
replacing the results for cradle-to-gate steel products within Athena EIE models by quantities.
In summary, the following LCA models were developed for an identical steel-framed office building:
1) Athena EC (whole building); 2) Athena EIE by assemblies (whole building and structural
materials only); 3) Athena EIE by quantities (whole building and structural materials only); and 4)
EIE + GaBi (whole building and structural materials only). The results of these assessments were
compared with each other and with examples   of   other   “case   study”   steel   frame   buildings   taken  
from the published literature.

3. Steel building characteristics
The building is a 6 storeys + penthouse (lower roof + upper roof), 26.2m tall with built area of
1,426m2 per floor (8,740m2 total area) located in Toronto, Ontario, Canada. The floor plan consists
mostly of 9m x 9m and 9m x 12m bays, with central service core (see Figure 3). The noncomposite floor system consists of a composite steel deck with concrete topping supported by
wide-flange (WF) girders and beams or open-web steel joists (OWSJ). The girders and beams are
supported by wide flange columns and the central core bays are braced by hollow sections. The
structural components of the roof system consists of steel deck (without concrete topping),
supported mainly by 9m long OWSJs and 12m long WF girders. This steel building structural
design is appropriate for Toronto conditions, and was developed to provide resistance against
strong winds and to withstand seismic forces. The foundation consists of 100mm thick concrete

slab on grade and footings. The envelope is a curtain-wall with 70% glazing area and 30%
insulated metal spandrel area (100mm batt insulation). The roofing is a conventional built-up roof
which includes 2 ply standard modified bitumen and 200mm thick expanded polystyrene insulation.
Each floor was designed with a total of 150  linear  metres  of  wall  with  2x4  steel  studs,  ½”  gypsum  
board and painted.

Fig. 2 Steel building south elevation

Fig. 3 Steel building typical floor plan

These are the general specifications used to make the EIE model by assemblies. The software
provided its automatic bill of materials take-off list. Table 2 shows the bill of materials from EIE
model by assemblies for the specifications described above. Note that this list does not include
structural materials because it was important to separate structural and complementary
components. Structural components quantities will be discussed later. The values in the list were
used as input data to develop the EIE models by units applying the waste ratio values.
Table 2 Bill of materials take-off list from EIE model by assemblies
EIE by components take-off list for non-structural materials
Curtain wall
Aluminum

Quantity
47.33

Batt. Fiberglass

9,706.55

EPDM membrane (black, 60 mil)
Galvanized Sheet
Glazing Panel
Roofing

567.95

Unit
Tonnes
2

m (25mm)
kg

7.99

Tonnes

83.16

Tonnes

Quantity

Unit
2

Expanded Polystyrene

11,318.97

m (25mm)

Modified Bitumen membrane

12,248.64

kg

Interior walls and finishing

Quantity

Unit

11,705.62

m

2

1/2" Regular Gypsum Board

5,709

m

2

Galvanized Studs

11.69

Tonnes

Joint Compound

1/2" Fire-Rated Type X Gyp. Board

17.38

Tonnes

Nails

0.25

Tonnes

Paper Tape

0.20

Tonnes

Water Based Latex Paint
Foundation insulation
Extruded Polystyrene

1,873.18

L

Quantity

Unit

118.99

2

m (25mm)

Table 3 represents values for the above grade structural materials from the EIE model by
assemblies (on the left side) and input data to the EIE model by quantities (on the right side).
Structural materials were hand-calculated in order to assess how accurately the Athena EIE
software represents steel structures using its predefined assembly dialogs. The table shows that
the concrete weight is 4 times the weight of the steel considering above grade structural materials.
This is due to the concrete topping used in the non-composite structural floor system (steel deck
and open-web steel joists). The right most column of the table 3 is a ratio showing how well EIE by
assemblies estimated the materials quantities compared to the hand calculations (EIE by
quantities). Values below 100% indicate where EIE has underestimated the amount of material,
and values above 100% suggest that EIE has allowed for too much of the respective material. The
values suggest that Athena EIE underestimated the mass of steel decking and rebar, but
significantly overestimated the amount of steel required for wide flange (WF) sections. The value
for WF sections used by EIE when using its predefined dialogs is 55% more than the values
calculated by hand using the actual steel sizes. Since WF sections are approximately 50% of the
total weight of steel in the building, this difference means that the EIE overestimated the steel
structure by approximately 28%, which has a significant impact on the overall results.
Table 3 Steel design above grade structural materials take-off list summary from EIE by
assemblies (Model 2) and hand calculated variation for EIE model by quantities (Model 3)
EIE by assemblies bill of materials
for above grade structural materials
Material
Quantity

Unit

EIE by quantities take-off
list (hand calculated)
Total
Proportion

Concrete 20 MPa (flyash av = 9%)

1,572.72

Tonnes

1,753.15

90%

Galvanized Steel Deck

83.92

Tonnes

95.42

88%

OWSJs

62.77

Tonnes

53.05

118%

Rebar, Rod, Light Sections

6.41

Tonnes

10.15

63%

Screws Nuts & Bolts

21.82

Tonnes

21.82

n/a

Wide Flange Sections

385.39

Tonnes

248.47

155%

Hollow Steel Sections

n/a

Tonnes

8.82

TOTAL STEEL

560.31

Tonnes

437.73

n/a
128%

Note: Concrete weight was based on 2.4 tonnes per metre squared.

The major differences in material quantities shown in Table 3 are described in Table 4 which
includes  Athena  EIE’s  assumptions for above grade steel structural materials. The Athena EIE by
quantities column in Table 8 shows the exact steel building design specifications which were handcalculated to develop the model by quantities. The Athena EIE by assemblies column on the other
hand shows all assumptions from the main assembly dialogs in the EIE software related to the
specific steel building design of the research. The tests developed to evaluate the EIE by
assemblies` assumptions have shown that the software overestimates the weight of WF sections
for beams and girders, and underestimates the weight of WF sections for columns. Additionally,
the OWSJs used by EIE by assemblies are calculated with an uncommon spacing of 1.2m o/c and
much lower weight per metre.

Table 4 Steel   building   above   grade   by   quantities   specification   and   EIE   by   assemblies’  
assumptions
ASSEMBLY
CATEGORY
Steel
Building

Components
/
Location
inner columns
4.8KPa
(central
services)
outer columns
2.4KPa

Material

Athena EIE by quantities
design specifications

Athena EIE by
assemblies
software assumptions

wide
flange

W310x179 from 1st to 3rd floor
W310x86 from 4th to 6th floor
W250x49 at penthouse

WF columns of 41kg/m

wide
flange

Columns

braces

hollow
structural
steel

open-web
steel joists

floor
Beams

roof

girders

Roof structure

floor

roof

WF columns of 26kg/m
there is no option to add
braces (braces can be
added as extra material by
weight as in Model 3 by
quantities which defeats
the purpose to use
assemblies option,
therefore not included)
OWSJs of 7.41kg/m
@ 1.2m o.c.
WF beams of 205kg/m

other
beams

W410x46 x 9m long
W360x45 x 9m long
W360x33 x 9m long (5th floor)

open-web
steel joists

700mm x 9m long 14.7kg/m
@ 1.2m o.c. average

WF beams of 206kg/m for
central core structure and
WF beams of 141kg/m
for other spaces
OWSJs of 6.13kg/m
@ 1.2m o.c.

girders

W760x147 x 12m long

WF beams of 205kg/m

other
beams

W410x46 x 9m long
W360x33 x 9m long
Canam P2532 composite
20 gauge (0.91mm) 76mm
deep
11.5kg/m2 of steel deck
103mm poured concrete
topping*

galvanized
decking
Intermediate
Floors
structure

W310x129 from 1st to 3rd floor
W310x74 from 4th to 6th floor
HSS203x203x6.4 at 1st and
2nd floors
HSS152x152x6.4 at 3rd and
4th floors
HSS152x152x4.8 at 5th and
6th floors
HSS102x102x3.2 at
penthouse
750mm x 12m long 25.3kg/m
@ 3m o.c.
W610x113 x 9m long
(perimeter)
W760x147 x 9m long
W760x173 x 12m long

concrete
topping
rebar

152x152mm MW 11.1x11.1
with 2 layers above girders
1.13kg/m2 of rebar

galvanized
decking

20 gauge (0.91mm) 38mm
deep
10kg/m2 of steel deck

WF beams of 141kg/m
22 gauge (0.76mm)
39mm deep
9.9kg/m2 of steel deck
89mm poured concrete
topping*
150x150mm #10 steel
mesh
single layer all floor
0.9kg/m2 of rebar
22 gauge (0.76mm) 39mm
deep
9.9kg/m2 of steel deck

Notes:
The specified live loads of the design are 2.4KPa for office space and 4.8KPa for central core services area.
The weights for steel structural materials from Athena assembly dialogs were collected by a series of test
analysis and averaged for the steel design.
The assumed weights for steel beams from Athena assembly dialogs vary if bay and span values are
changed.
Athena EIE considers the depth of the decking to calculate the concrete topping thickness. The real
thickness of the concrete topping for the steel design (Model 3 by quantities) is 65mm.
Athena Eco-Calculator software uses assumptions from Athena EIE.

4. Modelling results: Observations and Discussion
4.1

Comparisons between Athena models and GaBi

Fig. 4 Steel building models embodied impact results (relative to EIE by quantities)
Table 5 shows absolute values for the embodied environmental impact indicators of the whole
building models. Figure 4 compares the results from Table 5 using model 3 (EIE by quantities)
results as the base (i.e. 100%). The first observation of this comparison is the difference of the
results between models for the same building. This is due to the use of different LCA options
within one LCA tool, Athena. Although Athena developed both Eco-Calculator and the EIE LCA
tools, their modelling methodologies differ. Eco-Calculator has fixed values for each assembly
component that multiplied by the equivalent area of each component to generate the final results.
It is a simplified version for the EIE software. EIE allows users to modify with more flexibility the
assembly components of the building, which increase model variations and accuracy.
Table 5 Comparison of the embodied impacts for the steel building using different LCA tools
STEEL BUILDING
Initial embodied impacts for whole building
models
Primary Energy - PE (GJ)
Weighted Resource Use - WRU (tonnes)
Global Warming Potential - GWP (tonnes CO2 eq)
-3

20,444

Model 2 EIE by
Assemblies
24,243

Model 3 EIE by
Quantities
22,114

Model 4
- EIE +
GaBi
18,111

4,642

4,346

4,504

6,253

1,556

1,306

1,264

1,381

Model 1 –
Athena EC

Acidification Potential – AP (moles of H+ eq 10 )
1,037
891
866
800
HH Respiratory Effects Potential – HHR (kg
12,066
7,604
7,520
7,326
PM2.5 eq)
Eutrophication Potential – EP (kg N eq)
798
927
763
256
Ozone Depletion Potential – ODP (mg CFC-11
1,794
1,658
1,720
1,718
eq)
Smog Potential – SP (kg NOx eq)
7,272
5,479
5,384
4,773
Note: *Eco-Calculator software does not provide Primary Energy Consumption result; instead it shows
Fossil Fuel Consumption.

Furthermore, by applying a different LCI dataset, in the case of the Model 4 (EIE + GaBi), the
results can be expected to vary. However, the variation in results for weighted resource use and
eutrophication potential are surprisingly large, namely 39% more and 66% less than the EIE model
by quantities respectively. Difference in results for weighted resource use is due to different
methodology used to determine this indicator. Athena Institute consulted with an expert panel in
order to develop a ranking methodology to express a better understanding of the effects of
extraction activities [19].    On  the  other  hand,  GaBi’s  weighted  resources  impact  indicator  uses  the  
methodology  called  “Ecological  Scarcity  Method”  that  was  developed  by  UBP  [20]. With regards to
the eutrophication potential impact results, both EIE and GaBi tools include results using TRACI
methodology.    However,  it  was  noted  that  WSA’s  LCI  dataset  presented  low  emissions  to  air  and  
water of chemicals that increase eutrophication potential (such as nitrogenous matter). Further
investigation is required to determine more accurately understand this difference.

Fig. 5 Embodied impacts of the steel building structural models (relative to EIE by quantities)
Results in table 6 (absolute values for the embodied impacts of the structural models) and Figure 5
(proportion comparison in which EIE model by quantities was set as 100%) presented same
pattern as described above.
Table 6 Comparison of the embodied impacts for the steel building structure only models
STEEL BUILDING
Initial embodied impacts for structural models
Primary Energy - PE (GJ)
Weighted Resource Use - WRU (tonnes)
Global Warming Potential - GWP (tonnes CO2 eq)
-3

Acidification Potential – AP (moles of H+ eq 10 )
HH Respiratory Effects Potential – HHR (kg
PM2.5 eq)
Eutrophication Potential – EP (kg N eq)
Ozone Depletion Potential – ODP (mg CFC-11
eq)
Smog Potential – SP (kg NOx eq)

Model 2 - EIE by
Assemblies
16,190

Model 3 - EIE
by Quantities
14,115

Model 4 - EIE +
GaBi
9,820

3,811

3,974

5,205

817

778

860

282

258

186

1,729

1,649

1,410

755

594

98

581

642

640

1,753

1,661

1,071

4.2

Comparisons between steel building and case studies

The above analysis focuses only on embodied impacts and ignores the impacts from operation and
maintaining the building during its in-use phase. To put the embodied component into context of its
full life-cycle impact, as shown in Table 7, the steel building models were evaluated over a 60 years
life span to include operational and recurring embodied impacts. The operational energy use by
fuel type was determined by typical office energy use data from National Resources Canada [21]
statistics, which estimates the average energy intensity of office building in Toronto to be
approximately 1.51GJ/m2 (based on averaged energy mix used, such as hydro, nuclear, etc.).
Although high, this value is in general agreement with reports by Jarvis I. [22] for average energy
use of office building in Toronto as reported by CaGBC in 2008. In addition, Athena EIE software
accounts for maintenance and replacement of components related to envelope and finishing.
Therefore, maintenance for glazing panels, painting and envelope roofing materials were assessed.
Table 7 presents a summary of operational and embodied primary energy (PE) and global warming
potential (GWP) impacts for the LCA models developed with the steel building design and
compared with eight case studies identified from literature reporting LCA studies of buildings that
used steel structural systems [23, 24, 25, 26, 27]. Embodied PE and embodied GWP columns
present values for only initial embodied impacts and does not include recurring embodied impacts.
The other two columns include the total impacts from cradle-to-grave.
Table 7 Primary Energy (PE) and Global Warming Potential (GWP) comparison for modelled
steel building using different LCA methods and case studies
Emb.
PE
2
(GJ/m )

Total PE
2
(GJ/m )

Emb. GWP
(kg
2
eCO2/m )

Total GWP
(kg
2
eCO2/m )

Athena Eco-Calculator - whole building

2.34*

n/a

178

n/a

Athena EIE by assemblies - whole building

2.77

138.88

150

5,468

Athena EIE by quantities - whole building

2.53

138.62

145

5,462

Athena EIE + GaBi - whole building

2.07

138.06

158

5,479

Athena EIE by assemblies – structural only

1.85

137.46

94

5,374

Athena EIE by quantities – structural only

1.61

137.21

89

5,369

Case / Model
LCA assessments carried out for this project

Athena EIE + GaBi – structural only
1.12
136.70
98
5,379
Note*: Athena EC provides Primary Fossil Fuel Consumption values instead of Primary Energy, excluding
hydro and nuclear energy.
LCA case studies of steel buildings by other authors
Prefab. steel warehouse - Vancouver, Canada [23]

1.10

not provided

67

not provided

Steel building w/o parking - Vancouver, Canada [24]

11.46

59.40

not provided

not provided

Steel building w/o parking - Toronto, Canada [24]

11.46

93.25

not provided

not provided

Steel frame/precast slabs – UK [25]

2.60

38.50

251

2,484

Steel frame/composite slabs – UK [25]

2.60

38.60

241

2,480

Steel frame/cellular beams – UK [25]

2.90

38.90

259

2,499

Steel frame/concrete slabs – Sweden [26]

0.95

not provided

90

not provided

Steel building - Midwestern US [27]

9.50

81.82

620

5,909

Observing the total PE and GWP, Table 7 results, it is possible to identify that the embodied
impacts presented in Tables 5 and 6 are small compared to operational impacts. It was observed
that the total embodied PE (which includes initial and recurring embodied energy) is on average
2.1% of the total lifetime PE including operational energy for the EIE whole building models. If we

consider the embodied impact of the structure, it is found to be only 1.1% on average when
compared to total lifetime PE (which includes total embodied and operational impacts). For the
total embodied GWP the proportion is on average 3.5% and 1.8% respectively compared to total
life-cycle GWP. It was also detected that the recurring PE due to maintenance is on average
20.9% for EIE whole building models. Similarly for recurring GWP this proportion is on average
26.4%. When only the structural components are considered, the recurring PE is 2.9% and GWP
is 1.2%. The recurring impacts are low for the structure since the software assumes that, unlike
other components, the materials in the structure require little refurbishment during the life of the
building.
The results show a large variation and some inconsistencies with some examples being more than
10 times larger than others. Some of this variation can be explained by different building design,
region, lifetime, assumptions, etc. Nevertheless the variations suggest that there are differences in
methodologies and assumptions (using different LCA tools) amongst the reported studies.
The results in Table 7 indicate a large scatter which presents difficulty when attempting to compare
various impact indicators. Many different LCA tools and LCI data were used for the various studies
presented here. Also the limitation of published case studies is the extent of information which is
available and the interpretation of terminology. If the analysis of the results did not include these
limitations, it would be possible to conclude that the steel building design (whole building models)
used in this research has negligible difference comparing the embodied PE results reported by
Amato et al. [25]. But this conclusion could be misleading when considering the total life-cycle
impacts since not enough information was provided from literature review regarding the
assumptions to define the operational and recurring embodied impacts. In order to illustrate these
observations, the embodied GWP for the   whole  building   model   “by  quantities)   is   in   average  42%  
less than the same case studies [25]. On the other hand, when including the operational and
recurring embodied impacts, the results of the case studies represents much less impacts than
those for the whole building models. Therefore, the superficial suggestion presented by these
results is that the steel-framed office building design used to develop the LCA models for whole
buildings is a better choice. This is due to fewer assumptions related to initial embodied impacts,
in which the steel building has a much better GWP performance compared to results presented by
Amato et al. [25].
Moreover, in order to achieve a better understanding of the comparison between operational and
total embodied impacts (initial and recurring embodied) between same building, further energy use
analysis should be developed by using energy performance modelling. This would allow to
understand the actual energy performance of the specific building components assessed in this
research and new options to decrease the initial energy intensity (such as by improving the
envelope to higher thermal resistance). Thus, all new approaches to decrease the operational
impacts should be also evaluated with LCA tools to reach full life-cycle comparison. This
comparison can identify that by decreasing the operational impacts, the total embodied impacts
become a more significant portion of the total impact of the building during its full life span.

5. Concluding remarks
This research presented an LCA study for a steel-framed office building in Toronto, Canada, using
Athena Eco-Calculator, Athena EIE and GaBi LCA tools. The work focused on the comparison
between various models for the steel building and published LCA case studies. The research has
shown that results can vary by modelling the same building with different LCA tools. Each LCA tool
is likely to have varying sets of methodologies, LCI datasets and assumptions which are not
always transparent and therefore make comparisons of environmental impacts of construction of
various buildings in different locations difficult. This study identified that the gross simplification in
data input into LCA tools leads to significant inaccuracies in results. In order to enable a fair
comparison between the various studies, they should be developed using the same LCA tool,
including same LCI dataset, methodologies and assumptions. If the same LCA tool is used, it
provides a very useful and meaningful tool. Another approach to this problem would be the use of
an international benchmark rating system for whole building and building components LCA studies.
It would allow LCA practitioners to keep using a diverse source of LCA tools and data that best

suits their LCA study objectives, scope and boundaries, but at the same time, providing a way to
compare different buildings around the world. Likewise, enable to track sustainable development
initiatives applied to building designs that were assessed through a scientific framework as LCA.
An example to this approach was developed by the Building Research Establishment (BRE) UK
with the Green Guide Rating System [15]. This system consists of rating various building materials
and components with scores from A+ to E, where A+ represents good environmental performance
and  E  worst  or  bad  environmental  performance.    It  provides  a  way  to  “translate  the numerical LCA
data   into   a   simple   environmental   rating   system”.      This   system   was   developed   with   focus   on   UK  
construction industry context, but its applicability might be possible to be extended globally. Based
on   BRE’s   Environmental   Profiling   System,   similar   methodology   as   the   Environmental   Products  
Declaration used in Europe by which manufactures shows the environmental performance of their
products to their customers, the Green Guide Rating uses EcoPoints (same as used by LCA tool
Envest 2), weighted by a European panel of experts in order to reach the specific scores.
Additional work must be developed using rating systems similar to the Green Guide to
Specification in order to reach a more global LCA rating system.
Although this research has shown some limitations and uncertainties regarding the Athena
Environmental Impact Estimator (EIE) tool, the software maintains its credibility as a useful tool to
help with understanding the potential life cycle environmental burdens of design decisions. The
software has a significant applicability for the construction industry as a design tool. However, this
project highlights that without careful consideration it is dangerous to compare results of LCA
analyses using different tools and different ways to input data. LCA tools are perhaps more
powerful as aids to design improvement of a particular building by selecting appropriate
components rather than as a way of comparing a variety of buildings. The accuracy of results in
an LCA depends on the methodologies and LCI database. As long as they are used consistently,
the results can provide fair comparison for the same building evaluated with alternative materials or
assemblies. If taking the steel building presented in this research and comparing it with the same
building characteristics (functional unit) but using concrete structures through one LCA tool, it is
possible to identify which solution has a better performance, therefore facilitating the decision
making during the design process.
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Summary
The steel industry stands out for the recycling practices adopted for generated steel slags, which
are mainly related to use as alternative material input for the construction industry. Slags recycling
as construction materials and components has been promoted as environmentally wise for both
sides, as the steel co-products would replace non-renewable natural material whist reducing the
energy management burden of the steelmaking industry. Such approach has been supported by
the understanding that slags were an unavoidable consequence – not the final purpose - of a
major production process (steelmaking), which would therefore receive the whole correspondent
environmental load. The quest for fair allocation of impacts amongst products and co-products has
gained traction in the past years, and the steel industry is considering approaches for the
evaluation and coherent division of the inherent ecological baggage attributable to products and
co-products, mainly mass-based or economic value-based allocation criteria. The Life Cycle
Assessment (LCA) methodology constitutes a holistic tool for assessing environmental impacts of
products and processes, which accommodates different impact allocation criteria amongst a
product and its co-products. Aiming at a better understanding of the influence that impact allocation
criteria has on LCA’s results for the steelmaking process and on the potential recycling of blast
furnace slag as material input in the construction industry, streamlined LCA’s were performed for
Portland cement and its alternatives containing blast furnace slag as mineral admixture. A
comparative evaluation was carried out across the results obtained from mass and economic value
impact allocation criteria, using data from international inventories and from a Brazilian case study
steelmaking company. SimaPro 7.2 was used for result treatment and interpretation, while the
environmental impact evaluation was performed through EcoIndicator 99. Obtained results
highlighted the relevance of discussing impact allocation criteria to assess the competitive edge of
blast furnace slag against its market alternatives for producing cement, and confirmed the
importance of careful verification and calibration of the inventory using specific data from local
companies/sectors. Finally, this research reinforced the need to consider interaction among
industrial processes in the definition of environmental performance indicators and goals to
holistically promote a more sustainable growth of the Brazilian construction industry.
Keywords: Impact allocation, Life Cycle Assessment (LCA), steelmaking process, blast furnace
slag, cement industry, construction sector, SimaPro 7.2

1. Introduction
The use of both blast furnace and steelmaking (LD) slags stands out as an environmentally sound
alternative to the construction sector. In Brazil, in particular, there is a long established tradition of
benefiting from such industrial synergy. The addition of blast furnace slag (BFS) to Portland
cement has been normalized in 1964, and it usually generates two types of Portland cement: the
so-called composed Portland cement (CP II 32), which contains up to 35%, in mass, of slag [1],
and the blast furnace Portland cement (CP III 32), with up to 70% of slag, in mass [1]. Currently,
from approximately 7.5 million tons of blast furnace slag annually produced in Brazil, about 5.5
million tons are incorporated to Portland cement production [2]. Research [3][4][5] has shown that
these cements present improved resistance and durability, along with other technical advantages,
which lead to less maintenance and repair needs. Such performance improvement combined with
less non-renewable material content are well aligned with the goals and principles of a sustainable
building and construction. Therefore, studies and researches that contribute to a careful
understanding of the environmental, economical and social implications of blast furnace slag
recycling on the construction sector are of great relevance.
Almost all granulated blast furnace slag generated by Brazilian steel making plants is sold to
cement industries, and LD slags have commonly been used as road base and sub-base aggregate
[6]. The recycling of steel slags (blast furnace and LD slags) has been observed in Brazil for
decades, and such practice poses as an attractive alternative to the tangible and intangible costs
related to environmental management and corporate social responsibility. Their market insertion
has been, however, limited by, respectively, clinker and natural aggregate market prices, among
other factors [7].
National studies, such as [3], aiming to characterize the environmental consequences that arise
from recycling blast furnace slag on the cement production have typically considered slags merely
as consequence, not the process target. As no environmental load inherent to their making was
considered, no impact allocation between steel and its slags was adopted. This means that the
substitution of clinker Portland has always been considered as environmentally beneficial. In
addition, given the relative absence of national databases, such analysis are often carried out
using international inventory data, which might not adequately reflect the industrial process and
energy mixes in the context of study.
Previous research [7] that investigated application of different impact allocation criteria in the
steelmaking process showed that adoption of mass-based allocation implies on a significantly
larger contribution of the co-products considered (LD and blast furnace slags) than when
contrasted with economic-based allocation. These differences highlighted the need to optimize
impact allocation able to guarantee use value for both steel slags and steel, and to develop
complementary research comparing the environmental baggage of steel slags and its raw
materials alternatives on a market competition scenario. As a response, this paper evaluates and
discusses how the decision-making regarding impact allocation in steelmaking process within
LCA’s methodology application influences environmental performance of industrial processes that
utilize steel slag as material input, which is the case of blast furnace slag use on cement industry.
1.1

Life cycle assessment (LCA)

A product’s life cycle consists of all the stages inherent to its existence, with records that begin with
the extraction of raw materials necessary for its production and end with its final disposal. LCA is a
methodology that evaluates the environmental loads of processes, systems and products
throughout its entire life cycle [8]. By adding the impacts from the beginning to the end of a life
cycle, LCA provides a holistic vision of environmental aspects and a more faithful portrait of the
scenery, facilitating the comparison between products and processes, or even the accounting of
impacts referent to a given product.
LCA definitions and procedures are targeted by ISO 14040 [9]. For the sake of efficiency and
practicality, LCA is usually divided on stages of definition of goal and scope, in which the
analysis’ purpose is specified; inventory analysis, in which the calculations of resource utilization

and emission production is performed; and, finally, the impact analysis, in which the emissions
and use of resources are related to different environmental problems.
This paper aims at comparatively using streamlined LCAs to analyze the influence that different
allocation criteria scenarios (no allocation, mass-based and economic value-based allocation)
applied to the steelmaking process to distribute environmental load amongst steel plates and steel
slags [7] would have on streamlined LCAs for Portland cement (CP I 32) and its alternatives
containing blast furnace slag as mineral admixture (CP II 32 and CP III 32) available in the
Brazilian market.

2. Methodological Approach
The present paper was carried out in three major stages: literature review, covering LCA
methodological aspects, as well as the study of the main stages of Portland cement production
process; application of LCA methodology on the manufacturing of CP I 32, CP II 32 and CP III
32 [1], using data obtained from streamlined LCA’s of the steelmaking process [7]; results analysis and discussion, considering the allocation criteria based on the mass and the economic value
of steel and blast furnace slag, and the implications arising from the use of different criteria on the
environmental load of three types of Portland cement.
2.1

Goal and scope definition

The study’s main goal is to compare streamlined LCAs performed for three types of Portland
cements with different amounts of blast furnace slag (0%, 30% and 66%), varying the criteria for
environmental load allocation (mass-based, economic value-based, no allocation applied) between
steel and steel slags, applied in also streamlined LCAs carried out for the steelmaking process
used in a case study company [7].
The LCA methodology was applied to a case study (steelmaking company A), whose production
data were collected and organized in the inventory analysis [7]. One ton of steel plates produced,
which constitutes the final product of the studied company, was considered to be the most
convenient functional unit for steelmaking, while one ton of cement was chosen as the most
adequate functional unit for that process. Data from the blast furnace stage of the steelmaking LCA
was applied to the production of CP II 32 and CP III 32. The emission factor for CP I 32 production
was obtained from the Brazilian CO2 emission inventory for cement production [10]. As the referred
inventory only lists CO2 emissions, no other GHG emissions were considered in the present paper.
The study’s boundaries were considered to be the cement making company’s physical boundaries,
with no consideration of transportation-related impacts.
To measure the environmental consequences of the Portland cement and steel making process,
the impacts analyzed regarded human health, natural resources and ecosystem quality, categories
that are all contemplated on the most respected impact evaluation methods before the scientific
community. Each impact category covers different classes of impacts.
2.1.1 Allocation criteria based on mass
The Company A’s production for the year of 2009 was about 5.4 millions of tons of steel plates,
while the production of steel slag was about 2.4 millions of tons, being 42% (1.01 millions) of that
value referring to steel slag (LD slag), and 58% (1.38 millions) referring to blast furnace slag.
At the blast furnaces, the production of pig iron was, approximately, 5.6 millions of tons (80.32%, in
mass), while bf slag corresponded to 19.68%, in mass. Allocation of the environmental impact
therefore followed these proportions. Analogously, at the steelmaking stage, environmental loads
allocated to steel production and LD slag were respectively 84% and 16%.

2.1.2 Allocation criteria based on economic value
In 2010, steel’s value was about $1800.00 per ton [11]; while LD slag, according to data from the
case study company, was sold for approximately $0.60 per ton. Pig iron’s value, in April of the
same year, was about $550.00 per ton [12]. Blast furnace (bf) slag, however, was sold for about
$22.00 per ton, again according to the studied steelmaking company.
The abovementioned values lead to an economic value allocation criterion of 99.97% of the
environmental load assigned to steel, and 0.03% of the environmental impact to the generation of
LD slag. In the case of the blast furnace, the allocation criterion used was therefore to attribute
96,4% and 3.6% of the environmental impact to pig iron and to blast furnace slag, respectively.
2.2

Inventory analysis

Modeling the steelmaking process demanded the collection of specific data from the case study
company, considering the system boundaries defined during that analysis’ goal and scope
definition. Data collection was carried out through visits to Company A and meetings with the
environmental management sector’s staff members. The data used are classified, and were
obtained from reports presented to the local environmental agency.
As to the Portland cement making, the data related to resource use for producing one ton of CP I
32, CP II 32 and CP III 32 were obtained from a research carried out by the Federal University of
Espirito Santo [13]; while data referring to emissions were obtained from steelmaking LCAs – in
the case of CP II 32 and CP III 32 - and from the Brazilian CO2 emission inventory for cement
production [10], in the case of CP I 32. The addition of bf slag to CP II 32 and CP III 32 was
considered to be 30% and 66%, in mass, respectively [13]. Even though the national standard
allow for up to 70% of blast furnace slag addition to cement, the usual market practice is to use
58%, considered as the economic feasibility threshold for joint grinding of bf slag and clinker. The
66% of slag content considered in this study configures a specific comercial situation obtained by
separate grinding of slag and clinker, which allows for higher slag incorporation.
For each stage of the production process, data were separated in materials from ecosphere
(natural resources) and technosphere (fuels, industrialized materials, energy and heat), and
emissions to air, water and soil (solid waste) categories.
2.3

Impact analysis

An environmental impact evaluation was performed for each allocation criteria and for the present
scenario, in which the entire environmental load is allocated to the steel production, to consider the
main differences between the presented results and to analyse its implications.
The chosen method for impact analysis was EcoIndicator 99, a model consistent with ISO
14.042:2000 [9] guidelines, a standard widely used and recognized worldwide. The support
platform for performing the streamlined LCAs was SimaPro 7.2, which offers great manipulation
flexibility, simplicity and adaptability to different goals.

3. Results presentation and discussion
Results interpretation was carried out through the comparative impact evaluation of the production
of one ton of CP I 32, one ton of CP II 32 and one ton of CP III 32. The figures that compare the
total environmental load of these three types of cement are presented for each impact allocation
criteria described during the goal and scope definition. The flowcharts of Company A’s stages, and
the graphs and figures showing the differences obtained for the different allocation criteria for steel
slags (blast furnace and LD slags) can be found in [14].

3.1

Environmental impact evaluation

Weighting allowed visualization of the total amount of environmental impacts that come from
generating the evaluated product and co-product, as well as the contribution of each impact
category for that total.
Obtained results demonstrated that environmental loads associated to the addition of blast furnace
slags may vary considerably, according to the impact allocation criteria. Such a difference directly
influences the weight of the ecological backpack associated to blast furnace slag, also influencing
the attractiveness of its use as an alternative to clinker Portland.
Analysis of Fig. 1 to Fig. 3 indicates that, when any allocation criterion is used, blast furnace slag
has a large contribution on the global environmental load, in the analyzed impact categories, of
both CP II 32 and CP III 32’s, reducing the impact associated to the clinker Portland.

Fig. 1 Weighting of the total impact from producing a ton of CP I 32 (NBR 5732/1991 [1]), CP II 32
(NBR 11.578/1991 [1]) and CP III 32 (NBR 5735/1991 [1]) using mass impact allocation criteria on
the blast furnace stage.

Fig. 2 Weighting of the total impact from producing a ton of CP I 32 (NBR 5732/1991 [1]), CP II 32
(NBR 11.578/1991 [1]) and CP III 32 (NBR 5735/1991 [1]) using economic value allocation criteria
on the blast furnace stage.

Fig. 3 Weighting of the total impact from producing one ton of CP I 32 (NBR 5732/1991 [1]), CP II
32 (NBR 11.578/1991 [1]) and CP III 32 (NBR 5735/1991 [1]) using no impact allocation criteria on
the blast furnace stage.
For the sake of a better understanding of impact distribution between the types of Portland cement,
the percentage of impact allocation in which the environmental loads associated to the production
of one ton of clinker equals that of one ton of blast furnace slag was calculated (Fig. 4). It was
found an impact allocation equilibrium point of approximately 2.52%, below which its recycling of
blast furnace slag in Portland cement becomes environmentally beneficial, as opposed to the
traditional use of clinker. For the cement industry, this point represents the threshold beyond which
the environmental load added to the making of those slags when applying impact allocation, limit
the advantages of using bf slag as replacement of non-renewable raw materials (clinker).
3.2 Evaluating the importance of elaborating
local inventories for the
cement industry

Fig. 4 Inflection point of impact allocation percentage between
clinquer and blast furnace slag.

The lack of data regarding
emissions
related
to
cement production still
represents a challenge for
further studies, as it
prevents
an
adequate
evaluation
of
the
environmental aspects that
arise from the use of
possible alternatives for the
manufacturing of building
materials.

In this research, the insertion of data regarding other greenhouse gas emissions could significantly
influence the final results, changing the impact proportion relative to the use of different allocation
criteria, which could lead to different conclusions about the environmental, economical and social
attractiveness of recycling blast furnace slag in the cement industry.
Authors of [7] observed that, when using only foreign data, available on SimaPro 7.2 databases,
the interpreted results changed considerably, showing an increased total impact associated to the
steelmaking process, therefore diminishing steel slags attractiveness. Such a difference highlights,

on one hand, the need for proper data, that will adequately reflect the industrial process and
energy mixes in the context of study. On the other hand, in order to assure accuracy and
representativeness to similar Brazilian investigations, it is important to validate inventories
nationally or to build reliable ones, to enable findings that will assist the environmental
management of different industrial sectors.

4. Final remarks
Allocation is a legitimate way for an industry to eliminate interferences and be held accountable
only for the true impacts of a given activity or process. Analysis through LCA methodology helped
to put in perspective the implications that the allocation criteria have on the feasibility of potential
recycling of steelmaking co-products, traditionally employed by the construction industry particularly cement production - in many countries.
The different impact allocation criteria used by [7] to analyze the steelmaking process showed that
adoption of mass-based allocation implies on a significantly larger contribution of the co-products
considered (LD and blast furnace slags) than when contrasted with economic-based allocation,
and with no allocation at all. This directly impacts potential for blast furnace slag use as material
input for the cement industry, as the impact it would bring along to the cement production could
overcome that of clinker Portland, according to the allocation criteria adopted. The results also
have implications on the concrete and mortar market, for which research [13] has shown promising
conclusions regarding the feasibility of recycling steel slags. It should also be kept in mind that the
data available from the steelmaking and clinker production processes held different detail levels.
Use of comparable system boundaries is paramount for obtaining meaningful results. It is
worthwhile to investigate if and to which extension that could have influenced results. Finally, this
research tested the inventory available in one LCA platform. It is possible that other systems use
figures closer to the Brazilian reality. This should be targeted by further research.
In addition, when those authors performed streamlined LCA using only foreign data, steelmaking
impact was higher and showed some fluctuation across impact categories when compared against
data from the Brazilian case study company, whose process is considered a best practice
benchmark for the steelmaking sector [7]. Also, the use of the few local data available regarding
emissions related to cement making poses as a methodological challenge, since the results are
considerably sensitive to possible changes on the ecological backpack associated to the materials
used in the manufacturing process. Such conclusions indicate the need to validate and, if proved
necessary, elaborate Brazilian inventories to stimulate sustainable and sustained development of
national steelmaking and cement industries and to guide decisions which hold embodied potential
to boost an important paradigm change.
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Summary
The steel industry stands out for its steel slag’s recycling practices, which provide alternatives for
construction materials and components. However, some limitations arise regarding the evaluation
and coherent division of the inherent ecological baggage attributable to products and co-products.
The Life Cycle Assessment (LCA) methodology constitutes a holistic tool for distributing
environmental impacts between a product and its co-products, which accommodates different
impact allocation criteria. Aiming for a better understanding of the influence that impact allocation
criteria has on LCA’s results for the steelmaking process and the potential recycling of slags as
material input in the construction industry, this paper intends to perform streamlined LCAs of steel
and its slags, and to carry out a comparative evaluation across the results obtained from different
allocation impact criteria based on mass properties and economic value. More specifically, this
paper aims at analyzing the difference between results obtained by using data from generic
inventories and data from a case study company. SimaPro 7.2 was used for result treatment and
interpretation, while the environmental impact evaluation was performed through EcoIndicator 99.
Obtained results highlighted the relevance of the impact allocation criteria discussion to assess the
competitive edge of steel slags against their alternatives for producing construction materials, and
confirmed the importance of assessing the need and calibrating the inventory using specific data
from local companies, sector or country, and of stimulating the definition of environmental
performance indicators and goals, to promote a more sustainable growth of the Brazilian steel
industry.
Keywords: Impact allocation, Life Cycle Assessment (LCA), EcoIndicator 99, steelmaking process,
steel slags, SimaPro 7.2

1. Introduction
Steel industry has, for a while, prioritized actions that minimize the steel making process’
environmental loads. Therefore, every Brazilian steel making company has an environmental
management system already functioning or being deployed [1]. The amount of co-products that
comes from steel production varies between 450 to 500 kg per ton of crude steel, with steel slags
representing over 70% of that total. Because of the great amount of steel slag generated, the steel
industry struggles to find recycling alternatives and has historically relied upon the construction
sector as an important consumer market.

Use of blast furnace slags in the cement industry and of LD slags as road pavement base and subbase material is an attractive alternative to the tangible and intangible costs related to
environmental management and corporate social responsibility. Their market insertion has been,
however, limited by, respectively, clinker and natural aggregate market prices, among other factors.
On the other hand, the few national life cycle assessment (LCA) studies related to steel and
cement production carried out so far [2] have typically not used any sort of impact allocation,
meaning that no environmental load has been allocated to slags and the substitution of clinker
Portland has been always considered as environmentally beneficial. Finally, given the relative
absence of national databases, such analysis are often carried out using international inventory
data, which might not adequately reflect the industrial process and energy mixes in the context of
study. Whichever the considered scenario is, it is paramount to jointly evaluate environmental
performance, competitiveness and economical attractiveness of steel slags use in building
materials production.
This paper aims at comparatively analyze results of streamlined LCA’s for steel and steel slags,
based on mass and economic value environmental load allocation criteria, using data from
international databases and from a Brazilian steelmaking company.

2. Life cycle assessment (LCA)
As products’ and processes’ environmental performance become a key subject and, because of
that, the search for ways of minimizing their impacts on the environment became a tendency on
the corporate world. Therefore, many companies found advantageous ways to improve
environmental performance that go beyond conventional pollution prevention strategies and
environmental management programs. One of those measures is sustained by LCA methodology
[3].
A product’s life cycle consists of all the stages inherent to its existence, with records that begin with
the extraction of raw materials necessary for its production and end with its final disposal. LCA is a
methodology that evaluates the environmental loads of processes, systems and products
throughout its entire life cycle [4].
By adding the impacts from the beginning to the end of a life cycle, LCA provides a holistic vision
of environmental aspects and a more faithful portrait of the scenery, facilitating the comparison
between products and processes, or even the accounting of impacts referent to an only product.
LCA definitions and procedures are targeted by ISO 14040 [5]. For the sake of efficiency and
practicality, LCA is usually divided on stages of definition of goal and scope, in which the
analysis’ purpose is specified; inventory analysis, in which the calculations of resource utilization
and emission production is performed; and, finally, the impact analysis, in which the emissions
and use of resources are related to different environmental problems.
2.1

Definition of goal and scope

At this stage, the study’s purpose, its coverage and depth are defined [6]. The product, process or
activity is described, establishing in which context the evaluation will be conducted. The goal and
scope of an LCA study need to be consistent with the intended application and clearly defined,
considering that different purposes demand different methodologies and vice-versa.
2.1.1 Functional unit
The choice of the functional unit is one of the most critical decisions, as it sets the comparison
basis for each step of the process. According to this unit, flows are normalized, resulting in the
performance quantification of each process stage.
2.1.2 Impact allocation procedures
It is usual that different life cycles are connected and that, in those situations, problems arise, such

as attribution of derivative environmental loads. That procedure is recognized by ISO 14.040:1997
[5] as impact allocation, through which input and output flows in a given system are divided based
on specific environmental load attribution criteria. Such criteria may be based, for example, on the
economic market value of products and co-products, or may reflect mass or energy relations
between inputs and outputs of the processes.
2.2

Inventory analysis

A product’s Life Cycle Inventory refers to the data collection and calculation procedures. In thesis,
the inventory resembles a financial accounting balance, measured in terms of energy or mass, with
balance and equality between inputs and outputs.
Structuring of the inventory depends on the organization of data from all stages of the life cycle;
raw materials, energy source, products, co-products, solid waste and atmospheric and water
emissions are all part of the analysis. After obtaining the referred data, the quantities of used
resources and pollutant emissions are calculated, relative to the adopted functional unit.
2.3

Impact analysis

The impact analysis stage aims at indicating the impacts arising from the environmental loads
calculated in the inventory analysis. This stage is responsible for transforming inventory analysis
results in environmentally relevant results, relating them to specific impacts, such as acidification
and ozone layer depletion, instead of leaving them as emission and resource use data [4].

3. Methodological Approach
The present paper followed three major stages: literature review, covering LCA methodological
aspects, as well as the study of the main stages of the steel-making process; application of LCA
methodology on a case study (steel company A); results analysis and discussion, considering
the allocation criteria based on the mass and the economic value of steel and its co-products and,
finally, the comparative analysis of the results obtained using specific data from Company A and
data obtained from international databases.
3.1

Goal and scope definition

The study’s main goal is to comparatively analyze results of streamlined LCA’s for steel and steel
slags, based on mass and economic value environmental load allocation criteria. The LCA
methodology was applied to a case study (steelmaking company A), whose production data were
collected and organized in the inventory analysis. One ton of steel plates produced was considered
to be the most convenient functional unit for the study, which constitutes the final product of the
studied company.
To measure the environmental consequences of the steel making process, the impacts analyzed
regarded human health, natural resources and ecosystem quality, categories that are all
contemplated on the most respected impact evaluation methods before the scientific community.
Each impact category covers different classes of impacts.
3.1.1 Allocation criteria based on mass
The Company A’s production for the year of 2009 was about 5.4 millions of tons of steel plates,
while the production of steel slag was about 2.4 millions of tons, being 42% (1.01 millions) of that
value referring to steel slag (LD slag), and 58% (1.38 millions) referring to blast furnace slag.
At the blast furnaces, the production of pig iron was, approximately, 5.6 millions of tons (80.32%, in
mass), while bf slag corresponded to 19.68%, in mass. Allocation of the environmental impact
therefore followed these proportions. Analogously, at the steelmaking stage, environmental loads
allocated to steel production and LD slag were respectively 84% and 16%.

3.1.2 Allocation criteria based on economic value
In 2010, steel’s value was about $1800.00 per ton [7]; while LD slag, according to Company A’s
data, was sold for approximately $0.60 per ton. Pig iron’s value, in April of the same year, was
about $550.00 per ton [8]. Blast furnace (bf) slag, however, was sold for about $22.00 per ton,
according to Company A’s data.
The abovementioned values lead to an economic value allocation criterion of 99.97% of the
environmental load assigned to steel, and 0.03% of the environmental impact to the generation of
LD slag. In the case of the blast furnace, the allocation criterion used was therefore to attribute
96,4% and 3.6% of the environmental impact to pig iron and to bf slag, respectively.
3.2

Inventory analysis

Modeling the steelmaking process demanded the collection of specific data from the case study
company, considering the system boundaries defined during the analysis’ goal and scope definition.
Data collection was carried out through visits to Company A and meetings with the environmental
management sector’s staff members. The data used are classified, and were obtained from reports
presented to the local environmental agency.
For each stage of the production process, data were separated as materials from ecosphere
(natural resources) and technosphere (fuels, industrialized materials, energy and heat), and
emissions to air, water and soil (solid waste).
3.3

Impact analysis

An environmental impact evaluation was performed for each allocation criteria, as to consider the
main differences between the presented results and to perform the analysis of arising implications.
The chosen method for impact analysis was EcoIndicator 99, a model consistent with ISO
14.042:2000 [5] guidelines, a standard widely used and recognized worldwide. The support
platform for performing the LCA was SimaPro 7.1, which offers great manipulation flexibility,
simplicity and adaptability to different goals.

4. Results presentation and discussion
Results interpretation was realized through the impact evaluation of generating LD and bf slag,
relative to generating one ton of steel plates. At first, flowcharts of Company A’s blast furnace and
steelmaking stages are presented; then, graphs and figures show the differences obtained with the
different allocation criteria. Further flowcharts can be found in [9]. Following, the results from a
steel making process LCA, using only data from foreign databases, are presented, as well as the
standout differences among the obtained results, highlighting the importance of local data inventories.
4.1

Environmental impact evaluation

The steelmaking and blast furnace flowcharts presented on Fig. 1 and Fig. 2, provided by SimaPro
7.1, describe the environmental loads relative to each input, represented by the arrows’ thickness.
Relevant processes are highlighted and wider arrows reflect higher impact relevance.
For producing one ton of pig iron, the largest contributor for this system’s environmental load is the
external pellets supply. The contribution of sinter and coke input also stood out. In the steelmaking
stage, for the same functional unit, the largest contributor to the environmental load is pig iron,
followed by natural gas. Fig. 3 to Fig. 6 represent the weighting stages of steelmaking and
correspondent slag generation process’ environmental effects [9].

Fig. 1 Blast furnace production flowchart Fig.
2
Steelmaking
(adapted from [9])
flowchart (adapted from [9])
[9]

production

Weighting allowed visualization of the
total amount of environmental impacts
that come from generating the
evaluated product and co-product,
co
as
well as the contribution
contributi
of each
impact category for that total.

Fig. 3 Weighting of the blast furnace’s environmental
effects: mass allocation criteria (adapted from [9])

Fig. 4 Weighting of the steelmaking’s environmental
effects: mass allocation criteria (adapted from [9])

Obtained results demonstrated that
environmental loads associated to
steel slags may vary considerably,
according to the impact allocation
criteria. Such a difference directly
influences the weight of the ecological
backpack
associated
to
steel
production,
roduction, as if a considerable
portion of the impact is allocated to
steel slags (as with mass allocation,
for instance), steel’s environmental
load is significantly minimized and
vice-versa.
Analysis of Fig. 3 to Fig. 6 indicates
that, when mass allocation criteria is
used, steel slags contribute more to
the process’ environmental load.
These results are consistent with the
expectations, considering that the
steel slag mass produced is much
more significant than its economic
value, based on the production of a
ton of steel plates.

4.2 Evaluating the importance of
elaborating local inventories
In order to evaluate and measure
potential limitations that arise from
using international databases, a
steelmaking process LCA was
performed using only built-in
built
data
from SimaPro 7.1 databases.

Fig. 5 Weighting of the blast furnace’s environmental
effects: economic value allocation criteria (adapted from
[9])

Fig. 6 Weighting of the steelmaking’s environmental
effects: economic value allocation criteria (adapted from
[9])

Fig. 7 and Fig. 8, provided by
SimaPro
7.1,
represent
the
steelmaking and blast furnace
flowcharts. These figures
fig
showed
sintering’s great contribution for the
environmental
impact
of
both
production stages. The difference
from the LCA results when performed
with data supplied by Company A is
noticeable, since in that study the
using of pellets represented a larger
contribution to the environmental load
of the analyzed stages,
stages when
compared to sinter utilization. This
finding can be explained by the great
amount of waste reuse observed in
Company A’s sintering stage, which,
as expected, minimizes the stage’s
potential of impact generation.

Fig. 7 Blast furnace production flowchart using foreign data (adapted from [9])
Fig. 9 to Fig. 12 present the total environmental impact that comes from producing pig iron and
blast furnace slag, and steel plate and LD slag, adopting impact allocation based on mass and
economic value, respectively.
pectively. At the figures’ right corner, the total impact from using local data is
highlighted, aiming at comparatively evaluating both approaches.
These figures indicate percentual results resembling those using local inventory data, where the

use of mass allocation criteria amplified the environmental role played by steel slag. However, the

Fig. 8 Steelmaking production flowchart using foreign data (adapted from [9])
contrary is observed when
applying impact allocation based
on economic value.

Fig. 9 Summary of blast furnace’s total environmental impact:
mass allocation criteria (adapted from [9])

Nevertheless,
total
impact
figures obtained when using
international inventories are
larger, showing the importance
of not only elaborating local raw
materials inventories, but also of
assuring
accuracy
e
representativeness to results of
kindred Brazilian researches.

5. Final remarks
Allocation is a legitimate way for
an
industry
to
eliminate
interferences and be held
accountable only for the true
impacts of a given activity or
Fig. 10 Summary of steel making’s total environmental impact: process. Analysis through LCA
mass allocation criteria (adapted from [9])
methodology helped to put in
perspective the implications that
the allocation criteria have on
the feasibility of potential
recycling of steelmaking coproducts, traditionally employed
by the construction industry particularly cement production in many countries. The different
impact allocation criteria used
showed important differences in
Fig. 11 Summary of blast furnace’s total environmental impact: the contribution posed by the
steelmaking
co-products
economic value allocation criteria (adapted from [9])
considered (LD and blast
furnace slags) to the total environmental impacts of the steelmaking process. Adoption of massbased allocation implies on a significantly larger contribution of such slags than when contrasted
with economic-based allocation.

These differences highlight the
need
to
optimize
impact
allocation able to guarantee use
value
–
i.e.
economic,
environmental
and
social
attractiveness – for both steel
slags and steel. In order to
achieve
this
goal,
the
development of complementary
is
recommended,
Fig. 12 Summary of steelmaking’s total environmental impact: research
comparing the environmental
economic value allocation criteria (adapted from [9])
baggage of steel slag and its
raw materials alternatives on a market competition scenario, evaluating and discussing the
influence of decision-making regarding impact allocation on industrial processes that utilize steel
slag as material input, which is the case of blast furnace slag use on cement industry, and of LD
slag use as added steel on the building industry. In addition, when the streamlined LCA were
performed using only foreign data, steelmaking impact was higher than when data from the case
study company were considered. Some fluctuation across impact categories between these two
scenarios was also observed. Two relevant observations were extracted: the importance of
elaborating Brazilian inventories and the need to formulate sectoral environmental performance
indicators as to stimulate sustainable and sustained development of national steelmaking industry.
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Summary
Wood is frequently used as a structural material in the building sector; accordingly, understanding
its environmental impact is vital. Toward that end, a life cycle assessment (LCA) database for
buildings has been developed by the Architectural Institute of Japan, and this database is used to
evaluate the environmental load of wood materials. However, the database has two problems. First,
the environmental load of imported wood materials is not evaluated. Second, the environmental
load of wood materials in the database is stored as an average value, even though the
environmental load markedly differs depending on the manufacturing method and transport
distance. The purpose of this study is to develop a LCA database of wood materials that takes into
account imported wood materials and contains detailed data for the forestry, manufacturing, and
transport stages.
To develop the database, data were collected through international field surveys. The survey
targets were large-scale mills in the main exporting countries for Japan (United States, Canada,
and Austria) and mills of various scales in Japan. The survey results show that manufacturing and
transporting wood materials account for more than 80% of the total environmental load. In
particular, the environmental load of the drying process is large and depends on the section size
and the utilization ratio of wood biomass fuel. With consideration of actual conditions, a segmented
database of wood materials was developed.
Keywords: Wood material, Life cycle assessment, Database, Inventory analysis

1.

Introduction

At present, the use of eco-friendly building materials is urgently needed in order to reduce the
environmental load of construction. From this viewpoint, the environmental load of various building
materials has been estimated and a life cycle assessment (LCA) database has been established
by the Architectural Institute of Japan. However, the database has two problems. First, the
environmental load of manufacturing and transporting imported wood materials is not evaluated,
even though large volumes of wood materials are imported into Japan. Second, the environmental
load of wood materials in the database is stored as an average value, even though the
environmental load markedly differs depending on fuel type used in manufacturing and the section
size. The purpose of this study is to develop a LCA database of wood materials that takes into
account imported wood materials and contains detailed data for the forestry, manufacturing, and
transport stages.

2.

Overview of database

The LCA database of wood material was developed through field and literature surveys. With this
database, the environmental intensity of wood material is estimated by setting 6 parameters. Fig. 1
shows user input screens and the estimate result from the database.

c) Utilization ratio of wood biomass fuel

a) Product

GHG emission [t-CO2eq/m3]
Ground transport
(Japan)
Load transportatin
(in
Sea transport
Japan)(international)
International sea
Ground transport
transportation
Load transportatin
(outside Japan)
(outside Japan)
Manufacutring
Manufacutre
(drying)
(drying)
Manufacutre (sawing)
Manufacutring
Forestry
(sawing)
Forestry

3 ] 3]
GHG emission
[t-CO2eq/m
[t-CO2eq/m
0.5 GHG emission

0.5 0.6
0.4 0.5
0.4
0.3

0.4

0.3 0.3

0.2 0.2
0.2
0.1

0.1

0.1 0.0

b) Source area of timber

0.0

d) Estimate result (GHG emission)

Fig. 1 User input screens and estimate result from the database
2.1

Database parameters

The database includes 6 parameters: (i) product, (ii) section size, (iii) source area of timber, (iv)
utilization ratio of wood biomass fuel, (v) port of importation in Japan, and (vi) final destination.
These parameters were selected because of their strong impact on the environmental intensity of
wood materials as determined from field surveys. Environmental intensity is estimated by choosing
the appropriate item from a list in the database. Table 1 lists the parameters and the selection
items for each.
Table 1 Parameters and selection items
Parameter
(i) Product

Selection items
Lumber, Plywood,
Laminated lumber

Note

(ii)

Large, Medium, Small

Large: column, beam, etc.
Medium: balk, intermediate post, etc.
Small: panel, etc.

Section size

(iii) Source area of timber

North America, Europe,
Russia, Southeast Asia,
New Zealand, Chile, Japan

(iv) Utilization ratio of
wood biomass fuel

Default, 0%, 50%, 100%

(V) Port of importation

47 prefectures of Japan

(Vi) Final
destination

47 prefectures of Japan

Utilization ratio of wood biomass fuel is
defined as the ratio of its heating value to
the heat requirement for drying. Default is a
typical value for each source area of timber.
For domestic products, these parameters
are different (location of forest, sawmill, and
final destination), but the selection items are
the same (the 47 prefectures of Japan).

2.2

Environmental load items and system boundaries

The environmental load items in the database
GHGe  1 CO2 e  21 CH 4 e  310  N 2Oe (1)
are sulfur oxides (SOx), nitrogen oxides (NOx),
GHGe: GHG emission [t-CO2eq]
methane (CH4), nitrogen monoxide (N2O), carbon
CO2e: CO2 emission [t-CO2]
dioxide (CO2), and greenhouse gas emission
CH4e: CH4 emission [t-CH4]
(GHG). GHG is defined to comprise CO2, CH4,
N2Oe: N2O emission [t-N2O]
and N2O (Eq. 1). The system boundaries are
forestry, manufacturing (sawing and drying), ground transport, and international sea transport (Fig.
2). When using the database, the environmental intensity of the forestry, manufacturing, and
transport stages is estimated in detail based on the selected items.
a)Imported product
Forestry
Grand transport
b) Imported timber / domestic manufacturing

Forestry
c) Domestic product
Forestry

Outside Japan
Inside Japan
Manufacture
Sea transport

Grand transport

Sea transport

Grand transport

Grand transport

manufacturing

Grand transport

manufacturing

Grand transport

Fig. 2 System boundaries

3.

Database development

(2)
To develop the database, each stage’s   environmental   Ei  Ec  Ef
intensity is calculated by using Eq. 2. Energy
Ei: Environmental intensity [kg/m3]
consumption was determined through field and literature
Ec: Energy consumption [MJ/m3]
surveys. Tables 2 and 3 provide an overview of the
Ef: Emission factor [kg/MJ]
surveys, and Table 4 lists emission factors for several
materials that generate environmental load when used. Because wood biomass fuel is carbon
neutral, its CO2 intensity is zero. Table 5 lists the emission factors for electricity in several
countries; these calculations are based on data about power industry emissions from International
Energy Agency reports [14],[15].
Table 2 Overview of field surveys
Target
Company A (Austria)
Company B (United States)
Company C (Canada)
Sawmill D (Japan)
Sawmill E, F and G (Japan)

Overview
Large volumes of wood products manufactured by
these companies are exported to Japan.
Wood products are manufactured from imported
timber.
Domestic wood products are manufactured.

Table 3 Overview of literature survey
Source area
of timber
North
America
Europe
Russia
Southeast
Asia
New Zealand
Chile
Japan

Forestry

Manufacturing

N/A
(Conducted field survey)
N/A (Conducted
field
survey)
Reference [1], [2], [3]

Reference [7],[8], [9]

Reference [1], [2],[4]

Reference [7],[8], [9]

Reference [1], [2], [5]
Reference [1], [2], [6]

Reference [7],[8], [9]
Reference [7],[8], [9]

N/A
(Conducted field survey)
N/A: Not available.

Reference [8]
Reference [7],[8], [9]

N/A
(Conducted field survey)

Typical utilization ratio of
wood biomass fuel
Reference [7]
N/A
(Conducted field survey)
N/A
(Assumed that same as Japan)
N/A
(Assumed that same as Japan)
Reference [10]
N/A
(Assumed that same as Japan)
N/A
(Conducted field survey)

Table 4 Emission factors for fuels and adhesive
Natural gas [11]
LPG [11]
Diesel [11]
Light oil [11]
Bunker A [12]
Jet fuel [12]
Wood biomass fuel [11]
Adhesive [13]

CO2
1
5.61 × 10
1
6.31 × 10

SOx
-1
8.53 × 10
-2
7.25 × 10

NOx
-1
1.79 × 10
-1
1.14 × 10

CH4
-3
3.00 × 10
-3
1.00 × 10

N2O
-4
1.00 × 10
-4
1.00 × 10

Unit
kg/GJ
kg/GJ

1

9.39 × 10
-1
1.69 × 10
-1
1.77 × 10
3.00 × 101
-3
4.77 × 10
-3
1.06 × 10

-2

3.75 × 10
-1
1.00 × 10
-1
1.31 × 10
-1
4.33 × 10
-1
1.06 × 10
-3
1.25 × 10

-1

3.00 × 10
-3
3.00 × 10
-3
6.00 × 10
-2
3.00 × 10
-2
3.00 × 10
-5
4.36 × 10

-3

6.00 × 10
-4
6.00 × 10
-4
3.90 × 10
-3
2.00 × 10
-3
4.00 × 10
-5
3.73 × 10

-4

kg/GJ
kg/GJ
kg/GJ
kg/GJ
kg/GJ
kg/kg

NOx
-4
2.90 × 10
-4
1.31 × 10
-4
3.08 × 10
-4
3.71 × 10
-4
1.23 × 10
-4
9.65 × 10
-5
4.93 × 10

CH4
-6
2.08 × 10
-6
1.52 × 10
-6
2.78 × 10
-6
2.95 × 10
-7
8.77 × 10
-6
1.51 × 10
-6
1.97 × 10

N2O
-6
1.98 × 10
-6
1.26 × 10
-6
1.35 × 10
-6
1.53 × 10
-7
6.71 × 10
-6
1.02 × 10
-6
1.22 × 10

Unit
kg/MJ
kg/MJ
kg/MJ
kg/MJ
kg/MJ
kg/MJ
kg/MJ

6.93 × 10
1
7.41 × 10
1
7.10 × 10
1
6.70 × 10
0.00
-1
6.75 × 10

Table 5 Emission factors for electricity [14],[15]
CO2
-1
1.63 × 10
-1
1.15 × 10
-1
1.85 × 10
-1
1.73 × 10
-2
7.04 × 10
-1
1.07 × 10
-1
1.18 × 10

North America
Europe
Russia
Southeast Asia
New Zealand,
Chile
Japan

3.1

SOx
-4
6.22 × 10
-4
2.09 × 10
-4
5.35 × 10
-4
6.14 × 10
-5
2.58 × 10
-3
1.02 × 10
-5
3.94 × 10

Calculating energy consumption in the forestry stage

30

Fuel consumption in harvesting [MJ/m3]

Fuel consumption in hauling [MJ/m3]

Energy consumption in the forestry stage for North
Table 6 Utilization ratio of machine
America (United States), Europe (Austria), and Japan
Harvesting
Hauling
was determined through field surveys. Energy
consumption for other areas was determined through a
Russia
57%
46%
literature survey, where the energy required for growing
SE Asia 51%
46%
operations was assumed to be the same for several
areas; thus, the data in Ref. [1] were used. The energy
NZ
36%
58%
consumption in harvesting and hauling processes
Chile
48%
59%
depends on utilization ratio of machine; therefore,
energy consumption is calculated by using the
regression formula defined in Ref. [2]. Fig.3 shows the regression curves. Table 6 lists the
Utilization ratio of machine in the forestry stage for Russia, SE Asia, NZ, and Chile.
35

y = 22.679x + 10.663
R² = 0.9972

y = 48.297x - 3.2582
30
R² = 0.8609

25
20

系列1
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線形 (系列1)

Y = 48.3x - 3.26
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R2 =

5

0.86
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Fig. 3 Regression curves for the forestry stage
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3.2

Calculating energy consumption in the manufacturing stage

Energy consumption in the manufacturing stage for Europe (Austria) and Japan was determined
through field surveys; for the other countries, the energy consumption in this stage was determined
through a literature survey.
Wood product manufacturing includes two main processes: sawing and drying. In this study,
sawing is defined to comprise sorting, sawing, planing, and gluing processes.
Bunker A, natural gas, and wood biomass fuel are used as fuel in the drying process. Wood
biomass fuel is carbon neutral (Table 4); thus, the utilization of wood biomass fuel will contribute to
the reduction of environmental load. In this study, the utilization ratio of wood biomass fuel is
defined as the ratio of its heating value to the heat required in the drying process. Table 7 shows
the drying schedule used at Company A. The drying time, and therefore the energy consumption,
depends on section size.
Table 7 Drying schedule used at Company A
Section size
Large
Medium
Small

Drying time [h]
160
131
71

Fuel
Wood biomass fuel
Wood biomass fuel
Wood biomass fuel

Energy consumption
High
Low

With the section size and the utilization ratio of wood biomass fuel taken under consideration, the
energy consumption in the manufacturing stage is calculated. The calculation flow is shown in Fig.
4. In this study, the moisture content and boiler type are excluded from the calculation of energy
consumption because the data was not enough.
Energy consumption in manufacturing
stage [MJ/m 3 ]

If detailed data were not available, energy consumption was
calculated using allocation coefficients (1), (2), and (3).
(1) Allocation coefficient (each process)

Energy consumption in sawing
process [MJ/m 3 ]

Energy consumption in drying process
(section size not considered) [MJ/m 3 ]
(2) Allocation coefficient (each section size)
Energy consumption in drying process (each section size) [ MJ/m 3 ]
(3) Allocation coefficient (each purpose of use)
Energy consumption
3
for fan engine [MJ/m ]

Energy consumption
3
for heating [MJ/m ]

Allocation coefficients based on field survey results
(1) Process
(2) Section size
(3) Purpose
of use

Sawing
Drying
Large
Middle
Small
Fan engine
Heating

Coefficient
0.32
0.68
1.22
1.00
0.68
0.04
0.96

Utilization ratio of wood
biomass fuel [%]

Energy consumption
for heating
(fossil fuel) [MJ/m 3 ]

Fig. 4 Calculation flow for energy consumption in the manufacturing stage

Energy consumption
for heating
(biomass fuel) [MJ/m 3 ]

3.3

Calculating energy consumption in the transport stage

3.3.1 Ground transport outside Japan and international sea transport
The energy consumption values for ground transport outside Japan and international sea transport
were taken from Ref. [16].
Table 8 Transport distance [16]
Energy consumption during ground transport
Ship
Truck Rail
Unit
of wood materials includes the energy used NA
Timber
8,758 100
0
km
for transport from the forest or sawmill to the
Lumber
7,942 100
0
km
port of exportation. Energy consumption is
Plywood,
7,915
100
460
km
calculated based on the transport distance
Glued Lumber
and the energy consumption factor for each
22,294 100
350
km
mode of transport. Table 8 lists the transport Europe Timber
Lumber
22,248
100
350
km
distance and the energy consumption factor
Plywood
21,515 100
350
km
for several areas. Wood materials imported
Glued Lumber
from Russia are assumed to originate from
1,808 200
4,200 km
the Saint Petersburg region, and so the Russia Timber
transport distance is large.
Lumber
2,319 200
3,800 km
Energy consumption during the international
Plywood
2,319 500
4,200 km
transport of the wood materials includes
Glued Lumber
energy expended to move the materials from SE Asia Timber
6,602 100
0
km
the port of exportation to Japan. Energy
Lumber
5,278 100
0
km
consumption is calculated based on the
Plywood
5,278 100
0
km
transport distance and the type of shipping
Glued Lumber
vessel. The main harbor of each area was
NZ
Timber
9,640 100
0
km
selected as the port of exportation. Hiroshima
Lumber
9,361 400
0
km
and Ishimaki were selected as the ports of
Plywood
9,361 400
0
km
importation for timber from North America
Glued Lumber
and from other areas, respectively. Tokyo
was selected as the port of importation for Chile Timber
17,037 100
0
km
lumber, plywood, and glued lumber. Table 8
Lumber
16,950 400
0
km
lists the transport distances. Timber is
Plywood
16,950 400
0
km
assumed to be transported on a bulk freighter.
Glued Lumber
Lumber, plywood and glued lumber are Energy
3.22
0.491 MJ/
assumed to be transported on a container factor
t•km
ship.
NA: North America; NZ: New Zealand.
3.3.2 Ground transport in Japan
The energy consumption during ground transport of wood materials includes transport from the
forest to the sawmill, to the port, and then to the final destination. Energy consumption is
calculated by using Eqs. 3 and 4, based on the transport distance for  Japan’s  47 prefectures [17]

Dsp  0.16  Ap  15

(3)

Dsp: Distance of transport in same prefecture [km]
Ap: Area of prefecture [km2]
Ddp  Dp 1.4

(4)

Ddp: Distance of transport between different prefectures [km]
Dp: Distance between prefectures [km]

4.

Discussion

Fig.5 shows an example of estimate results obtained from the database. The conditions for the
estimation are as follows. The target is lumber, and the section size is medium. The utilization ratio
of wood biomass fuel is the default for each source area of timber. The port of importation and the
final destination are Tokyo. When estimating the environmental load of domestic lumber, the
locations of the forest, sawmill, and final destination are all Tokyo. In this scenario, the
manufacturing and transport stages account for more than 80% of the total environmental load.
The emission volumes in the transport stage depend on the area under consideration because of
differences in the distance and mode of transport. Although the emission volume during ground
transport in Russia is very high, owing to the long transport distance by railway, it could be less if
the wood material is transported from the eastern part of Russia.
The emission volume of the manufacturing stage depends on the source area because of the
utilization ratio of wood biomass fuel in the drying process and the emission factor for electricity.
The emission volume in the drying process in particular is strongly dependent on the utilization
ratio of wood biomass fuel. Fig.6 shows the case where a 100% utilization ratio of wood biomass
fuel is assumed. Here, it can be seen that in areas where this ratio is typically low (i.e., Russia,
Southeast Asia, Chile, and Japan), there is vast potential to reduce GHG emissions from the
drying process.
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5.

Conclusion

A LCA database of wood materials was developed based on the results of international field
surveys and a literature survey. By using this database, a detailed estimate of the environmental
load of wood products can be calculated. However, because the values used in the database are
representative, the results in this paper should not be used to compare the emissions between
several areas.
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Summary
The purpose is to see if it can establish control strategies for the use of solar control, and in
addition, the solar control technologies / designs / products can then be used. The reason for this
is that the sunshade often results in the use of electric lighting.
In addition to the "unnecessary" use of electric energy, this leads also to the increase in
temperature in the room and increased use of refrigeration. Calculations according to NS3031
show advantages of using external sunshade. Cooling requirement is then minimized (but not
eliminated), but simultaneously increases the demand for heating.
The amount of heating, cooling and lighting will be minimized in a room with interior sunshade but
then an assessment of the temperature conditions in summer is required.
Light control can reduce energy for lighting in rooms with interior and exterior sunshade.
The amount of heating, cooling and lighting are minimized in a room with light control and
interior sunshade.
Keywords: shading control, shading system, heating, cooling, lighting

1. Introduction
This study is part of the research project "LECO, Low Energy Commercial buildings". Energy
consumption related to non-residential buildings accounted for. 36 TWh in 2007, which equals
approximately 45% of energy consumption in buildings. The potential for energy efficiency of this
part of the buildings through the use of existing technologies, assumed to be 6.5 TWh in 2020
(Low Energy Commission) [1].
LECO is intended to collect existing and developing new knowledge about energy efficient
solutions to reduce energy consumption in commercial buildings. The goal is to create guidelines
respectively. 50%, 75% and 90% reduction of energy consumption (4/2/10 factor) to a typical office
of today (reference building = 300 kWh/(m2 a) [2].
In this context, the relation between solar control, lighting and energy consumption was
investigated. The reason for this is that the sunshade often results in the use of electric lighting. In
addition to the "unnecessary" use of electric energy, this leads also to the increase in temperature
in the room and increased use of refrigeration. The purpose is to see if it can establish control
strategies for the use of solar control, and in addition, the solar control technologies / designs /
products can then be used.

1.1

Energy in buildings

Norwegian Standard NS 3031 describes in detail how to calculate the net energy demand in
buildings [3]. Basically energy demand for heating is based on a heat balance:
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Moreover, energy demand for cooling can be determined based on heat balance
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with
= shading factor
= total solar factor for a combination of glass and shading system, values taken from
NS3031
= specific heat gain from lighting
All other factors and detailed description of parameter is described in NS3031.
One can see that these parameters have influence on both the heating and cooling needs required.
If you reduce f.e. lighting effect q''lys then reduces the heating requirements and together early
increased cooling demand. Optimized solutions will lead to minimize heating and cooling needs.
1.2

Lighting in buildings

Energy for lighting accounts for a large portion the building's energy needs . According to
normative values in NS3031, this amounts to 25 kWh / (m2 year). This corresponds to 8 W/m2 of
installed power for lighting and 3120 hours annual operating hours in offices (12 hours per day, 5
days per week, 52 weeks per year). In addition to energy for lighting, this power is also considered
in the calculations as additional internal heat gain [3].
The rules in NS3031 state that the heat contribution from lighting can be reduced by 20% if the
management system for the utilization of daylight or management system based on presence
sensors is used. Alternatively, other values for installed power for lighting can be used in the
calculations and should be documented according to EN 15193 or equivalent [4].
1.3

Daylighting in buildings

Best daylight conditions in buildings is important for the well-being and health, and hence
productivity and economics [5]. Utilization of daylight as lighting also provides great potential for
electric economizing, reduction of use of light [6].
Predicting daylight conditions in a complex space is often difficult. Especially in the games along
with a (usually) automatically controlled solar shading system, the dynamic daylight assessment is
often difficult.
Daylight distribution in a building can be studied using computer simulations or by measuring the
models in daylight laboratories. Both methods can support the design process relation. finding
solutions that enhance the natural light conditions [7].
NS-EN 15193 provides daylight dependency factors such as [4]:
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with
, ,
, ,
, ,

= daylight supply factors
= daylight control factors
= monthly distribution factors

Fig. 1 Daylight dependency FD,n according to EN
15193, automatic control, south facade

The
distribution
factors
CD,S,n
(according to EN 15913) were used
for 60% of the room with a window
height of 1.78 m 0.8 m above the
working level.
Figure 1 displays the resulting annual
distribution of lighting effects for a
room with a south-facing windows (for
details see Section 2) and automatic
control, here divided into two zones
according to NS-EN 15193. One zone
that can take advantage of natural
light (from 0 to 4.32 m window
distance, which is determined by 2.5
x (window height - working height) =
2.5 x (1.78 to 0.8) m) and an inner
zone that can not take advantage of
natural light (from 4.32 m to 7.2 m).

Tab. 1 Input values for different building standards [2]
Month
U-value wall
U-value window
doors
Normalised
thermal bridge
value
Air leakage

TEK07
Factor 2
0.18 W/m²K 0.18 W/m²K

Factor 4
0.12 W/m²K

1.20 W/m²K

1.20 W/m²K

0.80 W/m²K

0.06 W/m²K

0.06 W/m²K

0.03 W/m²K

1.50 omst/t

1.50 omst/t

Ventilation
system

constant
volume and
temperature

Equivalent air
volume in
operation
(12/5/52)

10 m3/h m2

SFP

2 kW/[m3/s]

Air vlume outside
operation
Efficiency heat
recovery
Lighting
Equipment
Internal heat gain
from persons

0.60 omst/t
Variable
volume.
constant
constant
volume and
supply
temperature
temperature
Max: 6 m3/h
m2
10 m3/h m2
Min : 4 m3/h
m2
1.5
2 kW/[m3/s]
kW/[m3/s]

3 m3/h m2

3 m3/h m2

1 m3/h m2

70 %

80 %

82 %

2

2

8 W/m
11 W/m2

8 W/m
11 W/m2

5 W/m2
7.0 W/m2

4 W/m2

4 W/m2

4 W/m2

1.4 Factor 2 and factor 4 buildings
The base rates were modeled after
TEK07 (TEK 2007). Afterwards,
factor 2 and factor 4 buildings with
input data according to Table 1
were used. The calculation was
done in relation to how much
heating, cooling and lighting could
be saved by such systems. Table 1
shows
values
for
daylight
penetration in dependence on the
daylight factors. In this report, we
assumed a mean penetration of
rooms. Six different solutions were
investigated.

2. Calculation model
A single room was modeled in
Simien,
a
dynamic
building
simulation software [8], with 4.8m
wide, 7.2m deep and 3.2m high. In
Figure is given room geometry and
technical details such as the
following (in line with models used
in (Wigenstad and Grini 2010)):
The model air-conditioned

by a balanced mechanical ventilation system with airflow of the day Vday = 10m3/(hm2)
which is lowered at night to Vnight = 3m3/(hm2). The supply air temperature is assumed to be
19 °C and lowered to 16 °C in summer (May-August).
The heating system consists of a local heating element that regulates the room
temperature to 21 °C.
A local cooling element regulates the room temperature to 22 °C.
Technical
equipment
is
Fig. 2 Model of office room
assumed to Pequipment = 11 W/m2.
Internal heat gain from
persons is set to Pperson = 4 W/m2.
Light installation is assumed
to Plighting = 8 W/m2. The NS3031 is
allowed to reduce the effect of
lighting in 20% if the daylight control
or
existence somewhere else
sensors are used, i.e. Pcontrol lighting =
6.4 W/m2
South facing facade has two
windows (U value 1.12 W / (m2K))
consisting of 2-layer low emissivity
glass with argon filling (U-value 1.1
W/(m2K)), isolated frame with
superspacer (U-value 0.09 W/(m2K)).

3. Results
Calculations were done for an entire year acc. NS3031 (Oslo climate). The chart below shows the
monthly net energy demand, respectively interior and exterior sunshade.
3.1

Case 1

Fig. 3 Calculation results single office room (TEK07),
interior, exterior and optimized sunshade

The windows are fitted with either
internal or external sunshade with the
following
specifications
relation.
NS3031 and specified in Appendix A,
Table A.2 [3].
Internal sunshade consists of typical
shading system with 28mm wide slats
that together with glass (gt = 0.51)
gives a transmission factor of T = 0.38.
Exterior sunshade consists of typical
shading system with 80mm wide slats
that together with glass (gt = 0.51),
gives a transmission factor of 0.06.
In the optimized fallen sunshade
consists of two systems, internal and
external shading systems, the same
types as before.

3.2

Case 2

Fig. 4 Calculation results single office room (TEK07),
interior, exterior and optimized sunshade

Here, the same specification are
assumed as case 1 but now
calculated in relation to the cooling
needs. Recommendations from TEK
to avoid local cooling, i.e. only
ventilation cooling and evaluation of
temperatures in the summer. Using
ventilation cooling reduced cooling
needs, as shown in Figure 4 so that
the system is optimized with interior
sunshade. Cooling requirement is
then the same for interior and
exterior shading systems. But the
heating requirements are less for
internal shading systems. The
difference
in temperatures
as
ventilation cooling explained to cool
down to. Results for the summer
simulation shown in Figure 5 shows
that the operational temperature
rooms with interior sunshade is right
than with rear sunshade. Both
shading systems manage to be
under 26 ° C.

Fig. 5 Calculation results single office
room (TEK07), interior, exterior and
optimized sunshade

3.3

Case 3
Same specification as case 2 but
factor 2 buildings (according to Table
1)
By using the factor 2 buildings
reduced heating needs, as shown in
Figure 6 due to the improved
efficiency of the heat exchanger.
Cooling
requirement
and
temperature conditions are the same
(Figure 5).

Fig. 6 Calculation results single office
room (factor 2), interior, exterior and
optimized sunshade

3.4

Case 4
It was only the factor 2 building
evaluated with improved internal
shading system that can provide
transmission factors of Ts = 0.12.
This was compared with transmission
factors of 0.25 and 0.38. Figure 7
displays increased heating needs for
shading systems with reduced
transmission factor Ts. But the
operative temperature conditions
during summer improve along with
lower Ts as shown in the figure 8.
Fig. 7 Calculation results single office
room (factor 2), interior shading, for
different transmission factors Ts

Fig. 8 Calculation results single office
room (factor 2), interior shading, for
different transmission factors Ts

3.5

Case 5

Fig. 9 Calculation results single office room (factor 2),
interior shading, for different shading control strategies

Shading systems are assumed to be
controlled automatically by solar
radiation on the facade. Here, a
sensitivity analysis was done in
relation to different solar radiation
values when shading system was
closed (i.e., run down) between 80
and 240 W/m2.
The evaluation was done with the
local cooling system so that we can
better compare the cooling demand
of heating demand.
Figure 9 shows that there is little
difference in heating and cooling with
internal blinds. Figure 10 shows the
results of exterior blinds and then is
also little difference.

Fig. 10 Calculation results single office
room (factor 2), exterior shading, for
different shading control strategies

3.6

Case 6

Fig. 11 Calculation results single office room (factor 4),
different shading, with and without shading control
strategies

Fig. 12 Calculation results single office room (factor 4),
different shading, with and without shading control
strategies

In addition, the model is modified in
relation to a factor 4 office buildings
that should have reduced net energy
demand [2]:
Technical
equipment
is
assumed to Pequip = 7.0 W/m2 with
100% internal heat gains
Installed lighting power is
assumed to Plighting = 5 W/m2 with
100% internal heat gains
Daylight control or existence
somewhere else sensors are used,
ie Plighting control = 4 W/m2
Daylight Utilization or NS-EN
15193, Plighting, governed by the
Figure 1.
Figure 11 displays the calculation
results of the factor 4 buildings with
and without light control, calculated
in accordance with EN 15193. There,
it can be seen that the internal blinds
are better in relation to energy for
heating and cooling. Reduction
factor is greater than the factor 2
(from factor 2 to factor 4). Lighting
controls reduce energy consumption
to 10.6 kWh / (m2 year).

Figure 12 shows that operative
temperature in the summer is too
high. This is due to reduced heat
losses during summer and reduced
cooling losses during summer. Here,
passive cooling strategies (e.g. cross
ventilation through window openings)
can help to improve the temperature
conditions. Exterior shading systems
have satisfactory temperature conditions. Light control and use of reduced lighting effect

(according to DIN EN 15 193) results in lower summer temperatures for both shading systems as
shown in Figure 12.

4. Discussion and conclusions
Fig. 13 Calculation results delivered energy of single
office room, different shading, different building
standards

Calculations
by NS3031 show
advantages
of
using
external
sunshade. Cooling requirement is
then minimized (but not eliminated),
but simultaneously increases the
demand for heating. The amount of
heating, cooling and lighting will be at
minimum in a room with interior
sunshade but then an assessment of
the temperature conditions in summer
is required.

Assuming a heating system with an
efficiency of 0.84 and a cooling
system with an efficiency of 2.2 and
electric system with an efficiency of
0.98 delivered energy can be
estimated. Results are shown in figure
13. It can be seen that light control
can minimize delivered energy for lighting in rooms with interior and exterior sunshade. The
amount of delivered energy for heating, cooling and lighting are minimized in a room with light
control and interior sunshade to 26.5 kWh/(m2 a).
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Summary
The AIA 2030 Commitment is an initiative set forth by the American Institute of Architects (AIA) to
encourage its member firms to take a greater leadership role in reducing the effects of climate
change through more energy efficient design. The initiative is focused on implementation of
Architecture 2030 Challenge goals: elimination of fossil fuel use and significant reduction of energy
consumption in the built environment. The initiative is to drive the issue of building energy
performance to the front of all decisions made within each design firm. This includes both energy
used by the firm in their daily business processes, and energy performance of the projects
designed by the firm’s architects and engineers. The act of collecting project energy data and
submitting the annual report to AIA demonstrates an individual firm’s progress towards the goals of
the Architecture 2030 Challenge.
Keywords: architecture, building, sustainability, energy, performance, climate, challenge

1. Introduction
The architects within the design and construction industry are starting to address the fact that
buildings they design are the largest single contributor to our greenhouse gas (GHG) emissions,
both in the United States and globally. Architects have a unique opportunity to provide solutions
and exercise stronger leadership in their design role. When creating a more sustainable built
environment, designers have the ability to also change their profession’s business model and
encourage the entire building industry to join with them, change the course of developing climate
change and reduce harmful effects of global warming.
American Institute of Architects challenges its member firms to take a greater leadership role in
reducing the energy consumption and greenhouse gas created by the building design and
operation. Current increase in building owners’ interest in building energy efficiency creates an
opportunity for architects and design professionals to emphasize the importance and value of
energy conscious design.
This paper will review current national, as well as local efforts toward greater implementation of the
AIA 2030 Commitment goals, and review the process of creation of reporting tools, using the
example of the AIA Chicago 2030 Commitment Working Group, led by the AIAChicago Board and
AIAChicago Committee on the Environment. The reporting tools developed by AIA Chicago 2030
Working Group simplify the reporting methods of the AIA 2030 Commitment, which is part of a
national initiative to collect projected building energy use data from the member firms participating
in the AIA 2030 Challenge and/or the AIA 2030 Commitment initiatives.

2. AIA 2030 Commitment: Tools for Transforming the Design Industry
2.1

Architecture 2030 Challenge Goals Implementation

The Architecture 2030 Challenge initiative was originally directed toward building owners, as well
as design and construction professionals, who are willing to make a commitment to design and
construct buildings that will be carbon neutral (i.e. buildings that will use no fossil fuel greenhouse
gas emitting energy to operate) by 2030.
According to Ed Mazria and Architecture 2030, “buildings are both the problem and the solution”1,
being the major source of global demand for both energy and materials that produce greenhouse
gases (GHG). The ability to slow the growth rate of greenhouse gas (GHG) emissions and then
reverse it is the key to meaningfully address global climate change and keep global average
temperatures below 2°C above pre-industrial levels. To help accomplish this, Architecture 2030
issued The 2030 Challenge, asking the global design community to adopt the following targets:
- All new buildings, developments and major renovations shall be designed to meet a fossil fuel,
GHG-emitting, energy consumption performance standard of 60% below the regional (or country)
average for that building type.
- At a minimum, an equal amount of existing building area shall be renovated annually to meet a
fossil fuel, GHG-emitting, energy consumption performance standard of 60% of the regional (or
country) average for that building type.
- The fossil fuel reduction standard for all new buildings and major renovations shall be increased
as follows:
70% in 2015
80% in 2020
90% in 2025, and
carbon-neutral in 2030 (using no fossil fuel GHG emitting energy to operate).
These targets could be accomplished by implementing innovative sustainable design strategies,
generating on-site renewable power and/or purchasing (20% maximum) renewable energy.

Fig. 1 Architecture 2030 Challenge goals aim at carbon neutral buildings by 2030.

2.2

Implementation of AIA 2030 Commitment Goals

While most design professionals in the United States are familiar with the Architecture 2030
Challenge, very few architectural design firms actively participate in the American Institute of
Architects 2030 Commitment initiative. To date, only 162 US design firms have signed the
Commitment2. The AIA 2030 Commitment has the same carbon reduction goals as the Architecture
2030 Challenge, however participating firms are required to go a step further by reporting their
individual data on progress in reaching the 2030 goals, developing a firm-specific Sustainable
Business Action Plan, detailing their approach to sustainable design and demonstrating how they
plan to reduce the carbon emissions created by their individual business operations.
2.2.1 Increased Focus on More Sustainable Firm Operation
Although the participation in AIA 2030 Commitment is voluntary, it provides clear guidelines, some
of which each participating firm has to implement immediately after signing the Commitment:
- Establish an in-house sustainability leadership structure to guide firm’s practice transformation,
- Send a Commitment letter to AIA National, signed by the firm’s highest executive officer,
- Select at least four immediate operational actions aimed to reduce the firm's own energy use.
- Incorporate energy-efficiency in their design based on the Architecture 2030 Challenge goals.
- Report percentage of predicted EUI reduction every year, AIA 2030 Commitment Reporting Tool.
2.3

Walking the Walk: Immediate Operational Actions Aimed at Reducing GHG Emissions

Within six months of signing the commitment, all participating firms are expected to implement at
least four (4) operational action items from the list provided2. These actions are intended to be
undertaken while the firm’s long-term sustainability plan is in development. These actions are:
2.3.1 Office Energy Use
-

Track and report energy use in the office,
Install occupancy sensors in meeting rooms and other common spaces
Procurement of Energy Star rated equipment and appliances
Institute office-wide policy of shutting down computers when leaving the office
Replace any existing CRT monitors with LCD monitors
Replacement of incandescent lamps with fluorescent
Establish a timeline for ultimately purchasing 100% green power

2.3.2 Waste Reduction and Supplies
-

Reduce paper consumption by using electronic documents and forms
Reduce paper consumption by implementing printing polices (i.e. double-sided printing)
Institute a firm-wide recycling policy
Implement policies for purchasing environmentally friendly supplies and/or office furniture

2.3.3 Transportation
-

Incentives for employees who ride share, walk, or bike
Establish a policy for fuel efficient rental cars for firm travel
Establish a policy for offsetting firm travel
Encourage telecommuting options for employees

2.3.4 Meeting Procedures
-

Use of paperless technology for agendas, handouts, and presentations
Encourage virtual meetings when possible.
Establish an environmental policy to share with venues, vendors, and attendees for meetings.
Encourage meeting participants to coordinate travel plans and share rides from the airport.

2.4

Design Project Selection and Reporting Requirements

Participating firms are further required to prepare an annual report for each calendar year’s design
work. The reporting data is compiled during the first quarter in the following year. All individual
firms’ reports are submitted by the end of first quarter (March 31st), which enables AIA to compile
them and analyze this information and review it in AIA’s annual 2030 Commitment report.
2.4.1 Design Project Reporting Process
Architectural firms submit their data for all projects currently in the design phase. Applicable project
phases include all phases where design is being performed; when architects, engineers and
interior designers have significant impact on the building’s future energy consumption. This
includes projects in conceptual or preliminary design stages, as long as project use, building area
(expressed in gross square feet of GSF) and a target energy reduction goals and/or lighting power
density (LPD) targets have been established and tracked for the purpose of 2030 Commitment
implementation and reporting.
Projects currently under construction could also be included if they were in a design phase during
the same calendar year or if construction-phase modifications to building envelope design or
building systems were substantial enough to warrant a revised building energy model.
2.4.2 Design Project Selection
Each firm’s Annual 2030 Report is meant to provide a year-to-year snapshot of that firm’s work.
Since many projects’ design work extends over multiple years, these projects should be included in
each year’s report as appropriate, each time with updated information. Projects which were not in a
design phase during the calendar year should not be included. The preparation for reporting
process requires initial selection of a firm’s design projects which meet the following criteria:
- Project was in an active design phase (e.g. schematic design) during the report calendar year,
- Project scope included, at a minimum, substantial modifications of the building envelope and/or
- Project scope included significant HVAC system modifications that have reduced projected
energy use intensity of the building, or
- Project was an Interiors-only project which included lighting design
2.5

Energy Data Collection Methodology

For each individual project, designed energy consumption values are calculated based on two key
parameters: Projected Energy Use Intensity (PEUI) and Lighting Power Density (LPD), and
compared to applicable codes and national and or/regional averages.
2.5.1 Projected Energy Use Intensity (PEUI)
Depending on a project design phases in given calendar year, the Predicted EUI for each project
may be established simply as a design goal, in for example, a preliminary design phase, or it could
be determined from actual building energy modelling data. A project’s energy model will output
predicted energy use from all available energy sources: electric, natural gas, utility provided steam,
hot water, chilled water, geothermal, solar power, etc. Different energy use units are converted to
kBtu/year which is then divided by gross square feet (GSF) of the building, to determine the
Predicted EUI values in kBtu/sf/year. Predicted EUI values are then compared to 2030 Challenge
targets for a particular year, which in turn defines success of applied sustainable design strategy.
This number represents the firm’s progress toward the 2030 goals
While this is an important measure of embodied energy, and an important part of calculating a
carbon footprint, the focus of this reporting is to analyze the energy performance of each firm’s
design work. It is not necessary to obtain a regional average site EUI number but regional data.
However when available, regional data is more applicable to a given climate or a project type and
as such is always preferable to national data. The formula used to generate a report will assign
preference to an entered Regional Average number over the automatic National Average number.

Sources which may be referenced for regional data by project type and location include
combination of US EPA Energy Star Target Finder3, 2030 Challenge target tables2 including U.S.
Residential Regional Averages, Canadian Commercial Regional Averages, and Canadian
Residential Regional Averages, Commercial Building Energy Consumption Survey (CBECS) 2003
consumption and gross energy intensity data by climate zone.
2.5.2 Lighting Power Density (LPD)
Lighting Power Density values were included in the calculation because, generally, the ability of an
interior design project to affect building EUI is mostly limited to lighting design. Since interiors
projects tend to not include HVAC system or envelope modifications, lighting power density is the
criterion which is most applicable to traditional interiors work. While Lighting Use Intensity (LUI) is
a more meaningful prediction of how lighting contributes to overall energy use in a building, LUI
can only be derived from energy modelling, which is seldom employed for interiors-only projects.
The LPD reduction goal is 25% reduction from ASHRAE 90.1 2007 requirements. This seems to
be just as good a goal as any, and fairly easily attainable. In some instances a lighting power
density will not be available, either because the project is in preliminary stages, has no LPD
reduction goal, or because lighting design was not in the project's scope of work. In these cases,
the project will be excluded on the LPD section of the ‘Report’ tab.

Fig. 2 AIA 2030 Commitment Reporting Tool: Firm-wide Project Energy Data Collection Sheet
2.6

Annual 2030 Commitment Reporting Process

Once the individual project energy data is entered into the AIA 2030 Reporting Tool, (see Fig. 2
above) the spreadsheet will generate a Report's summary page. The Report summary includes
information on all projects designed by a given firm in a single calendar year. This is the final
reporting mechanism for the AIA 2030 Commitment by which an individual firm’s data is being
transferred to AIA National. The participating firm will print the information and post it on the AIA
website to complete its reporting period for the given year.

2.6.1 Report Summary Page
The Report summary page (see Fig. 3 below) consists of four report cards: firms’ cumulative data
for all eligible projects, separated into four categories: PEUI percent reduction from current target
(60% for five-year period 2010-2014), a percent ratio of a firm’s projects where building energy
modelling was part of the design process, ratio of projects where data will not be collected during
post occupancy and finally, lighting power density (LPD).

Fig. 3 Design Firm 2010 Annual Report data: PEUI, % Energy Modelled, Use Data and LPD
2.6.2 Using 2030 Commitment to Improve Firm’s Design and Project Delivery Process
A few design firms will reach their set PEUI targets during the initial reporting period. Actual PEUI
and LPD values may suggest there is a room for improvement (see Fig. 4 and 5 below). Firms can
also calculate their PEUI and LPD levels for individual projects, and “reverse” the process to
determine which design strategies are more effective than others.

Fig. 4 Report Detail, PEUI Values

Fig. 5 Annual Report Detail, LPD Values

2.7

AIA Chicago 2030 Working Group

The AIA 2030 Commitment Reporting Tool4 (Fig 2.) was created by a panel of Chicago-based
sustainable-minded practitioners, lead by AIA Chicago Board and AIA Chicago Committee on the
Environment (COTE). The goal was to create a tool that would facilitate reporting and equalize
data collection methods between the Chicago firms participating in the AIA 2030 Commitment.
Once tested in Chicago, the AIA 2030 Reporting Tool was used as part of a national initiative to
collect data from firms participating in the 2030 Challenge and the AIA 2030 Commitment.
The Reporting Tool includes information on what type of data is required to complete the report, a
step-by-step list of instructions, a Frequently Asked Questions (FAQ) guide, a worksheet to
compile the firm's data, and a printable graphic summary page to demonstrate the level of
reduction achieved by the Firm for the reporting year.
AIAChicago COTE, in conjunction with National AIA, plans to collect this data for Chicago firms to
show how Midwest Region could lead in sustainable design, utilizing goals of the AIA 2030
Commitment. Demonstrating our reductions as a region will show how Chicago design
professionals are leading the way toward a more sustainable built environment.
2.7.1 Outreach, Reporting and Education
Early in the process, AIA Chicago Working Group focused on expanding the base of participating
firms and design professionals among Chicago area-based firms. As a result, approximately 30%
of the 162 national firms participating are firms either based or having design studios located in
Chicago.
Unlike annual reporting to AIA which is done by individual firms who are not identified in the AIA’s
annual report on 2030 Commitment, participating AIA Chicago Working Group firms have early on
decided for an open sharing of data and energy performance strategies.
The benefits of this approach appear to have improved the overall performance of individual
architectural design firms participating in the process (a 10 percent increase in overall energy
performance - see Fig. 6 below). This model can become a useful template for organizing design
work in other AIA Chapters.

Fig. 6 AIA Chicago Participating Design Cumulative PEUI results showing improvement

3. Conclusion
3.1

Opportunities for Development

Annual AIA 2030 Commitment reporting, including tracking and collection of project-specific energy
performance data offers several distinct advantages and can be used to improve overall
sustainable design process in a relatively short period of time. Most importantly, it provides
measurable results and an objective system which could be used to differentiate between available
design strategies based on building energy performance. It is likely that in the future, many building
owners will be able to select design professional services based on individual design firm’s
performance relative to AIA 2030 Commitment data.
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Summary
The recent increase in activities of the Brazilian construction industry raises concerns regarding
their impact on the environment. The measurement of these impacts may occur through methods
of life Cycle Assessment – LCA that enables comparisons between two functional units in order to
assist in decision-making strategies for lower environmental impact. In Brazil, LCA is rarely used in
civil construction. This article assesses the potential use of LCA as a selection tool for materials
and processes to lower the environmental impact of construction on the Brazilian reality. For it, is
performed an LCA of a residential building to be built in the city of Belo Horizonte, using the
SimaPro software. In the study, the functional unit was divided in: Structure, Masonry, Window
frames and Finish. The results showed that the LCA has limitations as a method of selection tool
for materials and processes to lower environmental impacts of buildings on the Brazilian reality.
Keywords: Life Cycle Assessment, building, sustainability

1. Introduction
According to the CIB (2002), the built environment should seek "balance between protecting the
physical environment and its resources, and use these resources in order to allow the planet will
continue to support an acceptable quality of life." Therefore, improving the quality of the built
environment should consider their impact on the environment. Currently you can give an objective
meaning to the impacts by evaluating and measuring that impact. The main analyze method is the
Life Cycle Assessment or LCA.
The life cycle assessment or LCA is defined as the comparison and evaluation of environmental
impacts caused by different systems that have similar functions throughout the life cycle of the
same. For this you need to compile inventories of the flow of matter and energy for each system at
each stage of the life cycle, allowing the comparison between these subsystems and components
of a product from a selection of subsystems. After compiling these data also a tool to aggregate

LCA, Impact Assessment Life Cycle (LCIA) is used to interpret the emission inventory and
resources and turn them into environmental impacts. This process is standardized by the ISO
14040 series (ABNT, 2001).
In an LCA of a built environment, the functional unit can be defined as any construction, building,
or even a one-component material. This definition has greatly influenced the results, and once the
LCA analysis should seek the widest possible, we recommend that the functional unit is also the
widest possible (Motta, 2009). In the second step, called the inventory is made to describe the flow
of input and output of matter and energy. These flows must be balanced considering the
environmental impacts to be evaluated. Thus is made the quantitative measurement of the impact
of the system (impact factors). The third step involves the assessment of environmental impacts
are related to the impact factors for a class or an evaluation criterion defined by a template. These
categories are associated with local impacts such as toxicity and ecotoxicity; regional impacts such
as acid rain, desertification, and global impacts like greenhouse gases and reduction of the ozone
layer and can have different weights depending on the environmental characteristic of the region.
There are studies on the relative importance of impacts in these categories and have different
approaches and considerations.. Finalizing the evaluation, the results of the LCI associated with
environmental impacts are compared between two or more proposed solutions to enable the
completion of the option with less impact. In an LCA, one can still measure the results in a single
indicator, using weights of the same for each environmental category. There are studies on the
relative importance of impacts in these categories and have different approaches and
considerations.
This article presents an LCA of a multifamily residential project of high standard, to be built in the
city of Belo Horizonte, using the SimaPro software. The study aimed to evaluate the potential use
of LCA as a selection tool for materials and processes to lower the environmental impact of
construction on the Brazilian reality.

2. Materials and Methods
The analyzed project has 57,740 m2 of total built, distributed in three towers and a total of 188
housing units of four rooms each. Functional unit was defined as the building built. In functional
unit were considered the total quantities of materials to be consumed in the construction and the
processes and services to be performed in the building. Was not considered the use phase and
maintenance. Data were gathered together the construction company responsible for the project
and were raised from the budget end of it. The materials and processes have been organized into
subsystems to simplify the partial quantitative. This strategy was also intended to enable the
evaluation of the impacts of each subsystem individually. Thus one can identify the subsystem that
owns most significant environmental impact in relation to the total building.
The subsystems were defined: structures, walls, window frames and trim. For each subsystem
described this was made a life cycle inventory (LCI) through the software SimaPro. Were
considered in the inventory the emissions from the extraction of raw materials to product use and
emissions in the work of construction processes. Based on LCI, was made a LCIA by Impact 2002
+”. This characterization is based on LCIAs methods of CML and Ecoindicator 2002 and 1999. The
categories considered were: Climate change, Acidification, Eutrophication, Depletion of the ozone
layer, Ecotoxicity, Land Use, Ecosystem Quality, Human Health, Use of Natural Resources.
The specification of materials and processes of subsystems takes place through the database of
SimaPro. Were chosen materials and processes raised in other countries, since it was not possible
to identify Brazilian data.

3. Results and Discussion
The structures subsystem is characterized by a reinforced concrete structure, using steel CA50
and CA60 and concrete pumped of 20 and 30 Mpa. The elements were cast on site using forms of
18 mm plywood resin. The summary of total material to be used in the subsystem structure is

presented in Table 1. The data come from Ecoinvent (Swiss database) and USLCI (North
American database)
Table 1 - Summary of Material Structures Subsystem
MATERIAL
Steel CA50
Galvanized Steel
Wire and Nail
Sand
Stone
Cement
Concrete
Plywood
Prefabricated slab
Asphalt mat
Wood
PVC

AMOUNT
1846021,00
552,50
51133,29
145166,00
164192,00
26291,61
46251681,00
380179,62
117829,50
199,80
1568385,38
120,17

UNIT
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

The subsystem Masonry is characterized by brick masonry ceramic whit mortar of sand and
cement (6:1) mixed on site. The summary of total material to be used in Masonry subsystem is
presented in table 2.
Table 2 - Summary of material subsystem Masonry
MATERIAL
Steel CA50
Steel CA60
Wire and Nail
Sand
Stone
Cement
Concrete
Plywood
Wood
Galvanized screen
Ceramic brick

AMOUNT
7653,24
10560,00
1065,69
1746920,00
214676,00
242291,30
101905,00
482001,06
7414,11
1572,16
4232705,63

UNIT
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

The subsystem of Frames is characterized by aluminum windows and clear and green glass, and
wood doors type clipboard. The summary of total material to be used in the subsystem Casing is
presented in Table 3.
Table 3 - Summary of material subsystem Frames
MATERIAL
Steel
Stainless steel
Aluminum
Wire and Nail
Sand
Stone

AMOUNT
20197,60
2137,93
110758,90
138,70
384818,00
2044,00

UNIT
kg
kg
kg
kg
kg
kg

Plywood
Waterproofing
Insulation glass wool
Copper nickel alloy
Wood
Polymers
Ceramic brick
Enamel paint
Latex paint
Clear glass
Green glass

13230,18
376,95
3833,46
4865,60
197687,80
92128,81
24868,62
357,59
140,87
53090,43
151461,8

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

The subsystem finishes is characterized by external porcelain coatings, interior walls in latex paint
coatings, granite with ceramic in wet parts, latex paint ceilings and floor coverings in porcelain. The
summary of total material to be used in finishing subsystem is presented in Table 4.
Table 4 – Summary of material subsystem Finish
MATERIAL
Acrylic milky
Steel
Aluminum
Wire and Nail
Sand
Mortar
Ceramic tile
Asphalt mat
Stone
Ceramic brick
Cement
Concrete
Marble
Plywood
Wood
Spackling
Porcelain tiles
Resine
Silestone
Paint

AMOUNT
694,73
101257,30
124,25
254,65
11120564,00
465052,03
141101,01
101588,99
778344,00
427261,01
2270428,47
4357760,84
412325,31
40491,97
19343,00
112138,58
1334432,22
37282,83
3147,83
42678,23

UNIT
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

Since there was no information on reuse, recycle or dispose of materials, the analysis was only
until the stage of disposal of materials on site. Also not included as the assembly processes,
machinery and transport involved in each material.
Figure 1 shows the flowchart of the LCA of building materials and with the subsystems considered.
The subsystem structure showed the greatest environmental impact on the overall impact of the
building. The impact of structure accounted for 89.2% of the total impact, while 0.3% Masonry
subsystem, the subsystem Frames represented 5% and the subsystem Finishes represented 5.5%.

Figure 1 - Flowchart of the LCA of Building
Figure 2 presents the characteristics of the LCA, the relative weight of each subsystem in the
various ctegorias impact analysis. In all categories the subsystem structure has increased
participation in environmental impact.

Figure 2 - Characterization of LCA

Once the subsystem structure represented the largest portion of the building's environmental
impact, was analyzed the contributions of various materials and processes in it. Figure 3 shows the
flow of LCA only subsystem structures. The concrete material showed greater participation in the
environmental impact of the structural subsystem, accounting for 57.2% of the same.

Figure 3 - Flow Subsystem Structures

4. Conclusions
The study showed that for the current Brazilian reality, the LCA has limitations as a selection tool
of materials and processes to a lower environmental impact of buildings. By study was checked
the possibility that construction projects in Brazil quantify the materials and processes required to
conduct an LCA. But for the LCA, is necessary an appropriate definition of the specific material
and process to be used in construction. It was unable to identify data of materials and processes
that will be used in the project. The LCA was performed from data of materials and processes
similar to those raised in other countries. Moreover, it is necessary to define the methods of

characterization. In Brazil, don’t exist methods of characterization. In the study, was used the
Impact 2002 + method.
The definition of materials and processes and characterization methods directly influences the
results of LCA. The use of LCA in Brazil has serious limitations in these settings. Despite the
possibility of quantification of materials and processes of project construction, the unavailability of
local data can lead to errors in the selection of alternatives. The study shows the importance of
collecting inventories of environmental impacts of materials and processes in Brazil and
development of characterization methods specific to the country. The LCA has potential for use in
Brazil since overcome these obstacles.
The authors thank CAPES-Brasil (Brazilian Federal Agency for the Support and Evaluation of
Graduate Education), CNPq-Brasil (National Council of Technological and Scientific Development)
and FAPEMIG (Foundation for Research Support of Minas Gerais) for financial support to this
research.
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Summary
The reuse of building materials is recognized as a means to reduce environmental impacts when
substituting for new materials and avoiding waste. Reuse is also readily practiced on a daily basis
in formal and informal ways for economical and social benefits. In spite of these benefits and the
presence of formal and informal systems of reuse, the reuse of building materials in the US Green
Building Council Leadership in Energy and Environmental Design LEED™ green building rating
system is one of the least attempted or achieved credits. A survey was completed among US
architects, designers, governmental officials and operators of reused building materials firms in
February-March, 2009 in an attempt to understand the attitudes of architects towards reused
materials and the lack of the use of reused materials in LEED™ building projects. A goal of this
survey was to be able to make recommendations to the US Green Building Council and the US
green building industry to increase the use of reused materials. Alternatively, it may be that the
obstacles or drivers for the use of reused materials are outside the influence of the LEED™ rating
system.
Keywords: deconstruction, reuse, recycling, building materials, LEED

1. Introduction
It is generally perceived that reusing materials is an effective means to reduce the environmental
impacts of building materials and prevent waste. Reuse extends the life of an object for continued
functional service past its first use. The U.S. Environmental Protection Agency (US EPA) has
established the hierarchy of reduce, reuse, recycle, and considers reuse to be a form of source
reduction, preferable to recycling or other forms of waste management [1].
When a building is renovated or demolished, materials and products may be removed and / or
destroyed in these processes that have remaining service life. This premature end-of-service can
be overcome by salvage or deconstruction to recover the materials in a manner that will allow them
to be used elsewhere on the project site or off-site. These materials may be able to perform the
equivalent function of a new product for an extended period, even if not the full service life of a new
product. A product used in a building design life scenario of 25 years that can achieve a service life
of 50 years through a second use will result in a 50% reduction in manufacturing environmental
burden on a yearly basis, or in other words a two-fold increase in utility over its actual life for an
equivalent environmental input. The difference between design service life, predicted service life,
service life, and actual life for a building or components can be integral to the efficient or ineffcient
use of material resources and their ability to be reused [2].
If the predicted service life of a reused product has been exceeded in the first use life span, then it
may not be able to provide an equivalent performance to a new product in the same use. Reuse of
materials in different uses than the original intended design function can avoid the issue of service

life altogether. Examples in this category might be the reuse of a door as a table, or an exterior
window sash as an interior cabinet door. In both cases the reuse will not be required to provide the
durability performance of the original intent for the product. This approach provides for greater
flexibility and hence more opportunities for reuse and a greater service life overall.
Avoiding the purchase of new goods by repair of existing products or the purchase of surplus or
reused goods at lower prices is practiced daily in informal and formal systems. E-bay
(www.ebay.com), Cragslist (www.craigslist.org), and Freecycle (www.freecycle.org) are examples
of popular Internet-based US national systems for the person-to-person exchange or sale of second-hand goods. Used books are a well-known form of reuse with both second-hand books shops
and electronic sales through Amazon.com for example. Thomas found that in the US, for every
one new home sold, five existing homes are sold, and that approximately for every one new automobile sold, two and one-half used cars are sold [3]. As of May, 2010, the Habitat for Humanity
International (HfHI) organization reported 707 ReStores in the US and Canada [4]. A study by Michael, et al, in 2005, identified 215 ReStores [5]. This is a 329% increase over a period of 5 years.
According to the The HfHI ReStores website site:
“ReStores sell reusable and surplus building materials to the public… most focus on home
improvement goods like furniture, home accessories, building materials and appliances. ReStore
resale outlets accept donated goods which are sold to the general public… proceeds help local
Habitat affiliates fund the construction of Habitat homes within their communities” [6].
In life cycle assessment (LCA) methods reuse and recycling can be modeled as an end-of-life
waste management strategy of a material and / or in terms of the utilization of the reused or
recycled material as an input to a ‘new’ material or product. In the case of recycled feedstock for
the manufacture of the new product, its contribution is avoided impacts determined by the
difference in environmental burdens of the new materials creation and the recycled materials
processing – for the percent of recycled materials in the product [7]. The reuse of a product (if
assume that its use avoids the purchase of a new material) is in effect 100% recycled content.
Recycled feedstock may or may not result in a reduced environmental burden from new materials,
depending upon the intensity of the recovery and recycling processes and the materials for which it
substitutes [8]. Reuse will typically result in lower environmental impacts based on processing
impacts. Either recycled feedstock or reuse can result in higher environmental impacts compared
to new materials or for other options for the use the material when there is an excessive
transportation burden associated with the reuse [9].

2. Green building standards and reuse
2.1 US green building standards
Major national US green building standards or codes include:
1) US Green Building Council Leadership in Energy and Environmental Design (LEED™) 2009 [10]
2) ASHRAE 189.1-2009 Standard for the Design of High Performance Green Buildings [11]
3) International Code Council International Green Construction Code v2.0 (IGCC) [12]
4) ANSI/GBI 01-2010 Green Building Assessment Protocol for Green Buildings [13]
5) ICC 700 National Green Building Standard [14]
Materials-based credits in these green building rating systems codes typically incorporate the use
of reused materials or recycled-content building materials as a prescriptive measure. ASHRAE
189.1-2009 rewards recycled-content but not reused materials. The IGCC rewards “Used
Materials” under the provisions of the International Code Council Performance Code for “alternative materials and methods”. ANSI/GBI 01-2010 provides credit for “Off-site Salvaged Materials”.

ICC 700 National Green Building Standard rewards the use of “Salvaged Materials”. All of these
standards or codes also have a provision for use of LCA for the materials-use of the building.
In a materials or whole-building comprehensive life cycle assessment (LCA) perspective, a
recycled-content product which has high environmental impacts in its original form may allow for
greater threshold of processing in order to realize environmental benefit, whereas an original
product of low environmental impacts may not achieve an equivalent benefit from recycled
feedstock beyond a certain processing input threshold [15].
As LCA methods are further developed and incorporated into green building standards, the
attribute of reused or recycled-content will disappear, to be replaced by the environmental impacts
of global warming potential, water use, resource depletion, and multiple ecological or human
toxicity impacts, among other environmental impact categories. In the current time, the prescriptive
measures of reused material or recycled-content are relatively easy to understand and document
in comparison to conducting LCA studies.
2.2 The low rate of achievement of materials reuse in LEED™
Excluding the prerequisite P1 Storage and Collection of Recyclables, which is a building operation
credit, there were seven credits in the Materials and Resources category in LEED v 2.2 that relate
to the design and construction of the building [16]. Credits 1, 2, 3, 4, 5 each have multiple points
available for tiered levels of achievement in that category.
•
•
•
•
•
•
•

MRc 1 Building Reuse
MRc 2 Construction Waste Management
MRc 3 Material Reuse
MRc 4 Recycled Content
MRc 5 Regional Materials
MRc 6 Rapidly Renewable
MRc 7 Certified Wood

In spite of the environmental and potential economic benefits of reused materials, and green
building standards as an incentive for reuse, it is one of the least attempted or achieved strategies
in the LEED™– New Construction (NC) rating system to-date. In an analysis of credit achievement
rates for 100 randomly chosen LEED™-NC v2.2 projects shown in Table 1, it was determined that
credit MRc 3 Materials Reuse was the least attempted or achieved credit in the Materials and
Resources category [17].
Table 1 MR credit achievement of 100 randomly chosen LEED™-NC v 2.2 projects
MR Credit

P1

1.1

1.2

1.3

2.1

2.2

3.1

3.2

4.1

4.2

5.1

5.2

6

7

achieved

100

14

5

0

89

65

9

6

86

46

88

72

12

38

denied

0

3

1

1

1

7

1

1

3

4

2

5

1

2

attempted

100

17

6

1

90

72

10

7

89

50

90

77

13

40

achieved / attempted

100

82

83

0

99

90

90

86

97

92

98

94

92

95

denied / attempted

0

18

17

100

1

10

10

14

3

8

2

6

8

5

attempted / 100

100

17

6

1

90

72

10

7

89

50

90

77

13

40

achieved / 100

100

14

5

0

89

65

9

6

86

46

88

72

12

38

%

The average rate of achievement of the first tier for multi-tier points credits and the single point
credits was 48%. The first-tier credit achievements for MRc 3 Material Reuse and MRc 4 Recycled
Content in this study of 100 LEED™ projects were as follows:

•
•

MRc 3.1 was attempted by 10% of projects with a 90% success rate, resulting in 9%
achievement.
MRc 4.1 was attempted by 89% of projects with a 97% success rate, resulting in 86%
achievement.

The MRc 4 Recycled Content Materials credit uses the same metric as the MRc3 Materials Reuse
credit. This metric is based on the percent of total value of material and was purposefully created
to facilitate the documentation for this credit. In order to avoid the calculation of the total value of all
materials, a project may use a default value of 45% of total project costs as the total materials cost.
The project team must then only calculate the value of the types of materials for which it is seeking
credit.
Given that LEED™ is the dominant green building rating system in the US, it has a powerful impact
on both defining green building and in driving markets for green building goods and services [18].
However given the lack of achievement of the material reuse credits in LEED™, it becomes a
question whether LEED™ has had much impact on encouraging reuse of materials in the green
building market. In an attempt to investigate the relationship between reuse of materials, the use of
LEED™ by architects, and constraints to material reuse, a survey was conducted in FebruaryMarch, 2009.

3. Background and development of survey
3.1 Precedents for building materials reuse challenges and opportunities
Using reused or reclaimed materials pose unique challenges compared to any new material. This
may explain why the credit categories for new materials even with enhanced environmental
performance via attributes such as recycled-content, rapidly renewable materials, regional sources,
and lumber certified by the Forest Stewardship Council are more readily attempted in LEED™. A
significant reduction in environmental impacts of the built environment will not be attained unless
greater utility is made from existing buildings and existing materials not just new materials with
enhanced environmental performance.
A series of studies and surveys by the author over a period of years have been undertaken to
attempt to correlate economic, social and environmental factors to the reuse of building materials.
3.1.1 Factors influencing reuse
Previous surveys of the deconstruction and reuse industry have provided general perspectives into
the issues of building materials reuse. Insights generated by the author from practical experience,
analysis of US Economic Census data, and industry surveys in the US include:
•
•
•
•
•

Reused building materials stores are low-margin businesses or non-profits and limited by
the variability of their supply at any given time, which in turn is limiting to traditional design
and building practices.
The market for reused materials is correlated with high poverty and low median income of
those seeking low-cost materials which in turn are offered “as-is” without warranties or
other performance guarantees.
The most direct “subsidy” for the reused building materials industry is high disposal fees.
Environmental claims are a significant driver for reused building materials.
Education and outreach are two priorities for increasing the reuse of materials.

3.1.2 Characterization of deconstruction and reused building materials establishments
In a telephone survey by the University of Florida of over 1,400 deconstruction and reuse
companies, in Spring, 2003, questions were asked related to demolition, deconstruction, used
building materials and value-adding activities using reclaimed materials in order to better
understand the “state of the industry.” The percentage listed is the percentage of respondents who
gave the responses listed in Table 2.
Table 2. Survey of US demolition, deconstruction, reused building materials companies, 2003.
What do you think is the biggest obstacle for the deconstruction and reuse / recycling building
materials industry?
Education
19.4%
Markets (matching supply and demand)
13.9%
Costs of labor
11.1%
Environmental regulations
11.1%
Perceptions of low quality
8.3%
Storage needs
8.3%
These previous studies provided questions for a series of surveys over several years to the
attendees at the Building Materials Reuse Association (BMRA) US conferences in 2004 and 2007.
In addition, the survey which is the subject of this paper also included the same questions
regarding challenges to the reuse of buildnig materials, Table 4. Using this consistent set of
parameters has allowed for comparisons over time.
Table 3. Obstacles to building materials reuse.
Lack of public’s knowledge
Time to conduct deconstruction
Obtain viable projects
Low disposal costs
Time / costs for hazardous materials abatement
Lack of knowledge / costs of environmental health & safety
Insurance / liability / bonding
Disreputable / unsafe companies
Methods of construction

2004
25%
8%
11%
9%
10%
11%
11%
6%

2007
21%
8%
14%
10%
6%
12%
3%
11%

2009
38%
35%
24%
18%
18%
12%
11%
6%
5%

4. Materials reuse survey, 2009
In 2009 a survey was undertaken by the author in consultation to Public Architecture, Inc. to
ascertain some of the factors that influence the reuse of building materials. The target for the
survey was architects / designers, the building materials reuse industry, and then local
governmental agencies.The factors listed in Table 3 were included as choices in the survey, along
with the opportunity to write in other choices.
The survey was conducted from February to March, 2009. Invitations were emailed to
approximately 1,400 entities in the categories of: 1) designer / builder (500); 2) government agency
(100); 3) deconstruction / reuse firm (800). The survey was placed on the Survey Monkey on-line
service (www.surveymonkey.com). In the group “architect / designer” there were 198 respondents,
a 39.6% response rate. These firms self-reported specialty as: architecture – 143; design / build 9;
architecture/engineering – 28; interior design - 13; landscape architecture – 10; and consulting - 18.
This totals to more than 198 because some firms replied with more than one specialty. In the group

of “deconstruction / reuse store” there were 132 respondents, a 16.5% response rate. In the group
of “governmental agency” there were 29 respondents, a 29% response rate.
4.1 Architects
Approximately 75% of respondents had
completed at least one reused materials
project. Over 40% of respondents had
completed 2 to 5 projects using salvaged
materials, and 25% reported never using
reclaimed materials.

frequently cited reason was “sources not
known”, 30% of responses, followed by
“constructability / logistics”, 23% of responses.
Chart 3. Challenges to using reclaimed
materials by architects who never used
reused materials.

Chart 1. Percent of firms using reused
materials by number of projects.

Chart 2. Challenges to reused materials by
architects who have used reused materials at
least once.

After accounting for lack of client interest,
“sources not known” is cited as the greatest
challenge to architects who have not used
reclaimed materials. This might suggest that
lack of knowledge of sources is a barrier to
entry but not a barrier to implementation once
the architect has done at least one project,
Chart 2.
This is borne out by Chart 4 which illustrates
that for architects who have never completed
a project, the first priority would be in knowing
the availability of materials.
Chart 4, Types of support that would
incentivize use of reclaimed materials for
firms who never used reclaimed materials.

Chart 2. Ilustrates the challenges to using
reclaimed materials from the perspective of
the architects who have used reused
materials. “Contructability” ranked first, 19%
of responses, followed by “time”, 17% of
responses, and “project flow”, 15% of
responses.
Firms who reported never having used
salvage materials, Chart 3, cited as the
principal reason that reused materials “never
came up” or the client was “not interested”,
37% of reponses. The second most

Influences on decision to use reclaimed
materials and the perceived benefits gained

are relatively consistent for firms who have
used reclaimed materials at least once, Chart
5 and 6. Approximately 17-18% of responses
were
for
aesthetics
and
reduced
environmental impacts. Reduced materials
costs ranked 3rd in both cases, 12-14% of
reponses. The achievement of LEED™
credits ranked 5th in importance in both cases.
Availability of materials is not cited as a major
influencing factor for firms who have used
materials on at least one project
Chart 5. Influences on decision to use
reclaimed materials per percent of firm noting
listed factor.

Chart 6.
Benefits gained from use of
reclaimed materials per percent of firm noting
listed factor.

939). However, California does not have the
highest disposal fees.
The ABA 939 law mandated local municipal
governments in California to meet a total solid waste diversion goal of 50% by 2000 This
historical legislation included provisions for
creating a robust infrastructure in the State of
California for the recovery, reuse and recycling of building materials. [19].
Chart 7. Waste diposal fees per ton by US
region [20].

The respondents who used reused materials
at least once were located approximately
23% in the Northeast / Mid-Atlantic; 22% in
California; 17% in the Southeast; 11% in the
Midwest; and 10% in the West excluding
California, Chart 9. The two regions with the
highest tipping fees and the State with the
strongest legislation regarding C&D debris
diversion comprised 55% of the respondents
who used reused materials at least once.
Chart 8. Percent of firms by region who have
used reused materials.

One potential factor for the reuse of materials
might be the presence of high disposal costs
that in turn will increase the quantity, variety
and possibly the quality of reclaimed materials. The Northeast and Mid-Atlantic regions
of the US have the highest average solid
waste disposal fees, Chart 7. The State of
California has had significant regulations regarding the diversion of waste from landfill
including construction and demolition (C&D)
debris since 1989, with the California Integrated Waste Management Act of 1989 (AB

California and Northeast / Mid-Atlantic firms
also reported the highest percentage who
have done 11 to 20 projects with salvage,
Chart 9, at a total of 40% of firms. The
Southwest region reported the highest

percentage of firms who had never done a
project with salvage, followed by the Midwest.
Chart 9. Distribution of number of salvageuse projects by region for firms.

4.2 LEED™ projects and reuse by firms
A comparison was made between firms who
have used reused materials at least once and
those who have never used reused materials,
and their rate of completion of LEED™
projects. The supposition was whether or not
LEED™ influences design to reuse materials
among architects who regularly complete
LEED™ projects compared to those
architects who do regularly do not complete
LEED™ projects. There was no major
distinction in the distribution of number of
LEED™ projects completed between firms
who have used salvage and those that have
not used salvaged materials at all, Chart 10.
Approximately 11% of firms who had never
used reused materials reported completing
11 to 20 LEED™ projects. Approximately
12% of firms who had used reused materials
reported completing 11 to 20 LEED™
projects.
Chart 10. Distribution of numbers of LEED™
projects completed by firms who have or
have not used salvaged materials.

A comparison was next made between firms
who have completed at least one LEED™
projects and none, and their use of reused
materials in projects. Those firms who
completed at least one LEED™ project,
responded as having never done a project
with salvage to a greater extent than firms
who did not complete a LEED™ project.
Those firms who completed at least one
LEED™ project also responded as having
done fewer projects with reused materials
than firms who have not completed a LEED™
project, Chart 11.
This survey did not ask for the exact number
of either LEED™ or reused materials projects,
however based on the percentages of the
given range of LEED™ projects completed,
firms who have not completed a LEED™
project completed more projects using
salvage.
Chart 11. Distribution of numbers of salvageuse projects completed by firms who have or
have not completed a LEED project.

One possible explanation for more firms who
have never done a LEED™ project
completing 11 to 20 projects using reused
materials more often than firms who have
done a LEED™ project, might be the type of
work that firms specialized in. Residential
buildings have opprotunities for greater
flexibility by Owners for materials and
methods of construction than commercial
buildings.The LEED™ standard for new
commercial buildings has been in existence
since 1998 [10]. This would suggest that
firms would have had opportunities over a
longer period to use reused materials in
LEED commercial projects. The LEED for
Homes standard has been in existence since
2007 and so while perhaps more amenable
to the use of reused materials, there are

fewer projects than LEED for commercual
buildings [10].
The comparison between firms who used
salvaged materials and their specialty as
either residential or non-residential follows.
Chart 12. Comparison of the rate of
completion of reuse projects between firms
who indicated they used reused materials on
at least one project, and also listed single or
multi-family residential as a specialty
compared to those firms who did not indicate
single or multi-family residential as part of
their work.

For these firms who used reused materials
on at least one project, the focus on either
non-residential or residential appears to
make little difference in their completion rate
of projects with reused materials.

5. Conclusions
A survey was completed of architecture and
design firms in the US and their attitudes and
familiarity with using reused materials. In
addition, the number of LEED projects
completed by the firms was included as a
parameter to examine any relationship
between LEED project completion and the
use of reused materials. As described, the
completion of LEED projects and use of
reused building materials appeared to have
no strong relationship. The evidence appears
to suggest that reused building materials are
more frequently employed in non-LEED rated
projects. There were however correlations
between firms who used reused materials
and their location in regions of the US with
either strong legislation regarding C&D waste
diversion or high solid waste disposal costs.

Firms that report never having completed a
project using reused materials cite lack of
knowledge of the availability of reused
materials as a principle obstacle. However for
those firms who have completed at least one
project, the knowledge of availability of
materials apparently no longer is an
important factor. Instead, once this basic
knowledge is gained, the issues that affect
the incorporation of reused materials become
construction-related
issues.
Firms
consistently indicate that the influences and
benefits of using reclaimed materials are
aesthetic
and
environmental
benefits
(irregardless of LEED™ credits, and the
potential for lower cost materials is not a
major benefit. Although LEED™ itself has
been adopted by many local governments for
their own buildings and in some cases for
private sector construction of buildnkgs over
a certain size, it allows for many options to
acheive Materials and Resources credits [21].
As an optional credit, and a requirement of
5% of materials value for the first-tier of credit,
the use-rate of reused materials is very low in
the LEED™ standard, relative to other credits.
High disposal costs and legislation requiring
C&D diversion from landfill appear to be more
directly correlated to increasing use of reused
materials than the achievement of LEED™
credits. The aesthetic value of reused
materials also appears to be a major driver
and this factor is not rewarded in
LEED™.Although there are considerable
environmental benefits to the reuse of
materials, there are no beneifts if the tactic is
not employed at all because the credit
threshold of 5% of total materials values is
not acheived, and the aesthetic value of
reused materilas is not recognized in LEED™
either. The US Green Building Council may
realize more LEED™ projects with Material
Reuse if it were to lower the threshold of the
first level of achievement for MRc 3 to 1%,
and to develop assitance to first-time users
for source of materials in their specific
regions. Once firms have used reused
materials, the achievement of points more
readily in the LEED™ system may encourage
building Owners and Contractors as well to
participate in overcoming the constructionrelated obstcles to incorporating reused
materials
into
projects.
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Summary
Commercial buildings are great consumers of power and water, natural sources that, albeit
renewable, must be consciously used. Utilities rates have been undergoing ever increasing
increments; moreover, waste can lead to a collapse of reserves. All of this has stimulated
designers and manufacturers to develop more efficient cooling systems.
The aim is to show that the implementation of technological innovations can reduce this
consumption by means of solutions based on the technological availability of automation systems
and of investments that are repaid in a satisfactory span of time.
The use of the heat wheel and CO2 control greatly cooperates in reducing the thermal load in a
commercial building, requiring less power consumption for cooling ambient. Condensed water
reuse reduces the supplying source direct consumption, once it is not removed from nature, where
part of it is lost until it is reabsorbed as groundwater.
As a result, there is a financial return from the actions suggested in a 2 to 2.5-year time span,
proving its implementation viability.
Keywords: Power saving, air-conditioning, climatization, technological innovation, heat wheel,
CO2 control, water reuse.

2. Introduction
50% of the whole power generated in Brazil nowadays is estimated to be consumed by
commercial and residential buildings. This power is spent in the different building systems, such as
lighting, transportation equipment, engines and pumps, cooling, control systems, machinery and
equipment used for human work.
Among the subsystems, the one which consumes the most power is the cooling system, which, in
tropical countries, is about 35% to 40% of the whole power consumed [1] (Ceotto LH, Tishman
Speyer Properties - Design and Construction Director).
The increase in the cost of electric power has motivated air-conditioning system supplying
companies to conduct researches into the development of more and more economic systems.
Large companies are aware of expenses and are seeking the so-called “intelligent and
sustainable” buildings, that is, those that can reduce power consumption or even generate their

own power by using modern and efficient systems.
Our aim is to demonstrate the economic viability of 3 solutions recently introduced in the cooling
systems, namely exhaust air heat recovery (EAHR), the variation in external air flow and water
reuse.

3. Air-conditioning in commercial buildings
Modern buildings require cooled environments, with internal air at the ideal temperature interval
and at the ideal quality for their users. In Brazil, the NATIONAL HEALTH SURVEILLANCE
AGENCY – ANVISA - RESOLUTION-RE Nº 176, from October 24, 2000 [2], defines the Maximum
Recommendable Values for chemical contamination: 2.1 - £ (concentration) 1000 ppm of carbon
dioxide ( CO2 ) , as an external air renewal indicator, recommended for comfort and well being 2’,
and as to temperature, item 3.1 says that the recommendable operation range for dry bulb
temperatures, in internal conditions for the summer, should vary between 23°C to 26°C. ABNTNBR 16401 [3] establishes temperature variation between 22.5°C and 26°C.
Among the different air-conditioning systems available for commercial buildings, the vast majority
are centralized systems, in which all the heat is extracted from the environment and is transferred
to the atmosphere through a single heat transport system. The choice of the system to be
implemented is mainly based on the building architectural design (room available for pipes and
equipment) and on the initial investment value.
The decision for a certain type of system is mostly based on the initial investment cost. The airconditioning system performance during the building operation is not usually taken into account
and the greatest investment solutions are little analyzed.
Table 1 presents the average power consumption values for each RT (01 refrigeration ton = 12,000
BTU/H = 3,024 kcal/h or 3,517 Wt) transported and the probable implementation cost interval of
the different air-conditioning systems for different types of Air-Conditioning Systems x Equipment
Efficiency Interval x Implementation Cost.
Table 1: Data obtained from designers’ information at different works and in Tishman Speyer
companies works in the cities of Sao Paulo and Rio de Janeiro.
Being: 1Nm3 of gas = 9,900 kWt

Types of Systems
Window systems
Air self-contained units
Water self-contained units
Split
Air chiller
Reciprocating water chiller
Screw water chiller
Centrifugal water chiller
Absorption chiller

kWe = electric power

Power Consumption
Interval
1.30 to 1.60 kWe/RT
1.30 to 1.50 kWe/RT
0.90 to 1.10 kWe/RT
1.20 to 1.60 kWe/RT
1.40 to 1.60 kWe/RT
1.30 to 1.50 kWe/RT
1.00 to 1.40 kWe/RT
0.85 to 1.15 kWe/RT
2,400 to 3,100 kWt/RT

kWt = thermal power

Implementation
Cost Interval
R$ 1,200 to R$ 1,500/RT
R$ 3,500 to R$ 4,500/RT
R$4,000 to R’$ 5,500/RT
R$ 2,500 to R$ 3,500/RT
R$ 4,500 to R$ 6,500/RT
R$ 4,500 to R$ 6,500/RT
R$ 5,500 to R$ 7,500/RT
R$ 6,500 to R$ 8,500/RT
R$ 7,500 to R$ 9,000/RT

4. Technological innovations for saving power and water
The air-conditioning system was one of the building systems which have mostly evolved in the last

10 years due mainly to the great increase in power cost. This evolution was mainly provided by the
improvement of another building system, automation, which allowed a more accurate and effective
management of the air-conditioning system information.
Another factor that contributed to this evolution was the use of the engine rotation variation
concept through the use of frequency converters that is, having power consumption directly
proportional to the demand, altering the control by stages, in which there are power losses
between stages.
This concept was employed at all the levels of the air-cooling process, such as fans (variable air
flow), pumps (water flow variable) and compressors (variable cooling flow). The result is the high
yield level all along the operation period and mainly in partial loads, providing system operation
agility as they easily adapt to workload extreme values and, consequently, to operation reality. The
use statistics presented by ARI – Air Conditioning and Refrigeration Institute – ARI 560 [4] presents
a statistics showing that an air-conditioning system operates only 2% of its operation time in 100%
capacity.
Aiming to reduce power and water consumption, 03 complementary concepts can be applied to the
air-conditioning system, which notably reduce power (by thermal load reduction) and water
consumption: the exhaust air heat recovery, the variation in outdoor air flow using air/air heat
exchangers (heat wheel) and the condensed water reuse in the cooling serpentine coils.
Using the heat wheel, the intention is to conduct outdoor air pre-cooling and pre-dehumidification,
with a consequent decrease in the installed and consumed thermal load.
With the modulation of the renewal air flow, the intention is to seek building efficiency to reduce the
thermal load consumed, i.e., to reduce the inflow of renewal air (hot and humid).
4.1

Heat wheel

The heat wheel is a heat exchanger which consists of a cyllindrical metallic matrix (aluminum,
stainless steel or copper), with channels coated with desiccant material (lithium chloride, alumina,
aluminum oxide) (ASHRAE Handbook – 1996 – Systems and Equipment – chapter S42) [5] and is
based on the thermal exchange of temperature and of absolute humidity (amount of water vapor
per air mass) concept.
This wheel spins slowly, at a speed of 10 to 30 rotations per hour, by two parallel air flows. One of
the air flows is the one entering the building and the other is the one leaving the building. The
wheel is in one air flow, and in the following instant, in another air flow (see Figure 1).
Sensitive heat exchange: occurs by the difference in temperature between the outdoor air and the
building exhaust air, as well as by the difference in absolute humidity (ASHRAE Handbook – 1996
– Systems and Equipment – chapter S42) [5].
Latent heat exchange: the absorbent material removes the water vapor from the first flow, making
the air drier in this flow and soon afterwards it returns this humidity to the air parallel flow. The
humidity transfer occurs due to the difference in the vapor pressure on the absorbent surface
versus the air going through it. The desiccator collects the humidity when the vapor pressure on
the surface is smaller and liberates the humidity when the vapor pressure in the surface is greater
( TRANE Newsletter – vol. 34-4, 2005) [6].
The heat wheel acts on the power losses occurring in a building air renewal. The ANVISA [2]
standards, in paragraph 3.4, define: “the adequate Air Renewal Rate for cooled environments will
be of at least 27m3/hour/person”. The amount of air that has to be rennovated is defined by the
occupation ratio 7m2/person (typical occupation in offices), multiplied by the outdoor air flow
defined by ANVISA [2]; hence, if the outdoor air that comes in for renewal is colder and drier, it will
require less power to be removed.
The use of this equipment ensures air dehumidification and pre-cooling, reduces the outdoor air

conditioning cost, allows effective and controlled ventilation and allows abiding by LEED
(Leadership in Energy and Environmental Design) concerning air quality, efficiency in water and
power consumption, besides internal environment quality requirements (Bergman, John - ES
Magazine – 30/09/2005) [7]. This equipment provides greater efficiency the greater is the outdoor
air temperature and humidity.

Figure 1: Program for Selecting the EcoFresh System – Desiccant Rotors International Pvt.Ltd
4.2

Modulation of Air Flow Renewal through CO2 Control

Considering that the occupation of an office building by people is variable along the day, the
outdoor air flow can be proportionally varied according to the occupation, that is, the outdoor air
flow (hot and humid) can be decreased by reducing the thermal load and, as a consequence,
power consumption.
As it is not possible to count the number of people at every instant, CO2 level measurement is
used in cooled environments to vary the outdoor air flow, always keeping the internal air quality
according to the parameters defined by ANVISA [2]. To vary the air flow, frequency converters of
outdoor air supply fans are used, which also results in air movement saving (need to insufflate
outdoor air).
In air-conditioning systems serving different zones (environments), instead of installing a CO2
sensor in each environment, some designers opt for installing a single CO2 sensor in the return air
duct, representing the average of the different environments. Other strategies can be installing
sensors at points with a larger concentration of people, regulating the outdoor air rate entering the
building or by the occupation time, which can be determined by the system automation (TRANE
Engineers Newsletter vol. 34-4, 2005) [6]. A ASHRAE 62.1 – 2004 [5] discusses this theme in
greater detail.
OBS. The exhaust air flow has to be 80% to 90% of the outdoor air flow to keep the pressure
positive in cooled environments. DBT = dry bulb temperature; g = specific humidity (kg vapor/ kg
air).

Figure 2: Heat wheel / outdoor air flow control by CO2 sensor - Source – Téknika
Typical heat recovery and outdoor air variation diagram
4.3

Tables Condensed water reuse

The cooling equipment in the building dehumidify 2 to 3 liters/hour/RT of internal air, ensuring the
internal humidity of the environment air. Cooling towers, in turn, evaporate 6.5 liters/h/RT and
therefore consume water to replace the evaporated water.
The collection of this water by drains may generate savings of the order of 40% and the investment
would be installing distribution pipes for collection and booster pumps.

5. Technological innovations viability
The data below were provided by engineer Raul de Almeida from Tékinika Projetos e Consultoria
Ltda [8].
5.1

Heat wheel

For commercial buildings in the city of Sao Paulo, the thermal load varies between 22 and 27 m2
per RT (refrigeration ton), depending on the characteristics and location of each building.
Being the thermal load relative to the outdoor air = 20 to 25% of the total thermal load (in the city of
Sao Paulo) and considering the average 45% efficiency of the heat wheel (period of the year with
low temperatures reduce the need of its use), there will be a thermal load reduction between 20%
x 45% = 9% and 25% x 45% = 11%.
Savings: CAG = R$ 1,100/RTx 9% (worst case) = R$ 99/RT
Investment: Heat wheel = R$7/m2 x 27m2/RT= R$ 189/RT
Difference to be invested: R$ 189 – R$ 99 = R$ 90/RT
Considering that the power consumption reduction is directly proportional to the thermal load
reduction, there will be an annual average of 9% x 45% = 4.05% in savings.

A practical example of a building in design phase is presented as follows.
Case: Office building “Triple A” in the city of Sao Paulo with 37,000m2 of rentable area distributed
in 19 floors of 2,000m2 each and 50% glass– 50% granite facade, located on Faria Lima Avenue
SP/SP-Brazil. The Table below is the result of the thermal load calculus by means of a
computational system for the building described (values in BTUs – 1RT= 12,000BTUs).

Table 2: maximum thermal load - office building / Sao Paulo, considering simultaneity of outdoor air
flow and use of heat wheel (loads in BTU)

Sensitive
Load Int.

Latent
Load Int.

Sensitive +
Latent Load
Int.

-

-

Insolation
through glass
on the ceiling

-

Conduction
through glass
on the ceiling
Conduction
through ceiling
Insolation
through glass
on wall
Conduction
through glass
on walls
Conduction
through wall
Conduction
through floor
Air infiltration
Total

Envelope

Internal
Lighting
People
Equipment
Internal walls
Total
Outer air
Supply fans
Return fan
Heating
through the
duct
Safety factor
Final Total

Exhausted
Load
Pay-back

Liquid Total

% of
Total

-

Sensitive
Load
Payback
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

113,580

-

113,580

-

-

113,580

0.73

1,951,659

-

1,951,659

-

-

1,951,659

12.59

951,752

-

951,752

-

-

951,752

6.14

655,398

-

655,398

-

-

655,398

4.23

40,725

-

40,725

-

-

40,725

0.26

10
3,713,052

22
22

32
3,713,074

-

-

32
3,713,074

0
23,96

2,032,128
1,122,039
3,031,544
238,865
6,424,576

1127024
1127024

2,032,128
2,249,063
3,031,544
238,865
7,551,600

-

-

2,032,128
2,249,063
3,031,544
238,865
7,551,600

13.11
14.51
19.56
1.54
48.73

-

-

-

-

-

3,389,602
843,662
-

21.87
5.44
-

-

-

-

-

-

-

-

10,137,628

1,127,046

11,264,674

-

-

15,497,938

100.00

A viability study of the heat wheel use is presented as follows. In the numbers, the use of outdoor
air flow control is already considered (see viability analyzed in item 4.2).
Thermal capacity of the building (15,497,938 BTU/12,000BTU = 1,292TRs) –with the outdoor air
flow control and heat wheel saving already deducted. The thermal capacity without using the heat
wheel and the modulation of renewal air flow = 152+283+1,292 = 1,727RTs.
Reduction in installed capacity:
Supply fan (Q outdoor air) = 21.87% x 1,727RT= 378RT
Reduction of capacity using heat wheel (amount of outdoor air x yield of the heat wheel heat
exchange (heat recovery may vary between 35 and 50%) – TROX, DRI and GEA technical
catalogues [9].
40% adopted (thermal load reduction) = 378 x 40% = 152RTs
Investment cost analysis:
Heat wheel cost (DRI price) = R$ 260,000.00 (37,000 m2 of cooled offices, considering 1 person at
every 9 m2 – R$ 7.00/m2 of rentable area)
Reduction in the cost of chillers, towers and pumping = R$ 1,100.00 /RT
Hence, avoided cost = 152RTX R$ 1,100/RT= R$ 167,200.00
Thus the initial cost addition is of R$ 260,000 – R$ 167,200 = R$ 92,800
Total annual saving: R$ 36,919 (demonstrated in the Tables 3 and 4)
Pay-back time: R$ 92,800 / R$ 36,919 = 2.51 years
Composition of the power bill: KW demand x rate/KW + out of peak consumption + rate
Calculus considering the average climate data (source: DOE):
Table 3: Green Rate 3rd-June-2009 – Eletropaulo with due Taxes
GREEN RATE 3rd -JUNE-2009 - ELETROPAULO WITH DUE TAXES
GREEN RATE 3rd -JUNE-2009 - ELETROPAULO WITH DUE TAXES
0.7 KW/TR
Month

Reductions

Reductions

Cag

Out of peak

Peak

Demand
Kw

Out of peak
consumption
Kw h

Peak
consumption
Kw h

Rt

Rth

Rth

January

152

7,939

2,347

107

1,643

5,557

February
March
April
May
June
July
August
September
October
November
December

152
152
152
152
152
152
152
152
152
152
152

7,952
5,929
4,114
408
176
90
339
417
1,887
2,068
5,924

2,159
2,043
1,048
81
90
0
86
93
460
449
1,469

107
107
107
107
107
107
107
107
107
107
107

1,511
1,430
734
56
63
0
60
65
322
315
1,028

5,566
4,150
2,879
285
123
63
237
292
1,321
1,448
4,147

Table 4: Reductions and Savings through the Use of the Heat Wheel

Month

January
February
March
April
May
June
July
August
September
October
November
December

Rates
Demand
R$/KW
6,95
6,95
6,95
6,95
6,95
6,95
6,95
6,95
6,95
6,95
6,95
6,95

Saving value
Out of peak
consuption
R$/KWH
0,17
0,17
0,17
0,17
0,17
0,17
0,17
0,17
0,17
0,17
0,17
0,17

Peak
consuption

Demand

Peak
consuption

Out of peak
consuption

Total

1,02
1,02
1,02
1,02
1,02
1,02
1,02
1,02
1,02
1,02
1,02
1,02

741
741
741
741
741
741
741
741
741
741
741
741

238
260
246
139
11
12
11
12
61
54
177

5.671
5.680
4.235
3.023
299
130
66
249
307
1.386
1.478
4.231

6.695
6.682
5.223
3.903
1.052
883
808
1.002
1.060
2.189
2.273
5.150

Year total

5.2

36.919

Modulation of Air Flow Renewal through CO2 Control

The amount of air renewal and the amount of CO2 is defined by the Brazilian Standard NBR 16401
[3] (from 20 to 26m3/h/person for offices) and ANVISA (27m3/hour/person and 1,000 ppm) [2].
▪ Maximum occupation rate: municipal government/fire services = 7m2/person (for designing
lavatories, elevators, escape routes, etc).
▪ “Triple A” Buildings in Sao Paulo (typical) = 9 to 10 m2/person
Therefore, as a design strategy: reduce the total outdoor air flow so as to serve 9m2/person, yet
with the possibility of serving 7m2/person (simultaneity).
▪ Outdoor air flow: 7m2/person – 27m3/h/person = 3.86m3/h/m2
▪ Reduction of the above flow: 9m2/person – 27m3/h/person = 3.00m3/h/m2 – 22.2% reduction
Air quality control (CO2 sensor + motor actuator of air flow modulation) is to be used for the system
operation. Even with the reduction, NBR [3] is abided by, as is ANVISA [2], remaining within the
CO2 rate allowed.
The outdoor air thermal load is reduced by 22.2%:
Thermal load relative to the outdoor air = 20 to 25% of the total thermal load
Therefore, there is 20% x 22.2% = 4.44% or 25% x 22.2% = 5.55% of thermal load reduction.
Investment:
Sensors + actuator + VAV boxes = R$ 3,000/RT= R$ 60/RT (considering the typical thermal load of
50 RT- average for buildings in Sao Paulo/SP)
Saving: CWC + fans/filters + Installations = R$ 2,000 + R$ 300 + R$ 200 = R$ 2,500/RT –
R$ 2,500/RT x 4.44% (worst case) = R$ 111/TR
No addition is verified, since R$ 111 – R$ 60 = R$ 51 saving.
A balance can be made of the amount of outdoor air up to the limit of the saving in the adoption of
this technology, so as to zero this saving and still keep the gain in power consumption, which can
be estimated to be 4% of the total consumption by its cooling system (with a direct relation to the
thermal load reduction).

5.3

Condensed water reuse

The cooling tower consumes 6.7 liters/h/RT. The suggestion is using the air conditioners water to
reduce this consumption, as water is bought from the utility.
Condensed water flow: air conditioners = 1.0 liter/h/RT
Annual thermal load = 249 days/year x 12 h/day x 0.669 RT (annual use factor)
Annual thermal load = 2,000 RTh/year
Amount of recovered water per year = 2,000 TRh/year x 1.0 liter = 2,000 m3/year
For a 1,300 RT building, one has:
Recovered water flow = 1,300 RTx 2,000 m3/year = 2,600 m3/ year
Value of drinking water m3 (utility) = R$ 23,00/m3 (water + sewage)
Value saved = 2,600 x 23.00 = R$ 59,800
Investment = R$ 120,000 in plumbing, pumps, water tank and installations in general.
Investment pay-back in 2.0 years.

6. Conclusion
Due to the growing cost of power, power consumption reduction by thermal load reduction is being
more and more considered in building designs.
This work approximately showed the economic viability of using the concept of exhaust air heat
recovery, of controlling the outdoor air flow variation and of condensed water reuse. Although each
design has specific solutions, investment pay-back in the heat wheel case occurs in 2.5 years of
the building operation and air renewal through CO2 control occurs as from its implementation, if
planned at the design conception and the investment pay-back in relation to condensed water
reuse ocurs in 2 years. The magnitude order of the pay-backs is much smaller than the pay-back
usually demanded by the real estate market which is somewhere between 7 and 8 years.
The Brazilian real estate market investor is beginning to notice that the total cost of an enterprise is
the sum of the initial investment and of the operation cost, yet the main concern is still the
investment to be made in the design implementation, which has thus supressed a large number of
solutions that could provide substantial savings in operation. This fact is aggravated in economic
crisis periods, in which each and every technology aggregation which reduces the operation cost is
supressed in the name of construction cost reduction.
Buildings designed and built under this view, may quickly become obsolete, mainly if the increases
in power cost occur as foreseen by many analysts. The implementation of these technologies after
the construction is concluded, to update it, has a far higher cost than that at the moment of
construction.
An alternative to this immediatist view is the implementation of the necessary infrastructure for
these technologies (room for pipes and for installing equipment, electrical and automation
infrastructure, etc) making conditions available for future implementations, therefore making
buildings more easily modernizable.
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Introduction
Circumstance Anthropogenic activities have been devastating to the environment. The
use of resources without replacement, poor timber removal and harmful agricultural
practices, excessive fish farming, global warming, and increased contamination and
pollution of the environment have all changed existing ecosystems and jeopardized the
delicate balance of ecosystems around the world. In response, many professionals in a
wide range of fields are innovating ways to mitigate and repair these negative impacts
on the environment.
Response One of the solutions gaining advocates and activists is sustainable ecological
design. Also known as green design, eco-design, and sustainable design, ecomimesis,
includes public policy, architecture, landscape architecture, urban planning, and product
design. A sustainable human community must be designed so that its ways of life do not
interfere with nature’s inherent ability to sustain life in the earth’s biosphere and coexist
in stability with nature’s ecosystems. This paper provides an overview of the ecosystem
components, the impact of human activities on those components, and suggested
solutions for ecomimetic design for the built environment.
Ecomimesis must become the new imperative for the built environment in order to
sustain Earth
What is econimesis? Ecomimesis is broader than other green designs in that it takes
into account the entire ecosystem rather than a few parts of the ecosystem. Ecomimesis
is the term used to describe the design of manmade ecosystems that imitate
ecosystems in nature. Ecomimesis emulates the properties, structure, functions and
processes of natural ecosystems and biointegrates the artificial human built environment
with the natural environment. It requires a knowledge and understanding of ecological
models and processes as potential design solutions for the built environment. It is
ecologically driven to conserve, repair, and improve existing ecosystems and to preserve
regional biodiversity and habitats through connectivity and continuity of functions.

Purpose of ecomimesis In creating a manmade ecosystem that is a mirror image of
natural ecosystems, ecomimesis has two principal purposes: First, designs that achieve
a benign and seamless integration between human made ecosystems and natural
ecosystems. All aspects of the built environment – site use, architectural and landscape
designs and masterplanning, product designs, material selections and use, types of
energy systems, waste generation and management, forestry, and agriculture for
example- must be analyzed an incorporated into ecomimetic designs so that the
resulting designs are systematically integrated physically and spatially into the
ecosystem.
Second, designs that reduce current anthropogenically-created damage to the
environment. It includes restoration of despoiled urban areas and reclamation of soil,
water, and resources. Some of the benefits would include strengthening biodiversity,
purifying water and bodies of water, reducing polluting emissions, reducing waste,
stabilizing biogeochemical cycles and the nutrients in the soil, using land more efficiently
and carefully, and limiting manmade ecological footprints.
Ecological design and ecomimicry include more than ecogadgetry such as solar
collectors, photovoltaic cells, biological recycling systems, building automation systems
and double skin facades. All these components are solid applications of low energy
systems and are useful components leading towards improved ecological architecture.
They will also slow the manmade damage to ecosystems. However, they will not achieve
the end goal of integration with the environment. The creation of a seamless and benign
relationship between anthropogenic designs and activities and the natural ecosystems is
the fundamental issue that humans must resolve. Ecomimesis is an important
articulation toward the establishment of that relationship.
If there is a conscious effort to simulate natural ecosystems in manmade structures and
communities, then the designs of the built environment can eventually become a mirror
image of the designs of natural, self sustaining, and self correcting ecosystems.
The theoretical framework and conceptual basis for ecomimesis are all the components
of the natural ecosystem.

Ecosystem
An ecosystem is essentially a set or collection of organisms that lives within a certain
space determined by a specific environment. The species interact with each other in
that environment. Ecosystems vary in size and location, such as aquatic, coastal, coral
reefs and ponds, deserts, forests, rain forests, grassland, tundra and others. Climate is
the defining factor that determines and influences ecosystem types.

The fundamental structures and organization of ecosystems include biodiversity, spatial
efficiency, ecological cybernetics, homeostasis, succession, energy, and biogeochemical
cycles. Each element is necessary for the continuity and balance of an ecosystem. If
any part is disrupted from its natural ability to adapt and adjust, other parts will also
affected.

Major components of ecosystems and their interrelationship to each other

Since there is no dispute that human activities, structures, and communities have
disrupted the natural ecosystem processes and altered the natural balance, it seems
logical that the principles that govern the balance and interdependence of a natural
ecosystem can and should serve as a model for manmade environments.

Ecosystem: Biodiversity
Biodiversity is determined by the number of species that can adapt and survive in a
specific ecosystem. Ecologists estimate that there are approximately 1.7 million species
that have been described and probably another 10-30 million species that exist but have
not been described.
.

World Biomes ( University of Michigan)

Most of the world’s 1.7 million species are concentrated near the equator, particularly in
tropical rain forests and coral reefs. Only 10-15% of the world’s species live in North
America and Europe. The Malaysian Peninsula, for example has 8,000 species of
flowering plants while Britain with twice that area has only 1,400 species. South
America, on the other hand, has over 200,000 species of plants.
The preservation of biodiversity of a specific area is controlled by a number of factors:1)
the abiotic components: minerals, climate, soil, water, and sun. 2) the biotic

components: the types of organisms and their interactions, the balance of producers,
consumers, decomposers, and integrators, the food chain, factors that affect population
growth, and community properties. Changes to any of these factors can affect the
ecobalance and ultimately the existing biodiversity of a given ecosystem.
The general view among biologists and ecologists is that ecosystems with more kinds of
different species are stronger than those with fewer species because more species
strengthen an ecosystem’s resiliency and ability to adapt to changes. In some
ecosystems the diversity helps create a stronger homoeostasis by providing greater
numbers of species that can assist in processing food through their complex webs. In
other ecosystems diversity can result in wide population swings for individual species,
and in some cases, these species become extinct.
Human impact on ecosystems and biodiversity Human actions have caused a
number of dramatic changes to a variety of ecosystems through their use and
modification of natural ecosystems in agriculture, forestry, recreation, urbanization, and
industrialization.
Human impact on biodiversity can be summed up with the acronym, HIPPO. HIPPO
stands for 1) Habitat fragmentation and destruction 2) Invasion of non-native species 3)
Pollution 4) Human population and 5) Over harvesting. Additional influences on
biodiversity are climate change and the domino effect of all these factors.
* Habitat fragmentation and destruction Biologists and ecologists have found a
positive correlation between fragmentation and degradation of natural habitats and the
environment and human consumption of resources and land use changes. For example,
tropical forests are being cut at a rate of 0.6 to 2% per year, and it has been estimated
by the United Nations Environment Programme that half of remaining forests will be lost
or degraded in 25 to 83 yrs. The number of extinctions caused by human domination of
ecosystems has been steadily increasing since the start of the Industrial Revolution.
Current research indicates that about 50% to 84% of the earth’s surface (excluding
Antarctica and Greenland) have been lost by filling in wetlands, and converting
grassland and forests to crop fields and urban areas.
* Invasion of non-native species and decline of natural key predators. The spread
of non-native species threatens many local species with extinction and pushes the
world's biota toward a more homogeneous and widely distributed subset of survivors.
Climate change threatens to force species and ecosystems to migrate toward higher
latitudes with no guarantee of suitable habitat or access routes.
* Pollution Human impact on abiotic components have included toxicity, global
warming, increased ozone, increased carbon dioxide, increased greenhouse gases,

fragmentation and degradation of biogeochemical, water and hydrologic cycles, air and
their impacts on climate change and environmental pollution; and interference with
normal cycling and flows of energy in ecosystems;
*Population Humans are the only species whose population keeps growing beyond an
ecosystem’s ability to support it. With all other species, overpopulation results in dying
back until the environment can accommodate it. Human beings have overcome this
natural limitation by manipulating and changing their physical environment. As a
consequence, the ever increasing human population has resulted in greater and greater
demands for food, shelter, and settlements, and products that steadily consume more
than their share of resources. All these activities have damaged the natural balance of
the environment. Urban sprawl has resulted in increased paved surfaces and increased
heat island effects. At the same time, there are fewer open fields, forests, marshlands,
and other natural habitats. Similarly, commercial farming and forestry have created
monocultures, adversely affecting the soil, ground water, rivers, and other bodies of
water and extant species through the use of chemical fertilizer and pesticides.
All other species, except humans, keep their population within the carrying capacity of
their habitat. In fact, scientists have predicted the 2030 will see the confluence of food
shortage, scarce water, and insufficient energy to meet the needs of the human
worldwide population, resulting in a perfect storm.
*Overharvesting of renewable resources In nature there is no waste. Everything is
used by some member of an ecosystem, and there is a circular pattern of using
resources. Humans, on the other hand, practice a linear pattern of resource use: extract
a resource, convert it for use, consume it, and throw it away after it is no longer wanted
or useful. Humans are the only species that uses resources without recirculating the
materials, thus accumulating an excess of waste and depletion of nonrenewable
resources. Ecomimesis design must adopt nature’s way of using, reusing, and
reintegrating materials.
Ecosystem: Spatial efficiency
Natural ecosystems combine compact spatial efficiency with high structural diversity
among species of plants, animals, and abiotic factors in order to maintain a healthy
functioning ecosystem. The essential natural conditions are climate and resources. Just
as ecosystems have no waste, they also do not take up more space than they need to
maintain their balance.
Anthropogenic impact on spatial efficiency
1 .With the Industrial Revolution urban development replaced rural living, which

supported itself through natural resources – farming, hunting, mining, herding, and
fishing. Areas developed and grew very quickly as the base of the economy changed
from agricultural to industrial. More people moved to urban areas as societies grew,
labor become more specialized, and cities become more complex in their functions and
governance Today there are growing concentrations of human beings occupying every
part of the globe that is habitable.
2. Urban sprawl, cities, unlimited outward expansion, low density development that
changes land use from natural uses to commercial and residential development,
extensive manmade structures and infrastructures, widespread strip malls, and big box
shopping centers have all had major anthropogenic impacts on spatial efficiency. This
has resulted in increased population density, paved surfaces, and heat island effects,
decaying city centers, congestion, excess use of non-renewable energy sources, water
run-off, atmospheric warming.

Heat island effect in cities (Source: Yeang, and Woo, Dictionary of Ecodesign)

3. Public policies have encouraged urban over rural areas as drivers of economic
development.
Ecosystem: Cybernetics
Ecosystem cybernetics is the set of interactions and communication systems formed by
all living or non-living components within a specific ecosystem. Each element and each
different state are influenced by all the others. The cybernetic system is linked by
feedback loops.
A food chain (nerwork) is an example of ecosystem cybernetics. Energy and nutrients
move through an ecosystem. In most terrestrial food chains energy is captured by plants
that also incorporate inorganic materials, such as nitrogen, phosphorus, and sulfur, as
chemical nutrients. The energy and nutrients pass from one level to another or are

returned to the environment by decomposers. Human society examples of cybernetic
systems include economies, societies, ecological and living systems. These systems
can be analyzed by using the concept of symbiosis which is made up of competition,
exploitation and coexistence.
Autotrophs
(Producers)

Herbivores
Primary consumers

Carnivores
Secondary,
Tertiary consumers

Decomposers

Cybernetic systems are also self-organizing. They can influence their own future since
they have up-to-date information about number of species, interactions among the
species, and population size. This information about the states of individual entities in
the system increases with time and develops greater complexity within the ecosystem.
A mature ecosystem, for example has a complex web or interaction channel and
feedback webs which result in environmental control and system stability
This interconnection and interdependence among all the members of an ecosystem
create a strong symbiotic relationship and synergy.
Anthropogenic impact on ecosystem cybernetics
Disruptions or degradation to the ecosystem cybernetic systems result in a loss of the
ecosystem dynamic, damage to atmosphere, disruption of cycles, degradation of
climate, and disruption biotic and abiotic components of ecosystem. These disorders
throw the ecosystem out of balance and jeopardize its existence.
Ecosystem: Homeostasis
Homeostasis is the equilibrium of an ecosystem. Members of an ecosystem adapt and
resist changes caused by environmental stresses like wind and rain, and changes in
nutrients, and climate. Members maintain themselves in a steady state of equilibrium
through cybernetics and increased information, symbiosis, nutrient conservation,
stability, and decrease in entropy.
Ecosystem homeostasis is the result of the interaction of all these factors: soil, water,
climate, and nutrient conservation These biotic and abiotic factors influence the growth
of populations. Some stimulate growth; others deter growth. Changes in biotic and
abiotic conditions lead to a cascade of effects, but the systems tend to return to normal
over time.
Populations in ecosystems are sustained in large part by intrinsic and extrinsic

mechanisms that help to maintain populations within the carrying capacity of the
environment. In other words, homeostasis is established through intricate cybernetics
and interlocking feedback loops.
Ecosystems have the ability to resist limited changes resulting from human activities The
ability of ecosystems to recover from small changes minimizes and sometimes negates
the impacts of human actions. In many instances, though, human activities can
overwhelm the recuperative capacity of natural systems
Human impact on ecosystem homeostasis
There has been a long held belief by humans that they have a privileged position relative
to other components of the ecosystem. Humans have only recently acknowledged that
1) all components of an ecosystem are interdependent, and 2) humans are bound by
ecological limits.
Human activities have produced an agricultural monoculture. This is a managed refusal
to maintain diversity, and consequently, ecological succession is adversely affected. In
part the Green Revolution, which was designed to increase crop production in
underdeveloped countries, unwittingly contributed to the negative effects of monoculture.
In addition to new crop hybrids suited for various climates, heavy use of chemical
fertilizers, herbicides, insecticides in both developed and underdeveloped countries has
disrupted the soil’s biogeochemical cycles and edaphic factors. The serious effects have
been: 1) increased susceptibility to diseases; 2) low tolerance to stresses of drought or
temperature; 3) reduced resistance to insects; 4) famines resulting from crop failures; 5)
decreased soil fertility and increased soil erosion; 6) increased habitat for pest species
and reduced habitat for beneficial species.
Human societies are not sustainable and are far from any sort of homeostasis
Ecosystem: Succession
Ecosystem succession is a change in species composition and community structure
over time. It is an orderly process of changes in plant and animal community structures
and functions through changes in the physical environment. Eventually succession
reaches an equilibrium with the environment.
While the change in species composition is the most obvious feature of succession,
trophic-dynamic aspects and interspecific relations also change. Diversity changes
increase as succession proceeds toward maturity and then decreases in the terminal
stage.
Natural disruptions produce succession. Intense natural disturbances are normal events

that can benefit ecosystems. Floods deposit nutrients that in turn support fertile alluvial
alleys. Fires rejuvenate soils, help to control diseases, and often stimulate new growth.
Even volcanoes benefit the landscape by creating fertile land. Indonesia and Sicily, two
densely populated regions in the world, were formed by volcanoes and their soils retain
their fertility even under intensive agriculture. Very old soils such as are found in
Australia and Africa are relatively infertile. The new surfaces that result from disturbance
are often more fertile than the surfaces they cover or remove. Under natural conditions,
biological colonization and physical weathering repair the devastation spawned by
natural disturbances through the process of natural recovery or ecological succession.
Succession usually goes through several sequential steps: nudation, invasion,
competition and co-action; reaction; and stabilization. The composition species structure
and balance of a climax community are determined by the total environment of the
ecosystem and not by one aspect. The climax ecosystem depends on stability and the
ability of a community to sustain perturbations . If a community is resilient, it returns to a
homeostatic equilibrium through successional processes.
Human impact on succession
Anthropogenic activities disrupt the orderly process of change. Alteration of an
ecosystem by eliminating natural resources or polluting the soil and air may change the
structure of the species by eliminating certain species from that particular ecosystem
and by changing the composition of biodiversity in it.
l. Pollution of air, water, and soil is created by the burning of fossil fuels, use of toxic
substances, and discharging wastes into water bodies among others.
2. Pesticides and chemical fertilizers have had an adverse effect on the air, soil and
water, and have altered the biogeochemical cycles.
3. The same monoculture that disturbs homeostasis also has a negative impact on an
ecosystem that leads to succession
4. Human-induced succession of an ecosystem is often unintended and sometimes
irreversible. Examples include overgrazing and pasture degradation; overfishing and
replacement of commercially valuable fish by trash fish; forest depletion through
overharvesting or through fires, and pollution to the air, soil, and water .
5. Fragmentation caused by haphazard development of urban sprawl. Many human
designed methods to integrate manmade ecosystems with natural processes of
succession have been harmful to natural ecosystems. In dealing with rural and urban
ecosystems, for example, human designers have ignored the natural process of

ecological succession, preferring their own intensive inputs- built structures and
infrastructures, intense use of artificial fertilizer- to maintain farmlands and cities and to
develop urban sprawl haphazardly. These practices, in essence, are examples of
human environmental succession in industrialized countries.
Conversely, in economically underdeveloped countries with longstanding traditional
societies, there remain many centuries’ old practices that take advantage of ecological
succession in ways that allow them to use fewer inputs.
Ecosystem: Energy
Of all the components in an ecosystem, energy has become the primary focus within the
last forty years. Three factors have contributed to this increased attention. First, there is
an ever increasing demand for fossil fuels. Second, supplies from oil rich countries and
consortia are uncertain, volatile, and expensive. Third, and most importantly, there is a
finite supply of non-renewable fuel in the world. Once it is gone, it will take millions of
years to replenish.
Much research and writing have been done in the last 20 years about non-renewable
and renewable sources of energy. The facts about fossil fuels and their impact on the
environment and ecosystems have been widely circulated around the world, as have the
developments of alternative energy sources and fuels, solar and hybrid vehicles.
See appendix for discussion of alternative sources of energy.
Impact of anthropogenic activities on energy
1.
2.
3.
4.

Every increasing demand for fossil fuels.
Uncertain, volatile, and expensive costs of fossil fuels.
Finite supply of non-renewable fuel.
Greenhouse effect; global warming; atmospheric pollution.
Ecosystem: Continuity

In order to maintain ecosystem continuity and homeostasis, there are certain
environmental elements that must remain stable. Among those are the biogeochemical
cycles, water, soil, reabsorption and reuse of all materials.
Biogeochemical cycles are pathways through which a chemical element moves through
both the biotic and abiotic compartments of earth. The transport and storage of these

chemicals allows living organisms to use them. There are biogeochemical cycles for
carbon, oxygen, nitrogen, phosphorous, sulfur, and hydrology.
Human impact on biogeochemical cycles.
1.Anthropogenic activities disrupt natural biogeochemical cycles and accelerate them
when elements are extracted from their reservoirs, or sources, and deposited back into
the environment (sinks).
2. Agricultural runoff, sewage, paper and textile mills and food processing have
stimulated oxygen consumption in water by decomposers, like aerobic bacteria and
algae.
3 As biochemical oxygen demand (BOD) in bodies of water increases through the
oxygen consumed in the decomposition process, aquatic organisms are robbed of the
oxygen they need to live. The resulting eutrophication increases algal blooms and
produces reduced water clarity, periods of hypoxia, loss of seagrass beds and coral
reefs, ecological changes in food webs, and mass killing of fish and other aquatic
organisms.
4. By burning coal, oil, and natural gas, humans are adding carbon dioxide to the
atmosphere much faster than the atmosphere can absorb it. Burning forests to create
agricultural land also converts organic carbon to carbon dioxide gas. While oceans and
land plants absorb part of the carbon dioxide, the rest is added to the atmosphere.
5. The nitrogen cycle has been greatly altered by the use of synthetic fertilizers,
cultivation of nitrogen-fixing crops, and burning fossil fuels. The result is the conversion
of nitrogen to ammonia and nitrates greater than all the natural land processes
combined. The excess nitrogen has resulted in algal blooms and plant growth in water
bodies resulting in eutrophication and rising atmospheric concentrations of nitrous oxide
(N20), a greenhouse gas.
6. Phosphorous used to make detergents and inorganic fertilizers has created large
phosphate deposits in water, resulting in explosive algal bloom growth and
eutrophication.
7. Sulfur enters the atmosphere through the burning of fossil fuels and processing of
metals. Roughly 1/3 of all sulfur that reaches the atmosphere is from human activities.
Sulfur in the atmosphere causes human health problems, damages buildings and
vegetation. When sulfur reacts with other chemicals in the atmosphere, tiny particles of
sulfate salts fall as acid rain.

8. By withdrawing huge quantities of fresh water from rivers, lakes, and underground
sources, humans have disrupted the volume of water available in specific ecosystems.
9. In addition to the carbon cycle, humans have altered the nitrogen and phosphorus
cycles by adding these elements to croplands as fertilizers, which have contributed to
over-fertilization of aquatic ecosystems when excess amounts are carried by runoff into
local waterways. Indigenous vegetation has been cleared for various purposes such as
agriculture, mining, road and building construction and replaced with paved surfaces of
concrete, asphalt, and built structures. This has increased runoff, reduced infiltration
that recharges groundwater supplies, increased flood risks including destruction of
wetlands, and accelerated soil erosion. The natural water quality is constantly altered
through the addition of chemicals like phosphates and nitrates and other pollutants.

Ecomimetic design solutions
From the description of the human impact on specific ecosystem factors, it is clear that
these activities impact more than a single aspect of the ecosystem. It is not possible to
limit the ill effects to only one part of the ecosystem.
This section discusses the kinds of design solutions necessary to maintain ecosystems
and to mitigate the damage resulting from anthropogenic activities.
Biodiversity: ecomimetic designs
1..Design to minimize fragmentation of ecosystems. This can be done through the
creation of ecological corridors, eco-bridges, eco-undercrofts, land bridges, hedgerows,
enhanced horizontal integrations and interconnectivity over terrain
2. Design to minimize the distance between habitat patches and maintain the size of the
habitat patches. Design processes are affected by the character of the landscape, its
size, shape, and patterns. Species composition and abundance will suffer as the size of
habitat patches decreases. The amount of connectivity needed between patches varies
from species to species and depends on the abundance of the focal species, its spatial
arrangement and movement capabilities.
3. Ecomasterplanning. Both the site and its context should be based on maintaining the
functions and connectivity within an ecosystem and repairing or restoring damaged
ecosystems. Ecomasterplanning differs from conventional masterplanning through its
emphasis on a seamless and benign biointegration of the human manmade ecosystem
with the natural one.

4. Design a green infrastructure which is a network of interconnected natural areas and
open spaces within the site which are linked to those outside it. This can heal
landscapes, repair ruptures, reconnect parts, and can create an ecoinfrastructure.
5. Use renewable sources only at the rate at which they can renew themselves, and do
not use non-renewables faster than renewable substitutes can be developed
6. Design complements of roof gardens, vegetation inside and outside that interface
with a building’s abiotic components.
7. Enact public laws and regulations and international treaties to protect biodiversity.
Spatial Efficiency: ecomimetic designs
1. Design and build compact structures and communities to maintain species diversity,
ecological interactions among species (functional diversity), and to occupy space as
efficiently as the plants and animals in the specific ecosystem.
2. Establish and further develop urban policies so that cities are spatially more efficient.
3. Research the ecological history of site and establish an ecological baseline for
planning design to protect and restore disturbed or degraded ecosystems
4. Design to reduce heat island effect of the built environment on the ecology of the
locality. Reduce and improve urban micro-climate impacts. Roof gardens and sky
courts create new urban habitats

Illustration: roof gardens and sky courts that create new urban habitats
(Source: Yeang and Woo Dictionary of Ecodesign )

5. Plan and construct compact synthesis of nature and neighborhoods and compact
development of multifunctions to decrease the time spent to conduct business and living.
6. Design to achieve integration with the environment, such as vertical integration:
designing for multilateral integration of the designed system with ecosystems.

Illustration of horizontal and vertical integration

7. Establish urban planning and public policy based on l) limited city size or cities
organized in modules; 2) greenbelts in and around cities to promote more efficient land
use; 3) determine in advance where developments will take place within ecological
systems; 4) locate shopping and services within walking distances of homes; 5) promote
more diverse and flexible housing as an alternative to conventional detached houses; 7)
encourage city self-sustainability with locally grown food and local waste and water
recycling, 8) encourage cluster housing which preserves as least half of a site as natural
areas; 9) encourage “smart growth” that makes use of in-fill development and mixed use
of land.
Cybernetics: ecomimetic designs
1. Design a manmade ecosystem that is modeled after the concept of the ecosystem as
a multilayer, multi-goal and multi-echelon system with a hierarchy of the levels of
biological organization.
2. Design a built structure that incorporates both abiotic and biotic components would
better simulate a natural ecosystem than one that does not take these into account.

Illustration of green wall systems (Source: Yeang and Woo Dictionary of Ecodesign)

3. Simulate an ecosystem in manmade structures by designing the growth strategy, life
cycles of buildings, conservation of materials and energy, pattern diversity, biochemical
diversity, and regeneration of waste.
4. Design for wastewater and sewage treatment and recycling systems so that waste is
treated at its source. This can be done by controlling and integrating human waste and
other emissions, capturing storm runoffs, reusing municipal wastewater for irrigation.
Examples include bioswales, cisterns, catchment basins, and lagoons.

Biointensive compost pile (Source: Yeang and Woo Dictionary of Ecodesign

Bioswale for site-water management (Source: Yeang and Woo Dictionary of
Ecodesign)

5. Capture storm runoffs, reuse municipal wastewater for irrigation. Examples are
bioswales, integrated gray water reuse systems, cisterns, catchment basins, and
lagoons.

Homeostasis: Ecomimetic designs to maintain homeostasis
1. Design to maintain the balance of abiotic and biotic components in an ecosystem
2. Restore and maintain the biogeochemical cycles
3. Maintain and ensure that the ecosystem factors needed for homeostasis are healthy
and balanced. Examples include social structure, predation, biodiversity, and symbiosis.
4. Design for efficient use of materials by l) designing to decrease amount of material
used; conserve non-renewable materials, and use renewable ones 2) designing for
adaptive use of buildings 3) designing for disassembly – recycle, reintegrate, reuse.
5. Manage energy and materials in the built environment so that energy source is
renewable.
6. Design using the principles of space efficiency, ecosystem continuity, and
interconnectivity.
7. Design roads and other built structures to minimize disruption of soil and
biogeochemical cycles. Pollution absorbing concrete and porous paving for parking lots
are examples.
8. Design for low ecological impact. This includes selection of low toxic materials
9. Creation of public policy that addresses the landscape as a whole; recognizes whole
farm or whole watershed as one ecological unit. This kind of policy would create soil
conservation regulations for not only agricultural land but also urban-rural landscapes.
The same is true of watershed protection. Enact new public regulations to correct current
imbalances that are detrimental to ecosystem functions, such as gas-exchange, waterpurification, nutrient-cycling
10. Enact take back laws in countries that do not currently have them.
Succession: ecomimetic designs
1. Design for spatial efficiency and decreased ecosystem fragmentation
2. Design environmental restoration of devastated land by using the processes of natural
succession. This requires an understanding of the specific ecosystem and the sequence

of rehabilitation beginning with primary succession’s most resilient organisms that can
grow under adverse conditions, the gradual development of food chains that evolve from
short simple ones into more complex chains, and recycling of wastes and nutrients This
understanding will also improve the economic efficiency of those efforts
3. Use non-chemical and natural alternatives to chemical pesticides. This would include
natural predators and development of new plants that resist pests.
4. Design sustainable urban renewal projects for cities that have become polluted
through industry and whose natural resources have been damaged.
Energy: ecomimetic designs
1. Use sun, wind, water, geothermal and biomass to replace fossil fuels. These sources
can stem the increase in greenhouse gases and pollution that have contributed to global
warming. The feasibility of which type to use will be determined by geographic locations
and the infrastructure required for their use. Renewable sources of energy will become
an imperative as the world’s population increases and with that, increased demands for
food, goods, and services.
World Solar Insolation
Values

This map shows the amount of solar energy in hours, received each day on an optimally
tilted surface during the worst month of the year. (Based on accumulated worldwide
solar insolation data.)
Large geothermal reservoirs of heat in the world are concentrated in seismic belt that
runs around the edge of the Pacific Ocean, known as the Pacific Ring of Fire. Countries
along the belt include New Zealand, the Philippines, Japan, Russia (Siberia) and
countries of the western seaboards of North and South America.

2. States and countries have created incentives to encourage use of renewable sources
of energy. Some incentives include government tax subsidies, partial co-payment plans,
rebates for purchase of renewable devices, government loan programs. On the other
hand, governments have begun imposing higher fossil fuel consumption and carbon
taxes to discourage the use of non-renewable energy sources.
Continuity: Ecomimetic activities to restore cycles to normal patterns include:
1. Decrease use of chemical fertilizer and insecticides.
2. Decrease flooding and damage to wetlands and soil erosion.
3. Decrease emissions of carbon dioxide
.4. Stabilize oxygen cycle by decreasing runoff from agriculture, sewage, paper and
textile mills, food processing that increase carbon dioxide and ozone at ground level.

5. Stabilize nitrogen cycle and decrease eutrophication by decreasing use of chemical
fertilizer and emissions of greenhouse gases.
6.Stabilize phosphorous cycle and decrease algal blooms and eutrophication by
decreasing the use of detergents with a high phosphorous content.
7 Stabilize sulfur cycle by decreasing the use of fossil fuels.
8. Stabilize the hydrologic cycle by designing systems that ensure that water remains in
the ecosystem of its origin, maintain wetlands, prevent flooding, prevent soil erosion.
Manage surface run-offs using bioswales, filtration strips, retention ponds, and
sustainable drainage lagoons (SUD).
9. Design wetlands for wastewater treatment, irrigation leach fields, aerobic wastewater
treatment.
10. Design for wastewater and sewage treatment and recycling systems. Examples are
shallow mound or shallow trench gray water systems

Illustration Shallow mound (section view) (Source: Yeang and Woo Dictionary of Ecodesign)

Illustration Shallow trench (section view) (Source:Yeang and Woo Dictionary of Ecodesign)

11. Design alternatives to traditional farming. Some examples are alley cropping,
hydroponic agriculture, aquaponic agriculture, permaculture, building integrated food
production.
12. Design for food production and independence. Design to promote urban agriculture
and permaculture. Design for spatial efficiency and to minimize waste based on the
recycling properties of the ecosystem. This would include warehouse farms for cities and
suburbs, rooftop gardens, street orchards, bus stop aquaculture.
13. Nature generates no waste. Ecosystems treat waste by absorbing detritus
constructively back into nature. Ecosystems demonstrate that as biomass increases,
more recycling loops and complex interactions are needed to prevent it from collapsing.
14. Design human built environment to contain more recycling loops and interactions. An
ecosystem becomes more self-contained as it matures. It circulates what it needs within
the system without losing any matter to the outside environment. Using this principle,
ecomimesis designs the built environment so that materials are continuously reused and
recycled and are more connected to the evolutionary process of life rather than making
isolated, disconnected, inanimate objects of consumer natural materials.
15 Design for reuse. Use biodegradable products in the built environment, such as
plastics from corn. Everything is recycled. .
16. Design to minimize resource depletion and waste by recycling, reusing, and
reintegrating used materials. Design for disassembly.
17. Design to minimize pollution and to biointegrate. In an ecosystem, there are no such
things as pollutants because the toxins are not stored or transported in bulk. At the
systems level they are synthesized and used as needed only by individual species.
18. Design natural sewage treatment systems. The Solar Sewage Wall is one example
of a living machine. It is a long, thin greenhouse-like structure with the south wall and
ceiling translucent to the sunlight. It creates a barrier that separates pedestrians from
traffic. The north wall is a dark painted brick or concrete mass that can store radiant heat
trapped in the structure. At the intake end is a sewage grinder and ozone sterilization
unit which kills the pathogens. The main part of the interior is comprised of several tiers
of shallow fiberglass channels sloped in steps so that the sewage water flows back and
forth and downward through the facility. The water enters at one end of the intake
channel, splashes down to the lower channel where it flows back again to the outlet end.
Aquatic plants clean up the pulverized and sterilized sewage effluent. The aquatic
plants are cropped and fed to poultry or composted. By the time the water leaves the
solar sewage wall, it is ready for any kind of reuse. Solar Sewage Walls can be
constructed in downtown urban areas adjacent to pedestrian traffic.

19. Actively use solid and hazardous waste treatment-injection wells, integrated waste
management, gasification, and evapotranspiration,
20. Use energy in the same way as in natural systems- use minerals and nutrient cycling
21. Design structures with deep plans, double envelopes, double layered façades,
ecocells, green roofs, light pipes, light shelfs.
22. Enact public policies for emission standards, take back laws, green pricing, planning
and zoning
23. Use low pollution concrete, porous pavements.
24.Create local, regional, state, and national planning policy that regulate development
and management of lands on the basis of the ecosystem concept. Ecosystem
management would include the integration of ecological, economic, and social principles
to manage biological and physical systems that protect long term ecological
sustainability, natural diversity, biogeochemical cycles, and the productivity of the land.
This approach would recognize that there is no dichotomy between humanity and the
environment.
Conclusion
Hopefully, this overview of the primary components of ecosystems has demonstrated the
urgent need to adopt ecomimesis as quickly as possible for the built environment in
order to help restore the natural balance to the environment. Ecomimesis design can
slow the rate at which humans are altering nature for their own purposes. Unless this is
done, humans risk the quality of not only their lives but the existence of biodiversity
through the destruction, fragmentation and degradation of ecosystem species.
Ecomimesis can also help stem the despoilation of ecosystems and assist in repairing
them by adopting natural circular processes rather than linear ones in creating
anthropogenic structures and communities.
The call for this imperative is based on the premise that humans cannot indefinitely
sustain a civilization that depletes and degrades the earth’s natural capital. Ecomimetic
processes can be used in human activities to conserve the balance in ecosystems and
to blend seamlessly with those natural cycles.
There are four major factors to keep in mind: 1) Earth is a fragile planet. 2) Most of the
damage done to the Earth and it ecosystems has been the result of human activities. 3)
We have both the knowledge and technology to correct the damage, and 4) We need
the resolve to repair and preserve this planet.
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Ecomimesis Appendix: Renewable sources of energy
Solar energy Sunlight is the most abundant global carbon-neutral energy resource and is the
earth’s primary source of energy. The sun and the energy it transmits make life possible on earth
through two critical properties. First, heat energy captured and stored as warmth in the
troposphere is essential to sustain life on earth. Second, the energy of sunlight is necessary to
establish life on earth through autotrophs using photochemical energy to produce and provide the
food for other trophic levels.
In addition, weather patterns, currents of air and water, hydrologic cycles, and changes in glaciers
result from the flow of solar energy. Wind energy is the result of the temperature variations in the
atmosphere heated by the sun, and ocean currents and hydrologic cycles depend on the heat of
the sun as well as on the evaporation of the water by the sun. And, seasons on earth are also
controlled by the duration and intensity of solar radiation which vary according to the position of
the earth axis in relation to the sun.
World Solar Insolation
Values

This map shows the amount of solar energy in hours, received each day on an optimally tilted surface during the worst
month of the year. (Based on accumulated worldwide solar insolation data.)

Heat energy stored in the atmosphere provides a free supply of heat and warmth which makes
life on earth possible. While endothermic organisms are heated primarily through their own
metabolic activity, ectothermic organisms need to be heated by external sources like the sun.
At the same time, the winds generated by the changes in heat create a natural cooling effect.
Animals ranging from insects to quadrapods have learned to design their homes and nests to
take advantage of the sun’s energy to heat and cool their homes, and man has learned to capture
energy through both natural and synthetic processes that mimic nature.
Photochemical energy (photons) is the sunlight which establishes life on earth. It is the essential
ingredient in the formation of the chemical bonds in photosynthesis by bacteria, algae, and plants
and the formation of all biomass and fossil fuels, which result from photosynthesis. The
photochemical energy fixed in carbohydrates and other compounds becomes fuel for living
organisms. The energy stored in petroleum, coal, and other fossil fuels was originally converted
from sunlight by photosynthesis many years ago.
Humans and animals have taken advantage of these properties of the sun for many milleniums
and constructed their habitats using passive solar design. Passive solar design is the simplest
form of ecomimicry in the sense that it utilizes the products of the sun’s energy to enhance
comfort and livability of buildings.
From the earliest history people have used natural materials and built absorptive structures to
maximize the effects of both the sun’s heating and cooling effects. People have used this method
for thousands of years by building thick walled stone and adobe structures that absorb heat
during the day and gradually release it at night. Today, Trombe walls and double envelope walls
are used to capture heat and distribute it by natural convection and radiation.
At the same time, wind energy is captured and used to cool structures. Principal design elements
of controlled natural ventilation systems require identification of prevailing wind directions,
strategic orientations and positions of openings on a building envelope, and use of stack effect
thermal ventilation, wing walls, wind towers, windscoops, and evaporative coolers.
The stack ventilation effect is very prevalent in habitats of many animals and organisms. For
burrowing subterranean and subaquatic organisms, the gas exchange through diffusion induces a
ventilating current.
As the fluid medium passes over the burrow exits, it powers a ventilation system. For example,
when fresh air is drawn through one mound opening and out through another aperture, the
pressure of the moving fluid decreases whenever its velocity increases so that the energy
remains the same. Known as the Bernoulli principle, moving air will speed up whenever it
encounters a mound, like an air stream passing over an aerofoil, and creates reduced pressure
over the upper opening compared with the lower aperture. Fluid will be induced to pass up a tube
suspended vertically in this gradient because the pressure difference results from the greater
sheer stress exerted on the fluid in the tube at the top entrance compared to the bottom. (Hansell
2005). The ventilation holes, chimneys, or towers all serve the purpose of expelling the warm air
and, in the case of animals, carbon dioxide, through the chimney exits.

Prairie dogs, badgers, beavers, and termites all use this method to cool and ventilate their
habitats. The classic model of metabolism-driven circulation within a macrotermes termite mound
There are over 2,000 species of termites living in tropical and subtopical regions. The mounds
are noteworthy for their complex engineering and architectural structures. Termite mounds are
very large and tall and can reach 39 feet in height. If termite mounds were scaled to human
dimensions, they would stretch more than a mile into the sky, > 5,280 feet.
The comparison between a manmade structure and a termite structure serves to illustrate the
phenomenal feat of this insect as well as to provide a model for ecomimicry. (Hansell 2007).
One building that has used the termite mound as a model is the Burj Dubai in the UAE

A termite mound, left, is built with a ventilation system researchers believe could be harnessed by architects. Right, the
Burj Dubai. Photo by Francis Lanting / Corbis and Jeffery E Biteng

Active solar energy Research and development in fields like engineering, chemistry, physics,
and math make it possible for man to actively collect solar energy and convert it into usable heat,
produce air movement for ventilation, and store heat for future use. The term “active solar energy”
describes the use of electrical or mechanical components, such as photovoltaic panels, pumps
and fans, to process sunlight into useable outputs.
Active solar energy is the logical progression from passive solar energy collection and utilization
systems that do not use external mechanical means of capturing, converting, and distributing
sunlight.
Active solar energy is the alternative to passive solar energy. Converting the sun’s light energy
directly into electricity is currently being done through various types of photovoltaic devices, such
as homojunction, heterojunction, p-i-n and n-i-p, and multijunction. Joined together as modules
and using tracking devices, the sun has unlimited potential as source of renewable energy. The
Dictionary of Ecodesign (Yeang and Woo, 2010) has a current and detailed explanation of
photovoltaic energy and devices

Light energy is the other major component of the sun’s energy. While the sun’s heat energy
warms and cools the earth to provide organisms with life sustaining ambient temperatures, its
light provides the energy to produce life on earth through the process of photosynthesis
Photosynthesis is the process of acquiring and using light energy to produce food. It provides the
energy and reduced carbon which are essential for the survival of almost all life on earth. It also
provides molecular oxygen needed by oxygen consuming organisms.
Scientists and researchers have spent close to 30 years in laboratories all around the world
developing artificial photosynthetic that replicates the natural process of converting sunlight,
water, and carbon dioxide into carbohydrates and oxygen and splits water into hydrogen and
oxygen using sunlight energy.
Research on artificial photosynthesis focuses on several areas: producing carbon-based foods,
producing oxygen, using water resources more efficiently to combat salinity that damages crop
lands in many parts of the world, using carbon dioxide from the atmosphere and direct solar
conversion to reduce global warming, and reducing carbon dioxide emissions from fossil fuels by
the photoproduction of hydrogen for use in hydrogen engines or hydrogen fuel cells to generate
clean energy.
The ecomimetic process of artificial photosynthesis offers a realistic, transitional economic
strategy for moving toward the use of renewable energy resources without threatening sudden
social and economic dislocation and without disrupting existing ecosystems. In other words,
artificial photosynthesis, if successful, will enable a sustainable environment. (Australian Artificial
Photosynthesis Network, 2002).
In addition and more importantly, artificial photosynthesis can be a mechanism to reduce the
atmospheric carbon dioxide and global warming created by anthropogenic activity, particularly the
use of fossil fuels and to increase atmospheric oxygen, and to stabilize ecosystems and their
biodiversity that have become unbalanced and endangered by development, natural disasters,
and environmental despoliation.
The US Air Force and Massachusetts Institute of Technology are working on the energy
component of artificial photosynthesis with the goal of having buildings servie as their own power
stations. Given the availability of cobalt-phosphate catalysts and solar generated electricity,
researchers believe it is possible to use excess daytime electricity to split water into hydrogen
and oxygen. The products could be stored and then recombined at night with fuel cells to power
buildings as well as plug in ground vehicles.(Air Force Material Command, “Artificial
photosynthesis research could reduce energy needs”, October 2008.)
One long term goal, then, is to exploit solar energy directly, to split water into oxygen
and hydrogen and use it as the fuel of the future.

Water energy Because of its kinetic movement, water is a powerful source of energy that can
and should be harnessed. Water is 800 times denser than air, It constantly moves through a vast
global cycle, evaporating from lakes and oceans, forming clouds, precipitating as rain or snow,
and flowing back down to the ocean. The energy of this water cycle, which is driven by the sun,
can be tapped to produce electricity or to power mechanical tasks. Because the water cycle is an
endless, constantly recharging system, and is not reduced or used up in a process, hydropower is
considered an excellent source of renewable energy.
There are many forms of water energy: hydrodams, tidal energy, wave energy, ocean thermal
energy conversion
Hydroelectric power or hydropower is the process of capturing the energy of flowing water as it
moves downstream and using that energy to produce electricity. There is ongoing research and
experimentation with various types and sizes of hydroelectric power installations, tidal and ocean
conversions using the power of the current and the temperature differences between warmer
surface water and the colder lower recess and the energy generated from the movement of the
tides. There are also prototype vortex power projects in which obstacles are placed in rivers,
thereby forming vortices, which can be tapped for energy. Turbines and generators convert the
energy into electricity, which is then fed into the electrical grid to be used in homes, businesses,
and by industry
Researchers believe that hydrologic power from its many sources will become a major source of
renewable energy in the future. However, because the technical, financial, and scale
requirements of water power projects are fairly large, their development will most likely be
undertaken by large private or public investment.
Wind energy Wind is essentially air in motion created by uneven heating of the atmosphere by
the sun, irregularities of the earth's surface, and the rotation of the earth. As a result, winds are
strongly influenced and modified by local terrain, bodies of water, weather patterns, vegetative
cover, and other factors. For example, atmospheric winds that circle the earth are created
because the land near the equator is heated more by the sun than at the North and South Poles.
During the day, the air above the land heats up more quickly than the air over water. The warm
air over the land expands and rises, and the heavier, cooler air rushes in to take its place,
creating winds. At night, the winds are reversed because the air cools more rapidly over land than
over water.
Current interest in wind power is focused on electricity generating wind turbines, the modern
version of the historic windmill. Wind-based electricity generating capacity has increased
markedly in the United States since 1970, although it remains a small faction of total electric
capacity.
Globally, the long-term technical potential of wind energy is believed to be five times greater than
the total current global energy production, or 40 times greater than current electricity demand.

The North American Midwest and Northeast, the southern tip of South America, parts of northern
Africa and Europe, and portions of Asia and Europe all have sufficient wind speeds to make it
worthwhile to research and develop wind generated power.
Wind power is one of the most environmentally friendly sources of renewable energy. Wind is a
clean and renewable and its operation produces no greenhouse gases, such as carbon dioxide
and methane. Wind farms produce no air or water pollution because no fuel is burned.
Growing concern about emissions from fossil fuel generation, increased government support to
explore and develop wind power, and higher costs for fossil fuels (especially natural gas and
coal) have helped wind power capacity in the United States grow substantially over the last 10
years.
If developed as a major source of power in the future, wind power seems to pose two major
challenges: 1) wind turbines require large amounts of land, particularly in areas of high wind
resources; 2) wind turbines and wind farms may be in the path of birds and their migratory
patterns. Wind farms also require huge capital investment that results in a high kw/h cost that is
not currently competitive with conventional power plants, so the future of wind power will depend
on investors who are more interested in alternative energy than return on equity.
Geothermal energy comes from the heat of the earth itself. The earth’s hot core is attributed to
nuclear decay, friction and pressure and heat created by the formation of the earth billions of
years ago. Geologists estimate that the earth’s core, which is 4,000 miles deep, may have
temperatures that exceed 9,000 degrees
Large reservoirs of heat in the world are concentrated in seismic belt that runs around the edge of
the Pacific Ocean, known as the Pacific Ring of Fire. Countries along the belt include New
Zealand, the Philippines, Japan, Russia (Siberia) and countries of the western seaboards of
North and South America.

Geothermal heat is constantly being renewed so that it will never be depleted. The earth's crust
effectively acts as a thick insulating blanket which must be pierced by fluid conduits (of magma,
water or other) to release the heat underneath.
In addition to heat emanating from deep within the earth, the top 30+ feet (10 meters) of the
ground accumulates solar energy (warms up) during the summer, and releases that energy (cools
down) during the winter. The solar energy flows are much smaller in scale and less dense, but
the flow rates are much higher, and the heat is more easily accessible and evenly distributed. A
geothermal heat pump can extract enough heat from shallow ground anywhere in the world to
provide home heating.
Geothermal energy creates less environmental pollution, is renewable and sustainable, avoids
importing energy resources, benefits remote areas, adds to energy source diversity, creates less
waste disposal, and has a long life span.
Biomass and energy crops Biomass is a term that indicates any organic material from plants
or animals which is available on a renewable basis through natural processes or as a by-product
of human activity, such as agricultural and forestry residues, crops and crop residues, municipal
solid wastes, and industrial wastes. Biomass also includes terrestrial and aquatic crops grown
solely for energy purposes. Biomass is an attractive petroleum alternative because it is a
renewable resource that is more evenly distributed over the earth's surface than finite energy
sources and can be developed through environmentally friendly technologies. Today, biomass
resources are used to generate electricity and power and to produce liquid transportation fuels,
such as ethanol and biodiesel.
Ethanol is the most widely used liquid transportation fuel, or biofuel. Currently, a majority of
ethanol is made from corn, but new technologies are being developed to make ethanol from a
wide range of agricultural and forestry resources. Ethanol may be used as an alternative fuel, for
example, in E-85 for flex fuel vehicles and may also be used as an octane-boosting, pollutionreducing additive to gasoline, such as E-10. E-10 is widely available at gas stations in most parts
of the U.S.
Energy crops, also called "bioenergy crops", are fast-growing crops that are grown for the specific
purpose of generating some form of energy through direct combustion or gasification of crops to
produce electricity and heat, or by converting them to liquid fuels like ethanol.
There are two general categories of energy crops - cellulosic and woody, both of which have
been researched for almost 30 years to determine which crops provide the greatest energy
potential. The cellulosic crops are primarily grasses, like switchgrass, phalaris, bluestem,
elephant grass, wheatgrass, and miscanthus. They regrow from their roots and consequently do
not have to be replanted for as long as 15 years after repeated cutting and baling. Switchgrass
has the greatest potential because it is a perennial and has high yield. It is also low cost, drought
resistant, and adaptable to many types of soils and climates.
The most promising woody crops are poplar and willow trees. Poplar hybrids have high growth,

high yield rates and adapt to many growing conditions. Research has produced hybrids that
reach 12” in diameter and 70 feet height within 6 years from initial planting. Some of the hybrid
poplars yield 5-10 times more than natural forests. The poplar's extraordinarily rapid growth, and
its relatively compact genome size of 480 million nucleotide units (40 times smaller than the
genome of pine), are among the many features that have led researchers to target poplar as a
model crop for biomass energy production.
Willows hybrids grow 3-5 feet in the first year, cut to produce multiple stems from the stump which
can grow up to 18 feet within the next three years. Once established the willow can be harvested
every three years and will resprout after every harvest.
Agricultural crops like corn, sorghum, wheat, sunflower, rice, potatoes, sugar cane and sugar
beets can be converted into ethanol, a clear, colorless alcohol fuel. Potato skins, rice, and yard
clippings can also be used to produce ethanol.
Another source of biomass is garbage, municipal solid waste (MSW). Food scraps, lawn
clippings, and leaves are examples of biomass trash. MSW can be converted to energy either by
burning MSW in waste-to-energy plants or by capturing biogas. In waste-to-energy plants, trash
is burned to produce steam that can be used to heat buildings or to generate electricity.
Biogas Biogas can be produced from current biodegradable waste streams, such as paper
production, sugar production, sewage, landfills, and animal waste. The natural fermentation or
anaerobic treatment of these wastes produces methane gas which is often associated with global
climate change. Collecting and using landfill and biogas is actually beneficial to the atmosphere
because the amount of methane released into circulating air is reduced.
Ecomimesis of renewable sources of energy Use of the sun, wind, water, geothermal heat,
and biomass to replace fossil fuels to heat and cool built structures and to fuel transports is an
extremely important part of ecomimesis. These sources can stem the increase in greenhouse
gases and pollution that have contributed to global warming. The feasibility of which of these
types of renewable energy can be used will be determined by geographic locations and the
infrastructure required for their use.
The increased use of renewable sources of energy will become an imperative as the world’s
population increases and with that, increased demands for food, goods, and services. At the
same time, non-renewable sources of energy are being depleted, and both public and private
sectors will be required to develop substitutes for fossil fuel in the future.
Many states and countries have created economic incentives to encourage the use of renewable
sources of energy. Some of the incentives include government tax subsidies, partial co-payment
plans, and rebates for the purchase of renewable devices like solar panels. There are also
government loan programs to entice consumers to shift to renewable technology. India, Tunisia,
Morocco, Indonesia, and Mexico are examples of developing countries that have instituted such
programs.

Conversely, governments have begun imposing higher fossil fuel consumption and carbon taxes
to discourage the use of non-renewable energy sources.
While most renewable energy sources do not produce pollution directly, it must be noted that the
materials, industrial processes, and construction equipment used to create them may generate
waste and pollution. Additionally, some renewable energy systems actually create environmental
problems. Briefly, here are some of the major problems: 1) the large amount of land needed for
biomass and biofuel crops could be used to cultivate food crops or left fallow; Conversion of
agricultural land to biomass/biofuel crops at the expense of food crops may result in higher food
prices. 2) hydroelectric generation often dislocates residents living where the reservoirs and dams
are planned. These plants release large amounts of carbon dioxide at construction and flooding
of the reservoir, disrupt aquatic ecosystems and birdlife, and have adverse effects on the river
ecosystem and environment. In the long run, shifting riverbeds may alter the function of
hydroelectric dams. 3) wind farms require a huge amount of land, and they emit greenhouse
gases and air pollution during their construction. There remain concerns about bird safety.
The generated waste and pollution notwithstanding, however, renewable sources of energy must
be developed more intensively in the near future. There are few other alternatives, and the
primary issue is meeting the energy needs of an exploding world population.
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Summary
Light trespass, a kind of light pollution, occurs when unwanted light enters one's property and
affects living mostly. It causes sleep deprivation, biological clock disturbance, or cancer risk. In
urban residential areas, especially in compact cities of Taiwan, light trespass mainly comes from 2
sources: advertising signboard and roadway lighting. Field survey indicates that each advertising
signboard increases vertical illuminance levels of 17 lux for the window. It also demonstrates that
light trespass from each road lamp causes 10 lux for ground floor and affects about 4 dwellings
opposite and behind it. The results show that almost all dwellings are suffered light trespass for the
illuminance over the CIE recommended limit. Compared with other exterior lighting, advertising
signboard influences dwellings mostly. However, roadway lighting is the main sources of light
trespass due to lamps location and lighting all night. Although it is difficult to adjust the high-density
living condition in Taiwan, increasing distance between lamp and dwellings, and choosing
appropriate lighting devices are useful strategies to prevent light trespass. Furthermore, light
trespass should be concerned for developing comfortable and sustainable living environment.
Keywords: light pollution, light trespass, exterior lighting, living quality, lighting simulation

1. Introduction
In recent years, light pollution has become an important environment issue for maintenance of
night lighting quality. More and more countries have formulated relevant light pollution ordinances
to reduce light pollution in outdoor lighting. Light trespass occurs when unwanted or too bright light
enters one's property, and it may affect sleep quality, biological clock and even increase cancer risk.
The influence of light trespass can be adjusted through number of lamps and distance, but a
compact city has high population and building density and cannot escape light trespass. In Taiwan,
high-density mixed residential commercial buildings, roadway lighting, advertising lighting and
night life is quite different from those of residential blocks in European and American countries.
Thus, influence of light trespass on the living quarters in Taiwan is more serious.
In Taiwan the source of light trespass in residential areas can be divided into two types: (1)
advertising signboard in mixed residential commercial district and (2) roadway lighting. To know the
light trespass in the residential areas, the field survey has been conducted, and improvement
measures and suggestions are provided to ensure good environment quality at night.

2. Research Method
2.1

Definition of light trespass

Light trespass occurs when unwanted light enters one's property [1]. When unwanted light enters
the houses, the nighttime environment is disturbed and the quality of life diminished. Especially in
dimly-lit bedrooms, the outdoor light can affect sleep quality. In addition, too bright light can inhibit
melatonin production, cause reproductive system of reproductive system [2] and increase
incidence of breast cancer and colorectal cancer [3]. Thus, light trespass has adverse impact on
physiology and psychology.
2.2

Light trespass limitation benchmark

Based on CIE150 technical report, light trespass evaluation benchmark refers to vertical
illuminance of house surface or potential relevant boundary, especially location of windows [4]. The
relevant boundary refers to residential property boundary potentially affected by lighting, such as
building boundary line or building line. During measurement of light trespass, vertical illuminance
(Ev) is calculated 1.5m above the ground or the facade or window [1] [4].
In light pollution prevention, CIE has outlined four environment zones to establish a basis for
outdoor lighting regulations, from E1 to E4 [4] (Table 1). The lighting designers can determine the
lighting objectives suitable to their buildings. For example, vertical illuminance of E3 zone should
be lower than 10 lux during pre-curfew and lower than 2 lux during curfew.
Table 1 Maximum Ev limit of properties
Light Technical Parameter
Illuminance in vertical plane
lux
E1
E2
E3
E4

2.3

Application Conditions

Ev

E1

E2

E3

E4

Pre-curfew

2

5

10

25

Post curfew, 23:00~06:00

0

1

2

5

Natural Intrinsically dark National parks or protected sites
Rural Low district brightness Industrial or residential rural areas
Suburban Medium district brightness Industrial or residential suburbs
Urban High district brightness Town centres and commercial areas
NOTE If the luminaire is for public(road) lighting then this value may beup to 1 lux

Light trespass measurement

To know the impact of outdoor lighting on houses, this study uses vertical illuminance (Ev) on
windows as light trespass evaluation basis. Because the height of outdoor lighting fittings is limited,
light trespass has greater impact on GF~2F. Thus, facade illuminance is recorded until 2F. The
illuminance on window above ground is measured by using illuminance meter. Due to height and
privacy of residents, for the part which cannot be measured by the illuminance meter, the
measurement is replaced by measuring facade luminance, and then the luminance is converted to
illuminance. First, it is assumed building facade material meets Lambert's cosine law, and
luminance is equal from all directions. Under the premise, the material surface illuminance and
luminance can be converted through the following equation:
Luminance

L

= Illuminance

E

* Reflectance

/

1

To reach a certain degree of accuracy for the measurement results, the individual readings of
photometer should be within 20% of the predictions and the average levels should be with in
10% of the calculated mean [5].Outdoor lighting measurement uses the illuminometer with 0.1 lux
accuracy and cosine and colour temperature correction. Meanwhile, cloudy and rainy days should
be prevented during survey. The measurement would start after discharge lamps work for 1 hour.

3. Light trespass caused by roadway lighting
3.1

Current situations of roadway light installation

The roadway lights are basic urban lighting facilities. Most dwellings may easily affected by the
roadway lights due to adjacency to the roads, and long roadway lighting time. In Taiwan, the width
of the roadway adjacent to the living quarters is 15m, 10m, 8m and 6m, and the lights are installed
at each side, and distance between lamppost is around 25~35m. The lamps are usually installed
between houses. 200W semi-cutoff mercury lamp is the most common style (Fig. 1).
Lamp position

Fig. 1 Road lamp setting and style in residential areas
3.2 Sample description
The study surveyed the urban attached high-rise residential buildings with the same facade style in
ten 8m streets in Tainan. Considering coverage of the each road lamp, four houses at front/back of
each lamp were taken as sample group, and illuminance on the windows of the houses on GF~2F
is evaluated. Eights houses are divided into those at opposite side and back side of each lamp,
and distant and nearby houses Fig.2 . There were 11 sample groups at back side of the lamps,
and 7 sample groups at opposite side of the lamps. The illuminance on the windows of the houses
on GF~2F was measured, as well as illuminance on the windows of houses between two lamps
which was used as the comparison group without light trespass.
3.3 Findings of light trespass caused by roadway lighting and analysis
The findings are shown in the Fig3. The illuminance on the windows of the houses at the opposite
side and nearside has the highest value of 11.5 lux. If the vertical illuminance of E3 zone in Table 1
is used as the light trespass reference benchmark, the illuminance on the windows of the houses is
lower than 10 lux. However, the lights work all night. If curfew standard of 2 lux is used, the
illuminance exceeds the light trespass limit. For this reason, four houses at opposite side and lamp
side of each lamp to be installed may surfer light trespass, and the GF~1F are more serious. By
large, the impact of light trespass can be reduced with the height of the buildings, and the impact
on near side is higher than the far side, and opposite side is higher than lamp side. The illuminance
on the windows is ordered as follows (1) Opposite side-- near; (2) Lamp side -- near; (3) Opposite
side -- far; (4) Lamp side -- far. The value of
4 “lamp side – far” is close to or lower than 2 lux,
and it is likely that no light trespass occurs (Fig. 4).
For the illuminance on windows of the houses between two lamps, the illuminance on the windows
of the houses on GF has the highest value of 1.9 lux , followed by 0.7 lux illuminance on windows
of 1F houses, and illuminance on the windows of 2F houses has the lowest value of 0.6 lux. The
findings show the illuminance on windows of the GF-2F hours is lower than 2 lux, and no light
trespass problem occurs. Thus, the street lamp installation causes the illuminance on window
higher than light trespass limit. Based on the principle of current position of the street lamps that
distance between lamps is 35m and each house plane width is 5m, it is estimated that half
residents in each street are suffering light trespass.
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Fig. 2 Relative location of road lamp and dwellings
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4. Investigation of light trespass caused by advertising light boxes
4.1 Current installation position of advertising light boxes
Currently, the common advertising signboard in Taiwan includes light boxes, neon light, projection
lamp and large LED screen advertisings. The light box advertising features easy making, low cost
and uniform distribution of the luminance. It is selected by 95% of businesses and the most
common advertising way. It is used as horizontal signboard on the building surface and vertical
signboard on the building facade. If there is more commercial floors, the building facade may have
many light boxes. The adverting light box projecting range is subject to the building laws.
Generally, advertising light boxes are often turned on during night operation and tuned off during
closing. But some shops may turn on the light boxes during closing for publicity. In Taiwan, there
are many mixed residential commercial buildings in big cities. The ground floor is used for shops
and the floors above it are used for dwelling. The adverting signboards are often erected outside
the windows on the higher floors. The diffuse light ray may affect residents. For this reason, it is
necessary to discuss advertising signboards and light trespass.
4.2 Sample investigation
This study surveyed mixed residential commercial streets in Taipei and Tainan. The advertising
light boxes are regarded as the major light trespass source. Type and location of advertising
signboards, building height and mixture of residential commercial functions were recorded during
investigation. The shops are often located on GF. Thus, this study investigated illuminance on
window of the 1F~2F houses. Luminance measurement can be conducted for the place which
illuminance cannot be measured. In the six commercial districts, 495 building facades were
investigated.

4.3

Findings of light trespass of advertising light boxes and analysis

4.3.1 Findings
The findings are shown in the table 2. The average facade illuminance of the windows in most
commercial districts is 30~50 lux, and the average illuminance on window can reach 57 lux. If E4
25 lux is used as light trespass evaluation benchmark of the mixed residential commercial district,
the value is 15~20 lux higher than the benchmark. The illuminance on window is too high. The
building height is not related to the facade illuminance resulted from advertising light boxes. This is
different from roadway lighting. In some sections, illuminance of 2F is higher than that of 1F. It is
related to location and number of advertising light boxes. The more light boxes are, the higher
vertical illuminance of the windows is.
Table 2 Avg and MAX vertical illumination in mixed residential commercial district
Ev-avg (lux)

City

Road

Taipei City

Hsining S Rd.
Chengdou Rd.
Tingzhou Rd.
Linsen N. Rd.
Tungning Rd.
Shengli Rd.

Tainan City

1F
38
45
43
43
32
35

Ev-max (lux)
1F
2F
63
72
181
162
129
114
72
47
58
63
71

2F
33
52
40
57
21
32

4.3.2 Impact of advertising light boxes on vertical illuminance of window surface
To know impact of advertising light box installation on light trespass, this section further analyses
illuminance on windows under different signboard combination modes. First, it summarizes five
types of advertising light box combination modes and samples, and comparison of average
illuminance on the windows between 1F and 2F is made. Five types of advertising light box
combination include: (a) horizontal advertising signboards; (b) one-sided vertical signboards; (c)
horizontal signboards and one-sided vertical signboards (d) two-sided vertical signboards; (e)
horizontal signboards and two-sided vertical signboards Table 3 .
The analysis results show horizontal or vertical signboards increase the illuminance on windows to
17 lux; erection of any two types of signboards can increase the illuminance on windows to 35 lux:
three signboards can increase illuminance on window to 52 lux. The number of signboards has
multiple relationships with the illuminance on windows, and one advertising light box erected on
the building facade can increase the illuminance on windows to 17 lux. Based on the findings, the
illuminance on windows can be estimated by using the number of signboards on building facades.
In fixed commercial and residential districts, if more than 2 signboards are erected, illuminance on
windows can exceed the E4 limit of 25 lux.
Table 3 The relationship of vertical illuminance of advertising light boxes position
style

a

b

only horizontal
signboard

one-sided vertical signboard

16 lux

18 lux

c

d

e

illustration

Ev-avg

horizontal and
one-sided vertical signboard
35 lux

two-sided vertical signboards
36 lux

horizontal and
two-sided vertical signboards
52 lux

5. Light trespass in residential blocks of compact cities
5.1 Comparison with the Impact of light trespass from different light sources
5.1.1 Roadway lighting and light trespass
Road lights are the necessary lighting facilities. However, in the compact cities, residential
buildings are constructed adjacent to the streets. It is difficult to avoid light trespass, especially in
narrow lanes. Roadway lighting is the major source of light trespass in residential blocks. Due to
street lamp height, the floors above the street lamps will not suffer light trespass.
5.1.2 Advertising light box and light trespass
The advertising light box is installed on the facade beside the windows and has direct impact on
increasing illuminance on windows. Its impact is more serious than road lamps. As long as one
advertising light box is installed on building facade, the illuminance on window can be increased to
17 lux. Being different from street lamps, advertising light box is not always set on the lower floor, if
the light box is installed on higher floor, the residents may also suffer light trespass. Advertising
light box has greater impact on the residents than roadway lighting. Fortunately, many businesses
are closed before 11: 00 pm, and only a few of them continuously turn on their advertising light
boxes to maintain commercial image.
5.2 Discussion of light trespass in Taiwan’s residential blocks
Due to high residential density of the compact cities, installation of light fittings may cause high
illuminance on facade. In Taiwan, 1F houses of the common residential houses are the principal
bedrooms which are mostly affected by light trespass. If the residential houses are located in the
urban residential blocks, illuminance on the windows of principal bedrooms is 6 lux due to impact
of road lamps during night; if the houses in mixed residential commercial district, the light from
street lamp and advertising light boxes would be received. The illuminance on window surface will
increase to more than 23 lux. The more the signboards, the higher the illuminance is (Table 4).
Table 4 Comparison with light trespass from light sources
Light source

Roadway lighting

Advertising light box

Status of light trespass

Affected time
Affected floors
Ev of bedroom window (1F)

6

00 pm ~ 6 00 am.

6

00 pm ~ 12

00 am

GF~2F

1F~2F, but mainly depending on the
location of signboard

6 lux

17 lux

As compared to CIE recommended vertical illuminance limit, the investigated values are all higher
than the limit. However, the feelings of the residents were not totally the same to the findings. With
reference to the past survey result of the 1200 questionnaires[6], only 29% of people felt affected
by light pollution. In further investigation, adverting lights box accounted for 73% of total light
trespass, and light lamp account for 27%. Compared with the light trespass from advertising light
box, disturbance from glittering signboard are more concerned by residents.

It's important to note that although some obtrusive light occurs, most residents are still accustomed
to such strong light at night. The results are different from those in Europe and North America, and
further study needs to be conducted to test if the Ev limitation is applicable in compact cities .
5.3 Urban light trespass improvement measures
5.3.1 Improvement of light trespass caused by roadway lighting
To maintain night environment quality, it is necessary to minimize impact of outdoor light on
residential areas. The most effective method of reducing vertical illuminance on window surface is
to install light fittings far away from windows according to Inverse Square Law. However, location of
roadway lamps is fixed, and it is difficult to change the setting rules. The better way to decrease
the light emitting back to influence the dwellings is to set the lamps with light shade (Table 4).
Based on the results from the software simulation, the light shade of street lamps can reduce the
original vertical illuminance on window surface by 50%-60%. If controlled distribution curve of lamp
is used, the Ev will be lower.
Table 4 Vertical illuminance of different roadway lighting conditions unit lux
Lamp
original
with shade

2
GF
12.0
6.8

Lamp side
1F
7.6
2.0

near

4
2F
1.9
1.9

GF
3.7
2.7

Lamp side
1F
4.1
1.4

far
2F
1.4
1.2

5.3.2 Improvement of light trespass caused by advertising light box
At present, according to Taiwan’s advertising lighting regulation, glittering signboard such as neon
light shall not be installed in the residential blocks. The light that enters the residential blocks
cannot be controlled. Due to frequent business activities in mixed residential commercial district,
adverting lighting cannot be forbidden, and it is recommended the lights should be turned off during
non-business hours. The adverting lighting modes can be changed as possible. The large area of
advertising light box can be reduced, as well as luminance, so as to eliminate light on windows of
residential houses.

6. Conclusions
Light pollution has become an important concern. The Commission Internationale del ‘Eclairage
(CIE) has published technical report for light pollution, and light pollution is one of the evaluation
items by LEED. Light pollution caused by night lighting has been included in Taiwan ecocommunity assessment system.
To known night residential environment quality, this study surveyed light trespass of street lamps
and advertising signboards in Taiwan and conducted analysis. The results indicate that one light
lamp can increase vertical illuminance by 6 lux and one advertising light box can increase
illuminance by 17 lux while bedroom is on 1F. Although the light trespass caused by advertising
light box is more serious than that caused by road lamps, the road lamps are turned on all the night
through and are still the main source of light trespass in residential areas. Finally, this study
suggested improvement measures for future lighting design and reducing unwanted light at night.
In Taiwan, the compact cities have high building density, and the night life of residents is different
from the countries in Europe and North American. The psychological feeling of the residents and
applicable standards of light trespass evaluation will be developed in the future.
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Summary

Investment in house improvement provides not only benefits of saving energy (energy benefits,
EBs) but also benefits of other types (non-energy benefits, NEBs). This study focused in particular
on the NEBs delivered by health promotion. The aim was to provide new insight into building
performance gains in residential housing.
The relationship between indoor environment and residents’  medical expenses was investigated by
using the “CASBEE for Health – Residential environment assessment tool for health promotion”
(hereinafter, CASBEE-Health). Furthermore, the installation of insulation in a house was taken up
as an example of investment in house improvement, and the resulting benefits were analyzed.
In conclusion, it was found that improving the insulation in a house tended to raise the assessment
score from the CASBEE-Health tool, as well as to lower residents’ medical expenses. Therefore, a
well-insulated house should be appraised at a higher value when reduced medical expenses are
considered in addition to EBs.
Keywords: Health, Non-Energy Benefit (NEB), House, Energy conservation, Thermal insulation,
Medical expense, Evaluation, Questionnaire

1. Introduction
Population aging is becoming a major problem in Japan. Within this context, maintaining good
health will be much more important in the future. Meanwhile, in 2009, the Japanese government
set a target of reducing the country’s CO2 emissions by 25% below 1990 levels by 2020. Achieving
this ambitious target will require emissions to be reduced in every sector, including the building
sector. However, measures that reduce energy consumption are often strict and not acceptable. In
order to overcome this situation, taking into account both well-being and energy saving are
important in regard to houses. In the past, however, these factors have not been considered in
combination. In future assessments of houses, well-being along with energy savings should be
evaluated together, and thereby it will be possible to evaluate investments in house improvement
comprehensively.

Accordingly, as a consequence of house improvement, building performance gains in houses
provide not only benefits of saving energy (energy benefits, EBs) but also benefits of other types
(non-energy benefits, NEBs). Here, the NEB taken under consideration is health promotion.
Various economic benefits delivered by health promotion are evaluated, and our ultimate aim is to
advance the construction and renovation of houses such that they contribute to energy saving and
health promotion.

2. Study Methodology
2.1

Outline of the Study

Here, a resident’s   health is assumed to be influenced by three factors: “resident’s   attributes”,  
“indoor environment”, and “other factors”. At the same time, it is assumed that maintaining a
resident’s  health leads to lower medical expenses and that investment in house improvement (e.g.,
installing additional insulation) affects medical expenses through improving “indoor environment”  
and “resident’s  health”. These assumptions are expressed in Figure 1.

Part 1
Part 2

Resident’s  
attributes

Insulation
level

Indoor
environment

Resident’s  
health

Medical
expenses

Otherfactors
Fig. 1 Overview of the study
This study comprises two parts. Part 1 was an analysis of the relationship between indoor
environment and residents’ medical expenses. This was accomplished through a follow-up
questionnaire survey to a previous survey on “CASBEE for Health – Residential environment
assessment tool for health promotion”. The methods employed in Part 1 are presented in Sections
2.2 and 2.3.
Then in Part 2, the effects of installing additional insulation is taken up as an example of
investment in house improvement and the resulting benefits are analyzed. Insulation was targeted
because improving insulation has a considerable effect on residents’ health, and because the
spread of improved insulation is also important from the viewpoint of saving energy. The methods
employed in Part 2 are described in Section 2.4
2.2

Residential Environment Assessment Tool for Health Promotion

(1) Overview of CASBEE-Health
From the results of a previous survey, the health promotion effect of a house was evaluated [1][2].
These results were reflected in “CASBEE  for  Health – Residential environment assessment tool for
health promotion” (hereinafter, CASBEE-Health), which enables residents and builders to assess
houses from the viewpoint of health promotion. Points are awarded depending on the resident’s  
response to each question, and the total score can be used to assess the house. Points are assigned based on likelihood (potential, frequency) of an occurrence inside the house: “very often”, 0
points; “often”, 1 point; “seldom”, 2 points; and “never”, 3 points. There are 132 possible base
points in the assessment by CASBEE-Health.

Space

Item
1. Warmth, Coldness

Frequency
Very often

Ⅰ Living room
Ⅱ Bedroom
2. Calmness
Often
Ⅲ Kitchen
3. Brightness
Seldom
Ⅳ Bathroom/Washroom
Ⅴ Toilet
4. Cleanliness
Never
Ⅵ Entryway
5. Safeness
Ⅶ Hallway/Stairway/Walk-in closet
Ⅷ Surrounding environment
6. Security
Fig. 2 Overview of CASBEE-Health assessment [2]
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×
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◎

(2) Previous Questionnaire Survey
The validity of the CASBEE-Health was investigated in the previous questionnaire survey. Detailed
information from that survey is shown in Table 1. Figure 3 shows the frequency histogram of the
CASBEE-Health assessment score. The average score is 90 points, and the distribution is a normal curve.

Frequency of each point group [person]

Table 1 Previous questionnaire survey [1]
Respondents
6,097 residents living in detached houses (nationwide)
Selection period
November 19–22, 2010
Main survey period
November 26–29, 2010
Method
Online questionnaire
Content
1) Respondent's attributes
2) Content for CASBEE-Health assessment
3) Health condition
Valid responses
6,097 (valid response rate: 97.0%)
Average survey completion time
19 min, 40 s
300

N = 6,097

250
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0
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40
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100
120
CASBEE-Health assessment score [score]

140

Fig. 3 Frequency histogram of the CASBEE-Health assessment score [1]
2.3

Relation between CASBEE-Health Assessment Score and Medical Expenses

In the previous study, the health benefits delivered by house improvement were indicated by the
questionnaire [3][4][5]. This section reports the results of analyzing the relationship between the indoor thermal environment and the medical expenses of residents. This analysis was performed by
using data obtained through the follow-up questionnaire survey. The   “indoor environment”   was
evaluated by using CASBEE-Health.
(1) Overview of Follow-up Questionnaire

The follow-up questionnaire survey was conducted in February 2011 with the aim of collecting
more detailed data. A summary of this survey are given in Table 2.
Table 2 Follow-up questionnaire survey
Respondents
Period of survey
Method
Content
Valid responses
Average survey completion time

5,497 residents living in detached house (nationwide)
February 17–21, 2011
Online questionnaire
1) Presence of chronic disease
2) Medical expenses
3) Lifestyle
5497（valid response rate: 99.4%）
10 min 30 s

(2) Content of Follow-up Questionnaire Survey
The respondents were asked about 25 additional questionnaire items covering chronic disease,
medical expenses, and lifestyle. Then, the relationship between medical expenses and the
assessment score from CASBEE-Health was analyzed.
(3) Respondent's Attributes
In the previous survey, respondents were classified according to their age group and living area.
Living area was classified into 11 climate areas. Okinawa Prefecture was excluded because its
climate differs from that of other prefectures, making comparison difficult; also, 7 prefectures were
excluded that include more than 1 climate area.
The number of respondents was slightly smaller in the follow-up survey; nonetheless, the number
was sufficient. There were 5,497 respondents in total. The respondents included roughly equal
numbers of men and women. The ages of the respondents ranged from 30 to 69 (Fig. 4).
Because medical expenses might be influenced by household income, a question about household
income was included in the questionnaire. The group of household whose income was from 3–5
million yen was the largest group (Fig. 5). This result was similar to the average household income
of about 4 million yen/year reported in Japanese government statistics [6].

60s

30s

20%

25%

Percentage in each
income group [%]

30%
30

25%

20%
20
15%

10
10%

50s

40s

27%

28%

Fig. 4 Age group

5%

0%0

Fig. 5 Income group [yen/household]

In the survey results, the average number of people per household was 3.36 (Fig. 6). According to
national statistics from the Japanese government, the average number of people per household is
2.62 [7]. Therefore, the value obtained in the survey was much higher than the national average.
This is because the survey targeted people who reside in a detached house.
(4) Medical Expenses
The total medical expenses of a household are influenced by the number of people. Therefore, the
medical expenses per person were calculated by dividing the total household medical expenses by

the number of people in the household. Figure 7 shows the percentage of households grouped by
medical expenses per person. The group with the highest percentage of households had medical
expenses of 10–20 thousand yen/(year • person).
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Fig. 6 Number of residents
per household [people/household]

Fig. 7 Medical expenses per person
[yen/(year  •  person)]

Medical expenses [thousand yen/person]

(5) Assessment Score from CASBEE-Health and Medical Expenses
In this section, the analysis of the relationship between the assessment score from CASBEEHealth and medical expenses reported in the questionnaire survey is reported. First, a crosscorrelation analysis on the assessment score and medical expenses for all respondents was carried out. Pearson’s   product-moment correlation coefficient was -0.231 and was significant at the
1% level. Figure 8 shows the relationship between the assessment score and medical expenses
per person. Here, a trend can be seen that for lower medical expenses, CASBEE-Health gave a
higher assessment score.

200
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50

0
0-27

27-54

54-81

81-108

108-135

CASBEE-Health assessment score [points]
Fig. 8 Relation between CASBEE-Health assessment score and medical expenses
(95% confidence interval)
Individual health is greatly influenced by personal attributes. Therefore, cross-correlation analysis
was also carried out by age group, sex, and income group. The results of the analysis are given
below.

For each age group, Pearson’s  product-moment correlation coefficient was as follows: 30s, -0.269;
40s, -0.232; 50s, -0.207; and 60s, -0.291 (all significant at the 1% level). Furthermore, Pearson’s  
product-moment correlation coefficient was -0.241 for men and -0.234 for women (both significant
at the 1% level). Lastly, for each of the income groups, Pearson’s   product-moment correlation
coefficient was as follows: under 1 million yen, -0.120; 1-3 million yen, -0.200; 3-5 million yen, 0.265; 5-7 million yen, -0.208; 7-10 million yen, -0.202; 10-15 million yen, -0.310; and over 15
million yen, -0.208 (all significant at the 1% level)
The results indicate that the assessment score from CASBEE-Health is highly correlated with
medical expenses per person. Therefore, a cross-correlation analysis for each combination of
attributes was carried out. This analysis revealed positive correlation between the assessment
score and medical expenses for each attribute.
Table 3 Cross-correlation analysis of each attribute
Income [million yen/(year･person)]
Sex

Age
group
30s

40s
Male
50s

60s

30s

40s
Female
50s

60s

Statistic
score
P
S
N
P
S
N
P
S
N
P
S
N
P
S
N
P
S
N
P
S
N
P
S
N

Under 1
.216
.577
9
-.178
.623
10
-.056
.830
17
-.290
.314
14
.005
.985
16
.002
.993
19
-.432
.084
17
.404
.246
10

1-3
-.126
.382
50
**
-.432
.000
82
-.074
.512
80
-.157
.239
58
**
-.524
.000
63
.042
.724
73
*
-.256
.012
95
-.162
.209
62

** 1% significance level
* 5% significance level
P:  Pearson’s  product-moment correlation coefficient

2.4

3-5
-.168
.104
95
**
-.203
.008
170
*
-.215
.011
139
**
-.454
.000
168
**
-.308
.000
146
**
-.230
.005
145
**
-.257
.001
165
**
-.385
.000
96

5-7

7-10
**

-.457
.000
99
-.190
.050
107
*
-.199
.030
119
-.174
.056
122
**
-.323
.000
118
**
-.242
.002
161
-.074
.402
131
*
-.256
.020
83

-.091
.417
82
*
-.243
.019
93
*
-.240
.017
99
*
-.228
.029
92
*
-.199
.049
98
*
-.239
.017
100
*
-.211
.012
142
**
-.352
.002
76

10-16
-.251
.140
36
**
-.536
.001
37
-.274
.072
44
**
-.447
.001
49
*
-.324
.039
41
*
-.291
.037
52
**
-.380
.001
73
-.182
.326
31

Over 16
-.535
.111
10
-.345
.175
17
.049
.901
9
-.247
.395
14
-.388
.082
21
-.332
.141
21
-.367
.085
23
.139
.635
14

S: Statistical significance N: Number of responses

Effects of a Well-Insulated House

Next, let us turn our attention to the effect on medical expenses of installing additional insulation in
a house as an example of investment in house improvement. Insulation was selected because its
level  is  believed  to  have  a  strong  influence  on  residents’  health
(1) Relation between Insulation Level and Assessment Score from CASBEE-Health
It is necessary to classify the respondents by insulation level to analyze the change in medical
expenses according to insulation efficiency. However, judging a house’s insulation level is thought
to be difficult for a non-specialist. To overcome this problem, this study focused on the windows,
because doing so eased the burden on the respondent and windows are the main path through

which heat is lost. The "number of glass sheets" and "type of sash" in windows were adopted as
evaluation criteria. Also, the insulation level of houses was evaluated from level 1 to level 4 (Table
4). The higher level corresponds to higher insulation performance. The number of respondents with
houses classified in level 1, level 2, or level 3 was 900~1800. However, few respondents resided in
houses evaluated at level 4.
Table 4

Criteria for insulation level
Japanese energy-conservation standards
Insulation
Number of
for houses and Q value (coefficient of heat
Type of sash
level
glass
sheets
loss [W/m2/K])
1
before 1980 standard (Q>5.2)
1
2
Old wooden fittings
2
1980 standard (Q=5.2)
3
1
2
Aluminum sash
3
1992 standard (Q=4.2)
3
1
2
Insulated sash
4
1999 standard (Q=2.7)
3

Figure 9 shows the average assessment score from CASBEE-Health for each insulation level.
Here, it was seen that houses with a higher insulation level received a higher assessment score.
(2) Relationship between Insulation Level of House and Medical Expenses
As mentioned above, residents who live in houses that received a higher score from CASBEEHealth had lower medical expenses. The results in this section show that there is a relationship
between insulation level and individual medical expenses.

100
N=1017

90

N=931

N=28

80

N=1780

Medical expenses [thousand yen/person]

CASBEE-Health assessment score [points]

This study evaluated the medical expenses for each insulation level. Figure 10 shows the average
medical expenses per person for each insulation level: the medical expenses decreased as the
insulation level increased.

Insulation level

Fig. 9 CASBEE-Health assessment score plotted
against insulation level
(95% confidence interval)

7
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N=28
N=931

N=1017

N=1780

5

4
3
2

Insulation level

Fig. 10 Medical expenses plotted
against insulation level
(95% confidence interval)

These results show the trend that installing additional insulation leads to both a higher assessment
score from the CASBEE-Health tool and lower medical expenses.

3. Conclusions
(1) Not only EBs but also NEBs should be taken into account when evaluating investment in house
improvement. In particular, NEBs delivered by health promotion were targeted in this study.
(2) From the results of a previous survey, the CASBEE-Health tool was developed, which enables
residents and builders to assess houses from the viewpoint of health promotion.
(3) This study evaluated various economic benefits delivered by health promotion. The ultimate
aim of this research is to promote the construction and renovation of houses such that they
contribute to energy saving and health promotion.
(4) This study indicates that the higher assessment score from the CASBEE-Health tool
corresponds to lower residents’   medical   expenses, and that residents of houses with better
insulation have lower medical expenses. In addition, the residents’  age, sex, and income appear
to have a strong effect on medical expenses.
(5) Well-insulated houses should be appraised at a higher value when reduced medical expenses
are considered in addition to EBs. Therefore, it is important to take into account not only EBs
but also NEBs in order to promote investment in housing insulation.
(6) The follow-up questionnaire included other factors such as lifestyle (e.g., dietary habits). These
factors should be considered to conduct a more detailed analysis.
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Summary
Nowadays, people are used to spend most of their time in urban spaces. Guaranteeing
comfortable spaces is then an important goal in the urban planning since the micro-climatic
conditions strongly influence the use of public spaces. The ‘Thermal Comfort’ becomes an
important component of urban planning. In literature, ‘Thermal Comfort’ is defined as 'the condition
of mind which expresses satisfaction with the... environment’[1]. Hence, this design goal has a very
high level of complexity due to the interaction between the physiological acclimatization of
individuals and the physical parameters characterizing the micro-climatic context.
How is it possible to modify urban spaces to make them more comfortable? Can a new
methodology of analysis and design based on the comfort definition that will be suitable for
different climate contexts be introduced? Should the outdoor environment be designed in order to
assure occupants’ comfort and health? The present work is then going to discuss a methodology
for outdoor spaces analysis and design that is aimed to achieve comfortable conditions in urban
spaces.
Keywords: urban design, environmental comfort.

1. Proposed methodology
The proposed methodology (figure 1) has been developed introducing a case study (Piazza
Università in Bozen-Bolzano - Italy) that has been chosen considering its potentiality as a small
square.
The aim was to analyse this urban space in order to identify its critical points and its strengths in
terms of comfort, provision and space exploitation.

Fig. 1 Design methodology

1.1

Architectural survey

The architectural survey is a keystone in the analysis process. The most important aspect will
concern the relations between the geometrical aspects and the solar radiation input with regard to
the building façades and pavement materials.
Indeed the solar radiation has two effects at comfort level:
interactions with the occupants;
interactions with building and pavement that strongly influence their surface temperature in
function of the properties of the their material (heat capacity and albedo).
The first one directly influences comfort provision at midday time while the second one will
influence comfort condition in the evening. For those reasons the architectural survey aimed to
investigate the use of materials within the piazza space and the interaction between buildings
geometry and solar radiation. Some critical points were found during the analysis. The case study
has been analysed throughout the Solar Pathfinder TM tool combined with a geometrical survey
(figure 2), taking into account the horizontal shadow projections and material properties of
surrounding built environment, which specially affect the evening comfort.

Fig. 2 Solar input analysis by means of architectural survey and Solar Pathfinder TM
1.2

Measurement campaign

1.2.1 Tools and measurement methodology
The external climatic conditions have been recorded day by day by means of a mobile
microclimatic weather station. Different probes have been chosen in accordance with the climatic
parameters to be recorded:
Thermo-hygrometer: air temperature (Ta,°C) and relative humidity (RH, %);
Globo-thermometer: mean radiative temperature (Tmrt, °C);
Anemometer: air flow direction and velocity ( , m/s);
Radiometer: global radiation (R, W/m2).
Finally a thermocamera was also used to detect building and pavement surface temperatures.
The most important step was to choose a measurement methodology suitable to record the
parameters within the analysed urban space. According to the different comfort needs, two
different methodology were considered:
midday time measurements. Since several external factors such as shadow, vegetation, etc.
strongly influence the variability of the characteristic parameters (Ta, RH, , Tmrt, R) to
consider in the analysis, the weather station has been continuously moved within the space
following a precise grid on the pavement;
evening time measurements. In order to assess the radiative exchange affecting comfort
the weather station was placed in the middle of the square (static mode of measurements).

1.2.2 Grid of measurements
Piazza Università was divided by means of a squared analysis grid of 5 x 5 meters that allowed to
identify the different critical points where the measurements were needed. At first, a geometrical
approach was considered but the usage of space by occupants involved a more flexible system
based on the compromise between the accessibility of the points and geometrical needs. The car
and bicycle parking, for example, were considered and the grid was arranged to overpass them
introducing some triangular mesh and preserving its dimensions in that way.

2. Comfort evaluation
2.1.1 The representative days: choice and analyses
The measurements were taken day by day during the summer period but, according to the purpose
of the present work, only representative days were taken into account.
Consequently the most important comfort
indexes (Heat Index, Summer Simmer,
Humidex and Operative temperature) were
considered to check which dayshad the
most uncomfortable conditions and to verify
which design action could be introduced to
improve them (figure 3). The first three
index focused on the effect of Ta and RH
were used for the midday analysis while the
last one was used for the evening
evaluations.
Taking into consideration only the data from
the selected days (as explained before)
Fig. 3 Comparison between the different index.
with the Sigma Plot software, it was
possible to obtain a graphic representation
of the temperatures (Tbs, Tmrt), indicated
by the colour range that goes from cold
blue (low temperatures) to warm orange
(warm temperatures). The relative humidity
variation is represented in figure 4 as a
series of concentric lines (contour).
2.1.2 The Olgyay approach

Fig. 4 Midday Comfort. For the chosen day the
dry-bulb temperature and relative humidity were
plotted in the plan to focus on the critical area
within the piazza

In order to obtain a map of the points of
discomfort of the square shapes (figure 6)
during the selected days, we proceed with
the help of bioclimatic Olgyays chart that is
suitable for external assessments. This
chart is one of the first attempts at an
environmentally conscious building design
and was developed in the 1950s to
incorporate the outdoor climate into
building design. The chart indicates the
zones of human comfort in relation to air
temperature and humidity, mean radiant
temperature (Tmrt), wind speed, solar
radiation and evaporative cooling. The
comfort zone is in the centre, with winter
and summer ranges indicated separately
(taking seasonal adaptation into account). It
was translated of 5 degrees Celsius in

order to adapt to the latitude of Bolzano (Latitude 46.5000 N - Longitude 11.3333 E). This chart
was used to evaluate the comfort conditions during the analysed days. The chart was used both to
assess the actual comfort condition recorded during the measurements campaign and to evaluate
the design mitigation action that could be introduced.
In the bioclimatic chart the point representing the climatic conditions of each representative day
according and considering the weather station location were plotted. For each point some other
considerations were taken into account to check if an expansion of comfort zone could be
considered according to the following assumptions:
Tmrt recorded < Tmrt proposed;
recorded <
(wind speed) proposed ==> good
conditions of comfort;
Tmrt recorded < Tmrt proposed; recorded > (wind speed) proposed ==> adequate
conditions of comfort;
Tmrt recorded > Tmrt proposed ; recorded > (wind speed) proposed ==> little comfort
conditions.

Fig. 5 Evening Comfort. For the chosen day the surface temperature were analysed by means of
redrawing and IR-pictures

Fig. 6 Olgyay evaluations. Starting from the recorded climatic data, the Olgyay chart allowed to
evaluate the comfort condition point by point. These evaluations have been plotted in the plan

3. Results
3.1.1 Design strategies and considerations
The analyses allowed the critical point at comfort level within the piazza to be discovered. According to the Olgyay bioclimatic chart some design strategies could improve comfort conditions.
A distinction between midday and evening case is needed. Thus most important design strategy to
provide comfort during the midday is to introduce some vegetation elements that could enable
shadowed spaces with the piazza and could lower air temperature by means of evapotranspiration.
While as shown in the infrared pictures, during the evening, it is necessary to lower surface temperatures changing the material of building profile. Indeed the most critical area of the square is
the floor made of porphyry and the basement of east building.
3.1.2 Software simulation
Several urban simulations by means of ENVI-met software were performed starting from the actual
recorded climatic data. The aim was to compare thermal conditions with different ground surfaces
with or without vegetation elements.
ENVI-met is a three-dimensional non-hydrostatic model for the simulation of surface-plant-air
interactions within urban environments.
It is designed for microscale with a typical horizontal resolution from 0.5 to 10 m and a typical time
frame of 24 to 48 hours with a time step of 10 sec at maximum. This resolution allows to analyze
small-scale interactions between individual buildings, surfaces and plants [3].
Figure 7 shows a scenario where we increased the cover of trees using Quercus pubescens
(Downy Oak) which is a native species [4] and is the most frequent tree species in the City of
Bolzano tree inventory. This scenario was modeled using ENVI-met.
The software uses input values for vegetation, buildings, ground surfaces, soils and climatic
conditions.
Moreover, the Leaf area density (LAD) values required for ENVI-met database were calculated
using the empirical LAD model of Lalic and Mihailovic [5]. Furthermore, the model was solved 10
times to produce LAD values at different heights of the trees [6].

Fig. 7 ENVI-met simulation. Herewith the scenario characterised by the use of trees within the
piazza and its effect on the air temperature

4. Conclusion
To conclude, a method to understand the key variables of a microclimate outdoor space has been
presented. The most important aspect concerns the integration between the comfort analyses and
the design process in order to create a climatically pleasant space for human activities [7].
Future developments of this research will concern a comparison between ENVI-met scenario and

cost-benefits analysis. We expect this ongoing research to lead to some interesting results.
Hopefully the results of the research will be used as design guidelines for landscape architects,
architects and urban designers. Future studies include research on different urban trees and
sustainable materials.
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Summary
This paper is a qualitative analysis of user experiences with different energy efficient buildings,
passive houses and zero energy buildings, both residential and occupational buildings. The
analysis is based on six case studies in different European countries. Five to seven qualitative
interviews with users are done in each case study, as well as site inspections and studies of
written documents of the buildings. The paper focuses on the interplay between the building and
the users, and especially on how knowledge about the energy efficient building influences the use
of the building and the level of awareness on the topic of energy consumption. The findings show
that the users in all case studies are satisfied with having a new building and also with the
architectural quality of their building. Several respondents are also more concerned about the
environment now than before they moved into /started to work in an energy efficient building, and
they report more environmental friendly behaviour. There are however, in all the cases concerns
about thermal comfort, too hot in the summer and/or to cold in the winter. Wrong use or
misunderstandings among users lead to higher energy consumption and lower indoor comfort than
anticipated. New, unusual or sometimes dissatisfactory design solutions are also source to
unsatisfying indoor environment quality. Still, these concerns do not affect the general positive
attitude towards most of the buildings. The thermal comfort problems are however, important to
solve. They could be reduced with better technical solutions or better information and training of
the users. A building and its systems should be robust and flexible enough to deal with the
consequences of differences in use and users.

Keywords: Energy efficient buildings, passive houses, zero-energy buildings, user evaluations,
thermal comfort

1. Introduction
Previous studies show that users are often satisfied with energy efficient buildings, but when
digging deeper, the there are different concerns that are important to notice to be able to improve
future energy efficient buildings. Evaluations and measurements show that there is, in many cases,
a substantial gap between predicted energy use and actual consumption, e.g. [1] [5] [7] [4]. Also,
the variability between households with more or less the same technical infrastructure is often
surprisingly high. Reasons for these discrepancies can be sought within the complex interplay
between users` everyday practices and the built environment. While a lot of attention has been
devoted to develop energy reducing technologies in buildings, there is also a need to focus on
aspects of use and operation. A review of previous studies by Hauge et al [6] summarizes that
general surveys often conclude that energy-efficient buildings are experienced as being better than
conventional buildings, but on digging deeper, complaints and frustrations emerge among the
users. Most buildings function very well and have a positive impact on well-being and performance;
others are more problematic. Some buildings have operational systems that are difficult to
understand, or users have not received sufficiently good information about how to operate them.
These partly contradictory results show that the connection between energy efficiency, use, and
occupants` satisfaction in buildings is more complex than is sometimes assumed [6].
A study by the New Building Institute [13] found that 30% of LEED-rated buildings (Leadership in
Energy and Environmental Design) perform better than expected, 25% perform worse than
expected, and a handful of LEED buildings have serious energy consumption problems. These
problems may be caused by technical or design failures, different expectations of different users,
or by inappropriate operation and use. Besides the gap between predicted and actual performance
of buildings, Brown & Cole [2] focus on a second gap, which is found between”... assumed and
actual comfort-related behaviour within buildings” (p229). Brown & Cole [2] add that we know little
about how occupants ”interpret and understand the environmental features and systems of the
buildings in which they live and work, and the role knowledge plays in shaping comfort and energy
use patterns.” (p228).
Knowledge and understanding are identified as crucial factors for influencing comfort in other
studies: Users are much less satisfied when they cannot understand how things work or how to
control temperature and ventilation [14] [11]. The investigations of Isaksson [8] Isaksson &
Karlsson [9] of user satisfaction with passive houses in Sweden showed that knowledge about the
heating system was an important issue for residents. Some told the authors that they did not have
sufficient information about the heating system when moving in. In order to achieve perceived
thermal comfort, they tested the system during the first winter, which resulted in varying indoor
temperature and high energy consumption. Interestingly, people seem to tolerate more discomfort
if they know how the building is supposed to operate [11].
Brown & Cole [2] describe two performance gaps in green buildings: The gap between predicted
and actual performance of the buildings, and the gap between assumed and actual comfort-related
behaviour within buildings. They refer to the last gap as the “second performance gap”, and have
identified three potential factors that can impact this gap: Practical / design related, behavioural /
situational, and social / psychological. The practical/ design-related causes of the gap has to do
with the complexity or simplicity of the building, the usability of the systems, the accessibility of the
system, and lack of feedback on the operating of the building. The behavioural/ situational causes
of the gap is about the users´ prior experience, time spent in the building, knowledge and
information to the users, satisfying ways of operating the building instead of optimizing the
operation, and confusion with operational systems. The social/ psychological causes of the gap are
about the individual sense of responsibility, awareness to the surrounding environment,
expectations of building performance, and social/normative influence. Gram-Hansen [5], studying
variation in energy consumption due to different usage patterns in DK, addresses similar factors as
Brown & Cole. She states that technologies, embodied habits, knowledge, and meanings are the
main components in the understanding of what influences occupants` practices. For instance,

habits can be a continuation or reaction to learned habits and are influenced by prior experience
and knowledge. Media can be one source to knowledge. Engagements or meanings can include
whether the environment is important, whether saving money is important, or which meanings are
attached to a building [5]. She also adds that it is absolutely possible that occupants are interested
in environmental issues without knowing technically how to influence the level of energy
consumption and vice versa.
Another approach that focuses on users not using technologies or buildings in the way they were
planned is known as script / anti-program [3]. ”When the object is taken into use, the technologies
are ‘read’ by their users. In the simplest case the designers’ in-scription and the users’ de-scription
is coinciding. More often, however, negotiation with the original script will take place or users may
even revolt. In these cases they develop their own anti-programs, which lead to unexpected uses.”
[3]. The interplay of user, technology, and building is in focus. The perspective of script and antiprograms can be relevant for examining what happens when assumed and actual (comfort-related)
behaviour of users does not correlate.
What is also important to keep in mind is that the energy profile of buildings is usually not the
primary motivation for people to live or to work in these buildings. That is also a reason why they
may not behave in the most energy efficient way. Users in new buildings may also be mostly
interested in having a completely new building, whether it is energy efficient or not [6]. However, it
can be supposed that in the long run, the energy profile may also have an influence on knowledge
and awareness on these topics. In a Norwegian study, the low-energy concept of housing was
important for only one-third of the buyers. Interestingly, later most residents answered that living in
a low-energy building had made them more aware of energy use and environmentally friendly
behaviour [10].
In this paper we focus on
The interplay of users and building: People tend to adjust their environment to increase the
level of indoor environmental quality. How do the users deal with issues related to adjusting
thermal comfort?
How do the users’ knowledge and the meaning they associate with the building influence
the interplay between users and building?

2. Method
Qualitative interviews with users of six case study buildings were conducted to capture the variety
of opinions on living or working in energy efficient buildings. In each of the case study buildings,
interviews with six to seven users were made. The case studies are done by five different
researchers, four architects and one social scientist. A semi-structured interview guide was made
to insure comparability of the results. Both occupational and residential buildings are included in
the study, even though these types of buildings have different functions and meanings attached.
However, results on thermal comfort and awareness of the buildings’ profile can be retrieved from
both types of buildings. The architects of the case study project, or a representative for the
employees, was contacted to propose and get in touch with informants for the interviews. In the
housing projects, the residents were interviewed in their home, and in the occupational buildings,
the interviews were done at the work place.
In addition to interviews, site inspections were conducted. All written information available about
the cases was studied, and more detailed information on technical aspects and building process
will be referred to in a main report. Measurements have not been conducted at this stage, as the
access to the buildings is limited, except for the case study of Marienlyst and Løvåshagen, where
energy consumption and indoor air temperature measurements (Marienlyst) are being done. A
report comparing user evaluations and technical measurements is planned.

Leaman & Bordass [11] state that users tend to have a higher tolerance of deficiencies in “green
buildings” than they do in more conventional buildings. This implies that image and process mean
something for the evaluation of the building. According to Vischer [15], it is important to conduct
user evaluations of buildings on more than one level. Contextual variables cannot be ignored. As
argues in Hauge et al [6], this paper is based on methods that include contextual variables, with
especially focus on social aspects. The interview guide included topics on image, identity,
knowledge and environmental friendly behaviour in general to put the evaluation of the building
into a broader context.

3. The Case Study Buildings – a short overview
3.1. Marienlyst lower secondary School, Drammen, Norway
“The first passive house School in Norway”
The school was completed during summer 2010. The school is built by ordinary passive house
principles. The school has balanced ventilation with high power efficiency (84%). In addition, the
ventilation is demand controlled, through CO² sensors and temperature measurements in the
classrooms. The lighting is also energy
efficient, with LED-light in chosen rooms. In
addition, the lighting is present-controlled.
Estimated net energy consumption: 40.6237
kWh/yr
Work places: 46 teachers & 440 pupils
Gross Net Area: 6500 m²
Building costs: 223 Mio NOK (approx. 27.9
Mio €)

Fig.1 Anna Svensson
3.2. Marché International Support Office, Kemptthal, Switzerland
“The first zero-energy office building of Switzerland”
The building was completed in 2007. The building is constructed with prefabricated wood
elements. The staircases are made of recycled concrete. The exterior walls are giving space for an
insulation layer of 32 cm. The concept is passive-solar. A
geothermal heat pump and ventilation with heat recovery are
installed to cover the heating demand. The roof to the south
is fully covered with photovoltaic panels. The annual
production of the photovoltaic roof (40.000 kWh) is estimated
to cover the net energy demand for the buildings technical
installations and the office use.
Number of work places: 50
Gross net area: 1.267 m²
Building costs: 3.25 Mio CHF (approx. 2.52 Mio €)
Fig. 2 Judith Thomsen

3.3. Løvåshagen housing cooperative, Bergen, Norway
“The first Norwegian passive house project on a bigger scale.”
The building was fully completed in the beginning of 2010. Architectural qualities were focused on,
just as much as energy efficiency. Løvåshagen consists of 4 residential buildings whereof 2 fulfil
passive house standard and 2 low energy standard. The load-bearing structure and partition walls
are in concrete. The roof and external walls are
in light weight timber construction. The only
heating device in the flats is a radiator in the
entrance. The bathrooms have floor-heating
with heat from the thermal collector on the roof.
The power source is solar collectors and
electricity. The flats have a balanced ventilation
system with heat recovery. Net energy
consumption in the passive houses is estimated
to 91 kWh/m²·yr. In the houses with low energy
standard net energy use is estimated to a total
of 101 kWh/m²·yr.
Fig. 3 Knut Egil Wang
The measuring of total energy use shows a surprisingly big variation from 30 – 173 kWh/m²/yr for
the passive houses (Numbers from energy supplier BKK).
Number of flats: 80 (28 passive house standard, 52 low energy standard)
3.4. Dragen Children’s House, Odense, Denmark
Dragen Children’s House was completed in the
summer of 2009. The architectural concept is a
simple and clear geometric shape on two floors. The
external walls are made of prefabricated wooden wall
elements with a thick insulation layer (40 cm). The
interior walls and floors are made of concrete. A
geothermal heat pump is used for space heating. 13
m² of solar collectors contribute to domestic hot
water. In winter when solar collectors do not cover the
demand it is supplied by district heating. 250 m² solar
cells on the roof contribute to approx. 9.430 kWh/yr of
the electricity; ventilation system with heat recovery.
Fig. 4 Sidsel Jerkø
Number of work places: 14 employees and 88 children
Gross area: 1.050 m²
Building costs: 27.5 Mio DKK (excl. VAT) (approx. 3.69 Mio €)

3.5. La cité de l’environnement, Saint-Priest, France
“The first zero-energy office building in France where the entire energy use is compensated
for!”
The building is part of the technological park of Saint-Priest. The cité de l’environnement is a five
floor office building, with three office floors and two underground floors for parking and technical
rooms. The building consists of two rectangular
parallel wings with a central atrium. The net
energy demand for the whole building has been
estimated to 41 kW/m2·yr in the planning stage.
The building has been designed as a net zeroenergy building, which means that the total
energy demand of the building has to be
compensated by the production of electricity by
the photovoltaic roofs. The annual production of
the photovoltaic roofs is estimated to 140.000
kWh.
Fig. 5 Karine Denizou / Cathrine Grini
Number of work places: 130 at the moment, but can house up to 225 people.
Area: 3.400 m² offices, 600 m² atrium, 1.600m² parking, 7.000m² building plot
Building costs: 9.915.000 € (excl tax / VAT)
3.6. Les hauts de Feuilly, Saint-Priest, France
The 31 townhouses with passive house standard are currently under completion. At the time of the
interviews, 8 houses had been sold to owner occupiers. Hauts de Feuilly consists of 3 different
types of housing (townhouses, houses with
atrium, and small blocks of flats) on an area of 13
hectares. The orientation of the houses is chosen
to maximize solar gains and 60% of the windows
face south. The houses are built with
prefabricated wooden elements. Also the
bathrooms were delivered as prefabricated units.
The houses are ventilated by a ventilation air
plant. They are also equipped with a solar
thermal system. Optional, the houses can be
equipped with a photovoltaic system (10 m²).
Fig. 6 Karine Denizou / Cathrine Grini

4. Discussion and results
4.1. The interplay between the users and the building
4.1.1 Adjusting thermal comfort – need for control
Despite a high level of general satisfaction, there are different complaints related to thermal
comfort in all the case studies. The most common complaint is related to indoor air temperature.
Occupants report too high indoor temperature during the summer and / or too low temperature
during the winter. The interviews show that the occupants tend to adjust their environment, mostly

when they want to improve thermal comfort. Once the solution given is not perceived as
comfortable and /or does not work in practice, other ways are found to improve the situation.
At Saint-Priest, the lavatories are not supplied with hot water in order to save energy. The
informants state that they can manage without hot water in the lavatories during the summer, but it
is difficult during the winter, especially when the indoor air temperature is perceived as too cold.
The interviewees tell that some employees, rather than using the cold water, walk to the kitchen to
wash their hands with hot water. At Marienlyst School, the teachers are confused by the
automatic sun shading system. They think that more information would provide them a better
understanding and probably increase their confidence with the system. If the sun shading system
will not work satisfactory within one year, they plan to install individually controllable sunshades on
the inside of the windows in the class rooms. But they also reflect that this could interfere with the
passive house concept. Three of the teachers at Marienlyst intervened with the heating of the
building during the first winter to increase thermal comfort with a “home-made solution”. They
brought their own heaters to their office because they thought it was too cold. There is no
individual control of heating and ventilation at Marienlyst. The Løvåshagen interviewees describe
their houses as generally comfortable; except for becoming too warm during summer “which was
deadly hot”. In the beginning they kept to the manual were they were told not to open the windows:
“the house is a closed system, and we would then ruin the balance if we opened the windows...
God knows which balance… After a while, around spring, we started opening the windows…”
Personal comfort is more important to them than keeping an energy balance that is not fully
understood. The employees at Dragen were also instructed to not open the windows, but they do
so anyway to adjust the temperature and for getting rid of unpleasant odours. When occupants
want to open the windows during winter because of odours or heavy air this can be an indicator for
an insufficient air flow rate of the ventilation. The respondents also regard airing through opening
windows as necessary because it is “unnatural not to be allowed to open the windows”. At Marché
one employee states that even when building passive house standard, this should not imply that
one cannot open the windows anymore. He explains that opening windows and getting fresh air is
what people want to do and it is part of human nature. Restrictions with regard to airing by opening
windows would, in his opinion be an obstacle for getting accept for the idea of the passive house
concept as the common type of building.
These descriptions indicate that there are conflicts between design, technology and use. The users
do either not understand the context (energy balance) or do not agree with the instructions. They
develop an anti-program to the assumed use (the script). The following examples indicate that
variations in user behaviour and perceived personal comfort and satisfaction are reasons why
individually adaptable controls are needed.
At Løvåshagen the interviewees wish for a possibility to control their own energy consumption
better: “All we have is a big on-and-off-button meant to be switched off when leaving the flat, and
on when coming home … and then there is a bill every other month.” Four of five respondents do
not even use the “on” and “off” button and some have even demounted it. They claim that it is to
close to the lighting button, and is therefore often switched off by mistake. Some also call it the
“lazy-man`s” button; ideal for those do not bother to switch off the light in each room when leaving.
The “button” is supposed to make it easy, but has it become too simplified?
People seem to wish for control on different levels. The inhabitants of Løvåshagen have started to
regulate ventilation, heating and all other devices manually instead of using the “on” and “off”
button. Most of them say that the ventilation level normally stays on level 2. Some tell that when
leaving the flat and during the night, they put it on level 1. When there are a lot of people in the flat,
they use level 3. None of them finds this operation too complicated. They appreciate the freedom
of being able to control the system and to adjust it to their needs.
A comparable example from Dragen also shows that systems are not always used in the way they
are planned. At Dragen the employees report thermal discomfort; too hot in summer, too cold in

winter, and all the year round there are temperature differences between the rooms. Interestingly,
they could actually regulate the temperature in the building by turning a simple button, but they do
not use it very often. They report other solutions to the temperature challenges than turning the
button: a) bringing extra electrical heating, and b) putting clothes on/off. Instead of investigating the
possibilities within the system, they find their own solutions to what is necessary.
Brown & Cole [2] explain actual behaviour (in contrast to assumed behaviour) as satisfying (versus
optimizing) actions. This implies that people behave in such a way to meet their perceived needs,
operating according to what is the most convenient to them, rather than logically appropriate. The
case studies illustrate that putting on cloth or operating a familiar type of heating that shows
immediate effect are perceived as the most convenient solutions. Controls are also often only used
when a crisis of discomfort is reached, rather than continually optimizing conditions and systems
are continuously left in their switch on state. Brown & Cole refer to one of the causes to the
performance gap of green buildings as simplicity - low-tech buildings that are simple to operate,
but poorly understood. Some of the housing projects among the case studies illustrate that simple
systems may not give enough variation, such as simple on-and-off buttons. Also Loftness et al [12]
state that automated control systems are not flexible enough to address the range of
environmental conditions and the variation in occupants’ individual expectations. Another factor
why control systems are not used is that are simply not understood and therefore by-passed [2].
As shown may of the interviewees find common and known ways of improving their comfort in the
building without considering how to optimize it by using the new system. Many of the informants
did not know what to expect from their new environment, and were unfamiliar with the concept,
independent on whether they were occupants of residential or occupational buildings. Expectations
on how the different types of buildings would or should perform can be one factor explaining gaps
between assumed and actual performance. As the next section will show, the knowledge about the
energy efficient buildings among the users was low, but engagement, pride and expectations were
high.
4.2. How do the users’ knowledge and the meaning they associate with the building
influence the interplay between users and building?
4.2.1 From lack of previous knowledge to creating engagement
Very few of the users of the six case studies had previous knowledge on energy efficient buildings.
None of the residents that were interviewed at Løvåshagen knew much about passive-houses
before they moved in, neither had the employees of Dragen kindergarten or Marché Kemptthal
before the firm started planning the building. Some respondents had been moderately interested in
environmental issues and energy consumption before. In the townhouses in Feuilly there was one
informant who consciously decided to live in a Passive House. The other interviewees at Feuilly
stated that they were interested in discussions on climate change. All the employees at SaintPriest were informed about the design of their new office building and visited the houses at Feuilly
before moving in. The teachers at Marienlyst School report that their knowledge on the school has
come mostly after they moved in, from the media and an information day. The pupils say that they
had never heard about the passive house concept before they got a passive house school
building. The pupils are also enlightened through the media and the teachers, and have positive
associations to the concept.
Even if the users had little knowledge of the concept prior to the moving in the energy efficient
building, they seem to easily engage in the project. The case studies also show that the users get
inspired through the process, and some users get more engaged in environmental behaviour in
general. The headmaster of Dragen children’s house was involved in the planning process, as
were two of the interviewees at Marché. In both cases the employees learned a lot about energy
efficient buildings during the planning process. However, they also say that they did not have clear
expectations towards the building, because they had never experienced a passive house before.

The headmaster at Dragen gradually got more interested in the concept, however she also points
out that the educational topics incorporated in the children’s house are still of greater interest to her
than the energy efficiency concept. At Marché, the enthusiasm of the people involved in the
planning process spread to the other employees. The increasing awareness on energy efficient
solutions influenced also choices in domestic life of many respondents. One Marché respondent
tells that she has moved house privately and that they were concerned with moving to a house that
at least fulfilled Minergie Standard (Swiss standard). She thinks that because of Marché, she now
knows more about the possibilities how one can live smarter and in a more sustainable way.
At Feuilly, one respondent says that they have changed some of their habits after they moved in
and that she attempts to reduce her consumption. However, the data also indicates that the
respondents sometimes are aware of what they should do, but they do not necessarily apply this
knowledge in practice. The same respondent at Feuilly tells also that she does not see herself as
an “eco-freak”, yet, and she does not use LED lightning and is not very good at sorting garbage.
This shows, as also Brown & Cole found (2009) that knowing and doing are two different things. To
change habits may be extremely difficult for the users that lack engagement.
Two of the three employees at Dragen think that they have not changed their views or behaviour –
but the third of them has been slightly more interested (from not interested at all), and she also
states that she would stand in for the concept now if anyone would criticize it. The employees of
the Saint-Priest office also state that they are changing some of their habits. For instance, they
are much more aware of the use of artificial light and they have changed their practice and switch
off the lights when leaving a room. All the teachers interviewed at Marienlyst School point to the
fact that as teachers, they have to be role models, and therefore have to influence environmental
friendly behaviour among the pupils. The pupils of Marienlyst School state that they are
concerned about the environment. They are proud of having a school building that is
environmental friendly. Two of the pupils say that they are more aware of how their behaviour can
contribute to energy efficiency at home after they started at Marienlyst, while the last student says
that she has always been doing what she can for the environment. All informants at Marienlyst
School say also that it would be very difficult to work in an ordinary building after having moved to
an energy efficient building. None of the respondents at Løvåshagen described him/herself as
especially dedicated to environmental issues, but three out of five respondents express that living
at Løvåshagen has made them more conscious and interested in environmental issues: “By living
here the topic gets closer, it is more related to practice than just reading about it in the
newspapers.”
The data indicates as well that people beyond the occupants of the energy efficient buildings are
affected. When asking the interviewees at Marché about other people’s reactions, one employee
tells that within the corporation group of Marché, Mövenpick, they were considered as exotic and
their goal were not taken seriously in the beginning. This perspective changed, however, when the
building was finished. Since that time, they have heard a number of envious comments. Scepticism
towards passive houses was also expressed by friends of a resident at Feuilly when they were
buying the new house. After these friends paid them a visit and experienced the house
themselves, they stated that they were positively surprised, especially by the good air quality.
Creating awareness and learning about energy efficient buildings is thus not only limited to its
users, but may also have a multiplying effect on outsiders experiencing the buildings. Scepticism
towards new technologies was changed through personal experiences. An energy efficient building
does, of course, not influence the behaviour of all people. One of the teachers at Marienlyst says
that he had expected the pupils to treat the building even better than they do, even if there are
many positive examples among the pupils. There are differences in individual sense of
responsibility, and people with less sense of responsibility are also more likely to engage less in
environmentally responsible behaviour [2].
As the case studies show, none of the respondents had much prior knowledge on energy efficient
buildings, however, the interviews indicate that using an energy efficient building has created a

greater awareness of own energy consumption and of environmental questions in general. Some
users of occupational buildings report that this newly gained knowledge even had consequences
for decisions made in their private life. The interviews show as well that energy efficiency is also
often regarded as a bonus or side effect that is gladly accepted but not the main criteria for
satisfaction or choosing a house. Nonetheless, most residents seem to appreciate the
environmental benefits over time, and become more aware of environmental issues.
4.2.2 Proud of the image
Both, the pupils and the teachers at Marienlyst School report that the knowledge they have now
has come mostly from the media. The passive-house Dragen was also in the local newspapers
and other media. Most of the respondents evaluated the public interest as positive for the
kindergarten, and they were proud to work there or to have their children there. All interviewees at
Løvåshagen seem to be flattered by the attention their housing area gets. They express that they
find it “cool” to live here due to the positive publicity, visitors, and curiosity among friends and
colleagues. One states that “It feels great to be in the forefront!” and they are proud of living there.
During the planning process of Marché, suddenly all employees were all in for the concept. One
woman tells that becoming the first zero energy building in Switzerland was something that
everybody wanted and was feeling proud of. At Marienlyst School there were similar statements
and the pupils are proud of that they have the first passive house school in Norway.
Energy efficient buildings are not the norm, yet, and these types of buildings still have a special
position promoting newness, stir up curiosity and rumours, and getting media response. The public
interest in these buildings seems in some cases to create also a sense of community among the
users / residents, who are among the first to live or work in these types of buildings. They get
ascribed a pioneer role. The respondents feel proud of being associated with the building. Public
interest appears as a good possibility to spread knowledge and experiences on energy efficient
building types. People with prior knowledge on these building types may also be more interested
and able to operate them according to “the script” [3].

5. Conclusion
The interviews showed a generally high level of satisfaction with the different energy efficient
buildings among the occupants. Unfortunately, in most of the case studies, there are concerns
about thermal comfort. Informants often experience the building as too hot in the summer or / and
too cold in the winter. Perceived discomfort causes different types of personal actions which may
interfere with the concept and the calculated the energy balance. In order to improve their
situation, they intervene with the planned use. There are technical systems they do not
understand, and buttons they do not care to use, and sometimes the users are frustrated that they
cannot control for example the heating or sun shading system. The users of the buildings in the
case studies have also high expectations towards the performance of these new buildings.
Expectations are often created through media and the information they have gotten through the
operational staff/ project mangers. Brown & Cole [2] found that high performance expectations met
with lower perceived performance of green buildings, lead the users to complain more, or to take
the matters into their own hands. The last seems also to happen in our cases – the users take the
matters into their own hands, and influence the perceived comfort by applying other solutions than
the ones given in the building. At the same time, many of the informants complain about lack of
information on systems and training. More detailed information and training would probably have
improved the building performance in most cases.
Still, the tolerance for the buildings` performance seems to be high in all case studies, as the partly
perceived thermal discomfort does not significantly influence the high level of satisfaction with the
buildings. All the case study buildings have just been operated for a short period (max 3 years) and
most of them are still in an adjustment phase. As found by Leaman & Boardass [11], occupants

may be more tolerant towards perceived discomfort in green buildings than in conventional
buildings. This may be especially relevant when the building is still new. The interviews show also
how other aspects than comfort such as pride and engagement, and probably also ownership
(residential buildings) influence the relationship the users have to the building. They see
performance in relation to the environmental friendly building concept, which is perceived as a
positive aspect. This is also expressed through the fact that living or working in an energy efficient
building has made many of the respondents more aware of environmental questions, and several
try to reduce their energy consumption both at work/school and at home.
The studies show also that some operational aspects are important for people to control.
Regardless of the level of advancement of the operational systems, understanding its operation is
a clue for performance. Many users have received too little information and complaints are related
to irritation over operational systems not functioning the way they were assumed to. Besides
understanding, also willingness to operate a building in an optimal way (in terms of saving energy)
is an important issue that should be kept in mind. People are different and have different interest
and capacity to use a passive house or zero energy buildings the way it was intended. Also in
energy efficient buildings, as in all other types of conventional buildings, there will always be
people who do not care well enough for the building they live or work in. Even when trying to do
the best at technology development and information giving, ideally, a building and its systems
should be calculated with different types of use and users, including some un-optimized use.
Therefore, another aspect that should be considered more is that a building and its systems should
still be robust and flexible enough to deal with the consequences of differences in use and users.
Further research should deal with information and demonstration processes for better use of
energy efficient housing. How can we give laypeople the opportunity to operate the buildings more
optimised and how can we build buildings and systems that are robust / flexible enough to deal
with different types of users and use? What aspects of an energy-efficient building are necessary
for the users to control individually in order to achieve optimal comfort? There should also be
developed standards for post-evaluation studies and the parameters that should be checked. This
should include measurements on indoor environmental qualities, qualitative or quantitative
information users` experiences, and an assessment of the type of technologies and products used
in the respective buildings. With this triangular approach, results from different evaluations would
be easier to cross-check.
Acknowledgments
The present work was funded by the research centre on zero-emission buildings (ZEB), Norway
(www.sintef.no/Projectweb/ZEB).

References
[1]
[2]
[3]
[4]
[5]
[6]

BOARDASS B, COHEN R, FIELD J. (2004) 'Energy Performance of Non-Domestic
Buildings: Closing the Credibility Gap', Building Performance Congress, Frankfurt, Germany
BROWN Z. & COLE R., “Influence of occupants` knowledge on comfort expectations and
behaviour”, Building Research & Information, 2009, Vol. 37, No. 3, 227-245
BERKER T., “Domesticating Spaces. Socio-Technical Studies and the Built Environment”,
forthcoming, Space and Culture
GRINI C. et al, ”LECO – energibruk i fem kontorbygg i Norge”, 2009, SINTEF Prosjektrapport
48
GRAM-HANSEN K., “Residential heat comfort practices: understanding users”, Building
Research & Information, 2010, Vol. 38, No. 2, 175-186
HAUGE Å.L., THOMSEN J. & BERKER T., “User evaluations of energy efficient buildings:
literature review and further research”, 2011, Advances in Building Energy Research, in
press.

[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]

HINGE A., TANJEA O., BOBKER M., “Sustainability in commercial building: Bridging the gap
from design to operations”, Green Building Insider - 23 May, 2008
ISAKSSON C., ”Uthålligt lärande om värmen? Domesticering av energiteknik i passivhus”,
2009, Dissertation, Linköping Linköpings Universitet
ISAKSSON C. & KARLSSON F., “Indoor climate in low-energy houses – an interdisciplinary
investigation”, Building and Environment, 2006, Vol. 41, pp.1678–1690
KLEIVEN T., ”Brukerundersøkelse i Husby Amfi”, SINTEF Report, 2007, SBF BY A07022,
SINTEF Byggforsk, Trondheim
LEAMAN A. & BORDASS B., “Are users more tolerant of “green” buildings?”, Building
Research and Information, 2007,Vol. 35, pp. 662–673
LOFTNESS V., AZIZ A., CHOI, J.H., KAMPSCHROER, K., POWELL, K., ATKINSON, M., &
HEERWAGEN, J., “The value of post-occupancy evaluation for building occupants and
facility managers”, 2009, Intelligent Buildings International, Vol. 1, pp. 249-268
NEW BUILDING INSTITUTE, “Energy Performance of LEED NC Buildings, Accessed from
the US Department of Energy –Energy Efficiency and renewable Energy”, 2008, Federal
Energy Management Program (FEMP) – Operation & Maintenance, Washington, DC
NICOL F. & ROAF S., “Post-occupancy evaluation and field studies of thermal comfort”,
Building Research and Information, 2005, Vol. 33, pp. 338–346
VISCHER J.C., “Towards a user-centred theory of the built environment”, Building Research
and Information, 2008, Vol. 36, pp. 231-240

Design for well-being in older people’s residential environments
- Sustainable Design in Finland and Sweden
Ira Verma
PhD student, Architect
Aalto university
Finland
Ira.verma@aalto.fi

Leena Aalto, PhD student, Architect, Aalto University, Finland, leena.aalto@aalto.fi
Inga Malmqvist, Senior lecturer, PhD, Chalmers University, Sweden, inga.malmqvist@chalmers.fi
Marie Elf, PhD, Chalmers University, Sweden, marie.elf@chalmers.se

Summary
In the ageing society the social and economical sustainability can be developed through promoting
for old persons to stay in their own homes. The current policy in Sweden and in Finland is to
decrease the number of institutionalized living places and help people to stay in their homes
provided with home services. Good design in residential areas has an effect on the wellbeing and
social relations of the residents as well as the sense of security.
A comparative study in Finland and Sweden focusing on the design and use of common
multipurpose spaces in housing projects for elderly has been prepared. The aim in the first phase
of the study is to compare the results achieved in both countries on the previous studies on elderly
housing. The ongoing Finnish pilot study focuses on the entrances of the sheltered housing as well
as interaction between indoor and outdoor spaces. The Swedish research has started with an
intervention pilot study of common facilities added to an ordinary housing area.
This study is looking for responses to a need for housing in between of the assisted living complex
and the totally ordinary housing areas.
Keywords: well-being, environment, experience, sense, usability, accessibility

1. Introduction
In the Nordic countries the population older than 65 years make up 29 per cent of the population
between 20 and 64 years old and in 2030 the proportion will reach 42 per cent. [1]. It is estimated
that in 2030 more than 25 per cent of the whole population in Finland will be over 65 years old [2],
while that situation will occur in Sweden in 2060 [3]. According to the population projection for the
Nordic countries as a whole, the share of population above the age of 80 will reach approximately
8 per cent in 2040, as compared to the current 4–5 per cent [1].The population ageing creates new
requirements on residential housing areas. The main objective for the society is to promote
independent living and to decrease the number of institutionalized living places for the elderly. The
quality and usability of the environment becomes important especially for the frail elderly.
Promoting for old persons to stay in their homes is one way of achieving social and economical
sustainability.
Sometimes in order to maintain independence, people have to or they choose to move to sheltered

housing. They might move because the physical environment does not support their capacities or
because the social environment or social relations have changed.
1.1. Elderly housing in Finland
Finland has for long been giving institutional care for the elderly. The structure of the housing
services for older people has however changed during the past decade in Finland. The current
policy is to provide services that enable the elderly to live in their own homes as long as possible.
The aim is that in the future 91 to 92 per cent of the elderly (over 75 years old) live in their own
homes [7]. People who can no longer manage to live at home independently are provided with
housing services including different levels of care: home care, sheltered housing (assisted living) or
institutional long term care.
The number and percentage of people in sheltered housing with 24-hour assistance has increased
consistently. Care homes for older people and sheltered housing units with 24-hour assistance had
at the end of the year 2009 a total number of 42 802 clients, which was 4.1 per cent more than in
the previous year. Meanwhile, client numbers in residential homes (long term care) and ordinary
sheltered housing (independent living) have declined [8]. The goal is that in the sheltered housing
units live 5 to 6 per cent of the elderly population (+ 75) and only 3 per cent in long term care units
[7].
The development of independent living facilities called ‘senior houses’ has been increasing in the
last decade in Finland. Senior houses are apartments for residents who are 55 years of age or
over and who can live independently and take care of themselves [9]. There are no common
criteria for the design of the dwellings or the common facilities in senior houses.
The number of common-use areas in senior houses varies largely, because of the costeffectiveness e.g. who covers the costs of these premises. Some senior houses have just one
common area called a library or a club room. The highest quality senior houses may have a
restaurant, a fitness room, a physical therapy area, or other amenities and services [10].
1.2 Elderly housing in Sweden
The Swedish population is expected to increase from 9.3 million in 2009 to 10.9 million in 2060 and
the elderly population, 65 years or older, represents a major part of this increase, both in numbers
and as a part of the total population [3]. The demographic development in Sweden will have a
great impact on planning and economy in the municipal sector, which is responsible for the care of
elderly. In Sweden approx. 6% of the people over 65 years are living in assisted living. The rest of
the old persons live in ordinary housing and many have assistance from home-care, delivered by
the municipal sector.
The seniors want to live in their own homes to maintain autonomy and their identity [11]. The
elderly with low functioning capacity spend more time at home and most activities take place at
home or in the immediate surroundings [12]. The loneliness and isolation are factors that can lead
to depression and can decrease the functioning capacities of the elderly [13]. The emotional and
social aspects of home are equally important for life satisfaction as the accessibility and usability
[14]. Good design in residential areas promotes socially sustainable neighbourhoods, the wellbeing
of the residents and the notion of “aging in place”.
According to Blakstad et al. [15] a building’s true purpose is to support and shelter its users, while
they are performing their activities and living their lives. The usability of a building depends both on
the physical environment and how the environment is used. Depending on how well a building
supports the users’ activities, the physical surrounding can contribute to efficiency, effectiveness
and satisfaction in the user organizations [15]. Usability is defined with the three components
efficiency, effectiveness and satisfaction [16].

2. Methods
A comparative study focusing on Finnish and Swedish housing projects for elderly has been
prepared. The focus is on the design and use of common multipurpose spaces. The knowledge
gained in previous studies can be used to define the research questions. The housing projects will
be analyzed through architectural plans, usability walk-through methods, observation of activities,
use of space, interviews and questionnaires with users. The original plan and the actual occupation
of the common facilities will be studied.
The first ongoing phase of the Finnish study focuses on the entrances of the sheltered housing.
The entrances are places where people move from a public space to a semi-public space, and vice
versa. The pilot cases are implemented in chosen sheltered houses in Helsinki metropolitan area.
The residents are asked to give their opinions on different examples of colors, lighting, acoustics
and atmosphere in the pilot entrances. The methods of art therapy will be adapted to usability
studies and to collect the resident’s hopes and dreams about their housing. The views and
interaction between indoor and outdoor spaces are reviewed as well. The measuring of acoustics,
temperature and moving in the space will be used. The results will be analyzed and used as a
basis of the comparative follow up study.
The Swedish research has started with an intervention pilot study of common facilities added to an
ordinary housing area with a huge part of elderly tenants in Gothenburg. From the sector of
sheltered housing, or assisted living, quite a lot of research has been performed by researchers as
Jan Paulsson [4]. and Jonas Andersson [5]. Doctoral student Morgan Andersson is now
performing a large study of use and usability of common parts of facilities for assisted living, where
results can be applied in this study. The first results show shortage in usability and conflicts in use
of common areas [6].

3. Theme
This paper focuses on the quality and usability of common spaces in residential environments for
the elderly. User-centric, residential environments that promote social and physical accessibility
can be attained by means of spatial planning, acoustics and lighting as well as other architectural
means.
Many elderly prefer to live in their own homes but at the same time they feel more physically and
socially isolated. With aging the living environment becomes smaller and elderly spend most of
their time indoors and in the immediate home environment [17]. The sheltered housing units and
the services they offer will be open for other users than residents. They become service and
information centers for the elderly population living in the surroundings. A variation of common
facilities is needed in these residential environments since they are spaces to generate social
interactions [18].
In order to promote aging in place new models for residential areas have to be developed. The
buildings should be designed to extend the individual apartments to the common space and to
facilitate social interactions with residents. The immediate surroundings, the entrances and
common facilities should be stimulating and inviting for the residents and other users [19]. They
have to be designed to occupy different activities. Special attention has to be put on elements that
help orientation and way-finding.
Because aging changes sensory and place-learning mechanisms the quality of environmental cues
may be especially important. Color, a specific aspect of visual cues, may be a critical cue property
for place learning in aging [20], [21]. According to Faubert [22]. older adults often have decreased
visual acuity and contrast sensitivity. Architectural means, colors, lighting, contrasts and natural
elements can be used as landmarks to help way-finding.
Way-finding ability typically declines with age; older people prefer familiar to novel places and are
slower and less accurate at finding their way in new environments and more likely to get lost than

younger people [23]. The fear of getting lost combined with reduced way finding abilities may lead
to decreased exploration and social engagement. Thus, strategies to maintain or improve way
finding abilities are important to preserve independence under conditions of normal and abnormal
aging [24]. Good spatial planning increases the sense of security and independent coping.
Stimulating outdoor environment engages residents to their neighborhood and encourages
communication. According to previous studies the outdoor place attachment differed due to age
and urban settings. The housing-related identity and place attachment were scored highest in rich
and most scenic neighborhoods [12]. The history and identity of the place make it unique and
encourages place attachment. Halbwachs [25] illustrates the importance of the place as a
collective group experience. The collective memory retained by the group by perpetuating
practices allows the transmission of the meaning that they attribute to the relationship between
their activity and the place. The stability of practices contributes to assuring the stability of meaning.
The elderly with reduced functioning capacities have tendencies to create control centers or living
centers in their home where they feel to be in control of their living environment. These centers are
important to feel independent and to maintain the personality. The common facilities can also
provide these control centers that can extend the personal living space and create a feeling of
belonging to the neighborhood. The good design of the acoustics and lighting in common facilities
can encourage the communication and the views can bring the outside world inside. The scale of
the space as well as comfort and visual quality can give identity and create personal meaning to
the place. The accessibility and usability of the environment are important but cognitive and
emotional aspects of meaning of home become particularly important for the frail elderly [12]. A
recently finished research project in Sweden shows that there are conflicts concerning the
responsibilities for accessibility in the common parts, such as entrances, of multifamily housing
complex [26].
When decrements in vision and hearing exceed normal age-related changes that is due to eye
pathology, they may begin to compromise an older person’s ability to carry out routine activities
that define social roles and quality of life [27].

4. Results
The expected outcome of the pilot studies in both countries will be gain both the formulation of
further research questions and the choices of research methods. We will be able to test aspects
and factors to capture different values in the common spaces.
The residential buildings for elderly are often old and unfit for the elderly as they have not originally
been designed for this user group. In general there are only few common spaces in the building or
these spaces are not in use. Reason for this is often poor lighting, acoustics, temperature or indoor
air. It is necessary, particularly for the elderly people, that common spaces are comfortable and
support their well-being and coping in the everyday living.
In Helsinki area many sheltered houses are under renovation. In the near future for instance
entrance halls and dining halls in sheltered houses will be opened and used by other people in the
neighbourhood, as well. Due to the larger volume of the elderly population, the amount of common
spaces has to be increased. This is why attention should be directed to entrances, which are the
meeting and information areas as well as junctions in the building. These areas have to support
orientation and give comfortable atmosphere in order to enhance well-being of the residents and
the visitors, which may have hearing loss and poor sight.
The sheltered entrances can also operate as landmarks, when people come to the building. They
should guide residents inside the building with colours and lighting. Nowadays the entrances are
too often dull storage places for moving aids, which is a risk of fire.
In the pilot cases entrance halls are used as places where residents wait for getting in the dining
hall before the lunch. Due to increase of the users the halls are too small, they are crowded with
residents and mobility aids, and the atmosphere is uncomfortable. This study highlights the halls

and entrances as welcoming open spaces, which support orientation, social interaction and wellbeing in elderly people’s environment. In addition to the transformation of common spaces the
culture of using the premises should be more open and active.
In Sweden a governmental delegation explored the conditions of housing for the elderly and
presented their results in 2008 [28]. They identified a great need for housing in between of the
assisted living complex and the totally ordinary housing areas, and suggested subsidies for the
construction of such facilities. The main aspect of these facilities, called Trygghetsboenden, is that
common space is needed for social activities and informal meetings among the elderly. At
Chalmers University, the Department of Architecture has a huge experience of innovative thinking
about housing for the elderly, with a design project in the master education since last 6 years.
The results of the study bring together Swedish and Finnish knowledge in order to support the
design of the residential buildings for the elderly. The project will contribute to evidence-based
knowledge concerning the design, use and experiences of common spaces in residential
environments for elderly. The study findings should feed into policy on housing for older people
which could enhance sustainability and the quality of living environments of this important section
of our population.

5. Conclusion
This study is an opening in the collaboration of Finnish and Swedish research related to common
spaces of residential environment in order to develop the usability and versatility of the common
facilities in these housing areas.
The best practices found in this study, deriving from the implementation of an accessible, high
quality and unique living environment can be easily adapted globally.
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Summary
Since 2008, the Hong Kong Housing Authority has been developing a new design strategy:
adopting modular flat design for mass customization in public rental housing in Hong Kong. The
Modular Flat Design (2008 Version) has been optimized to strike a better balance amongst various
factors including valuable land resources, buildability and cost effectiveness and user-friendliness
including responses to the findings from Residents Survey. This is a product of cumulative
experiences over years. By applying modular flats to the building design in affordable social
housing developments, Hong Kong Housing Authority can assure quality and sustainability while at
the same time achieving consistency in standards..
Keywords: Public Rental Housing, Modular Flat Design, Standardization & Modularization,
Universal Design, Sustainability

1.

Public Housing Design Development

The Hong Kong Housing Authority is a statutory body established in April 1973 under the Housing
Ordinance. The Hong Kong Housing Authority plans, builds, manages and maintains public
housing in Hong Kong. The Authority develops and implements public housing programme in
meeting the housing need of those people who cannot afford private rental housing. This is one of
the objectives of the Government policy. In past decades, the Hong Kong Housing Authority has
been providing affordable public rental housing through mass production. Approximately 720,000
households, i.e. 30% of the Hong Kong population, is now living in public rental housing units. The
Hong Kong Housing Authority targets to provide 15,000 new public rental housing units each year
such that the average waiting time of the applicants on the Waiting List will be maintained at
around three years.
The use of 41-storey high rise Standard Block has proved to be an optimum design solution in all
the aspects of architectural, structural, and building services. Initial cost and running cost for (i)
additional floors and subsequent requirement of refuge floor and fire safety provision, (ii) increase
in structural requirement on gravity and wind loads and (iii) extra lift services and energy

consumption would all be saved. It has reaped the benefits of economy of scale.
During the turn of the millennium, site-specific non-standard design approach was explored as the
development strategy since this would enable better response to site constraints and allows full
optimization of site development potentials. This is especially proven to be effective in difficult site
conditions.

2.

Modular Flat Design

After implementing site-specific design for a few years with a proliferation of non-standard designs,
the Authority rationalised its tool kits for mass customization. In 2008, in line with the principle of
“Functional and Cost Effective” design, the Authority has further developed a new design strategy
by adopting a new library of Modular Flat Design (2008 Version) for mass customization in
public rental housing. This aims to achieve best value and best practice in sustainable housing
design and construction. To strive for greater efficiency and productivity through wider use of
mechanized building process promulgated under Quality Housing Initiatives, whilst at the same
time maintaining a certain level of design control over provision standards of rental flats hence
maintaining consistency across different projects. This new library covers a whole spectrum of
small modular flats (1-Person / 2-Person and 2-Person / 3-Person flats) and family modular flats
(1- Bedroom and 2- Bedroom flats). Individual project architects are to adopt these standard
modular flats to make up their building blocks to suit individual site configurations.
The modular flat design has been optimized to strike a better balance amongst various factors
including valuable land resources, buildability, cost effectiveness, user- friendliness and responses
to the findings from Residents Survey on newly completed public rental housing estates. As we
gained experience over the years, this modular flat design helps assure both quality and cost
effectiveness.
We anticipate that there would be a number of advancements through the use of modular flat
design, notably:2.1

Enhanced Buildability, Consistency and Economy of Scale

The following measures are introduced to enhance buildability, consistency and economy of scale.
2.1.1 We maintain the consistency in the flat size and provisions in terms of dimensions, habitable
& services areas to address the allocation standard.
2.1.2 By adopting “coordinated dimensions” approach, different flat sizes share common
denominator dimension. This enable easy pairing up of flats and rational combination of flat
arrangement to suit different flat mix and site conditions for individual projects (Fig. 1).

Fig. 1 Sample of Flat Arrangements

2.1.3 By allowing the optimization of structural design on the upper floors, we enable the
reduction of the structural envelope and thus increasing internal flat size for user enjoyment within
the permissible range.
2.1.4 By adopting standard precast façade (Fig. 2), we facilitate mechanization and prefabrication
of structural elements and promote construction quality, efficiency and mass production while fine
adjustment of the length of the reinforced concrete ledge is still permissible to regulate solar heat
gain in different orientations.

Fig. 2 Precast Facade
2.1.5 By permitting wider use of volumetric precast components (Fig. 3), we advance the
prefabrication technologies and promote greater benefits on cost, time and quality of construction
as well as in the environmental and safety aspects.

Fig. 3 Volumetric Precast Bathroom
2.1.6 By standardizing the flat configuration with co-ordinated dimensions repeatedly applied
across various types of modular flats, we promote the wider use of precast fittings such as cooking
bench / sink unit, metal gateset in Fig. 4.

Fig. 4 Prefabricated Cooking Bench / Sink Unit, Metal Gateset

2.2

Better Healthy Living, Safety and Easy Maintenance

To promote better healthy living, safety and easy maintenance, the following are taken into
consideration.
2.2.1 We optimize the room dimensions and layout. The depth of re-entrant between flats is
reduced below 1:3 minimizing stagnant effect and achieving better natural ventilation.
2.2.2 We optimize the service area to living area ratio to achieve a larger and better quality of
living space.
2.2.3 We provide additional window(s) for better natural lighting and cross ventilation in living
areas (Fig. 5).

Fig. 5 Locations of additional windows in 2P/3P Flat and 1-bedroom Flat
2.2.4 We enlarge the bathroom and kitchen windows by lowering the window sills for better natural
lighting (Fig. 6).

Fig. 6 Enlarged Bathroom & Kitchen Windows
2.2.5 To prevent transmission of disease through possible dried-up floor traps in the drainage
stacks of high rise buildings, we enhance drainage design by introducing the self replenishing
Common W- trap System (Fig. 7).

Fig. 7 Common W-trap System.

2.2.6 We rationalize the alignment of water supply pipes by running them at high level and
internally as far as practicable so as to enhance the space utilization and ease of future inspection
and maintenance especially in high rise buildings.
2.3

Focus in addressing Customer Needs

The modular flat design is focused to address the needs of the customers for social sustainability.
2.3.1 By refining the flat layout and window provisions we allow more flexibility in furniture layout
and partitioning by tenants after intake and enhance the livability of modular flats.
2.3.2

By locating bathroom windows away from shower areas, we ensure better privacy.

2.3.3 For better safety in using the stove, we locate the cooking bench away from the kitchen
window (Fig. 8).

Fig. 8 Cooking bench located away from the window
2.3.4 To address the need for laundry facilities and to provide clothes drying in the open air, we
relocate the plugged-on laundry racks to the front façade and add more racks for family flats (Fig.
9).

Fig. 9 Laundry Rack at Front Facade
2.3.5 We rationalize the location and setting out of light switches and electrical wiring accessories.
We relocate them to the living areas and group single sockets into twin sockets. This enables
flexible usage and simplifies conduit run of building services within flats.
2.4

Enhanced Universal Design

Universal Design is further enhanced in various aspects to excel social sustainability.
2.4.1

Sunken shower

We provide sunken shower to improve accessibility and maneuvering of elderly and disabled
tenants (Fig. 10). To ensure safe access to the shower area, we also provide anti-slippery floor tiles
with high coefficient of friction along the edges of sunken showers.

Figure 10 Sunken Shower with Installation of Grating by Tenants
2.4.2 By setting back the concrete support of cooking bench and sink unit (Figure 11), we improve
maneuvering of the wheelchair bound.

Figure 11 Cooking bench / sink unit

2.4.2

Power Sockets and Light Switches

By raising the height of designated power socket(s) to 1000mm above finished floor level (Figure
12), we facilitate easy reach by elderly and wheelchair users or walking-frame users without the
need to bend down.

Figure 12 Universal Design Power Socket / Light Switch

3. Building Information Modeling
In the development of the Modular Flat Design (2008 Version), we pilot the use of Building
Information Modeling, an advanced design and drafting software. Modules are created for use by
project teams. A common Building Information Modeling platform has also been constructed for
sharing of design practices amongst project teams in estate planning and tall building design.
Furthermore, we are establishing a Building Information Modeling Design Library containing not
only the modular flats but also the miscellaneous building components for common application
across all design developments. These basic components can be used to create more complex
standard modular flat models which assemble to form building wing(s), floor(s) and block(s) (Figure
13).

Fig. 13 Assemble Standard Modular
Flats to form Building Wing(s) /
Floor(s)

With environmental studies such as lighting, ventilation, energy, carbon emission, green design
etc., Building Information Modeling models can create a better living environment for the public
(Figure 14). All these with visualization would indeed make our Modular Flat Design (2008 Version)
more user-friendly. Our next step is to link to Master Details, specification, statutory submission,
environmental studies.

Fig. 14 Daylight Analysis

4. Conclusion and Way Forward
From October 2008 onwards, the new Modular Flat Design (2008 Version) has been adopted in all
public rental housing projects at scheme design stage. The first project adopting the new modular
flats will be due for completion in 2012. Hong Kong Housing Authority is exploring the use of
another line of modular flats to address different site constraint such as severe noise abatement.
Based on feedbacks from face-to-face customers’ surveys and post completion reviews, we are
continuing to improve the modular flat design in our annual revisions or updated editions.
The construction industry welcomes standardization, modularization and advance review on the
critical spatial arrangement such as reinforcement and building services through Building
Information Modeling (Figure 15) in achieving better buildability and easier construction
management. We envisage with the use of BIM technology to gain more insight for enhancement
in smart living, safety and sustainability in our works.

Fig. 15 BIM snapshot showing complicated pipe run for underground services
The Hong Kong Housing Authority is committed to build a sustainable community through a
balance among social, economical and environmental dimensions.
Benchmarking our
sustainability targets, Hong Kong Housing Authority is (a) building 34% less costly in comparison
with similar building in private sector of Hong Kong; (b) generating 30% less construction waste in
our construction process; and (c) having 75% less accident rates than the norm in Hong Kong.
Additionally, our yearly customer satisfaction index has continued to far exceeding 70% benchmark
since 2006/07. All these truly confirm Hong Kong Housing Authority’s sustainable development
philosophy in practice. By applying modular flats to the tall building design in public rental housing
developments, Hong Kong Housing Authority can assure even better quality, best value and best
practice, and user-friendliness to address tenants’ concerns while at the same time achieving
consistency in standards to a certain extent. On the other hand, individual estates could still be
designed with its own identity and responsive to micro-climate and other environmental
considerations without creating monotony out of standardization.
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Summary
Population aging is accelerating in many developed countries, and concerns about increasing
social security costs are growing. As stated in the Japanese Growth Strategy, a society that can
sustain lifelong health and active living is required. Therefore, this study aims to clarify the
relationships between housing and regional environment and personal health. With the aim of
contributing to the development of practical policy recommendations, we present a visualization of
the health benefits afforded by the maintenance of housing and regional environment.
Firstly, through a questionnaire survey, a subjective evaluation of housing and regional
environment, lifestyle, and personal health status was administered to the residents of Yusuhara
Town, Kochi Prefecture. The present age structure of the sample population was similar to that
forecasted for Japan as a whole in 2050. Based on the survey results and structural equation
modeling, we developed a health-determining factors model that shows the relationships between
housing, regional environment, and personal health status. This model includes the following main
factors pertaining to housing and regional environment: a) "quality of life (QOL) (“housing QOL”
and “regional environment QOL”), b) overall health (“physical health”, “mental health”, and “social
health”) and c) disease (“lifestyle-related disease” and “respiratory disease”). In the case of
cerebral stroke, this model indicated that 53% of overall health depended on housing and regional
environment. In addition, the appropriate maintenance and construction of housing and regional
environment were suggested to prevent the occurrence and progression of disease and to
increase residents’  health.
Keywords: Structural equation modeling, Quality of life (QOL) assessment, Questionnaire survey,
Housing and regional environment, Health impact assessment, Disease prevention

2. Introduction
In Japan, population aging has been rapidly accelerating since the end of the Second World War,
and the   Japan’s   aging rate (the percentage of the population aged 65 and over) became the
highest in the world around 2000 [1]. This rapid aging of the population has resulted in increasing
social security expenses and a shrinking labor force. Against this background, the Japanese
government has planned a “strategy for realizing a healthy, populous country through life
innovation” [2]. Accordingly, society should be structured so that individuals can continue to live an
active life into old age. Personal health is determined by various medical, lifestyles, and hereditary
factors, but the size of the influence of housing and regional environment is also important [3]. As
shown by the establishment of a relationship with personal health, appropriate maintenance and
construction of both housing and the regional environment are essential in supporting the health of
Japan.

In this study, a questionnaire survey of
Yusuhara Town residents was performed, and
housing and regional factors related to
personal health (health-determining factors)
were extracted. Furthermore, the relationship
between health-determining factors and
personal health was quantified by structural
equation modeling.

2. Summary of the questionnaire
survey
2.1 Overview of the survey target
In this study, Yusuhara Town, Kochi
Prefecture, Japan, was chosen as the target
of the questionnaire survey. Figure 1 shows
scenes from Yusuhara Town, and Table 1
shows the survey details. The main purpose
of this questionnaire survey was to extract
subjective data on the actual situation of
housing and regional environment, residents’  
sense of values, satisfaction level, and health
status, which are not available from population
and medical statistics.
Nestled in a lush forest, Yusuhara Town is a
typical medium-sized rural town in a
mountainous area. In 2010, about 40% of the
population was over 65 years old; this aging
rate is forecasted for Japan as a whole in
2050. Aggressive health-promotion activities
in Yusuhara Town are associated with fewer
medical consultations, disease prevention,
and a lower death rate. As a result, medical
costs in Yusuhara Town are lower than the
national average [4]. By examining and
analyzing Yusuhara Town, where aging has
progressed rapidly, we aim to indentify
measures to cope with an aging population for
the benefit of Japan and other countries faced
with similar demographics.
2.2 Summary of the questionnaire
As shown in Table 2, the questionnaire
consisted of four parts: 1) Regional
environment, 2) Housing, 3) Health, and 4)
Personal attributes. There were 157 questions
in total. For Part 1 and Part 2, we adopted a
five-point scale of importance (1, “very  
important”; 5, “not  at all important”)  and a sixpoint scale of satisfaction (0 pt, 20 pt, 40 pt,
60 pt, 80 pt, 100 pt). In Part 3, we used a form
to solicit two to four phrases about lifestyle
and health status, in reference to the national
health initiative Kenko Nippon 21 [5]. In Part 4,
we   asked   for   the   respondent’s age, sex, and
district of residence, along with other basic
information.

Fig. 1 Scenes from Yusuhara Town:
city center (left) and suburbs (right).
Table 1 Overview of questionnaire survey
Title: Questionnaire survey of Yusuhara residents on
health and longevity
Survey period
Distribution and collection
Number distributed
Number returned (rate)
Valid responses (rate)

January 5–27, 2009
Directly distribution and
collection by local community
associations
1,212
1,114 (92%)
1,032 (85%)
Young and middle-aged
adults:
652 (18-64 years old)
Elderly:
379 (65 years old and over)

Table 2 Survey content
Part 1:
Regional environment
Medical
facilities
Transportation
and mobility

Natural
environment

Hospital
Dental clinic
Bus
Pedestrian
safety
Air quality
Water
Green space

Part 2:
Housing
Basic
information
Lifestyle
Air quality

Attribute

Daylight

Performance

Sound
Heat
Exercise

Public
facilities

Crime and
disaster
prevention

Eating habits

Measure
Exercise
Peace
Barrier-free

City planning

Part 3:
Health

Culture
Childcare

Density

Psychology
Health care

Scenery
Neighbors
and network

Neighborly ties
Activity

Overall evaluation

Ventilation
Coolness
Warmness
Sound insulation
Barrier-free
Overall
evaluation

Smoking and
drinking

Meal, Body
form
Physical
movement
Exercise,
Activity
Rest, Mental
health
Health care,
Screening
Dental health
Smoking,
Drinking

Part 4:
Personal attributes
Individual
attributes

Basic
information

3. Summary of the analysis method
In this study, we aimed to test the following hypothesis: “Housing and regional environment”
affects “disease”   directly and indirectly   through   “overall health”. We also aimed to ascertain the
degree of the influence quantitatively. Structural equation modeling (SEM) was adopted as the
statistical method for this analysis.
3.1 Summary of structural equation modeling
SEM is a statistical method for elucidating social and natural phenomena in order to identify the
causation of the observed variable and the potential causal dependencies between variables by
introducing a latent variable that cannot be observed directly (Fig. 2) [6]. The reasons why we
adopted SEM are given below.
1) Various models that reflect a hypothesis can
be constituted freely.
2) The most suitable solution of the whole
model is provided and can be evaluated by the
degree of conformity.
3) SEM can be used for regression analysis,
path analysis, and factor analysis. Thus, the
effects of housing and regional environment
can be quantified.
The SEM procedure employed in this study is
given below.
1) The composition variables are selected
based on the QOL1 evaluation method [7], and
“housing and regional environment” is modeled
by using survey data2.
2) The factors (a construct) pertaining to
“overall health” and “disease” are extracted
from survey data through factor analysis and
modeled.
3) The hypothesis to be tested is expressed
with a number of paths and path analysis is
performed with SEM software3.
In conducting the analysis, we used the
multivariate analysis software SPSS18.0J and
the structural equation modeling software
AMOS 18.0 to create a model for analyzing
relationships between “housing and regional
environment” and “overall   health”. Three
indices for the assessment of fit were used:
chi-square  test  values  (χ2, degrees of freedom,
P-value), CFI4, and RMSEA5. The most
suitable solution of the whole model was
selected based on the requirements that all fit
indices be the best possible, and that all path
coefficients between latent variables, and
between a latent variable and an observed
variable, be significant (at a level of 5% and
below) using the Wald test. Also, all path
coefficients are expressed as likelihood
estimates.

e
ｚ

e
e
e

Observed variables

Latent variables

Error variables

Pass

Fig. 2 Example of SEM model
Housing

Air quality／Daylight／Ventilation／Coolness／Warmness／
Sound insulation／Barrier-free

1. Medical facilities

2. Traffic and mobility
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3. Natural environment
Regional
environment

Air／Water／Green spaces／
Sound／Heat

5. Crime and disaster prevention
Measure／Peace

4. Public facilities
Exercise／Culture／Childcare

6. City planning
Barrier-free／Density／Scenery

7. Neighbors and network
Neighborly ties／Activity

Q1. How important is each item for you?
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Fig. 3 Method for calculating housing QOL and
regional environment QOL
Housing QOL
.55
.83
Regional
environment
QOL

.49

Housing and
regional
environment

χ2 = .000 df = 0
CFI = 1.000 (Likelihood estimation)

Fig. 4 Housing and
regional environment model

4. Results
4.1 Housing and regional environmental modeling based on QOL evaluation method
To the satisfaction level for each item of “housing and regional environment”, a weight was
assigned based on the item’s   importance, and then the weighted satisfaction scores were added
together to give “housing QOL” and “regional environment QOL” (Fig. 3). By using “housing  QOL”  
and  “regional  environment  QOL”, we created housing and regional environment model (Fig. 4). As
a result, the path coefficient (causal effect) from “housing QOL” to “housing and regional
environment” was 0.55, and that from “regional environment QOL” was 0.49, and so these two
path coefficients were found to be approximately equal.
4.2 Modeling of health through factor analysis
We performed exploratory factor analysis (maximum likelihood estimation/Promax oblique
rotation) and confirmatory factor analysis (maximum likelihood estimation), and extracted three
factors (constructs) that were related to overall health. In the first factor, variables about physical
ability such as “body strength”   and “activities  and  exercise”   were   extracted.   In  the   second  factor,  
variables about mental well-being such as “life satisfaction” and "work satisfaction”  were extracted.
In the third factor, variables about social participation such as “community activities” and “local
Table 5 Factor loading matrix of disease

Table 3 Factor loading matrix of overall health
Factor
Physical Mental
health
health

Observed variable
Body strength
Self-rated health
Activities and exercise
Life satisfaction
Work satisfaction
Economic satisfaction
Civic pride
Sense of achievement
Community activities
Local festival
Cumulative
contribution ratio

0.80
0.62
0.62
0.03
-0.06
0.23
0.06
0.05
-0.03
0.09

-0.05
0.27
0.06
0.91
0.84
0.64
0.52
0.42
0.00
-0.04

0.08
-0.09
0.12
-0.09
0.05
-0.03
0.29
0.34
0.85
0.79

56.8%

62.1%

65.3%

Hypertension
Stress
Eye disease
(Conjunctivitis, etc.)
Knee pain
Bone and joint disease
(Osteoporosis, etc.)
Asthma
Respiratory disease
(Pneumonia, etc.)
Cumulative
contribution ratio

Physical health
Mental health
Social health

Physical
health

Mental
health

Social
health

1.00
0.78
0.70

1.00
0.71

1.00

Factor

.90
Physical
health

.80
.82
.55

z2

Overall
health

.86

.74
Mental
Health

.25
.86

.82

χ2

= 105.158 df = 29
p  ≤  0.00      CFI = .988
RMSEA = .050 (Likelihood estimation)

0.50

0.04

0.49

0.05

-0.04

0.90

0.10

0.39

16.8%

39.0%

1.00

-

0.09

1.00
.35
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.82
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Local festival

e8

.73
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e9

.68
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Fig. 5 Overall health model
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e11
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.67
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-0.07

.67

Work satisfaction
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0.55

Respiratory
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disease

.75

.95

0.03
0.03
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disease

.64

Activities and exercise

z1

0.64
0.58

Table 6 Factor correlation matrix of disease

Table 4 Factor correlation matrix of
overall health
Factor

Factor
Lifestyle-related
Respiratory
disease
disease

Observed variable

Social
health

Respiratory
disease

.47
.83

Asthma

e16

.69

Respiratory disease
(pneumonia, etc.)

χ2 = 84.163 df = 13 p ≤  0.00
CFI = .924 RMSEA = .073 (Likelihood estimation)

Fig. 6 Disease model

e17

festival”   were   extracted.   Therefore, in parallel to the World   Health   Organization’s   definition   of  
health, we interpreted these findings as “physical health”, “mental health”, and “social health”
(Table 3). Also, since high correlation was identified between the factors (Table 4), we assumed the
existence of a highly significant factor, and constructed an overall health model (Fig. 5). It was
identified that the path coefficient from “overall health” to “physical health” was 0.95, and that the
decision coefficient of “overall health” was 0.90 and its relevance was the highest.
Through the same approach, we extracted two factors that were relevant to disease. In the first
factor, variables about lifestyle-related disease such as “hypertension” and “bone and joint
disease”   were   extracted.   In   the   second   factor,   variables   about   respiratory   disease   such   as  
“asthma” and “respiratory   disease”   were   extracted. Therefore, we interpreted these factors as
“lifestyle-related disease” and   “respiratory disease” (Table 5). Also, since low correlation was
identified between the factors (Table 6), we did not assume the existence of a highly significant
factor, and constructed the disease model (Fig. 6).
4.3 Quantifying relations between housing and regional environment and personal health
We created a health-determining factors model, shown in Fig. 7, by combining all models shown
in Figs. 4–6). RMSEA slightly exceeded 0.05, but other fit indices were good; a model in which all
the path coefficients were statistically meaningful was obtained. As a result, “housing and regional
environment” accounted for 0.53 (53%) of “overall health”, the path coefficient to  “physical  health”
was 0.98, and the decision coefficient of  “physical  health”  was  0.97  (97%).  Thus, its relevance was
the highest.
In addition, it was identified that “the housing and regional environment” influenced   “disease”  
directly and indirectly through “physical health”   and “mental   health”.   Furthermore,   all   path
coefficients to “disease” were negative. Therefore, the appropriate maintenance and construction
of housing and regional environment were suggested to prevent the occurrence and the
progression of the disease and to promote the health of residents.

5. Conclusions
In this study, we performed a questionaire survey of residents in Yusuhara Town, Kochi
prefecture, and examined the structural relation between “housing and regional environment” and
“personal health” by structural equation modeling. As a result, a model with a high degree of
.62
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Fig. 7 Health-determining factors model
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conformity was obtained. In future work, we hope to clarify the causation through a follow-up
survey of the same area.
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Summary
In western developed countries people spend approximately 90% of their life time in closed rooms,
the biggest part of it in their homes and offices. Especially elder persons and children spend most
of their time indoor. Both groups are specifically sensitive towards harmful substances in the indoor
air – some of which might be emitted from the built environment. The responsible choice of
construction materials and surface treatments as well as furniture becomes therefore more and
more decisive for the living quality in our homes. Recent research and demonstration projects
illustrate this situation. This knowledge is now also transferred into sustainability assessment tools
for buildings and contributes significantly to a positive rating of residential and office buildings. E.g.
in the new TQB model in Austria, indoor air quality is weighted with 50 out of a total maximum of
1000 points. Due to its mineral content the use of clay building materials guarantees a nearly
pollutant-free indoor air. Furthermore those materials have a positive impact on the living comfort
and the indoor climate. Therefore construction products made of fired clay fulfil all necessary
requirements for healthy living.
Keywords: Air quality, indoor air, health, comfort, allergy

1. Introduction
In western developed countries people spend approximately 90% of their life time in closed rooms,
the biggest part of it in their homes and offices. Therefore health and physical well-being are of
utmost importance for inhabitants, especially for elder persons and children. Both groups are
specifically sensitive towards harmful substances in the indoor air. Illness caused by low-indoor air
quality due to cigarette smoke, odours from cooking or cleaning detergents can lead to long term
health problems. Furthermore the use of certain building materials, furniture or floorings can be
responsible for toxic emissions in closed rooms. Additionally the aspect of room temperature (1922 degrees Celsius) and humidity (40-60 per cent) is essential for the human well-being. [1]
In the last ten to twenty years the reduction of the heating demand and the increase of the energy
efficiency of buildings have been the main goal of new building concepts. Nevertheless during the
last years planners and architects started focusing on a holistic integrated approach, including the
aspect of healthy living. Energy efficient living does not constitute the main priority for inhabitants,
but living quality represents their main priority. Moreover parents are bearing in mind comfortable,
healthy and non allergic living while considering adequate buildings for their children: kWh are less
important than the healthiness of buildings. Buildings are like our third skin. Our clothes can be
compared with the second skin and we take care that our clothes are made of “healthy” materials.
So we should do the same with our buildings.

Furthermore the new EU Construction Products Regulation regulates the indoor air quality of
buildings with its basic requirements 3 “hygiene, health and environment” and 7 “sustainable use of
natural resources”. Those legal provisions should be part of the integrated assessment of buildings.
Indoor air quality should be taken into account while assessing the sustainability of buildings and
building units.
Table 1 Statistical duration of stay in closed rooms in different European cities [2]

Prague Oxford

Milan

Helsinki Grenoble Basel Athens

2. Indoor air quality
2.1

Overview: toxic or harmful substances in indoor air

2.1.1 “Sick Building Syndrome”
The “Sick Building Syndrome” describes the fact that several persons living or working in the same
building complain of similar symptoms of illness like irritations on conjunctiva and nasal and throat
mucous membranes, sometimes companied with reddening, itching and sneezing as well as
headaches, dizziness and tiredness. Furthermore hypersensitivity or allergy-increasing
characteristics, particularly carcinogenic, mutagenic or toxic for reproduction properties may lead to
long-term effects. The “Sick Building Syndrome” applies when the percentage of people showing
these symptoms is higher than that in comparable buildings and if people are leaving the building
the symptoms are less worrying. [3]
2.1.2 The Scientific Committee on Health and Environmental Risks (SCHER)
The General Directorate for Health and Environment of the European Commission relies upon the
work of SCHER regarding its assessment of indoor air quality. In this regard SCHER is assessing
the toxicity and the ecotoxicity of chemicals, biochemicals and biological compounds whose use
may have harmful consequences for human health and the environment. SCHER considers
children, pregnant women, elderly persons over 65 years of age and persons suffering from
asthma or other respiratory diseases as vulnerable group regarding indoor air pollutants.
SCHER identifies the indoor environment as very complex in terms of toxicology and health risk
assessment. Combined effects by different types of pollutants seem to be possible. More than 900
chemicals, particles, biological materials with irritating and sensitizing potential could be in the
indoor air of a building. SCHER concludes that due to the fact that the concentration is usually
indoor higher than outdoor and that most humans spent more time indoor than outdoor, each study
about outdoor air concentration should include the health effects of indoor exposure. Furthermore
SCHER recommends that all relevant sources such as tobacco, smoke, any open fires including
candles, building materials, furniture, pets and household products should be evaluated. [4]

2.1.3 Sentinel-Haus® Institut
According to the German Sentinel-Haus® Institut six different causes for unhealthy buildings can
be separated: Building materials, causes due to construction (e.g. construction mistakes),
minimised air exchange, causes due to behaviour, causes due to the environment and products
from industrial chemical applications. Due to a new generation of windows and doors modern
buildings have a tighter building envelope which means that the air exchange rate is 10 times
lower today. Therefore the indoor air contains much more pollutants than in the past. Furthermore
the Sentinel-Haus® Institut differentiates between three different types of pollutants: biological
(mould, germs), physical (e.g. radon, electro-magnetic fields) and chemical ones (e.g. asbestos,
VOCs, formaldehyde). [5]
2.1.4 The inhabitant’s behaviour – time to change?
The inhabitant’s behaviour can be seen as one aspect of the sources of toxic substances.
According to the Austrian Institute for Healthy and Ecological Building smoking in bedrooms,
children’s rooms or in kitchens can cause various health problems. Even cooking and heating
without opening the windows, gas stoves or continuous flow water heaters without flue can affect
the health of the inhabitants. Aggressive cleaning products and aggressive disinfectants can result
in allergic reactions as well as vacuum cleaners for persons who are sensitive to house dust.[1]
Those examples for sources of toxic substances can be easily changed by the inhabitants of
existing buildings, even without special expert knowledge; but it is more complex when it comes to
construction products materials.
2.1.5 The responsibility of construction materials for indoor air quality
The impact of construction materials for a healthy indoor air should be taken into account during in
the planning phase of a building. Therefore architects and planners should not only assess the
aesthetic and static role of certain construction materials but should include in their assessment
possible pollutants caused by different construction materials.
As already mentioned, legal requirements for indoor air quality are part of the new EU Construction
Products Regulation. Basic requirement 3 deals with the hygiene, health and environmental
aspects of construction products throughout their life cycle. In particular with the giving-off of toxic
gases, with the emissions of dangerous substances, volatile organic compounds (VOC),
greenhouse gases or dangerous particles into indoor air and radiation during the construction, use
and demolition of buildings. Furthermore basic requirement 7 shall ensure that construction works
must be designed, built and demolished in such a way that the use of natural resources is
sustainable. Those requirements are related to the respective harmonised standards of CEN TC
351 and will be defined more detailed in construction products standards. [6]
The Sentinel-Haus® Institut questions the idea that natural construction products are automatically
healthy. It often depends on the chemicals which have been used for the treatment of the product.
[5]
Furthermore advice for the healthy choice of materials for floors, walls and ceilings, paints and
varnishes and furniture is given by the Austrian Institute of Healthy and Ecological Building. E.g.
wood has been considered for a long time as the perfect natural building material, ignoring that the
use of wood preservatives and pesticides can cause health problems. On the contrary inorganic
building materials like bricks, whitewash, plaster roughcasts and artificial stone normally do not
cause health problems. [1]
According to the German research project “Building Products: Determining and avoiding pollutants
and odours” issued inter alia by the German Umweltbundesamt and the Technical University Berlin
only insignificant or minuscule emissions of volatile organic compounds can normally be expected
from the following building materials: traditional building products like masonry units, full-mineral
mortars, steel or glass. In contrary synthetic materials contain a number of inorganic and organic

auxiliary materials, like softeners or flame retardants. Natural organic products, such as wood, wax
and oil contain a variety of organic compounds, like resins, solvents and others. Natural product
does not mean that these products are free from pollutants. [3]
2.2

Indoor air quality indicators for residential buildings – study of the Austrian Institute
for Healthy and Ecological Building [7]

The aim of the study was the development of a comprehensive system to consider different toxic
pollutants in the indoor air of a building. The possible risk exposure of certain building materials
should be assessed adequately during the planning phase, according to this system. The study
concentrated on the impact of building materials on the indoor air quality, on the assessment of
volatile organic compounds (VOC), on emissions during the use of a building, its relevance for
multi-storey residential buildings and on new buildings and preventive measures. The study tried to
develop rating schemes for healthy buildings which could be used by authorities inter alia for
housing subsidies. For this purpose the Austrian Institute for Healthy and Ecological Building
classified construction products in three different groups, according to its relevance for the indoor
air quality during the use phase.
Level 0: Construction products which are not - or only for a very small amount - responsible for
volatile organic compounds in the indoor air. Those construction products are all kind of products
based on mineral raw materials like massive construction products.
Level 1: It is likely that construction products containing a low amount of organic additives are
emitting toxic pollutants. Those construction products are e.g. untreated solid wood, windows and
inner doors made of wood.
Level 2: It is possible that construction materials with extensively used chemicals, like floorings and
wooden composites as well as other treated materials are higher responsible for the emission of
toxic pollutants.
The study of the Austrian Institute for Healthy and Ecological Building comes to the conclusion that
the best option for a healthy indoor air quality is the so-called “Construction products
management”-method, which means a careful selection of the building materials (reflected in
tenders and building contracts) and continuous quality controls at the construction site. The
successful implementation of those criteria must be documented by experts and an additional test
of indoor air quality. The – as far as possible - avoidance of pollutants in the indoor air includes the
avoidance of problematic constituents in the construction products and the limitation of emissions
from construction products into the indoor air.
2.3

natureplus® quality seal
The natureplus® quality seal stands for healthawareness, environmentally-friendly production, the
protection of limited resources and suitability of
application. Building materials that carry this seal are
characterized by particularly high standards for health,
environment and functionality. [8]
Austrian clay bricks and roof tiles producers have
certified a huge share of their total production
according to the natureplus® scheme.

Fig. 1 Example of a natureplus® certificate, Wienerberger site Göllersdorf [8]

2.4

SHI Health Passport

The Sentinel-Haus® Institut developed the SHI Health Passport which means a contract between
the building contractor, the end customer and the investor to define the health related requirements
for the building through guidelines. The pollutant limit values are inter alia based on
recommendations from the German Federal Environment Agency, the WHO, the Association of
Ecological Research Institutes e.V. and are adapted constantly in line with current international
standards. Independent institutes are validating and documenting the agreed requirements of the
contract of the SHI Health Passport. [5]
2.5

The advantage of clay building materials

Clay buildings materially are harmless and are not considered as a threat to the indoor-air quality
of a building as confirmed by the following citations.
The Healthy Indoor-Air Guide of the Austrian Federal Ministry of Environment, Youth and Family in
co-operation with IBO – Austrian Institute for Healthy and Ecological Building mentions that
“Inorganic building materials such as bricks, [...] are a minimum – if any – source of pollution” [1].
Furthermore a study of the Donau-Universität Krems confirms that: “Durch Ziegel kommt es zu
keiner relevante Schadstoffbelastung in Innenräumen, weil es sich um mineralisches Material
handelt. …“ [9] (Translation: „Clay blocks do not cause a significant pollution burden for the indoor
air quality because of its mineral content….)
“Brick, as a tested natural building material, meets all criteria that are important for healthy living:
very low emissions of harmful substances, excellent thermal insulation, high acoustic insulation, a
very good moisture balance and (as a particularly dry material) protection against mold growth.” –
Peter Bachmann, CEO, Sentinel-Haus® Institut. [10]
The Danish testing laboratory “Eurofins” comes to the result that for the Wienerberger Porotherm
50 Hi Plan (a highly insulating clay block) “The Total VOC (“TVOC”) after 3 days was below the
classification threshold of 10 000 µg/m³. The Total VOC (“TVOC”) after 28 days was below the
classification threshold of 1 000 µg/m³. […] The formaldehyde emission after 28 days was below
the classification threshold of 10 µg/m³. The tested product Porotherm 50 Hi Plan complies with the
requirements of AFSEET (2009) for use in the indoor environment.” (AFSEET = French Agency
for Environmental and Occupational Health Safety) [11]

3. Healthy housing examples
3.1

Cooperation with Sentinel-Haus® Institut

The subject of sustainable construction has formed the basis for close cooperation between
Wienerberger, member of the Austrian Association of Clay Bricks and Roof Tiles Manufacturers,
and the experts of the Sentinel-Haus® Institut. Within this cooperative framework, brick products
have been tested by independent laboratories and their suitability has been confirmed by
outstanding test results. Wienerberger employees have been trained in many countries by experts
from the Sentinel®-Haus Institut and respective construction projects have already been realized
with Wienerberger bricks.
3.2

“Healthy brick building“ in Thalheim, Germany

In 2008 the “KHB-Creativ Wohnbau GmbH” built the first massive single-family home certified by
the Sentinel-Haus® Institut. The living space is 147.05m². The building method was a monolithic
clay block construction with concrete basement. The U-value of the external walls is 0,28 W/ (m²/K).
Due to a careful choice of construction products and the healthy living concept of the Sentinel-

Haus® Institut the results of the measurements of the indoor air quality, conducted by independent
testing institutes, were extremely positive:
-

Formaldehyde 7 µg/m³ achieved (60 µg/m³ required)
TVOC 300 µg/m³ achieved (1.000 µg/m³ required) [5]

Fig. 2 Building in Talheim, Germany (Photos: Wienerberger Ziegelindustrie / Eveline Hochenacker
and Rainer Körner)
3.3

“Healthy brick building Sonnenhaus“ in Gundelsheim-Bachenau, Germany

The “KHB-Creativ Wohnbau GmbH” realised another building project with the Sentinel-Haus®
Institut. The type of the building is a single-family detached house with a living space of 140,46m².
The building method was a monolithic clay block construction with concrete basement. The
following values have been measured, conducted by an independent testing institute:
-

Formaldehyde: 20 µg/m³ (60 µg/m³ required)
TVOC: 740 µg/m³ (1.000 µg/m³ required)

It should be noted that the energy carrier for this building is thermal solar energy (40m² solar panel
on the roof) which means that the biggest part of the energy demand of the building is CO2 neutral.
The U-value of the wall is 0,18 W/ (m²/K). [5]

Fig. 3 Building in Gundelsheim-Bachenau, Germany (Photos: Wienerberger Ziegelindustrie)

4. Knowledge transfer into Austrian building certificate requirements
4.1

TQB - Total Quality Building certificate

The TQ (Total Quality) certificate has been merged with another Austrian building certificate, the
so-called ÖKOPASS of the Austrian Institute for Healthy and Ecological Building, in the year 2010.
Furthermore its criteria have been harmonised with the Austrian klima:aktiv requirements. The new
TQB (Total Quality Building) certificate of the Austrian Society for Sustainable Construction
“ÖGNB” is now the comprehensive solution for an integrated and sustainable building assessment
in Austria.

The TQB assessment tool for residential buildings consists of five assessment categories each
weighted with a maximum of 200 points with an overall maximum of 1000 quality points achievable
for one building: location and infrastructure, economical aspects and technical quality, energy and
supply, health and comfort as well as resource efficiency. The indoor air quality of a building can
obtain 50 points, which means that Austrian authorities and research institutions consider indoor
air quality as one of the most important aspects of a building. The validation of the criteria “building
materials with low emissions” takes into account the following aspects: comprehensive product
management, measurement of the total VOC and the measurement of formaldehyde. [12]
Table 2 TQB – tool for the overall assessment of a building [12]
TQB – Building assessment
A. Location and infrastructure
B. Economical aspects and technical
C. Energy and supply
D. Health and comfort
D.1 Thermal comfort
D.2 Indoor air quality
D.2.1 Ventilation
D.2.2 Building materials with low emissions (indoor)
D.2.3 Avoidance of mould and humidity
D.3 Sound protection
D.4 Natural light/sunlight
E. Resource efficiency
Maximum points

200
200
200
200
50
50
25
40
10
50
50
200
1000

Table 3 TQB – tool for the assessment of building materials with low emissions, new buildings and
renovation [12] – Example for criteria
TQB – Building materials with low emissions, new buildings and renovation
Comprehensive product management
Measurement of the total VOC
Total VOC <= 0,3 µg/m³
0,3 mg/m³ < total VOC <= 0,mg/m³
0,5 mg/m³ < total VOC <= 1 mg/m³
1 mg/m³ < total VOC <= 3,0 mg/m³
Total VOC > 3,0 mg/m³
No VOC measurement
Measurement formaldehyde
Formaldehyde 0,06 mg/m³
0,06 mg/m³ < formaldehyde 0,07 mg/m³
0,07 mg/m³ < formaldehyde 0,10 mg/m³
0,10 mg/m³ < formaldehyde 0,12 mg/m³
Formaldehyde > 0,12 mg/m³
No formaldehyde measurement
Maximum points

4.2

24
10
8
6
2
0
0
6
5
4
2
0
0
40

TQ reference brick building “Sieglanger”, Austria

The Austrian Association of Clay Bricks and Roof Tiles Manufactures initiated several projects of
TQ certified brick buildings. In the city of Innsbruck a competition for the development of
sustainable buildings with high architectural quality was initiated. The winning project - the
Sieglanger building - is a vertically compressed garden city with individual terraces and gardens.
Small units with maximum 20 apartments are situated around courtyards with light-flooded
staircases, connecting bridges and openings. The whole building complex fulfils the passive house
standard due to a heating demand of less than 15 kWh/m²a, a controlled ventilation system, and
warm air collectors to pre-heat the air for the ventilation system and solar panels. [13] The TQ
certificate issued to the Sieglanger building consists of the following criteria: adequate
infrastructure, low heating demand, drinking water efficiency, reduction of pollutants caused by

building materials, indoor air quality, comfort, daylight, sunlight in December, sound protection,
flexible change of use, free of barriers, equipment of the building. According to the TQ system the
Sieglanger building achieved an average of 3.76 points (maximum of achievable points: 5,
minimum: -2) while the average of existing buildings is 0. [14]

Fig. 4 Sieglanger building, Innsbruck, Tyrol (Photos: VÖZ, Norbert Prommer)

5. Conclusion
Integrated building concepts which ensure highest levels of technical possibilities for energy
efficiency, economical aspects and the living quality are more and more important in the future.
The healthiness of buildings has an importance for children and elderly people and for all persons
who are interested in a healthy indoor air quality and in the avoidance of toxic pollutants in the air.
Therefore building concepts should take into account all three pillars of sustainability: economic,
ecologic and social aspects. Legal requirements for buildings or building subsidies should focus,
beside the aspect of energy efficiency, on the well-being of the inhabitants to guarantee less
allergic reactions and the avoidance of several illnesses. Due to its mineral content the use of clay
building materials guarantees a nearly pollutant-free indoor air. Furthermore those materials have
a positive impact on the living comfort and the indoor climate. Therefore construction products
made of fired clay fulfil all necessary requirements for healthy living.
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Summary
This paper comprises two main parts. The Research component describes the purpose, process
and outcomes of an analytical study of urban planning policy and various city locations, to identify
strategic directions towards more efficient, equitable and sustainable urban development. The
second, Application component describes a proposed interactive tool for guiding these outcomes,
from a consumer preference viewpoint, rather than through policy action.
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1. Research component – “Shall we Dense?”

The research component of this project is aimed at establishing, and communicating, a
comprehensive understanding of development patterns, residential density, and the implications for
achieving policy aspirations and sustainable urban form, relevant to Australian cities.
1.1

The context of major Australian cities

Australian cities are experiencing unprecedented population growth, with over 1500 people moving
into Melbourne each week. Housing price levels are among the highest in the developed world,
and transport systems and other infrastructures are under increasing strain.
This growth is driving significant higher-density development in central, well-serviced locations,
coupled with significant resistance to change in established, ‘middle-ring’ suburbs. There remains a
strong commitment to, and demand for, new suburban, low-density ‘sprawl’ development, often
regarded as a strategy to address housing shortages and affordability issues, and resulting in an
ever-expanding metropolitan area. Melbourne is approaching an expanse of 100km from east to
west.
This pattern is similar in other major Australia cities, with some localised variation.
Australian cities, like many American cities, reflect the shift towards car-based transport and
development patterns from around the 1960s. Inner- and middle- urban areas (within 10-15km of
the city centre) display predominantly grid-based street layouts, extensive medium- and higherdensity development (multi-unit residential developments), and a dense network of local,
accessible urban centres, with good transport services.
The outer suburbs (15-50+km from the city centre), however, are highly dispersed, vastly
dominated by single detached dwellings on individual lots, irregular and fragmented street patterns,
and a general lack of local urban centres.
These areas are highly dependent on car-based transport. Public transport services are more
dispersed and less frequent, and walking and cycling are discouraged, by lack of appropriate
infrastructure, and significant distances to destinations.
As evidenced by recent events, Australian cities and towns are highly exposed to severe weather
events. Severe drought and water shortages, bushfires, severe storms and dramatic flood events
in recent months and years have caused many fatalities and extensive damage. These events are
expected to continue to increase in frequency and impact due to climate change.

1.2

Policy context

In 2002, the Victorian State Government launched the metropolitan strategy Melbourne 2030 [1],
establishing a range of initiatives to guide our urban response to projected population growth over
30 years and to limit outward urban sprawl, including urban consolidation in existing Activity
Centres and large redevelopment sites, and planned suburban development in identified growth
corridors.
An Urban Growth Boundary was established, but has been moved outwards multiple times to allow
for further greenfield land supply, generally in response to the prominent argument linking land
supply with housing affordability and responding to population growth. In 2010 an additional 43,600
hectares of land was brought inside the boundary.
Melbourne 2030 called for a new approach to suburban development, establishing clustered
neighbourhoods which provide walkable access to local facilities and services, reducing reliance
on automobiles.
This is based on the notion of an Activity Centre (local shops, community facilities, transport
access) with a 5-minute walking catchment denoted by a 400m radius circle, or 800m/10 minutes
for larger centres and transport nodes, based on an accepted understanding of behavioural
patterns relating to walking for convenience services and transport.

[Image: Melbourne 2030 diagrams]

Fig. 1 Diagrams from Melbourne 2030 indicating the type of urban development outcomes sought

However the Melbourne 2030 Strategy also suggested that in new growth areas, a general
increase in residential density to approximately 15 dwellings per hectare should be achieved. The
link between this modest density aim, and the objective for walkable and serviceable
neighbourhoods, was never fully explored or tested.
Perth’s Liveable Neighbourhoods policy [2] similarly suggests a minimum net density of 15
dwellings per hectare in new urban areas, suggesting that this will approximately support the
minimum size urban centre to support walkable neighbourhoods.
Sydney is more spatially constrained than Melbourne and Perth, located between the ocean and a
mountain range. Its’ new Metropolitan Plan for Sydney 2036 [3] suggests that all centres would
have a minimum level of medium density (defined as 25-60 dw/ha), with low density (less that 25
dw/ha) reserved for heritage or physically constrained areas, and higher density (greater than 60
dw/ha) around larger centres.
In 2009, the Victorian Growth Areas Authority, responsible for planning and initiating development
in the growth corridors, launched the Precinct Structure Planning Guidelines [4] for Melbourne’s
growth areas. This document also suggests a density aim of 15 dwellings per hectare.
1.3

People need services / services need people: understanding the links between density
and accessibility

A key tenet of sustainable urban planning and design is supporting the viable provision of facilities
and services (shops, community and health facilities, public transport, schools), which are
accessible by walking, cycling and public transport. In suburban ‘sprawl’ (density range
approximately 7-12 dw/ha), development patterns fail to support a sufficient level of localised,
accessible services, forcing residents to rely on car-based transport.
Therefore we identified our objective, to establish the level of residential development intensity that
is required to deliver the urban outcomes sought by the strategic plans for our cities.
1.4

Learning from Melbourne: testing real places

It was clear that current suburban development patterns were not delivering the stated objectives
of walkable, accessible neighbourhoods, and we understood that the aim of 15 dw/ha was also
insufficient, based on international references such as Towards an Urban Renaissance [5] which
suggests a density of approximately 60 dw/ha to ensure that everyone can walk, usage of local
facilities increases and bus services are more frequent. The update to this document [6] suggests
specifying a minimum density of 40 dw/ha for all urban development.
However, local relevance and applicability would require local examples, and clear demonstration
of the relationships between residential density, urban form and performance outcomes in the
Australian context.
We studied several locations within metropolitan Melbourne and Sydney in detail, with the aim of
understanding the parameters which would support a more sustainable urban form in other
development areas.
Analysis of existing urban areas, local centres and transport services across various regions
reveals that inner- and middle-areas benefit from a clustered structure of walkable neighbourhoods,
with most dwellings within walking distance of a local centre, and comprehensive public transport
coverage. Outer areas, however, display large suburban expanses without any centres, and highly
dispersed transport services, reflecting car-dependent development.

In order to understand what ‘ingredients’ contributed to these visible performance outcomes, our
analysis ‘zoomed in’ to selected inner, middle and outer urban locations, in Melbourne and Sydney,
to investigate development patterns and residential densities, which determine broader patterns of
urban structure (clustered and walkable, or dispersed and car-dependent).
This analysis also looked at other factors, towards confirming the relationships between
development patterns, travel behaviours and accessibility, including:
Land area per capita, and resultant density
Car ownership per household
Transport behaviours (travel mode to work)
Income and housing mortgage
While the results of this investigation were predictable, they confirmed that outer, lower-density
suburban locations demanded increased car ownership and usage, thereby limiting choice and
options for those unable to drive or own a car, and forcing an additional personal financial impost.
1.5

Housing affordability and real costs

A study by Melbourne-based urban economics consultancy Charter Keck Cramer [7], investigated
the personal financial implications of car ownership, as a basis for planning policy decisions which
may reduce the need for car usage.
This study found that, by running one less car in the household over the period of home ownership
or mortgage payments (25 years), the household could:
Accumulate in excess of an additional $1 million (694,000 Euro) in superannuation over their
working life in 2008 dollars, or;
Repay a $300,000 housing loan in 12 years instead of 25 years, saving $245,000 (170,000
Euro) in interest payments, or;
Purchase a home which is $110,000 (76,300 Euro) more expensive than they would otherwise
be able to, at the outset.
The study concluded that: Excessive car dependency may impact upon our ability to achieve key
economic and social objectives. Lower income households are forced to live in what would at first
appear to be more affordable locations, but are actually entering a lifetime of car dependency and
the costs associated with that.
The policy implications are that governments may play a key role in creating awareness of the
economic benefits of reduced car ownership, and facilitating this through appropriate infrastructure
investment. Such an approach will provide the foundation for more sustainable and equitable cities.
By assessing living costs more holistically, these results go some way to disproving the popular
assumption that fringe development is the most affordable option.
Other studies and reports have described the additional personal and social costs which can result
from low-density living, including social isolation and disconnection, lack of accessibility for those
unable to drive, and loss of family/leisure time caused by long-distance commuting and traffic
congestion.

1.6

Triggers and thresholds

Our investigation now turns to the population thresholds required to support local shops, facilities
and services, or the numbers required to ‘trigger’ the financially viable and sustainable provision of
services.
The threshold population must be located within easy walking distance of the centre, to encourage
patronage of local centres, and therefore their ongoing viability. Beyond 5-10 minutes walk, the
behavioural tendency is to opt for car use, and then to potentially bypass local centres to travel
further to larger centres, undermining the viability of the smaller centres. Some of these indicative
thresholds are outlined below:
Table 1 Facilities population thresholds
Community/commercial facilities in activity centre

Population threshold for viability

Local shops/corner store
Small Neighbourhood Activity Centre
(shops, community centre, primary school)
Large Neighbourhood Activity Centre

800 – 1,000 dwellings

Community health centre

8,000 – 12,000 dwellings

Primary School

1,200 – 5,000 dwellings

Secondary School

8,000 – 10,000 dwellings

Train Station

10,000 – 12,000 dwellings

Civic Centre

12,000 – 48,000 dwellings

1.7

1,200 – 4,000 dwellings
4,000 – 10,000 dwellings

Disproving the policy

In many ways, the smallest, lowest-order Activity Centre is the most important, providing localised
access for small communities, and forming the ‘glue’ within the wider urban structure, filling the
gaps between the larger nodes within a clustered network. These centres also help to define
neighbourhoods, forming a local focus point and meeting place which is familiar and close to home.
Without these small centres, there would be large areas of suburban development without local
access to facilities and services.
To support these centres, the minimum threshold population must be accommodated within easy
walking distance, to provide a sufficient number of residents with a realistic and convenient
alternative to car usage.
To fit the minimum threshold of 800-1000 dwellings for the smallest local centre within 5 minutes’
walk of that centre, while also allowing space for non-residential uses, requires a density of
approximately 26 dwellings per hectare.
Developing the same catchment area at 15 dw/ha, as the policy suggests, delivers approximately
510 dwellings within walking distance, or just over half of the required population to support the
centre’s viability and sustainability, and so the centre is unlikely to be economically viable.
It is therefore evident that developing suburbs at an average of 15 dw/ha will fail to support local
centres, and therefore will fail to achieve the clustered network of neighbourhoods which the policy
framework encourages. There is a fundamental disconnect between the objectives of the policy
framework, and the guidance provided.

1.8

The model: aligning centres and populations

Based on the above thresholds, we have developed a model hierarchy of centres and
corresponding population catchments, and therefore development densities within walking
catchments, spanning the full range from smallest/lowest order local centre, to large regional
centre.
This hierarchy accommodates an average density range of 16-72 dwellings per hectare (with
further variation within these averages), proving that there is no single numerical density
requirement, but opportunity for the full range of housing types and development patterns,
providing for diverse communities. Spatial application of this hierarchy has indicated a typical
overall average density of approximately 26 dw/ha.

[Image: SWD density column chart with ABCDE bars across top]

Fig. 2 Residential density and dwelling-type mix, with the density range of proposed hierarchy of
activity centres

2.

Application – “Save: My Life”

2.1

Taking action: a proposition

2.1.1 Identifying the potential
It is clear that urban policy is failing to address the disconnect between objectives and
specific requirements through policy or ‘top-down’ intervention. Therefore, we sought to
identify and facilitate ‘bottom-up’ change, shifting consumer preferences through increased
information, guiding a move towards more compact, centrally located, accessible and
sustainable housing choices, as a way to influence urban outcomes.
While the work is aimed at better planning outcomes and more sustainable urban
development, which supports sustainable transport, more compact housing development,
increased mixing of uses and greater diversity of housing and tenure types, we realised that
it may be more achievable ‘by stealth’.
That is, using communication of the personal implications (financial, health, lifestyle) to
encourage ‘grass-roots’ or ‘bottom-up’ action, allowing informed consumer choice about how
and where one lives, to drive urban change.
2.1.2 Cost now, and costs later
When we purchase a dwelling, we are told its up-front purchase price, but there is no
information relating to the ongoing costs associated with living in that house.
As discussed above, research indicates that ongoing costs relating to housing choice can be
very significant, potentially altering personal choices at the purchase stage. A moderately
more expensive dwelling purchase can potentially form a much less expensive and
financially beneficial option, when considered over the extended period of living in the
dwelling.
2.1.3 Reference: Fuel Consumption Label
New cars sold in Australia are required to display the Fuel Consumption Label, which
indicates the relative fuel consumption or economy of that vehicle. This initiative is aimed at
‘promoting good fuel efficiency and lower greenhouse impact, and encouraging consumer
preferences toward vehicles of greater fuel efficiency to help reduce greenhouse gas
emissions from transport’ [8].
This initiative provides an assessment of ongoing cost (and emissions) implications, adding
another layer of information to the up-front purchase price.

[Image: Fuel Consumption Label]

Fig. 3 Fuel Consumption Label [8]
2.1.4 Initial idea: ‘House consumption label’
Based on this model, we developed a notional ‘Home-Life Rating’ label for dwellings, to
provide relative measures of various criteria relating to financial, health and lifestyle
considerations for any particular dwelling which is for sale or rental.
This idea had significant application potential, but the limitation of this approach was that it
was not ‘personalised’. It addressed the fixed aspects of the dwelling (location, context, size),
but did not address personal factors for the potential purchaser (place of work, family size,
values, place of schooling), which influence the appropriateness of particular dwellings for
the individual household.

[Image: SWD HomeLife Rating]

Fig. 4 Home: Life Rating – proposed ‘fuel consumption label’ for dwellings

Inputs:

Outputs:

+

Dwelling
(fixed)

2.2

Personal
(variable)

“Save: My Life”: personal rating tool for

Recommended
option/
informed
dwellings
choice

Information

The emergence of online and smartphone-based applications prompted us to propose an
integrated “App” (smartphone application) and online portal which can provide measures, ratings,
Location
Proximity
Household/ People
Ratings
Locality
Score/measure
comparisons
and recommendations
to inform personal
choiceAccess
of particular
dwellings.
Access

family

Ages

Mobility
Lifestyle

Categories

This tool is currently a work in progress, and is yet to be fully developed, tested or released. The
proposal and planned product remain the intellectual property of the authors.
Parameters Dwelling size

Activities

Employment

Cost/

Holistic/

Advice

Recommendations

The application
utilises multiple source
and Lifecycle
manipulation, interfacing
Configuration
Education data access
economic
Alternatives the fixed
Locations
qualities of Cost
the selected dwelling and locality, with the variable, personal factors
which influence
appropriate housing choice.
Values
Preferences
Dwelling
Result
Size
It is posited that by providing
more extensive
consumer
information
and
advice Implication
on housing choice,
Priorities
Type
Financial
which ties into personal financial considerations
and lifestyle preferences,
this tool
can significantly
Principles
Form
Lifestyle
influence housing choices, instigating and supporting a shift in consumer preferences and demand,
towards more centrally located, compact, efficient and accessible housing.
Compare

Other options
Current dwelling

It is also foreseen that this shift, while not changing all consumer choices, will be sufficient to allow
new development to reflect a clustered network of walkable neighbourhoods, around larger
regional centres, and supporting viable and sustainable services and facilities. It is acknowledged,
however, that changes in planning policy, as described above, would provide further impetus to
achieving the required change in Australian cities.
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Fig. 5 Current and potential drivers of suburban housing preferences, and possible outcomes of
the proposed Application
2.2.1 Rating tool: functionality and operation
The tool will generate outputs from a combination of base (pre-established) information
relating to any particular dwelling, direct inputs also relating to that dwelling, and direct inputs
relating to the user’s personal and household circumstances.

2.2.2 Base information
This data will be sourced from external providers, such as online map-based data sets, to
identify the dwelling location within the metropolitan area, and derive information relating to
lifestyle and financial outcomes for residents, including:
Proximity and accessibility to facilities and services
Proximity to public transport services
Proximity to employment, and levels/types of employment in the local area
Proximity to schools and education facilities
Local area crime and safety statistics
Proximity and access to local centres, open space, food sources and other facilities
Housing diversity and choices in the local area
This information is directly accessible by the application tool from pre-established sources,
without requiring direct user inputs.
The implications of these factors for personal lifestyle and financial circumstances include:
Accessibility, and minimising transport costs
Potential for reduced car ownership/usage
Potential for independent mobility for young and elderly
2.2.3 Inputs: dwelling
This data, relating to the dwelling itself, will require direct user inputs relating to the specific
dwelling under consideration. However it is expected that a central database will gradually
build up with dwelling-specific information, especially for newly constructed dwellings, for
which information is easily available through regulatory/planning processes.
These inputs will include:
Dwelling type and configuration
Floor area
Building envelope information
Building systems information
Cost (sale or rental)
These factors carry implications for ongoing household costs for heating, cooling, water
usage and maintenance. Lower-cost housing may carry higher lifecycle costs (above
purchase cost), which can potentially be factored against higher purchase costs for betterlocated and more efficient housing.
2.2.4 Inputs: personal/household
The other direct inputs to the application relate to the user’s personal and household
circumstances. These inputs will include:
People (household size, ages)
Activities (employment, education)
Transport
Income
Values or priorities
This information allows the tool to assess potential housing choices through a filter that is
specific to the potential resident.

2.2.5 Outputs
The outputs include a numerical rating or measure for the specific dwelling being considered,
relative to one’s personal circumstances, across multiple categories:
Health (personal/family/physical/mental)
Cost (financial/lifecycle)
Lifestyle (social/community, access, facilities, safety)
Green (contribution to environmental sustainability)
The tool will also provide information on the implications of particular housing choices
(financial, lifestyle, access etc), and comparisons with other potential dwelling choices.
The tool would then recommend other specific dwellings for consideration, based on
properties currently available for rental or sale (from a centralised, existing real estate
database).
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Fig. 6 Inputs and Outputs of the proposed Application
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Save: My Life

Measures and inputs: Version 01: 14 April 2011

LOCATION (FIXED)
Measure
1.1

Score

User
Range: priority: NOTES:

Score drivers:

Walkability

0-100

N/A

Walkscore.com
1.2

Shops, dining, community facilities

Proximity to public transport

0-45

N/A

PT point 1: PT point 2: PT point 3:
0-200m
200-400m
400-800m

Levels:
Train Station
Tram stop
Bus stop: SmartBus
Bus stop 1-20min freq

3
2
1

5
4
3
2

Bus stop local 20-60min freq 1
1.3

1.4

Proximity to schools/education (if relevant to user)
Primary
0-400m
3
400-800m
2
800-1500m
1

1/2/3
1/2/3
1/2/3

Proximity to activity centres

0-75
AC 1:

0-400m
400-800m
800-1500m

1.5

0-27
Secondary Tertiary

AC 2:

N/A

AC3:

5
3
1

Proximity to public open space

0-25

Primary
Secondary
Tertiary

Levels:
Principal A
Major B
N'hood large C
N'hood small D
Local E

5
4
3
2
1

major/active
local/passive

3
2

N/A

Major/activeLocal/passive
0-400m
400-800m
800-1500m
1.6

5
3
1

Proximity to employment

0-25

N/A

0-9

N/A

F/T Jobs per capita (working age populatioHome municipality / region
0 - 0.25
1
0.25 - 0.5
2
0.5 - 1
3
1 - 1.5
4
1.5 +
5
P/T Jobs per capita (working age population)
0 - 0.25
1
0.25 - 0.5
2
0.5 - 1
3
1 - 1.5
4
1.5 +
5
Employment types in region
Professional/office
0/25/50/75/100
Retail/service
Industry
Agriculture/rural
1.7

Pedestrian and cycling infrastructure
PBN: km (municipality or localit1
2
3
Bicycle/shared paths: km
(municipality or locality)
1
2

0-5 km
6-10 km
10+ km
0-5 km
6-10 km

Fig. 7a Table of inputs and potential measures within the proposed Application

Save: My Life

Measures and inputs: Version 01: 14 April 2011

DWELLING (FIXED)
Physical
Dwelling type

Detached/Semi-det/terrace/apartment

Floor area

sq.m

Implications for heating/cooling costs

No. of bedrooms

Approporiate to family size

Shared walls

Proportion of total

Building envelope

Materials, insulation, glazing type
Energy efficiency
Hot water, appliances, heating
Energy/water efficiency
Private outdoor space, swimming pool

Building systems
Water demands
Rating (if available)
Star rating

Implications for heating/cooling
Indicator of compact development
Implications for heating/cooling costs
Implications for energy efficiency
Implications for water costs

0-7
7/6/5/4/3/2/1 Energy / water

Cost
Sale price
OR
Rent (per month)

$
$

per month

HOUSEHOLD (variable)
People/activities
Working adults (18+)
1
2
3
4

Location of work (curre Employment type:
1:
(Location) Professional/office
2:
(Location) Retail/service
3:
(Location) Industry
4:
(Location) Agriculture/rural

Non-working adults (including students)
1
2
3

Location of study/training
1:
(Location)
2:
(Location)
3:
(Location)

Children/adolescents (0-17)
Kindergartern/childcare
0/1/2/3
Primary school
0/1/2/3
Secondary school
0/1/2/3

Location of school (current)
1:
(Location)
2:
(Location)
3:
(Location)
4:
(Location)
5:
(Location)

Interests/activities
Sport
Religion
Shopping
Dining

No. of personsA
0/1/2/3/4/5/6 0/1/2/3

Income
Household income (gross)
Transport
Household motor vehicles

Primary transport mode

$000,000

B

C

Employment level:
Full-time
Part-time / casual

A - Level of participation
B - Primary current location
C - Level of commitment to this location

H/M/L

0/1/2/3/4

Adult 1
Adult 2
Adult 3

Mode:
Physical ability
Car/walk/bi 1/2/3

Child 1
Child 2
Child 3
Child 4
Personal priorities
Lifestyle
Time at home, work-life balanc 1/2/3
Relaxation, less stress
1/2/3
Independent mobility, accessib1/2/3
Entertainment, nightlife
1/2/3
Place character
Vibrant location, activity
Quiet, serenity
Space, privacy

1/2/3
1/2/3
1/2/3

Values
Sustainability, green living
Community, social interaction
Cost saving
Location/region (specify)

1/2/3
1/2/3
1/2/3
1/2/3

Fig. 7b Table of inputs and potential measures within the proposed Application

2.3

Potential benefits and outcomes

2.3.1 Informed choice, lifestyle and social implications
The major benefit of this application is the provision of in-depth information to guide
consumer choices relating to housing, and using this information to influence preferences
towards more compact, walkable, sustainable development outcomes. This information will
also counter prevailing marketing-driven perceptions about sprawl development, and reveal
the significant personal financial and lifestyle benefits of more sustainable urban form.
This is expected to result in a significant proportion of purchasers seeking housing which
provides benefits in terms of location, accessibility and service provision, increasing demand
for more diverse housing, and facilitating urban form of sufficient density to support local
provision of services and facilities, within walking distance of all dwellings.
2.3.2 Financial implications
Personal financial implications of housing choice is seen as a powerful driver of change in
consumer preferences and choices, and demand for particular housing and development
types.
Dwellings in more centrally located, established urban locations are often more expensive to
purchase than new dwellings on the urban periphery, reflecting the higher demand and
higher value of established locations.
Further, peripheral houses are often seen as representing better value for money, providing
bigger houses and more land, for an equivalent or lower price than other, more urban
locations.
However as demonstrated above, the ongoing costs of additional household car ownership,
which is driven by the limited transport options in outer, low-density suburban locations, can
make a dwelling which is more expensive at the outset, more cost-effective over an extended
period.
As fuel prices and broader living costs continue to increase, this discrepancy between lowercost housing and resultant higher-cost living, will only increase further.
2.3.3 Residential finance criteria
Australian cities are currently experiencing a housing affordability crisis. Many prospective
purchasers are ‘forced’ to pursue the lowest-cost dwelling available, and are not able to
consider higher cost options, because of limited finance capacity, even though ongoing costs
are likely to be lower.
The Save: My Life tool has the potential to influence mortgage lending criteria, by facilitating
a more holistic assessment of costs related to housing, and therefore the capacity of a
particular household to service the housing loan over an extended period.
That is, purchasers may be provided with higher loan amounts or assistance with higher
rents, because of their projected lower living costs resulting from their choice of betterlocated housing, as informed by the Save: My Life application.

2.4

Next steps

This project has attracted significant interest over the past year from all levels of government,
agencies, Universities, consultants and practitioners in Australia and New Zealand, through various
industry presentations and conferences. We have identified various potential partnerships to assist
with the development of Save: My Life, and are currently working on confirming the project team,
participants and process for implementation, as well as the format, content, functionality and
operation of the application.
We look forward to the prototype completion in the near future for testing and development,
towards commercial release and distribution of the application.
2.5
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Summary
This paper assesses the evaluation of sustainability in the construction context. It focuses on the
building envelope materials, and lime mortar will be the case study in the comparative analysis. It
will be compared with a common used mortar, through a methodology that uses indicators,
parameters and weighing criteria, the MARS-SC.
This is a tool developed at the School of Engineering from Minho University in Portugal, and its
criteria and method will be presented throughout the present paper. The above-mentioned
research proposes to contribute to the knowledge of this tool, which enhances the integration of
sustainable and responsible choices by the designers.
Keywords: Sustainability Indicators, Evaluation, Building materials, Lime mortar, Cement mortar,
Pozzolana, MARS-SC

1. Introduction
According to Grigoletti [1], the construction sector is one of the biggest contributors for the
exhaustion of natural resources due to the consumption of about 40% of raw materials such as
sand, crushed stone, and gravel, among others. Roodman [2] also confirms that the construction
industry is one of the largest and most active sectors throughout Europe and responsible for 28.1%
of employment in the industry and 7.5% of the European economy. The construction industry
worldwide also consumes more raw materials (about 3000 Mt / year, almost 50% by weight [2])
than any other economic activity. This high extraction can lead to depletion of natural resources,
land degradation, as well as the loss of local flora and fauna diversity. The consumption of these
resources is not restricted to their incorporated raw materials, but also to the residue and waste
that are generated throughout the life cycle of the building.
In order to obviate this problem, there have been more and more investigations about the
sustainability concept. In the beginning we tried to amend the damage, but currently we appeal to
a pre-emptive action. This is a paradigm shift, since the concept of Sustainability was defined in
the Bruntland Report in 1987 as: “the sustainable use of natural resources should supply the
needs of the present generation without affecting the future generation’s ability to meet their own”.
This concept relates closely to the environmental approach, appealing to the protection of existing
ecosystems necessary to the survival of the human species on the planet, but it also has evolved
and expanded concerning social and economic implications.
The definition of sustainability is not tight, but there is a majority consensus on the involvement of
three major components: ecological, social / functional and economic [3] [4] [5]. But there are also
authors like Bächthold [6], who gathers a cultural component to the three above mentioned fields
and also Campus [7], who argues that there are five dimensions to the definition of sustainability,
the last one being the spatial dimension.
Another concept that emerges concomitantly with Sustainability is the eco-efficiency of products
and buildings, which was defined in 1991 by the World Business Council for Sustainable

Development (WBCSD): eco-efficiency is the development of products and services at competitive
prices that meet the needs of the human species’ quality of life, while progressively reducing their
ecological impact and raw materials consumption throughout their life cycle, to a level that is
compatible with the capacity of the planet [8].
In this context, the Life Cycle Analysis (LCA) was developed by integrating all the environmental
impacts throughout the full life cycle of the product – the extraction and processing of raw materials,
manufacturing, transportation and distribution, use, re-use, maintenance, recycling and final
disposal, "from Cradle to Grave” [9].
This concept was originally developed in the field of impact assessment for products, and
ultimately provided the conceptual basis for the development of buildings’ environmental
assessment tools in Europe, U.S. and Canada in the 1990’s [10].
The LCA is regulated by the ISO 14000 series; however, it only assesses the environmental impact
of the product, not including the social and economic aspects. Nonetheless, its structure is
perfectly adaptable to the analysis of other dimensions, allowing for the development of
independent indicators, which, in their weighted combination, can produce an assessment of the
sustainability degree. The lack of consensus concerning which criteria defines a sustainable
material makes the selection process very complex, arbitrary, time-consuming and costly, due to
the lack of a building materials database in which these are classified according to a set of
standard criteria. The way materials are used is as important as their identification and selection. It
is possible to incorrectly apply environmentally friendly materials, thus failing to achieve any
environmental benefit from their use [11].

2. Assessment tools for sustainability
There’s been a development of several sustainability measurement and evaluation tools and
systems, which perform analysis on a global, national and building scale.
There are three kinds of analysis:
LCA-Life Cycle Analysis, focused on environmental aspects and applicable to products and
entire buildings, examples being: Eco-Quantum (Netherlands); Eco-Effect, (Sweden); ENVEST
(UK) BEES (USA), ATHENA (Canada); LCA House (Finland).
Environmental declaration of products - Labelling, Product Environmental Focus: Der Blaue
Engel (Germany); EcoLogo (Canada); Nordic Ecolabel (Finland, Iceland, Norway, Denmark);
Weighing Systems with integrated environmental assessment at a building scale, based on
Checklist:
Table 1 Examples of Weighing Systems with integrated environmental assessment, and categories
/ areas of verification
BREEAM (UK)
Energy
Transportation
Pollution
Materials
Water
Land Use
Health and
welfare

LEED (USA)
Sustainable sites
Efficiency in water
use
Energy and atmosphere
Materials and
resources
Process Design
Indoor Environmental Quality

GBTool (Canada)

LiderA (Portugal)

Resource Consumption
Environmental
Loads
Indoor air quality
Quality of service
Economy
Maintenance operations
Daily transportation

Local integration
Resources
Environmental Loads
Indoor Environment
Durability and accessibility
Environmental management and innovation

HQE (France)
Ecoconstruction
Ecomanagement
Comfort
Health

The advantage of all these tools is their holistic approach, combining qualitative and quantitative
data, and the possibility to make a data assessment with heterogeneous units. It is also noted that
these tools are constantly updating, correcting its limitations and appealing to meet the most
current needs.

3. Methodology for the Relative Sustainability Assessment of Construction Systems – MARS-SC
3.1

Objectives and Methodology

As previously documented, it is extremely difficult to perform a full products or building systems
LCA. Therefore, we present an alternative methodology developed by Bragança and Mateus in
2006, called MARS-SC - Methodology for the Relative Evaluation of Sustainability for Constructive
Systems – in the School of Engineering of Porto, Portugal. This tool evaluates the sustainability of
construction solutions for each building element. It considers three dimensions: environmental,
social / functional and economic, based on three indicators which include some parameters that
depend on the specific objectives of the evaluation [12] [13].
3.2

Minimum and maximum threshold

Sustainability is an issue that should be evaluated in comparison to the common practice - the
standard solution - of a country or a specific location, thus making it possible to verify, for each
parameter, if the analysed solution has a better performance than the reference solution. The
minimum threshold of sustainability must represent the most expressive solution on the market and
should be regularly adjusted according to technological development. The most sustainable
solution depends on the state of the art at the moment [13].
3.3

Three indicators and their parameters

The parameters selection strategy tries to match a holistic vision, emphasising the most relevant
aspects of the case study. However, it should be noted that over-sizing the indicators and their
parameters could make their interpretation time consuming. In the next table we list several
possible parameters, which will be selected accordingly to the purpose of the analysis.
One can still fit in some other parameters, such as PEI from renewable energy sources (MJ and %),
PEI of non-renewable energy sources (MJ and %), amount of waste (kg) generated during the life
cycle, Ozone Layer destruction potential (kg R11-Equivalent), a toxicity parameter in the social
indicator in order to ensure the health of all users, among others. The System is flexible, and
therefore, the analysis is easily adaptable.
Table 2 Parameters of Indicators potentially applicable Indicators to the MARS-SC methodology,
and their respective units. Source: [12] [13]
Environment (Unit)

Social / Functional (Unit)

Economical (Unit)

GWP – Global warming potential (kg, CO²- equi.)
PEI – Primary incorporated
energy (MJ e %)
Recycled content (%)
Recycling potential (%)
Reusing potential (%)
Quantity of raw materials /
natural resources (kg e %)
Toxicity
Acidification (kg, SO²- equiv.)
Eutrophication of water reserves (kg, Phosphate- equiv.)
Incorporated water (l/kg)

Sound isolation of air conduction (D'nT, w)
Sound isolation of percussive
sounds (L'nT, w)
Insulation (kWh/m2)
Durability (years)
Fire behaviour (M0-M4)
Impermeability (%)
Stability
Seismic behaviour
Constructability
Flexibility
Innovation and design

Construction costs (€)
Maintenance costs (€)
Operation costs (€)
Dismantling / demolition costs (€)
Residual value (€)
Cost of treatment for returning to the
natural environment (€)

3.4

Data Collection

Data collection is the most important task in the evaluation process. The source from which the
values are drawn must be scientific and independent, in order that it does not influence the results
of the analysis. It must be regularly updated and controlled by an external review to ensure its
quality.
3.5

Parameter Normalisation

The parameter normalisation is done in order to work with units and values very different from each
other. According to Balteiro, this process may be calculated as follows [14]:
- When an indicator is of the "more is better" type, one should proceed as follows:
(1)
- When the indicator is of the "less is better" type, one should proceed as follows:
(2)
Using this normalisation, the indicators became unitless and the values are converted to a scale,
between 0 and 1. An index of sustainability degree is therefore generated, regarding the cases in
analysis, being the 1 the greater impact value and the 0 the least impact value [14].
3.6

Aggregation

For better reading and comprehension, an aggregation of the various parameter values for each
indicator is made. This aggregation can be done in a measured way to give a relative importance
to the parameter on the overall picture, which is assumed when meeting the requirements of the
project. Thus, we obtain an abstract value that represents the relative performance of the solution
at each indicator [12] [13].
The partial performance of the solution at each indicator (IS) is calculated according to the
aggregation method presented in equation 3.
(3)
“IS” is the weighted average of all previously standardised parameters of an indicator and “W” is
the weighing value between the three. This calculation will be individually made for the
environmental and the social / functional indicator. The economic indicator is a summation of all the
costs during the life cycle, so it is made by a simple summation, without weighings.
3.7

Weighing

The weighing is a very subjective point, with no unanimity about its method. There are weights set
for ecological parameters by the EPA, the United States Environmental Protection Agency, or from
Harvard University, for example [8].
But since in Portugal there are no nationally recognised weighing criteria, the MARS-SC chose to
give equal weight to each indicator´s parameter. For the social / functional parameters one could
make some surveys to potential users, in order to identify the parameters that are considered the
most important.

3.8

Results

After the indicators were individually assessed, its weighted sum will be performed. This final
calculation will provide the relative degree of sustainability of the materials to consider:
(4)
The “W” is again a weighing value; the MARS-SC has opted to produce the environmental and
social / functional indicators a 0.4 and only a 0.2 to the economic indicator.
After obtaining the final value, it is possible to compare the materials (A and B), concluding one of
three possible situations: A > B, A = B, A < B. If an analysed material can be considered as a
reference, more than the comparative result, one gets the notion of how much it is contributing to a
choice of impact in terms of what is the national common practice.
3.9

Reporting results

Reporting the results is extremely important to bridge the last objective of this type of analysis:
simple and clear understanding of the results in order to ensure its practical applicability in the act
of design.
Ensuring maximum use of this type of analysis is to present the final values as the values of each
indicator, because there may be cases in which some values could override the ratings of other
indicators in the calculation of the final value. Due to the fact that these numbers are not intuitive to
interpret, it is proposed a data graphic representation as "radar".

Figure 1 and 2 Example for graphical presentation of results. At first the material B is more
sustainable than material A (reference), and second the situation is the opposite.

4. Case study: Mortar Cement and Lime
4.1

Presentation of the materials under analysis

A case study will now be presented using the MARS-SC for evaluating the exterior finishes in
cement mortar (considered the reference solution - C) and lime-based mortars with and without the
addition of pozzolans (V1 and V2). The aim is to conclude which mortars have the best
sustainability performance after evaluating the indicators: ecological, social / functional and
affordable.
Mortars based on lime (air or hydraulic) were the main form of plastering and settlement until the
arrival of cement. Cement is a binder that provides additional strength and ease in application, as
well as a speedy execution, thus taking the place of primary binding materials for contemporary
mortars. However, it is noted that sometimes cement is too hard, especially in cases of mortar
replacement in existing buildings. The lime-based mortar (air or hydraulic), on the other hand,
allows for more deformable behaviours. This characteristic is essential for rehabilitation
interventions, and whenever it is intended to retain authenticity and durability. After exposing these
differences, it is relevant to make a comparative analysis between them to check the three scopes
that form their related degree of sustainability.

4.2

Setting parameters

The following table shows the parameters chosen respectively for each indicator and their
individual and aggregate weights, which have been considered more relevant to the subject of this
study.
Table 3 Weighing of parameters and indicators of the case study

Indicator

Ecology

Social/
Functional
Economy
4.3

Parameter
IPE – Incorporated primary energy
(MJ/kg)
WRM - Weight of raw material (kg/m³)
GWP – Global warming potential (g/kg)
AP – acidification potential
ODP – Ozone layer degradation potential
(g/kg)
DP – Waste produced in the production
(kg)
CO2 - Absorption CO2 (%)
W – Incorporated water (l/kg)
DUR - Durability (low; medium; high)
COM - Thermal conductivity (W/m.ºC)
CC – Construction cost (€)

Weighing of the
parameter
0.125
0.125

Weighing of the
indicator

0.125
0.125
0.125
0.125
0.125
0.125
0.5
0.5
1

0.4

0.4
0.2

Results

Presentation of the results obtained by the MARS-SC: Table 4 presents the results of the
quantification of parameters and Table 5 summarises the quantification of values of the three
indicators. The charts of the radar results are presented below.
Table 4 Results of the quantification of parameters
IPE WRM GWP AP ODP WP CO2 W DUR COM
CC
C 1268 1900
98
0.8
11
17
1
170
3
1.3 10.34
V1 732 1700
68
0.6 0.4
2
3
50
2
0.8 13.76
V2 732 1700
68
0.6 0.4
2
3
50
3
0.8 14.94
Table 5 Results of quantitative indicators

C
V1
V2

Ecological Social/functional Economical
0.40
0.30
0.14
0.20
0.32
0.18
0.20
0.22
0.20

Final Value
0.84 = Ref.
0.71 < Ref.
0.63 < Ref.

Figure 3 and 4 – Graphic results, the first is the analysis of all parameters of C and V1, and the
second C and V2.

Figure 5 and 6 - Graphic results, the first being the comparison of indicators between C and V1,
and the second the comparison between C and V2

5. Discussion
As stated by the authors of MARS-SC, it is extremely important to take into consideration that the
obtained results depend on the considered parameters and their weighing, because results could
differ by choosing other values. There is also the possibility of introducing other parameters that
better suit the object of study in analysis, giving it another perspective.
In this case study it was shown that the V2 solution is the most sustainable, having the most
balanced result. V1 and V2 have a better ecological performance than C, while at the social /
functional value V1 and C are tied. Mortar C only gets the best values in the economic indicator,
which had a lower weighing in the overall evaluation, since it was considered, without
compromising their function, to be more important to have a good compatibility between the built
and natural environments than the cost factor.
The data are drawn from sources of scientific and independent character, without any attached
commercial conditions. The ecological parameters are taken from [8] and [15], the social /
functional are from [16], and the economical values were taken from [17].
However this is the most critical point in the analysis, due to the lack of national databases with
official values for the materials, validated by the same criteria.

6. Conclusions
The MARS-SC tool has proven to make an in-depth case study, generating a clear and simple view
of a highly complex concept - sustainability - due to its multidisciplinary character.
The methodology proved to be a flexible system capable of analysing various types of parameters,
while normalising the values of heterogeneous units.
The holistic view of MARS-SC provides an ecological perspective not only of materials, but also for
the other two scopes of sustainability: social / functional and economical.
For future developments it is of the utmost importance to develop public databases with the
national characteristics of materials in all its aspects, so that this type of tool can achieve its full
potential: The scientific evaluation of building systems, in order to contribute to the development of
sustainability, allowing designers and engineers to make more conscientious and responsible
decisions in the design process.
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Full Paper
Summary
Humans have for a long time been attracted by the benefits of living close to each other in
communities. The process of urbanisation has its power from cities being centres of culture, power
and economy activities, and hence centres of decision making.
Some cities have become attractions in it selves and attract inhabitants, companies and tourists
from all over the world. These cities have obviously great values. All of the attractive cities are
characterized of layered complexity in contrary of separation of uses. We must direct our planning
efforts with personal experiences towards real cities. We have most of all to consider the human
aspect of urban planning in order to get long-term quality.
With urban lifestyles dominating the world there is an increasing interest to define and create the
“good city” in policy, research and practise. There is no question that if ever achievable, the city in
itself can display a high concentration of windows of opportunities. Mankind has tremendous
knowledge in various disciplines considering long-term durable issues. We must have a holistic view
and coordinate the positive synergies in order to create long-term durable urban areas. One of the
key questions is how define what is attractive. Why do we feel comfortable in some urban
environments and not in others? When we’re busy learning how to plan we´re busy forgetting whom
we´re planning for. The challenge of planning is the public, and the public is also the key to a
successful plan. People and environment exists in symbiosis; planning fails not because it is
conceptually flawed, but because it too often relies on technically derived solutions rather than
human ones.
We have to define various humanistic attractive town-shapes in urban planning. This is crucial for
our future planning. We seem though often to lack capability to plan new attractive urban areas with
city-centres and instead we plan suburban structures. We must create new urban areas with insight
about human conditions and preferences. We must learn from old mistakes and old successes and
learn to create beautiful, comfortable, ecological living for the future.
We present solutions implied in our environmental area Pakkalan Kartanonkoski, a small-scale and
humanistic part of the “good city”.

1.

The cause of wellbeing

1:1 Attractive urban space
One of the strongest attractions of a town according to human wellbeing lies in the space in
between the buildings. One of the most obvious attractions in urban planning is the streets and
public places. It is also crucial to plan with a strong, own identity. This is what separates a suburban environment from a city-like. The spaces in between the buildings in a town are very well
specified and have defined limits. The facades constitute walls and the design of the ground
describes the floor of the town-room. Inhabitants and visitors feel safe when they dwell in the public
town-room such as streets and squares, because they understand the code of the limits. Human
beings have limitations in our spatial ability and have therefore difficulties in understanding too large
and too vaguely defined spaces. When we have difficulties in understanding what we perceive we
do not feel comfortable.
When we share public room we tend to easily take contact with
each other, especially if the room is not too big. Social contacts are
also easily to take when we slow down and have something in
common, for example in squares, playgrounds, small parks such as
“village greens” and in common courtyards. Different public rooms
have different “temperature” according to social behaviour. We
have to create different public urban rooms with different content
and different nuances in publicity and tempo. This is fundamental in
order to get social contact and social stability in urban areas. The
environment also has to create an unpretentious feeling to make
social contact easy. The dynamics between common urban spaces
like streets and squares, and the private and half-private zones, like a private garden or a courtyard,
gives dynamic living in the town. We can choose to be public or private when we are outside our
dwelling.
Fig. 1 People meet in small
parks inside the block

1:2

Architectural symbols
We have to consider what humanistic design has to consist to
make humans feel good, and in that perspective we have to
dissect architectural symbols and our five senses. All images
are signs and all built environments are containing symbols.
We interpret what we see in art into pictures of real world.
The discipline that must investigate how we experience built
environments is therefore not only the psychology of
perception but the semiotics – the science of signs.
Irrespective of what we want, architecture and urban

environments affect everyone. We get affected of our built
environment conscious and sub-conscious. Attractive built
environments affects us with positive cognitive benefits. In nature we can prove cognitive benefits
as well as in some genres of music. Art and photographs of nature gives the same cognitive
benefits as in real life. Many of our new-built and planned urban areas give no consider to these
values, and therefore many of our new urban areas are too monotonous and have no own identity
of its own. Their attraction-values are depending on another attraction like an old charming town or
a lively city-centre
Fig.2 Welcome? Welcome!

1.3 Our spatial capability of thinking and perception
It is hard to remember different streets or parts of urban areas when all streets and buildings are
very similar. This will make us confused and uncomfortable because we have difficulties in

remembering where we have been and therefore find our way. A comfortable urban area has a
hierarchical structure where the buildings, streets and public places have different design and work
together to create an understandable and logical structure. Everything is linked in a well-defined,
hierarchical order based on the place conditions, the content of the town and in symbiosis with the
landscape. Whole blocks of houses have in modernistic planning often the same colour and design.
This make us perceive them as gigantic wholes instead of individual buildings. We have therefore
difficulties in our perception – we have too few details to cling our perception and remembrance on.
1.4 Dynamic town-structure
Dynamic town-planning consider these facts and organize
therefore the urban environment in an understandable,
hierarchical structure and in a human scale. With different width
of the streets, colouring of the facades, house-types, squares,
and so forth we can design the urban landscape to explain the
hierarchical structure. An urban plan with hierarchical
organization of the streets is designed to lead us and reduce
the necessity of signs. This structure also gives, in a naturally
way, an interesting and various urban area.
Understanding a town-structure and find my way through the
town without signs, is valuable according to comfort. The
streets and the different parts of the town need a hierarchical
organisation which create dynamic, sprung out of the content of
the town. This gives an understandable structure, which also
Fig. 3 Town-planning in a
explains the organisation of the town. In other words –you will
hierarchical structure
easy find your way through the environment because you will
understand the structure and recognize different landmarks and places through their different
identity and hierarchical value. Compared with suburban structures, which are monotonous, the
dynamic of humanistic town-shaping explains to the visitors where they are.
The hierarchical structure explains where in the town you are, where to go, and how to find your
way. For example can a high building mark a city-centre and main streets can orientate towards that
building. The high building will become an important landmark for the city-centre and mark the
town’s central parts. This will result in two things:
You will easy find the city-centre
You can use the high building as a landmark to understand where you are
Buildings also use their “body-language” to explain direction or movements in the structure. Through
their relation to the street buildings can give a hint if you are supposed to stop in a crossroad or if
you have priority. Buildings and plan structure works together in symbiosis and it is important that
these expressions are synchronized.
1.5 Colours
Colours are strong symbols and affect us in a conscious and unconscious way. For example green
and blue are the most prevalent colours in the environment, so they tend to have a comforting and
calming effect on people. Purple, which also is a calming colour, reminds people of royalty, bravery
and honour. The military Purple Heart is time-honoured tradition that traces its root to medieval time.
The problem with colours is that some shades may be too garish or foppish, especially in urban
landscapes. Today most of our urban areas share the same few colours which often only are
shades of grey and white.
Three studies of the psychological and physiological effects on people of coloured room interiors
indicate that the colour will have impact in many different levels. The perception of the space was
affected and the colours also had an impact on the emotions and physiology of the trial-persons.
Strong colours, especially red, and patterns put the brain into a more excited state, sometimes to
such an extent as to cause a paradoxical slowing of the heart rate. Practical implication shows that

we can use colours to stimulate emotions and physiology that are adequate for the specific
experience we want to create in a specific urban space.
1.6 Symbioses between built environment and vegetation
The benefits when we plan urban areas in symbiosis with
vegetation are many. The planned vegetation such as trees and
cut hedges is after the buildings the most important tool to create
the definition of the town-room. The combination of buildings,
greenery and the width of the streets give endless opportunities
of variation. The difference between town-like streets and green,
winding roads with private villas or row-hoses is a central part of a
town’s dynamic hierarchy. New technology is not enough to solve
the ecological crisis in the world. We have to change our way of
living and thinking. When we plan our future cities we have to
consider future lifestyles where access to grow parts of your own
food and compost is one important issue. The benefits are
ecological, economical, social, esthetical, and pedagogical.
Urban nature should be integrated parts of the city and gives
great social-ecological synergies when planned proactive. We can prove cognitive benefits of
interacting with nature and nature-like areas such as parks. They are therefore central in humanistic
town-planning.
Fig. 4 The Ille-park created
for unpretentious meetings

Microclimate between buildings in many modernistic suburbs is often very windy. The lack of high
trees and too big buildings with no urban qualities in the plan-structure, give the environment a bad
humanistic microclimate. Trees are central in urban nature. They form a green ceiling in the streets
and over the sidewalks, they reduce uncomfortable wind forces, they give us shadow in the
summertime, glittering branches with rime in the wintertime. Flowering trees and bushes can give a
wonderful fragrance and beautiful colours. We explore and experience urban environments with all
five senses, consciously and unconsciously. Urban nature also provides local ecosystem services
such as absorption of air pollution, reduction of noise and wind-forces and provision of places for
recreation, and is therefore crucial to urban sustainability development.
1:7 Town-shape and climate
When we study old built environments from before modernism, we can often see that the shape is
adjusted after local climate conditions. An illustrative example is Dubai where the town-structure of
the old town is built to counteract sandstorms with narrow, winding streets and low buildings. Trees
and winding, narrow streets give less wind forces and shadow in the summertime. The modern
parts are not adjusted to the environmental conditions. Here the town has got a more suburban
design with high buildings in a sparse structure.
1:8 Attraction of sound
Positive sounds in built environment are seldom or never considered when we plan new urban
areas. We consider negative sounds like noise from traffic but positive sounds like, music, birdsinging or positive “environmental-sounds” are not considered. We get very affected of sounds and
negative sounds are very stressful. Positive sounds on the contrary give many positive cognitive
benefits. “Soundscape” is a word invented of the Canadian composer Robert Murray Schafer. The
expression includes all sounds that belong to a certain environment. We expect certain sounds in
specific environments. Sounds that are experienced comfortable and informative have to come to
their right and given opportunity to be heard. The different characters in the urban area can be
strengthened with a conscious planning of sounds.

1:9 Urban environments and safety
It is very safe to walk or bicycle through an area with dynamic structure where the buildings
are close to the street. Narrow streets request careful driving and they should be designed
on the condition of pedestrians. Apartment-windows close to the streets give indirect light
and the inhabitants can supervise what is happening in the street. This conveys that it feels
safe to walk in the streets even in dark wintertime. Bicycle lanes should be prioritized in
avenues. A deliberate strategy for cycling is very important in order to make it safe and easy
to go by bike.
1:10 Urban sprawl
Suburban sprawl is a multifaceted concept, which includes the spreading outwards of a city
and its suburbs to its outskirts to low-density and auto-dependent development on rural land,
high segregation of uses and people and design features that encourages car dependency.
Urban sprawl results in:
High car density
High costs for infrastructure per person
High level of racial, cultural and socioeconomic segregation
Low public support for sprawl
High use of energy, land and water per capita.
A central part to counteract urban sprawl is to build diverge urban structures with high (but
different) density in combination with a lively city-centre with commercial life. An attractive
city-centre gives unseeingly consequences according to attraction in all parts of the town and
its surroundings. When we implement a hierarchical town-structure in planning we
automatically counteract urban sprawl.
1:11 Genus loci

Fig. 5 Day-water
pond creates
positive values

The place itself contains identity in forms of paths, landscape details,
trees, geological conditions, historical landmarks, etc. It is important to
identify a place conditions and qualities before we plan a new area.
For example can day water be used in new ponds and watercourses,
existing trees can be a part of the new common town-rooms, hills can
give an interesting plan to the streets and so on. When identity is
sprung out of the existing environmental conditions we get natural
variations. It is also valuable to define other environmental conditions
such as ambient built environments and landscape directly outside the
area. Variation stands in this meaning in contrast to monotonous. The
modern society is asking for diversity and paradoxes with multitude
surprises. That will have effect on people’s creativity and creativity is
considered an economic asset in future society. The city should be a
communication-nave as well as finance-centre. Creativity generates a
perfect soil for seminal ideas and that will have direct impact on our
development.

2. Well-being as a model for integration and socio-/ economical
sustainability
2.1 Attraction gives economical and social values
Many of our most attractive areas were from the beginning built for workers and people with
low social status, for example Garden-Cities. They are today considered attractive and
beautiful and have strong own identity. Today they are inhabited by high-income households
with high social status despite their simplicity and long distance to a city-centre.

Historical the processes of urbanization functioned as a potent catalyst for social speculation
and social action. The lower classes these activists were attempting to help were living in
squalid and significantly unhealthy conditions. City dwellers must somehow be brought to
perceive themselves as members of cohesive communities knit together by shared moral
and social values. The Garden-City advocates in the beginning of our past century were
driven from a political, ecological and social point of view. Their ambition was to combine
cities with farming areas in an ecological unit. Another goal was to create independent cities,
free from class-segregation. These questions are still actual and we have a lot to learn from
succeeded examples from these believes. Good examples of urban environments are often
built during times of crisis for working-class people or people in lower middle-class. They are
proved to be durable because of their modern functioning despite their age. Judged by their
high price-levels today they are very attractive environments and the access of these kinds of
areas is lower than the demand. This proves that it is both economical and long durable
social values we create when we plan attractive environments.
2.2

Attraction against segregation
Attractive environments have long-term stability considering
social and economical values. If we do not plan attractive
areas, people that can afford to choose something more
attractive moves, and we will get social segregated areas.
The result is that the area gets a negative economic and
social spiral. And the result of that is that we do not get the
qualities we need to create long-time durable urban areas.
The increasing social and ethnic segregation is a big threat
toward our urban areas. History is telling us to avoid patentsolutions. We have to provide for various taste-lines of livingFig. 6 Social meeting in
areas and make certain that different ownerships are built
the yard
side by side in a rich tissue of town-structures with different
identity and social layers. To build attractive areas give immense social and economical
benefits. And it is not more expensive to produce - it is a question of humanistic and
attractive design.

3.

Discussion, final comments and conclusions

Today we build suburban environments with few humanistic grounds because we have many
architectural taboos considering modern design. For example we still consider Le Corbusier’s
80 year old vision of a new time as a modern way to plan urban areas. With promises of
sunlight, air and light a long row of suburbs grew up in order to solve the lack of habitations
in the outskirt of the big cities. This genre of monotone architecture and repetitive townplanning was soon considered uncomfortable and very soon segregated living-areas
occurred with almost only exposed minorities. The artistic and social visions in Corbusier’s
ideas proved to lead to uncomfortable and anonymous suburbs with social and economic
collapse. These areas lack of humanistic insight is the cause of their total social and
economical failure and we have to study them only for their mistakes. We have to dare to let
go of the Modernistic believe - it is not modern any longer.
3.1 Perception of values
Our built environments affect us in a concrete, physical way but more on a subconscious,
intuitive level. We have to realize that the science of signs is nothing we can choose not to
bring into our minds when we dwell in built environments. We all are very sensitive in this
matter and we often get affected without knowing why. Gloomy colours, repellent and sharp
design and materials that are not considered ecological, dominate our artistic visions today.

Architecture is one of the most powerful symbols of our culture. Through our environmental
symbols we must lead the way to the kind of future we want to have.
3.2 Architectural solutions expressed in Pakkalan Kartanonkoski
We present a small-scale, urban and humanistic way to plan environments. We want to
contribute with the environment Pakkalan Kartanonkoski. It is
situated only 3 km from Vantaa Airport, Helsinki, Finland. After
winning a competition in 1998 we have made the detail-plan for
Finland’s probably most exposed and debated new area. Today
more than 3 600 people live here and many more wants to move in.
The people in Finland have confirmed that the genre of
Kartanonkoski represents a part of the future. In a competition in
Fig. 7 Trademark
Finnish National Television MTV3, people could propose attractive
urban environments in Finland. Kartanonkoski were selected and ended up in a top ten
position in the following national audience-voting. The architect of the area Erika Wörman,
have got the Vanda-medal for her extraordinary achievements.
The comfort of the Kartanonkoski-area is visible. Green avenues and small, winding streets
are composed in a hierarchical structure like in small towns. Different streets have different
character. For Kartanonkoski we made an extensive quality-program in the planning process.
For example we coloured each building separately in order to strengthen the different
identities. The main street has red colours in order to mark the street’s high hierarchical
status. The buildings are situated close to the narrow streets and have entrances towards the
street. Behind the houses, in shelter from insight from the streets, lie the small and private
gardens and half-private courtyards. Small common parks inside the blocks create many
great opportunities for social meetings. The strong identity of the area creates a deep feeling
of solidarity between the inhabitants. This thesis already City Beautiful leaders advocated.
The Kartanonkoski-area has won a social prize for its exemplary town-planning. The central
“Ille-park” with its beautiful pond for day-water and its beautiful greenery – creates many
opportunities for unpretentious meetings. Play-tools and exciting environmental design made
for experiences, attracts people of all ages. With the sound of streaming water and playing
children it is a wonderful “soundscape” and in combination with a scent of roses the park
gives many perceptive qualities.The comfort of the area gives the people who live here great
quality in life. The strong identity makes the inhabitants proud of being a part of the area.
These facts give the area both an economic and social positive trend. Kartanonkoski is built
on a ground with low value but has now increased the whole community’s reputation and
given the municipality an international trademark. Kartanonkoski is going to be exposed
during Helsinki World Design Capital 2012 for its beautiful town-planning.
3.3 Durable planning for the future
Attraction in urban areas is the most important key to create long durable qualities according
to wellbeing. We have to clarify what human beings consider beautiful and comfortable and
therefore find attractive. What built environments do we choose to be in when we can – for
example in our vacation? Do we all go to the same type of area? Compared with other
disciplines in our culture, for example music, we have very little variations considered genres
in new-built architecture. People have various taste lines. Why doesn´t this show in
architecture? We cannot afford to continue planning unattractive environments, not from an
economic aspect nor from a humanistic. Moreover, it seriously undermines efforts to meet
the global challenge of climate change - and this is urgent. We must specify different genres
in architecture in order to give people an opportunity to choose. This is a true humanistic
attitude and when this approach is implemented we will build diversified, characteristic, longtime attractive urban environments for the future.

4.

References

[1]

BORGSTRÖM S. “Urban Shades of Green, Current Patterns and Future Prospects of
Nature Conservation in Urban Landscape”, Doctoral Thesis in Natural Resource
Management at Stockholm University, Sweden”, 2011, pp. 11-21, 36-41,
JACOBS J., The Death and Life of Great American Cities, 1961.
Planificent: “The Well Planned is Magnificent”, Students from the Urban Planning of
Portland
State University, Toulon, School of Urban Studies and Planning, 1994.
BURBY R., “Making Plans that Matter”, Journal of the American Planning Association,
Vol. 69, Issue 1, 2003, pp 33-49.
KOLB B., “Fundamentals of human neuropsychology”, 1996.
GARDNER H., “De sju intelligenserna”, Jönköping, 1994.
LILJA E., “Identitet och Tillhörighet I Moderna Förorter”, Den Ifrågasatta Förorten,
1999.
GOODMAN N., Languages of Art an Approach to a Theory of Symbols”, 1968.
BERMAN M., JONIDES J., KAPLAN S., “The Cognitive Benefits of Interacting With
Nature”, Psychological Science, Volume 19, Number 12, pp 1207-1211, Department
of Psychology, Department of Industrial and Operations Engineering, Department of
Electrical Engineering and Computer Science, University of Michigan, 2008.
KÜLLER R., MIKELLIDES B., JANSSENS J., “Color, Arousal and Performance of
Three Experiments”, Color Research and Application, Vol. 34, No 2, 2009, pp 141-152.
LARSSON U., ”Utformningens Betydelse för Ljudupplevelsen”,
Bostadsgårdens Ljudmiljö i Stadsbebyggelse, SLU, 2009
LILJA E., ”Boendesegregation – orsaker och mekanismer. En genomgång av aktuell
forskning”, Bilaga 1 till Rapport Social Hållbar Stadsutveckling – En Kunskapsöversikt,
2008
RÅDBERG J., ”Utopier och Myter i 1900-talets Stadsbyggande”, Drömmen om
Atlantångaren, 1997.
HOWARD E., Garden Cities of Tomorrow, London, 1902 (1985).
RÅDBERG J., Den Svenska Trädgårdsstaden, Stockholm, 1994
LE CORBUSIER, Precisions, Paris, 1960 (1930).
“Urban Sprawl in Europe – the Ignored Challenge”, EEA Report, Nr 10, 2006.
Parker, Simon (). Urban Theory and the Urban Experience: Encountering the
City, 2004.
MEIJLING J., Påståenden om framtiden, 2008, pp 18-23, 60, 116-117,
Boverket, Karlskrona, 2010.

[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

A Preliminary Study of Resident's Mental Health in Archilife
Symbiosphere 1 Center
Yu-Ju Lin
Chief Executive Officer
Health101 Clinics
Taiwan
joylove.ruby@msa.hin
et.net

Yu-Ching Chou
Superintendent
Health101 Clinics
Taiwan
unclejoe0306@gmail.c
om

Professor Chin-Hwa Su, Taipei Medical College, Taiwan, curator@tmu.edu.tw

Summary
Background From healthy building to sustainable building, the ultimate goal of these architecture
developments is trying to create a built that could provide a balance of human life, ecological
reservation, and nature resources of earth, and all the above researches and developments
concern about the human health. In Taiwan, the indicators of indoor physical-environment for
occupants’ health had been well defined and developed. However, the indicators of mental state for
occupants’ health had not been surveyed. By the definition, human health is a state of physical,
mental, and social well-being. Thus, the indicators of occupants’ mental health in a building are
needed to be investigated. Archilife Symbiosphere 1 Center (ASC1) is designed and built in a
sustainable way by Archilife Research Foundation since 2002, and is located at the northeast of
Taiwan. There are people living there for over 5 years. This study is a preliminary survey of these
occupants’ mental health. Method and Materials The life diary of ASC1 is a questionnaire of
computer worksheet file which can be easily assessed by every resident’s personal computer. The
contents of questionnaire include basic characters, 24-hour daily activities, mental health indicators,
physical-environment, and biologic-environment indicators. All people living in ASC1 fill in this diary
every day. From Jan-1-2008 to Dec-31-2008, all the life diary records of ASC1 were collected, and
the system managers keep the occupants’ names confidential. We uses SPSS 15.0 English edition
for the descriptive and inferential statistics. Results There are 41 residents and total 2,068 living
diary records were collected. The work and rest time: work for public issues account for 58.4%,
The meals: 99.6% eat lunch for symbiotic meal. Physical and biological environment indicators:
mainly complaint about humid (22.0%), and insects (27.4%). Daily activities: 99.4% use internet,
30.9% attend to book reading club, and 20.8% have peer discussion. The today whole feeling:
60.6% feel ordinary. There are four indicators of mental health, and the multiple regression
analysis showed happiness score is significantly associated with today environment feeling, today
health condition, and today whole feeling (p<0.05). There are three mental and social activity
indicators including personal thinking time, peer group communication time, and learning activities
time. Multiple regression analysis showed that the factors associated with personal thinking are the
weather, biological environment, today health condition, and today whole feeling (p<0.05). The
factors associated with peer group communication are physical environment, today environment
feeling, and today whole feeling (p<0.05). The factors associated with learning activities are the
weather, physical environment, today environment feeling, today health condition, and today whole
feeling (p<0.05). Conclusion ASC1 provided residents a sustainable living territory and symbiotic
life style for over 5 years. This study is a preliminary survey and cross-sectional study of residents’
mental health in ASC1. From the results of our study, some physical and biological indicators in
ASC1 are found to be improved for promote mental health. In the future, more cases and a
comparison study of mental health with an ordinary building are needed for further investigations.
Keywords: mental health, sustainable life-style, symbiosis

1. Introduction
1.1

Definitions of Health and Mental Health

By World Health Organization (WHO) definition proposed in 1946, health is a state of complete
physical, mental, and social well-being, not merely the absence of disease or infirmity. Downie et al
(1996) suggested that this definition includes positive and negative meanings. For example, health
is to exist positive character: happiness, and not to exist negative characters: disease and infirmity.
Thus, health includes prevention of disease, and health promotion [1].
Engel (1977) proposed a bio-psycho-social model of health. He considered human health is a
result of interaction with bio-psycho-social factors [2]. Thomas (1979) supported that social and
environment factors are associated with our health [3]. In Downie’s health model, the idea of “true
happiness” was used to reflect the process of having a good life. For example, to have friends, to
satisfy the material needs, to control the life, to have the ability to choose what to do or to be
someone, all the above characters compose our “true happiness”. Downie also proposed the idea
of body fitness as a positive meaning of health, including strength, stamina, suppleness, and skills.
In our study, we use the idea of “happiness” to represent the positive meaning of mental health.
1.2

Meanings of Healthy Building, Green Building, and Sustainable Building

Healthy Building was defined as “The way in which we experience the indoor environment,
includes not only physically measurable quantities, such as temperature, draughts, ventilation air
flow rates, noise, air quality or light, but also esthetic factors such as layout, light, colors, space,
materials and other subjective elements. To these must be added other factors such as job
satisfaction, and good relationships with superiors and colleagues. A healthy building has all
these.” (Health Building 2000) [4] By this definition, to evaluate a healthy building, physical and
mental factors must be included.
Green Building (GB) was stated as ”To use the limited resources more efficiently and promote the
solutions in economy and environment problems, further more to improve the living environment, is
called the Green Building.” (United Nations Commission on Sustainable Development, 1993) [5]
Sustainable Building (SB) was concluded as ”A sustainable agenda operated on scales of
materials, buildings, and urban regions, and must also include consideration of functional, social,
economic and ecological factors. Strategies for reaching a sustainable built environment must
reflect varied regional conditions and priorities, and different models for implementation: think
global, act local.“(Sustainable building 2000) [6]
The ultimate goal of these above architecture developments, from healthy building to sustainable
building, is trying to create a built that could provide a balance of human life, ecological reservation,
and nature resources of earth [7]. It is noted that all the above sustainable development discussion
concern about the human health.
Archilife Research Foundation proposed a new formula (GB+Symbiosis=SB) for sustainable
buildings. It was first introduced at a special session of the 2002 World Sustainable Building
Conference held on September 25th 2002 in Oslo, Norway entitled “A New Sustainable Approach
Challenge of Subtropical Region”. Symbiosis is a micro-scale symbiotic approach with mimicry of
nature. It requires that people establish an intimate symbiotic relationship with the biological world,
and particularly with the vegetables and fruits which provide us important source of food. It is in
order to minimize their impact on nature and ensure environmental sustainability. This formula
means symbiotic lifestyle with environment is an essential factor in a sustainable building.
1.3

Research on Health Issues Inside a Building

In Taiwan, the health issues inside a building had been investigated. Chiang et al (1999) proposed

an indoor environment index (IEI) for labelling Green Buildings. The indicators of indoor physicalenvironment including acoustics, illumination, thermal comfort, indoor air quality, water quality,
greens cover rate, vibration, and electromagnetic field [8]. Although mental factors are associated
with indoor physical environment, however, the mental health for occupants’ had not been
surveyed. Thus, we proposed this study for surveying this.
1.4

Archilife Symbiosphere 1 Center

Archilife Symbiosphere 1 Center is
designed and built by Archilife Research
Foundation. It is an aggregate of multifunctional, symbiotic, experimental and
digitalized habitable construction. It
mimics interdependent relationships in
the natural world. It plays a role as a
platform for the dialogue between
knowledge,
technology
and
the
geographical as well as the climatic
condition the center situated. A localized
miniature symbiotic and recycling
system is built to conduct integrated,
long-term, and comprehensive research.
The Center hopes to not only increase
the efficiency of materials and energy
but also put symbiotic lifestyle into
practice. Since its open on Oct. 23, 2002,
Fig. 1 This is Archilife Symbiosphere 1 Center
the Center has implemented a series of
experiments on symbiotic lifestyle, and is
currently operated through four symbiotic recycling systems, including planting, symbiotic meal,
cleaning and compost, to test whether these systems are feasible, economical, and durable.

2. Methods and Materials
The life diary of ASC1 is a questionnaire of computer worksheet file which can be easily assessed
by every resident’s personal computer. The contents of questionnaire include basic characters, 24hour daily activities, mental health indicators, physical-environment, and biologic-environment
indicators. All people living in ASC1 fill in this diary every day. From Jan-1-2008 to Dec-31-2008, all
the life diary records of ASC1 were collected, and the system managers keep the occupants’
names confidential. We uses SPSS 15.0 English edition for statistics tools. The descriptive
statistics include the means and frequency of all items in life diary. The inferential statistics for
correlation of mental health indicators are analyzed by multiple regression analysis.

3. Results
The results include two parts. Part 1 is descriptive statistics for calculating the distribution of
background life characters. Part 2 is multiple regression analysis of happiness and mental health
indicators.
3.1

Background Life Characters

From Jan-1-2008 to Dec-31-2008, there are 41 residents and total 2,068 living diary records were
collected. All the records are calculated by frequency, not by person.
3.1.1 The Weather
The weather of 2008 by the diary records, there are 7 different combinations of types, including
sunny, cloudy, rainy, sunny-cloudy, sunny-rainy, cloudy-rainy, and sunny-cloudy-rainy. The first

three type of weather are sunny day accounts for 38.4%, cloudy-rainy day accounts for 20.1%, and
cloudy day accounts for 11.6%
3.1.2 The Sleep Duration
The sleep duration is subtracted by the time for go to bed and get up. The first three results are 7-8
hours accounts for 29%, 8-9 hours accounts for 28%, and 9-10 hours accounts for 14%.
3.1.3 The Work for Public Issues
There are 4 different types of public issues, including planting, composting, cleaning, and preparing
symbiotic meals. The results showed work for public issues account for 58.4%, and the first result
is preparing symbiotic meals accounts for 9.9%.
3.1.4 The Meals
There are two kinds of meals in ASC1, ordinary meal is bought back from outside restaurants, and
symbiotic meals is prepared by all residents, using the vegetables planted on their own. The results
showed symbiotic breakfast accounts for 24.6%, symbiotic lunch accounts for 99.6%, and
symbiotic dinner accounts for 25.8%.
3.1.5 Indicators of Physical and Biological Environment
There are six indicators of comfortable physical-environment including suitable temperature, the
breeze sways, fresh air, dry and not humid, abundance of sunshine, and suitable rainfall. The
results showed suitable temperature accounts for 26.5%, the breeze sways accounts for 28.0%,
fresh air accounts for 31.4%, dry and not humid accounts for 10.7%, abundance of sunshine
accounts for 23.7%, and suitable rainfall accounts for 16.5%. There are four indicators of
uncomfortable physical-environment including indoor-air quality, humidity, acoustics, and
illumination. The results showed humidity accounts for 22.0%, and indoor-air quality accounts for
5.6%. There are three indicators of uncomfortable biological-environment including insects,
microbes, and big animals. The results showed insects accounts for 27.4%.
3.1.6 Indicators of Mental Health
There are four indicators of mental health including today environment feeling, today health
condition, today whole feeling, and happiness. There are three items of ‘today environment
feeling’ and results are enjoy 12.8%, comfortable 60.2%, and uncomfortable 26.9%. There are five
items of ‘today health condition’ and results are best 4.1%, good 31.2%, ordinary 57.3%, bad 6.5%,
and poor 0.8%. There are five items of ‘today whole feeling’ and results are best 6.3%, good 29.4%,
ordinary 60.6%, bad 3.4%, and poor 0.4%. There are also five items of ‘happiness’ and results are
best 7.2%, good 29.6%, ordinary 57.6%, bad 5.0%, and poor 0.6%, and the average score is 3.38.
3.1.7 The 24-hour daily activities
The frequency of daily activities showed 99.4% use internet, 34.5% read books and news, 30.9%
attend to book reading club, 27.2% observe the nature, 20.8% have peer discussion, 13.9% have
listen to classes, and 3.3% have creation of arts.
3.1.8 Indicators of Mental and Social Activity
There are three mental and social activity indicators including personal thinking time, peer group
communication time, and learning activities time. The personal thinking time is a distribution
and the results are 20.5% within 20 minutes, 56.9% within 60 minutes, 17.9% within 60~120
minutes, 19.2% within 120~240 minutes, 6% within 240~600 minutes. The peer group
communication time is a distribution and the results are 20.8% within 30 minutes, 61.2% within 60
minutes, 27.1% within 60~120 minutes, 9.2% within 120~240 minutes, 2.5% within 240~720
minutes. The learning activities time is a distribution and the results are 13.8% within 30 minutes,

52.9% within 60 minutes, 21.5% within 60~120 minutes, 12.2% within 120~240 minutes, 13.4%
within 240~600 minutes.
3.2

Factors Association with Mental Health Indicators

We analyze the factors associated with happiness to represent these residents’ mental health
condition. The inferential statistics of factors associated with happiness is calculated by multiple
regression analysis, and all factors of the weather, physical and biological environment, and mental
health are included. The results show today environment feeling, today health condition, and today
whole feeling are significant (p<0.05). The weather, physical and biological environment factors are
excluded.
The factors associated with three indicators of mental and social activity are calculated by multiple
regression analysis, and all factors of the weather, physical and biological environment, and mental
health are included. It is showed that the factors associated with personal thinking are the weather,
biological environment, today health condition, and today whole feeling (p<0.05). The factors
associated with peer group communication are physical environment, today environment feeling,
and today whole feeling (p<0.05). The factors associated with learning activities are the weather,
physical environment, today environment feeling, today health condition, and today whole feeling
(p<0.05).

4. Discussion
Today
The Weather

Today

Health
Condition

Happiness Score

Environment
Feeling

Physical
Environment

Today
Whole
Feeling

Biological
Environment

Fig. 2 Factors Association Model of Happiness Score
in Residents of Archilife Symbiosphere 1 Center

In this study, there are four indicators of
mental health, including happiness
score, today environment feeling, today
health condition, and today whole
feeling. By the definition of Downie’s
health
promotion
model,
“true
happiness” has positive meaning [1].
Thus happiness score is used as a
representative factor of mental health.
From the results of multiple regression
analysis,
happiness
score
is
significantly associated with today
environment feeling, today health
condition, and today whole feeling,
which represent a person’s inside
psychological
environment.
The
weather, physical and biological
environment indicators which represent
a person’s outside environment are
excluded by multiple regression
analysis. The association factors model
of happiness score are shown in figure
2.

In this study, there are some indicators
of physical and biological environment
in ASC1 are found to be improved. Humidity accounts for 22.0%, and insects account for 24.7%,
both are the most uncomfortable indicators. First of all, high humidity and high temperature
condition are the major problems of tropical sustainable architecture, including Taiwan [9]. Although
ASC1 is located at the Northeast coast of Taiwan, it is also humid and hot in summer. Ventilation
by natural winds and coverage with green plants can reduce high humidity and lower high
temperature. Secondly, insects are major problems in high humidity and high temperature
environment. Some insects are beneficial to agriculture and others are harmful to life [10]. For
example, bees are insect pollinators, and mosquitoes are pathogen of dengue fever, yellow fever,
and malaria. How to live with these insects in symbiotic way are under long term investigations. In

ASC1, all the residents and the managers held meeting every week, and all the uncomfortable
environmental indicators were discussed and improved in the next week. This study reflects that
humidity and insects are a long term uncomfortable physical and biological environment indicators
which need to be improved for increasing happiness scores.
There is compelling evidence that social support is significantly associated with mental health [11],
and social networks can work as social support systems to promote mental health [12]. In ASC1,
we found that 88.3% residents communicated with peer group in two hours a day. We are
interested in the high frequency and time in peer group communication, and symbiotic meal may
be a major reason. Nearly all residents prepare and eat lunch as a symbiotic meal in the same
restaurant. People talk to each other while they are cooking and eating together. Indeed this is a
happy hour in many residents’ memory.
Peer group communication, personal thinking, and learning activities are mental and social activity
indicators. These are all influenced by residents’ today whole feeling, which is an associated factor
of happiness score. That means if residents’ today whole feeling are good, they do more mental
and social activities, and vice versa. It is a mentally positive feedback. Thus, to promote mental
health, managers of ASC1 could hold some holiday activities for residents’ interaction, recreation,
and learning.
There are some limitations of this study. First, the diary lacked personal characters, so this result
cannot statistic the association personal characters with mental health. Secondly, this study is a
quantitative research, not a qualitative research of residents’ mental health, some mental health
issues did not showed in the results. Thirdly, this is a case study of ASC1, not a large scale
comparison study. Thus, the results cannot apply to other sustainable or non-sustainable buildings.

5. Conclusions
ASC1 provided residents a symbiotic life style for over 5 years. This study is a preliminary survey
and cross-sectional study of residents’ mental health in ASC1. From the results of our study, there
are four indicators of mental health, including happiness score, today environment feeling, today
health condition, and today whole feeling. Happiness score is significantly associated with today
environment feeling, today health condition, and today whole feeling. There are three mental and
social activity indicators including personal thinking time, peer group communication time, and
learning activities time. All mental and social activity indicators are associated with today whole
feeling. High humidity and insects in ASC1 are found to be improved for promote mental health. In
the future, more cases and a comparison study of mental health with an ordinary building are
needed for further investigations.
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Summary
Confronting the global climate change and its natural disasters, it is not sufficient examining sorely
on excessive consumption of resources by industrialization. It is essential to experience a new
lifestyle toward the next civilization to find the solution for the complex problems. The Archilife
Symbiosphere I Center (ASIC) is a human-centered ecosystem with complicate ecological linkages
between human, crops, and other biological species. A hierarchy model of system theory, named
“symbiome”, was build in previous study to describe the characteristics of the ASIC, which was
constructed with keynote species, major symbionts, and cosymbionts. The objectives of this study
were to describe the interface among the symbiome and its ambient environment, and to establish
an index to evaluate the condensation degree of human exploitation. We proposed a biological
layer in sustainable built environment which increasing circulation rates of all basic requirements,
providing food for residents, establishing a health protection network, and reducing impact to the
environment. Five hundred and sixty-four species were found within 5-kilometer radius around the
ASIC in 2001 and 2002. During the study period, 120 species of green plants, 40 resident, and 94
immigrating–emigrating species were recorded in the ASIC. A hierarchal model extending from
“symbiome” included global and regional scales. Passages of solid, liquid, and gas materials
between the symbiome and its ambient environment were described. The overall impact of the
“symbiotic shield” must be able to stop the expansion of human activity. Its effectiveness not only
needs sufficient species of wild edible plants, but also needs to raise their utilization ratio in our
daily living. Its effectiveness not only needs sufficient species of wild edible plants, but also needs
to raise their utilization ratio in our daily living. The strength of symbiotic shield is a joint ability of
edible plants to handle certain needs for living. The values of ability to handle needs range
between 0 and 1, where 1 represents the strongest ability to fulfil the daily living needs. Therefore,
symbiosis constant, index of the symbiotic shield strength, is the average of above values for each
need. If the index value approaches 1, symbiotic shield has the most powerful feedback to provide
energy or return matters to the environment, and has the greatest convergent ability to reduce
human range. The range of human activities may be restricted and convergent as following
equation.
(Area of symbiotic shield/Range of Human activity) / (Area of Human exploitation/ Range of Natural
Resource)
1
Keywords: Symbiome, Ecology, Symbiotic System, Green Village, Biodiversity, Sustainable
Settlement, Sustainable Building, Empirical Experiment, Symbiosis Constant

1. Introduction
Changes in the ocean and on land, including observed decreases in snow cover and Northern
Hemisphere sea ice extent, thinner sea ice, shorter freezing seasons of lake and river ice, glacier
melt, decreases in permafrost extent, increases in soil temperatures and borehole temperature
profiles, and sea level rise, provide evidence that the world is warming (Intergovernmental Panel
on Climate Change, 2007). Confronting the global climate change and its natural disasters, it is not
sufficient examining sorely on excessive consumption of resources by industrialization. The state
of the Earth under human domination is biogeographic and trophic restructuring of the Biosphere
(DeWitt, 2003). It is essential to experiment upon a new lifestyle toward the next civilization to find
the solution for above complex problems.
1.1

An empirical experiment for living

The Archilife Symbiosphere I Center (ASIC) is a human-centered ecosystem with complicate ecological linkages between human, crops, and other biological species. The ASIC has established at
Fulong Taipei since October 2002. The research teams of the Archilife Research Foundation (ARF)
had worked on various disciplines, such as physical environment, biological environment, agriculture, aquaculture, history, and cultural study since the last 2-3 decades (Huang 2002). Thoughts,
discourses, and inventions of these researches became the design foundation of the ASIC. The
ASIC was set to be an experimental place for residency, and it was considered as a humancentered ecosystem in terms of ecology. The food chain (or food web) was formed with links
(Paine 1980) in the above ecological system; that is, the predation for human on other biological
species.
Based on the awareness of life-threatening by the 100-thousand-yeared periodical disasters, all
Archilife research teams had been focused on the ASIC since 2004, in order to optimize continuously and to improve the ASIC through concentrated efforts. Thereby the maturity of the ASIC
would formulate a strategy for Taiwan to cope with such a drastic environment change. The strategy would solve potential problems due to the global climate change, as a regional strategy, in
Taiwan. Furthermore, the experience would be expanded gradually and would assist other international communities overwhelming the crisis.
The most important objective of the ASIC operation was to increase the efficiency of material
transfer rates between its bio-processing units. Four main units organized a close recycling livingsupporting system (Su et al. 2002). (1) Food supply system, including mainly vertical planting system and vine shelves, produced food by green plants. (2) “Solar dietary” was a way of eating, and
used solar energy for food processing. (3) Excretory materials were collected using “dry toilet” system. (4) Secondary “composting system” ensured fully the determination of disease-caused bacteria and parasites. Above units introduced the solar energy into the symbiotic system, and energy
depositing in the plant tissue was digested by human body. Excretion became fertilizer back to the
soil. Such symbiotic system, or “Symbiotic Ecological Environment” (SEE), provided food production for human, and its interactions were kept stable among biological species by antagonistic
mechanism between subsystems which were organized with each cropped species and its symbionts.
1.2

Theoretical model

A hierarchy model of system theory, named “symbiome”, was built in previous study to describe
the characteristics of the ASIC, which was constructed with keynote species, major symbionts, and
cosymbionts (Day 2008). The concept of symbiome originated from a human-centered prototype
which was described by President J. H. Lin of the Archilife Research Foundation. Symbiosis has
been gradually understood as the driving force and mechanism of biological evolution recently
(Margulis and Fester 1991). According to the “symbiotic continuum”, the greatest fitness of life history strategy through evolutionary process decided the type of interaction between two biological

species (Starr 1975). A human-centered model rephrased the concept to a human-residential environment, which was very different from the Odum’s energy-based ecosystem model.
“Symbiome” indicates originally a biological system that organisms (animals, plants, and protists)
live closely with micro-organisms (Sapp 2004). On the other hand, endo-symbiosis hypothesis reveals that the complex organisms are a symbiotic system of simple organisms (Margulis and Fester 1991), while Japanese ecologists recognized biological cells are “small symbiotic system” and
biosphere of the Earth is a “large symbiotic system”(Higashi and Abe 1992). Therefore, a symbiotic
system is a super-organism consisting of many symbionts which has greatest fitness for all kinds,
within the abiotic environment. Once the interaction between two species begins, it indicates a
simplest symbiome has been formed. The process of expansion of symbiotic system is named
“symbiome development”, while the recruitment and extinction of symbionts is called “symbiome
assembly”.
Many biological relationships have been neglected by the energy-based ecosystem model, which
only link species with negative interactions (predation). Ecosystem consists of biotic and abiotic
portions, while symbiome connects biological species with symbiolinks and encloses biotic portion
with abiotic environment. Biome is a large ecosystem in a geographic scale, which contains typical
animal and plant communities. On the other hand, a large symbiotic system is defined as “symbiome”. Biosphere refers to the range of all organisms on the earth, where symbiosphere indicates
the union of all symbiomes (Day, 2008).
1.3

Objective

The objective of this study was to describe the interface between the symbiome (human + edible
plants) and its ambient environment. Furthermore, interactions and mechanism of human-cantered
symbiotic system with its natural resources (supporting system) were interpreted. Finally, an index
to evaluate the condensation degree of human exploitation was established.

2. Methodology
2.1

Manipulation and observation
Plant resource was observed within 5 kilometer
radius around the ASIC in 2001 and 2002 (Fig 1).
Eleven locality and one outbound control site (Fig.
1, site 6 Dachi) were surveyed and identified to
species for recruitment and evaluation for edibility.
Plants were photographed weekly with camera in
late spring and early summer, and every two
weeks in late autumn and early winter. Systematics,
edible portions, eating method were classified into
table for further inspection.

Fig. 1 Collection sites of plant resource
around the Archilife Symbiosphere I Center

Between Aug. 23, 2002 and Jan. 2003, collected
plants were tested by volunteer residents of the
ASIC. Standard of species selection and
recruitment were established according to
observation from response of residents to the
plants. Selected edible plants were cropped on the
vertical planting system of the ASIC based the
result of previous eating test.

2.2

Theory deduction

A consilient review of several disciplines, such as ecology, biology, sociology, economics, etc.,
were conducted to generate a model to illustrate the relationship among human, edible plants, and
their ambient environment. Change of the ecological socio-economical system through humanplant symbiosis was diagrammed to illustrate the function of symbiosis shield.

3. Results
3.1

Survey of plant resource

Five hundred and sixty-four species were found within 5-kilometer radius around the ASIC in 2001
and 2002, which include 34 species of Pteridophyta, 6 species of Gymnospermae, and 488 species of Angiospermae (418 Dicoyledoneae, 70 Monocoyledoeae) (Table 1). Comparison with total
number of species in Taiwan, 13.40% was found around the ASIC, while 5.59% Pteridophyta,
21.43% Gymnospermae, and 13.66% Angiospermae respectively (Table 2). In summary, six families and
six species Pteridophyta, 35 families and 97 species Gymnospermae, and eight families and 21
species were found edible.
3.2

Medical plant resource

Based on literature review, 14 families and 21 species Pteridophyta, three family and three species
Gymnospermae, 58 families and 173 species Angiospermae, 49 families and 152 species dicotyledones, and nine families and 21 species Monocotyledons were found usable in Pharmacology
within 5 km radius around the ASIC. One
Table 1 Result and classification of plants hundred and eleven out of 197 medical species
surveyed the Archilife Symbiosphere I were wild edible plants with medical properties.
Eleven types of medical properties were found
Center
from above 111 species, i.e., body construction
regulation, sanitation, immune system imItem
FAMILY GENUS SPECIES
provement, gastrointestine, bone and skin, eyesight, circulation, metabolism, bleeding and
1 Pteridophyta
18
23
34
swelling prohibition, reproduction, and respira2 Gymnospermae
5
5
6
tion. Four types of medical function based on
Chinese traditional medication were recognized,
3 Angiospermae
108
345
488
i.e., cold and cool, warm and hot, gastrointesDicotyledoneae
91
284
418
tine, and advantage egest. For example, 45
species, including mulberry, Houttuynia cordata,
Monocotyledoneae
17
61
70
sandbur, cuckooflower, bamboo, canna, planTotal
131
373
564
tain, were for cold and cool. Ten species, fig
tree, basil, Perilla, Asiatic pennywort..., were for
hot and warm. Fourteen species, Fig tree, mulberry, Asiatic pennywort, bamboo, canna..., were for
gastrointestine function. Furthermore, 12 species, Chervil, Plantain, Basil, Perilla, Purslane wild
celery, betal nut..., were for advantage egest.
Species composition and change through time were also monitored between the beginning operation of the ASIC and February 2007 (Day 2008). One hundred and twenty species of green plants,
40 resident, and 94 immigrating–emigrating species were recorded in the ASIC. The number of
species was the most in the Vertical Planting System (89), which were introduced by residents.
Animal species were attracted by those plants as their symbionts. There were 48 species occurred
in the 3rd floor with horticultural boxes and vine shelves additionally, there were 1, 11, and 7 species occurred in the second floor, first floor, and basement respectively (Day 2008).

Table 2 Number of species and percentage of collected plants to all vascular
plants in Taiwan
ITEM

FAMILY

Pteridophyta
Gymnospermae
Angiospermae
Total

GENUS

SPECIES

18/38

47.37

23/160

14.38

34/608

5.59

5/8

62.50

5/16

31.25

6/28

21.43

108/182 59.34

345/1184 29.14

488/3573

13.66

131/228 57.46

373/1360 27.43

564/4209

13.40

Therefore, area within 5 km radius around the ASIC had enough plant variety for our daily use, at
least for food and medicines. Furthermore, a symbiotic system was organized by both positive and
negative symbiolinks (Day, 2008). In other words, we concluded that the source of symbionts (living partners) to build a symbiome (human settlement) can be gathered around the site.

4. Discussion
4.1

The human crisis

The ecosphere of the earth is a small world network, which may collapse at the rapid expansion of
human habitat. However, once the natural resources are exhausted (the network collapse), human
population must decrease according to the law of ecological carrying capacity (Odum, 1997). Human has expanded its own habitat and population with its animal instinct. Fossil energy has
strengthened the utilization of natural resources since industrial revolution (Fig. 1b). In consequence, organic matters will be eventually taken away from the lithosphere (soil), and the Earth will
return to its original state (3.5byr BP). If above negative interactions are continued, human civilization will be eventually terminated by natural strike back.
4.2

Edible plants as symbiotic shield against the human crisis

Dietary culture reflects local and contemporary thinkings of certain era in a certain area. In the
other way, the living style and thought affect their dietary either. Cannibalism tribal people believe
eating human meats being a way to keep himself stronger, but restrict the communication with
other people. Food delicacy in Roman palace represented the strength of emperor, but also collapse of Roman Empire. Eating edible plants is an easy, simple, and healthy lifestyle. Furthermore,
symbiotic shield built with edible plants may also provide emergent food supply under the circumstance of climate disasters. The union of human range and edible plants is named “symbiotic
shield“ (Fig. 2C, area in deep blue). Human may survive by feeding those plants around the livinghood. The shield reduces human exploitation to natural resources, thus may reduce degree of
drastically climate change potentially.
The success of symbiotic shield formation needs sufficient species and abundance of edible plants
in a symbiotic system. Utilization of edible plants may be diversified in many ways. The new dietary
culture based on edible plants needs traditional and innovational wisdom in many aspects. Beside
of using as food supply, fuel, fiber, timber, and dye, the earth’s ecosystem service, such as oxygen
production and micro-climate fine adjustment (Odum 1997), will be replaced by edible plants in a
smaller symbiotic system. Expansion of symbiotic shield and shrinking of human range may occur
at the whole system reaching dynamical equilibrium (Fig. 2D). That is, the human use of sun energy will increase its variety and amount through various usage of green plants.

Exploitation
Edible
plants

Human
Range

Edible
plants

Expansion
Natural strike
back

Human Range

Earth

Earth

Fig. 2A Diagram to illustrate state and ranges
of human, edible plant, and the earth before
industrialization and organizational expansion
of human activities. Edible plants are barely
used.

Fig. 2B Diagram to illustrate the expansion of
human range by over exploitation of natural
resources from the Earth. Nature was striking
back to human’s social-economic system by
disasters.
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Fig. 2C Formation of symbiotic shield with introducing edible plant into human society in
large amount (Union set of human range and
edible plants). Human range starts shrinking.
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Earth

Fig. 2D Expansion of symbiotic shield stops
and human range shrinks until the whole system reaching balance. Exploitation to natural
resources is reduced obviously.

Methods to use edible plants in our daily living and intensity of the use would be gradually increased as drastically global climate change. Living deficiency by the depression of industry and
economics would be recruited by increasing new usage and recipes of edible plants. Above postindustrial era with mainly edible plants as our living resource would become a new civilization for
our next generation. In conclusion, the symbiotic shield formed with edible plants will solve our
future living problems in may aspects, which are natural disturbances, food production, energy,
healthy dietary, and healthy indoor and outdoor livelihood (Fig. 3). The replacement rate of current
resource by edible plants may decide the strength of symbiotic shield.
For last 10,000 year, human civilization and stable weather had depended on agriculture, which
maintained a symbiotic environment through symbiosis of human and crops. We propose symbiotization is the principle and strategy as the solution of human sustainability (Huang 2002). In the
symbiotic system of future civilization, edible plants have to be major symbionts with human. The
way and efficiency of operations among human, edible plants, and earth environment will decide
the stability of the ecological social-economical system. Thus, edible plants adopted into human
built environment which become “symbiotic shield” may appear in the following ways. (1) Efforts

and energy to crop edible plants are much less than present industrialized food production system.
(2) Less efforts provide possibility of simple lifestyle (such as LOHAS). (3) Healthy living increase
survivorship from diseases due to drastically climate disasters.
The energy source for edible plants comes from the sun as all other green plants. If only if human
could become symbiosis completely with edible plants (100%), then no further energy is needed
from the ambient environment. The sun light becomes the only limiting factor for human survive.
Water and other materials could be kept in a high efficient circulation system to reduce exploitation
to the environment (Fig. 2C, 2D).
Efforts should be focused on improvement the strength of single symbiotic shield, thoroughly using
the advantage of local edible plants around settlements. Application of edible plants in depth in
each level of our daily life. Experience and knowledge pertaining to building symbiotic shield
should be exchanged among settlements (symbiome units). The strength of global symbiotic shield
to shrike human range then could be formed by exchange of spiritual civilization of local units (Fig.
4).
Symbiotic
shield
Environmental
disturbance

Symbiotic
shield

Food Production

Energy

Human
range

Spiritual energy

Edible
Plants

Healthy living
environment
Healthy dietary

Sun

Approaching to
equilibrium

Earth

Recreation

Fig. 3 Structure and content of symbiotic Fig. 4 Structure and operation of global symbiotic
shield unit and its operational mechanism
shield
4.3

Symbiosis constant

The strength of symbiotic shield is a joint ability of edible plants to handle certain usage needed for
living (Fig. 3). The values of ability to handle needs range between 0 and 1, where 1 represents
the strongest ability to fulfill the daily living needs. Therefore, symbiosis constant, index of the
symbiotic shield strength is the average of above values for each need. If the index value approaches 1, symbiotic shield has the most powerful feedback to provide energy or return matters to
the environment, and has the greatest convergent ability to reduce human range.
To avoid extinction of a J-curved population growth (Odum’s 1997) as recent human population
growth curve, a new both spiritual and material civilization has to be developed. Growth of individ-

ual number is replaced by growth of spiritual activities. The convergence (shrinking) of human
range can be monitored with symbiosis constant. The threshold to stop human expansion is equal
to the strength of symbiotic shield multiply by the number of symbiotic shield. Therefore, as the
expansion of symbiotic shield, the human range could be stopped and the natural strike back could
be avoided. The symbiosis constant is the ratio of global symbiotic shield to human range at the
threshold value reach equilibrium.
4.4

Resource pyramid

As the energy pyramid model of an ecosystem, the amount of energy decreases at each trophic
level (Odum, 1997). Only little
energy could be used by the toppest level (which usually is large
carnivores). Biomass pyramid,
which in terms of biomass of each
Resources
trophic level, appears the same
human use
phenomenon. For human-nature
system, human exploits flora and
fauna as resource, and also
abiotic resources (behaves like
carnivore and omnivore), while
flora and fauna exploit abiotic resources (behave like herbivores).
Therefore an analog model was
Biotic resource
built, called “resource pyramid”, to
Water and gaseous resources
describe the resource decreasing
pattern in the human-nature system. Just similar to any preyFossil energy and mineral recourses
predator system, if human being
exploits its resource drastically,
the system will collapse, and a Fig. 5 Resource pyramid and limitation of human expansion.
new system will evolve and rearWhite arrow represents exploitation. Dash arrows are range
range.
expansion for more resources. Red dash line means the limit
A perfect constant (0.618) occurs of resources used by human, where system collapse at
in many natural phenomenons, 0.618 of area ratio. (modified by Wilson 1999)
such as ratio of each radius of
sunflower petals, ratio of Nautilus spiral, ratio of human body, scales of pine cone, segment ratio of
insects, sex ratio of honeybees in nest. Furthermore, the known species number of arthropods
(includes insects, spiders, crustaceans, centipede, etc.) is 87500, while the total number of known
biological species is about 1400000. The ratio (87500:1400000) of all species to arthropods is also
1.618:1, which is named (PHI in Fibonacci series). Wilson (1999) suggested that the resource of
human being used should be limited at the ratio of 0.618 to the total amount of natural resources
from the biosphere, hydrosphere, atmosphere, and lithosphere (Fig. 5).
In terms of symbiotic shield theory, the threshold to stop human expansion should be located at
the point as the ratio close to 0.618. That is, the symbiosis constant is 0.618 where the area of
symbiotic shield to the area of all human used. Also, the ratio of all human range to the total area
of natural environment is 0.618 either (Fig. 6).

Human range approaches equilibrium and starts to shrink,
where the threshold value is
0.618 (the ratio of symbiotic
shield to human range).

Symbiotic shield

Human range

Limit of human range (0.618)

Earth

Fig. 6 Threshold value to stop human expansion. White arrows are the condensing force by symbiotic shield. Black arrows represent the force of reducing range by reducing exploitation to natural resources. Yellow dish line is the ideal boundary where the function of symbiotic shield can be
seen to shrink human range. Red line represents the limit of human expansion where the global
supporting system may collapse.

4.5

Threshold value

Therefore, there must be a limitation for human exploitation to natural resources of the earth
environment (Fig. 6). The human-nature system must oscillates in a state of dynamic equilibrium to
a constant. The ratio of the area of symbiotic shield to the range of human activity roughlly equally
the ratio of human exploitation range to the range of natural resource. That is, adopting wild edible
plants into a bulit environment to establish a symbiotic shield will become a strategy to convergent
human expansion. The area of human exploitatoin is proportion of human range to the total range
of all natural resource (i.e. the Earth) that the Earth system starts collapse. Threshold value of
symbiotic shield is the proportion of symbiotic shield to human range where the symbiotic shield
starts to make human range convergent. Therefore, the perfect situation is human range close to
the range of symbiotic shield. That is, the situation where symbiotic shield cover all range of human
activities. The following function can be formed.

Area of human exploitation
Area of symbiotic shield
~
Range of natural resource
Range of human activity
The range of human activities may be restricted and convergent. Above equation may be transformed as the followings:

Area of symbiotic shield

Range of Human activity
Area of Human exploitation
Range of Natural Resource

1

4.6

Conclusions

As the resource exploited exceeds 0.618, the human-nature system will collapse. We propose that
restriction to human expansion with introducing wild edible plants to build the symbiosis shield as
the limit ratio 0.618 will keep the system sustained.
4.7
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Summary
Well-being in cities and urban environments
- Indicators for the quality of life, sustainable lifestyles
The Finnish Government has established a target of cutting down on environmental emissions by
at least 80% from the 1990 levels by 2050. Again research on customer behaviour indicates that
the growing awareness of environmental problems have led into real changes in the customers’
actions. The aim of this paper is to illustrate what sort of customers’ values and environmental
friendly habits can motivate a group of customers to take the role of building developers in order to
build a low energy and sustainable apartment building in the city centre of Helsinki. The objective
is also to demonstrate how these motives can be compared with the alternatives of the gross
domestic product, GDP, the indicators of well-being like Genuine Progress Indicator, Sustainable
Society Index and Happy Planet Index.
The aim of this article is to point out that the components of well-being indicators and the targets of
urban sustainable housing are connected and interacting.
The research approach is qualitative. This research is an explanatory case study about sustainable
urban housing. The sources of empirical data were customers´ memos written during this
sustainable housing project, semi structured interview and a literature study. Data were analysed
using content analysis and descriptive statistics.
The results of this article provide knowledge to the building developers and housing companies
about the significance of customer´s values and motives connected to sustainable preferences.
The results also describe a relation between the sustainable housing and the subjective
experience of well-being.
The findings show that the result of an alternative housing process can fulfil several indicators of
well-being with feasible additional cost for the customer. The findings also indicate that sustainable
housing investment does not differ remarkable form traditional housing investment.
Keywords: Sustainable housing, co-housing, communal housing, Genuine Progress Indicator,
Sustainable Society Index, Happy Planet Index

1. Introduction
The Finnish Government has established a target of cutting down on environmental emissions by
at least 80% from the 1990 levels by 2050. In order to achieve the goals, we have to focus on
energy efficient production in construction industry as well as to pay attention to increase the
environmental friendly behaviour among users of built environment. Also the importance of the
quality of everyday life has become crucial in peoples mindset. And residential housing is playing
one of the leading roles in this evolution. In Finland the residential housing is responsible for the
half of the CO2 equivalent t emissions [1] and indirectly residential housing by its location creates a
need for commutation that is producing more CO2 emissions.
Customer awareness on environmental issues is growing and values are chancing towards more
sustainable life. The importance of consumers´ decisions and customership in housing services is
growing. This phenomena still lacks frameworks for the industry transformation, and similarly the
actors required for production oriented system to be changed towards customer oriented approach
[2] So far a lot of effort has been put to understand customers as individuals. However, the
increasing amount of co-housing and living projects indicate, that the customers can also
perceived as a group of users, who have similar kind of needs and demands. Also the usability of
the built environment and residencies is related to the individual and social wellbeing [3] [4].
The demand of sustainable housing can be remarked on growing demand of low energy housing,
passive housing [5] and on the growth interest on co-housing. [6] Co-housing has always been an
alternative for traditional housing produced by large construction companies. But recently we can
remark a new interest on that form of home purchase. There are several examples where a group
of individual people has formed together a society with orientation to build a residence which fulfils
the sustainable values and the special needs of these groups. Some of these groups in Finland are
even taking a role and risks of a building developer but some building companies has started to
offer services to help customers to achieve their preferences without the enormous work that
belongs to a building project. Characteristic for these projects is a low level of energy consumption
and intensive control of buildings´ consumption of natural resources. Also these projects are from
the beginning planned to support the social interaction of the resident and the residents´ voluntary
work for the resident´s maintaining and comfortableness.
Jevons paradox states that technological progress that increases the efficiency with which a
resource is used tends to increase the rate of consumption of that resource. Rees argues that
several factors contribute to Jevons' paradox. People may simply spend the money savings from
efficiency on more of the original commodity ('Let's add a floor to the original building plan!') [7] It is
an interesting question, where is the saturation point for residential space - how much space an
individual can effort and use reasonably.
Lawn states in his article that, lately ecological economists have been putting forward a ‘threshold
hypothesis’—the notion that when macroeconomic systems expand beyond a certain size, the
additional cost of growth exceeds the flow of additional benefits. [8] We can present an analogy
that urbanisation also can produce more costs than benefits when the urban system expand
beyond certain size. Or to be more precise in which point the everyday urban environment
expands certain natural level and begins to cause ill-being?
Report by the EU Commission on the Measurement of Economical Performance and Social
Progress identifies the limits of GDP as an indicator of economic performance and social progress,
including the problems with its measurement. One basis for this work was that there seems to be a
marked distance between standard measurement like economic growth and widespread
perceptions. This report noted that GDP is not wrong as such, but wrongly used. Commonly used
statistics may not understand phenomena with increasing impact on the well-being. For example
traffic jams may increase GDP as a result on the increased use of gasoline but decrease the
quality of life. Commission states that it has long been clear that GDP is an inadequate metric to
gauge well-being over time particularly in its economic, environmental, and social dimensions,
some aspects of which are often referred to as sustainability. [9] Some researchers [10] argue that
there is even less consensus on how well being should really be measured and if quantitative

measurements can be made at all. Nevertheless, efforts to find replacements are critical since
GDP forms the basis for important public policy decisions—i.e. those predicted to increase GDP
growth fare better while those shown to restrict GDP growth are often killed by political shortsightedness.
The objective of his article is to highlight to interaction between indicators of wellness and
sustainable housing. The aim is also to point out that customers are these days ready to put
economical resources and personal efforts to achieve a residency that fulfil their values of
sustainability and needs of comfortable everyday life. The structure of this paper is first in the
introduction we describe the resent trend of sustainability and recent critic towards GDP´s
insufficiency to measure the well-being. In the second chapter we present the indicators. In the
third and fourth chapter we present co-housing projects and in the end our results and conclusions.

2. Indicators of well-being and sustainability
Recently and especially after publishing the Stiglizt Commission´s recommendations 2008 [9]
several different indexes has been launched in order to measure the national wellness, well-being
and sustainability. In this study we have discussed three of them; GPI, SSI and HPI. The criteria of
selecting these indicators to be treated were based on a literature study. For the criteria we used
broad distribution of the index or it has been used in several countries and it is using data collected
from longer time period. It measures not only a narrow sector of society but offers a general view
and has a relationship with build environment and housing. In the extend of this article it is not
possible to go deep to in to mechanism how these indicators are formed nor what are their
weakness or what critic they have confronted. However the overview of the mechanisms provides
a starting point to evaluate co-housing initiatives
2.1

Genuine Progress Indicator GPI

Based to seminar work of Daly and Cobb in year 1989 there have been several attempts to
develop alternative national income accounting systems that address to the deficiencies of GDP.
These systems measure the so called “green” GDP. One of the most popular green GDP systems
is the genuine Progress Indicator GPI. There three kind of measurement that GPI attempt to
undertake: welfare equivalent income, sustainable income and net social profit. [10] For Finland
the GPI was estimated at the first time 2008. The result of the period that reviewed was similar
than in other develop countries and showed that the individual happiness and wellbeing have not
grown although the gross product have grown at the same time period. GPI index illustrates that
the wellbeing in Finland grown until year 1989 but has depressed on the level of 70thies by year
2008. At the time the GP has grown from 20 000 Euros to over 30 000 Euros per capita [11].
2.2

Sustainable Society Index SSI

The overall conclusion of developers of sustainable Society Index Van der Kerk and Manuel is that
none of the existing indexes seem to fit our needs completely. In other words, not one gives a
complete and good insight into all relevant aspects of sustainability in a transparent, simple and
easily understandable way, showing at a glance to what extent a society is sustainable or not.
Based on that reasoning they developed a new index, based on a set of indicators in accordance
with the definition of sustainability of Brundtland+ Commissions. They cluster the indicators of SSI
in five groups: Personal Development, Clean Environment, Well-Balanced Society, Sustainable
Use of Resources and Sustainable World. [12]
2.3

Happy Planet Index HPI

The happy planet index was launched in July 2006 as a critic against GPD. A successful society is
one that can support good lives that don’t cost the Earth. After the definition the HPI measures
progress towards this target – the ecological efficiency with which happy and healthy lives are
supported. In essence, the HPI is an efficiency measure: the degree to which long and happy lives
(life satisfaction and life expectancy are multiplied together to calculate happy life years) are
achieved per unit of environmental impact. [13]

3. Indicators of well-being and sustainable urban housing
In this research we have made some basic assumptions based on literature study how
circumstances of residential housing are interacting with some of the criteria of these indexes
under research. On table 1 we have described the components of three indicators DPI, SSI and
HPI. In this research we studied the components of wellness indicators and selected and pointed
out those that interact with sustainable housing. Those components are bolded in table below. We
approached these criteria from resident´s point of view and considered those that a resident can
affect with individual choices. We clustered them in five categories. We explain our statement
between chosen components and circumstances in sustainable housing and the five categories
later in this chapter.
Table 1 The components of the indicators
GPI

SSI

HPI

A- Consumption

1 Healthy Life

B – Personal Consumption

2 Sufficient Food

C – Income Distribution Index
D – Weighted Personal
Consumption
E – Value of Household Work and
Parenting
F – Value of Higher Education
G – Value of Volunteer Work
H – Services of Consumer
Durables
I – Services of Highways and Streets
J – Cost of Crime
K – Loss of Leisure Time
L – Cost of Underemployment
M – Cost of Consumer Durables
N – Cost of Commuting
O – Cost of Household Pollution
Abatement

3 Sufficient to Drink

Average life expectancy at birth
“All things considered, how
satisfied are you with your life as a
whole these days?”
GDP per capita

4 Safe Sanitation

CO2 emissions per capita

5 Education Opportunities

Level of urbanisation

6 Gender Equality
7 Air Quality

Size of industrial sector
Population density

P – Cost 0f Automobile Accidents
Q – Cost 0f Water Pollution
R – Cost 0f Air Pollution
S – Cost 0f Noise Pollution
T – Loss of Wetlands
U – Loss of Farmland
V – Loss of Primary Forests and
Damage from Logging Roads
W – Depletion of Nonrenewable
Energy Resources
X – Carbon Dioxide Emissions
Damage
Y – Cost of Ozone Depletion
Z – Net Capital Investment

8 Surface Water Quality
9 Land Quality
10 Good Governance
11 Unemployment
12 Population Growth
13 Income Distribuation
14 Public Debt
15 Waste Recycling
16 Use of Renewable Water
Resources
17 Consumption of Renewable
Energy
18 Forest Area
19 Preservation of Biodiversity
20 Emission of Greenhouse Gases
21 Ecological Footprint
22 International Cooperation

3.1

Component of the indicators and residential housing

Quality and healthiness of life
1 Healthy Life, Average life expectancy at birth
Buildings we stay are affecting to our health in several ways. Materials, air condition and other
physical conditions have after several studies [] a strong impact to our healthiness. In sustainable
housing these physical conditions are aimed to be as healthy as possible.
Sustainable consumption choices
D – Weighted Personal Consumption, H – Services of Consumer Durables M – Cost of Consumer
Durables
Buying a sustainable home resident can suppose those consumer durables like refrigerators are
as long lasting and low-energy consuming as possible. Sustainable choices of personal
consumption to housing are an essential motivation to construction companies to build more
sustainable housing.
Possibilities of community based living
E – Value of Household Work and Parenting, G – Value of Volunteer Work “All things considered,
how satisfied are you with your life as a whole these days?”
Sustainable housing and co-housing are aiming to give possibilities to residents to share tasks and
household works and to develop social contacts.
Daily travelling
N – Cost of Commuting, Level of urbanisation, population density
Sustainable hojusing by definition is aiming to diminish the cost of commuting by location or by
other solutions like car-share possibilities. Sustainable housing is also aiming to build urbanisation
that is comfortable for residents and where the built environment supports pedestrianised traffic.
Emissions and ecological footprint
O – Cost of Household Pollution Abatement, Q – Cost 0f Water Pollution, R – Cost 0f Air Pollution,
S – Cost 0f Noise Pollution. 7 Air Quality, 8 Surface Water Quality, 9 Land Quality V – Loss of
Primary Forests and Damage from Logging Roads, W – Depletion of Nonrenewable Energy
Resources X – Carbon Dioxide Emissions Damage, Y – Cost of Ozone Depletion, 20 Emission of
Greenhouse Gases, 21 Ecological Footprint, CO2 emissions per capita
All the planning of sustainable housing is aiming to reduce the ecological footprint of housing. In
order to achieve this goal sustainable housing is reducing the energy and water consumption,
using renewable materials, reducing all harmful emissions and taking account the biodiversity that
is affected by construction.
As can be concluded the major part of the components have an interactions with housing. This
natural conclusion can be explain with the significant role of the built environment in the ecological
footprint of the urban area but also by the significant role of home for an individual as a place of
rest and self-renewal.
3.2

Happiness, social capital and co-housing

Although happiness is a very subjective experience several studies have demonstrated a strong
correlation between happiness and physical well-being. Scientists Steptoe, Wardle, and Marmot
have demonstrated that an individual’s subjective experience of happiness corresponds with
numerous positive health outcomes. [15] Veenhoven completed an extensive survey of studies
regarding the relationship between happiness and physical well-being and found that there is a
significant relationship between happiness and longevity. Applying these studies, O´Brian is
analysing the questions in her article, is it possible to create communities, towns, and cities that
make people happier sustainably and thus contribute to public and environmental health and wellbeing? She is concluding that sustainable happiness is a concept that can be used by individuals
to guide their actions and decisions on a daily basis; at the community level, it reinforces the need
to genuinely consider social, environmental and economic indicators of well-being so that
community happiness and well-being are sustainable. [16]

In Finland Hyyppä has studied the relationship between the social capital and healthiness. He and
his colleagues argued based on several studied they went through that social capital contributes to
healthiness. Even if it is difficult to specify all the elements of social capital can we count in it social
networks, organizational activities and good neighbourliness, things that we call togetherness. [17]
The Association of communal housing gives six characteristics that are common to co-housing.
Those characteristics are 1. participatory process, 2. Neighbourhood design, 3. Common facilities,
4. Resident management, 5. Non-hierarchical structure and decision-making and 6. Not shared
community economy. [6] For an individual customer co-housing is an alternative way to provide a
residency outside of the existing markets. Co-housing inhabitants has to agree on plans, design,
quality and materials of the new housing. One primary aspect is to agree commonly on social code
of the housing on other common goals. This kind of groups can be building developers by
themselves or they can hire a building company or consultant. At least in Finland a half dozen
construction companies offers services for co-housing projects. Also the city of Helsinki provides
support to co-housing project.

4. Communal housing project – Home in the City
This research is an explanatory case study. The description of this case study in this article is
based on the secondary data. During the second phase of research, this fall, will be collected the
primary data based on interviews and questionnaire. The background of this research is in the user
oriented housing research and the other hand on the heterogeneous field of the sustainability
research. The aim of this research is to understand the chancing attitude and demands of urban
inhabitants and how this links to the indicators of well-being. Especially the aim is to study how
individual sustainable values can steer inhabitants housing choices and what are the criteria of
sustainable housing from inhabitants´ point of view and are these criteria same as the criteria of
the well-being indicators. The means of the data collection are orientating interviews, writings of
the inhabitants, internet –pages and observation of the events of this organisations. Based on this
research we categorised the elements of sustainable housing thinking from the inhabitants´ point
of view to the individual feeling of well-being, to the individual experience of the easiness of the
everyday life and to the consciences of the environmental friendliness of own housing and to the
every day transport solutions.
The case called Home in The City – project is an urban communal housing project in the city
centre of Helsinki. In this project a group of people has established an association 2007 in order to
build a house in the new urban area Jätkäsaari close to the city centre of Helsinki and to move in
that house 2013. Today that association has around a hundred members. [18]
Home in the City association announces that they seek a life and housing where public transport
and services are close by, in the city centre and close to the culture events, without physically
hindrance, peacefully in own home but close to friends and relatives, without a fear of lonely old
age, in a community where the children has lots of trustful adults around, in everyday life where
nobody has to be alone without own will, in a sustainable house, in a house where they have
planned themselves and with can be modified, in a beautiful and well planned house, which has
cosy spaces for hobbies and for spent time together and in a house which takes account the new
urban possibilities. [18]
In the year 2009 the city of Helsinki vacated a site from a new urban area for the Home in the City.
The association hired an architect to draw and plan the house together with committed members.
They decided also to operate themselves as building developers and use some consultancy
services when needed. When writing this, the aim is to start the construction of this house with 60
apartments later this year. [18]

5. Methods
This research methods used in this explanatory case study are:
• Literature review

•
•

Interviews
Content analysis of documents

The data is gathered by interviews and from secondary documents: memos written by the Home of
the City –association´s members during this process and we analysed their www-sites.
We have conducted three different semi-structured theme interviews in order to find out residents’
motives and expectations toward this kind of communal housing project. The objective was to find
interviewees with three perspectives to sustainable housing: providing, using and managing
sustainable housing. The sample included one consultant and provider of sustainable housing, one
future resident and a chief executive of a large building manager company. The theme of the
interviews was the residents´ motive and requirements to sustainable housing.
We analysed also media and which attributes of sustainable housing have risen up in the public
discussion. By participating to some event of the Home of the City -association we got some
insights for the content of the project
The data was analysed by using content analysis. We utilized the selective coding [19] and
together with the knowledge collected from the literature study we formed the categories based on
the central category of in there an interaction between the measurement units are the wellness
indicators and the targets of sustainable housing. We found subcategories linked to the central
category Quality and healthiness of life, Sustainable consumption choices, Possibilities of
community based living, Daily travelling and Emissions and ecological footprint.

6. Results
As results of our research we found that component of the indicators and the “dreams” of the
Home in the City are correlated. Also based on the literature study we found that sustainable
communal housing seeks to fulfil the requirements if well-being. Residents´ motive to invest more
in sustainable communal housing both economically and psychologically is to obtain a more
comfortably, socially, sustainably and healthy everyday life. Urban sustainable housing tries to
solve the problems like increased traffic needs, emissions and lack of nature that urban sprawl
creates.
The aim of this article was to point out that the components of well-being indicators and the targets
of urban sustainable housing are connected and interacting in many ways. We explained that more
than half of the components depending on indicator are somehow linked to residential housing. We
showed that those components of well-being indicators that are interacting with housing can be
clustered in five groups and our case study and other sustainable housing projects described in the
literature are giving means to get good measurements results when using these indicators. The
five groups are:
1. Quality and healthiness of life
In sustainable housing materials, air condition and other physical conditions are aimed to be as
healthy as possible.
2. Sustainable consumption choices
Investing to sustainable house is a customer´s consumption choice that is based on
sustainable consuming values.
3. Possibilities of community based living
Sustainable housing and co-housing are aiming to give possibilities to residents to share tasks
and household works and to develop social contacts.
4. Daily travelling
Sustainable housing is aiming to diminish the cost of commuting by location or by other
solutions like car-share possibilities. Sustainable housing is also supporting pedestrianised
traffic.

5. Emissions and ecological footprint
All the planning of sustainable housing is aiming to reduce the ecological footprint of housing.
In order to achieve this goal sustainable housing is reducing the energy and water
consumption, using renewable materials, reducing all harmful emissions and taking account
the biodiversity that is affected by construction

7. Conclusions
Sustainable communal housing seems to increase the individual well-being measured by these
studied indexes. Also the subjective experiences support that. But only further research can show
evidences if this is really happening in reality and by what kind of causal interaction.
To the housing sector and industry it is important to develop products and services that can be
adapted to new demands of sustainable housing. Those demands are linked to capabilities to plan
housing together with future residents and to improved knowledge of healthy and sustainable
materials and to develop quality of construction manners.
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Summary
Taiwan government has made a lot of effort to reduce energy consuming in residential sector.
Condominiums are the most common housing type in Taiwan. When talking to the energy-saving
renovation in residential sector, condominiums must be the first target. It is necessary to hold a
meeting among property owners to renovate the common space in condominiums. The renovation
is impossible without the agreement. That causes the difficulty of renovation. Whereas most
academic studies and reports mention that insufficient knowledge of energy-saving measures
influence household energy conservation. The study aims to realize and analyze the awareness for
energy-saving   renovation   of   condominium   residents.   The   results   show   that   Taiwan   people   didn’t  
clearly understand about environmental issues and energy-saving measures. An interesting finding
is that though awareness level of energy-savings measures is low, the willingness of energy-saving
renovation remains high.
Keywords: energy-saving measures, housing renovation, awareness

1. Introduction
In the last ten years, household energy conservation has been an important issue in Taiwan.
Government has made a lot effort to promote household energy conservation, including publishing
Household Electricity Consumption Guide, holding Energy Conservation Campaigns, etc.
Condominiums are the most common housing type in Taiwan [1]. Talking to household energy
conservation, renovating the inefficiency building services in condominiums has become a highlyconcerned issue. According to Taiwan laws, there are Common Facility and Private Property in a
condominium. To renovate the common facility,   it   is   necessary   to   hold   a   Condominium   Owner’s  
Meeting with two-thirds owner attending, and more than three-forth participants agree to renovate.
To   the   best   of   the   author’s   knowledge,   most   studies   are   focused   on   the   consumer   awareness   of  
green production and what factors influence consumer doing green merchandise in Taiwan [2, 3,
4].Some studies indicate that insufficient knowledge of residents to renovation technologies is one
of the main difficulties to renovate their own condominium community [5, 6].Moreover, existing
studies   predominantly   analysed   households’   preference   [7]   or   willingness   to   pay   [8]   for   energysaving measures. Although the two approaches assume that consumers are aware of the energysavings in question. However, little or no research   is   available   to   help   us   understand   residents’  
awareness of energy-saving measures. Many residents might not have spent much time
considering renovate their own condominiums with energy-saving measures, or more importantly,
are not aware of those measures   at   all.   Residents’   awareness of energy-saving measures may
vary depending on the demographic variables [9], environmental concern level and it may
influence the willingness to renovate.

In this paper, first, the awareness of energy-saving renovations measures of residents and
willingness to renovation were investigated. Next, the study verified which factors influence the
awareness level and willingness.

2. Aim of the study
The aim of this study is to realize the level of environmental concerns of residents, which includes
two aspects, environmental issues and environmental attitude, and awareness of energy-saving
measures, which also includes two aspects, energy-efficiency building services and energyconservation policies. A second aim is to understand the relation between the factors, including the
demographic variables, awareness of environmental issues, environmental attitude, and
awareness of energy-saving measures. Finally, the study aims to find out which factor influences
the willingness of residents to renovate their condominium community.
Moreover, the study has six hypotheses that have to be confirmed, the hypotheses are shown in
figuare1 and as follows.

Demographic variables

Energy-saving measures:
1. Energy-efficiency building
service
2. Energy-conservation policy

Environmental concern:
1. Environmental issues
2. Environmental attitude

Willingness to energysaving renovation

Figure1: Hypotheses of study







The demographic variables will influence the level of environmental concern.
The demographic variables will influence the awareness level of energy-saving measures.
The level of environmental concern will influence the awareness level of energy-saving
measures.
The demographic variables will influence the willingness of renovation.
The level of environmental concern will influence the willingness of renovation.
The awareness level of energy-saving measures will influence the willingness of renovation.

3. Methods
3.1

Questionnaire design

The questionnaire consisted of six parts. The first part included some question about demographic
variables such as sex, education level, etc. and the characteristics of the respondents’ residence.
The second part of the questionnaire contained questions that concerned environmental issues.
The third part is about environmental attitude. The fourth part and fifth part are comprised of
energy-savings renovations with regard to energy-efficiency building services and energy
conservation policies in Taiwan. The last part is about the willingness to renovate the community
and the acceptable expenditure ratio of condominium management and maintenance fund.
Respondents were asked to indicate on a Likert-scale to what extent about the question of third,
fourth and fifth part. The scale ranged from 1:” totally unknown or totally disagree” to 5:”well-known

or totally agree”.
3.2

Respondents and procedure

Data for this study were collected in 2010 with a carefully designed questionnaire. The researcher
selected 10 large-scale (over 291 households) condominium communities, which were built during
1994-1999, in Tainan, Taiwan, as the reason of it’s time that they need mass renovation. The
researcher randomly selected respondents in the community and interviewed them personally. In
total, the researcher interviewed 310 residents successfully, at least 30 residents for each
communities.
The responsive sample was not completely representative of the Taiwan population (Directorate
General of Budget, Accounting and Statistics, 2000). Female respondents were slightly
overrepresented (53%). All respondents in the sample were 20 years or older, 40% were between
21 and 35 years old, 45% were between 36 and 50 years old, 12% were between 50 and 60 years
old and only 3% were 65 years old and older. People with a high level of education were somewhat
overrepresented: 5% had a low level of education (i.e., primary school, junior high school), 32%
had an intermediate level of education (i.e., senior high school), and 63% had a high level of
education (i.e., university, graduate school). In the sample, 67% owned the house, and 33% rented
the house.
3.3

Measures

3.3.1 Environmental concern
Environmental issues. The questionnaire about environmental issues consisted of eleven
questions about the newly environmental events around the world, the energy-conservation policy,
Energy –Label, and energy price in Taiwan (Table1). All of the questions passed through not only
the test of item difficulty index but also the test of item descrimination index, except for the question
“how much does water cost per ton?”(Q4). Considering the question may reflect the situation that
the price of water is too low for Taiwan people to notice, therefore, the author didn’t delete the
question from the questionnaire. Though Q4 was preserved, the author didn’t count it in the total
score when doing one-way ANOVA and t-tests.
Environmental attitude. The questionnaire is composed of 12items (Table2). The respondents
could point out to what degree they agreed with each statement. The answers could be given on a
Likert 5-point scale. The resulting measure could range 12 (low environmental attitude) to 60 (high
environmental attitude), with 36 as the midpoint value. The reliability of the scale is satisfactory
(Cronbach’s alpha =.810).
3.3.2 Energy-saving measures
The questionnaire of energy-savings included two parts: 1) Energy-efficiency building services; 2)
Energy-conservation policy
Energy-efficiency building services. Respondents were asked to indicate on a 5-point scale to what
extent they are aware of energy-efficiency building services. The questionnaire included twentyfour questions about energy-efficiency building services (Table2), the author selected from studies
[10, 11, 12, 13]. The reliability of the scale is satisfactory (Cronbach’s alpha =.937)
Energy-conservation policy. Respondents were asked to indicate on a 5-point scale to what extent
they are aware of energy-conservation policy in Taiwan. The questionnaire included seven
questions about Taiwan energy-conservation policy (Table3). The reliability of the scale is
satisfactory (Cronbach’s alpha =.839)
3.4

Data analysis

The paper use several statistics method, including descriptive statistics, one–way ANOVA, T-test
and Chi-square test, to analyse the collected data and verify the correlation between socio-

demographics variables, level of environmental concern, and awareness level of energy-saving
measures.

4. Results and Analysis
4.1

Environmental issues

Table1 shows the correct ratio for environmental issues by each question. Q4 had the lowest
correct-answer rate, showing Taiwan people don’t concern about the price of water. The price of
water is too low, about $0.33/ton, may be the reason. Q6 and Q10 had higher correct-answer rate,
the two questions are about water conservation label and green mark individually, because Taiwan
government has done much effort to promote them. Taking a closer look at the other question, the
results shows Taiwan people don’t concern about environmental issues very much, the correctanswer rate is between 20% and 50%. Generally speaking, the result shows Taiwan people have
low awareness level of environmental issues.
Table 1: Correct ratio for awareness of environmental issues
Question of awareness about energy and environmental issues
Q1.What topic was discussed in Kyoto Protocol?
Q2.What meeting was held in Copenhagen, Denmark, 2009?
Q3.What description of electricity rate in Taiwan is wrong?
Q4. How much does water cost per ton in Taiwan?
Q5.Which one is Taiwan’s Energy Label?
Q6.Which one is Taiwan’s water conservation label?
Q7.Which year was the year of energy conservation in Taiwan?
Q8.Whic one is Secondary energy
Q9.What percentage of energy is imports in Taiwan?
Q10.Which one is Taiwan’s Green Mark?
Q11.How long do the world’s oil last?
4.2

Correct-answer rate (%)
41.9
44.2
49.0
8.1
43.2
63.2
33.2
26.8
26.1
71.9
43.9

Environmental attitude

Table2 shows the average level of environmental attitude. Generally speaking, the respondents
show a really positive environmental attitude, each statement has average agree level higher than
3 (neutral). Somewhat surprisingly, the respondents are will to sacrifice their benefits talking to
protect environment, as Q11 and Q12 shown. The average awareness level of the energy-saving
measures, as represented by the constant, was 3.95 (between somewhat agree and neutral), on
the Likert 5-point scale.
Table 2: Average level for environmental attitude statement
Statement
Mean
SD
Q1.Green products will be the future trend.
4.59
0.599
Q2.Electricity rate will rising in the future.
3.48
1.316
Q3.Oil price will rise in the future.
3.56
1.327
Q4.Human beings are most likely responsible for climate change
4.48
0.745
Q5.I like to do trash recycling.
4.48
0.714
Q6.I like to encourage people to save energy.
4.35
0.748
Q7.I like to encourage people to do trash recycling.
4.33
0.712
Q8.I like to encourage people to save water.
4.36
0.736
Q9.I will buy green products even its price is 20% higher than normal one.
3.65
1.044
Q10.I will adopt water conservation products.
4.13
0.877
Q11.I think rising electricity rate is a good measure to protect environment.
3.02
1.257
Q12.I think government should reduce private motor traffic by rising oil
3.01
1.228
price.
(5:totally agree; 4:somewhat agree ;3netural ; 2:somewhat disagree ;1:totally disgree)

4.3

Knowledge of energy-saving measures

Table3 shows the average awareness level of energy-efficiency building services. Overall, most
energy-efficiency building services were evaluated as totally unknown and somewhat unknown.
Cold Cathode Fluorescent Lamps (CCFL), Energy-Efficiency Pump and Redesigning the Pump
Head and Capacity, Energy Service Company (ESCO), Energy Savings Performance Contracts,
Reviewing Community’s Contract Capacity with Taipower, and Reviewing Community’s Power
Factor as the most unknown ( Mean is under 2) , while respondents know Energy Saving Light
Bulbs, Light-Emitting Diode(LED), DC Inverter Air Conditioner, The Location of Air Conditioner,
Automatic Car Fans and Lighting Shut Off System and Elevator Group Control System well (Mean
is over 3). The average awareness level of the energy-saving measures, as represented by the
constant, was 2.46 (between somewhat unknown and neutral), on the Likert 5-point scale.
Table 3 Average knowledge level of each energy-saving measure
energy-efficiency building services
Mean
SD
Q1.Energy Saving Light Bulbs
3.84
0.929
Q2.T8 Fluorescent Lamp
2.02
1.217
Q3.T5 Fluorescent Lamp
2.05
1.252
Q4.Electrical Ballast
2.22
1.244
Q5.Cold Cathode Fluorescent Lamps (CCFL)
1.83
1.228
Q6.Light-Emitting Diode (LED)
3.76
1.047
Q7.Energy-Efficiency Pump
1.85
1.146
Q8.DC Inverter Air Conditioner
3.19
1.259
Q9. Air Conditioner with High Energy Efficiency Ratio
2.23
1.353
Q10.The Location of Air Conditioner
3.63
1.267
Q11.Light System with Daylight Sensor
2.52
1.447
Q12.Light System with PIR sensor
2.74
1.405
Q13.Light System with Multi Channel Energy Saved Load
2.22
1.324
Q14.Emergency Lights Charging with Constant voltage
2.31
1.380
Q15.Redesigning the Pump Head and Capacity
1.62
1.041
Q16.Eletrical Water Heater with Timer
2.67
1.397
Q17.Exhaust Fans with Timer
2.69
1.342
Q18.Automatic Car Fans and Lighting Shut Off System
3.18
1.360
Q19.Elevator Group Control System
3.15
1.456
Q20.Elevator with call cancel function
2.80
1.607
Q21.Energy Service Company (ESCO)
1.64
1.048
Q22.Energy Savings Performance Contracts
1.56
0.999
Q23.Reviewing Community’s Contract Capacity with Taipower
1.70
1.081
Q24.Reviewing Community’s Power Factor
1.68
1.057
(5:well known ;4:somewhat known ;3:netural ;2:somewhat unknown ;1:totally unknown)
Table4 shows the average awareness level of each energy-conservation policy. Generally
speaking, the average awareness level of energy-conservation policy is a little higher than of
energy-efficiency building services, it was 2.66 on the Likert 5-point scale. The author found that
the publications of government (Q2 and Q3) have poorer knowledge level among the questions,
2.00 and 2.15 individually, but the subsidy policies (Q4, Q5 and Q6) have a higher level, 3.25, 3.19
and 2.78 respectively. It shows that the respondents care about real benefits, and in the other way,
governments could do more efforts to propagate the two publications to improve energy
conservation and save energy.
Table 4 Average knowledge level of energy-conservation policy
Energy-conservation policy
Q1.Do you know Taiwan government has put much emphasize on carbon
reduction?
Q2.Do you know Taiwan government has published the Energy-saving
Technology Guidebook for condominiums?

Mean
3.51

SD
1.117

2.00

1.219

Energy-conservation policy
Mean
SD
Q3.Do you know Taiwan government has published the Energy-saving
2.15
1.178
Guidebook for family?
Q4. Do you know Taipower has carried out Discount Award on the Monthly
3.25
1.424
Bill?
Q5.Do you know Taiwan government has subsidy to encourage people to
3.19
1.433
buy appliances with Energy Label?
Q6.Do you know Taiwan government has subsidy to encourage people to
2.78
1.367
do green renovation?
Q7.Do you know Tainan city government has held energy-saving seminar?
1.79
1.168
(5:well known ;4:somewhat known ;3:netural ;2:somewhat unknown ;1:totally unknown)
4.4

Willingness to energy-saving renovation

Figure2 shows the result of willingness to energy-saving renovation. 96% respondents are willing
to renovate their community. Talking to the cost, as Figure3 shows, 31% respondents accept
10%~20% expenditure of their community fund, 24% accept 20%~30%, and 16% accept 10% or
less. Figure4 shows the acceptable payback period time. Over 30% respondents think five years is
acceptable, 8% answer four years, and 23% think three years is more acceptable.

Figure2: willingness to
energy-saving renovation
4.5

Figure3: acceptable expenditure
of community fund

Figure4: acceptable payback
period time

Difference between respondents

Differences in the awareness of environmental issues were found between groups differing in
educational level (F=16.43, p<0.001), and different community (F=1.956, p<0.05). Respondents
with higher educational level have higher awareness level. Research on green consumption
suggests that woman are often more aware or concerned about environmental issues [14], yet the
findings is this study indicate there is no difference between gender and thus provides scope for
advanced investigation.
Difference in the environmental attitude was found between groups differing in educational level
(F=3.78, p<0.05). Respondents with higher educational level have more positive attitude. The
results did not show any significant difference for the other demographic variables.
For the overall awareness level of energy-efficiency building services the results show that women
are less likely to be aware of the measures (T=4.439, p<0.05). Although the gender and green
consumption have been a long researched issue the relationship between gender and energyefficiency building services is a relatively new field [14]. The results also show the difference in the
awareness level of energy-efficiency building services was found between groups differing in
educational level (F=9.363, p<0.001), respondents with higher educational level have higher
awareness level. Differences in the knowledge of energy-conservation policy were found between
groups differing in age (F=2.98, P<0.05), educational level (F=6.515, p<0.001), and different
community (F=2.19, p<0.05). Overall speaking, educational level is the key variables. Whereas
older people were expected to be less aware of energy-saving measures, low levels of awareness
for young people are somewhat surprising as “the general belief is that younger people are likely to
be more sensitive of environmental issues” [14]. In fact, energy-saving measures might be closer
associated with saving energy-cost and is therefore more of a concern for homeowners, which
would explain higher awareness level of energy-conservation policy among middle-aged people.

Furthermore, the results also show that respondents with higher awareness level about energy and
environmental issues have higher awareness level both of energy-efficiency building services
(T=6.23, p<0.001) and energy-conservation policy (T=6.59, p<0.001). There seems to be a positive
relationship between environmental attitude and awareness level of energy-conservation policy
(T=3.58, p<0.001), group of higher environmental attitude show a higher awareness level, but
there is no relationship between environmental attitude and awareness level of energy-efficiency
building services.
Taking a closer look at the willingness to energy-saving renovation, the results show that only
different community influences the willingness to energy-saving renovation in all demographic
variables (sig=0.011<0.05), and only one community is unwilling to renovate. Finally, the study
analysed the correlation between groups with different willingness and groups with different
awareness level of environmental issues, level of environmental attitude, awareness level of
energy-efficiency building services and awareness level of energy-conservation policy. The results
show that only environmental attitude had influence to the willingness of energy-saving renovation
(sig=0.000<0.001)

5. Conclusion
The survey performed among condominium residents explores the awareness of energy-saving
measures and the willingness to renovation. Having a general understanding of the overall level of
awareness and the difference between the residents groups holds valuable information for energysaving company and government who aim to promote energy-saving renovation.
The results show that awareness among the residents for energy-saving measures is at a low level.
Most of the energy-efficiency building services are unfamiliar to the respondents, except for some
particular ones which are often advertised on TV. However, more importantly the results revealed
great difference in awareness level among residents segments. The analysis of the demographic
variables indicates that men were significantly more likely to have a higher awareness level for
energy-efficiency building services. Further, the analysis of education level indicates that
respondents with higher education level have a higher awareness level of energy-efficiency
building services and energy-conservation policy.
The survey also found that the residents have high willingness to energy-saving renovation. It’s  a
surprised that environmental attitude level and different community had significant impact on
willingness. As climate change, energy crises and global warming have become a highlyconcerned issue, energy-saving renovation has become a consensus among residents even
though they are not aware of the measures which they need. Different community is another factor
that influences willingness, and it is because the property management committee of that
condominium doesn’t act well and residents don’t trust them. Therefore, talking to do energysaving renovations for condominiums, the property management committee play a really important
part.
Finally, the study indicates that there is a scope to raise awareness both of environmental concern
and energy-saving measures. And a difficulty for energy-saving renovation is that residents are
unaware of energy-saving  measures,  they  don’t  know  what  measures  they  can  use  or  where  they  
can go for help.
Whereas the study provides a comprehensive overview of awareness level for energy-saving
measures and differences between residents segments, it cannot offer any coherent explanations
for these findings, thus providing scope for further research around investigation to property
management committee, strategies to energy-saving renovation and willingness to pay for
renovation.
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Summary
“Perfection” stands for a European Coordination Action on performance indicators for health,
comfort and safety of the indoor environment. The long-term aim of the project is to help enable the
application of appropriate building design and technologies to improve the impact of the indoor
built environment on the human well being. “Perfection” focuses also on (1) ensuring the important
user engagement in terms of obtaining and using the achieved results, namely a framework with
a set of indicators concerning the overall quality of buildings’ indoor environment called the KIPIs Key Indoor Performance Indicators, as well as on (2) making the innovations successfully adopted
into the social system. Proposed actions benefiting from the User Engagement and the Diffusion of
Innovations concepts are thus proposed for the “Perfection” project ensuring the potential users’
contribution, transfer of knowledge, awareness creation, wide dissemination and in result
successful adoption and usage of the Perfection innovations.
Keywords: user engagement, “Perfection project”, indoor performance indicators, indoor
environment quality, innovation diffusion, sustainable building, KIPI, wider socioeconomic context.

Full paper
1. Introduction
People spend more than 85 percent of their time indoors where they are regularly exposed to
pollutants, irritants, and chemicals that can cause and worsen health conditions, such as allergies,
asthma, respiratory disease, cancer, bacterial infections, and many others. Indoor environmental
quality (IEQ) is a critical environmental health and safety issue and everyone is affected. It is
important to be aware also that health effects may be experienced immediately after exposure or
even years later; they may also be linked to whether the exposure has happened once only or has
been experienced repeatedly.
In recent years different approaches have been developed in the EU with regards to the
assessment of the indoor environment and building sustainability, one of them being a 3-year
“Perfection” project realized under the European Union's Seventh Framework Programme. The
acronym “Perfection” represents the full project’s title: Coordination Action for Performance
Indicators for Health, Comfort and Safety of the Indoor Environment. 11 project partners from
Belgium, Finland, Poland, Greece, Czech Republic, France, Germany, Israel, Italy, the Netherlands
and the United Kingdom recognized the work done so far and are convinced that some kind of
unification of the existing indicators – across the EU at least – is needed. Learning from each
other, implementing sustainable building solutions and setting a common agenda with a more userorientated approach is believed to be the way forward. The project consortium is supported also by
an extensive network of experts (33 organizations from 29 countries) representing industry,
academia and research to ensure the needed depth and width.
Understanding of how the indoor environment affects individuals, the role of potential hazards and
how to control them can often help prevent or resolve building-related health, comfort and safety
issues. However, the users need to have clear metric of the impact of, for example, new

technologies on the indoor performance. In order to monitor and report on the performance of the
indoor environment, a set of key performance indicators is a necessity. The “Perfection” project
aims to deliver such a framework with a set of indicators concerning the overall quality of the
indoor environment (focusing on health and comfort, safety, security, usability and positive
stimulation, adaptability and serviceability and other features that could improve the well-being of
people living, working or visiting a building) and to present these findings in a user-friendly way.
This framework that lists most important indicators to describe indoor performance is called the
Key Indoor Performance Indicators (KIPIs). The KIPI framework consists of four main categories
(health & comfort, safety & security, usability & positive stimulation, adaptability & serviceability),
each one of them being divided into two sub-categories which are composed of three to five KIPIs.
The current version of the KIPI framework consists of 31 indicators [recent update: April 2011]. It
provides a benchmark of buildings against a standard performance level. It can be used for
a purpose of design assessment (for new buildings or when renovation works have been planned
but not yet executed to evaluate if the required performance levels will be met) and in operation
assessment (for existing building to evaluate the current status and identify possible actions to
improve the performances). The online KIPI tool, currently in its test version, is available on
www.indoorperformance.net.
Basing on the work done in the “Perfection” project the paper will discuss important actions that
need to be taken in order to successfully ‘diffuse’ innovation and engage users so as to make them
adopt the novel product/service quicker and with more confidence. Engaging process should be
initiated with actions aiming at reaching the wide category of users, creating awareness among
them and guaranteeing bigger usability of the innovation. The focus of this paper is on the
“Perfection” project and thus on users identified for the project’s innovations, namely: building
industry stakeholders, building users and policy makers. The idea behind is to look for activities
that would inform them about the project and its outcomes, actively engage in contributing to
project progress and encourage to promote further in Europe the idea e.g. through using the tool.
A user engagement methodology if combined with the innovation diffusion concept, which will be
discussed at the beginning of this paper, will ensure a successful adoption of the “Perfection”
results, widely acknowledged and applied.

2. Diffusion of Innovations
It is necessary to establish first the context of what an innovation is and how it can be spread.
Therefore a better understanding of innovation acceptance/rejection and conditions of successful
implementation of innovations into the social system will be presented followed by its’ usage in the
“Perfection” project.
2.1

Diffusion of Innovations theory

The Lisbon strategy launched in March 2000, was intended to make the European Union the
world's most competitive and dynamic economy. In December 2006 the European Council stated
that innovation is “vital to ensuring that Europe is able to respond effectively to globalization and to
benefit from it”. Innovativeness is a key to achieve this goal because it helps companies conquer
new markets or stave off competition. An innovation – which by definition consists of the successful
production, assimilation and exploitation of novelty in the economic and social spheres – comes in
many different forms, ranging from an invention arising from R&D to efforts to adapt production
procedures, tap new markets, use new organisational approaches or create new marketing
concepts.
It is important to notice that an innovation only needs to be perceived as new by the potential
adopters. It does not necessarily mean something newly learned. An individual/group can be
aware of existence of an idea/practice/product, but e.g. has not developed any attitude towards it
as yet, has not considered its utility or made a decision of adoption or rejection. For instance, in
“Perfection” the set of indoor environment quality indicators that form KIPI framework is provided.
Probably all of them have been described before (under the same or slightly different names), but
the novelty of the project is to put them in a new framework and suggest a process that the users
can follow to assess the buildings.

It is recognized that even great innovations resulted from R&D activities are rarely becoming wellknown and successful as such. Research and development of an idea/practice/product is only one
step in a long-lasting process of spreading an innovation beyond laboratories and offices.
Moreover an idea/practice/product may change during the process of the adaptation in order to
meet the users’ needs and expectations. A degree to which an innovation is changed or modified
by a user in the process of its adoption and implementation is called re-invention.
An innovation can be successful only if it is implemented. This dynamic process happening in
a social context is known as innovation diffusion:
“a process by which an innovation is communicated through certain channels over time among
members of a social system”(E. Rogers, 1995, (in:) S. Nutley, H. Davies, I. Walter, Learning from
the Diffusion of Innovations, Research Unit for Research Utilisation, Oct 2002)
The process of an innovation’s adoption can be characterised as a decision-making process,
where three types of knowledge are important in moving potential users from “denial”/”resistance”
through awareness and on to adoption:
Awareness knowledge

How-to knowledge

Principles-knowledge

(awareness that an innovation exists,
knowledge of its key properties, understanding of how the innovation relates
to current practices)

(information necessary to
use an innovation properly)

(information dealing with the
functioning principles underlying
how the innovation works)

The process of diffusion is considered to revolve around four key elements: an idea or innovation,
channels of communication to spread knowledge of the innovation, time during which diffusion
takes place and a social system of potential adopters in which this occurs (context). Moreover four
main aspects of innovation itself and its environment have been defined as key points for
innovation success/failure, which influence change over time:
1. Innovation attributes - relative advantage which may refer to economic advantage, social
prestige, convenience, satisfaction, etc.; compatibility to existing values of an individual/group;
simplicity when the idea behind or know-how is easy to understand; trialability when an
innovation can be tested/experimented first; visibility which results in the dissemination of the
idea). The greater the perceived attributes are, the quicker the diffusion of innovation is likely to
happen.
2. Adopters’ characteristics - classifications of the members of a social system on the basis of
their innovativeness understood as the extent to which an individual or other unit of adoption is
relatively early in adopting new ideas. Five different categories of adopters are identified:
innovators, early adopters, early majority, late majority, and laggards.
3. Promoters’ characteristic which include opinion leaders and change agents. Opinion leaders
are members of a population that possess higher status and level of inventiveness. They have
a vital role in encouraging peers (e.g. late adopters) – yet unconvinced – to take up an
innovation. By employing a new solution they make its effects visible and, thus, help to
overcome caution about the risks and costs of adoption. Change agents on the other hand
proactively work on innovation success and are responsible for creating the demand for
a particular solution through reducing barriers to its application, convincing adopters and
providing support in innovation-decision process.
4. Communication channels - means by which messages get from one individual to another. E.
Rogers made a distinction between interpersonal (where messages originate from local
sources) and mass media channels (where messages originate from cosmopolitan sources),
where the most effective communication channels seem to vary depending on the nature of the
innovation and the size of the potential audience. Mass media communication channels are
usually more effective when there are large numbers of potential adopters and low levels of
complexity. Mass media and cosmopolitan channels are also relatively more important at the
knowledge stage, particularly for earlier rather than for later adopters (awareness-raising
campaigns). In contrast, interpersonal and local channels are relatively more important at the
persuasion stage. The use of opinion leaders, who are ‘near-peers’, seems to be particularly
important in persuading others to adopt. Over time face-to-face communication becomes also
more influential once the awareness about an innovation has been raised and the adoption of

new products or behaviours involves the management of risk and uncertainty.
2.2

Diffusion of Innovations in the “Perfection” project

The innovation proposed by the “Perfection” project can be seen in two ways. First of all, after
reviewing existing indicators used in design and construction of the built environment, it offers
a new framework that lists most important indicators to describe indoor performance - the Key
Indoor Performance Indicators (KIPIs). The second aspect is an online tool, based on KIPI
framework, (www.indoorperformance.net) which allows users, producers and designers to assess
the products, buildings and technologies. It can be used both for the purpose of design and
operation assessment. Ideally, by using the tool a benchmark of buildings against a standard
performance level can be created. The intention is to provide an assessment method which relates
as much as possible to the performance indicator and not to the assumptions for technological
solutions that have been applied in the design/construction. The KIPI tool also serves as a user
interaction portal with the “Perfection” methodology.
How should the KIPI framework and assessment tool be promoted to become a successful
innovation?
Bearing in mind the theory presented above we need to focus first on the context of the project.
The “Perfection” is an international project where international experts are involved. Therefore the
KIPI framework and the assessment tool, both of which will be offered as the project’s outcomes,
have a potential to become a European (at least) standard. This would help with the idea of
unification of existing assessment methods of indoor environment performance and increase the
benchmarking aspect of the KIPI tool.
In order to make this goal achievable the project partners engage potential users through ‘testing’
the KIPI framework, asking for the feedback resulting from its practical applications and improving
the framework to make the concept as good as possible. This perfectly fits with so-called
‘reinvention’ that Everett Rogers, a professor of rural sociology who published “Diffusion of
Innovations”, believes to be crucial for an innovation’s diffusion. The success of an innovation (i.e.
KIPI framework and KIPI tool) depends on how well it evolves to meet the needs of more and more
demanding and risk-averse individuals. A good way to achieve it is to make users into partners,
ask them for feedback and continuously improve the product/concept, what in other words means
“to engage”.
Another suggestion is to focus the promotion on benefits and additional value gained from using
the KIPI framework/online tool. Apart from already mentioned standardisation of the assessment
methods, it also offers a support for users to improve indoor performance quality. The educational
value of the KIPI concept can help with raising awareness of all key indicators that should be taken
into account while assessing/designing/renovating indoor environment. The users can also find out
more about how the indoor performance quality can be defined and measured and what the
examples of the relevant technologies are. The already existing indoorperformance.net portal can
serve as e-learning platform to spread the word about project’s approach, KIPI methodology and
practical applications of the KIPI framework. The incentive to use the “Perfection” tool is thus to
show to the end-user the direct gains or indirect benefits (regulatory adaptation, ethical approach,
positive branding) of sustainable building design. Because the quality of indoor environment affects
practically everybody, the project can reach very broad categories of users who may benefit from
taking up the innovations offered by the “Perfection”. In any case, the target groups that should be
considered include policy makers, product developers, builders, designers, media, as well as the
wide public/society.
The conclusions drawn from the theoretic approaches suggest that an innovation can be
successful if - first of all - people know about its existence and when the new product/concept is
relatively advantageous, simple, compatible, triable and brings visible benefits. Moreover, the
promotion strategy should change over time and respectively address all five groups of adopters
that vary in their attitudes towards a specific innovation. Using appropriate communication
channels is as well important issue for achieving success in adopting the new technology.
What are the incentives and barriers in the successful adoption of new designs and
technologies?
One of the tasks of the Polish Partner – ASM Market Research and Analysis Centre Ltd. was to

identify in the “Perfection” project barriers and incentives towards implementing new designs and
technologies. Most of them refer to the specific technologies, but some are generic enough to
apply to the KIPI concept as such and therefore could be used in the promotional activities to
present innovation’s attributes/benefits.
First of all the KIPI framework and tool offer free of charge assessment method of the buildings
and can be used in all phases of building design, construction, renovation, etc. They comply with
existing policies/regulations/standards and the results of the assessment conducted by the users
(the number of points gathered while using the KIPI tool) can help with formulation of a voluntary
certification system. The decisions based on the assessment results can be cost-effective or lead
to other economic incentives (e.g. the impact of positive stimulation on the productivity). The
method seems to be easy to use, convenient and can be adjusted to assess different types of the
buildings (e.g. offices, hospitals, schools). It focuses on individual’s needs and positive impact on
users’ wellbeing. The concept can be also perceived as a holistic approach as it covers all aspects
of indoor environment – from health and comfort, through security and safety, to positive
stimulation, usability, adaptability and serviceability. The incentive is also the already described
above international dimension of the KIPI concept which has a potential to become
a recommended standard in the assessment of the indoor performance quality that is used across
the boundaries.
The promotion of expected and proven benefits is very important and different aspects need to be
highlighted depending on the priorities of a targeted group. Getting to know what different target
groups want and how a product/concept can meet those needs is usually a solid fundament to
build the promotional activities on. However, we cannot underestimate the necessity to talk also
about the barriers. This is especially crucial to successfully work with critical groups of adopters
(late majority and laggards). Presenting the barriers in an honest way, suggesting the ways to
overcome them and inviting users to provide feedback about a product/concept is a key in
developing a pro-innovative attitude.
In terms of the KIPI framework and assessment tool the barriers that may be considered are:
1. Lack or low awareness among potential users  This could be tackled with awareness
raising campaign and involving credible peers (experts in the field).
2. Currently under development/in a test phase, which may discourage users/designers that
are looking for ready-to-use and proven methods  After the end of the project the tool will
be available in its final version (amended in line with the users’ feedback).
3. Uptake is limited because not required by law  The project can promote the KIPI
framework and the assessment tool as a voluntary standard (possibility of
developing/incorporating it into the certification/award system) and depending on the
uptake it has a potential to become a recommended method across EU (or wider).
Moreover, according to a survey conducted for the European Commission in 2003, the most
important barriers to the commercialization of innovations include: customers’ uncertainty about
security and quality of new products; their lack of competence and ability to use these products;
their lack of knowledge about the biggest societal challenges as well as insufficient incentives to
the use of innovative solutions in handling these challenges. Although several years have gone,
these are still echoed among the barriers identified by the “Perfection” project. Knowing them in
advance can help to create a more user-friendly environment for adopting new designs and
technologies.
The way of promoting the “Perfection” results should also acknowledge the wider socio-economic
context of the EU and the Member States. In the ‘after-crisis’ economy the innovations and
innovativeness are considered to be the best way forward. The European Commission is
formulating, influencing and, where appropriate, implementing policies and programmes to
increase Europe's innovativeness. The Commission is trying to make sure innovation is thoroughly
understood and approached comprehensively, thereby contributing to greater competitiveness,
sustainability and job creation. However in the recent publication ‘Making Innovation Work’ P. Zerka
analyses so-called ‘European paradox’ where a high R&D input translates into a low rate of
successful commercialization. He states that in order to make innovation work in Europe, the
demand side of innovation should be taken into the fore, both at the country and the EU level. In
this approach new ‘systemic models’ are gaining ground, according to which supply (especially

R&D spending) and demand (policies) incentives are interdependent and should both be present
throughout the whole cycle of the innovation development. In other words to make innovation
flourish the focus on technological base and development via R&D funding is not enough. We also
need to think about deployment strategies belonging to the demand side, which until recently has
been neglected. Previously the scientists and policy makers used to focus on mechanisms that
stimulated R&D spending and the share of GDP spent on R&D, together with the number of
patents granted, served as basic measure of innovation. As P. Zerka states this situation started to
change at the beginning of the century and new policies aim to balance the supply and demand
side of innovation by introducing direct (e.g. tax incentives, demand subsidies) and indirect support
(e.g. awareness building, training and education, foresights, or support for voluntary labels).
Financial incentives, raising awareness activities, conformity with existing regulations and
certification/award systems have also been identified in the “Perfection” project among incentives
that support the adoption of new technologies.

3. User engagement
By engaging the users the project Consortium means first of all to reach the end-users (occupants,
owner buildings, other actors in the building construction chain), to create awareness and
guarantee bigger usability of prototype tool. The “Perfection” target groups have been defined as
following: building industry stakeholders, building users and policy makers. The idea is not only to
reach them but also actively engage in using the KIPI tool and contributing to its development.
The “User Engagement” conceptual model shows the engagement as a process in which the KIPI
tool user initiates the engagement (point of engagement), continues and sustains their involvement,
disengages with the application and potentially reengages (possibly several times). In each stage
different attributes appear, some being more and some less important. Nevertheless, while
creating, updating and developing the KIPI tool or another innovation its creators need to have in
mind the most crucial ones: attention, aesthetics, interest, challenge, control, motivation, novelty,
feedback but also flow, aesthetic experience, play, and information interaction which all influences
and facilitates engagement. For instance, the engagement of users with regard to the online portal
is pursued by the KIPI tool where four general advantages of the KIPI portal can be identified and
highlighted. Namely, the features of the Portal clearly indicate that the service may lead to more
reasonable, knowledge-based decisions related to a building performance, better communication
between services suppliers and their clients, promotion of best practices (healthier, safer an more
comfortable internal building environment) as well as smoother information exchange.
Below a more detailed description of ways to engage concrete user groups is proposed, based on
the “Perfection” project. The engagement of those groups was pursued in the project by coherent
and wide dissemination activities, two policy-oriented workshops (Cracow 2009; Paris 2010) and
two research-oriented workshops (Helsinki 2010; Prague 2011). Apart from past events a business
oriented workshop is planned during "Greek Money Show" in Thessaloniki on the 25-29 November
2011.
3.1

Building industry stakeholders

This group varies greatly as it embraces numerous professions such as engineers, designers,
building materials producers as well as contractors and developers. In other words, into this
category fall representatives of occupations that are entitled to take decisions concerning
a particular building (or its elements) and its performance from the earliest stage of its life cycle.
Decisions require choice and choice based on inadequate knowledge, unsupported assumptions
or intuition can lead to fatal consequences. It is especially true in sectors where, as in the case of
construction market, the consequences of any decision have long-term character and, therefore,
are of a high risk. One way of minimizing the risk is a good information flow or, more precisely
speaking, information exchange. World-class companies cope with this issue through the use of
benchmarking methodology (process).
The “Perfection” tool is not able to support the user to go through a whole benchmarking process,
as it involves long-term and a complex procedures. Nevertheless, it can serve as a study cases
library (database) that provides the user with the access to the best practices on the market. After
all, comparing a particular building or product against most successful running undertakings is
a best way to improve the performance quality of one’s own ‘branch’. In this respect, goals of this

part of “Perfection” project and benchmarking assumptions do not differ. In both cases, it is
expected to engage key stakeholders whose solutions may act as a basis (models) for identifying
gaps in performance for other “new” stakeholders who have just entered the market. Secondly, it is
supposed to abolish concerns related to changes introducing as it shows successful undertakings.
Moreover, it encourages excellence through popularization of best practices. Thus, the “Perfection”
tool – acting both as a database and information exchanging channel – poses a decision support
tool, at large. And internet access turns it into ever-expanding source of data on products
conforming to the “Perfection” standards in respect of health, comfort, safety and accessibility. This
can be achieved by report generated on the basis of users’ opinion on particular solutions applied
in building already published in the portal.
Furthermore, internet base tool not only enables producers to compare performance of their
products but also facilitates publishing their own solutions if they emerged to be successful.
3.2

Building Users

“Perfection” project aims to support a more user-oriented approach in the field of buildings
construction. Indeed, bearing in mind that citizens of developed countries spend approximately
85% of their time in different types of buildings, their feelings about variety of aspects concerning
those buildings cannot be ignored.
Through the research that was conducted within the project a set of parameters of utmost
importance were collected, defined and subjected to further specification: health, comfort, safety,
security, usability, positive stimulation, adaptability, serviceability. All those factors became not only
a theoretical frame for building/product specification but also, thanks to the tool, users may in this
scope evaluate buildings they occupy and products they deploy. Moreover, access to information
on already applied solutions and reports concerning performance of particular buildings allows to
take more conscious and knowledge-based decisions concerning users’ own real properties. Such
attitude towards an end-user-role is also applied for more practical and general reason: involving
end-users in the new technology/concept creation and evaluation allow for its better understanding
and higher level of acceptance. This, on the other hand, stimulates the development of the
construction sector towards sustainable building solutions as aware clients tend to present more
sophisticated demands.
3.3

Policy makers

The last but not least important group that the “Perfection” tool is dedicated to is made up by
decisive persons in the area of construction related policy. The primary objective of involving this
group is to provide it with access and possibility to comment on the assessment model elaborated
within the project. More important reason, applicable to all aforementioned groups, is that the tool
plays a role of library of best practices in the construction area. But while in suppliers’ case the aim
is to benchmark their own products and in users’ one – knowledge broadening for own purpose, in
the policy makers’ instance it would have more significant consequences. Initially, it means creating
awareness of new solutions/technologies to be applicable in order to improve buildings
performance. Consequently, it would have an impact on refurbishment and designing in public
building domain and which may be possibly extended through introducing respective laws and
regulations. Therefore policy makers should be also regarded as potential accelerator of sector
development. Moreover, two-way communication is enabled by high level of user support built in
the portal which includes knowledge and technical aspect as well as direct contact to the portal
administrator which allows to deepen information when required.

4. Conclusions
Nowadays it’s very difficult to make people engage with products or change their behaviour,
especially with regard to the construction sector where marketing/promotion strategies are almost
invisible. An effective way though to motivate people is first of all to (1) credibly address real issues
in their lives which in the case of the “Perfection” project means in general to improve the indoor
built environment on the human well being and secondly (2) by being engaging enough to be
noticed. For this reason, a user engaging KIPI tool has been created which can trigger interaction,

transfer of knowledge, raise awareness and diffuse innovation. Taking into account all relevant
features of User Engagement and Diffusion of Innovations concepts and introducing them in one
coherent strategy the envisaged innovations are likely to be successfully adopted into the social
system.
The conclusions of this paper and work done in the “Perfection” project lead us to several
recommendations that can be taken into consideration while implementing new designs and
technologies:
1. The project recognises that user engagement supported by activities related to innovation
diffusion is one of the possible and effective direction in the construction sector towards
quicker and wider uptake of new designs and technologies.
2. Benefits, incentives of the new products/services should be well identified and emphasized
in the actions directed to all type of user groups.
3. The application of new and innovative designs and technologies that can improve the
quality of the indoor environment is sometimes hindered by existing standards and
regulations or by the conservatism of the sector. On the other hand, the uptake of such
designs and technologies may be accelerated by incentives developed by the authorities.
This suggests that balancing of the demand and supply side is crucial to entrench the
innovations and benefit from them.
4. The raising awareness activities should be addressed to all (almost everyone is affected by
the quality of indoor environment), but fit for purpose i.e. reflecting the differences of target
groups – e.g. policy makers, professionals, society – and their attitude towards innovation.
5. The promotion should help people to learn that cost-saving aspect needs to be considered
as a longer-term benefit. The short sighting and focus on the benefits gained ‘here and now’
were often mentioned as a barrier to implementation of new technologies. It may be helpful
to show how a new technology/method works in comparison to ‘old’ methods and/or what
benefits can be achieved compared to ‘do nothing’ option.
6. The voluntary labelling (certificates/award systems), if supported by the government and
widely recognized by the professionals, may also contribute to the uptake of
e.g. green buildings concept. The KIPI assessment tool has also the potential to become or
contribute to one of these labels.
7. Each product/concept needs to evolve to have a chance of becoming successful. The
reinvention (continuous improvements of the product via users’ feedback) is a key to make
it work in a way the users expect it to. This also means changing the innovations from
producer-driven to user-driven to ensure that users’ needs are fully met and developing
positive attitude among the adopters.
8. Although most standards are based on ‘average person’ concept, it is becoming vital to
apply these standards in a way to make a building user-friendly and sustainable for
individuals (e.g. individually controlled and easy to use ventilation systems, lighting,
accessibility without unnecessary assistance).
9. Understanding how the indoor environment affects wellbeing and therefore impact on
behaviour can lead to increasing the openness to new designs and technologies that
positively influence the indoor performance quality.
These recommendations concentrate on ensuring the successful adoption of the new design and
technologies in the case of “Perfection” project. However these actions can be also applied in
different cases in the construction sector where adoption of innovations are considered. The
starting point is not only to inform the user about the product/service but also to engage with it
and/or change his/her behaviour. For this reason Perfection partners concentrated its efforts also
on the important user engagement in terms of obtaining, diffusing and application of the achieved
results.
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Summary
The purpose of this study was to analyze the common health-determining factors of housing and
regional environment, independent of the urban structure and scale, in Japan. To investigate the
influence on residents’ health of housing and regional environment, including various factors
pertaining to infrastructure and communities, a questionnaire survey was administered to adult
residents of three locales: a large city, a small city, and a rural village. A health-related factors
model was constructed to find the relations among housing, regional environment, and residents’
overall health, based on multiple-indicator structural equation modeling (SEM). First, SEM was
carried out using data on the three locales to examine common health-related factors in Japan. A
health-related factors model, based on epidemiological hypotheses, was constructed by combining
the measurement models; health model, and housing and regional environment models. It was
found that 25% of residents’ overall health may depend on their housing and regional environment.
In particular, residents’ overall health had strong, direct correlations with “living environment”
factors such as “indoor thermal environment” and “indoor lighting environment”, as well as with
“medical facility” factors such as “hospital” and “dental clinic”. Furthermore, the same analysis was
carried out using data on the three locales in order to investigate the differences in health-related
structures between them. The results indicate that there was a common structure for the three
locales, and that 20% of health may depend on their housing and regional environment. However,
differences were found between the structural equation models. These results imply that design
guidelines for health promotion will be required that correspond to the specific regional structures.
Keywords: Housing and Regional Environment, Questionnaire Survey, Quality of Life (QOL),
Health Impact Assessment, Health-Related Factor, Structural Equation Modeling (SEM)

1. Introduction
After the Second World War, health standards improved in Japan, which is now reflected in Japan
having the world's highest life expectancy 1 . However, because the elderly population is
growing rapidly and the incidence of lifestyle-related diseases is increasing, Japan is now faced
with social problems related to health insurance and pensions 2 . Now it is necessary that
extend the life average as well as healthy life expectancy. In 1979, Healthy People (USA)
suggested a ratio of contributing factors in determining people's health: health and medical
conditions, 10%; healthy behaviors or lifestyle, 50%; environmental factors, 20%; and human

biological factors, 20% 3 . The importance of environment and lifestyle, which are closely
related to housing and regional environment, was made clear. It is thus necessary to prevent
disease by improving quality of life (QOL) in housing and regional environment. Similarly, in 1986,
the World Health Organization advocated “Healthy Cities” for the creation of social environments
that improves QOL 4 . The necessity of urban development, which contributes to the promotion
of health and well-being, as well as the necessity of indicators for healthy cities, was noted. With
that recommendation, concerns about health-related factors of housing and regional environment
have been growing in recent years 5 . In addition, the important health-related factors likely
differ between locations, for instance, a large city or a rural village. Therefore, a questionnaire
survey was administered to adult residents of three locales: a large city, a small city, and a rural
village. Through this survey, we investigated the influence on residents’ health of housing and
regional environment, including various factors pertaining to infrastructure and community (Fig.1).
Structural equation modeling (SEM) was carried out to investigate the common health-determining
factors of housing and regional environment, independent of the urban structure and scale, in
Japan. In addition, the differences between the three locales were examined by comparative
analysis.

Housing and Regional Environment

C Housing

A Urban infrastructure
B Community
and network

Fig. 1 Housing and Regional Environment

2. Research approach
2.1

Target areas

The questionnaire survey was administered to residents of three representative locales in Japan
(Fig. 2): a large city (Kitakyushu City, Fukuoka Prefecture); a small city (Obuse Town, Nagano
Prefecture); and a rural village (Yusuhara town, Kochi Prefecture). The respondents were men and
women aged 18 years or older.
The targeted area in Kitakyushu City was a school catchment area in the suburbs of the city.
About 10,000 people live in this area (3040 questionnaires distributed; 923 valid responses).
The targeted area in Obuse Town was the central part of the city. About 12,000 people live in this
area (609 questionnaires distributed; 592 valid responses).
The targeted area in Yusuhara Town included the entirety of village. About 4,000 people live in
this area (1212 questionnaires distributed, 592 valid responses).
An overview of the survey is given in Table 1.
2.2 Contents of questionnaire
The aim of this questionnaire survey was to quantify the influence on health of various factors
pertaining to housing and regional environment. The questionnaire consisted of 4 parts and 103
questions, which covered basic information about the respondent, levels of importance and
satisfaction regarding each item, subjective health assessment, and lifestyle (Table 2). The
importance of items was evaluated on a five-point scale (1, very important; 5, not at all important),
and satisfaction was evaluated on a six-point scale (0 pts, 20 pts, 40 pts, 60 pts, 80 pts, and 100
pts).

Fig. 2 Targeted areas in Japan
Table 1 Survey overview
Characteristic of
target area
Targeted area
Population of target area
Survey date
Valid responses

Kitakyushu City

Obuse Town

Yusuhara Town

Suburban

City center

Rural village

Whole town

Whole town

About 12,000
Nov. 2009
592

About 4,000
Jun. 2009
1032

School catchment
area
About 10,000
Oct. 2009
920

Table 2 Survey content
Part 1. Regional environment
Hospital
Medical facilities
Dental clinic
Bus
Transportation
Train
Air quality
Water space
Natural environment
Sound
Green space
Fitness
Public facilities
Culture
Child-care
Crime rate
Crime & disaster
Public order
prevention
Barrier-free
City planning
Density
Scenery
Neighbors and
Neighborliness
network
Activitiy
Overall evaluation
Community

Part 2.

Housing
Basic information
Air quality
Daylight
Ventilation
Thermal env. (summer)
Performance
Thermal env. (winter)
Sound insulation
Barrier-free
Part 3. Health status
Eating habits
Meal, Body form
Physical movement
Exercise
Exercise, Activity
Rest
Mental health
Mental well-being
Medical care,
Healthcare
Screening, Dentistry
Smoking and drinking Smoking, Drinking
Answerer
Part 4.
Individual attributes Basic information
Attributes

3. Structural equation modeling
3.1

Purpose of analysis

A hypothetical model was proposed regarding the relationships among housing, regional
environment, and health (Fig. 3). In this model, “overall health” is posited to have a direct
relationship with “housing” and “community”, and to have indirect relationships with “infrastructure”.
SEM was carried out to test this hypothesis and to evaluate the effects quantitatively 6
7 .
First, measurement models of “housing and regional environment” and “overall health” ware
constructed to measure latent variables. These measurement models were combined, based on
the hypothesis, as a health-related factors model.
3.2

Analytical methods

SEM was carried out by using SPSS17.0J
indirect influence
direct influence
Housing
multivariate analysis software and AMOS
Regional
ver. 17.0 structural equation modeling
Overall
Environment
software. Three indices were used for
Infrastructure
Health
Regional
assessment of fit: chi-square test values ( 2,
Environment indirect influence
direct influence
degrees of freedom, P-value), cumulative fit
Community
index2 (CFI), and root mean square error of
approximation3 (RMSEA). The optimal
Fig. 3 Hypothetical model
model was selected on the condition that all
fit indices be the best possible, and that all path coefficients between latent variables, and between
a latent variable and observed variable, be significant (at the 5% level and below) according to the
Wald test. Also, all path coefficients are shown as standardized estimates.

4. Common factor model results
4.1

Sample

SEM using the data on the three locales was performed to analyze common health-related factors.
In this study, there were at least 592 valid responses for each locale. Differences in the sample
size between locales may be problematic, and thus stratified random sampling was carried out in
order to equalize the sample size and age structure (Fig. 4). In this case, Obuse Town, which is a
medium-sized city and had the smallest sample size, is taken as the standard.
4.2

Housing and regional environment model

Housing and regional environment were modeled via the exploratory modeling approach 8 .
First, exploratory factor analysis (EFA) was performed to extract the significant factors from among
the observed variables, and it was performed using the maximum-likelihood approach and Promax
rotation. Then, confirmatory factor analysis (CFA) using the maximum-likelihood approach was
performed based on the results of EFA. In this way, five factors were identified: “living environment”,
“facilities”, “social environment”, “outdoor environment”, and “medical facilities”. RMSEA was about
0.05, each indicator showed a very good fit. All path coefficients were significant (p<0.01) (Fig. 5).
4.3

Health model

In this study, “overall health” was evaluated as “mental health”, “physical health”, and “social
health”, which encompassed individual health status and lifestyle. The health model was
constructed based on the results of the CFA. By CFA, three factors were extracted: “mental health”,
“physical health”, and “social health”. A second-order factor model was constructed by creating
three factors. All path coefficients were significant (p<0.01), and each indicators showed a good fit
(Fig. 6).
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Fig. 4 Age structure of each locale
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Fig. 5 Measurement models of
“housing and regional environment”
4.4

Fig. 6 Measurement model of “health”
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*
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conducted based on the hypothetical model
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(Fig. 7). As a result, the coefficient of
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.117
determination for “overall health” was 0.24,
z
Medical facilities
and all indicators showed a good fit. The
factors “living environment" and “medical
Standardized estimate *** : p<0.01 ** : p<0.05 * : p<0.10
facilities” were found to be significant
2= 2059.477 df= 458 p
0.01 CFI=.924 RMSEA=.044
(p<0.05) according to the Wald test.
Therefore, the results indicate that “living
Fig. 7 Path analysis from factors of “housing and
environment” and “medical facilities” are
regional environment”
directly related to “overall health”.
On the other hand, there is room for considering indirect factors. Therefore, path analysis to direct
factors from other factors was carried out to look for a hierarchical model of health-related factors.
The common health-related factors model is presented in Fig. 8. This model shows that 25% of
residents’ health may depend on their housing and regional environment. In particular, residents’
health had strong, direct correlations with “living environment” factors such as “indoor thermal
environment” and “indoor lighting environment”, and with “medical facilities” factors, namely,
“hospital” and “dental clinic”. On the other hand, “social environment” did not directly influence

“overall health”, but its indirect influence through “living environment” and “medical facilities” was
found to be 0.283. Therefore, in the three locales, residents’ health had strong relations to social
aspects such as neighbourhood and regional activities, and housing performance aspects such as
the indoor thermal environment, daylight, and ventilation. This means that the three locales shared
a common structure, and thus housing and regional environment are important considerations for
residents’ health in Japan.
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Fig. 8 Common health-related factors model

5. Comparative analysis results
5.1

Analytical methods

In the previous section, we investigated common health-related factors by using data on the three
targeted locales (sample size: 592×3=1,776). The health-related factors model clearly showed a
common structure for these locales. A different perspective can be gained, however, by developing
detailed models of each one. Therefore, SEM was applied to the data on Kitakyushu, Obuse, and
Yusuhara, individually (each sample size: 592) in order to examine their unique health-related
factors. The procedure for these analyses was the same as in the previous section.
5.2

Health-related factors model

Figure 9 shows the health-related factors model for each locale. Note that in the figure, observed
variables are omitted. The results indicate that the structure of health-related factors in the three
locales was similar, and more than 20% of overall health may depend on residents’ housing and
regional environment. While generally the same as the Yusuhara Town and Kitakyushu City
models, the Obuse Town model included only one direct factor, namely, “living environment”, and
did not include “social support”. In addition, the structural equation models of Yusuhara Town and
Kitakyushu City were different. Therefore, important health-related factors depended on urban
scale. These results implied that design guidelines for health promotion will be required that
correspond to specific regional structures.
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Fig. 9 Health-related factors model (three locales)

6. Conclusions
To investigate the common health-related factors of housing and regional environment,
independent of the urban structure and scale, in Japan, SEM was carried out using data from a
questionnaire survey that was conducted at representative locales of different urban scales. A
common factors model showed that 25% of residents’ overall health may depend on their housing
and regional environment. In particular, residents’ health had a strong, direct correlation with “living
environment” and “medical facilities” factors. In addition, the same analysis was performed for
each of the three locales individually to look for differences in the structure between them. The
results indicate that there was common structure for the three locales, and that more than 20% of
health may depend on residents’ housing and regional environment. However, differences were
found between the structural equation models. Therefore, the important factors for promoting
overall health are different depending on the urban scale. These results suggest that design
guideline for health promotion will be required that correspond to specific regional structures.
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Summary
This paper discusses the challenges in developing ecological, low carbon and affordable dwellings
in rural areas of Wales; since much of the funding in the UK is often focused on urban
development. The Welsh Assembly Government (WAG) is committed to the aim that the
construction of new homes moves towards zero carbon as soon as possible. There is a need to
ensure that this strategy recognises that one size does not fit all; and understanding and
addressing these issues will be fundamental if WAG objectives are too achieved in rural areas.
This paper discusses a three year research project, which commenced in autumn 2010 in
collaboration with the University of Wales Institute Cardiff (UWIC) and Pembrokeshire Housing
Association (PHA), a registered social landlord and developer of affordable dwellings; to create a
development model for affordable, low carbon, ecological rural dwellings to achieve WAG targets.
This paper will be of use to rural developers, designers and architects.
Keywords: affordable, rural development, ecological, low carbon, dwellings, Wales.

4. Introduction
This paper discusses and illustrates some of   the   research,   which   is   part   of   the   first   author’s                  
doctorate project, which commenced in November 2010 in the Ecological Built Environment
(EBERE) group at UWIC, in collaboration with PHA; both organisations are situated in Wales, UK.
This work is to develop and test a best practice model for ecological, low carbon and affordable
dwellings that could be constructed in rural areas of Wales, UK. This paper reviews the challenges
in developing low carbon affordable dwellings in rural Wales and begins by reviewing the background literature to support the research, which includes the economic context for rural development in Wales;;  the  challenges  presented  by  the  Welsh  Assembly  Governments’  (WAG) decision to
push for the development of low carbon dwellings ahead of England in as near to 2011 as possible;
the nature of the rural Welsh construction industry; the problems of affordability of dwellings rural
areas; and the issues surrounding the dwellings planning system in rural areas. The proposed
methodology for the research project is discussed as are the expected outcome. The paper concludes by offering possible directions to addressing the issues surrounding the development of low
carbon dwellings in rural areas of Wales, UK.

5. Background and Context
5.1

The challenges of the Rural Economy in Wales

In the report entitled ‘The New Rural Economics’, Kilkenny [1] outlined how the challenges faced
by rural communities have been explored by economists and refers to the economist Edgar Hoover, who identified three foundation stones to the understanding of economics at a regional level:
“To   sum   up,   an   understanding   of   spatial   and  regional   economic   problems   can   be   built   on  
three facts of life: (1) natural resource advantages, (2) economies of concentration and (3)
cost of transportation and communication.” [2]
These Hoover and Giarratani, (referred to H&G hereafter) (1999) ‘facts of  life’  identify  many  of the
challenges facing rural communities in Wales and understanding the effects of these factors it is
possible to identify the difficulties of developing affordable dwellings in rural areas. By applying
these H&G [2] factors to a single county (Pembrokeshire) in Wales the authors believe that building development can be influenced from the macro-economic level down i.e. the regeneration and
development of cities to the micro-economic level i.e. the construction of individual dwellings.
Taking Pembrokeshire, in west Wales (UK), as an example it is possible to examine the issues
raised by its natural resources advantage, characterised by   the   county’s rural amenities, which
include 243 miles squared of national parkland and an extensive coastline. A consequence of
these rural amenities is that the county attracts many in-migrants from the from urban areas of
England, termed counter-urbanisation, and many of its dwellings are owned as second homes by
people whose main residence and employment is outside the county raising property prices and
therefore making dwellings unaffordable for many local people [3]. In addition, the rural attractions
of Pembrokeshire mean that there are tight planning controls over the location and appearance of
new buildings, restricting development and further raising the price of dwellings. These restrictions
on development are particularly strict in the Pembrokeshire Coast National Park [4-5].
This effect of middle and high income in-migrants moving into rural areas drawn by rural amenities
was identified by Jonathan  Murdoch  in  ‘The  Rural  Economy  and  the  British  Countryside’ [6]. Murdoch observed that, with regard to the built environment, the influx of middle and high incomes
people leads to traditional buildings being bought and restored and local ‘features of interest upheld as ‘sacred goods’’. Murdoch also identified that politically active middle class in-migrants are
resist most types of development except those that fit the local aesthetic in the rural areas in which
they reside. Murdoch   used   the   term   ‘preservationism to describe the effects of these in-migrants
on rural locations. A consequence   of   the   ‘preservationist’   approach towards existing traditional
properties is that Housing Associations in areas with high natural capital subject to in-migration,
such as Pembrokeshire, are forced to focus on new-build developments as a means to meet social
housing need, based on the experience on PHA [Ibid].
With regard to economies of concentration, the population of Pembrokeshire is very low at 117,300
people, or 72 people per kilometres squared (km2) [7], compared with 227,100 people/km2 in
Swansea [8], or 601 people/km², and 300,000 people/km2 in Cardiff [9]. The majority of residents in
Pembrokeshire  live  in  villages  and  across  the  county’s  1618  km²  there  are  five  main  towns:  Milford  
Haven, Pembroke Dock, Tenby, Haverfordwest and Fishguard [7]. From PHA’s  experience  of  development in the county of Pembrokeshire, the lower population in the county compared with the
other counties discussed above, in Wales means that there are fewer design and construction
teams for developers to commission. Thus, the market for construction service is less competitive
leading to higher tender returns than in urban areas making tender returns higher as identified
Wales Rural Observatory (WRO) report  ‘Housing  need  in  Rural  Wales’  [10].

Finally, transport routes and transport durations are much longer in rural Pembrokeshire than in
urban areas, such as Cardiff or Swansea, which adds to costs, based on the experience of PHA.
Despite the issues outlined above WAG does not provide additional funding for housing associations that develop in Pembrokeshire and weekly salaries are 12% lower in Pembrokeshire than the
Wales average [7]. In Cardiff, residents on average earn 4.5% more per year than residents in the
rest of Wales [9].
5.2

The Challenge of Delivering Low Carbon Dwellings

Wales is one of the few countries in the world to place sustainable development at the core of its
constitution and Section 79 of the Government of Wales Act 2006 [11] established an ongoing
requirement for WAG to promote sustainable development. This commitment has contributed to
the decision of Welsh Assembly Ministers to take a lead over other regional assemblies in its their
approach to meeting UK and European legislative requirements to reduce carbon emissions from
the built environment set in the Climate Change Act 2008 [12] and the Buildings Directives 2002
[13] and 2010 [14]. In responding to these requirements WAG has set an objective for the
construction of new homes to move towards zero carbon as soon as possible; and announced a
target for this to be implemented by 2011 [15].
In support of this accelerated timeline towards zero carbon, WAG received devolved powers from
the  UK’s  national  government  at  Westminster   in November 2009. Since September 2010 all new
dwellings in Wales have been required to meet code level three of the Code for Sustainable
Homes (CfSH) to receive planning permission [15]. Control of the Building Regulations in Wales is
set to be transferred to Welsh Ministers from 31 December 2011 [15]. The transfer will enable new
building regulations (primarily involving changes to the current Approved Document L 1 (ADL1)) to
be applicable in 2013 following a consultation process in 2012 [16]. As a first step to zero carbon,
an improvement of 55% over the 2006 edition of ADL1 of the Building Regulations will be
implemented in 2013. This accelerated programme is several years in advance of the ADL1 in
England, Northern-Ireland and Scotland and presents considerable challenges for the Welsh
construction industry.
One of the principle challenges faced by developers and designers of low carbon schemes in
Wales is that the current low level demand for dwellings compared with England, means that many
suppliers have held back on developing products for low carbon dwellings and many new products
are unlikely to be available until the construction industry in England provides this demand. As zero
carbon (CfSH Level five) is not due to be mandatory in England until 2016 [17] and with house
builders likely to land bank planning consents for some time after that, it may not be until 2017 or
2018 that products for zero carbon dwellings will emerge into the market place that are suitable
[18]. For many manufacturers the Welsh construction industry is too small to commit to substantial
product development when compared to the English construction industry, which is over 22 times
larger based on quarterly output from the period of November 2010 to January 2011 [19].
In addition to developing new products, developing new skills in the construction industry is
another   challenge   posed   by   WAG’s   accelerated   programme.   The   standards   for   low   carbon,  
ecological homes, as characterised by the CfSH are more vulnerable to the performance of the
external envelope and build quality. In addition, these standards also frequently require the
installation of new technologies ranging from micro-generation technologies, including ground
source heat pumps or photovoltaic panels, to the application of technologies not generally used in
dwellings in the UK, such as heat recovery units. Meeting the challenge of raising the performance
of the building fabric and installing and maintaining renewable technologies will mean developing
new skills for many contractors [20].To compensate for the current lack of skills within the
construction sector in Wales there has been a drive among some contractors and manufacturers to
develop newer forms of construction, such as thin bed mortars, structural insulated panels and prefabricated construction to meet higher building envelope standards [18].
A consequence of this lack of products and skills is that currently low carbon dwellings have higher

capital costs compared to dwellings built using traditional construction techniques. There are a
number of reports examining what the uplift in cost necessary to meet each of the levels of the
CfSH when compared to a similar home built using current standards (ADL1). The figures range for
uplift in capital costs vary considerably: 10% to 43% for a CfSH level five end terrace in the
Communities and local Government Report [21]; 35% for a CfSH level five end terrace in the
Gentoo report [20]; and 59% to 64% for a CfSH level five semi-detached house in the Lee
Wakemans Report [18]. However, these reports examined theoretical dwellings built in non-specific
locations without taking into account regional economics and the potential challenges of
economies of concentration and transport costs outlined by H&G [2].

6. The Rural Welsh Economy
6.1

The Rural Welsh Construction Industry

In rural areas of the UK construction firms are characterised by their small size, 94% of rural firms
employ ten or fewer workers with 43% employing up to two people and 20% employing between
three and five employees [22]. Many rural construction firms have considerable experience in the
residential sector with 37% to 60% citing domestic building installation, completion and repair as
their main work [22]. In Wales; the Wales Rural Observatory Business Survey [23] outlined some of
the characteristics of these small construction firms, as described below:





They are run by local people and the most important factor influencing the decision of the
directors to locate the business in rural Wales was because they were already living there. 93.8%
of construction industry businesses cited this as a reason why they had chosen to locate their
business in rural Wales as compared to an aggregate of 81.3% in the survey [23].
There was a desire from many construction industry recipients to the survey to keep their
businesses  small.  The  statement:  ‘I  would  definitely  like  the  business  to  grow’  scored  highly  on  
aggregate (70.2%); however, only 49.5% of construction businesses agreed with this.
With regard to customers only 26.5% of construction respondents to the survey had customers
more than 100 km away from the business premises, suggesting the local nature of their
market, and 50% of construction sales were generated from other small businesses against an
aggregate of 27% of rural businesses [Ibid].

As discussed in Section 2.2 above, the construction of low carbon dwellings can require specialist
construction techniques, especially when zero carbon is set as an objective. It is in this regard that
rural construction firms can be seen as lacking because their small size and the dispersed nature
of their market means that a third focus on the general building market and only 18% of firms offer
a specialisation (and that was only in joinery) [22]. These results highlight a lack of skills necessary
to develop zero carbon homes in rural areas. In addition, many rural construction firms do not have
access to the specialist supply chains being utilised by some contractors in urban areas to overcome a lack of skill in their workforce. This lack of a specialist supply chain was apparent from the
Countryside Agency report which highlighted the fact  that  89%  of  rural  contractors  rely  on  builder’s  
merchants as their principle source of supply for construction materials, as opposed to specialist
suppliers that could provide guidance to ensure the high quality standards necessary to deliver
zero carbon homes [Ibid]. In the Wales Rural Observatory business survey 78.4% of recipients
from the rural Welsh construction industry said that their suppliers were located less than 30 km
from their business premises suggesting very short supply chains [23].
The difficulty in building low carbon dwellings in rural Wales is confirmed by the experience of PHA
building CfSH level four dwellings in Pembrokeshire under  the  WAG’s  Pathfinder  Housing  scheme.
PHA’s original attempts to achieve CfSH level four using a building fabric based approach were
found to be unaffordable based on the budgets available from WAG. PHA eventually met the
standard by utilising the fabric design of their CfSH level three dwellings, with the addition of
photovoltaic panels to upgrade the property. The decision by PHA and its design team to using a
tried and tested methodology for the building fabric, relying on a workable supply chains for west

Wales illustrates that achieving low carbon dwellings through a fabric led approach is particularly
challenging in rural areas without capital investment, the development of rural supply chains or the
development of specific local solutions.
The Countryside Agency report [22] explained that significant sustainability and local economic
benefits could be gained from encouraging greater locality of supply of primary products originating
in rural areas such as aggregates, quarry products, timber, and blocks, bricks and tiles. However,
there are a number of examples where the sourcing of local materials can been taken beyond
supplying aggregates and quarry products and could go far as utilising the agricultural capacity of
the rural economy to grow materials. Examples of this include the RuralZED house developed by
Bill Dunster [24,25], the Modcell system [26] or Ty Unnos [27] which utilise local grown prefabricated components to achieve low carbon design. By utilising modular prefabrication based on renewable resources (especially wood) these systems can overcoming skills shortages. The Centre
for Advanced and Renewable Materials identified that Wales is well placed within the UK to exploit
this emerging technology of locally grown prefabricated construction systems through strong links
with agriculture, access to R&D capabilities and a wide portfolio of funding sources [28].
6.2

Affordability of Dwellings in Rural Areas of Wales

As discussed in Section 2.1 above, there are a number of factors acting on the affordability of
dwellings in rural areas such as in-migration and the purchase of second homes has been one of
the most influential factors rural and coastal tourist areas of Wales. As a result between 1997 and
2003 house prices in the nine rural authorities in rural Wales increased by an average of 82.9%
compared to an all Wales increase of 73.2% [10]. The report identified the continuing effect of
theses factors combined with the uplift in house prices associated with low carbon homes would
compound the current shortage in affordable dwellings in many rural areas of Wales.
Since the publication of the Wales Rural Observatory survey in 2006, there has been a recession
causing house prices across the UK to fall between January 2008 and March 2009, and this has
affected Wales by producing an overall decrease in the need for affordable dwellings [29]. A study
conducted by Wales Rural Observatory [29] revealed that the recent downturn in the dwellings
market has had little impact on the affordability of dwellings in rural areas as despite falling prices,
dwellings are becoming less affordable due to the difficulties in securing required mortgages and it
is now more difficult for new entrants and those on low incomes to enter home ownership [29].
6.3

Planning as an Obstacle to the Development of Rural Housing

The rural planning system in the UK has come under criticism for creating an environment in which
dwellings has become unaffordable for many living in rural areas. In his book ‘Low Impact Development:  Planning  and  People’, Simon Fairlie [30] argued that the current system for rural planning
dating back to the Town and Country Planning Act of 1947, operates to restrict the amount of land
that is allocated for residential uses. Fairlie argues that the restrictions result in a scarcity of development land in rural areas; monopoly control by corporations who buy options on land likely to be
allocated escalating its price; a lack of affordable dwellings and  ‘massive  indebtedness  of  a  large  
proportion of the population with a host of other repercussions including overheating of the UK
economy and the 2007 to 2008  credit  crunch’ [Ibid].
While many people would not go so far as to level the cause of the credit crunch on the UK planning system there is certainly a belief that it is an obstacle to addressing dwellings need in rural
Wales by some developers. A criticism levelled at the planning system is that its policies tend to
reflect UK and WAG policies rather than local preference [10]. Conversely, some RSL developers
have noted that local opposition to development, including social housing, was a significant factor
in   restricting   development   and   ‘ruralness’   with   its   associations   with   landscape   and   beauty   often  
made planning an emotive subject [Ibid].

Within planning authorities there is awareness of the need for affordable dwellings in rural communities and Pembrokeshire’s   Planning   Guidance [31] allows, affordable dwellings to be built in or
near a settlement  ‘in exceptional circumstances where there is proven local need’. However, there
is  still  some  debate  as  to  how  successful  these  ‘exception  sites’  have  been for providing affordable
dwelling and to what extent the planners should intervene to ensure that land that would not otherwise be permitted for dwellings should enable dwellings to be built at an affordable price [10].
Fairlie [30] argues that more fundamental change to the planning system is required to address
issues of environmental degradation and provision of affordable dwellings. People should be allowed to build anywhere if they conform to agreed environmental criteria argues Fairlie. This approach would eliminate the artificial prices attached to allocated land and would ‘create an incentive for developers to compete with each other not by outbidding each other for scarce development sites but by drawing up projects that judged to be more sustainable than those of rivals’  argues Fairlie. There is a precedent for the type of low impact development advocated by Fairlie [Ibid]
in Pembrokeshire at Lammas Eco-village which was the subject of a prolonged planning process
[32]. The success   of   Lammas’   planning   proposal   led   to   the   concept   of   low-impact development
being recognised by the local Planning Authority through Pembrokeshire's policy 52 [33] and the
rest of Wales through ‘TAN 6: Planning for Sustainable Rural Communities’ [34].

7. Research Methodology
With regard to developing a methodology for the research programme, the literature review has
identified the following weaknesses in existing literature:







There is little current information on the rural Welsh Construction industry, as demonstrated
by two key sources of information on the Welsh and UK rural construction industry, which
have not been updated since 2004 [10, 22].
This lack of recent information on the current rural Welsh construction industry underlines
that little research has been conducted on how rural developers have been adapting to
meets the challenges, set by WAG, of producing low carbon rural housing.
There is a lack of information on the experience of designers, developers and builders in
Wales building low carbon dwellings what they consider as the most effective means of
achieving affordable, low carbon dwellings in rural locations.
The question about the development of experience is especially true of the dwellings built
through the WAG’s  pathfinder programme and at the time of writing (March 2011) there is
still no information on how successful the pathfinder houses have been in achieving their
objectives. This lack of information is exacerbated by the fact that WAG has not provide
funding for monitoring the in-construction or post occupancy thermal performance of low
carbon dwellings to assess whether low carbon design has translated into low carbon construction and operation.
There is little information on the availability of the specialist skills, supply chains, materials
and components required for building low carbon ecological rural Wales.

Table 1 Project work plan
Work
Packages

Description

WP1

Literature review on appropriate rural dwellings systems/monitoring
WP1 develops a conceptual framework for the research project and literature review.
The literature review includes legislative and policy drivers; ecological building fabric
approaches; renewable energy systems; research techniques used in interviews and
monitoring environmental performance in dwellings; and procurement methods.

WP2

Monitoring – post occupancy evaluation, physical monitoring and analysis
WP2 investigates the success of the strategies adopted by rural developers in achieving CfSH Level three and Level four with the aim to obtain information, using energy
monitoring and questionnaires on the following: existing energy use; factors which
influence energy use; attitudes toward energy efficiency.

WP3

Analysis of qualitative and quantitative data from case studies
WP 3 will evaluate the performance of case study houses and identify factors influencing thermal performance, resource use and occupant comfort and behaviour.

WP4

Production of a draft rural model for ecological and low carbon Dwellings
Communities
WP 4 undertakes analysis and interpretation of factors influencing thermal performance, energy use and occupant comfort and behaviour to aid development of a best
practice model.

WP5

Development of Best Practice Model for Rural Ecological and Low Carbon
Dwellings Communities
WP5 will apply and test the best practice model design guide approach on vacant
sites  as  part  of  Pembrokeshire  Housing  Association’s  landbank.

WP6

Dissemination of research outcomes
WP6 will bring the research together in a format that will make it readily usable by the
rural developers. The project is due to be completed in October 2013.

The overall aim of the first   author’s   doctorate   project   is   to develop a best practice model for the
development of low-carbon, ecological, low rise rural dwellings, for a 21st century Wales. To
achieve this objective the work plan above has been prepared (Table 1) highlighting the various
work packages.
The outcomes of the research are expected to be relevant to the design of low carbon rural
dwellings and the development of methodologies for improved environmental performance. This
research will also provide a framework for future development by rural Welsh housing associations
for low carbon, ecological housing development addressing issues such as procurement, design,
local resources and the ongoing affect of the occupants on building performance.

8. Conclusion
The paper has set the background and context for a doctorate research project that commenced at
UWIC in November 2010 to develop a best practice model for low carbon, ecological and
affordable dwellings for rural parts of Wales, UK. The paper has provided a comprehensive review
of literature specific to rural dwelling development in Pembrokeshire, Wales. The key findings arise
from recognition that WAG’s targets presents a considerable challenge to for the Welsh
construction industry especially in rural areas with short supply chains and a shortage of skills. The
decision by PHA and its design team to construct its dwellings relying on a workable supply chains
for west Wales illustrates the difficulties of building affordable low and zero carbon dwellings in
rural areas without support whether through capital investment or planning support such as
‘exception sites’. Potential exists to utilise the rural economy to develop new supply chains;
however, it could be argued that capital investment would be required to release this capacity. This
literature review when assessed in terms of H&G [2] facts of life suggests that within the emerging
eco-economy of the twenty-first century Wales there lies the potential for the first factor, natural
resource advantages, to offset the disadvantages of the second and third factors, economies of
concentration and costs of transportation and in doing so revitalise rural areas.
The key challenges facing the doctorate have been discussed and include a lack of recent information on the rural Welsh Construction industry and how successful attempts to develop the knowledge base of designers, developers and builders in rural Wales have been and based on their ex-

perience to date. The methodology for the research project have been discussed and will include
post occupancy evaluation, physical monitoring and analysis and development of a practice model
design guide. The outcomes of the research are expected to be relevant to the design of low carbon rural dwellings and the development of methods and methodologies for improved environmental performance. This research will provide a framework for future development by rural Welsh
housing associations for low carbon, ecological housing development addressing issues such as
procurement, design, local resources and the effect of the occupants on building performance.
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Summary
This article focuses on a study of residential architecture in Wroclaw in two significant time periods:
the first in the years 1960-1970, and the second from 2008 until today (2011). In both of those
periods Poland was (and still is) undergoing an economic crisis. The study looks in detail into
several facilities, which fall within the scope of the study. We analyzed and compared four features:
urban plan, architectural values, spatial standard and materials. Our goal was to see how the
construction market reacts to the economical crisis both in a communist and free-market political
system.
Keywords: architecture in crisis, block of flats, residential architecture

4. Introduction
The whole world is facing a great crisis in engineering and architecture. Designers are struggling to
come up with innovative ideas for useful and economical architecture, which would respond to
factors such as the decreasing demand for housing, the new global working environment and
leisure time activities of the modern citizen. Most importantly they need to consider the dramatic
changes   in   the   structure   of   our   society.   Sustainable   building   no   longer   means   “economical”   and  
“ecological”.   Today   it   means   an   organism which can adapt to the completely novel future that is
coming.
This article studies how Polish cites behave when they are faced with the challenges of tomorrow,
on the example of Wroclaw. In the first stage of our study we will analyze the construction market
during the economical and political crisis in Poland in the 1960s and 1970s with special focus on
Wroclaw housing. It is a well known fact that the condition of residential housing reflects the overall
situation of architecture. In the second part of the article we will discuss modern residential housing
of Wroclaw.

5. Methodology
There were two parts to the study. The general part analyzed Wroclaw residential housing in two
important time periods, the first in the 1960s and 1970s and the second from 2008 until today.
These are periods when economic crisis hit Poland, but it should be underlined that these
phenomena naturally extend and affect others time periods. The second, detailed part was a case
study of the following: a core-roped building at Tadeusza   Kościuszki   St,   residential   houses   at  
Grunwaldzki Square and the Estate of Polish-Soviet Friendship (all of which represented the first
period), and the CorteVerona and Odra House (which served as examples from the second period).
Many other buildings were studied and for the sake of clarity we present only the conclusions

without reference to particular buildings. We used analysis and comparative analysis as the main
method. We analyzed four aspects of residential housing: urban plan, architectural values, spatial
standard and materials. When looking at urban plans, spatial standards and materials, we used
objective measurements, whereas for architectural values we collected the subjective opinions of
professionals.
5.1

Aim

The objective of the analysis was to determine how the construction market reacts to economic
crisis in a communist state (first time period) and a free-market political system (second time
period). Based on our conclusions we showed currently used methods of revalorization and
renovation of socialist realism complexes. We also attempted to evaluate the studied architecture
and to determine further directions for development of residential architecture in the light of the
current crisis.

6. Architectural identity
After the Second World War Poland lost 30% of residential substance [1], while in Wroclaw the
percentage of demolished buildings soared to 80%. Niezabitowska [2] claims that in the seventies
the world's economy was undergoing a crisis, which was the effect of rising prices of petroleum. In
Poland, the communist political system implemented after the Second World War not only
negatively affected every walk of life but also had a deteriorating effect on architecture. The
growing demand for proper housing combined with a fascination with industry, which was falsely
imposed on the populace by the central government, resulted in an attempt to simplify and
standardize the footprints and facades of buildings in order to use prefabricated concrete panels
whenever possible. While the ratio of newly created flats in the seventies was very impressive –
60% higher than in the previous decade [1] – the architecture was going through an esthetical and
economic crisis [Fig 1].

Fig. 1 Blocks of flats built of precast, prefabricated concrete panels are still in use though most
of them were designed to last no more than 10 years.
6.1

Protest

Burzyński   [3] explains that blocks of flats built of precast, prefabricated concrete panels were
created by mechanically dividing traditional structures into parts larger than brick or stone. He
stresses that it did not bring new values into architecture. At the same time he criticizes the
stiffness of modular sections and the small variety in available elements, which prevented
architects   from   expressing   individuality   in   their   designs.   Burzyński’s   solution   to   the   problems   of  
socialist realism was the core-roped building, whose structure was unique. The main idea was to
use the same materials as in modular prefabricated structures together with reinforced concrete

elements. The finished building offered open space which could be freely divided and was limited
only by the outer walls and inner core. Other advantages mentioned   by   Burzyński   include  
a significantly reduced size of the construction site and the fact that large and heavy construction
cranes were no longer needed. Only one apartment block of this type was erected in Wroclaw at
Tadeusza  Kościuszki  St.  in  1967 [Fig. 2]. In 1974 the core-roped construction was remodeled due
to the damages it sustained from wind and today it is a common frame structure.

Fig. 2 Core-roped  residential  building  at  Tadeusza  Kościuszki  St.  – typical floor plan (based on
[3] fig. 2, facades - current condition.
The inability for architects to express themselves undermined the role of this profession. Their
strive to create a functional and friendly living space became futile [4]. While Burzyński’s  designs  
were in line with the official design trends, others tried to experiment with form. A great example of
a   “protest” against repeatedly used modernist designs are embodied in the residential blocks on
Grunwaldzki Square (completed in 1975) designed by Jadwiga Hawrylak-Grabowska [Fig. 3]. The
curved balcony panels, which camouflage the run-of-the-mill windows and doors, give this
residential complex a unique character. The designer also wanted to construct the outer walls from
white concrete and fill all the details with plants, which was impossible due to lack of proper
materials [5]. However the statement made at that time is clear even today.
The residential blocks on Grunwaldzki Square are an excellent example of the low quality of
materials used in the communist period. Concrete walls are cracking and crumbling, parts of
ceilings are falling down exposing the the wiring and causing a threat for pedestrians [fig 4]. All
steel elements such as balustrades are covered with rust, which eats away at the metal,
weakening the elements and posing a substantial risk for the users. [fig 4]. Due to lack of funds
the complex has not yet been renovated and only temporary repairs are performed when
deterioration becomes severe.
Another good example of  the  architects’    strive  to  improve  construction  in  socialist  realism  period  is  
a residential complex called the "Estate of Polish-Soviet Friendship" (currently "Friendship
Residential Blocks") designed by professor Witold Jerzy Molicki (completed in 1976). The footprints
of these buildings were raised on circular plans which provided the best natural lighting for each
flat. Due to the fact that floor plans (and consequently the walls and ceilings) were not divided in
a modular fashion, these kinds of structure needed a completely separate prefabrication process.
This is why the design had to be approved by the highest authorities [5] in order to allow the city to
build the blocks according to Molicki's project.

Fig. 3 Residential blocks at Grunwaldzki Square – general view, commercial pavilion
6.2

Spatial plan/layout

The importance of modular and standardized plans is well illustrated by Szafler [1] who stresses
that in 1957 only two types of buildings where used. Only 10 residential complexes included more
than eight forms of buildings and structures with terraces were used in only 3% of residential
housing.
Standardized floor plans were designed to match the restrictions in apartment sizes. Molicki [5]
reminds: the so-called M2 (apartment with two rooms, kitchen and bathroom) – could have
a maximum area of 27 m2. Analogically: M3 (three rooms) - 36 m2, M4 - 48 m2, M5 - 54 m2, M6 60 m2. The floor plan of an apartment was organized around a common corridor with small
standardized rooms on both sides, a dim kitchen and bathroom, which usually could barely fit
a small bathtub, toilet and sink, not to mention a washing-machine (almost impossible to buy at the
time). There were not any special public or private zones in the apartment and bedrooms served
as living rooms or studies. Due to limited space the furniture was connected together, creating
a wall unit. The most popular construction materials in those days were concrete and prefabricates
(80% of social constructions according to Szafner [1]) whose main (and sometimes major)
component was sand. The thermal insulation was made of Styrofoam panels and, if one was lucky
enough to obtain it, plaster and roofing tar was used for finishes. As a result of the modern utopian
concept  of  “the  building  as  a  machine  for  living  in”  garbage  shoots  were  installed  inside  buildings.    
They were planned as a simple tool to remove waste from apartments and to serve as an
important part of the building, but instead, they became the nesting grounds for insects (e. g.
cockroaches) due to poor maintenance and misuse.

Fig. 4 Damage caused by water in low-quality materials used in socialist realism – ceiling, balustrade fragment of the complex at Grunwaldzki Square, line cover in the core-roped building
at  Kościuszki  St.  
There was no common space in the buildings, the narrow corridors and small entrance vestibules
could not serve as meeting places in this residential structure. Common elements which seem to

have been neglected in all residential and public complexes were facilities for people with
disabilities. Tall front stairs, lack of elevators, inaccessible apartments and bathrooms made life
difficult for many people, especially the elderly. Currently it is very difficult to adapt buildings to new
requirements. Very long and winding ramps and external lifts spoil the facades and still do not
significantly improve the life of disabled [Fig. 5].

Fig. 5. Long, complex ramp and an external lift for the disabled in a typical, standardized socialist realism schools.
Currently the complexes built in the sixties and seventies are being renovated. Simple
technologies are used. The facades are insulated with Styrofoam panels, covered with plaster and
painted. Colorful orthogonal flat straps or uniform surfaces painted on walls underline the spirit of
modernism [Fig. 6]. A different approach to renovation consists in painting images of sloped roofs
and tenement house windows on elevations. A very interesting technique is now becoming popular
in Wroclaw - modern artists are asked to paint over those flat, uniform surfaces.

Fig. 6 Block of flats renovated with Styrofoam panels, plaster and paint

7. Economical and efficient
Considerable optimism in the discussion on architecture in times of crisis was expressed by Frank
Gehry [6], who explains: "Yes, I think that work is changing a lot. Because of time, it's changing
because circumstances, because of programs that people are building, of what they are doing now.
And now we have recession it's going to change significantly. [...] I think I have always approached
the work on economic basis. So I think that if you look that Bilbao was built for 300$ per square
foot in 1997. This was very economical, you could not have built anything cheaper than that. I think
that if because of the economy, because of the recession, they tell you that you have to build
boxes above all, that they can't afford architecture that's a phony argument. A lot of great buildings
were built with difficult budgets over history, over time. I hope that people won't use recession as

an excuse to go down, to lower the quality of architecture. I think they may, but we shouldn't let
them. [...] But this is just an excuse. We can build cheaper buildings that are good architecture.
That's possible."
7.1

Case study

Following   the   words   of   a   world   famous   architect   we   have   analyzed   Wroclaw’s   new   residential  
blocks such as CorteVerona and Odra House. Each complex has its own individual characteristics,
which reflect different architectural concepts.
CorteVerona   (designed  by  Biuro   Projektów  Lewicki  Łatak  in  2008,  completed  in  2010)  is  a  set  of  
cubic shapes, whose configuration resembles a chessboard. This block development is inspired by
the historical urban structure of the city of Wroclaw [Fig. 7]. The exterior is finished with brickshaped ceramic tiles, a material characteristic of administration and public buildings. Most of the
400 flats are designed as studio-apartments with one or two rooms and a total size of 47-50 m2.
Corner loggias next to the living room allow ample sunlight into the room and ensure proper
ventilation, which is uncommon for small apartments. A very important feature of this design was to
protect the apartments from external and internal noise. This is why walls and windows were
chosen based on acoustic measurements and calculations. Each apartment is separated by its
own soundproof wall.
However, the designers of CorteVerona stress that economical aspects played an equally
important role in design as form and function. Since this was a commercial investment, they had to
obtain maximum space for sale within the parameters established by local and general law.
Another example of how they economized is the use of ceramic tiles on facades instead of bricks.
They achieved a very similar visual effect and at the same time it was much cheaper [7].

Fig. 7. CorteVerona complex by Grabiszyńska  St.  – floor plan of one of the apartments, façade
(reprint courtesy  of  świat  architektury)  
The historical context and scale of the city was also very important for Maciej Hawrylak, who
designed the Odra House at Dluga St. in Wroclaw in 2007 (the building was completed in 2009),
which was also a large set of three residential units [Fig. 8]. He focused on the "soft penetration of
full and transparent cubic forms, and on rough and smooth materials" [8] and modulated the
façade  by  horizontal and vertical bands of windows and balconies which made the building smaller
visually. The complex includes 170 varied apartments with sizes ranging from 36 to 102 m 2,
9 commercial premises, a fitness club, and utility and technical rooms. The elegant and diversified
finishings, such as perforated metal railings and wooden profiles, match the white and gray walls
and graphite wall-panels. Roofs have been covered with extensive green roofing.

Fig. 8 Odra House complex at Dluga St. a) floor plan of one of the apartments, façade (reprint
courtesy  of  świat  architektury)
7.2

Common elements

All modern residential areas of Wroclaw, which we analyzed for this paper, share some
characteristic features: the public and private urban zones are clearly divided, the architecture is
designed so as to fit the historical context of the city and all living zones are lit with ample natural
lighting. We also discovered multifunctional spaces for inhabitants such as green courtyards with
urban furniture or inner gardens, large living-room like entrance halls where people can meet freely
and in complete privacy (e.g. undisturbed by onlookers on the main streets). Other important
elements include commercial spaces and children facilities, which were present in most of the
complexes and courtyards. A growing number of residential blocks are closed for the public and
protected by security services, which is considered by many architects a limitation of public space.
However, the inhabitants feel safer in their homes and are less worried about the safety of their
property. We observed numerous efforts to create unique and characteristic complexes with a few
different types of floor plans which take into consideration the proper natural lighting, green
courtyards and roofs as well as facilities for the disabled. The latter is especially important in an
ageing society whose number of people with movement disabilities will be on the increase.
Nowadays the supporting structures are made of the ceramic, silicate and gypsum blocks for the
walls and concrete blocks for foundation walls combined with reinforced concrete elements made
at the construction site are used for supporting structures. Thermal insulation is made of mineral,
rock or glass wool or Styrofoam panels and extruded polystyrene (for foundations) depending on
the environmental situation (high humidity), fire-safety regulations and a few kinds of water
insulation. Combined systems are also used. The construction site is mainly operated by people
but various kinds of building equipment are used as well. Different types of plaster (mineral, acrylic,
silicate) are used for finishings due to their low prices (ca. 25 PLN for square meter) in comparison
with elevation wood or wall panels made of aluminum, stone, laminate, or compound panels. The
prices of such materials per square meter are as follows: wooden boards – ca. 50-120 PLN,
compound panels – ca. 400 PLN. The most important parts of facades are covered with brick,
clinker, ceramic tiles, stone and glass for walls, whereas the less important parts are covered with
colored plaster. Materials used for roofs include torching membrane, tiles, brass and different kinds
of plates.
When analyzing some of the buildings from both periods we discovered that they lack or have
insufficient acoustic insulation between apartments. We noticed significant differences between the
designs and actual buildings such as improper water or thermal insulation, thermal bridges,

unsupervised changes in the use of construction materials, etc. We also noticed that people are
reluctant to use economical energy-saving solutions, mainly due to relatively high prices of this
technology in Poland.

8. Conclusions
The   enormous   capacity   of   Wroclaw’s   prefabricated   settlement   units   affected   in   creation   of   the  
society with sense of isolation and alienation. The uniformity of old buildings also deprived people
of the need for individuality and creativity. Today the architects are constantly searching for original
facades and spatial layouts. This creates an opportunity for people to choose the style and
standard of living spaces which responds to their needs and personality, and does not exceed their
economical possibilities. The process of creating an individual expression for each residential unit
seems to be failing in some cases, when the simplicity of cubic form in a block of flats from the
socialist realism period is replaced by artificial multi-hipped roofs which are unsuitable for largescale housing. The great variety of shapes, which are sometimes randomly put together, creates
chaos in the urban and spatial layout, which has a negative impact on Wroclaw. It is crucial to
obtain order and urban space clarity together with usage of economical energy-saving solutions in
the nearest future.
We can say that, even in a period of economical crisis, the free market economy allows architects
to create more advanced architecture in order to provide a competitive living environment and
attract the highest possible number of customers to the new investments. Professionals endeavor
to design the best standards in the given budget range by searching for intelligent solutions and
materials. The construction market is filled with a variety of materials and human labor is much
more valued at construction sites. Nevertheless, we have to remember the accomplishments of
architects from the 1960s and 1970s who managed to express individualism in their designs in the
technological limitations of the time. Since there are very few such examples and due to current
technical condition of these buildings it is crucial to renovate them and adapt them to the original
projects.
8.1
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Summary

This paper outlines the Engineering and Physical Sciences Research Council (EPSRC) funded
research project SURegen. It focuses on how the Inner City Community Sustainable Swansea
(iCCSS) scheme has been used as a case study for the SURegen project. The paper discusses
how researchers from the Ecological Built Environment Research & Enterprise (EBERE) group at
the University of Wales Institute Cardiff (UWIC) have been working with Coastal Housing Group
(CHG) to examine the redevelopments of the iCCSS project. The paper discusses the interviews
with some of CHG’s   staff   and   a number of key stakeholders who are involved with the iCCSS
project. Finally, it presents a decision map that illustrates some of the results of the interviews.
Keywords: visioning, sustainable urban regeneration, communities.

1.

Introduction

The paper discusses and presents the key results from interviews with local and national
government bodies involved in the Inner City Community Sustainable Swansea (iCCSS) scheme,
which involves the sustainable urban regeneration of part of the city centre in Swansea, UK. It
begins   with   an   outline   of   ‘One Planet Living’   a   set of sustainability principles established by the
World Wildlife Fund (WWF) and Bioregional [1]. It continues by reviewing the Welsh Assembly
Government’s  (WAG) strategy  for  ‘One  Planet  Living’  published  in  ‘One Wales – One  Planet  Living’  
(OWOPL) [2]. This paper introduces the iCCSS scheme, which is being used as a case study for
the SURegen project, by researchers from the from the Ecological Built Environment Research &
Enterprise (EBERE) group at the University of Wales Institute Cardiff (UWIC). This Engineering
and Physical Sciences Research Council (EPSRC) funded research project (2008 to 2012) entitled
Sustainable Urban Regeneration (SURegen) aims to tackle the complexity of the regeneration
process and its outcomes [3]. SURegen is led by the University of Salford and is being undertaken
in collaboration with UWIC, Napier University, University of Manchester, and Dundee University.
Coastal Housing Group (CHG), based in Swansea are working with researchers from the EBERE
group at UWIC on the SURegen project. CHG are a Registered Social Landlord, who develop new
dwellings and improve existing dwellings in some of the most deprived areas in Wales, including
Swansea and Neath Port Talbot, UK. CHG are regenerating part of Swansea City centre,
alongside   one   of   Swansea’s   main   transport   corridors   from the main railway station to the Wind
Street boulevard.
This paper focuses on some of UWIC’s   contribution   to   the   SURegen   project. SURegen is a
research project that concentrates on the diagnosis and visioning stages of urban regeneration.
The diagnosis stage of a project determines the demand for urban regeneration, while the
visioning stage seeks to define the form of supply to meet that demand. UWIC have worked with
CHG plus some of their stakeholders to investigate and analyse how they have conducted the
visioning stage of the iCCSS scheme through a number of interviews. The visioning stage of a

project deals with a range of activities necessary to bring the various stakeholders to a collective
vision for an area. The SURegen project plans to provide a list of tools needed to guide and
support these activities. Finally, key results from interviews with some  of  CHG’s  staff  and  some  of  
their stakeholders engaged in the iCCSS scheme, including local and national government bodies
are presented in the form of a decision map.
1.1 SURegen Project
The SURegen project is aiming to provide support for all those who are engaged in regeneration
through a web based application [3]. This application, or set of integrated decision support tools in
the form of a Regeneration Workbench, aims to help new and inexperienced professionals working
in the field to make critical decisions, and help those who are new to the field acquire the skills
needed to meet the challenges. The focus of SURegen is on making an explicit explanatory guide
for   people   new   to   the   ‘visioning’   part   of   sustainable   urban   regeneration.   However,   experienced  
people have knowledge, which is tacit and implicit and not explained, so the major challenge and
first stage of this process is to tease out that tacit knowledge. The next stage is to have the validity
of the tacit knowledge, which has been made explicit confirmed by the key stakeholders for
example CHG and the local authority, through a workshop. The final step, which has not yet been
completed, is to then input the tools into the workbench in order for it to be used by inexperienced
built environment professionals.

2. Background and context from literature
2.1 One Planet Living
One Planet Living is a set of sustainability principles set out by World Wide Fund for Nature (WWF)
and Bioregional [1]. The principles of one planet living are; zero carbon, zero waste, sustainable
transport, local and sustainable materials, local and sustainable food, sustainable water, natural
habitats and wildlife, culture and heritage, equity and fair trade and health and happiness [1].
2.2 One Planet living in Wales
According to the quote by Davidson (the Welsh Assembly Minister for the Environment,
Sustainability & Housing) the WAG, is one of the few governments in the world, which has a legal
duty towards sustainable development [4]:
“Sustainable   Development   remains   central   to   the   work   of   the  Welsh   Assembly   Government.  We  
are one of only a handful of governments worldwide that have a legal duty towards sustainable
development and we are proud of how this has increasingly shaped our approach to policy-making”
[4].
The One Planet Wales report was submitted to WWF-Cymru by Ravetz in 2007[5]. The report
outlines key sectors which are: food and agriculture, construction and built environment, transport
and communications, manufacturing and consumer products, commercial and public services,
energy and emissions and waste and resources [5]. For each of these sectors the report sets out
its resource profile, main opportunities for One Planet transformation and the Wales agenda and
policy responses [5].
The One Planet Wales document:
“looks  at  ways  for  the  nation  to  live  and  prosper  on  the  resources  of  ‘one  planet’,  in  an  ecologically  
sustainable economy. It looks ahead at the prospects for Wales up to the year 2050, with all the
problems and opportunities that this may bring. It links these prospects to the bigger picture–
global  climate  change,  resource  efficiency,  and  the  overall  ‘footprint’  of  human  activity” [5].
In June 2007 an agreement between the Labour and Plaid Cymru Groups in the National
Assembly of Wales was made about a progressive “One Wales” agenda for the government of
Wales [2]. “One Wales and One Wales: One Planet is a Scheme”, which is integral to the “One
Wales” agenda. It provides a unifying vision and set of operational principles that will thread
through, support and drive all the policies and programmes of the Welsh Assembly Government to
deliver sustainable development [2].

The Vision - Where Wales:
‘1.  lives  within  its  environmental  limits,  using  only  its  fair  share  of  the  earth’s  resources  so  that  our  
ecological footprint is reduced to the global average availability of resources, and we are resilient
to the impacts of climate change;
2. has healthy, biologically diverse and productive ecosystems that are managed sustainably;
3. has a resilient and sustainable economy that is able to develop whilst stabilising, then reducing,
its use of natural resources and reducing its contribution to climate change;
4. has communities which are safe, sustainable, and attractive places for people to live and work,
where people have access to services, and enjoy good health;
5. is a fair, just and bilingual nation, in which citizens of all ages and backgrounds are empowered
to  determine’  [2].
2.3 The Vision for Sustainable communities
What elements make up a sustainable community? The Brundtland Commission provided a
definition of sustainable development that has been widely used:
“development  that  meets  the needs of the present without compromising the ability of future
generations to meet their  own  needs.”  [6].
The Egan wheel [7] is one example of the classification of sustainability that sets out seven key
factors that make up a sustainable community, illustrated in Fig 1 below. The Egan [7] factors are
governance, transport and connectivity, services, environmental, economy, housing and built
environment and social and cultural. The later Regional Centres of Excellence (RCE), [8] (Fig 2)
added equity as a factor. The Bristol Accord [9] (Fig 3) defines a sustainable community as an
active, inclusive and safe, well run, well connected, well served, environmentally sensitive, thriving,
well designed and built and fair for everyone. Kearns and Turok [10] have created a table of
positive interactions, which reinforce community sustainability (Fig. 4).
The research literature of Egan, RCE and Bristol Accord on these factors has formed the basis for
the theoretical foundations of visioning and is further explored in Section 2.4 below.

Fig 1 Egan wheel [7]

Fig 2 RCE [8]

Fig 3 Bristol Accord [9]
Table 1 Positive Interactions Which Reinforce Community Sustainability[10]

2.4 Methodology
Since sustainability is at the heart of all decision making at WAG [3], the focus of this paper is on
the visioning of sustainable communities in Wales. The case study used in this paper is the iCCSS
project. A case study approach was chosen as the methodological approach to gathering data
because a group of experts from which to elicit tacit knowledge about the diagnosis and visioning
of the iCCSS project was already known to researchers from the EBERE group at UWIC, through
CHG [11]. It is necessary to identify a discrete group of experts engaged in the diagnostic and
subsequent visioning stages, from whom to elicit their tacit process knowledge. The sampling
method used was snowball sampling, which is a non-probability sample in which the researcher
makes initial contact with a small group of people and uses these to establish contacts with others
[12]. In order to gain information about the iCCSS project it was decided to conduct a number of
structured interviews with key stakeholders involved in the project. Structured interviews with a
group of experts of this nature have been shown to be a particularly effective way of eliciting tacit
knowledge [13, 14].
In order to arrange interviews, key stakeholders involved in the iCCSS project were contacted via
email and telephone. A questionnaire was developed and ethics approval granted by one of
UWIC’s   ethics   committees,   which   was   to   be   used   as   the   data   collection   method   during   the  

interviews. The questionnaire included 54 questions in total and the questions related to:
• Background information on the project.
• Diagnosis stage.
• Visioning stage.
• One planet living.
•
Finance.
• Community engagement.
Interviews took place in October 2010 to January 2011 with 12 people, as illustrated in Table 2
below:
Table 2 List of stakeholders interviewed.
Organization
Coastal Housing Group
Coastal Housing Group
Coastal Housing Group
Coastal Housing Group
Coastal Housing Group
Local Authority
Local Authority
Local Authority
Local Authority
Local Authority
Welsh Assembly Government
Design Team

Job Title
Development Director
Chief Executive
Head Housing Services
Finance Director
Acquisitions Officer
Corporate Director (Regeneration and Housing
Sustainable development team leader
Property Development Officer
Agency Support Co-ordinator; Housing Department
Consultation and Engagement Officer
Welsh Assembly Member for Swansea West
Architect- Urban Village

The interviews were recorded and the results were transcribed and used to create the decision
map, as illustrated in Fig 6 in Section 3.1.
As part of the methodology to validate the decision map a SURegen workshop was held in
Swansea on the 7th February 2011. At the workshop the decision map was presented to a number
of the sample group illustrated in Table 2 above and a number of SURegen researchers. The
attendees of the workshop were divided into four groups and presented with a list of questions
about the decision map to answer. From the workshop it was found that there was general
agreement from those present that the decision map successfully externalised tacit knowledge of
the decision making process, for sustainable urban regeneration projects. The next stage in the
process is to make the decision map generic rather than specific to Swansea and apply it on other
case studies to test its validity.
2.5 Inner City Community Sustainable Swansea (ICCSS) Project
CHG are in the process of  regenerating  an  area  of  the  city  centre  of  Swansea,  which  ’runs’  North  
to South from the Swansea train station down the High Street. CHG have packaged this
regeneration  scheme  into  a  series  of  projects,  which  include  ‘Urban  Village’  and  Barons  Court  and  
which are situated in the Lower Super Output Area (LSOA) of Castle Two. Castle Two is ranked 11
out of 1896 for the most deprived areas in Wales, according to the Welsh Index of Multiple
Deprivation, 2008 [16]. The researchers from the EBERE group UWIC have entitled the CHG
regeneration scheme in the city centre of Swansea as the Inner City Community Sustainable
(iCCSS) project. This is because some of the key drivers for the project include community
regeneration following sustainable principles.

Fig 4 Google map of Swansea highlighting the geographical context to ICCSS project

Fig 5 Photographs on Google map of ICCSS Project

3. Results
3.1 Decision map
The interviews were analysed and the answers were used to create individual decision maps for
each of the sample group. These individual maps were then collated and used to create one
overall decision map to make explicit the tacit knowledge. The decision map is a diagram that
illustrates the decision making process in sustainable urban regeneration and includes key
questions, answers, inputs and visions (See Fig 6).
The overall decision map illustrates eight triggers for an urban regeneration project:









Community.
Personal motivation.
Housing demand.
Local authority.
Finance.
Competition from other Housing Associations for social housing grant.
Deprivation.
Sustainability.
What triggered the
project?

Community

Is there a
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walking around
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movement
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What makes a city
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Objectives?
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How to redevelop
area?

Viable

Thematic regenerationzoning

How to create
'footfall' in the city
centre?

What changes to
the project could
make it viable?

Yes
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want to live in the
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Long general
waiting list for
homes in the city
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2007 Swansea City
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Framework
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Security- people
feel secure in their
chosen
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`

KEY:
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Fig 6 EBERE Decision map for sustainable urban regeneration
3.2 Community
The first key question one must ask is “whether there is an existing community in the proposed
area for redevelopment?” If there is an existing community then one should ask the second
question which is “how to engage with the community?”  In the case of Swansea city centre, there

Vision

was no existing community of people living in the proposed regeneration area.
3.3 Personal motivation
The personal motivation trigger of the decision map illustrates a number of questions related to the
personal motivations of the key players involved in an urban regeneration project. It poses the
questions of “how the key players relate to one another, how to engage these key players in the
project and  how  to  retain  their  interest?”
3.4 Housing demand
The first question posed in the housing demand trigger strand is “what are the housing demands in
an area?” There is the possibility of an input from focus groups and housing needs surveys. The
housing need in Swansea was for affordable housing in the city centre. The second question
posed is “what are the   needs   of   the   client   group?”   Once again there is an input from the
experience of the housing manager of CHG. According to the results of those interviewed it was
established that in Swansea people want to live in the city centre to reduce transport costs, young
people want to live in the city centre to be close to job opportunities, people aged over 55 want to
live in the city centre and there are a growing number of disabled people who also wish to live in
the city centre. The interviews found that CHG had a long general waiting list for homes in the city
centre. However according to those interviewed, CHG consider it is important to create a mixture
of owner-occupier and rented accommodation.
3.5 Local authority
The local authority trigger strand poses the question, “what are the desires of the local authority?”
This leads to the question, “does the local authority have a city centre strategic framework?” In the
case of Swansea there are two documents relating to the city centre, which are the URBED [17]
report of 1997 and   the   “Swansea   City   Centre Strategic Framework [18],” from 2007. The 1997
report [17] highlighted the need in Swansea to have thematic regeneration, with zoning of different
areas. This idea inspired the   vision   of   the   ‘Creative   Cluster.’   Further   inputs   into   the   ‘Creative  
Cluster’  vision  came  from  the  Hargreaves  report,  “The Heart of Digital Wales: a review of creative
industries for the Welsh Assembly Government”  [19]. The 2007 framework answered the question,
what is the vision for Swansea city centre Swansea City Centre as:
“a vibrant, exciting, attractive, sustainable, cultured European Waterfront City Centre,
attracting businesses and visitors, driving the economy and enhancing the quality of life of
residents of Swansea and South West Wales" [18].
The framework vision is intrinsically linked with other elements of the decision map. The vision
leads on to a set of key strategic objectives which are:










Distinctive identity.
Regional role.
Destination city.
Accessibility and movement.
Waterfront city.
City living.
High quality environment.
Competitive economy.
Quality regional shopping centre.

3.6 Finance
The finance trigger strand is linked to the question of whether a project will pass the standard
viability model. Coastal Housing Group have a standard viability model, which:
“inputs in the cost of build and acquisition, the number of units and works out on the cost of
maintenance and management whether the scheme is going to be viable on a cash flow
basis.”

If the project does not pass the Standard viability  model  then  the  question  is,  “what changes to the
project  could  make  it  viable?” If the project  is  viable  the  question  is,  “will the project get executive
approval from the board?”
3.7 Competition from other Housing Associations for social housing grant
The first question from this trigger strand is, “how to achieve an advantage over other housing
associations?” The answer for Swansea was to find areas to redevelop which are:





Low value.
Poor condition.
Low interest to commercial entities.
Of interest to the local authority and Welsh Assembly Government.

The next question posed is “how to redevelop such an area”  and in order to answer this question it
must be understood “what  makes  a  successful  city?” This can be discovered by evaluating other
cities in the UK and abroad. The sample group who were interviewed believed that the key issues
that make up a successful city are:







Design.
Commercially successful.
Good condition.
Security.
People living there should have mixed incomes and abilities.
Sustainability.

3.8 Deprivation
The first question to be asked in this trigger strand is “whether an area is deprived?” If this is
unknown, then the indices of multiple deprivation [16] can be used. If the area is deprived, then
there is the question of “what are the  triggers  for  this  deprivation?” In the case of Swansea, there is
not enough economic activity in the city centre. In order to revolve this matter it was suggested in
the  interviews  that  ‘footfall’  needs  to  be  created.  This  leads  to  the  question,  “how  to  create  ‘footfall’  
in the city centre?” Three key questions are posed next:




Is housing needed?
Is office space economic?
Is retail economic?

In  the  case  of  Swansea  the  answer  was  ‘yes’  to  all  three  questions,  which led to the creation of the
‘Creative   Cluster’   vision.   An   input   here   was   case   studies   of   other   developments.   The   ‘Creative  
Cluster’   vision   aims   to   keep   graduates   in   the city centre by creating a vibrant and active
commercial area. This ‘Creative Cluster’ would be aimed at the creative industries of animation,
gaming, video and music.
3.9 Sustainability
The final trigger is the idea of sustainability and the key question is “how to ensure the
sustainability of a project?”
The final result to date is that the outcome of the interviews with the sample group is that the use
of visioning and the subsequent validation process has demonstrated that the overviews and
factors identified in the research literature including one planet living and Egan are valid in this
case study.

4. Discussion

The Strategic Objectives of the local authority of Swansea include accessibility and movement,
high quality environment and competitive economy [18]. These factors all link into the Egan wheel,
RCE and Bristol Accord definitions of sustainable communities [8,9,10]. There is a great
commonality between the principles of one planet living and the Egan wheel, RCE and Bristol
Accord definitions of sustainable communities and the decision map [1,8,9,10]. The EBERE

decision map of visioning sustainable urban regeneration is an attempt to externalise tacit
knowledge, which has been confirmed by the initial workshop. With further development of the
decision map, it is hoped that it can act as a tool to aid the decision making process for
inexperienced built environment professionals.

5. Conclusions

The redevelopments by CHG in Swansea aim to create an inner city sustainable community. There
is a significant amount of literature from Egan, RCE, Bristol Accord and Kearns and Turok, which
define the key elements that make up a sustainable community. The decision map described in this
paper illustrates the way in which different expert stakeholders intuitively underwent the visioning
process in order to envision a sustainable community. The key triggers were personal motivation,
housing demand, finance, competition and deprivation. These triggers acted as starting points for
the final vision of Swansea city centre as becoming a sustainable community. The next step in the
research is to evaluate whether the decision map could be enhanced to make it a generic process
or step-by-step guide, which could be used in the sustainable visioning process for urban
conurbations.
The paper has presented the findings of a number of interviews with stakeholders in the Inner City
Community Sustainable Swansea project in the form of a decision map. The process is still
ongoing because it is challenging to formulate the complex process of decision making in the
visioning process as a step-by-step guidance for inexperienced professionals to use. It requires
further development in order for the system to be tested to find out if inexperienced professionals
using the decision map could be used to see if they reach similar conclusions to those of tacit
experts.
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Summary
Human population has increased rapidly over the past 50 years. As a result, the rate at which
people are consuming natural resources and polluting the environment (ecological footprint) is
rising exponentially. If left unchecked may result in a permanent loss of biodiversity that will impact
the built environment in terms of access to water, food production, health and shelter for hundreds
of millions of people around the world. The rapid urbanization of sub Saharan Africa from purely
agrarian society to a city based one is an interesting phenomenon to study. However, recent
studies have shown that there is a lack of understanding of socio-cultural factors that bought about
these transformations. This paper argues that agent of transformations include activities that
surround food and social infrastructural networks such as markets in relation to city growth. Taking
a theoretical and philosophical approach that is based on postmodernist/ postcolonial view; this
paper integrates methods from the anthropological and architectural disciplines to investigate
these mediating socio-cultural concepts in Africa. The paper reports on aspects of a recent field
survey carried out in Akure, Nigeria, in which interviews were conducted and sizeable numbers of
questionnaires are administered using random sampling method. The paper concludes by arguing
for a reinterpretation of the western or Euro-centric construct but on socio-cultural experiences of
the locality.
Keywords: anthropology, sustainable development, globalization, social institutions, urbanization

3. Introduction
The world is faced with the problem of hunger and adequate food production for its rapidly
increasing population in the face of global warming and scarce earth resources. It has also been
estimated that among the world population of 6.8 billion people, 1 billion people are obese and 1
billon people are starving [1] [2]. Around the world 852 million people are chronically hungry and
half of them are in Africa south of the Sahara, 70 percent of which are found in urban centres [3] [4].
Hence, attention ought to be paid to the relationship between poverty, health, education, social
justice and hunger in the urban centres of the developing world. This is important as recent events
such as climate change, international politics, world market and mass migrations have blurred the
distinction in the Brundland conception of sustainability between the meeting the needs of the
present generation and those of future generations. In many areas, including Africa, many are
suffering from inequality and risks through either natural and anthropogenic causes [5]. How can
urban centres in the developing world adequately support the rapid urbanisation process? Since,
rapid urbanisation has been an unprecedented phenomenon in sub Saharan Africa that has been

viewed by some as an unavoidable [6].
3.1 Problematizing the Research Context
There is a lack of information on the growth of cities, considering aspects of the impact of food or
agriculture and its role in shaping future cities and settlement patterns around the world [7] [8] [9].
The huge increase in population will require food that must be sourced or produced in a
sustainable way [10]. The world cannot afford to continue to go about food production and
consumption in the usual way. Some suggestions have been made that food must be sourced
locally or produced in the city in order to reduce the burden on rural areas or urban hinterland [11]
[12].
This is a complex problem that goes beyond the physical attributes of sustainability [13] [14].
Sustainable development can be viewed as that development that cultivates the environmental and
social conditions that will support human well being indefinitely [15]. Discussion on sustainable
development received significant exposition through the influential Brundtland report of 1987 [16].
This study points to the fact that there is a need for a thorough understanding of the socio-cultural
and anthropological factors that underpin the growth of cities in order to achieve an holistic
sustainable future for the developing countries. This problem needs to be addressed through the
integration of ‘social justice and encouraging a lifestyle where people live with a fair-share of the
earth limited resources’ within the sustainable discourse [17]. The rapid urbanisation of sub
Saharan Africa from a purely rural-agrarian society to a city based urbanised one is an interesting
phenomenon to study and it has been of concern to many scholars as documented in several
studies [18] [19] [20] [21] [22] [23] [24] [25] [26]. It is also interesting to note that the story of food
and food production activities are locked or intertwined in this rapid transformation and
urbanization of African society. The transformation of African society is not only physical but
encompasses socio-cultural, economic, political and metaphysical in nature [27]. Hence, this study
is concerned with investigating the roles played by food production activities during the course of
this rapid urbanisation or socio-cultural transformation and its impact on the sustainable built
environment as experienced in the study area under review.

4. Theoretical Framework
This study rather questions the established approach to the study of sustainable cities that focuses
on the description of physical aspects of development. It embraces the notion of unravelling the
cultural, social and anthropological meaning of urban transformation through the agency of food
production highlighting that societal dynamics within urban space, its usage or arrangement is
often misunderstood, ignored or altogether forgotten. The relationship between different
components of the society “and the strategies that shape it may be described in a network of
vocabulary that emphasise the interrelated and heterogeneous character of all its components
both social and technical” [28].
People and society are basically comprised of heterogeneous networks derived from confused
overlaps [29] [30]. Social structures do not exist on their own, however they exist based on a
“network of heterogeneous arrangements”; “heterogeneous glue” that binds together society [30]
[31]. To fully capture the essence of the social world, the following realms ought to be investigated
or explored; the natural, corporeal and topographical. However, to entirely describe social changes,
a range of issues must also be given consideration; economic, political, and technological [32] [33]
[34] [35]. Law (1991:10) described the interrelationship between technical and social issue, making
the following assertion “what appears to be social is partly technical, what is usually technical is
partly social. In practice, nothing is purely technical and nothing is purely social”. Law, (1991)
further identifies social institutions as having three overlapping aspects: firstly, the character or
essence of knowledge (addressing the problem of epistemology); secondly, character of the
society (addressing the problem of heterogeneity); and thirdly the character of distribution (the
problem of spread or diffusion) among the classes of actors that shapes the institutions [30 [32].
To attain the ideals of sustainability, a holistic view of the existing social context must be taken into
consideration. Therefore, social issues play significant roles in the development of the society [36].
Law and Callon (1992) refer to these non-technical issues as soft issues that are critical to the

achievement of a holistic sustainable development. This study argues that achieving a holistic
sustainable built environment for the future of cities and urban centres (especially in the developing
countries), there is the need to understand the backgrounds of ‘soft issues’ or predisposing ideas.
These soft issues or predisposing ideas constantly engage the notions of the production of urban
space and contested space, which can be actively seen, in the activities and role of food in homes
and marketplaces.

5. Relationship between food production and urban growth
Food is one of the most indispensable for human survival on earth; it is paramount and vital to the
existence of any form of life. Food constitutes an essential element to life and good health. Food
production is so important in Africa that nearly seventy per cent of the population of most African
countries are directly engaged in producing, transporting and distributing food [37]. Consequently,
food production, distribution, and consumption are perhaps the most important economic activities
in Africa as elsewhere in the world.

Fig. 1 Agro-political Map of Nigeria.
In contemporary times the world food situations is rather gloomy [38] [39] [40]. In contrast to the
large supply of food available in the ancient times, due to relatively small populations, the situation
changed in the 19th and 20th century [41]. Economic growth, advances in science and technology
coupled with the industrial revolution of 1760 to 1830, accounted for the process of transformation
from the agrarian, art and craft society of the Victorian England to a society dominated by industry,
mass production and machine manufacturing. It began in England in the 18th century and the high
point of this transformation can be traced to the French revolution of 1870, which had a dramatic
effect on the political life of Europe and the rest of the world, and was widely felt in urban centres.
Average life span increased, liberalization of the forces of production, redistribution of labour and
shift in production system in Europe led to the agglomeration of large population of people in cities.
This trend is now also seen in the urban growth of developing countries [42].

5.1

The Study Area

The study area is located in Akure, Nigeria (see Fig. 1). Nigeria is a country of over 150 million
people and it is the most populous black nation in the world. Many scholars have regarded Nigeria
as the most urbanised nation in Africa [43] [44] [45] [46]. Akure occupies a total land area of 2,303
square kilometres. It lies within 6094’ - 7025’N and 5005’ - 5040’E. It is 205km from Ibadan and
346km from Lagos. The National Population Commission census in 2006 put the census
population figure at 353,211. Other minor settlements in close proximity to Akure include Oda
Aponmu, Ipinsa, Iwoye, Ajipowo, Igbatoro, Adofure and Isagba. The choice of Akure for this study
is based on a number of reasons; it is a typical example of a Sub–Saharan African city that has
experienced rapid urbanisation in the past 50 years (1960 – 2010). It has grown from a medium
sized agrarian town to a major metropolis that has experienced socio-cultural transformations and
developments through the influence of globalisation and neo-colonial ideas.

6. Relationship between food production and urban growth
Many African cities developed from the conglomeration of small villages; Akure is one of them. Its
history can be traced back to the 11th and 12th centuries and is closely tied to the history of its
Yoruba kith and kin. The Yoruba displayed high historical artistic works and artifacts of astounding
finesse and excellence found in archaeological context in many parts of Southwest Nigeria. The
study area offers a picture of a city that has experienced many faceted or layers of urbanization
process involving the physical structure, as well as socio-cultural, political, religious and economic
transformation. This can be compared with Patrick Geddes anatomy of a city based on analytical
factors of geographical (place), historical (work) and metaphysical (folk) aspects [47].
Table 1 Frequency table showing respondents assessment of the relationship between
food supply and quality of market space in the urban core of the study area
S/N
1
2
3
4
5

Rating
Excellent
Very Good
Good
Fair
Poor
Total

Frequency
31
43
45
102
82
303

Percent
10.2
14.2
14.9
33.7
27.0
100.0

Cumulative Percent
10.6
25.3
40.8
75.7
100.0
100.0

Source: Authors’ Survey data 2010
Bijker (1997:47) points to four distinct but related steps of identification, when delineating “relevant
social group”; (a) identifying relevant social groups that played vital roles in shaping societal
interactions (b) drawing up of detail description of the identified “relevant social group”; (c) making
a clear distinction between various social group, by charting new social boundaries, based on their
impact and level of influences and (d) making sense of interrelated and interdependent actors,
based on their impact and relevance to the network in this case sustainable food culture in a
community. This was useful in the conduct of a recent survey by the authors (table 1) offers some
compelling evidences that suggest the vital role-played by food production activities. These factors
include lack of planning on the part of the government, lack of coordination among the
developmental agencies responsible for social amenities, failing infrastructures in the market, poor
housing conditions, especially for low-income groups (due to the large amount they must spend on
food) and deprivation of agricultural land.
Some of the interviews conducted highlight the extra territorial occupancy (due largely to the loss
of agricultural land to residential layout), threat to remaining agricultural land (through
indiscriminate acquisition of land) by government and educational institutional in the city. The table
above, points to general dissatisfaction with the state of infrastructure and quality of space in the
urban core of the study area. The respondents to the survey included market women, farmers,
retailers, buyers, civil servants and students. It cut across different strata and categories of the
society.

Fig. 2 Age of Respondents Source: Authors’ Survey data 2010
Over 75 percent of the respondents (see figure 2) expressed strong about space available in the
central market, security and safety during the use of the market, the poor condition of available
infrastructures (such as road system, lack of adequate parking, lack of communal storage facilities
for the agricultural produce and incessant harassment by the local authority in the use of the open
spaces (around the major market in the study area). Less than 25 percent actually rated the
available infrastructure in the market environment of the city as adequate, and most of these
respondents in this category justify their assessment in terms of the recent efforts of the
government to provide a new market and widen the existing road network in the city.
During the survey, the older respondents (see table 1 above) expressed concerns about the state
of the central market and the adjoining markets in Akure, Nigeria. Eighty percent of the
respondents express desire for a more traditional concept of market and food distribution in the city.
They claim that the present arrangements of the markets and availability of local food has
considerable changed compared to the pre-colonial era. The survey reveals an existing
relationship and inter-dependency between market, social infrastructure (food supply network,
transportation) and the city and how this relationship is being challenged by the city’s rapid growth
and modernization in typical sub Saharan African city. A review of the ties between food activities,
the community and city growth especially as it relates to the study area, further illustrates the
importance of traditional values and social institutions such as the markets and attendant food
production activities. The survey draws attention to the significant role of the central market in the
provision of social cohesion and sustaining urban life. It highlights the strong identity placed on the
market by the general users and their desire for better and sustainable infrastructure (see table 1).
Further discussion with some of the respondents also describe pressure that has been imposed by
the government agencies in terms of partitioning agricultural land (needed for food production
activities) for other urban infrastructures, which had in turn generated much conflict within the
community, this can be a subject for future research.

7. Conclusions
This paper argues that in order to provide a viable sustainable framework for the developing
countries, there is the need for a holistic approach that suggest adequate understanding of the
socio-cultural aspects of its development. It presented a discussion and results of a field survey
conducted in the study area, which revealed that to fully articulate what constitute sustainability in
the developing countries, socio-cultural issues must be given a central consideration. These
approach that emphasis deep understanding of socio-cultural, anthropological and historical
context in developing a sustainable framework is presently lacking in sustainable discourses. The
field survey also underscores the influence of the traditional market on the urban infrastructure in
sustaining contemporary urban life. The paper highlights the theoretical and practical issues that
surrounds the role of food markets and urban agriculture in the built environment as its relate to the
growth of cities particularly in developing countries. It showcases a review of socio-economic ties
between food activities, community and city growth especially as it relates to the study area, it
further illustrates the importance of argues that traditional values and social institutions such as the
markets and attendant food production activities played significant role in the shaping of present
and future cities and settlement patterns around the world. Further insight need to be explored in

terms of understanding changes and transformations of people and institutions in the context of
food production activities. This will include exploring, to what extent has the issues of taboo,
persistence of traditions, continuity of practices affect the sustainable agenda in the developing
countries in the context of food production and the built environment. More study need to be
conducted into the socio-political transformations, traditional institution and ongoing conflict that
has contributed significantly in the shaping of present and future cities and settlement patterns
around the world.
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Summary
This paper discusses how planning and design of a neighbourhood may accommodate a ‘lowemission-life’. It is based on material from an ongoing planning process for a new urban area at
Brøset in Trondheim, Norway. The paper uses four design proposals for the area as an empiric
basis for a discussion of how architectural design, with focus on housing typologies, may shape
and transform residential practices. It aims to identify some main issues and questions for the
further planning process of the area. In light of theories acknowledging the dynamic and mutual
relationship between humans and non-human actors, the paper emphasizes the need to challenge
established constellations of social and personal beliefs and material structures by introducing
concepts that may nurture and stabilize new forms of normality. Furthermore it points at the
importance of keeping some trajectories open for detailed inscription by actors and technologies
that may enter at a later stage. Thus, planning for an uncertain future involves a not so easy tradeoff between making things tangible and keeping them open at the same time.
Keywords: Sustainable lifestyles, residential practices, neighbourhood design, housing typologies,
architectural qualities

1. Introduction
The idea of architecture as a tool for social change is not new. The understanding of the relationship between the built environment and its users has however shifted during history from rather
simplistic beliefs in deterministic correlations to strong doubts of the impact of architecture. Today
however, there seems to be a renewed interest within the architectural profession of the idea of
architects and planners as agents for change as well as of architecture’s capacity for agency. Parallel to this, the theoretical basis for the understanding of the dynamic and mutual relationship between humans and material objects has developed. Within this context architecture may be seen
as constituting one dimension of a residential practice regarded as a socio-technical network involving dwelling, design, humans, artefacts and meanings of home.
The climate crisis and the established fact that the built environment play an important role in dealing both with mitigation and limiting climate change is one reason for this interest. It is generally
agreed that there is a need to not only refine the technological properties of buildings, but also to
create architectural solutions that affects the way people live, their everyday habits and even their
values and attitudes. These issues are at stake in the planning process of a new urban neighbourhood in Trondheim, Norway. In fall 2007, the municipality of Trondheim selected the 35 ha Brøset
area to be developed as ‘a sustainable neighbourhood’. ‘Sustainable’ is defined in a holistic way,
including low energy demand and healthy materials as well as social and economic issues such as

low cost housing for vulnerable groups. The ambition is to move beyond the conventional focus on
technology, materials and energy use, and include issues connected to lifestyle, such as daily
transportation, leisure-related travel and consumption of goods and services. The outcome of the
planning process should be a neighbourhood in which residents can live, work, shop, go to school
and find meaningful leisure activities without leaving an unsustainable carbon footprint.
Since the idea of developing a sustainable urban neighbourhood at Brøset emerged, the project
has been given increasing attention, and is now playing a central role in the city’s contribution to a
national policy initiative, ‘Cities of the Future’ (‘Framtidens byer’)[1]. The research communities in
Trondheim have been involved in the initiative from the start, and are engaged in a comprehensive
research project where Brøset constitutes a case for developing an interdisciplinary approach to
planning and designing carbon neutral settlements. There are three kinds of interactions between
researchers and planners. First, the Brøset area is a case for development of new knowledge and
new solutions within topics such as planning models, housing solutions, transport and urban form,
energy supply, infrastructure, socio-cultural conditions and user participation. Secondly, the planning process is an object of research in itself. Researchers follow and observe all meetings in the
planning group and interview key actors, in order to analyze the process and identify situations of
opportunities and main challenges. Finally, researchers take part in the planning process through
action research. They discuss openly with the planners and give input to programming and planning process. Through various seminars, educational activities and others kinds of dissemination,
researchers are active in keeping up the public and professional debate on the goals and solutions
for this particular neighbourhood as well as for sustainable urban development in general.
A program for further planning of the Brøset area was approved by the City Council in April 2010.
Here the vision was stated to reduce the carbon footprint per person in the long run from today’s 811 tons to 3 tons CO2-equivalents per year [2][3]. During summer 2010, four interdisciplinary
teams were selected to come up with proposals for the design and further development of the area.
The proposals were developed through an open parallel commissioning process where the teams
partly worked separately and partly together in common workshops with an open dialogue between
them, the researchers and other experts invited by the city planning office. The outcome of this
process was presented for the public in January 2011 and will be used as a basis for the development of a master plan for the whole area aimed to be approved by the city authorities in 2012.
This paper will use the four design proposals for the Brøset area as an empiric basis for a
discussion of how architectural design, with focus on housing typologies, may shape and transform
residential practices. It aims to identify some main issues and questions for the further planning
process of the area.

2. Theoretical perspectives
We may differentiate between three dominant approaches to the sustainability challenge and the
role of architecture. Surely, elements of different approaches are present in most cases and more
often than not they will blend into each other. For the sake of analytical clarity, however, we will
present these categories in a pure form that will rarely be identified in actual projects.
2.1

Green architecture

The first approach is characterized by its belief in technological interventions as a means to address challenges to the status quo. It is preferred by many politicians as an ‘easy way out’ because
technology is by many perceived as politically neutral, being less threatening to established practices and thus less controversial in the eyes of public opinion. In a Norwegian context, carbon capture and storage (CCS) may be seen as the ultimate example where by the potentially controversial role of Norway as a large producer of fossil fuels have been replaced by a positive narrative of
exporting valuable technology to the world. Within the architectural domain, the passive house
concept must be said to carry the signs of the same approach, in which the building in itself is seen

as the main source of agency and where user behaviour in many cases have been framed as a
potentially disturbing element. It is thus an example of an essentialist framing of buildings as material objects and to a less extent regards their qualities as arenas for human activities with climate
impacts far beyond those associated with the building envelope itself. With a rather narrow focus
on the technical and architectural properties of individual buildings, it is also perceived to be a
rather uncontroversial means to reduce energy use and emissions that seemingly do not interfere
with established ways of thinking and acting in society at large. The architect and other agencies
are thus left with the rather instrumental challenges of getting the passive house technology developed and implemented in the most efficient way possible.
2.2

Green lifestyles

Turning to the second approach, it is seemingly a large contrast to the first category, with its focus
on lifestyle and behaviour of consumers and users. One example of this way of framing the sustainability challenge is the widespread use of attitude campaigns that are meant to influence the
behavioural dispositions of consumers and ultimately change their behaviour. Underneath such
policy measures is a theory of agency in which the activities of individuals are seen as the most
important target for change interventions. It supports itself on psychological and economic models
of human conduct and the anticipated behavioural effects of changing attitudes or supplying individuals with more or better information. However, this way of conceptualising consumers or users
of technologies as autonomous agents that can be targeted independently of their situatedness in
social and material circumstances also carry a strong scent of essentialism. Furthermore, it implicitly positions consumers or users of technologies as the main engine driving the dynamics of consumption and product development. The role of governmental policies such as tax programmes
and other financial reward structures in propelling unsustainable levels of consumption is thus not
in focus here, neither does it address the role of commercial agents in uncritically bringing forward
and marketing products and services to the market place.
Within the architectural domain there are two directions that can be said to belong to this category
of thought. First we have the various degrees of ‘social engineering’ which is based on the idea
that architecture determines behaviour. This idea was dominating within top-down functionalist
planning the first decades after the second world war, but since then renounced as a valid theory
[4]. Still within contemporary professional debate on sustainable planning and design, there seems
to be a higher degree of acceptance of the idea that the built environment should lead people into
a more sustainable behavior, e.g. through control of indoor temperatures, ventilation, limitations on
car driving and parking etc. Secondly we have numerous examples of so called intentional societies, where a common ideology or spiritual orientation is seen as the main driver of social cohesion
and community involvement. This is often based on bottom-up grass root mobilisation, e.g. the eco
village movement, but also involves architects and architecture. It occurred as part of the alternative movement in the early 1970s, but became more established during the 1990s [5]. A basic idea
is that technological solutions are not sufficient in order to reach sustainability. In fact, high-tech
solutions are often approached with quite a lot of sceptisism since they may lead to unintented
consequensens and/or reduced residential involvement and engagement. Instead a main role of
the built environment is to strengthen place attachment and create an understanding of the ecological systems among residents and users. While it is difficult to generalise about such a diverse
group of initiatives, it should be safe to conclude that many of these projects have stranded because of a lacking ability to adapt to the evolving needs of the residents or changes in the surrounding society. This lack of robustness may in part be attributed to the challenges connected to
surviving the pioneering stage after the initial enthusiasm has worned out [6].
2.3

Transforming residential practices

The third analytical category put forward here takes as a departure point that neither technology/material artefacts nor users should be conceived as autonomous agents. Rather, they are to
be understood as enrolled in a network where agency is distributed, rather than fixed in a particular

point with causal status towards other elements. This understanding of agency as distributed is a
central axiom of actor-network theory (ANT) that holds a critical edge towards essentialist thinking
[7]. While this field has been criticized for its relativist ontology [8], we would here point out some of
the advantages of focusing on relations between human and non-human objects rather than their
allegedly universal and stable properties. A point of great relevance in the context of sustainability
is that the dichotomy between technological strategies and policies directed at changing lifestyles
is a false one. Our claim is here that all technology carries explicitly or implicitly a set of moral anticipations about human behaviour. Since these anticipations are not objective truths, but based in
some kind of value system, technological artefacts cannot be understood as neutral. On the other
hand, it is also hard to conceive of a lifestyle expression that does not involve technological objects
and are limited by the range of possibilities that arise in the meeting between a user and one or
several material objects.
This approach implies a view of architecture as a process of ongoing mutual configuration of human and non-human actors rather than as a fixed structure that will display stable qualities independently of user practices [9]. Returning to the example of passive houses, this concept builds on
the assumption that residents or other actors will provide maintenance of ventilation shafts on a
regular basis. With the expanding popularity of passive houses also within the domestic sector, it
remains to be seen if this assumption will prove to be valid, and if not, which consequences this
may have on indoor climate and human health. Similarly it implies a perspective on users and their
attitudes and everyday behaviours as constantly changing. An environmentally friendly lifestyle is
not given once and for all, and architectural solutions which tend to lock users into specific lifestyles / behavioural patterns will have limited effect.
While it may seem difficult or even impossible to foresee the whole spectrum of effects that may
arise in such heterogeneous networks, it is however possible to increase our sensibility through
concepts that do not take essential properties of objects or users for granted. Thus, the ‘affordance’ concept from Gibson [10] has been used to capture how action potentials arise in the meeting
between the human perceptual apparatus and our surroundings. Expanding on this understanding,
Jelsma [11] has also used the concept of ‘moral landscapes’ to underline how human agency develops in the intersection of supporting or restricting affordances in our material surroundings and
our personal value systems or social norms.
The research related to the planning process of the Brøset area in Trondheim is to a large degree
based on idea that the high ambitions can only be met through an interplay between architecture,
technology and lifestyle issues or through what we call transformation of residential practices. Residential practice is understood as a dynamic socio-technical network where material structures
(technology, buildings and physical environment), socioeconomic conditions and practices and
ideas, meanings and values interrelate and affect each other mutually [12]. Within this framework,
architectural design can be seen both a result of a social, economic, cultural and political context
and as a tool for changing the same context. This is furthermore based on the assumption that it is
possible to change practices and that architecture may be a tool to do so. And perhaps more important, it is acknowledging the need for cultural change in order to achieve the goal of low emission neighbourhoods.

3. Methodological issues
The paper is mainly based on the proposals from the four teams taking part in the parallel commissioning process during fall 2010 (submitted in January 2011). This material has been the basis for
interpretation, analysis and discussion [13]. The material consists of both visual and oral presentations during the process as well as the written documents. It is not our intention to give a full presentation of all four proposals here. We will deal mainly with the ideas related to housing typologies and the analysis will emphasise two questions: Which changes are needed, and how is it possible to reach them by architectural means?

Both authors took actively part in planning the process of the parallel commissioning of the design
proposals and in the discussions with the teams on the two days’ halfway workshop. This implies
that we to some degree may have influenced the results we later make an object of analysis. On
the other hand, this has given a unique opportunity to produce research outcomes that are useful
and applicable in the ‘real world’, what Gibbons et al [14] call ‘socially robust knowledge’. It is
through the fruitful interplay between collaboration and critical distance which is created in the
process that the most interesting results may be found, both seen from the practioners point of
view and within a research context [15].

4. Proposals for new housing typologies at Brøset
Two interrelated visions for the Brøset area were identified in the planning program. The first one
was that this should become “a future oriented and attractive urban neighborhood with less than 3
tons CO2-emissions per person per year”, and the second that it should be “an area where it is
easy to live an environmentally friendly ‘low-emission’ life” [16]. With this formulation, the Brøset
project proves to have a slightly different focus than most other recent urban development projects
with high environmental ambitions. In light of the three approaches described earlier, we see that
the project is moving away from both a strictly technology / architecture essentialism and a user
essentialism towards a position opening up for transitional practices were the interplay between
material and social is the vital issue.
In short, the teams were asked to present convincing proposals of how the Brøset neighbourhood
may contribute to a ‘low-emission’ everyday life in a long term perspective. They should show an
overall urban design concept for Brøset through visualizations and texts with focus on the following
issues: Land use, transport, energy demand, adaptation to climate changes, waste and
consumption and finally the process for further development of the area. By this they should show
how it may be possible on a urban plan level to support a low-emission lifestyle [17]. The four
teams selected for the parallel commissioning process were:
1. Asplan/Viak, Entasis AS, Dahl & Uhre architects AS and Vigdis Haugtrø, Norway and Denmark
(ASPLAN)
2. SLA (Copenhagen), Adept Arc., Atkins, Life and Susturb, Denmark (SLA)
3. COWI AS, architect Kimmo AS and Norsas AS, Norway, Denmark and Finland (COWI)
4. Code Arkitektur AS, Fremtiden i våre hender (”The Future in our hands”), KanEnergi AS and Aurora
Landskap, Norway (CODE)

All four proposals seek to use the best available technical and professional knowledge to secure
that the material structure has the optimal performance when it comes to long term emissions. Furthermore they emphasize the environmental qualities (aesthetic as well as functional in architecture, outdoor spaces and landscape) in order to create a high degree of attractiveness and long term
resilience. They are all however, aware of the fact that it will not be possible to reach the 3 ton objective by use of technical and architectural interventions alone (this was explicitly stated by some
of the researchers in the kickoff meeting). All teams therefore underline the need for lifestyle changes both within and outside the area. Even though they differ slightly when it comes to how to
achieve such changes, and which role the material structures may play and not at least in their
optimism when it comes to the realism in such changes, they all have made specific design proposals that may support these new ways of daily life at Brøset.
4.1

Which changes are needed?

Although the teams differ somehow when it comes to which changes in residential practices they
think are needed in order to reach the objective for Brøset, some issues related to the architectural
features of housing typologies are mentioned by most of them:

Reduced consumption of space per person
In a Norwegian context, the continuously increasing size of living space per person is among the
most problematic aspects of the housing sector seen from a sustainability perspective. There has
been a growth from 36m2 in 1980 till 56 m2 in 2008 [18]. This has resulted in continuously
increasing energy consumption per person in spite of continuous technical improvements. As a
reaction to this (and also stated in the planning program for Brøset) all teams aim at a higher
density for the area than what is normal for the neighboring areas. Still the proposals vary when it
comes to the total number of dwellings (from 1200 to 2800) as well as the demographic density
(from 2600 til 6100 persons). The differences relate both to the proposed housing types and to the
anticipated number of persons per household. This leads to a living space per person ranging from
26 m2 to 42 m2. The teams with the lowest living space per person, base their calculations of an
increase in household sizes from today’s average of 2,21 to 3-4 persons.
More community
Most teams argue strongly that there is a need for a transition from the last decades’ individualism
towards more collective solutions. Many of them emphasise however that people should be given
opportunities to express their individuality within some kind of collective ‘superstructure’, as
suggested in this quotation:
“The postmodern society has since the 1960s emphasized the need to escape what was then
regarded as a suffocating and schematic collectivism. But after half a century with individualization of
everything from transport to urban public spaces, the environemental crisis has placed the collective
project at the agenda once more. Now the question is: How to create new and sustainable
communities without removing the possibilities for indivual creativity?” [19]

Less general consumption
It is not only necessary to reduce the living space per person and the material resources related to
housebuilding. The teams therefore underline the need to reduce consumption in general such as
food and equipment for maintenance and management of houses and outdoor speces.
More leisure time (less paid working time)
Especially one team (CODE) argue that the future residents at Brøset should have more leisure
time, i.e. that they should spend less time working to earn money. This is based on an assumption
that a combination of more leisure time and less income will lead to less consumption and more
involvement in the community.
More healthy lifestyles
Quality of life and well being are important aspects of an holistic understanding of sustainable
development. Most teams emphasise the needs to give oportunities for physical outdoor activities
within the Brøset area. SLA are most spesific in this when they suggest that future residents should
have new food habits and more healthy lifestyles. They even suggest one hour exercise for
everybody each day.
Less mobility
All teams stress that the future residents at Brøset should travel less in both leisure and work time
than what is normal today. They should spend more time in or close to their home and local
neighborhood.
4.2

How to achieve the changes?

Within the limited frames of this paper, we have chosen to look specifically into one of the element
the teams are asked to deal with, namely the housing typologies of the new neighborhood. This is
interesting (and important for the outcome) on several layers: The proposed housing typologies are
related to the overall urban design and the density of the area. Typologies are also frameworks for
the architectural design of the dwellings and are deeply related to issues intimately related to
individuals’ daily lives, how they define their homes, how they perceive privacy, security,
homeliness, memories etc. When it comes to the layer ‘in between’, housing typologies and design
affects the transitional spaces as well as socialinteraction between private and public life and are

thus connected to how each individual and each household relate to the local community as well
as the ‘world outside’ more in general. How the teams deal with these issues is therefore essential
for the possibilities to shape residential practices.
Basic typologies
As a general pattern most teams suggest what by one of
them is called “robust and well-tested” [20] housing typologies such as different kinds of urban villas, terraced
housing (row houses), urban quarters and blocks of flats.
Most proposals stick to rather low buildings (2-3 floors)
although COWI suggests mainly blocks of flats (3-7 floors)
and ASPLAN proposes one high rise building as a ‘symbolic’ cursor for the area, mainly to attract attention but
also to be “valve for luxury and enjoyment” [21]. Even
though the typologies are well known, they are often
combined and grouped in new ways and constitute in
most cases low and dense urban structures. They have
different degrees of collectivity. Some suggest a specific
typology for collective living with small private units sharing a livingroom. Others have common premises as a
supplement to full private dwellings. Interestingly however,
some of the teams state that they aim to provide the new
dwellings with qualities normally associated with detached houses such as direct access to the outdoor
ground and freedom to choose individual solutions
through the process of self building. There seems thus to
exist some kind of ambiguity between creating space
efficient housing with urban qualities and maintaining the
idea of single family houses with own gardens as the
‘ideal home’.

Figure 1: The illustration above
shows possibilities of new and an
many cases more collective kinds of
households which should be welcomed at Brøset (SLA)

Architectural qualities
Although it is not very clearly expressed or visualized in the material, all teams emphasise the
importance of creating attractive dwellings as well as high quality urban spaces and landscape:
”The only real motivation for change has to be quality” [22]. The most distinctive aesthetic element
in the material so far is the richness in forms and combinations of volumes and spaces, and in
some cases also colours and materials. The images are characterized by both variation and a
human scale. This signalises intentions of combining individuality with a more collective and
general structure. The presentations furthermore express modernistic aesthetic preferences, with
(mainly) flat roofs, minimalistic detailing and (in some cases) transparent fasades. There are no
references to the nostalgic images of home known from popular contemporary house catalogues,
assumed by many housing developers (and also confirmed by research) to be ‘what people want’.

Figure 2 and 3: Left: Outdoor spaces (SLA). Right: Groupings of houses (CODE)

Some of the teams have a clear intention of creating a sense of neighborliness and through this
hope to achieve identification and place attachment by use of conscious and clear groupings of
dwellings in clusters or quarters. Inner courtyards in SLA’s and CODE’s projects are shown as vital
and attractive community spaces with a hybrid of public and private qualities. Beyond rather loose
prespectival images, the organisastion of indoor and outdoor spaces as well as the relation
between them are not very elaborated at this stage, this goes in particular for the spaces between
the various groupings and quarters.
Shared spaces / facilities
One of the most visible features in the design
proposals is the weight most of teams have put on
collective spaces and shared facilities. This is
justified partly in order to reduce the living space
per person and partly by the possibilities these
spaces give to create social meetings between
residents and to develop a vital community life.
Most radical is probably ASPLAN’s idea to build 30
% of the dwellings without a ‘normal’ full scale
kitchen. In stead they propose a large communal
kitchen in every quarter (consisting of 15 to 50
units). This is “..to counteract the trend of an
increased number of lonely people, and at the same
time change our consumption pattern” [23] Other
teams suggest sharing of premises such as storage,
guestrooms, dining room, laundry, utility room and
playroom.

Figure 4: CODE’s common entrance /
living room

Changeability
All teams point out that it is important that future residents may influence the design of their own
dwelling and that the buildings should be flexible in order to adapt to changing needs and lifestyles.
These issues are however rather vaguely decribed, such as illustrated by this quotation from
COWI: “The buildings [..] will be flexible and able to house a diversity of residents, ages and family
types” [24]. Some attempt to be more specific could however be mentioned. In stead of providing a
maximum space per unit, CODE operates with a maximum volume to give the residents increased
freedom of choice. The impact of this model (spatial as well as functional) is however not clarified.
Also some other teams, such as SLA, present ideas for flexible layout of flats, with rooms that
might be combined to suit different family types.

Figure 5 and 6: Example of flats that can be combined in different ways (left). Courtyard with mixed
use building: Shared facilitiesand services on the ground floor, flats above. Both illustrations: SLA
Mixed use / urban attractions
All teams aim to design the neighborhood with attractions, activities and services that will make it
easy and enjoyable to spend more leisure time (and in some cases also working time) within the
area. The idea of mixed use quarters, mixing both different dwelling types and different functions
will “.. contribute to a vivid and multitudinous urban neighborhood” [25]. CODE presents a typology

called ‘robust’ which is a flexible structure (‘hybrid manufacturer’) which also may contain a
combination of dwellings and small businesses [26].
Growing food
Although not directly or necessarily connected to the architectural features, most teams emphasise
the need to allocate space for growing food. This may be as allotment gardens gathered in one
part of the area or distributed close to the dwellings an even in teracces, roofs and walls. Also in a
more public setting, this should give opportunities for “Unique, local and ecological culinary
experiences.” [27]

5. Discussion: Towards new residential practices?
There are several examples in this material where expectations of specific behavior is inscribed in
the architectural solutions [28]. Compact design, shared kitchens and other facilities may involve
reduced space per person, and it is assumed that this will lead to reduced consumption and more
community involvement. Spaces for horticulture will make it possible for people grow their own
food and thus reduce the need to transport food from long distances. Furthermore, by making the
area as attractive as possible, people may be willing to renounce ‘normal’ goods (such as private
car parking). In short, the proposals, if realised, promise to offer supposedly better alternatives to
normal practice. The question remains however if these programs will be sufficient or effective in
shaping more sustainable practices, in line with the ambitions of one of the teams:
“A new culture will be shaped which we believe will be self-reinforcing because the climate friendly
alternatives will be more present while the harmful ones will be less present. (..)
We will build an urban neighborhood where the combination of size and framework conditions together provide the critical mass needed to create a culture where neighbors and family members become each others coaches, can assist, encourage and show each other possibilities and together
develop and determine solutions which make people enjoy a carbon neutral life” [29]

Several obstacles or questions may be raised. One may be that, although the ‘right’ behaviour is
inscribed in the material solutions, people may create their own anti-programs to avoid them
[30][31]. How is such deviations from expected practices to be addressed in the development
phase, unless we suppose that all future residents will be obedient to the intentions of the
planners? And how can the planning of the area anticipate future living conditions in a period
where it is no longer sufficient to extrapolate current trends? These issues will be discussed in the
following sections.
5.1

New forms of normality?

One of the aims set by the city of Trondheim was that the teams should provide design solutions
that would make it easy to live ‘a low-emission life’. This implies a need to suggest radical alternatives to what is normally available at the Norwegian housing market. From what we see, this objective has been achieved. All proposals differ quite dramatically from ‘normal’ contemporary housing
developments in several ways. The main issues related to the housing typologies are already mentioned in the previous section. In addition, there are elements such as energy concept (passive
house or similar, renewable energy sources etc), reduced accessibility for private cars, improved
accessibility for cycling, walking and collective transport, emphasis on landscape qualities, weight
put on local services and ‘around the clock’ activities (multitudinous program) and last but not least,
focus on process (participation, branding, involvement etc) – starting as soon as possible in order
to keep up the interest and attention.
The question still remains: Are the alternatives presented through the design proposals realistic?
And in a market perspective: Will someone buy them? As we have seen, the proposals are based
on assumptions about e.g. larger households, more leisure time (i.e. reduced paid work), new
kinds of collectivity and less mobility. Seen from a social science or a market perspective, these
assumptions are lacking basis in empirical data and could be regarded as both naïve and rather

speculative. There are however some reasons for taking them seriously all the same, some pointed out by the teams themselves:
The climate crisis calls for radical solutions and cannot be solved by technical improvements
alone [32]
The housing market is today very uniform. There is a shortage of innovative solutions that may
open up for new ways of residing. Even though these ways do not suit everyone, there may be
an increasing group of people who are not entirely satisfied with their existing housing situation
or their every day life.
People may be searching for a change in their every day lives, or they may be in a transitional
life phase (children moving out, divorce, death of spouse, moving out from parental home),
when changing residential practices are more likely to happen [33].
There are additional societal trends and problems to the climate crisis that may support the
need of alternative housing solutions such as increased loneliness, time pressure and stress,
public health issues (too many overweight people), increased number of elderly people, increased integration between work and leisure time etc
Seen from the perspective of moral landscapes introduced above, this discussion revolves around
the creation of new regimes of normality, involving both material infrastructure and social/personal
norms. As stated by Jelsma [34], one of the most important objectives of well-functioning transitions towards sustainability may be to reduce the conflict between an emerging sustainability ethic
and the possibilities that are afforded by our material surroundings. Thus, it ca be anticipated that
existing social and personal norms are influenced by the possibilities available under current societal conditions and should be seen in relation to these constraints. Furthermore, this makes these
norms a poor basis for evaluating potentials for change under very different material conditions. An
important task when planning for sustainability is thus to challenge the established constellations of
personal/social beliefs and material structures by introducing concepts that may nurture and stabilize new forms of normality. One of the most relevant examples in this respect is how the relative
position and status of different means of transportation are influenced by traffic infrastructure. This
hierarchy is often taken for granted until one is exposed for different regimes when visiting other
countries where e.g. cyclists are positioned on top, socially as well as materially in the landscape.
Surely, these mechanisms also apply to housing typologies that support a specific way of living
and relating to your immediate surroundings and neighborhoods.
5.2

Planning for the unknown

Even if most teams state that future residents should be involved of the future design and development of the area, only one of them point at the obvious dilemma: How is it possible to support
specific lifestyle changes today without determining future ways of life?
“On one side one should present a precise image of what Brøset could be in the future. On the other
side, a too precise / defined image will make the proposal less open for changes – which could have
strengthened the project in the long run. We meet this dilemma by presenting a precise image, but
also make visible, on various levels, the values the proposal is based on” [35]

The new Brøset area should on one hand be designed to support specific choices, but on the other
hand it must open up for the future residents’ own initiatives and creativity. This is necessary both
to create involvement and attachment and to secure that the neighborhood will serve as an attractive place to live also in the future. It implies however a risk that future residents of Brøset will not
act in accordance with the intentions stated today. Nevertheless: Future residents must – and will
in one way or another – take part in the definition of what their future residential practice should be.
The proposals for Brøset does not deal sufficiently with this issue, in particular when it comes to
the design solutions. Although there are some elements such as hybrids of dwellings and other
functions and flexible layout of flats, changeability and openendedness are mostly described in
rather general terms. The teams seem to have a ‘hangup’ in the idea of supporting future resident

to make the ‘right’ choices (partly due to the focus on this point from the research group). However,
they do not sufficientlly open up for the fact that there are several ways of achieving these results
and that it is difficult to specify now what will be the right choice of tomorrow. By this lacking recognition of the need for solutions flexible enough to capture alternative trajectories, there is a danger
of ending up up with the kind of essentialism dercribed earlier, where a certain ‘green lifestyle’ is
put forward as the only answer.
The question, raised by SLA in the quotation above, therefore remains about how to both give a
plausible image of how a low carbon life is possible (and even attractive) and at the same time
avoid a social determistic approach that is both undemocratic and surely unwanted. Returning to
the notion of a moral landscape, we will argue that it may be necessary to keep some trajectories
open for detailed inscription by actors and technologies that may enter at a later stage. One
practical example of this line of thinking is the ‘garden city’ concept, where large green areas are
kept open between houses. Currently these areas mostly serve as leisure space and aesthetic
elements, but in the not so distant future they may be transformed to food production areas in line
with the original intentions of those who developed the concept. Thus, planning for an uncertain
future involves a not so easy trade-off between making things tangible and keeping them open at
the same time. One answer to this challenge might be to dissolve one image into a bricolage of
many images and possible futures, within a whole that appear coherent enough to keep the
interest of developers and potential residents. We are also very sympathetic to the idea to
introduce a set of governing values that may serve as leading stars when the concrete
manifestations of their project are made obsolete by changes not foreseen today [36].

6. Final comments and conclusion
Despite our critical remarks to the outcomes produced by the four teams, they came up with
several interesting ideas, some of them to be implemented at once, some to proceed during the
coming planning, design and construction phases, and some to be applied after completion in
future operational phases. All were intended, in one way or another, to involve future residents and
other actors in the planning and design prosesses, convince the sceptics and keep the discussions
and attention about the future neighborhood alive. The intention has been to create a broadest
possible ownership of the idea of a carbon neutral settlement in Trondheim, support further
innovation and planning processes, build knowledge and capasity among both lay people and
professionals and finally to give a best possible foundation for the future operation of the
neighborhood in accordance with the overall objectives.
Although it is too early to anticipate the achievements at Brøset, the proposals from the four teams
provide inspiring, well developed, and at moments innovative images of alternative future
residential practices that may lead to reduced carbon footprints. They demonstrate that it is
impossible to reach the high environmental ambitions for Brøset with a ‘business as usual’ attitude.
Furthermore some of them provide convincing arguments for the need of cultural change and
indicating the positive effect of an open process and close cooperation between professions and
institutions (including researchers and planners) when it comes to innovation and are as such
valuable contributions to the debate on how architects and planners may deal with the climate
challenge.
It remains to be seen whether the images presented by the four teams will convince the housing
developers and home owners in Trondheim. This will depend on how this valuable material is
developed further and how the focus and attention to what is happening at Brøset is kept alive and
continuously promoted, reviewed and discussed in public. In order to avoid limitting the
approaches to the sustainability challenge either to a technological/architectural essentialism or a
user essentialism as described earlier, the interplay between design solutions and all other actors
taking part in the further processes are therefore essential.
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Summary
Urbanization is an outcome of the development of industrial civilization, and satisfies the human
need for social habitation. Carbon dioxide it is a major side effect of this industrialization and the
main cause of the greenhouse effect, which has been leading global warming. Thus, under the
conflicting pressures of climate change and maintaining a standard of living, many countries have
begun considering attempting to develop economic development models with low-carbon footprints,
focused on densely populated urban areas. Governments have invested considerable resources in
relevant research programs and promoted policies for low-carbon output, sustainable eco-cities. By
means of environmentally friendly construction methods, it seeks to create a symbiotic relationship
between living spaces, industry, and the surrounding environment through organic connections
linking networks and with energy flow, and treating rural areas. This study developed a model for
the examination of ecological concerns, safety, and disaster prevention by using intelligent living
concept for rural development, with a number of international and domestic mechanisms for
sustainability and/or eco-community assessment. This study may be used for developing policies
in the public sector dealing with issues such as rural development, the reduction of global warming,
and the improvement of rural ecology and residential spaces.
Keywords: Global warming, Intelligent living, Sustainable, Rural village

1. Introduction
Urbanization is the product of industrial civilization and development stemming from the demands
of people as they lived together in close proximity. Carbon dioxide is a key element in maintaining
such material civilization but at the same time gives rise to the greenhouse effect. Therefore,
countries all over the world have proposed plans and allocated government resources to use a low
carbon economic development model to promote what are known as “low carbon cities”,
“ecological cities”, and “sustainable cities” starting from regions with high population density.
However, can these urban strategies really solve existing climate change problems or will these
changes give rise to more serious climate change threats? In truth, all evidence points to the
conclusion that man cannot conquer nature. Based on the figures compiled by the World Health
Organization (WHO) up to November 2010, at least 250, 000 people have perished from natural
disasters, the most devastating catastrophes being the Haiti earthquake, the Russian wildfires, and
the Pakistan floods. The causes for these catastrophes can be summarized as the increase in
global population and the increased demands for energy to maintain the existing quality of life and
expand the living environment. All these events have contributed to the emission of greenhouse
gases into the atmosphere and competition with nature for land and resources. These factors lead
to the rapid decay of the ecological environment and the accelerated depletion of natural resources
which lead to global warming and climate change and impact the living space of humans.

In recent years, Northern Europe has been promoting eco-villages. Northern Europeans first
choose a suitable location that minimizes the cost of growing crops, sustains the life of residents,
and minimizes transportation costs. The Rural Regeneration Act in Taiwan proposed to “promote a
rural regeneration project and build a new rural village with prosperity and beauty”. This project
could alleviate the outflow of population, the aging population, the lack of basic infrastructure, slow
development, the loss of the unique environmental characteristics, and serious underdevelopment
of villages. The active development of villages, on the other hand, was employed to prevent
marginalized development in villages. However, can such a policy meet the demand of the
development of villages in countries all over the world in such a way that it protects the lifestyles of
farmers, farm produce, and farm ecologies?
The rapid development of information and communication technologies (ICT) and the Internet in
recent years have accelerated the evolution of social patterns and personal lifestyles. Intelligent
technological systems have become an indispensable facet of daily life in the 21st century and
spurred emerging industries and business models. Furthermore, due to the post-Kyoto agreement
on the reduction of greenhouse gases as initiated by the United Nations, governments around the
world have proposed green information and communication policies to promote the development of
national economies and provide citizens with safe and convenient living environments as well as
minimizing energy use and carbon emissions.
Past studies have indicated [1] that systems can be evaluated by integrating intelligent living into
villages and that questionnaires can be distributed to community residents and experts to serve as
a reference when establishing rural communities using hierarchical analysis to develop a village
assessment system which is ecologically friendly, prepared for natural calamities, low carbon, and
intelligent. It is evident from previous research results, however, that the weighted values of
intelligent living were relatively lower. The results indicate that, in the integrated assessment
system developed using hierarchical analysis, intelligent technologies and other factors essential
to farm life and production ecologies are difficult to measure in the same level. Therefore, based on
the rapid development of ICT worldwide and the pressure from natural disasters and the
environment, this study employs the existing low carbon rural assessment framework and uses
intelligent living as a variable to be included in the three dimensions of rural village ecologies, life,
and production. In addition, scholars and experts questionnaires are adopted to measure the
impact of intelligent living on the ecology, energy saving, safety, preparedness against natural
calamities, the industry, and service functions. The results can be used as a reference for the
development of rural villages with various characteristics and limitations. Therefore, the integration
of intelligent living technologies in rural villages not only strengthens the local industry in the short
run and long run, but also integrates local culture and feature industries and provides public
sectors a foundation for the evaluation of rural village development potential.

2. Literature Review
2.1

Intelligent Living

The rapid development of ICT and the Internet in recent years has not only impacted the industry
but also influenced the daily lives of people and largely changed government policies. Countries
thus integrate cities or towns using networking systems to allow their citizens to access digital
information and services whenever and wherever they like. Additionally, the prevalence of ICT
allows citizens to gain access to quality intelligent services. To utilize intelligent technologies, the
Ministry of Economic Affairs proposed the i236 Project in 2009 [2]. The plan revolves around Smart
Town and i-Park and integrates three networking systems (next generation broadband, digital
television, and sensor networking) to provide six intelligent technological applications, namely: food,
clothing, living, transportation, leisure, and entertainment. This project included such demonstration
sites around Taiwan such as Puli, Songshan, and Shanlin. Shanlin was one of the hardest hit
areas in Typhoon Morakot, 2009. The i236 Progect content for this area integrated educational and
disaster prevention information. This study thus conducted an analysis of studies on the
development of similar communities abroad to serve as a reference for the impact of intelligent
living on the development of rural villages. (Table 1)

Table 1 Item analysis for U-city (ubiquitous-city) implementation in major Asian cities
Service

Service features

Shanlin

Puli

SongTao- KaohYilan Taipei
Osaka Soul Busan
shan
yuan siung

u-Food
u-Care
u-Fun

Quality agriculture
Geriatric care Child care Citizen care
Art, videos
Activities
Pollution discharge monitoring
Park facilities management
u-Green
Recycled and hazardous waste
management Energy saving
Automatic tracking system
Automatic payment system
u-Transport
Intelligent traffic management system
Instant vehicle messaging system
Diversified economic entities and
u-Business
industries
Global businesses
Remote query Booking services
u-Convention
Electronic Book
Open services
u-Governance
Intelligent administrative management
Provision of advance warning
Container tag applications
Port management system
u-Port
Post-exchange payment information
system
Real-time travel information and guide
u-Tour
service
Health monitoring system Healthcare
u-Health
system
Emergency treatment system
Tsunami warning system
u-Disaster
Alert and warning system
Flood control system
Note:
Have development service features;
Not development service features

2.2

Sustainable Communities or Neighbourhood Environmental Performance Assessment
Tools

This study employed the Pingtung County Rural Village Ecological Assessment System proposed
in previous studies [1] as reference to develop the assessment framework for this study. Existing
evaluation frameworks are mainly based on the indicators of the green neighbourhood certification
system in Taiwan [3][4], namely: ecology (biodiversity, greenery, and soil water content), energy
saving (energy saving buildings, green transportation, walking space, waste reduction, community
light conservation, renewable energy resources, and carbon-neutral remedies), health and comfort
(microclimate and pollution hazards), community services (educational and cultural facilities, sports
and leisure facilities, life conveniences, community well-being, sense of community), security
controls (spatial characteristics, prevention measures, and neighborhood watch). For this study,
two indicators, disaster prevention (ecology) and industry economics (production) were added to
allot equal emphasis to rural industries, natural ecologies, and living environments.
The assessment framework was developed based on past studies. To ensure that the rural village
development model proposed in this study conformed to international developmental trends, the
researchers referred to and modified the assessment contents of major international sustainable
city and town evaluation tools. This included SBTool, LEED-ND, the BREEAM Communities in the
UK and CASBEE-City (low-carbon) in Japan [5][6][8][6]0. The analyses of these two systems
showed that the former included all necessary ecological contents as well as incorporating an
economic indicator that monitors employment rate, an information exchange platform, and rules for
sustainability as well as a community indicator that focused on community conventions and
sustainable lifestyles. Japan’s CASBEE-City (low-carbon), while still in the developmental process,
has an apparent focus on managing greenhouse gas emissions corresponding to the trend of low
carbon emissions worldwide; on the other hand, using the society indicator, the tool also monitors
the natural rise and decline of the population, which reflects the country’s trend towards an aging
population.

3. Research method
3.1

Research Framework

This study developed the contents for the establishment of low carbon rural villages based on past
rural ecology assessment frameworks. The findings showed that the weight assigned to “intelligent
living” was too low, followed by “security controls” and “preparedness against natural calamities.”
(Fig.1) This study thus adjusted the values for “intelligent living” and combined “security controls”
and “preparedness against natural calamities” to form “security and disaster prevention.”
Furthermore, due to the importance of economic issues, the indicator “industry economics” was
further divided into “agricultural resources” and the “derivatives industry.” In sum, the rural village
development content proposed in this study includes the following six indicators: ecological
environment, energy saving, community services, security and disaster prevention, agricultural
resources, and the derivatives industry.
First level
A. Ecology

Second level
A1. Biodiversity
A2. Greenness
A3. Water cycle
B1. Energy-saving buildings

Assessment framework for rural regeneration in Pingtung County

B2. Green transportation
B3. Pedestrian space
B. Carbon reduction

B4. Waste reduction
B5. Community lighting energy
B6. Renewable energy
B7. Carbon neutralization measures

C. Health and comfort

D. Community service
functions

E. Public order maintenance

F. Disaster prevention space
systems

G. Industrial economy

H. Intelligent living

C1. Microclimate
C2. Environmental pollution
D1. Cultural education facilities
D2. Sports and recreation facilities
D3. Amenities
D4. Community welfare
D5. Community awareness

Survey
results

E1. Spatial characteristics
E2. Precautionary facilities
F1. Establishing living and refuge
F2. Disaster rescue and refuge routes
F3. Disaster rescue and refuge sites
G1. Agricultural resource industries
G2. Agricultural resource derivatives
H1. Internet technology
H2. Lifestyle applications

Fig. 1 The previous survey result and past rural ecology assessment framework
3.2

Questionnaire Design

The questionnaire used in this study was designed based on the research framework. The
intelligent living indicator was incorporated as well as the three concepts of rural village ecology,
lifestyle, and production. Ecological concepts were classified into ecological environment and
energy saving. The ecological environment dimension included biodiversity, greenery, soil water
content, microclimate, and pollution hazards. The energy saving dimension, included energy
saving buildings, green transportation, walking space, waste reduction, community light
conservation, and renewable energy resources. The lifestyle construct was further divided into two
dimensions: community services and security and disaster prevention. Community services
included educational and cultural facilities, sports and leisure facilities, life conveniences,
community well-being, and sense of community; security and disaster prevention included crime
prevention, disaster prevention, shelter designation, disaster prevention routes, and disaster
prevention spots. Finally, production was further divided into agricultural resources and the
derivatives industry. Agricultural resources included industrial quality certification, industry
marketing activities, and industrial distribution channels while the derivatives industry included
agriculture, forestry, animal husbandry and fisheries; natural landscapes; and humanistic resources.
The questionnaire developed in this study included 25 items. (Fig. 2)

Constructs

Dimensions

A1 Ecological
environment

A11 Biodiversity, A12 Greenery, A13 Soil water
content, A14 microclimate, A15 pollution hazards.

A2 Energy saving

A21 Energy saving buildings, A22 Green
transportation, A23 Walking space, A24 Waste
reduction, A25 Community light conservation, A26
Renewable energy resources

B1 Community
services

B11 Educational and cultural facilities, B12 Sports
and leisure facilities, B13 Life conveniences, B14
Community well-being, B15 Sense of community

A Ecology

Intelligent
living

Items

B Lifestyle
B2 Security and
disaster prevention
C1 Agricultural
resources

B21 Crime prevention, B22 Disaster prevention, B23
Shelter designation, B24 Disaster prevention routes,
B25 Disaster prevention spots
C11 Industrial quality certification, C12 Industry
marketing activities, C13 Industrial distribution
channels

C Production
C2 The derivatives
industry

C21 Agriculture, forestry, animal husbandry and
fisheries, natural landscapes, humanistic resources

Fig. 2 The questionnaire structure
The questionnaire was presented in the form of a 5-point Likert scale to boost the response rate
and quality as recommended by Babakus & Mangold (1992). The five points were, namely
“extremely important”, “important”, “average”, “not important”, and “extremely unimportant.” The
researchers also followed the recommendation of Parasuraman et al. (1991) to present the items
in the form of positive statements. After the questionnaires were retrieved, the researchers
employed quantitative methods to analyze the items and explain their level of importance. The
main purpose of this study was to investigate the impact of intelligent living on rural communities.
Therefore, the variable “background properties” was used to replace “occupation.” The main items
in the questionnaire were “background properties”, “gender”, “age”, and “level of education.”
3.3

Research Subjects

This study distributed a questionnaire to experts and conducted analyses on the Pingtung County
rural regeneration demonstration site in 2009 and 2010 to gauge its level of importance. The main
participants in this study included two groups of experts. The first group included the chairmen,
directors, supervisors, and other important officials in the community while the second group
consisted of personnel and supervisors in charge of rural regeneration and community
empowerment projects.

4. Empirical analysis
4.1

Survey retrieval

Two hundred questionnaires were distributed and 180 were retrieved, 172 of which were valid. The
questionnaires were distributed between August 20, 2010 and March 20, 2011. The basic
questionare properties included the background, gender, age, and educational level. In terms of
background properties, 54 % of the participants belonged to the community, while 46 % belonged
to the public sector; in terms of gender, 49 % were male and 51 % were female; in terms of age, 40
% of the respondents were between 31 and 40 years old; 25 % of the respondents were between
21 and 30 years old; 25 % of the respondents were between 41 and 50 years old; and 10 % of

respondents were between 51 and 60 years old; and in terms of level of education, 35 %
graduated from high school or vocational school; 45 % of respondents graduated from college or
university; and 20 % went to graduate school. Overall, the basic properties of respondents were
well-balanced. Therefore, the overall distribution of participants and the results of the questionnaire
were consistent with the scope and purpose of the study.
4.2

Descriptive statistics

4.2.1 Analysis of Overall Questionnaire Results
The average of the 25 questionnaire items was 4.39 points. The first five items with the highest
average scores were from the “B2 security and disaster prevention” dimension under the “B
Lifestyle” construct. These were: B21 crime prevention 4.64 points; B22 disaster evacuation 4.64
points; B23 shelter 4.60 points; B24 evacuation route 4.60 points; and B25 refuge base 4.58 points.
This indicates that respondents agreed that intelligent living was extremely important to security
and disaster prevention and disaster evacuation in rural communities. In addition, the two items
with the lowest average scores were also under the “B Lifestyle” construct, namely B12 sports and
leisure and B15 sense of community under the “B1 community services” dimension. Overall,
however, the averages of all items in the construct were greater than 4, so the measurements all
reached a degree of recognition. (Fig. 3)
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Fig. 3 The average of the overall questionnaire items
4.2.2 Overall Dimension and Reliability Analysis
The questionnaire was divided into three constructs and six dimensions. The results of the
analyses were as follows. Among the six measurement dimensions, the respondents indicated that
intelligent technologies are most important to “B2 security and disaster prevention,” achieving a
dimension average of 4.61 points. The other dimensions, however, also achieved averages of
between 4.29 and 4.37 points with a mean difference of lower than 0.1 points. This indicates that
the respondents had a uniform recognition of the importance of incorporating intelligent
technologies in these five dimensions. Therefore, there was not a significant difference between
the average values of “A ecology”, “B lifestyle”, and “C production.” Overall, the average values of
all dimensions and constructs were greater than 4, indicating a high level of recognition.
This study used Cronbach’s to measure the consistency between items in the same dimension.
The measurement standard was set at 0.70; thus, anything below 0.7 indicates low reliability and

may not be accepted (Carman, 1990). All of the dimensions measured in this study were greater
than 0.7; the overall construct measured was also greater than 0.7; and “A ecology” and “C
production” under “B2 security and disaster prevention” even measured 0.9. These results indicate
that the study has high reliability, which also indicates that the research tool is both consistent and
stable. (Table 2)
Table 2 The calculation information for the overall dimensions and constructs
Cronbach s

Mean of
Construct
4.362

Cronbach s
of Construct
0.920

A Ecology

A1 Ecological environment
A2 Energy saving

4.347
4.374

Standard
deviation
0.516
0.527

B Lifestyle

B1 Community services
B2 Security and disaster prevention

4.320
4.610

0.493
0.505

0.796
0.918

4.465

0.897

4.310
4.297

0.566
0.621

0.885
0.891

4.307

0.928

Constructs

Dimensions

C Production C1 Agricultural resources
C2 The derivatives industry

4.3

Mean

0.840
0.879

Test Analysis

This study conducted a t-test analysis using the average values of individual dimensions. The main
goal of this process was to gain a better understanding of possible differences in dimensions,
items, and overall average values to serve as a reference for the introduction of intelligent living
technologies in rural communities.
The results of the overall test analyses of dimensions and average values showed that there was a
significant difference between “B2 security and disaster prevention” and the “C2 derivatives
industry,” while “B2 security and disaster prevention” measured higher than average values,
indicating that respondents agreed that information technologies greatly impact “B2 security and
disaster prevention.” By contrast, the respondents indicated that it was less important to introduce
intelligent technologies in “C2 derivatives industries” such as “agriculture, forestry, animal
husbandry and fisheries, natural landscapes, and humanistic resources” at this stage. Afterwards,
test analyses were conducted on all the test items and average values and it was found that all the
items under “B2 security and disaster prevention” were significantly higher than average values.
This indicates that the respondents believed that it was extremely important to introduce intelligent
technologies in crime prevention, disaster evacuation, shelters, escape routes, and evacuation
spots. These results are reflected in the use of ICT in the event of natural and environmental
disasters. (Table 3)

5. Conclusion
Previous studies [1] indicated that “F. preparedness against natural calamities” and “H. intelligent
living” exert less impact on the overall assessment framework and were thus assigned weights
lower than 0.1. This study, however, designed a questionnaire incorporating intelligent living as an
independent variable and found that the “security and disaster prevention” dimension and its
related items were held in high regard by the respondents and were considered the primary
candidates for introducing intelligent technologies. Past research considered “C environmental
load”, “B. energy and resource consumption”, and “D. indoor environmental quality” as priority
indicators for rural ecology assessment. The results of this study showed that the development of
rural communities that are ecologically friendly, prepared against natural calamities, low carbon,
and intelligent, amidst the current climate change and global warming problems can not only
strengthen local rural industries but also improve the safety and convenience of rural living spaces.
The questionnaire in this study was distributed to experts. Future studies will also include
respondents from differen backgrounds, age, and educational levels in communities and public
sectors to allow the analysis of variance to compare and analyze potential differences between the
levels of importance assigned by different population groups to serve as a reference for the
development of communities.

Table 3 The results of the overall test analyses of dimensions and average values
Dimensions

Items

t-value of
Mean of
Dimensions Dimensions

p

t-value

p

Mean

-4.121**
-1.694
-0.009
-1.022
2.476*

0.000
0.092
0.993
0.308
0.014

4.186
4.308
4.390
4.337
4.512

-1.106

4.347

0.270

-1.841
0.215
-1.246
-0.254
-0.009
1.501

0.067
0.830
0.214
0.799
0.993
0.135

4.297
4.401
4.320
4.378
4.390
4.459

-0.397

4.374

0.692

-0.010
-6.633**
-1.128
3.842**
-1.849

0.992
0.000
0.261
0.000
0.066

4.390
4.023
4.337
4.564
4.285

-1.870

4.320

0.063

B21 Crime prevention
B2 Security
B22 Disaster prevention
and disasB23 Shelter designation
ter prevenB24 Disaster prevention routes
tion
B25 Disaster prevention spots

5.843**
5.843**
4.574**
4.574**
4.108**

0.000
0.000
0.000
0.000
0.000

4.640
4.640
4.599
4.599
4.576

5.725**

4.610

0.000

C1 Agricultural resources

-1.960 0.052
-1.034 0.303
-1.975* 0.050

4.291
4.343
4.297

-1.852

4.310

0.066

-1.975* 0.050

4.297

-1.975*

4.297

0.050

A11 Biodiversity
A1
A12 Greenery
Ecological
A13 Soil water content
environment A14 microclimate
A15 pollution hazards

A2 Energy
saving

A21 Energy saving buildings
A22 Green transportation
A23 Walking space
A24 Waste reduction
A25 Community light conservation
A26 Renewable energy resources

B11 Educational and cultural facilities
B12 Sports and leisure facilities
B1 CommuB13 Life conveniences
nity services
B14 Community well-being
B15 Sense of community

C11 Industrial quality certification
C12 Industry marketing activities
C13 Industrial distribution channels

C2 The
C21 Agriculture, forestry, animal
derivatives husbandry and fisheries, natural
industry
landscapes , humanistic resources
*p<0.05, **p< 0.01
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Summary
In Constantine, in response to the proliferation of shanty towns, concrete steps have been taken to
guarantee better living conditions. Since several structures in the old town were in ruins, the
priorities of the politicians focus on rehousing victims and the demolition of dilapidated housing. An
additional problem is the recent landslides, which have put at risk the safety of the local people.
The new town of Ali Mendjeli involved a major transfer of the population guaranteeing everyone the
right to a home in optimal living conditions. Every year, thousands of lodgings are taken in site, but,
do urban planners consider the urban character and respect the local identity? Indeed, beyond the
simple addition of housing, of services, of streets, the city defines itself by its districts and its
characteristics, the animation, life that results from the combination of all these elements.
Actually, the material and symbolic effects of the residential transfer came out to a modification of
the combination that settles between the relation of the inhabitants to the space and the practices
that take place in this space, otherwise said, at the transformation of the territorial system: a new
type of housing, a new lifestyle, a new use of the public space, without forgetting the geographical
situation of the new town which implies new forms of reports with Constantine. Currently, the
frequent round trips between the previous and the actual place of residence don't permit to speak
about two distinct territories. On the one hand, in the time, since one corresponds to the past,
bygone, and the other to the present and to the future, and on the other hand, in the space, seeing
that to each one correspond representations and practices spatially determined. Does the
residential transfer threaten the sustainability of the new town? We will try, in this paper, to reflect
on urban environments, while observing their effects on lifestyle, well-being and quality of life.
Keywords: old town, new town, urban environment, well-being, quality of life.

1. Introduction
Constantine "the City of bridges", is one of the biggest cities of Algeria and probably one of the
most oldest cities of North Africa. Situated in the north-east of the country, about 80 kilometers
from the Mediterranean coast, Constantine was built on a plateau at 640 metres above sea level.
Its old town or "medina", commonly called "the Rock", is unique by its site. This natural fortress
"nest of eagle, perched on a narrow rocky tray, limited by the dizzy steepness" [1], rich of its
twenty-five centuries of history, is characterised by tiny teeming streets inextricably linked that
topples until the limit of the ravine, and by places which are submissive to sunniness and climate. It
juxtaposes spaces having each a specific function (residential, economic, religious or military) and
structures the surrounding urban districts.
During many years, the socio-economic development associated with the demographic expansion
generated a considerable urban development. But because of the site constraints, the growth did
developed its tentacles to large distance, with an overload in the centre of the city and tendencies

of urbanization without infrastructures and services in the suburban areas. The evolution of the last
decades generated many problems. Today, changes in rhythm and scale, growth of the urban
population, multiple illegal implantations, produce a blurred image and discontinuities prevail over
adjustments. The result is the development of a town that answers with difficulty to the demands
and aspirations of its inhabitants. The 21st century urban life cannot be considered without taking
into account the sustainable development, "development that meets the needs of the present
without compromising the ability of future generations to meet their own needs" [2]. This is the
most widely known definition coming from the Brundtland Commission, but what does it recover in
Constantine?

2. Socioeconomic emergencies in Constantine: The rehousing in the
new town as solution to improve the quality of life
In Constantine, the situation of housing is alarming, marked by a deficit that exceeds 40.000
dwellings: 15.000 lodgings affected by landslides, 3500 constructions decayed in the old town,
shanty towns estimated to 11.638 hovels and a deficit following the natural increase estimated to
10.000 lodgings [3]. Indeed, numerous are those who denounce the dilapidated state of the
medina and fight for the safeguard of these spaces which date from the ottoman epoch, fissured
by the absence of management and maintenance on behalf of authorities and occupants. They aim
to valorise the heritage, not for commercial or touristic aspirations, but in the objective to protect a
collective memory, on the one hand. On the other hand, the colonial core is submitted to an
important problem of landslide. The natural fragility of places, the rainwater infiltration and the
dilapidation of the adduction network in drinking water, provoked landslides which damaged the
foundations causing the downfall of a certain number of dwellings. Today, for a sustainable urban
development, the preservation of heritage for the future generations becomes indispensable.
Actually, the action of authorities limited itself to the rehousing of some truly damaged inhabitants.
Indeed, the emergencies encountered in the city centre brought the political powers to intervene,
launching important programs of housing, achieved in the briefest delays. The eradication of
sectors constructed on lands at risks of slide, for example, incited the construction of 6000 new
dwellings on the site of Ali Mendjeli new town, followed by 3000 others on the Massinissa site, in
the satellite town of El Khroub. If it is therefore possible to rehouse, in a few months, a certain
number of inhabitants, the danger that abandoned dwellings represent must be managed. However,
the action of authorities was particularly determining with the proliferation of spontaneous and
precarious districts characterised by unauthorised occupation and unregulated activities.
Indeed, the promiscuity of housing, the absence of rudimentary hygiene (collection and disposal of
wastewaters and of domestic wastes), are factors which amplify risks of epidemic. Infrastructures
and basic facilities for these underprivileged districts have been financed by the local community,
without possibility of ulterior recovery of costs by taxes. Let’s underline that most of the people
living there were craftsmen, their activities procured them a random income and the households
sometimes accumulated several small jobs to assure the daily income. In order to improve the
quality of human life, the rehousing in the new town of Ali Mendjeli has been chosen as the better
solution. Today, for a sustainable urban development, every country should seek to reduce the
harm to health caused by poverty. Indeed, no-one wants to be caught in a situation of poverty, with
a consequent lack of pride in one’s disctrict, poor environmental quality with unsafety,
unemployment and multiple inequalities. In order to ensure a better quality of life for everyone, now
and for generations to come, it is necessary to renew with larger socials problematic such as to
accommodate the poorest population.
Offering many dwellings, Ali Mendjeli new town which is under construction actually, presents an
alternative to the spontaneous growth of the existing agglomerations and to the extension of
peripheries, absorbing and welcoming the surplus of populations of Constantine, including its
precarious districts. The new town has an advantaged situation: 25 kilometres only from the
medina, halfway between the two satellite towns El Khroub and Ain Smara, at the crossing point of
big axes of communication from or towards Constantine and in close proximity to the airport. It has
an important potential of building plots (1500 hectares) with a good stability of soil. Having a

capacity of 300.000 inhabitants, this new town is supposed to respond today’s population needs,
its construction capacity is important, it is aired and endowed of important facilities. Elementary
form of territory, the lodging crystallizes stakes of societies and institutes itself as basis of every
projection towards the future, a spatial reality at the same time material, immaterial and ideal. Let’s
mention for example the case of shanty towns, the lodging can reduce its material envelope to little
thing and in this case, it becomes above all a social construction; from where the importance of the
individual, of the subjectivity, of representations, in the analysis of the new town.
2.1

Impact of residential transfer on inhabitants’ welfare

The reconstitution of the main territorial adherences preceding the arrival in this new town offers a
first preview of the residential origins of the inhabitants. Rehoused by the local authorities, most of
them are from the central districts of Constantine. For a lot of households, these districts are the
privileged places of their installation since their arrival to Constantine. For some of them, it is a
space of transit at one moment or another of their residential trajectory. For the rest at last, the set
of the residential trajectories in Constantine took place within a same district and in a much
delimited space, case of shanty towns. Consequently, we analysed the new town starting from its
residents which besides, practise and live the space in a subjective and personal way. The treated
sample (300 people constituting a representative sample of the population) is not stratified
rigorously, nor completely random. The people were interrogated because of their inscription in the
considered spaces and their availability, first condition of the exchange. Distortions of the sample
owed to absences or refusals are frequent. Cases of non answers can also depend on the asked
questions, of the implication level of the interrogated people and of their socio-cultural features.
Above all qualitative, the committed survey justifies well that it is less the static representativeness
and the mathematical rigor that prevail than the capacity to seize the problems that inhabitants
meet as individuals and as community in their new spaces within a new town. The results have
been interpreted while using the software Sphinx version5.
The opinion of the investigated on the new town

Impression

While
observing
the
inhabitants of the new town
worrying
76,70%
and what they had converging,
while admitting their oddness
reassuring
23,30%
and
their
exemplarity
monotonous
40,00%
appeared "common features"
full of life
60,00%
like the installation in the new
It doesn't matter
40,00%
town, the learning and the
experimentation of the social
I don't like
26,70%
lodging,
but
again
and
I like
33,30%
especially
the
residential
stability in Constantine, from
0%
10% 20% 30% 40% 50% 60% 70% 80% 90%
where the importance in our
percentage
survey concerning the new
town of Ali Mendjeli of the
opinion of these persons.
Fig. 1 The opinion of the investigated on the new town
According to our investigation,
76.7% of the interrogated
inhabitants find the new town worrying (Figure.1). The strong presence of people coming from
Constantine’s shantytowns, a population judged socially « undesirable », justify this percentage.
The authorities must be attentive to the evolution of this attitude that we can qualified as hostile
toward poorest inhabitants.
Nonetheless, this fact doesn't prevent the investigated to find the new town full of life (60% of the
investigated). Indeed, when we asked them their impression concerning the new town, 40% of the
investigated have responded: « it doesn’t matter» (Figure.1). Therefore, it would be reducing to
limit the territoriality to the only residential establishment. The new town of Ali Mendjeli defines
itself therefore from its social actors, their representations, their behaviours and their practices.
«There is hardly way to be that doesn't send back, at variable degrees, to the places where the

social being formed itself » wrote Michel Pinçon and Monique Pinçon-Charlot [4]. In the new town,
the built homogeneity results in quasi-identical blocks signalling paradoxically who lives there and
why and unveiling the social group heterogeneity. For our decision-makers, to build blocks of flats
is a good answer to housing shortage, despite the fact that the inhabitants denounce the formal
and architectural poverty of these innumerable buildings of concrete. Following the absence of a
collective memory or a collective identity, the new town appears like a heterogeneous territory,
marked by the incoherence, at the same time spatial and social. It would be therefore reducing to
limit the territoriality to the only residential establishment.
2.2

Appreciation of the quality of life in the new town

The appreciation of the quality of life in the new town cannot be associated to the only assignment
of lodging and to the only logic of its market, except to accept a reduction of its complexity. Wanting
to create an attractive urban setting in which nothing should lack or nearly, but again and especially
an urban and social life, the local authorities have made the bet to give the population more than a
dwelling, an urban environment thanks to a dense network of tertiary facilities and big projects
crowned by the university and the medical centres, the arrival of students and senior executives in
a substantial number can entail the creation of new services and new activities. Indeed, in the new
town, planning presented simple plans that might suppose that the realization was going to be
simple too. Its conception wanted to promote a step where the daily is structured by the
attendance of facilities (scholar or cultural, social or sanitary, administrative or commercial), a real
will of integration of facilities in the districts and a reflection on the places of the collective life.
Urban planners thought that a satisfactory life quality got itself thanks to a strong population density,
solely capable of guaranteeing services, transportation and animation of the district. One finds thus
constants features: the density of lodgings, the presence of facilities, the whole lot connected by
public transportation; the objective being the will to arouse a feeling of city, to create an animation.
The supplying of appropriate public services implied a great concern. But today, as the city tries to
define its role, it undergoes periodic adjustments, taking into consideration the social disparities
and lifestyles, makes feel itself more and more.
Indeed, the new town corresponded to a big project of urbanism; a particular importance had thus
to be granted both to public facilities, to infrastructures and to their realization, in order to ensure a
balanced situation on the social as well as the economic plan. In this same optics, the new town
had to be achieved progressively following a general plan, in order to realize a coherent
assemblage of various districts, of different types of architecture and dwellings around an attractive
and modern centre. These last years, the new town of Ali Mendjeli involved a major transfer of the
population guaranteeing everyone the right to a home in optimal living conditions. Certainly,
housing is a basic requirement for everyone. Good housing strengthens communities and provides
a better setting in which to raise families. It improves health, educational achievement and
employment opportunities and provides a long-term asset to be passed on the future generations.
But, is the new town really a place where people want to live and work, now and in the future?
In the new town of Ali Mendjeli, the residential transfer interferes on the territorial system and on its
development. The latter, constitutes itself in part according to the previous district. Indeed, the
identity forms the major tie between the human beings and their setting of life. It is a powerful
motor of the production of the social space. The appropriation of the space is not only a purpose, it
is also a means. For the inhabitants, there was a fracture of this order and not a simple transfer.
The references of identity towards the district of origin are omnipresent in the constitution of new
social relations. Space of origins, the initial district becomes a distinctiveness reference of "before
the rehousing", a place of identity; according to the interviewed: "to refer to it allows to say from
where we come ourselves but also to know who is the neighbour".
Currently, all happens as if the appropriation of the new living space within the new town, or the
edification of a new territoriality, made itself according to the previous district. However, that
construction process of territorial system deserves to be shaded. What we observe is an
experimentation, a learning always in development, of a new town that builds itself from

representations of its inhabitants: representations of oneself when it is about lifestyle,
representation of the living space, representations of the urban model of the new town (by
opposition to the old centre of Constantine) and that implies, according to the inhabitants, some
new norms to fit, some new behaviours and attitudes to adopt.

3. Constantine/Ali Mendjeli new town: a well-being at stake
The residential life, work, purchases, leisure and activities take place henceforth in separated
places, within agglomerations always more vast. If this picture is also worth for the new town of Ali
Mendjeli, the more active families disperse themselves daily between different places. To satisfy
the basic needs of the population and to achieve a better quality of life in the new town, planners
put in service facilities since the arrival of the first inhabitants. These last, find close to them,
primary schools, colleges, day nurseries, sports halls, social centres and trades of first necessity.
While moving a little away, they reach high schools. By bus they can join at last the administrative
city, the post office, the banks, the university and the hospitals. It is the diagram that prevails in
practically all the new town. However, the perception of the new town is bound to the logics of
action and interests of all concerned actors, from where the difference between inhabitants and the
other users.
3.1

Old town/new town: public spaces as a support of district life

The Constantine’s heritage constitutes an inexhaustible source where one can draw teachings
concerning architectural and urban production and at the level of which one finds a harmony
between the society, the cultural identity, the daily practices, the lifestyle and the physical and
natural environment. Indeed, the medina is characterised by tiny teeming streets inextricably linked
that topples until the limit of the ravine, and by places which are submissive to sunniness and
climate. However, its importance is related to the activities of many merchants. A powerful
commercial device of old vocation, composed of a juxtaposition of stalls and shops, forms the
basic principle of the central network. The creation of specialized souk is again a characteristic of
the medina. Let's mention for example: the street of jewellers or the street of butchers. However,
the localization of the different professional groups obeyed certain imperatives: servicing, presence
of water, evacuation of waste and degree of nuisances.
Its public spaces are characterised by a traditional urban structure, associated to a big sense of
community. They constitute the support of district life and have a regulating function of pedestrian
flows, in the sense where these define and filter the passers-by, make all activities linked, form the
setting of their exchanges, while preserving the intimacy of the residents and while conferring
conviviality between neighbours. With the hierarchy of the road network, one passes from the
public to the semi-public to arrive at the private (is considered like private, the dead end giving
access in quibbling to the dwelling). The Arabic-Moslem residence becomes this way a real
endogenous bubble and contrasts with the animation that spreads beyond its perimeter. This
endogenous architectural conception allowed the residents, merchants and passers-by to coexist
while avoiding interfering with one another. Moreover, beyond its Arabic-Moslem identity,
Constantine is rich of its colonial inheritance. The French interconnected the neuralgic points of the
city by conceiving the town in a systematic way, hierarchized and interdependent. The colonial
core is composed of a succession of closed islets in coherence with the Haussmann conception. A
rigid street alignment is respected with a real homogeneity of construction that gives its
consistency to the whole. Constantine is the expression of the culture that constructed the town, a
prolongation that proves to be complex.
In the new town of Ali Mendjeli, the planning operations are put back notably because they grant
the collective space a unique vocation: the automobile circulation. Let’s recall that public spaces
constitute a permanent element of the urban environment at the same time for inhabitants and
passers-by. Inhabitants spread around their lodging, they refer to the district, pay a particular
attention to streets, places, centres and settings of their daily life. Therefore, a reflection on the
space must facilitate the establishment of social relations between inhabitants and also of

neighbourhood. Let’s mention, for example, the extra-curricular activities in the new town.
According to our investigation, children remain near to their building (46.7% of the investigated), or
go to playgrounds (16.7%). According to the interviewed, what was missing lies in: " public spaces,
true streets with sidewalks, places edged with boutiques and arcades to take shelter […] a garden
where to stroll or to eat lunch, a market where to go shopping; places of meetings and exchanges,
crowded day and night […] well planted trees, correctly fixed lamps, well laid fences …all that has
been neglected", operations of planning have been achieved therefore. The idea that inhabitants
remain linked to their previous lifestyle and adapt themselves with difficulty to life in a new town
has imposed qualitative interventions that aim at the improvement of living conditions in the new
districts.
In order to make some fully-fledged life places, it was necessary
to renew the urban spaces, to give shape to public spaces while
distributing arcades at the ground floor level of the buildings,
creating several commercial streets, numerous parklands, and
while varying the real estate offer while working on the report to
the site. In this family of realizations takes places the district
number 2 (neighbourhood units number 5, 6, 7 and 8), in which
the accent has been put on these places of meeting and
exchange which are the public spaces.
MAKHLOUFI LILIA, 2003

Fig. 2&3: examples of places

3.2

Places have been distributed at the level of neighbourhood
units in the new town (Figure.2&3). Their measurements have
been fixed according to the size of the place and the density of
inhabitants. Indeed the more the number of inhabitants
becomes important, the more the needs become multiple,
varied and complex. But, it seems that a good scheduling of
surfaces cannot be considered as a guarantee of a good use of
this space. Indeed, we can observe a fast deterioration of
certain places, deterioration observed at the level of some
public spaces. These operations know obvious difficulties: drifts
of management and maintenance (presence of wastes,
deterioration of urban furniture).

Old district/new district: when the setting of life makes all the difference

In Constantine, a district is defined by its built homogeneity or merely by its toponym. In the new
town the built homogeneity results in some identical blocks signalling paradoxically who lives there
and why and unveiling the social group heterogeneity. Indeed, every year, thousands of lodgings
are taken in site in the new town. For their occupants, to lodge is necessary, but not sufficient.
Around that, they expect to find a district, with its exchanges, a town full of life. Indeed, the local
authorities meet difficulties to manage the time factor and it becomes necessary to admit that a
generation at least would not enjoy the whole of facilities foreseen to term. After having thrown
away their reference marks, modified settings of adherences in which they organized themselves,
the uprooted population expresses concern about a lost past and an uncertain future. As voluntary
urbanism example, the new town of Ali Mendjeli is confronted to difficulties that it must surmount.
Indeed, beyond the simple addition of housing, of services, of streets, the city defines itself by its
districts and its characteristics, the animation, life that results from the combination of all these
elements.
We asked the same question to a few 300 persons about their territorial adherence, our
interlocutors evoked in first position the district of origin, followed by Constantine, they mentioned
then the new town of Ali Mendjeli. Therefore, we kept the old addresses of the persons that we
interrogated in our investigations and our interviews like an explanatory variable of their opinions,
their attitudes, their practices and their representations. Nevertheless, the everlastingness of the
ties with Constantine is unequal from an inhabitant to another and it is rarely complete: for many,

the residential change implied new practices and for some the residential rupture caused a quasitotal rupture of these ties (case of inhabitants coming from shanty towns considering the definitive
eradication of their districts). According to our investigation, 67% of the interrogated inhabitants
regret their previous district. For everyone, the images evoked by one’s home and town are
inextricably linked to processes of identity. The image of the new town is thus linked to how it is
used by the residents from the moment they move in, whether by choice or constrained by
circumstances. Probably because it belongs to a bygone past in their eyes, the previous district
appears like a homogeneous space and sends back to an idealized time, conflicts and tensions
forgotten, that was the space of the family and the good neighbourhood.
According to the interviewed -let's underline that we won’t
unveil the identity of our interviewed in this paper, anonymity
being thus respected- coming from the medina : "the
attachment to the district of origin is bound to what represents
its buildings, its atmosphere, its setting of life […] or the
knowledge, the experience and the exploration of certain parts
of the old town rather than others", which assigns to these
central spaces a range of values and positive or negative
representations that interact on the perceptions of the
Fig.4: Constantine’s city centre

inhabitants, in particular those who live there since several
generations. In this sense, Constantine (Figure.4) with its
history, its borders, its emblems, its social relation type, its
lifestyle, constitutes the territory of reference. This territory of
origin, of identity, of representations and also of practices,
takes all its sense because it is constantly put in interactions
with the space henceforth inhabited, also represented and lived,
namely the new town (Figure.5).

However, 69% of the interrogated find their new district lively.
Indeed, according to them: "the multiple familial and
professional networks but also those of neighbourhood give a
sense to the new residential spaces". A process of
Fig.5: Ali Mendjeli new town
reconstitution of one’s identity, an identification all the more
necessary because the rehousing muddled the original
adherences of identity. Otherwise said, while assigning to their previous district values, signs, ways
of life and specific social ties, they distinguish at the same time their district from the other districts
of Constantine, and distinguish themselves from the other inhabitants of the new town. By this
operation of passage between a nominee space, qualified, delimited, with the inhabitants that lived
in, it becomes possible to recognize the neighbour: 72.4% of the investigated find their
neighbourhood familiar and 70% find it steady. Indeed, the authorities rehouse the families of a
district according to the socio-emergencies of the moment certainly, but also according to the
availability of blocs of flats in the new town. The beneficiaries find themselves thus with a familiar
neighbourhood once in the new town and that encourages most of them to adapt themselves
instead of moving.

4. Conclusion
The goal of sustainable urban development is to enable all people to satisfy their basic needs and
enjoy a better quality of life, without compromising the quality of life of future generations. The
reflection on the new town of Ali Mendjeli leads to the definition of the pros and cons, to a hold of
position towards this big project and the challenge that it raised. For the inhabitants, the events that
had enamelled the history of their districts of origin made of it more than a space, a territory apart,
probably exceptional and in any case distinctive from others, the residential history being really
meaning because it is discerned by its inhabitants like a common history, an attachment founded
on a collective memory. In the new town, one can regret a proof of identity, of anchorage in the

territory and therefore the absence of a feeling of adherence in a newborn territory. "The possibility
to identify us positively to a place […] to develop the pride to live in", this is the essential stake for
the new residents.
The analysis of the content of our investigations and our interviews indicates that the
representations of the residential spaces of our interlocutors depend closely on their experience at
the same time personal, social and spatial. Therefore, the project of a new town cannot conceive
itself outside of its context and must define itself according to the existing situations, to the
population needs, to the will of the local actors and their prerogatives, because it is a city that
answers first to the needs of the present. Today, for a sustainable urban development of the new
town, a broad view of inhabitants’ welfare is necessary, a long term perspective about the
consequences of today's actions of our decision-makers is required and the full involvement of civil
society to reach viable solutions is becoming more than ever imperative. For the present as for the
future, the local authorities have to spread best practices to achieve economic, social and
environmental objectives at the same time, and consider the longer term implications of decisions.
That’s why all citizen participation must be significant, committed and constructive.
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Summary
The main aim of this project is the development of sustainable urban models which are based on
the classical Mediterranean city, compact, complex and where pedestrian stop-overs are
influenced by the proximity of public services. It develops a system of common indicators and it
works on the development of a pilot experience building a “Green Apple”, symbol of territorial,
social and technological cohesion, promoting participation and public debate with the setting-up of
a platform of Mediterranean cities.

Full Paper
Matters relating to the environment and the balance needed between consumption and the
conservation of natural resources started to become important as far as the media was concerned
in the seventies, with the Rome Club Reports, but it wasn’t until the eighties and the nineties, when
the European commission, along with the 1992 Rio Summit, and the 1994 Aalborg Charter, started
to develop directives related to industrial pollution, water quality or noise pollution in cities.
More recently, since the scientific confirmation of climate change and its consequences for the
planet, fauna and flora, along with the people who live in it, the European Union has spent a large
part of its time in developing programmes relating to Climate Change, and the natural risks which a
rise in temperature as predicted by the United Nations Panel of Experts and the International
Energy Agency can lead to if we do not act quickly and forcefully in relation to our use of resources
and the level of emissions into the atmosphere.
In the Mediterranean, where the dangers of erosion and desertification of the land go hand in hand
with those emanating from a rise in sea level, Malaga (OMAU) and other Mediterranean cities have
developed ideas that link climate change with urban models for configuring cities within the CATMED project.
Climate change has obvious links to the urban model for configuring cities. 80% of the population
of the European side of the Mediterranean live in cities, where there is a greatest concentration of
production and use of energy and of natural resources that favour this. Nearly 50% of CO2
emissions into the atmosphere are directly linked to the construction trade and to the use of
buildings. A further 25% comes from emissions from public and private transport. Around 40-50%
of the population in big cities use private vehicles on a daily basis.
Thus, a possible change in everyday behaviour which up to now generates a use of energy would
have a direct link to savings in natural resources, and a positive effect on emissions of CO2 and
other gases and particles into the atmosphere, and their relationship with the climate change.

1. Efficient urban models from an energy and environmental point of
view
CAD MED’s general objective is to work on urban models for territorial organization, leading to a
configuration of a city which facilitates not just greater energy efficiency, but also an increase in
mobility and accessibility amongst people and the distribution of goods and services, thereby
increasing accessibility and human connectivity, and social cohesion which arises from an
improved quality of life and therefore health for the population in general.

Fig. 1 and Fig 2 The photograph shows the main characteristics of the compact and complex city in
Valencia. The Gran via and the Diagonal organize the land, where building compactness is high,
and where there is diverse usage: residential, commercial, tertiary, educational, leisure. Below, in
Los Angeles, the motorway and its perpendicular axes organise the territory which is only used for
housing. Access to other uses is via private vehicles.

In particular, the classic Mediterranean city epitomises two complementary concepts which make it
more accessible to the human habitat and at the same time to the use of natural resources:
compactness and complexity. Compactness means the grouping of buildings with a minimum of
density, enough so that there can be a range of different activities, and consequently a transfer of
information and relationships. Complexity is the other side, and represents the diversity in human
activity which occurs in the different parts of the city.
Compactness and complexity result in a city which is smaller than the diverse and mono functional
one which in the XX century grew from the North American idea of a city, where communications
and transport were dictated to by the use of two new industries, the car and petrol.
New urban models led to the gradual growth organised with fast routes, and where use and
activities were separated in the territory. Housing, in particular detached houses, important
consumers of ground, covered great expanses of residential use. In order to connect tot other
necessary uses, work, commerce, education and leisure, it was essential to have private transport.
In Denver, 96% of the population habitually uses the private vehicle to move between different
activities and urban uses. The per capita emissions in the North American city amount to an
equivalent of 22 tons of CO2 into the atmosphere. The use of the car in Malaga, similar to other
European cities is 40%, and its level of emissions is 4.2 tons, five times less than the capital of
Colorado

Fig. 3 The relationship between the urban model (dense, compact, complex as far as activities and
uses go, and in its ease of access) and energy consumption is very different from that established
in the dispersed city, as we can see in the figure above

Fig. 4 Emisions levels of CO2 for inhabitants
The traditional Mediterranean produced a blend of urban compactness and complexity which, from
the Middle Ages, helped communication and the exchange of goods and services between the
inhabitants on foot. Today, we still keep the best characteristics of the Mediterranean city, we can
walk from home to the market or to the shops, and to take children to school, or even better they
can walk themselves.

Fig. 5. Shopping centres on the city outskirts. Access is mainly by car.
The compact and complex city not only facilitates mobility and Access, it also allows us to spend
more time on social and personal activities, time which is wasted in disperse cities as a result of
constant traffic congestion.
Our basic idea aims to recover the classic European and Mediterranean city as an example of
urban organisation. This model is not new, although until recently we were unable to appreciate it.

2. Urban Sustainability Indicators
The notion of sustainability is usually measured through a series of indicators, which through time
provide a tendency as to how the different parameters, which had been initially set, have evolved.
Agenda 21 tends to be the document, which lays down the system of indicators, although the most
suitable indicators can also be adapted through different international institutions. CAD MED has
organised a system of indicators based on the characteristics mentioned, such as urban density,
building compactness, complexity of uses and functions, access to and proximity of basic services
and facilities and mobility in the urban environment.
Capacity entails the grouping of buildings with a minimum density, the necessary population critical
mass to enable the existence of high level of different activities. Complexity is the other side of the
compactness, and represents the diversity of human activities located in different parts of the city.
The greater the urban complexity is, the greater the level of information and of urban functions
which citizens have at their disposal in a set area.

Fig. 6 and 7. Compactness entails a minimum level of building density, which will efficiently allow
us to make the most of the occupation of land. When the population is higher there is a greater
possibility of increasing social and communication activities.

The pedestrian scale of this area marks the proximity to transport, shops, schools, health, green
areas or leisure centres.
Mobility and access to public transport nodes such as buses, underground, bicycle lanes facilitates
communication with other parts of the city.

Figs. 8, 9 and 10. Ways of calculating complexity by blocks or by 200 metre grids.

A city’s optimum configuration is
determined by the greater diversity of
different uses and activities, and at the
same time the greatest number of
absolute values, existing in a limited
area, as opposed to the zoning’s
disperse city, the suitable context for an
increase in Exchange of information. The
calculation of the urban complexity
indicator comes from the information
theory
based
on
Shannon’s
mathematical equation:
(1)
Where:
h is event x’s entropy, belonging to a set
X of events.
p(xi) is the probability of x occurring.

The compact city has the majority of its services or activities within a pedestrian radius, 500 to
1,000 metres or 20 to 30 minutes walking, without having to use the motor vehicle. The circles
drawn on the photograph of Barcelona are an example of what we could call “Proximity of Basic
Services”.

Fig. 11
These characteristics mean that the city is smaller than the disperse or mono functional city which
spread out during the XX century based on the North American idea of a city, organised with
peripheral roads, and where uses and activities were separated. Housing, in particular detached
houses used up a lot of land and covered extensive areas of residential use; using a private
vehicle to connect with the rest of social and economic activities was essential.
It is well known that in American conurbations, and recently in European cities, Access to services,
educational facilities, hypermarkets and leisure centres, health or sports facilities, require people to
use the private vehicle and get to areas in the periphery and the suburbs of cities.
In this case, it is not just that energy consumption and emission of polluting gases into the
atmosphere represent a negative aspect, but there is also time wasted in journeys, which use time
that could be used for human or social relationships.
The scale and the characteristics of the Mediterranean city facilitate a reduced energy
consumption and at the same time a lower level of toxic gases for health (PM 10, PM 2,5, O3) or
for climate change (CO2).
Indicators of proximity to basic services allow us to facilitate mobility in the city for people and for
services, let us see the case of Malaga:

Basic services proximity
Total population

577.884 inh.

Basic food products supply (300m.)
Market supply (500m.)
Food and everyday product

498.215 inh.
214.924 inh.
499.163 inh.

Nursery school (300m.)
Primary school (300m.)
Secondary school (500m.)
Education centres
Healthcare centres (500m.)
Hospitals (1km.)
Health centres
Social centres (500m.)
Sports centres (500m.)
Cultural centres (500m.)
Entertainment centres (500m.)
reference year

Fig. 12

Fig. 13

474.557
410.670
478.673
522.406

86,21 %
37,19 %
86,38 %

inh.
inh.
inh.
inh.

82,12
71,06
82,83
90,40

340.033 inh.
217.380 inh.
396.251 inh.
443.756
532.146
312.104
178.300

%
%
%
%

58,84 %
37,62 %
68,57 %

inh.
inh.
inh.
inh.

76,79
92,09
54,01
30,85
2009

%
%
%
%

3. A pilot scheme for sustainable building: the green apple
Social cohesion is becoming a priority for the urban model of the sustainable city. However, the
idea of social cohesion is not an abstract one, rather it is happening physically onsite, the area
where people carry out their activities. In this sense, social cohesion and territorial cohesion are
part of the same concept, a good reason why both notions form part of CAT-MED’s statement of
intent.
It is difficult to achieve one type of cohesion, social or territorial, without counting on the other one.
It is well-known that social policies are usually to be found in outskirts or poorer areas of the city,
segregated especially by the inhabitants’ socioeconomic level. In this sense, there is coexistence
between badly organised poor housing and run-down areas of the city with high unemployment,
low levels of education and training.
The “Green Apple” scheme aims to establish a pilot for social integration in the same spatial area.
It is not a completely new idea, it brings together the main characteristics of the classic
Mediterranean city, and at the same time the up-dated heritage of Le Corbusier’s famous “unite
d’habitacion”, a compendium of what could be lovely buildings which would facilitate people’s
quality of life, their integration into green areas, living areas adapted to family needs and common
facilities linked to residence.
Today, in 2011, the “green apple” can contribute in the creation of a territorial model, at the level of
sustainable planning and construction, which will contribute to social integration, mixing residential,
commercial, tertiary, common facilities and green areas as far as types and uses go. It will
integrate systems for energy efficiency, for saving water, and for optimum waste recycling. It will
also incorporate information and knowledge technology (R+D+I).
The scheme’s member cities have been selecting the areas to act in, while at the same time
developing a vademecum of common characteristics form planning and construction.

Fig. 14. Initial plans for the Green Apple in Malaga

Fig. 15. The Green Apple proposal at El Duende area

Fig. 68. Virtual image of the Green Apple

Fig. 17. Sunlight example study_30th august

4. The Malaga Charter for sustainable urban models
On the 7th February, 2011, the mayors and representatives of the member cities signed the
Malaga Charter as developed in CAD-MED, the sustainable urban model, the system of indicators,
the promotion of the Green Apple, and the setting up of a platform of Mediterranean cities, open to
new cities, in order to provide continuity to the scheme’s aim; in this way we will maintain links
relating to work and association over a period of time. Present in the platform will be the
government institutions, which launched the scheme along with the social players and citizens’
organisations which participated during the process.

Fig. 18. Mayors and representatives of the CAD-MED cities
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Summary
Sustainability in buildings requires more than energy efficiency. Long-term success of sustainable
buildings will depend on how environmental, social, and economic considerations are balanced.
Real-estate business needs to be able to make sustainable investments with profit. This study
looks how sustainability can be used to add business value in the case of building in a historically
valuable building in down-town Helsinki, Finland. The study is based on a sizable refurbishment
project where sustainability was highlighted. Studied case building is an excellent example of what
benefits a centrally located building can offer to sustainability. In the refurbishment project a careful
balance was needed between economic, environmental and social aspects of sustainability. The
results indicate that in the case of historic buildings, the society needs to evaluate its goals
carefully. Is the intention to secure our cultural heritage or are all means justified to reduce
environmental impact of the buildings?
Keywords: sustainable buildings, energy efficiency, refurbishments, historic buildings

1. Introduction
Sustainable development has its roots on the realization of the potential conflicts between the
environment and development in the early 1970s. A great deal of time and effort has been used to
create wide-ranging definitions for the concept.[1] The most widely spread definition of sustainability
originates probably from the UN report Our Common Future published in 1987. The World
Commission on Environment and Development (WCED) defined sustainable development as
“ability  to  make  development  sustainable  – to ensure that it meets the needs of the present without
compromising  the  ability  of  future  generations  to  meet  their  own  needs”.[2]
It is clear from the general definition of sustainability that it needs to be broken down to all human
activities. The question of this allocation of current resources has many layers, even if one is able
to determine how resources should be balanced between present and future generations. Firstly,
and owning up to lot of the debate, is the division between the nation states, the rich and the poor.
Secondly, allocation is a question for the sectors of the society. Thirdly, there is a question how the
resources should be allocated within the sectors.
In the globalized world economy, it is the market mechanisms that mostly determine the allocation
of resources. This allocation is regulated by governments and international institutes. The main
purposes of regulation are the control of market power, protection of consumers, and inclusion of
market externalities.
For the purposes of sustainable development, the inclusion of external values to market prices is
vital to provide correct signals for consumption and investments. Examples of the ways

governments can introduce an external cost to the society or to the environment to a market range
from regulations to protect the workers to the Emission Trading Scheme in the EU.
The context for a building is given by the surrounding built environment. Sustainability in the built
environment deals with the same questions as sustainability in any other individual sector. In
practice, sustainability requirements for building are partly reflected in building regulation, partly
already occurring in normal market conditions and partly still relying on the individual decisions on
behalf of sustainable development.
Since the definition by the WCED, sustainable development has been widely understood as the
balance between environmental, social and economic issues. This framework is used also here, as
it provides a recognizable background for discussion, although the paper does not claim to be
rigorous in its approach. For an individual company, the efforts required to make rigorously
sustainability decisions are often too high. Already an undertaking to survey all possible aspects of
sustainability in the context of a single project would require a huge undertaking.
This paper studies how the principles of sustainable development can be applied in the Finnish
building sector, and to a building with historic values. Sustainability in this context can be then
reformulated as how we can afford to maintain the legacy of the past so that the future generations
can also afford to enjoy it?

2. Implementing sustainability in existing buildings
Sustainable development per definition used here aims to balance environmental, societal and
economic considerations. How these aspects are valued depends on the values of the society and
the values of the.
Sustainability as a concept for an individual building refurbishment project is vague at best. Given
the lack of regulation or targets for the whole society, sustainability becomes mostly a question
about the values and resources of property owners. The focus here  is  in  how  the  property  owner’s  
decision making process could be amended so that the sustainability of decisions is improved.
A starting point for sustainability is that the property owner is capable of setting realistic goals for
sustainability criteria. It is only possible to set technical requirements for the building on the basis
of  the  property  owner’s  goals.  On  the  basis  of  these requirements, the planning team can start to
carry out architectural design, HVAC design, electrical design, plans for building automation, etc..
These design documents are further used to set sustainability requirements for the constructors in
the building process itself, in the material and equipment selection, and further in building use and
operation.
The viewpoint for sustainability has been addressed here through the following areas and subcriteria. The   approach   is   an   adaptation   of   the   various   “green   building”   schemes   available   on   the  
market, for example commercial LEED[3] and BREAAM[4].
Table 1 Areas of sustainability and examples of criteria.
Area of sustainability
Location and transport
Material efficiency
Efficient building operation
User well-being

Examples of applicable criteria
 Transport need
 Access with public transport, bicycle, or walking
 Material reuse, durability and recyclability
 Low environmental impact and health effects of materials
 Use of renewable energy sources
 Energy and water efficient solutions
 Recycling
 High quality indoor environment
 Flexible space use

A majority of sustainable solutions is already technologically, environmentally, economically, and
socially feasible and is implemented by a competent building team in any case. In addition,
minimum quality requirements and minimum efficiency standards for many products are set by
regulation. Going beyond these basic requirements is what requires additional efforts and
motivation.

3. Case study of a historic building renovation
3.1

Refurbishment project at Bulevardi 6, Helsinki, Finland
This paper presents the case study of Bulevardi 6 located in
central Helsinki, capital of Finland. Bulevardi 6 is built in year
1888. The real estate is designed by architect Theodor
Granstedt. The original use of the building was probably
residential use. Some 130 years later it is mainly in office use,
although the ground level floors are in commercial use. [5]
The building is owned by Rake Real Estate Ltd., a subsidiary
company wholly owned by the over 140-years-old Rake Ltd.
Rake has owned their properties for over 60 years and maintain
as their mission to lease, own and maintain them in good
condition also for the next decades.[5]

Fig 1. Bulevardi 6, Helsinki
3.2

During the years 2010–2011, Bulevardi 6 is undergoing sizeable
refurbishments. Sustainable development issues were
introduced to the planning process in October 2009, before the
building work commenced. The aim was to both develop the
location to a sustainable direction and to develop the
sustainability of the property owner’s business offering.

Potential

3.2.1 Location and transport
Bulevardi 6 is located in central Helsinki. In a refurbishment project, the location of the real estate
is of course fixed, yet opportunities exist to influence transport needs and the methods of transport.
The transport needs during the typical work day were addressed with the help of a common
meeting room which can make it easier to implement high quality remote negotiations. For the
building owner, the common meeting rooms and remote negotiation facilities create additional
source of cash-flow that can be used to cover the investment costs.
The location is inside a zone with good preconditions for pedestrian and bicycle traffic[6]. Prior to
the refurbishment, the real estate had no facilities for showering, thus limiting bicycle use in
practice. To support more active transport modes, shower rooms were included in the plans. In
addition, the inner court of the building used to host parking space for cars. These parking lots
were removed from the inner court, giving more room for a bicycle park.
3.2.2 Material efficiency
A large refurbishment process requires displacement of old materials and replacement with new
materials. Earlier life-cycle analyses have shown that it is beneficial for the greenhouse gas
balance to refurbish the old building, instead of tearing it down and building a new one[7].

One question in the refurbishment process was how much of the old room layout should be
preserved and how much could be changed. As an old building, the layout is often complex, full
with small rooms and details. This can be a challenge for the purposes of modern office work and
for the ability to use the floor space efficiently and in a flexible manner. A design choice was made
to support the preservation of the old layouts, thus reducing building waste and need for new
materials. Material choices during the design process were also actively discussed, and the use of
recyclable and climate benign materials, such as wood products, were encouraged.
3.2.3 Efficient operation
Choices made during the refurbishments have a paramount impact on the operational efficiency
characteristics of the building. Particular interest in this case was paid to energy efficiency, as for
example water use and waste issues in the Finnish office use context were more limited.
The building is already connected to the district heating network. Helsinki Energy is the local
district heating provider and majority of their production uses efficient cogeneration of power and
heat, and even trigeneration of power, heat, and cooling. As a part of the refurbishment project, the
building was also connected to the district cooling network. The centralized cooling is generated
with absorption in large facilities and has thus much better energy efficiency than local cooling
systems based on condensing[8].
As an office building, most of the electricity use that is under the control of the property owner
originates from lighting and HVAC. Both of these areas were addressed during the project. Low
energy lighting solutions were used as a standard in all areas. In addition intelligent building
automation was installed to automatically control lighting. Key aspect of a ventilation system in
Finnish relatively cold conditions is heat recovery.
3.2.4 User benefits
Refurbishment process enables the use of modern solutions and building automation, even in the
historic setting. Improvements in energy efficiency reduce draft within the building and create a
more comfortable working environment during cold winter days. New building automation makes it
possible to provide district cooling and limit temperatures during hot summer times. At the same
time improved ventilation can improve indoor air quality and work efficiency.
Possibility for common meeting rooms with quality remote negotiation facilities makes it possible
for tenants to reduce their own space requirements. The possibility to bike to work can be
beneficial for interested building users.
Sustainability  improvements  can  also  be  used  to  improve  the  more  conscious  building  user’s  feel  
for their place of business or work. For some stakeholders operating from a sustainable location
can bring additional value.
3.3

Restrictions

3.3.1 Economics
Primary restriction of new investments for any property owner who is interested in staying in the
business is an economic one. Investments need to guarantee a feasible return and at minimum
enable business continuation. For many solutions, best available technology is not necessarily
economically feasible in the context of the building in question. For some solutions, such as LEDlighting, the technology was just beyond commercial feasibility when the project planning was
going on.
The economics of investment were also analyzed from a life-cycle perspective. The direction of the
building sector towards life-cycle analysis will address some of the questions regarding
sustainability. If the property owner is looking after long-term interests, as in the case of Bulevardi 6,
the investments decision horizon is also naturally longer.

It is clear that investments in efficient solutions
can bring additional value through savings in
operative costs. Sustainable building also
enables sales to consumers with sustainability
agenda, thus creating a larger customer base
and potential to increase rents.
As a final observation, these factors and the
sustainability in itself can be argued to reduce
the investment risks in the building and thus
decrease the financing costs.
A balanced consideration of all these aspects
was used to improve the true economics of
sustainable decisions in the refurbishment project.

Fig 2. Viewpoints to economic sustainability
in buildings.

The economic considerations can also be viewed
from the potential upcoming energy efficiency regulation. If energy efficiency measures are not
implemented   now,   then   the   building   will   have   “energy   efficiency   debt”   because   the   energy  
efficiency needs to be implemented in any case.
3.3.2 Regulation
In the case of Bulevardi 6, restrictions were imposed to the implementation of the sustainability
actions because of the cultural value of the building and its surroundings. As an example, an
efficient heat recovery system was rejected because it was not possible to alter the roof profile of
the building. Local renewable electricity production from solar panels on the roof was not possible
for the same reason. The windows of the lowest floors of the building could not be changed to
more energy efficient alternatives because that would have altered the view from outside.
3.3.3 Process
Some of the sustainability questions were not actually directly prohibited by laws or regulations but
more because of the different viewpoints and valuations in the decision making process. Building
conservation has at its roots in the preservation of our cultural heritage. The question in many
details was between the energy efficiency potential and the preservation of the building exterior,
and architectural values.
The building process itself also creates restrictions. Once the process has been started, the
planning and construction work tries to avoid delays to restrict the project costs. The building
sector is traditionally very concerned about the long life-time of its products which sometimes
reflects in risk avoidance.

4. Discussion
Bulevardi 6 exemplifies how a value property can offer sustainability potential. The 1888 building
has a strong cultural position that is further advanced by the increased quality and comfort
changes implemented in the refurbishment project.
The starting point for sustainability development in Bulevardi 6 was the firm mind-set of the
property owner. Property owner’s wishes for the sustainable building refurbishment were carried
out in several positive achievements. However, some more ambitious goals were not met. Primary
concerns were economical, processual and regulatory.
A property owner cannot be expected to carry out investments that hurt business profits or at worst
business continuity. To remain competitive, an individual property owner must mostly use the
solutions and products available at the market. The market prices of products and services should

start to reflect more of the sustainability dimensions to enable wider implementation of
sustainability. This can occur both from the supply side as new technologies, solutions and
services are developed, and from the demand side as more aware consumers show willingness to
pay extra for the added value.
Delivering sustainability results further from the current market praxis requires multi-disciplinary
approach and stringent process implementation. A wide-ranging systematic charting of potential
sustainable solutions is required to find practical and implementable solutions. New and innovative
ways of introducing sustainability with current market prices and current products are also called
for.
For sustainable building development there is a balance between a rigorous attempt to take all
sustainability factors into account and the pragmatic need to get at least something done.
Individual companies and projects cannot be expected to make changes to the traditions and
available knowledge in all areas of sustainability. One finding is that to enable sustainable
operations, market transparency of the sustainability aspects needs to be further increased.
A historic building and setting creates always challenges in a refurbishment project. These
challenges are amplified in particular by the requirements to make the building more energy
efficient. Some of the most economic and effective solutions in other locations were not possible
due to the restrictions set by the building inspection and other bodies during the building process.
The sustainability solutions adopted are hoped to be able to create a more attractive rental
conditions. The benefits for the property owner will be realized now as being one of the first movers
in the area and later as the building remains competitive longer than a traditional refurbishment
target would have been able to.

5. Conclusions
Sustainability in buildings requires more than energy efficiency. Long-term success of sustainable
buildings will depend on how environmental, social, and economic considerations are balanced.
Real-estate business needs to be able to make sustainable investments with profit. This study
looks how sustainability can be used to add business value in the case of building in a historically
valuable building in down-town Helsinki, Finland.
Sustainability is important for the owner of Bulevardi 6, having been in operation for 140 years. The
purpose of the real estate owner is to run a profitable business. To achieve this, sustainability
needs to provide value added services for the occupants of the buildings. The aim is to reduce
operational costs and make the building more attractive for tenants. In addition to economic
benefits, also the ecological footprint of the building is reduced with sustainable solutions. Carefully
designed changes preserve the cultural heritage of the building while offering a modern technology
solution for the real estate users.
The study is based on a sizable refurbishment project where sustainability was highlighted.
Bulevardi 6 is an excellent example of what benefits a centrally located building can offer to
sustainability. The building is located in the walking zone, where the need for private cars is lower
than in more distant locations. Potential energy efficiency and renewables measures were
considered in the historic context of the building. In addition, the economic side of sustainability
was included in the analysis of all the actions.
In the refurbishment project a careful balance was needed between economic, environmental and
social aspects of sustainability. The results indicate that in the specific case of historic buildings,
the society needs to evaluate its goals carefully. Is the intention to secure our cultural heritage or
are all means possible to just reduce environmental impact of the buildings?
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Summary
Architecture and the built environment have been proven to have an impact on the behaviour of
individuals. The design of the physical environment also contributes to integration process of
immigrants in three main ways: culturally considerate design can support the identity and mental
well-being of an immigrant, good design can ease the conflicts caused by different lifestyles and
well designed public and half-public areas can promote meeting of neighbours. This is concluded
in authors’ academic works in 2008 and 2010.
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1. Introduction
This paper discusses the role of architecture in the integration process of an immigrant.
Globalisation and international migration are among the strongest phenomena shaping the 21st
century society. Worldwide an active public discussion on the pros and cons of migration has been
going on for some time, but so far architects in Finland have mostly stayed out of the discussion.
However, the discussion is strongly related to urban issues as ethnic segregation and
concentration of immigrants in certain neighbourhoods especially in Helsinki metropolitan region is
seen problematic and often raised up by the media. [1]
Architecture and the built environment have been proven to have an impact on the behaviour of
individuals. [2][3][4] We were interested in studying the relation of the physical environment and
integration and the role of architects and designers in this social change in our society. The authors
of this paper have studied the matter in their studies of Architecture at the Aalto University in
Finland. Elina Tenho’s bachelor’s thesis in 2008 concentrated on the role of immigrants in Finnish
urban design. Inari Virkkala’s bachelor’s thesis in 2010 studied whether architecture has an impact
on the integration process of an immigrant and which kind of design features could promote the
integration process. Tenho's thesis is based on preceding literature. It studies the Finnish urban
structures and culture and the challenges they pose on the integration of immigrants. Virkkala's
study is mainly founded on interviews with architects, urban planners, researchers and social
workers in Helsinki, Stockholm and Copenhagen.
There has been very little public discussion on immigration among Finnish architects. To keep
things simple, we will use in this paper commonly used terms immigrant, multiculturalism and
integration although acknowledging that they are biased in many ways [6]. Authorities often follow
statistics on immigrants based on their mother tongue. That includes also those born in Finland
thus with Finnish citizenship but who have an immigration background and also those who have
lived in Finland long enough to become Finnish citizens. In this paper the term immigrant is used to

describe all those who have moved to Finland after the Second World War. Integration describes
the process in which an individual learns to live in a new environment and with multiculturalism we
mean the new cultural influences affecting the Finnish society.

Immigration In Finland in relation to Architecture
Finland has a long international history as part of Sweden and the Russian Empire but Finland can
still be said to be a very young country when it comes to immigration. In many European countries
the history of immigration is significantly longer as a result of colonialism and post-war guest
worker programmes. In the 1960s and 1970s many European states encouraged foreign workers
to move in to ease the shortage of blue-collar workers in post-war economic boom. Unlike
originally expected, migrant workers did not return to their home countries, but stayed to live in the
host countries and either married a native or brought their own families. In Finland similar labourrelated immigration has not really existed before the very recent years. On the contrary, Finns
themselves have left the country in search of work throughout the 20th century. A different migration
history is caused by inter alia a strict work permit policy until the 1980s and the remote location of
Finland in the far north and next to the tightly shut Soviet border. Unlike in many other European
countries, the largest immigrant groups in Finland still continue to be those arriving through
marriage, a refuge and the Finno-migrants from neighbouring areas. [7][8]
In the end of the year 2009 there were 155 705 foreign citizens and 207 000 people with another
mother tongue than Finnish or Swedish residing in Finland. The largest groups of foreigners were
Russians, Estonians, Swedes and Somalis.

Fig. 1 Population by language in Helsinki 1870-2010

The vast majority of immigrants in
Finland are concentrated in the
metropolitan area and in particular, in
Helsinki. Finland's largest immigrant
group, the Russian-speaking, are more
evenly distributed throughout the whole
country. According to statistics in Helsinki
in the beginning of 2009 there were more
than 55 000 people who spoke some
other language as their mother tongue
than Finnish or Swedish. This is 9.6% of
the population of Helsinki. Among the
immigrants in Helsinki there are
approximately 165 different nationalities
and 150 different native language
speakers. Most have moved to Finland
for family, work or study reasons, and
only about 15% of immigrants have
obtained a residence permit based on
refugee status or need of protection. The
immigrant population is expected to
double in the metropolitan area by 2030.
[9][10]

Often the amount of immigrants in
Finland is presented with graphs starting
from the 1980s and 1990s, which show a
dramatic growth in the amount of
immigrants. In fact, the Statistics Finland
does not provide data of the amount of
Fig. 2 Completed flats in Helsinki 1918-2010
immigrants in Finland before the 1980s
on their website but this information should be collected separately from various statistics. As in
relation to housing design, urban design and architecture in general, it is essential to study

! phenomena in the course of a longer period
of time as life span of a building can be up to
!"#$%&'%()"*+,+",+$*+,%-",./))$%,.$0
hundreds of years. And roughly said; the
1,+203%42#20%5$%1/44,)+$6,2))$%#",)2*$%
longer the life-span of a building, the more
7&880988:'%;2)<1)2%."2))$%+$6,+==>/2))<%
sustainable the building is. City of Helsinki
,*%#$6.2)+"*"+%*,2*%?88%$)"*+,$%
has statistics on the percentage of foreign
#",)2++$2*'%;<@A/B%C26$)+,1/)1")'%
born residents of Helsinki dating back to
% 1870s and statistics of completed
! apartments since the beginning of the
! independence 1917. When one compares
! the curves of the amount of foreign residents
! in Helsinki to the curve of the building stock
! built in the same years, one can see that the
! curves are almost exactly opposite to one
another. The majority of apartments in
!
Helsinki are built during the years in which
!
Fig. 3 Completed apartments in Finland 1900-2004
the number of foreigners was at a minimum:
!"!#$%&'()*+#,+#-+.+)*+#
during the cultural monoculture years. While
looking at the figure of apartments completed in the whole of Finland during the 20th century, one
$%&%!'(()!*(+%,,(!-../0*..)!(1()1(&+%,,(!233#423"5!)%6)!7!233!(+8))%)!98%*86+:)!-%6+*8'()!
can
see even more evidently how we are not accustomed to design for culturally heterogeneous
*(+%,,:;! <'(&%*6*(,%1:)! 98%*86):)! (=96%6*8! -%6+*8'(! %)! );! >! 533! (+8)*%(?! =696*(,%1:)! );! "! "33!
needs.
(+8)*%(!1(!(+86)&:==%+*(,%1:)!);!2!#33!(+8)*%(;!@(8,8&%++(!2!:+6*:*..)!-%6+*8'()!(=96%6*8!'..=.!
&0'':)98%*6+&(8+6,,(!233#423"5!1(!23"#42325!+:&.!-%6+*8'()!-=%+:)**6%+88+!98%+6:)!2335!1(!
Finnish
cities are not completely ready to receive multiculturalism either. The urbanization in
Finland
started relatively late, only in the 1960s and hence many urban Finns are still first
23"5!(+8)*%&())(+*(;!A%6+*8'()!(=96%6)*6!-:=8+*88!*(,%*00-:6**.6+:,,:!1(!6&.,8%&6**(6+:,,:!*(=&(+B
generation
city dwellers and can be seen as sort of immigrants in the cities themselves. These
*:,8,,:!C&89(!"3D;!
people
might
still have difficulties in interacting with large amounts of people, including immigrants,
!
because
they
still yearn for the quiet country life. In consequence of urbanization the human
!
relations have become manifold but thinner at the same
! time. [11] Urbanization and
commercialization of the society and the increased use of cars have also resulted into narrowing of
!
both the public and the private space of people. [12] The biggest conflicts in cities derive from
!"#$%78'%()"*+,5/*%)"@+//662*/*%,)"")%
spatial misunderstandings but in them lays also the biggest possibilities for a change. [13] The
2<*%D"*1+2,*$%%#/44$++"*$%$6"*>/42*%
spatial misunderstandings are very likely to happen when
dealing with people from different
4$1/**/++""*%1$*+$$*'%!
cultures. Physically it is easy to divide spaces into public,
semi-public and private but socially it is
more challenging. People from different backgrounds,! for example different cultures, see spaces
and their uses differently. Tuula Tuominen states that! the way we understand spaces is a product
! the perception of space of people differ to
of the society we live in [14]. According to Nancy Frasier
the extent that different people and groups of people !can be said to be living in different fractions of
the same public space. If one's own perception of a space
differs enough from the common
!
understanding the feeling of segregation gets stronger.
[15]
The division between public and
!
private space in the western societies derives from the
idea
of private ownership and its protection.
!
In many other cultures spaces are rather defined by their
use
and can be seen as private and
!
public simultaneously. Tenho claims in her thesis that many conflicts derive from the native
!
population's inability to adapt to the partial changes happening in their usual surroundings instead
!
of the immigrants' inability to adjust to the foreign space. [16]
!
A=%1:&*6++(!
'(,,6:)!
-%6+*8'(*!
0E/:)'8&(6+*:**66)?!
(+8)*%*8%*())%)!
:))(&%6))6++(!
As
nearly all'%,:'-6:)!
the discussion
of the
connection
between the built
environment and
immigration is
-%6+*8'(!1(:**66)!:/:,,::)!966+698%*6+&(8+6,,:!C&89(!""D;!A:=8+-(=())8+*(=9:**(!,(+&:**(:++(!*00-B
very recent in Finland we feel a short summary of literal sources in Finland is is in place here.
-6*(,%6**(6+:+*(! (engl.
=(&:))8+&())(+*(!
9.E:)):*..)!
-%6+*8'(!
C98%+6:)!
233#423"5!
+:&.! 23"#42325!
Rakennustieto
Building Information
Group)
released
an ideacard
on “Growing
immigration
(6&()(!-%6+*89(*D!C*(8,8&&%!2?!+;"FD;!!
and
design of housing” as part of the RT Information file web version in November 2010. [17] Much
reviewed
is the Master’s thesis of landscape architect Kristiina Rinkinen “Rivien väliin jäävät
!
asukkaat”
in which she discusses the public participation of silent groups among the immigrants.
!
[18]
Architect
Katja Maununaho studied the challenges of a multicultural housing area in her
!
master’s
thesis
“Monikulttuurinen asuinalue Hagalundiin” in 2006 [19]. 2009 Hossam Hewidy paid
!
special
attention
to muslims' housing in his master’s thesis “The Big Issue. The religious
!
dimensions of Muslims’ housing within the Helsinki Metropolitan Area: Challenges and
!
opportunities” [20]. Other useful references are geographer Hanna Dahlman’s (former Virtanen)
!
and Katja Vilkama’s ongoing studies. [21] Tuula Tuominen’s master’s thesis in social politics in
!
2006
and the work of Ari Hynynen on integration. Michail Galanakis has studied discrimination on
!
!
!
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the urban context. Humphrey Kalanje’s dissertation thesis in Aalto University should be ready
during the year 2011. Internationally for example the former president of The Royal Institute of
British Architects Sunand Prasand and Canadian architect Agrawal Sandeep Kumar have paid
special attention on multiculturalism in relation to architecture.

Most debated: ethnic segregation
According to Vilkama’s study, ethnic segregation is not yet severe in Helsinki, but one can surely
see signs of it. [22] In the public discussion, ethnic segragation is often perceived as a threat.
There have been claims that when the percentage of immigrants surpasses a limit of 20%, the so
called “white flight” phenomenon accelerates. As a precaution, many Finnish towns aim to
distribute applicants with immigration background for rental housing to various locations in the city.
Arriving quota refugees are placed throughout the whole country. Flats in rental blocks with already
a high percentage of people with immigrant background are not given to those with a similar
background.
Many researchers are nowadays questioning the decentralization policies, since they have failed in
many European countries. Instead policies of positive discrimination where more resources are
indicated to vulnerable areas are encouraged. [23] Tenho proposes in her thesis a compromising
solution: small multicultural hubs should be created in the city. The hubs and multicultural
environment should be created through multicultural public and private services as factors
enriching the urban setting. These services could serve as magnetic points to attract multicultural
residents to the hub areas and also as signals to the native citizens of the positive aspects of
multiculturalism. Tenho also argues that another important step is to develop the already
deteriorating areas and stop the segregation by planning functions that attract also those better off.
For example business centres and cultural centres should be scattered in the metropolitan area
and rental and owner-occupied apartments should be mixed.
More in-depth studies on the matter have proven however the role of the immigrants themselves to
be relatively small in ethnic segregation and thus the latter of Tenho’s proposals would be the one
to pay attention to. According to a study commissioned by the Ministry of Internal Affairs in Finland,
many immigrants wish to live in the metropolitan area but feel that their opportunities to affect the
choices of housing areas within the metropolitan region are limited. [24] This is supported by
researchers of the Uppsala university, who have strongly argued against the attempts to explain
ethnic residential segregation with (voluntary or enforced) behaviour of the minority groups. Instead
they are proposing that the focus should be turned towards the residents of higher status
residential areas and who because of their advantaged position in term of resources play a more
active role in the production of the segregated city. [25] Instead of the “white flight” we should be
discussing “middle-class leakage”.
According to Bråmå, the main driving force behind immigration concentration in Sweden in the
1990s has been low in-migration of Swedes rather than high out-migration. Neither she could
detect any thresholds in the processes, such as the aforementioned 20% limit. Her results show
that the segregated areas have often been rejected by potential in-movers (both Swedes and
immigrants) before the population composition has begun to change. [26] This was also concluded
in Virkkala’s interviews, where one of the Swedish interviewees stated that many of the problems
in the suburbs existed already before the immigrants, and now we are blaming the weakest on the
problems (e.g. deprivation of certain areas) caused by policies long before their arrival. A
researcher at the Aalto University in Finland Humphrey Kalanje has also brought to attention how
the discussion is circling around the issue of presence of immigrants in some areas instead of
questioning the lack of their presence in many areas. He argues how this is to preserve the illusion
of normalcy (the norm being the identity of the dominant social group) in the face of increasing
heterogeneity [27].
Bråmå finds, that if one would want to break the processes leading to increased ethnic
segregation, the first thing to do would be to make the well-of households stay and more challengly
make households with a better socio-economic situation to move in. This would mean providing

better opportunities for area-based housing careers: the areas should be more varied in apartment
sizes, housing types and tenure forms. In many cases also improvements would be needed in the
quality and availability of various institutions and services in the area. [28] Bråmå is speculating the
causes of the low in-migration to be mostly symbolic. When an area gets a doubtful reputation the
Swedes with more extensive social networks will be more affected by what others outside the
distressed area think of it and are more likely to move out. We are eagerly left waiting for the out
coming dissertation of Katja Vilkama, that should be out in the spring 2011, to learn more on the
ethnic segregation processes the Helsinki metropolitan region.

Integration through Architecture
How should multiculturalism and integration then be considered in architectural design? It certainly
does not mean Chinatown-styled framed ethnicity, although such additions could undoubtedly
provide refreshing variety in the Finnish cityscape. One's ethnic background should not be a
defining factor when designing for the immigrants. Instead the process of integration is a combining
factor for all the immigrants. Thus the solutions to supporting the integration process are the keys
to multicultural planning and architecture. [29]
Three main factors of how architectural design can contribute to integration can be identified:
1. The support of home and surroundings to the identity and mental well-being of an
immigrant.
Our apartments define our conception of a home. Home and the surrounding environment
are seen as part of our identity or as the symbol of it. Apartment regulates the dynamics of
a family and it can be an important factor in strengthening the shared identity of a family.
[30]
Built forms reflect the values of the society in which they were built. Most of our built
environment has been built according to modernistic ideals where living spaces are divided
functionally according to the uses of spaces: spaces to sleep, cook, take care of hygiene
and living. The principle of equality has led to universally applicable solutions where
differentiation has been feared to cause unwanted elitism. This has made the housing
design very standardized. For example, where in a Finnish flat would you place a prayer
carpet or a domestic altar? The efficient planning often gives only one possibility to place
the furniture. [31] The fluency and control of the everyday life are the basis of integration. If
environment does not support the desired activities or hinders them, conflicts are caused
between the identity and the environment. One’s home must provide a refuge in order of
the integration to be successful.
Also the surroundings of the flat contribute to one's feeling of a home. If one experiences
the public spaces as hostile, violent or insecure neither can one experience one's
immediate surroundings or even the home as a refuge. [32] In urban design the different
perceptions of space should be taken into account during the design process. A series of
private, semi-public and public spaces should be introduced and the hierarchy should be
articulated so clearly that also people from different cultural backgrounds can read the
spaces. This can be achieved through public participation.
2. Possibility to ease the conflicts caused by different lifestyles
Conflicts happen when the behaviour of others is experienced disturbing. The further away
geographically and culturally an immigrant comes from, the greater are the differences
between the lifestyles. According to statistics Somalis (17 percent) had experienced
problems with housing authorities more often than other immigrant groups (5-9 percent).
[33] Generalized, many Finns experience immigrants as noisy neighbours. A great deal of
the experienced noise can be explained by the concourse in the small flats. Neighbours

interact more willingly with others when they can control the level of interaction themselves.
As one is not forced constantly to hear and follow their neighbour’s private life, one feels
better socializing casually. Poor noise suppression can be seen as the greatest obstacle in
the way of forming social relationships between neighbours. Communality can only exist
when sufficient privacy is provided. There are very few big housing units among the rental
flats of the City of Helsinki. Therefore many Somali families are forced to live very narrowly.
The unsuitable apartments make domestic life more difficult to many immigrants but neither
do they feel themselves at home in the public spaces. Most of the urban spaces meant for
public gatherings are either commercial or related to the use of alcohol. According to
Galanakis and Tuominen many immigrants, especially muslims, feel uncomfortable in these
spaces. The Somali men in Helsinki gather in the railway station and many immigrant
women in Tampere like to meet each other in the women's international meeting centre
Naistari. [34] [35] On the other hand the railway station for Finns is a space for
transportation and a place for constant movement. They are disturbed by groups of people
using the space for being still since in their minds it is a space meant for movement. As one
is forced to encounter others the encounters become unpleasant.
A clash of different lifestyles can also be found, as mentioned earlier, in the highly
commercialized and alcohol-centric public spaces in Finland. There are very few public
spaces that require neither consuming money or alcohol while using the space. Good
examples of a free public space are the new Central Library of Turku which functions as a
public living room and a place for encounters equally for all citizens and the aforementioned
multicultural women's centre Naistari in Tampere.
3. Well-designed areas can promote meeting of neighbours by providing places to meet and
interact.
It is in the designer’s choice to design environments structured to encourage or discourage
social interactions [36]. Since one's home should works as refuge if it's surroundings are
unpleasant one stays at the refuge. Especially immigrant women are in danger of being
imprisoned in their homes since in some cultures they naturally spend more time at home
but also because especially Muslim women might face discrimination because of their
appearance and rather stay at home. [35] Since the discrimination takes place on public
spaces there should be semi-public spaces created in the immediate surroundings of their
homes to enable them to feel as part of the urban setting without having to expose
themselves to vast crowds of people.
The choices of Somalis for their housing areas can be driven by their fear of racism. In the
interviews of Tuominen, many immigrants felt familiarizing with neighbours in Finland very
difficult [37]. Humans naturally fear unfamiliar things. Thus spaces for meeting and
familiarizing with foreign neighbours would reduce the negative prejudices from the natives
towards the immigrants in general. A recent study even showed how even the messiness of
space can courage stereotypic thinking and discourage interaction between different ethnic
groups [38].

Architectural means to improve integration considered in housing
design
In this part, some architectural means to promote integration are studied further through Virkkala's
interviews and discussed in more detail. During year 2010 twenty-nine people were interviewed in
Finnish, English and Swedish of their experiences on multicultural neighbourhoods for Virkkala’s
bachelor’s thesis. For the interviews Virkkala had listed sixteen possible means to ease integration
in three scales: in housing district, housing block and in the apartment. The ideas of means of
architectural design to promote integration were based on literal sources. Some of the means
were already existing as Virkkala was interested to see if they would rise up as more significant
than others. The questionnaire was filled by seven people in Helsinki, five people in Denmark and

three people in Stockholm. Also one Hungarian person was interviewed in Czech republic for her
experiences in a Roma integration project. Besides extensive interviews few researches at the
University of Helsinki, Aalto University and various officials of the Cities of Helsinki and Espoo were
interviewed orally or contacted by email or phone more briefly.
As the aim for the interviews was to gain information on the importance but also feasibility of the
proposed means the interviewees were asked to rate the proposed means on a scale 0 to 10, as
10 being the best. As the results were mainly supposed to be background information for the
design part of Virkkala’s master’s thesis, the great variety between the respondents backgrounds
was not seen problematic but positive. For an extensive quantitative analysis of the material the
results are thus not plausible.
The proposed means to promote integration of immigrants into Finnish society and their were
In the scale of housing district:
1.a) Mixed types of housing planned on the same area: ownership, rental, social etc. [social
multiplicity]
1.b) Arriving immigrants placed at different locations in the city [prevention of ethnic segregation]
In the scale of housing block:
2.Clear indication of private and public areas [prevent cultural misunderstanding of the use of
space]
3.Shared spaces within the house [contacts to neighbours, rentable spaces for parties]
4.Gardening plots (divided with flats) on the yard [contacts to neighbours within meaningful cowork]
5.Bigger notice board downstairs for messages within the house [prevent cultural
misunderstandings]
6.More rentable space on the ground floor to support entrepreneurship
7.Expanding villas or maisonettes on the roof to attract families with children
8.Possibility to personalize
In the scale of apartment:
9. Better noise suppression between flats
10.More flexible housing, e.g. combine studios temporarily for bigger flats
11.Durable materials
12.Possibilty to convert Saunas for other use
13.Better possibilities to divide apartments for different sexes
14.More than one entrance in a flat
15.Kitchen separable from the living room
16.Illustrated guidance for housing e.g. heating, ventilation etc.
The quantitative results of Virkkala’s interviews showed all the proposed ideas both important and
realistic. None of the suggested means rose significantly above others but one can say that two
existing measures were found most positive: planning of mixed types of housing on an area and
illustrated guidance for housing.
As in Helsinki, Stockholm and Copenhagen the population with immigrant background is
concentrated on socioeconomically weaker areas, the ideas aiming at promoting communality
proved to be most challenging. Many of the means were seen to suite better areas with people with
better resources. Also literary sources supported the view that not all encounters with natives and
immigrants are advantageous but that the spirit in which the meetings with the foreigners happen is
determinative. In socioeconomically weaker areas the residents fighting their own problems do not
have the resources to help the arriving immigrants in the integration process. Instead the ill-being
of the natives can unravel as racism.
Below three of the aforementioned means will be studied further on the basis of the interviews:
1.b) Arriving immigrants placed at different locations in the city (prevention of ethnic segregation)

In Virkkala's interviews the idea of decentralisation was seen difficult and even idealistic. For
example the City of Tampere has tried to situate arriving immigrants into private rental apartments
to different locations in the City, but this has been impossible due to resistance of neighbours. The
neighbours fear for the decrease of the value of their apartments due to immigrant neighbours. The
concentration of people with immigrant backgrounds was seen as a factor reducing contacts to
natives, but at the same time as a factor providing support especially for those just arrived. In
Denmark some of the interviewed commented such policies to be against human rights. Limiting
the residents in a house according to their ethnic background was seen as ethnic discrimination.
Instead in Copenhagen job is prerequisite for getting an apartment in one of the areas classified
vulnerable.
6. More rentable space on the ground floor to support entrepreneurship
In Virkkala’s interviews this was qualitatively not seen as of special importance for integration even
though there were many positive experiences mentioned. For example in Rinkeby and Tensta in
Stockholm storages on the ground floor of residential buildings as well as additions to the buildings
have been opened up as commercial space. This was commented to bring more life on the areas,
improve the employment situation and to increase security by raising social control. It was also
commented that the shared spaces in the residential housing are very actively used, so at least
they should not be changed to other uses. Many of the Finnish interviewees doubted strongly the
feasibility of the idea.
10.More flexible housing, e.g. combine studios temporarily for bigger flats
Bigger rental flats would be needed for families with many children and the extended family-model.
In Virkkala’s interviews general flexibility and combinability were greatly favoured. In In Tensta in
Stockholm some of the flats had been combined for the housing fair in 2006. There were also seen
many economic challenges as the rental companies earn more money with smaller apartments.
A part of culturally sensitive housing design raises contradictory feelings. As Islam is a major
defining factor in a Muslim's home and due to cultural traditions different genders are traditionally
separated. Should an architect support this separation of living spaces between genders? The
open kitchen can be seen as a result of the long process in Scandinavian countries where the role
of the mother has changed from a housewife to an equal actor in a home with the husband. As the
relation between Islamic and western values is now highly juxtaposed in the media [39], this was
also one of the suggested means in the interviews, to which the interviewees related most
negatively to. Virkkala herself ended up following the views of Maununaho, Vilkama and
Dhalmann, that if a simple sliding door between a kitchen and a living room can enable greater
well-being of a Somali mother and her being able to invite friends over without disturbance, that is
definitely a better option than an open plan apartment flat that prevents the social life of
multicultural families.
One of Virkkala's interviewees in Denmark argued strongly that most of the proposed means have
nothing to do with integration but are just characteristics of good housing design. Also Tenho in her
thesis concluded that many of the issues in urban design that are nowadays related to immigration
and segregation of immigrants are actually more general and the solutions to those issues are
actually just characteristics of good urban design. But even though the two ideas in the scale of
housing district, which often are outside the design task of an architect, were considered important,
they did not rise above other suggested ideas. This can be seen as emphasizing the importance of
physical design as a means to promote integration.

Conclusions
As discussed before an important issue to pay attention to is the image of the housing areas as
especially for the well-of households this can be one of the main factors in choosing an area to live
in. The urban regeneration projects of municipalities are often aiming at the change of the image of
vulnerable areas. Perhaps architects could take this as a special responsibility for themselves: the

most valued design task would not be the fancy single family house in Espoo or a new museum in
the centre of Helsinki but the revitalization of a deprived area. Immigration and thus integration are
issues that also architects will have to start confronting.
As one of Virkkala’s interviewees, and architect in Stockholm said: do not start with the problems
but with the potential. One can argue that considering integration in architecture is not a strain
caused by the rising immigrant population in Finland but on the contrary a possibility for better
housing design and better and more versatile urban design. Good, considerate, flexible, versatile
design itself is beneficial for integration. In Finland we have to consider our policies and the role of
the public sector among the diminishing resources of the society. Coming from various cultures,
often more communal ones than that of Finland, the immigrants could have a positive role in
creating new, different approaches to societal functions. This paper is a narrow look in to a very
broad phenomenon, but we wish it can on its part accelerate the discussion on immigration among
the Finnish designers and architects. The essence of a space arises more from the people using it
than from the physical space itself. Even though in Virkkala’s interviews social means were often
commented to be of greater importance than the ones of physical design, it is argued that when the
resources of the society are decreasing the role of the physical environment increases.
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Summary
"Facing the threat of global climate change, we must propose an effective solution in order to
minimize the damage to society. Therefore, if we cannot create an environment that favors the
continuation of mankind before the calamities ruin the existing social system, our research is in
vain." So how to set up "permanent emergency made, fast, energy-saving, high-cycle, elastic
movement, a total of biochemistry" and limit structure of the new building body, and corresponds to
the existing ARF quickly from Fulong Symbiosphere 1 to 4 years have been great symbiotic
structure cycle and other issues; how to find countermeasures, will be moved to the next million
people of Taiwan a great saddle and other important pre-planning of land issues. "Facing global
climate change, in search of a solution, we are reviewing the industrial civilization, agricultural
civilization and aboriginal period to find the appropriate connection and thereby re-structuring a
new civilization in order to find a more effective resistance mechanism. Our team at the present
stage are trying to clarify the challenges and blind points of the extreme structure.
We have proposed the "local evacuation and vertical movement" policy as a solution, hoping to
effectively address the threats of climate calamities by going up to 200-300m elevation. While
urbanites have left the collection society a long time ago, we need to learn the way of living of
indigenous people, hoping to minimize space consumption with the minor symbiosis in order to
accommodate more people migrating to the mountainside.
This research discovery that extreme structures should be able to reserve energy flow, the geology
of the location of extreme structure should be considered, and the connection of water and food
systems with the extreme structure should be explored ,and vigorous weather changes should be
considered in the extreme structure, and the safety factors of extreme weather should be included
in the assessment.
Keywords: climate change, ultimate structure, Symbiosphere II, aboriginal period ,agricultural
civilization, local evacuation and vertical movemen

1. Introduction
To analyze it from the aspect of geophysics, by viewing the ice melting speed and scope at the two
poles, we may infer that the ice melting acceleration leads to a significant increase in the temperature gap. As a result, even though the average temperatures in the globe do not remarkably rise,
weather extremes have been formed to become severe cold in winter and baking hot in summer.
Some scientists suggest that the ice layers at the two poles completely melt due to global warming.
So far, we are still able to acquire the ice core sample from the South Pole to speculate about the
ancient atmosphere on the Earth. It represents that the ice layers in the polar region existing for
millions of years never totally disappear. Thus, a more correct way to describe the ice melting
status in a global warming environment should be like this: Although ice melting is getting faster
and faster, the heat-transmission cyclones cannot flow to polar circles, so un-melted ice layers are
still left there. However, in view of the extreme weather occurring this year, we may infer that, the

ice layers in the two poles of the earth, which could be affected by cyclones have all melted. In
other words, the average global temperature would rise year by year. As a result, the old climate
type and meteorological model will substantially change. Taking Taiwan as an example, its monsoon season in May and June this year almost disappeared, which led to serious water shortage.
Furthermore, the typhoons in August,2009 were loose in structure, so they were not able to gather
enough strength to quickly sweep southwest airstreams away and therefore formed a band of rainbearing clouds lingering in the whole area. It resulted in a tremendous scale of rainfall and brought
devastating floods.
As pointed out by President Lin Chun-shin at this Archilife Cathedra, due to increasing global
warming, the yearly average temperature would significantly rise. Thus, not only will the baking hot
summer season extend, the freezing winter we used to have may not exist anymore. With summer
getting hotter and hotter, the warming phenomenon will result in precipitation re-distribution, and it
will test Taiwan's water conservancy facilities built in the past. Geographically, Taiwan's water resources have been supplemented by the rainfall from the subtropical monsoon zone, so, compared
to the countries at the desert margin, Taiwan is less hurt by the climate change. Nevertheless, climate change may also trigger change in global ecology and humanism, so the impact will go beyond geographic boundaries, for instance, the breakout of the financial tsunami in 2008 was the
result of interactive actions of excess credit spreads and material scarcity, which illustrated the
reflection of humanistic society under the pressure of the change in the natural environment and
closely related to climate change.
If every typhoon that hit Taiwan during future typhoon season is a new type, the damage caused
will be increasingly more severe in a cumulative way without the appropriate preventive measure in
place. Thus, post-disaster recovery action is the key to preventing any single disaster from triggering more unpredictable impact, and this is the primary significance of the new civilization of the
future. The year 2009 is the turning point of intensive climate change and a new equilibrium will be
possible in 2025 at the earliest. Thus, the Symbiosphere II in Taiwain will refine its internal system,
focus on action strategy during a disaster, and avoid making incorrect judgments.

2. Morakot Typhoon on August 8 ,2009
The attack of the Morakot Typhoon on August 8 ,2009 resulted in a grave disaster in southern
Taiwan. We should return to the original point to review the cause of the 88 flood disaster. It has
something to do with moving the plain livelihood model to the mountainous areas where the
landform is unstable. As a matter of fact, the 88 flood disaster was not an exception. For two or
three years in the future, the small-wind and heavy-rain climate type of typhoons may continue to
emerge in Taiwan, and Taiwan's climate may even persistently change into the pattern of South
Asia and end up having distinct wet and dry seasons. The mud flushed out in the rainy season
becomes a nature resource to reshape Taiwan's landforms. If we let nature take its call, the lowlying areas will have higher ground in just a few years. However, if we insist on recovery of the old
look with a near-sighted viewpoint, the scenario occurring to the Central Cross-Island Highway, for
which the Highway was destroyed by the natural flush strength after reconstruction, will be likely to
happen again.

3. To protect our next generation
As an old saying goes, it never rains, but pours. In an unfavorable situation where a series of
compound disasters occur, we must "help ourselves" in the first place, so we can "help others"
afterwards. The rule of thumb to "help ourselves" is to protect our next generation. Given that
children are likely to be ignored in turbulent times, the essence of helping ourselves is to insure
that our next generation will be able to quickly accumulate more experiences and knowledge than
past generations in a high-pressure growth environment. The secondary resort for "helping
ourselves" is to quickly eliminate individual disasters, so as to avoid compound reaction and
irrecoverable calamity.

In the future, education will be based on cultivating decision-making skills at an early age. The
future of humanity will depend on changing the cognitive structure that is, changing the learning
procedure and content. Life within Symbiosphere II Center in Taiwain must realize the ideal of "To
fight is to live, to live is to fight." In other words, you must be prepared for disaster response in your
everyday life and consider it to be the normal state of affairs.

4. Ready for the migration
The study pointed out that migration is the common means for humans to escape disasters. Facing
the threat of global climate change, we will be forcing to abandon the ecesis habit developed since
the agricultural civilization and return to the gathering society some 6000-7000 years ago.
Therefore, the most important issue at the moment is to get ready for the migration.

5. Learn the way of living of indigenous people
Changes arise in the process of warming, the ecosystem will be restless. More serious ecological
problems will come in the next 5 years. Food will be the largest impact. The rapid collapse of
human society will come in another next 5 years. By that time, the social condition will be more
miserable than any postwar period due to the lack of materials. Eventually, we may return to the
lifestyle in the collection civilization. By that time, we will need to model the lifestyle of Taiwanese
indigenous people. Instead of hopelessness, such kind of experience may give us more options in
facing environmental impacts. Indigenous people are good at making full use of natural resources
and are the key to survival with the least tools and a few transactions. These may be the secrets
for indigenous people to penetrate time and space.

6. Local shelter and vertical movement
Currently, there is an approximately three-degree temperature difference between northern and
southern Taiwan and the rate of warming is relatively slower. In the future, if a disaster makes it too
hot for people to live on flat land, moving up the mountains might be a way to overcome the fourdegree temperature difference. Taiwan's diverse topography and ecology give its people the
conditions to survive on Earth. In addition, the self-sufficiency of an improved symbiotic cycle could
create clusters of habitable settlement. As there are mountains on Taiwan, there are opportunities
for vertical migration, because we need to evacuate according to our geographical advantages.
This research discovery that the acceleration of global climate change will surely shake the
existing ecosystem and thus cause food insufficiency and epidemics. Facing these upcoming
crises, We have proposed the "local evacuation and vertical movement" policy as a solution,
hoping to effectively address the threats of climate calamities by going up to 200-300m elevation.
As we may need to move the extreme structure once a decade, it is necessary for the research to
find out the practical and feasible operations of the extreme structure in the future,. We will cope
with the rapid and sharp environmental changes based on the concept "local shelter and vertical
movement."

7. Minor symbiosis
When climate change becomes more extreme, disaster intervals will shorten and increase in
frequency. Human society will come under pressure and collapse. Evolution often occurs times of
crisis and for a civilization to survive, it must change its customs and way of life. As the Taiwanese
environment is on the knife-edge already, we must change our way of life in order to survive. In
other words, we must recover and adapt quickly to changes. The purpose of Symbiosphere II
Center is to establish the behavioral models for food, clothing, accommodation and travel.
This alternating flood and drought cycle is typical of future disasters, and a sign of desertization. In

the future, changes in the eco-environment caused by climate change will result in poor harvests,
and leading to a slew of economic and social problems. With the 100,000-year-period disaster
cycle arriving rapidly, abandoning the conventional operating system means quickly evacuating out
of the disaster-affected area before the disaster spreads further, and be psychologically prepared
and take preventive measures. The interior space of the Symbiosphere II Center is designed to be
highly flexible with partitions that are easily adjusted and changed so as to cater to the rapidly
changing living environment. Everyone should also make good use of time, observe environmental
changes at all places and times, and make timely responses, in order to avoid getting hit by
disasters.
Simply speaking, we are familiar with the minor symbiosis, and indigenous people know the major
symbiosis pretty well. It needs more space for the major symbiosis, such as forests where
indigenous people find what they need to sustain life. While urbanites have left the collection
society a long time ago, we need to learn the way of living of indigenous people, hoping to
minimize space consumption with the minor symbiosis in order to accommodate more people
migrating to the mountainside. Although climate change may cause massive population reduction,
as the world population is huge, we are still unable to predict its impacts. One thing for sure is that
climate change will bring severe cultural impacts. The price for a wrong choice will be considerable.
Therefore, when we are able to build the structure of a new civilization on a reliable foundation, this
may be the start of a new civilization.

8. Conclusion
"Facing global climate change, in search of a solution, we are reviewing the industrial civilization,
agricultural civilization and aboriginal period to find the appropriate connection and thereby restructuring a new civilization in order to find a more effective resistance mechanism.
To sum up, this new type of typhoons with small winds and heavy rains shows that Taiwan's
climate is changing into the pattern of South Asia, i.e. a phenomenon having distinct wet and dry
seasons. If the type of Taiwan's rainfall is getting similar to the pure tropical rainfall, torrential rains
can even last for as long as a full month. Such a huge and natural flush strength will continue to
reshape Taiwan's landforms until climate change comes into next stage. While facing the test of
the 100,000-year-period disaster, either the urban clusters having 300 – 400 years of history or the
aboriginal tribes having rich jungle life experience will all become fragile in the circumstance. If the
compound disaster alternatively emerges, our human society will be deadly stricken. Hence, at the
key moment, our organization has to help itself and maintain its self-sufficiency in order to survive
from the challenge of climate change and pass down the survival experience.
We have proposed the "local evacuation and vertical movement" policy as a solution, hoping to
effectively address the threats of climate calamities by going up to 200-300m elevation. While
urbanites have left the collection society a long time ago, we need to learn the way of living of
indigenous people, hoping to minimize space consumption with the minor symbiosis in order to
accommodate more people migrating to the mountainside.
This research discovery that extreme structures should be able to reserve energy flow, the geology
of the location of extreme structure should be considered, and the connection of water and food
systems with the extreme structure should be explored ,and vigorous weather changes should be
considered in the extreme structure, and the safety factors of extreme weather should be included
in the assessment.
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Summary
This study analyzes how to get people involved in a major renewal project of old
neighbourhoods, as well as what kind of Concept is needed to help residents during the
renewal process including services, partnerships and knowledge. The case in question is
Peltosaari area in Riihimäki, Finland with its 2 700 inhabitants and excellent location next to
Riihimäki railway station and the city centre.
Keywords: community development, old neighborhoods, social capital, dialogue,
partnership, knowledge management, tacit knowledge, knowledge sharing, housing clinic.

1. Introduction
Peltosaari area was built during 1973 – 1993, but owing to the recession in 1970’s became a
centre of unemployment and social problems which concentrated mainly on city owned
rental houses. The housing stock In Peltosaari consists of publicly built rental apartments
and owner-occupied flats. According to the research by Helsinki University 2009 the socioeconomic situation in Peltosaari is alarming: rate of unemployment is 27 % and 50 % of
inhabitants are inactive [1].
During the last 15 - 20 years the value of the built property has decreased substantially [2] in
Peltosaari and so far the area has not achieved the position as an attractive place for home
owners or entrepreneurs. In spite of the three projects funded by European Social Refund in
2000 - 2006 the results have been insufficient. However, owing to those projects Peltosaari
got the social housing as well as a permanent meeting place for residents.
The strategy of Peltosaari-project comprises three main issues: 1. physical renewal which
includes building and city planning, 2. emphasis on people during the renewal process and
3. ecological and energy-efficient renewal [2]. In addition to the physical renewal the socioeconomic situation requires radical actions to prevent further social segregation. This is an
important prerequisite for developing Peltosaari towards a modern and attractive housing
area.

2. Peltosaari Portfolio and developing steps
In 2008 the city council of Riihimäki accepted a strategy of rental housing and a year later
Peltosaari was connected tightly to Riihimäki strategy 2015. These actions were the basis for
a Peltosaari portfolio, where the Technical Centre of Riihimäki city got the leading role. The
first step was establishing a residents’ group to collect developing ideas in late 2008. The
group was a good combination of active developing groups as well as individuals living in
Peltosaari and Riihimäki.

Peltosaari-portfolio 2010 - 2012

Lähiöiden kehittämisohjelma 2009 – 2011
The Ministry of
Environment

Kestävä Yhdyskuntaohjelma
By Tekes = the Finnish
Founding Agency for
Technology and Innovation

Community developing
2009/ 130.000 € , financed
By ARA (20 %) ARA = The
Housing Finance and
Development Centre
of Finland

Kaupunginosan uusi elämä
–project 2009 – 2011
404.000 €
financed by Tekes (75 %)

Housing clinic pilot
2010/27.200 €, financed by
ARA (18 %)
Facing housing problems
Energy advising
2011/69.600 €, financed by
ARA (18 %)

Sustainable renewal
of old
neighbourhood
2009 - 2012
ARA
Network:
Education
Knowlegde sharing
Partnership

Targets:
image and reputation of the
area will improve and the
renewal process will
take place by end of 2012
Innovative sourcing method
2009 preparation
2010 idea competition
2011 general plan
2011 developer competition
= sourcing clinic

Research
Peltosaari. Lähiön
ekotehokas
uudistaminen / VTT =
Technical Research Center
of Finland, 2010
Eco-Drive project:
target: eco- and energy
efficient renewal of
old neighbourhoods
Miten kehittää lähiötä?
HY, TKK, Oulu university

Concept: Emphasis
on people in major
renewal process of
old neighbourhood
2011/30.000 €
Financed by ARA
Resident strategy
Developing services
Peltosaari Parliament
Sustainable Building
Conference 2011

Passive House/Innova
Sitra = the Finnish Innovation
Fund

Figure 1: Peltosaari-portfolio 2009 - 2011
Late 2010 Peltosaari Porfolio had two developing projects funded by ARA - The Housing
Finance and Development Centre of Finland and one by Tekes - The Finnish Founding
Agency for Technology and Innovation. Project Manager started her work on 1st of June
2010. While writing this paper Peltosaari portfolio has expanded to a total of five different
projects including the development of a comprehensive strategy for a housing renewal as
well as a large-scale research projects by VTT - Technical Research Center of Finland and
Helsinki University.

2.1 Peltosaari Vision 2017 and targets for developing
•

The renewed Peltosaari provides Riihimäki city with a modern and attractive facade
close to railway station.

The general targets for development are:
•

improving the image and the reputation of Peltosaari

•

connecting Peltosaari to the city centre of Riihimäki by innovative city planning

•

developing a safe and attractive area for young professionals, families, students and
senior citizens

•

becoming a reference of VTT as an eco- and energy-efficient area

•

creating better public-private services and outdoor facilities including parks,
playgrounds, venues for event, shops

•

encouraging active inhabitants in taking care of their houses and environment and
creating the working social network

2.2 Developing steps in Peltosaari from inhabitants´ point of view
In this chapter I will outline the main points of the method that has been executed for
housing renewal in Peltosaari. A need for a comprehensive examination rises from needs
and expectations of different groups – in this case the city planners and inhabitants. Tenants
and flat-owners seek for different qualities in housing than, for example, architects or
professional planners. By communicative planning these viewpoints can be combined. [5].
Former developing projects in the area have shown that residents´ support is crucial for
success of the project and this is the main reason for developing the new concept of housing
renewal. The Innovative Concept of Housing Renewal includes different sectors which all
seek to increase social cohesion and participation in Peltosaari by improving conditions for
creating social networks, sharing knowledge and empowering people through communal
activities. These goals have been pursued during 2010 and 2011 by creating partnerships,
setting up Peltosaari Parliament with its various teams and by involving social work in the
project. To collect residents´ point of view concerning to the renewal process of their homes
the project organize the Decant Interviews inAugust 2011. The Interview has two parts: 1.
phase: questions concerning physical renewal, tenants’ personal requirements, ecological
aspects, the move process, well-being, education and employment. The answers will be
handled anonymous. 2. phase: bilateral and confidential discussion with social worker, who
is able to provide the customer with the expert service if needed.
The developing steps from inhabitants’ point of view:
1. The housing clinic pilot was opened on 7th of September 2010.
2. Plan for tenant housing decentralizing was confirmed 31.12.2010.
3. Energy advisor started in February 2011 at the clinic.
4. Peltosaari Parliament starts its work on 16th February 2011
5. New partnership: Sharing tacit knowledge with a new partner Golding Homes,
Maidstone, Kent 19th of March 2011. [3].
6. Interview research concerning the role of housing clinic in April 2011.
7. Outline of Innovative Concept of Housing Renewal: emphasis on people in major
renewal process of old neighborhoods.
8. Appointment of a social worker for the project starting 1st of April
9. Resident interviews starting from 8th of August: a survey about residents´ needs
considering housing and social services.

2.3 The innovative concept for housing renewal
The residents´ viewpoint has been essential in planning and implementation of Peltosaari
project since formation of the first residents´ group in 2008. Such basis for discussion and
project-leading also highlighted a need for a new kind of approach for housing renewal. The
general concept consists of three parts including resident activation, creating partnerships
and inclusion of social work to the project.
Resident participation has evolved from founding of the residents´ group in 2008 to actively
working Peltosaari Parliament in February 2011. The Parliament can handle a wide range of
issues because the residents of Peltosaari, the city officials and the project employees are
all well represented. Active participation has also made possible to share tacit knowledge
about the current conditions of living and formulate new targets of development. The
parliament consists of resident working group, home owners´ group, health and culture –
group, the event group and several sports groups. Every developing group has members
from both owner-occupied flats and rental apartments.
In addition to getting residents involved to decision-making, the Concept presents the city of
Riihimäki an opportunity to gather valuable information about the socio-economic situation of
the Peltosaari area. This information comes as a by-product when residents´ interviews start.
Analyzing the results of decant interviews can help us to form a picture of wholesome well
being like employment, health, education, immigrants´ language skills, need for social
services in Peltosaari. The concept can also improve social cohesion in the area through
participation and communal activities as well as through improvements in social work when
more information of the residents´ need for service is available. A leading thought behind the
concept is to offer all walks of life a possibility to improve the conditions of their well-being in
the area.
Strategic goals of the Concept include:
•
•
•
•
•
•
•

Creating the resident strategy: segments, needs, communication
“testing the Decant Interview” in August 2011: Merkuriuksenkatu 9
Preparing a Residents´ Guide; good conventions, energy-efficient and responsible
habitation
Developing of service environment together with municipal administration
Preventing further social exclusion; poverty and unemployment
Management of change; image improvement and good communication
Creating the comprehensive service concept.

The concept is also built on strong partnerships. Peltosaari Project has had valuable
partners to gather tacit knowledge and learn from each others experiences during the
process [4]. The most important partner at the moment is Golding Homes in Maidstone Kent
which executed the major regeneration schemes in Parkwood 2008 and in Coombe Farm
2011. Their co-operation model with residents was very convincing including decant
interviews, medical requirements, tenants’ personal requirements, home loss payment,
disturbance allowance, information events, the move process and customer satisfaction
questionnaires. According to their experiences, a well-planned model helps the project staff
with time management as well as with the cost and project management during the process.

3. Conclusions
The three most important developing points in renewal process of Peltosaari are physical
renewal, emphasis on people and ecological and energy-efficient aspects. The most difficult
issue facing the renewal process is getting people involved. The first step towards residents’
activation was setting up the residents´ group in 2008, which became more active over time
and finally led to the formation of Peltosaari Parliament in 2011. The main target of
Parliament is to create more active teams and encourage individuals to execute the good
developing ideas like tenant information, education, cleaning and sport events. The role of
the parliament is operative but it also offers an arena for discussions between planners and
inhabitants.
The idea of Innovative Concept for Housing Renewal builds on experiences gained from the
housing clinic pilot started September 2010, which was set up to inform and help residents
before and during the development process. The clinic was also given the task of collecting,
storing and sharing knowledge on all housing-related issues. At the moment the Peltosaari
housing clinic is a working place of social worker as well as a meeting point for Peltosaari
Parliament, developing teams, as well as project’s tactical partners.
The Innovative Concept of Housing Renewal process starts with the testing the Decant
Interview in August 2011. The invitations have been sent in June for every tenant of one
apartment house in Peltosaari. The questionnaire has been well-prepared and interviewing
group members are well-motivated. The first results of pilot Interview will be analyzed by end
of September 2011 and presented in September 27th. The results will be utilized during a
physical renewal process in Peltosaari and the concept will be expanded to cover the rest of
the buildings in the process as well.
In conclusion, The Innovative Concept of Housing Renewal will build on research,
knowledge management, partnerships, resident activation, sharing of tacit knowledge and
experiences from housing clinic pilot and Peltosaari Parliament.

References
[1]

VAATTOVAARA ET AL, 2009 “Miten kehittää lähiötä? Tapaustutkimus Riihimäen
Peltosaaresta, metropolin laidalta.”

[2]

LAHTI ET AL, 2010 ”Lähiön ekotehokas uudistaminen. Riihimäen Peltosaari.”

[3]

STACY P., 2010 “Close Neighbours-not Distant Friends. Case: Golding Homes,

[4]

STÅHLE P. , LAENTO K., “Strateginen kumppanuus - avain uudistumiskykyyn ja

ylivoimaan”
[5]

LEHTONEN, H., SNECK, T. “Quality of living environments and neighborhoods

according to viewpoints of inhabitants” – Espoo 1989, Technical Research Centre of Finland,
Research notes 1074. 93 s./p.
the Housing Fund of Finland and municipal authorities in the late 1990s”. Helsinki 2001
(Publications of the Ministy of Social Affairs and Health, ISSN 1236-2050; 2001:8)

The Environmental Impact of Industry & Development
in Regional Australia
Emma Hamilton-Foster
Research Student
UTS Sydney
& Environmental Consultant
2010 NSW Centre for
Sustainable Leadership Fellow
Emma.hamiltonfoster@gmail.com

Summary
Regional Australia is the economic backbone of one of the world’s most productive and profitable
countries. Development and industry thrives in these areas, through minerals and mining, forestry
and agriculture industry, resulting in widespread environmental over-development and degradation.
This paper looks at the real impacts of development and industry on regional Australia, the true
value of these natural environments and strategies/measures that have and should be
implemented to effectively improve this.
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1. Introduction
The true value of the natural environment to Australian society is far greater than it is currently
perceived. Australia’s rich biodiversity is evident in the wide range of unique and complex
ecological communities found across the country on land, soil, fresh water, estuaries and the sea.
Regional Australia is the backbone of the nation’s identity and the foundation of its wealth through
provision of resources such as minerals, energy and produce. Our abundant natural resource
affluence is what keeps our economy functioning, cementing our current position within the global
economy.
While the soil, climatic and seasonal conditions make primary production this productive and
profitable in regional Australia, effective environmental management of industry and development
has largely been absent or unsuccessful in making sure our natural resources are guaranteed for
the future and the sustained health of our natural environment.
Most regional environments have quite a high resilience to naturally occurring disasters such as
bushfires and severe thunderstorms, but low resilience to external pressures such as those posed
by development and industry, and can be easily lost. Although impeding or restricting development
is not the answer, this paper aims to reassess and propose methods for morderisation of the
destructive way in which it has and continues to occur.

2. Discussion
Australia has one of the most biodiverse and culturally unique environments in the world. Even
though it is extremely valuable with ever approaching limits, society continues to misuse and
overuse it in order to drive the economy and meet growing population demands.

Regional Australia is regarded as the economic backbone of the country, driving the economy
through provision of minerals, energy and produce. In seeking to achieve growth in these areas we
have comprised our natural environment due to overdevelopment, over-clearing inadequate
environmental management.
This dynamic becomes evident through analysis of two projects; the construction of Sydney
Desalinisation Plant and the proposed development of the James Price Point Gas hub. Additionally
looking at the rehabilitation of a degraded wetland ecosystem as part of a winery development in
South Australia develops an understanding of the positive impacts development can have on a
natural ecosystem and surrounding environment.
Regional Australia has been extremely productive and profitable over the past 10 years, the most
significant aspect in cementing Australia’s position as the only country to maintain economic
growth during the GFC (Global Financial Crisis). However, the economic cost of continued
destruction of our natural environment is valued currently at over $1327 billion per year.
Environmentally sustainable development must become desirable and profitable to industry and
business, aligning with current public demand on environmental considerations largely resulting
from current media focus on climate change and the consequences it might hold for the future.
Strong Government leadership is necessary in both issues of climate change and environmental
conservation in order to harness Australia’s national system of innovation required to create
change alongside any restriction or cost through policy and tax. Particularly so, considering that
distrust in government is a primary reason for inaction and uncooperativeness in the face of
environmental issues.
The concept of environmentally sustainable development and business operation is now starting to
become mutually inclusive. For a long time now development has focused on profitability and
efficiency, with the natural environment reduced to resources for consumption. It is however
necessary that industry and development finds a way to continue while sustaining, preserving and
even improving the natural environment.

3. Developing Economics
Realistically, an ecologically sustainable society requires a drastic reduction in the levels of per
capita production and consumption and GNP. Rich countries like Australia are already beyond
levels of production and consumptions that are sustainable; and yet the supreme goal of our
country is to increase the GNP and living standards as fast as possible and without end. If we
assume average growth of 3% until 2060 (a large underestimation of reality), output would still be
20 times greater than it is now.
When constant limitless growth in output is the supreme concern and the determinant of
‘development’, not only will resources be depleted at an exponential rate, but inequality will also
rapidly increase and development will be inappropriate i.e. resources will be drawn into production
in the interests of the relatively rich.
We can either stay on this path making the occasional incremental adjustment, or invest seriously
and immediately in building an industry that endeavours to mimic nature and natural systemic
processes as best as it can.
Ecological sustainable development and management techniques must be adopted and applied
across all industries, ensuring that ecosystem processes are maintained. This must done involving
identification of all financial and other incentives as encouragement.
The separation between how we support life economically and ecologically must be fused.

4. National Value
“Australia’s natural environment is a vital and dynamic element of our national life. It gives Australia
a unique identity and offers us a great future” – Paul Keating 24th Prime Minister of Australia
The true value of the natural environment to Australian society is far greater than it is currently
perceived. Australia’s rich biodiversity is evident in the wide range of unique and complex
ecological communities found across the country on land, soil, fresh water, estuaries and the sea.
Australia has over half a million different species of fauna, most of which are found nowhere else
on earth. Overall, approximately 80% of our 280 mammal, 750 reptile, 200 frog and 21,000
flowering plant species are unique to this country.
Australia’s natural environment is not only significant for its own intrinsic sake; but also because it
is valuable and finite in nature. The more people want to use it, the higher the price should be. This
is crucial to understanding that our environment is misused and overused because the price paid
for its use does not reflect the value of the asset.
Most regional environments have quite a high resilience to naturally occurring disasters such as
bushfires and severe thunderstorms, but low resilience to external pressures such as those posed
by development and industry, and can be easily lost. Although impeding or restricting development
is not the answer, there is an obvious need to reassess and modernise the destructive way in
which it has and continues to occur.

Figure 4.1- Regeneration of growth after bushfires in Gippsland, Australia

5. Regional Value
Regional Australia is the backbone of the nation’s identity and the foundation of its wealth through
provision of resources such as minerals, energy and produce. Our abundant natural resource
affluence is what keeps our economy functioning, cementing our current position within the global
economy.
Although capital cities of Australia are business and cultural hubs, regional areas are fundamental
to economic prosperity, possessing a unique and sizeable business and cultural identify and
influence. Exporting minerals, grain, wool and wine; providing for agriculture, cropping livestock
and forestry, regional Australia has long been consider the economic backbone of Australian
society.
Boundaries are loosely defined, ranging from the northern tropics to the southern areas of
temperate Tasmania, to the acid, dry, mineral rich areas of the West Australian coast. It includes
more than 99% of the country’s landmass and is home to about one-third of the Australian
population of 21 million people
In 2006, regional Australia contributed around $65 billion to the country’s export revenue.
Australia’s forestry industry alone employs over 80,000 people, with an annual turnover of more

than $18 billion. The minerals and mining industry makes up over 37% of the country’s total
exports, continuing to rise at an exponential rate. As a result, regional Australia has been vastly
over-cleared and over-developed.
While the soil, climatic and seasonal conditions make primary production extremely productive and
profitable in regional Australia, effective environmental management has largely been absent or
unsuccessful in making sure our natural resources are guaranteed for the future and the sustained
health of our natural environment.
Environmental Management doesn’t just include the natural aspects of a particular ecological
community but also social elements; that being the aesthetics, recreational, cultural and spiritual
values of an area; and the economic - monetary value of the environmental and social benefits
obtained from an ecosystem.
These characteristics permeate through regional centres’ and communities, which provide a
central node for business, work and tourism opportunities, farmers markets, wholesale food and
access to machinery. They are some of the most geographically isolated and remote communities
in the world – each with its own set of environmental and social values.
Even so, regional communities are largely defined by the state of the environment. Without these
unique natural qualities, communities would not exist as they presently do; highlighting the link
between the outcomes of development and industry in regional Australia to the need to preserve
and maintain environmental health and natural value.

6. Current State of the Environment
The Australian Government Department of Sustainability, Environment, Water, Population and
Communities define the environment as ‘ecosystems and their constituent parts including people
and communities’. The ecosystem is a dynamic complex of plant, animal and microorganism
communities and their non-living environment interacting as a functioning unit.
As the only country to maintain economic growth during the GFC (Global Financial Crisis),
Australia is experiencing exponential growth in industry and development occurring outside
environmental limitations.
In seeking to achieve growth in society we have comprised our natural environment Australia has
compromised its natural integrity resulting in dry land salinity, soil acidification, toxic algal blooms,
soil erosion, siltation, reduced estuarine productivity and declining fish catchments just to name a
few. The impact of industry and development has brought about environmental change at a speed
beyond the adaptability of the species and ecosystems of Australia.
Environmental issues have been gaining increasing attention in the public arena over the last
twenty or so years, with the cost of investment in environmental protection and ecosystems
services to amend our own degradation currently over $1327 billion per year, as valued by the
Commonwealth Scientific and Industrial Research Organisation (CSIRO).
On the other hand, the costs of inaction include:
Loss of genetic diversity within species
Extinction of threatened species
Damage to the integrity of ecosystems so that decline in inevitable
Impairment of critical ecosystem processes such as groundwater discharge critical in
preventing salinity
Loss of ecosystem services such as pollination, and
Irreversible damage to habitats such as draining and destroying coastal wetlands and
reef habitats.
Only recently has environmental sustainability become a valued consideration in development as it
disperses throughout the population - largely due to the concept of sustainability becomes

economically profitable and even desirable in many cases. The reality is that the more significant
proportion of the population did possess and still do have very crass opinions on life and the
natural environment. An example of this is a farmer working on the west coast of Australia who
sprayed pesticides in vast proportions – unnecessarily and unsparingly – who genuinely believed
the planet was already doomed, so he may as well take what he can while it was available.
The esteemed worth an environmentalist holds on the natural environment is generally absent in
the mindset of the greater portion of the population. However this begins to change as people
either develop an understanding of the natural environment and its worth, or are forced to care
through usually economically orientated reasons.
Part of the reason for people’s changing attitude towards environmental protection is due to
improving incomes, education and standard of living. This along with increasing scarcity of
untouched wilderness areas, a better scientific understanding of the impacts of human disturbance
on our ecosystems and more advanced technological methods for communicating environmental
issues quickly and to a large audience.
Social, economic and environmental issues are all interlocking, with the Australian people
orientating not just to the problems, but to the aspect of the environmental crisis to which they
value; whether it be the economics, environmental conservation for future generations or in
guaranteeing the survival of a culture that exists in a certain community.

Figure 6.1: Preserving & Valuing the Australian Indigenous Culture
With the eye of the Australian public currently so focused on climate change and the real effects of
inaction now starting to reveal itself in weather extremes and climate disturbances, fear has
become the main driver for change.
This is growing through media coverage, major dedication of resources and research
developments on climate change such as the Stern Review – highlighting the need for global
emissions to stop growing, and for a minimum 5% per annum reduction in emissions to occur. The
science supporting this statement spurred the development of the technical transition guidelines
developed within the Garnuat Climate Change Review towards a low emissions economy for
Australia.
Physical change of Australia’s regional areas through industry and development is a major
contributor to climate change and generator of emissions, therefore part of the issue and focus for
innovation and positive change for the targeted low emissions future.

7. Current State of Industry and Development
Development is any and all kinds of activities or processes that increase the capacity of people or
the environment to meet human needs or improve the quality of human life. It includes the
extraction and processing of resources, the establishment of infrastructure and the buying and
selling of products, and activities such as health care, social security, education, nature
conservation and the arts.
The construction of buildings and infrastructure in Australia has both direct and indirect impacts on
the natural environment including the use of land, materials and energy, indirect including the
impact on ecological integrity of an area, life cycle costs and culture change.
A significant impact is one of important or notable consequence, having regard to its context or
intensity. It largely depends also on the sensitivity, value and quality of the existing environment as
to the scale of its significance. As discussed earlier, this existing environment includes social
elements like heritage and community which are exceedingly significant in Australia.
The West Australian Department of Planning has begun to value the importance of the existing
environment and is presently placing a high regard on social links between the vast numbers of
developments in construction around the state. It becomes obvious when looking at the recent Ord
East Kimberley Expansion Project recently accomplished in North Western Australia, the links
between social and environmental
considerations and the advantages of
valuing and effectively managing this
in a project.
The Ord East Kimberley Expansion
Project is involves channelling 3,300
mega litres of water through new
irrigation
channels,
effectively
producing vast amounts of new
agricultural land through the resource
rich, and heavily environmentally
protecting Kimberley region.

Figure 7.0: Bell Gorge in King Leopold Range National Park in the Kimberley.
Considering the detrimental effects irrigation and association construction processes can have on
natural environments, the project has been reasonably well managed through comprehensive
Environmental Management Plans and an emphasis on social outcomes. It is a benchmark case in
the large amount of monetary resources committed to achieving social outcomes.
The Commonwealth Government assigned a $195 million package to ensure these were met, with
over 40% of the contract based on indigenous outcomes which sought to highlight, reduce and
manage project impacts and create employment and community opportunities for the MiriuwongGarrejonh people of the land.
This project was also heavily funded through the Royalties for Regions program which directs 25%
of the state’s mining and onshore petroleum royalties per annum into regional Australia.
Established in December 2008, it has leveraged development opportunities across the state with
over $4.8 billion injected into regional infrastructure, development and community projects. This is
positive information for the economy and industry forecast, however it places considerably larger
pressure on the natural environment.
Outcomes of this rapid development now occurring in Australia include a combination of rising per

capita consumption and increasing pollution, generating enormous pressure on the nation’s
resources. Intense land use as a result of this expansion, with associated agriculture, resource
exploration and extraction expansion has created unhealthy and biodiversity-poor ecosystems.
This rapid growth has led to The West Australian Department of Planning (WADoP) current agenda
is focus on urban land supply, infrastructure links and provision of services. These elements are
coming under increasing pressure, and are largely environmentally relevant as the availability of
land, water, energy and resources becomes scarce and exorbitant in price.
CSIRO research found that loss of wildlife species due to habitat fragmentation occurs once land
clearing necessary for development exceeds around 20-30% of a landscape. This fractured and
broken state of the environment has resulted from the ‘get it done regardless of our environmental
impact’ mindset that has existing within development and industry for an age.
That being said, past actions weren’t always taken entirely in ignorance, with our forebears
developing a number of mitigation strategies still in place today, covered in Sections 3 and 4 of this
report. We must learn from these actions and experiences from the past which are invaluable to
ensure preservation of environments and impact reduction for future generations.

8. Impact on Regional Australia
The true impacts of development on regional Australia can be realised through the assessment of
three distinctly different development projects.
Using the guidelines for the Environmental Protection And Biodiversity Conservation Act 99 impact self assessment process as a foundation for analysis, a comprehensive overview of the
projects can be constructed and used to see how development can adversely or positively, affect
or have the potential to affect regional Australia.
The three case studies in tables 8.1, 8.2 and 8.3 include:
1. Sydney Desalination Plant – reveals a number of adverse environmental impacts resulting
from a large scale industrial development considered ‘critical infrastructure’ to the wider
Sydney City area. It is technically regional as part of Sydney City Hinterland, chosen to
show the growing tendency of capital cities pulling in regions to serve their own purposes.
2. James Price Point, Browse LNG Project – a highly controversial future proposed project for
Australia set to have one of the largest environmental footprints existing on Western
Australia.
3. Banrock Swamp Winery – a case study of ameliorate development showing how
development can positively impact and influence an environment
Table 8.1 - Case Study 1: Sydney Desalination Plant
Project Location
The site is located off Captain Cook Drive at Kurnell, within the Sutherland Shire
Local Government Area in South Sydney, NSW
Type of Development
Seawater Reverse Osmosis Desalination Plant and associated infrastructure
Key Stakeholders
Proponent: Sydney Water Corporation (Sydney Water)
Department of Planning (DoP)
Department of Environment and Conservation (DEC)
Department of Primary Industries (DPI)
Department of Energy, Utilities and Sustainability
Energy Australia
Transgrid
Sutherland Shire Council
Department of Environment and Heritage

Veolia Services
Project Costs
Approximately $1.9 Billion for the Project and an estimated $150 per annum
increase in the expenditure of households in cost recovery as valued by the
Independent Pricing and Regulatory Tribunal reviews.
Environmental Context
Components/Features of the Environment
The Kurnell Peninsula is known for its ecological significance with Towra Point
Nature Reserve located to the north of Captain Cook Drive and Botany Bay National
Park situated to the East.
These areas support a number of endangered ecological communities and threated
species.
The site is roughly 45 ha in size consisting of large modified areas cleared of native
vegetation and endangered ecological communities.
Kurnell was selected as the preferred site because:
The availability of land was of sufficient size for the large scale plant
meaning less risk on timing
The cost of constructing the plant at Kurnell was on par with other sites
Ease of constructing the plant at Kurnell meant less risk on timing
The Kurnell land site was already zoned industrial
The industrial activity in and around Kurnell meant the plant was keeping
with activities in the area
History/Previous use and Condition of the Environment
Land uses adjacent to the site include the Caltex Oil Refinery to the east, Boral
Brickworks to the south and Abbot Laboratories to the east. Although the site had
already been modified by previous activities that resulted in the majority of the land
surface being disturbed this does not change the fact that vegetation on the area
included threated species and endangered ecological communities and evidence to
suggest that indigenous people were present on the site for at least 5,000 years.
Environmental Impacts
Information on the Development and Actions
The plant has the capacity to provide up to 500 million litres of water per day into the
water supply. The three major elements of the project are:
A reverse osmosis (RO) desalination plant on industrial land sized in 125
ML/day modules
Intake and outlet structures sized to full plant capacity of 500 ML/day and
located close offshore in the Tasman Sea
Infrastructure to deliver water to existing distribution network
A potable water delivery pipeline across Botany Bay
Connection to electricity supply grid
Impacts associated with the Development including Indirect Consequences
Energy and greenhouse gas emissions – powered from the grid resulting in
greenhouse gas emissions from the use of coal fired power
Terrestrial ecology – there are a number of sensitive ecological communities
and threatened species present in the area and routes.
Indigenous heritage
Water quality, aquatic ecology and spoil management all impacted through the
discharge of seawater concentrate on the marine environment, dredging of
seagrass beds, tunneling and trenching
Light, Dust and Noise pollution
Impacts due to runoff and sedimentation.
Vegetation clearance
Changes to hydrological cycles
Significance of Impact
Nationally Significant

Table 8.2 – Case Study 2: James Price Point Gas Hub
Project Location
James Price Point, North of Broome in the Kimberley, Western Australia
Type of Development
Refinery and industrial port for liquid natural gas
Key Stakeholders
WA Premier Colin Barnett – approved the project
Federal Mining and Resources Minster Tony Ferguson
Woodside Ltd – multinational oil and gas company – Joint Venture partners
include Shell, Chevron, Bp and BHP
Kimberley Land Council – native title body representing the traditional owners
in native title and development negotiations
Federal Minister Tony Burke – has the power to decided whether the project
should proceed on environmental grounds
Environmental agencies e.g. Wilderness Society
Project Costs
Proposed: $30 Billion
Environmental Context
Components/Features of the Environment
The Kimberley region in northern Western Australia is a globally significant natural
and cultural landscape, home to rare and endangered wildlife and unique marine
ecosystems.
Humpback whales are an internationally significant species with the largest
humpback whale nursery on earth lies between Broome and Cambden Sound
on the Kimberley coast
Fish – JPP is a fish aggregation area, with dredging and blasting destroying
breeding sites
Turtles – JPP is a key feeding and nesting region for 5 marine turtle species
Coral – coral reef province of global significance extends along the Kimberley
coast through JPP
Snubfin dolphins – unique species found nowhere else in the world, crucial
habitat

Figure 8.2 – James Price Point Natural Environment with a Member from the
Kimberley Land Council

History/Previous use and Condition of the Environment
The Browse basin is a large undersea area off the Kimberley coast which contains
significant reserves of gas and oil. A number of companies already hold leases over
the region, and are now looking to extract the resources available.
The Kimberley and Antartica are two of the worlds least impacted environments with
extensive and valuable biological diversity and significance - presently existing in a
state of clean seas, cast island networks, coral reefs, bays and estuaries home to
turtles, crocodiles, endemic snubfin dolphins and coral reef networks.
Environmental Impacts
Information on the Development and Actions
The proposed development is part of a large-scale industrial project including:
4 gas pipelines coming ashore at JPP
4 oil pipelines coming ashore at JPP
4 export pipelines (2 with monoethylene glycol, 2 with carbon dioxide)
8 extra-large LNG tanks, 4 LPG tanks and 4 oil tanks
Construction camp for 3,500 – 6,000 workers
1,000 permanent on site staff
Desalination plant
1000-1,500 LNG tanker movements per year
Impacts associated with the Development including Indirect Consequences
Environmental impacts associated with the project include:
Clearing of 2400 hectares of Pindan Woodlands and extremely rare monsoon
vine thicket plant communities
Dredging is the process of digging a channel and turning basin to allow access
for the LNG tankers and other boats. Dredging is a very ecologically damaging
process that releases large loads of sediment
Sediment – the release of sediment into the marine environment smothers and
depraves corals and seagrasses, clogs and starves oysters, sponges and fish.
Reef blasting – the diverse coral and other communities are threatened by the
extensive blasting that would be required for the port and channel construction
Direct impacts on species population and habitat of fish, coral, humpback
whales, turtles, snubfin dolphins, just to name a few
Breakwater – the breakwater proposed for the area could be as large as 7km
long, which will interrupt and change local current flows, damage the local
ecosystem during construction with indeterminable impacts
Seismic pollution e.g. blasting and shipping noise – studies indicating that
seismic pollution would directly impact migratory and other animal behavior
including whale stranding events.
Climate change – greenhouse gas emissions would skyrocket, rendering the
achievement of WA and Australia greenhouse gas reduction targets virtually
impossible. Conservative estimates of just the initial project indiciate that 15
million tonnes of greenhouse gases would be emitted every year – equivalent
to 3 million cars
Air pollution – toxic air pollution from the gas hub would release gasses from
flare towers and other operations including poisonous nitrogen and sulfur
compounds known to have negative side affects on human and wildlife health
Sea pollution – continuous pollution and degradation of the marine
environment from drilling, dredging, shipping and pipelines construction
Disasters – shipping and the potential for oil spills, along with this proposed
development would come the construction of huge oil and gas rings and
undersea pipelines and a massive increase in shipping. Such as what occurred
recently in the Gulf of Mexico and Montara oil spill, the potential of this to occur
in the Kimberley region is a non-negotiable risk that should not occur in the
ecologically significant region
Water – a huge amount of fresh water is needed for the project which would
come from groundwater or via desalination. The use of groundwater is likely to
have negative impacts on the waterholes and vegetation of the region.
Desalination is an energy intensive process that also releases highly saline

water and chemicals into the marine environment.
Social – the JPP area is a tourism and fishing hub, which will be negatively
impacted through the spread of pollution. There are also a number of
aboriginal heritage sites in the region including burial and mythological sites.

Figure 8.3: Protestors at James Price point
Project Influence
Any Developments or Programs that have been Initiated as a Result
Gas mining is incredibly environmentally destructive, requiring vast amounts of
infrastructure and industrialization of the Kimberley region. It will compromise the
environmental integrity of the entire region and
open the door to further
development of the region for bauxite and alumina refineries, coal and uranium
mining, copper mining and pollution through associated chemical use all proposed
in 2005 by the WA Department of Industry and Resources report titled ‘Developing
the West Kimberley’s Resources’.
Significance of Impact
Nationally and Globally significant

Table 8.3 - Case Study 3: Banrock Station Winery
Project Location
Banrock Swamp, South Australia, Kingston on Murray, 170km North-East of
Adelaide
Type of Development
Construction of the Banrock winery and rehabilitation of the existing, degraded
swamp area
Key Stakeholders
BRL Hardy Wine Company – purchased the property in 1994
Wetland Care Australia

Project Costs
The project cost approximately $250,000 contributed by the Murray Darling Basin
Commission, Wetland Care Australia and BRL Hardy Wine Company
Environmental Context
Components/Features of the Environment
Banrock Station Wetland Complex lies on the floodplain adjacent to the River
Murray. The total area of the Ramsar site is 1,375 ha, which includes 1,068 ha
floodplain wetland and 307 ha of an open mallee-box woodland buffer.
History/Previous use and Condition of the Environment
The property had been intensively farmed and grazed for around 100 years,
disturbing the fragile environment. The main lagoon had also been destroyed when
a lock was built in 1925. The water level rose and began flowing permanently into
the lagoon, preventing it from drying out. As a result, no new water entered the
lagoon, without which native plant and animal breeding declined. European Carp
were introduced into the lagoon in 1969, becoming the dominant fish.
The existing swamp also impacted the floodplain with raising saline ground water
being supplied to other areas.
Environmental Impacts
Information on the Development and Actions
Wetland Care Australia and the previous owners combined their efforts to develop
and implement a new wetland management program. This included building
structures to manage the flow in and out of the lagoon, building screens to prevent
carp entering the lagoon and emptying the lagoon of the carp that were there.
The swamp habitats were rehabilitated so to enhance breeding and provide a refuge
for aquatic and floodplain flora and fauna, while allowing productive agricultural
enterprise to continue.

Before

After
Figure 8.4 – Before and After photos of Banrock Station Rehabilitation

Impacts associated with the Development including Indirect Consequences
The wetlands now provide a natural habitat for two nationally vulnerable species –
the Regent Parrot and the Southern Bell Frog, as well as supporting 166 bird
species, including several migratory bids.
The company’s environmental conservation work has given them a point of
differentiation and a promotional advantage in a currently environmentally conscious
market.
Project Influence
Any Developments or Programs that have been Initiated as a Result
Banrock Station wine has contributed more than $400,000 form their sales to
Landcare Australia and Wetland Care Australia for environmental projects. BRL
Hardy is also now working on developing a number of similar projects in other
areas.
Significance of Impact
The project is a shining example of how, through proper and considered
environmental management, we can reduce our dependency on waterways like the
Murray.
Banrock Swamp is now one of only 20 sites in the Lower River Murray that has
been returned to a near-natural hydrological regime.

Figure 8.5 – Rehabilitated Wetlands and Wine Centre

9. Legislation and Government Concern
Over the last 30 years the Australian Commonwealth Government has had increasing
constitutional capacity to lead on environmental decisions, although it has largely been ad-hoc and
decentralised.
The Intergovernmental Agreement on the Environment was signed on 1 May 1992 by the
Commonwealth, States and Territories and Australian Local Government Association, forming the
basis for a corporative national approach to the environment, definition of government roles and
greater certainty of relevant decision making.
The most crucial piece of commonwealth legislation in dealing with environmental impacts of
industry in Australia is the Environment Protection and Biodiversity Act 1999. This came into effect
in July 2000, and focuses on the identification and management of actions that are likely to have a
significant impact on a matter of environmental significance.
Under the Environmental Protection and Biodiversity Act 1999 an action will require approval from
the minister if the action will have, or is likely to have a significant impact on a matter of national
environmental significance. An action includes:
‘A project, development, undertaking, an activity or a series of activities, or an alteration of any one
of those things. It includes but is not limited to construction, expansion, alteration or demolition of
buildings, structures, infrastructure or facilities; industrial processes, mineral and petroleum
resource exploration and extraction, storage and transport of hazardous materials, waste disposal,
earthworks, impoundments, extraction and diversion of water, agricultural activities, aquaculture,
research activities, vegetation clearance, culling of animals and dealings with the land.’
An action may have both beneficial and/or adverse impacts on the environment, however only
adverse impacts on matters of national environmental significance are relevant when determining
whether approval is required under the EPBC Act.
Matters of national environmental significance include:
Nationally threatened species and ecological communities
Migratory species protected under international agreements i.e. Japanese – Australia
Migratory Birds Agreement (JAMBA) and China – Australia Migratory Bird Agreement
(CAMBA)
Ramsar wetlands of international importance
World heritage properties and national heritage places; and
Nuclear actions
Most new developments will be subject to this approval, along with a number of other approvals
and licenses required for the construction and operation of prescribed premises under Part V of the
EP Act 1986 which must be granted subsequent to approval from the Minister for the Environment.
On a national scale Government also established the Regional Development Australia (RDA)
initiative which brings together all levels of government to support growth and development of
regional Australia. It has and will continue to have a key role in ensuring the long-term
sustainability of Australia’s regional areas focusing on economic, social and environmental issues
affecting communities.
A national strategy on Ecologically Sustainable Development was endorsed at the Council of
Australian Governments in 1992, aiming to protect biodiversity and maintain essential ecological
processes and life support systems. Most importantly, it highlights the specific need to continue
research to develop and implement national integrated policies for biodiversity and environmental
protection, including research into our natural environment and development of indicators and
action plans for ecological sustainability.

Within each state and territory, legislation generally still pertains to the EPAct 1986. In Western
Australia the main statute under which the WA environmental approvals process is conducted
stems from the EPAct 1986. Relevant WA legislation to a current Mining Proposal can include:
Aboriginal Heritage Act 1972
Agricultural and Related Resources Protection Act 1976
Bushfires Act 1954 and Regulations
Conservation and Land Management Act 1984
Contaminated Sites Act 2003
Dangerous Goods Safety Act 2004 and Regulations
Environmental Protection Act 1986
Explosives and Dangerous Goods Act 1961
Health Act 1911
Heritage of Western Australia Act 1990
Land Administration Act 1997
Litter Act 1979
Local Government Act 1995
Mining Act 1978
Mines Safety and Inspection Act 1994
Rights in Water and Irrigation Act 1914
Soil and Land Conservation Act 1945
Water and Rivers Commission Act 1985
Waterways Conservation Act 1979
Wildlife Conservation Act 1950
In NSW developments must adhere to the NSW Environmental Planning and Assessment Act 1979.
An important element of this legislation is Part 3A pertaining to major infrastructure and other
projects which commenced in August 2005. Although it was introduced to encourage investment by
streamlining the assessment and approval process for major projects, most stakeholders including
local governments, environmentalists, community groups and the general public have been
opposed to the legislation since its inception due to its nature to reduce scope for public
participation, judicial review and merit appeals.
The Sydney Desalination Plant shown in Table 2.1 was the first project the minister deemed critical
infrastructure under Part 3A, just three months after the legislation was introduced. Its removal will
see government working closer with communities, and collaboration as part of a Planning Review
Panel with the aim of developing a new Planning Act which will successfully protect regional
environments.
It is a clear case of autocratic system failure and a major contributing factor in the current collapse
of the Labour government in the state of NSW as part of the March election. Community power is
set to be renewed in the local councils and communities through the abolishment of Part 3A
promised by the new Premier Barry O’Farrell.
With this, the importance and effectiveness of Local Government Act - the principal statute
governing councils in each regional jurisdiction, will dramatically increase. Councils presently have
the power to make and enforce by-laws to enforce compliance with Local Government Act or other
relevant acts, to be enhanced with this return of control. The Western Australian Local Government
Act 1995 states: “A local government may make local laws under this Act.... to perform any of its
functions under the act”
Widely believed to arise out of the mismanagement of the environment and natural resources,
climate change stands to be one of the most pivotal topics influencing current policy and legislation.
Climate Mitigation generally is poorly conducted with Australian leadership falling largely behind
best practice. The current state of our national carbon policy emulates this, with the power of the
mob creating pressure on leadership to ease economic impacts to households and industry
regardless of the need to take immediate action.

Figure 9.1: Climate Change Activism
Strong Government leadership is necessary in both issues of climate change and environmental
conservation in order to harness Australia’s national system of innovation required to create
change alongside any restriction or cost through policy and tax. Particularly so, considering that
distrust in government is a primary reason for inaction and uncooperativeness in the face of
environmental issues.

10. Standards and Opportunities
The concept of sustainable development was first given wide currency by the World Conservation
Strategy (WCS) in 1980 defined as:
“The management of human use of the biosphere so that it may yield the greatest sustainable
benefit to present generations while maintaining its potential to meet the needs and aspirations of
future generations”
Sustainable development is the product of ecological, social and economic factors, each important
and interlocking. There is a never-ending paradox of moral complexity balancing the competing
imperatives of ecological sensitivity and economic sensibility. We must be able to improve the
quality of human life while living within the carrying capacity of our supporting ecosystems.
The three main elements of Ecologically Sustainable Development as laid out by the Rocky
Mountain Research institute are:
1.
Environmental responsiveness
Respecting and using the land and resources naturally belonging to the site. The process of
blending the buildings in with the natural environment, reusing already developed land, restoring
degraded land, and preserving as much virgin land as possible. It involves capitalising on natural
resources available to minimise damage to the local ecosystem and to actually improve the
surroundings.
2.
Resource efficiency
The process of doing more with less - using fewer and less scarce resources such as land, water,
soils, timber, in development. Reusing and recycling is key here in minimising waste, material use
and landfill.
3.
Community and cultural sensitivity
Community involves the quality and quantity of human interaction, safety and sense of involvement,
all interrelating with the environment. Every living thing is connected and in community
developments across Australia we fail to understand this. Developers should recognise that any
new development will influence the larger community –negative, subtle or intrusive. Community
sensitivity is reflected through land use, building layout and design, and building operations. Green
developments seek to be mindful of the larger community, complementing and connecting to it
where possible. It can mean using vernacular designs, purchasing local products and materials,
respecting local customs and building practices and honouring the cultural fabric of the region.

Real innovation opportunities lie in the creation of new solutions to development in remote
communities. The Green Building Council of Australia has recognised this, looking at how
‘sustainable’ a community development is by developing a national benchmarking system. It is a
broad based framework that will assist in reaching a green star standard project in community
areas.
The group has developed a new green star tool targeted at industrial plants, applying pressure to
the design and construction of high performance buildings. Robin Mellon from the GBCA has now
believes the days of industrial facilities being nothing more than big tin sheds on a concrete slab
are gone.
Governments are now looking for systems that satisfy both government and community aspirations
for higher environmental standards whilst also being flexible and amendable to the running of
business.
Even so, market based forces generated through voluntary best practice initiatives such as the
green star system are widely regarded as more powerful than legal or governmental action in
spurring genuine commitment and innovation. A market -based initiative mechanism will reveal the
value of an environmental good and service in a way that enables this value to be reflected in an
exchange between the producers of the value and those who would see advantage in consuming it.
The value can be positive of negative –either the creation of a positive good, or the avoidance of
an environmental bad.
The demonstration of local sustainability in practice is important, through community self - reliance,
co-operatives and questioning the status quo of construction and development. It is not only the
right thing to do, but also makes good business sense. As stated in Enduring Value: The Australian
Minerals Industry Framework for Sustainable Development:
“Unless a company earns that license and maintains it on the basis of good performance on
the ground, and community trust, there will undoubtedly be negative implications. Communities
may seek to block project developments; employees may choose to work for a company that is a
better corporate citizen; and projects may be subject to ongoing legal challenge, even after
regulatory permits have been obtained, potentially halting project developments” (Minerals Council
of Australia, 2004)
Clearly evident, the concept of sustainable development and business operation are mutually
inclusive. The future belongs to organisations within industry that can meet development needs
while sustaining the environment. The players within industry that do not embrace the principles of
sustainable development will find license to operate and profit margins coming under increasing
pressure.

11. A New Industry
Economic progress within industry is currently synonymous for profitability and efficiency, with
cultural advances linked to technological change and our natural environmental reduced a
resource for our consumption. Changing this mindset will be key in aiming for ecologically
sustainable development to become business as usual.
“The next three years will determine whether green building practices become normal practice
rather than just best practice” – Romilley Madew, CEO for the Australian Green Building Council of
Australia (GBCA) “Strong leadership is absolutely vital if we are to effectively tackle these
challenges.”
The construction and development industry is a vital part of the Australian economy. As well as its
own output, it has significant impacts on the efficiency and productivity of a range of other
industries. It generates approximately 6.3% of annual GDP, equal to around $46 Billion.
The vision, as outlined by Keith Hampton at the Construction 2020 conference, is for the industry

to design, construct and maintain its buildings and infrastructure to minimise negative impacts on
the natural environment – waste minimisation, maximise recycling, reduce non-renewables usage,
avoid pollution of land, water and air – preserve environmental choices for future generations.
At the moment there is an opportunity to become an advocate for investment in alternative
technologies and sustainable solutions to assist in dealing with these environmental choices. The
market is presently receptive to innovative new practices that are the result of responsible
ecological stewardship. Innovation is created in using the process of addressing environmental
concerns and opportunities as a catalyst to create fundamentally better buildings and communities,
and in many circumstances developers can be even be a financial engine in creating successful
community development and ecological restoration on a grand scale.
One of the core objectives of ESD is to protect biological diversity and maintain ecological
processes and life support systems. The conservation of biological diversity seeks to maintain the
life support systems provided by nature in all its variety-the living resources
We must seek to achieve conservation of our biological diversity through the development and/or
implementation of ecologically sustainable management practices in agriculture, fisheries, forestry,
water management and tourism. In order to achieve this, making the informed land-use and land
management decisions necessary, it is essential to know true cost accounting of the economic,
environmental and social value of biodiversity based on a comprehensive identification of the value
of the ecosystem services of an area. This subsequently makes the gains, losses and trade-offs
implicit in making the decision-making process more transparent.
It is important to acknowledge that development is a tool, not an end. It encompasses activities that
use human, financial, living or non-living resources to satisfy human needs and improve quality of
life.

12. Final Comments
We need to adapt our planning, design and construction methods towards sustainable ends,
balancing the well being of nature with continued growth and development. Industry needs to
become aware of its moral relationship with the land, to see the reality of its past behaviours,
striving to bring relative, rational and practical reasoning to issues regarding natural resources.
There needs to be an entirely new way of thinking about the goals and process of creating and
modifying our natural environment.
Realistically, an ecologically sustainable society requires a drastic reduction in the levels of per
capita production and consumption and GNP. Rich countries like Australia are already beyond
levels of production and consumptions that are sustainable; and yet the supreme goal of our
country is to increase the GNP and living standards as fast as possible and without end. If we
assume average growth of 3% until 2060 (a large underestimation of reality), output would still be
20 times greater than it is now.
When constant limitless growth in output is the supreme concern and the determinant of
‘development’, not only will resources be depleted at an exponential rate, but inequality will also
rapidly increase and development will be inappropriate i.e. resources will be drawn into production
in the interests of the relatively rich.
We can either stay on this path making the occasional incremental adjustment, or invest seriously
and immediately in building an industry that endeavours to mimic nature and natural systemic
processes as best as it can.Ecological sustainable development and management techniques
need to be adopted and applied across all industries, ensuring that ecosystem processes are
maintained. This must done involving identification of all financial and other incentives as
encouragement.
“We must show that there is no true separation between how we support life economically and
ecologically” – Lovins, Natural Capitalism.

13. Conclusion
Australia has one of the most biodiverse and culturally unique environments in the world. Even
though it is extremely valuable with ever approaching limits, society continues to misuse and
overuse it in order to drive the economy and meet growing population demands.
As the economic backbone of the country, regional Australia is at the very heart of the issue with its
natural environment being over-cleared, over-developed and inadequately managed, as evident in
both the construction of Sydney Desalinisation Plant and intended development of the James Price
Point Gas hub analysed in Section 2.1 of this paper. With regional communities largely defined by
their natural ecosystems as centres for minerals, grain and wool export, it is essential to preserve
and maintain environmental health and natural value.
Regional Australia has been extremely productive and profitable over the past 10 years, the most
significant aspect in cementing Australia’s position as the only country to maintain economic
growth during the GFC (Global Financial Crisis). However, the economic cost of continued
destruction of our natural environment is valued currently at over $1327 billion per year.
As industry starts to realise this cost, the concept of Sustainability and Environmental Management
has grown to become a valued consideration. Environmentally sustainable development has
become desirable and profitable to industry and business, aligning with current public and media
focus on climate change and the consequences it might hold for the future.
The concept of environmentally sustainable development and business operation has now become
mutually inclusive. Historically, development has focused on profitability and efficiency, with the
natural environment reduced to resources for consumption. However, the future of industry and
development is development that meets needs while sustaining, preserving and even improving
the natural environment.
"It is not difficult to forgive destruction in the past which resulted from ignorance. Today however
we have access to more information, and it is essential that we re-examine ethically what we have
inherited, what we are responsible for, and what we will pass on to coming generations."
Dali Lama

14. References
[1]

Regional
Australia,
Department
of
Foreign
Affairs
and
Trade, www.dfat.gov.au/facts/regional_australia.html
[2] Biodiversity Conservation Research, written by the Australian and New Zealand
Environment and Conservation Council 2001
[3] EPBC Act Policy Statement, Environment Protection and Biodiversity Conservation Act
released May 2006
[4] Market based tools for environmental management, proceedings of the 6th annual
AARES national symposium 2003, Joint Venture Agro forestry Program
[5] Australian Government Department of Climate Change, Climate Change Adaptation
Actions for Local Government
[6] Ecologically Sustainable Development – Is it Possible? How will we Recognise it? by
David A Munro, Naivasha Consultants, Canada.
[7] But What is Sustainable Development by Ted Trainer, Professional Studies UNSW –
paper for ESD in Action Conference, Wollongong 1994
[8] UTS
sustainable
futures
centre,
natural
resources
and
the
environment
publications. http://datasearch.uts.edu.au/isf/research-areas/resources.cfm
[9] Rocky
mountain
Institute,
Built
Environment
Research, http://www.rmi.org/rmi/Built+Environment
[10] The economics for sustainability by Deni Greene –paper for ESD conference,
Wollongong 1994

[11] Market based tools for environmental management, proceedings of the 6th annual AARES
national symposium 2003, Joint Venture Agro
[12] Climate
Change
in
Australia,
Future
Climate
Predictions, http://www.climatechangeinaustralia.gov.au/futureclimate.php
[13] State of the Environment Report 2006 & 2011, Australian Government Department of
Sustainability,
Environment,
Water,
Population
and
Communities, http://www.environment.gov.au/soe/2011/index.html

15. Figures and Tables
Figure 4.1- Regeneration of growth after bushfires in Gippsland, Australian Geographic, Photo by
Sue Tanian, http://www.australiangeographic.com.au/journal/view-image.htm?index=2&gid=8499
Figure 9.1: Climate Change Activism, http://www.reposter.net/2011/04/climate-change
Figure 6.1: Preserving & Valuing the Australian Indigenous Culture, Tourism Australia Campaign
March
2011,
http://www.smh.com.au/photogallery/travel/tourism-australias-new-campaign20081113-5y0o.html
Figure 8.0: Bell Gorge in King Leopold Range National Park in the Kimberley, Australian
Geographic, Photo by Paul Coyne, http://www.australiangeographic.com.au/journal/viewimage.htm?index=13&gid=8499
Figure 8.1: ‘Wraps off Sydney’s Desalination Plant’ Sunday Telegraph, April
2009 http://www.dailytelegraph.com.au/business/news/wraps-off-sydneys-desalination-plant/storye6frez80-1225700065098
Figure 8.3: Protestors at James Price point, ‘Compulsory Acquisition divides Broome’, ABC News,
Friday 3rd September 2010, http://www.abc.net.au/news/stories/2010/09/03/3001402.htm
Figure 8.3: ‘WA to change the face of the Kimberley Forever’ Sydney Morning Herald, September 5
2009 http://www.smh.com.au/business/wa-to-change-the-face-of-the-kimberley-forever-20090904fbev.html
Figure 8.4: Wetland Care Website, Banrock Station Project, http://www.wetlandcare.com.au
Figure 8.5: Banrock Station Homepage, Photo gallery, Submitted by mlok on Tue, 2011-02-08
16:53 http://www.banrockstation.com.au/content/wine-and-wetland-centre-0
Table 8.1: Case Study 1 – Sydney Desalination Plant
Table 8.2: Case Study 2 – James Price Point Gas Project
Table 8.3: Case Study 3 – Banrock Station Winery

A top-down approach to improve IEQ
while reducing energy consumption
Philomena M. Bluyssen
Senior research Scientist
TNO
The Netherlands
philo.bluyssen@tno.nl

Mieke A.R.Oostra
Senior research Scientist
TNO
The Netherlands
mieke.oostra@tno.nl

Darell Meertins
Director
Darellsoffice bv
The Netherlands
info@darellsoffice.nl

Introduction
The challenge of today lies in the accomplishment of sustainable and low-energy built environment
and at the same time healthy, comfortable, accessible and safe built environment. Health and
sustainability are interrelated in many ways. In the built environment a major reduction of the fossil
fuel consumption should be achieved in order to meet the Kyoto targets. The existing stock is however, far from the currently discussed low-energy standards and the path towards future lowenergy use, or even energy autonomy or energy-positive buildings is seriously hampered by the
fear of introducing a negative impact on human health. No consensus understanding of this relationship between energy efficiency and IAQ exists. Even though, the understanding and processes
needed to achieve a healthy, comfortable, safe and accessible indoor environment has been an
issue among architects, engineers and scientists for centuries, guidelines for energy efficient refurbishment of buildings generally consider energy efficiency in isolation from IEQ (Indoor Environment Quality) (including health, comfort, safety, usability and accessibility). Moreover, optimization
of IEQ and energy efficiency is hampered by a lack of information regarding which indicators, criteria and interrelations need to be considered.
At the same time, the fragmented structure of the building sector and the complex communication
that characterizes the industry, hampers coherency and the rapid take-up of innovation. An interactive top-down approach is required [1], such as the systems engineering (SE) approach already
employed in the aerospace and the automobile industries, but much closer to home in the civil engineering field in which SE is applied to guarantee that all parties involved in a project, including
the client, the contractor and stakeholders, work together in achieving predefined goals with respect for the environment and stakeholders values.

What do we need?
A basic framework based on Systems Engineering, is required, as a comprehensive and proven
instrument for structuring procurement, design and construction processes in the retrofit of structures, such as buildings, in the built environment around key stakeholders values such as sustainability and health. (see Table 1).
A set of processes is required to be applied throughout the life cycle of the systems created by
humans through the involvement of all interested parties (stakeholders) with the ultimate goal of
achieving customer satisfaction in a step-wise approach (see Figure 1). Verification, validation and
decision making is the cycle that needs be applied in all of the steps.
The framework and the processes can help:
To identify stakeholders and their values
To identify risks and possible solutions
With decision making and communication processes
With optimisation of selected options
To meet values, requirements and demands of all parties involved.

Table 1 Possible goals and stakeholder values.

Goals

Human being

Building

Control/services

Healthy, safe and
comfortable indoor
environment for all
people
WELLBEING AND

An energy-efficient,
flexible and accessible building
ENERGY-EFFICIENY
AND FUNCTIONALITY

A controllable and
maintainable indoor
environment
CONTROL AND

Energy efficiency
Adaptability & Expandability
Obsolescence &
Degradation

Operational reliability & Maintainability
Inside & Outside
services
Security & Emergency

Total Life cycle
management
A sustainable and
affordable building
SUSTAINABILITY
AND ECONOMICS

MAINTAINANCE

SOCIETY

Values

Information type

Health & Comfort
Safety & Security
Usability & Accessibility
Aesthetics & Image
Cultural & Social
Basic criteria occupants and
stakeholders

Basic criteria building
structure and materials

Interactions occupant and building

Environment &
Energy management
Water & Waste
management
Investment & Life
cycle costs
Interactions building and environment

Figure 1 Step-wise approach.
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Summary
APEA is an acronym that means “Industrial area ecologically equipped”, and it expresses Public
Administrations’ purpose to join environmental policy and economical aspects. Tuscany Region, in
cooperation with University of Florence and Scuola Superiore Sant’Anna di Pisa, promotes,
through Regolamento R.T. 2 dicembre 2009, n. 74, this innovative model in relation to planning,
design and promotion of industrial areas equipped with innovative technological infrastructure,
which conform to current and future expected environmental standards. This will contribute
towards ongoing business efforts to increase competitiveness in these areas. The direct
beneficiaries of the project activities are: Local Public Authorities, to innovate and experiment new
urban planning rules, and to support competitiveness in the respect of International rules, about
environment and resources saving. SMEs obtain simplification and facilities, thanks to coordination
and cooperation management, and to better their repute in local and International contest.
Keywords: Ecologically Equipped Industrial Area, Industrial development, Eco-efficiency,
Industrial ecology, Environmental Indicators

1. Introduction
The European concept of new industrial competitiveness is expressed in the economic abilities on
a sustainable basis to ensure its population living standards and high growth and high employment
rates (Lisbon 2000). So an appropriate change in industrial policy is urgent in order to respect and
protect the environment and the welfare and that still need to ensure economic growth.
The eco-efficient Industrial area is made by technical and management requirements that aims to
minimize and manage, in integrated way, ecological footprint in order to start a knowledge process
about legislation, economic and social aspects and technical and planning requirements, in order
to identify a model of sustainable productive area compatible with the local industrial reality. It’s
believed that such eco-efficient industrial area initiatives could bring great environmental,
economic and social benefits as a contribution to ecologically sustainable industrial local
development [1].
According to Italian law, in force since 1998, an industrial ecology seeks to find the appropriate
balance between environmental, economic, and social needs of a system, so the Tuscany Region
have disciplined on that meaning the Ecologically Equipped Industrial Area (APEA - Aree
Produttive Ecologicamente Attrezzate) an innovative productive area developed and managed as
a real estate development enterprise and seeking high environmental, economic, and social
benefits as well as business excellence.
In detail some regional laws of Tuscany establishes as priority objective to develop a new concept
of industrial areas, characterized by quality management systems and infrastructures for protection
of health, safety and environment, obtained by local authorities assessment methods that integrate
economical, social and environmental issues.

Below we describes the key component of APEA model in Tuscany Region, including information
about planning, the main environmental challenges, creation of resources management plans, and
provision of supporting policies. Moreover the document provides details on which industrial areas
should be called APEA, with description of indicators and criteria to reach the Regional qualify of
APEA.

2. Description of APEA Tuscany Regional model
APEA is an acronym that means Ecologically Equipped Industrial Areas, and it expresses Public
Administrations’ purpose to join environmental policy and economical aspects.
The APEA has been introduced in the Italian Legislative Order by D.Lgs. n. 112/1998, Bassanini
law, which expects that Italian Regions discipline, with their own laws, industrial areas and ecologically equipped areas, provided with infrastructures and systems necessary to ensure the protection
of the health, safety and environment.
Industrial Areas Ecologically Equipped have to be planned, realized and managed on the basis of
“ecoefficiency” criteria, in order to ensure an integrated system of environmental aspects
management, reduction and prevention of air, water and soil pollution, the protection of the health
and safety as well as a widespread environmental improvement of territory. The question is to
organize the productive site so as to favour the individual settled firms on realizing their own
environmental objectives, both economically and technically.
The goal of an APEA is to improve the
economic
performance
of
the
participating companies while minimizing
their
environmental
impacts.
Components of this approach include
green design of area infrastructure and
plants (new or retrofitted); cleaner
production, pollution prevention; energy
efficiency and inter-company partnering.
An APEA also seeks benefits for
neighbouring communities to assure that
the net impact of its development is
positive.
Some Regions together to planners and
local communities have used the term
Fig. 1 Experimental italian initiatives on the APEA APEA in a relatively loose fashion. To be
a real Industrial Area Ecologically
Kilometro Rosso – Bergamo - Italy
Equipped a development must be more
than:
• A single by-product exchange or network of exchanges;
• A recycling business cluster;
• A collection of environmental technology companies;
• A collection of companies making “green” products;
• An industrial area designed around a single environmental theme (i.e., a solar energy
driven area);
• An area with environmentally friendly infrastructure or construction.
Although many of these concepts may be included within an APEA, the vision for a fully developed
of this model needs to be more comprehensive.
The main objectives of APEA model are:
1. The planning of new industrial estates, technologically and environmentally equipped in
order to represent a strategic asset for local development.
2. The transformation and conversion of existing industrial estates, through technological
and management’s actions. This will contribute towards ongoing business efforts to
increase competitiveness in these areas.
The Industrial Area Ecologically Equipped is characterized by common infrastructures and services,

managed by a single entity that pursues environmental performances, that positive influences final
quality of total area. This new perspective, activated through cluster typical mechanism, allows
combining a sustainable productive development with enterprises competitiveness improvement.
In this way the APEA concept enable real estate developers, industrialists, policy makers,
regulators, investors, and communities to collaborate in the vital search for sustainable
development.

3. A regulation for eco-industrial development in the Tuscan Region
Tuscan Region intend the APEA as an innovative productive area developed and managed as a
real estate development enterprise and seeking high environmental, economic, and social benefits
as well as business excellence.
The Tuscan Region is an important stakeholder in this commitment and plays key roles in
promoting APEA development in its territory, through more aspects as decision making, creating
policies, issuing laws and regulations, organizing pilot activities, providing financial incentives,
encouraging innovations in technology and systems, fostering new markets and promoting both
education and academic research partnership.
After national guideline (Bassanini Law n.112/1998), the regional law of Tuscany (since L.R.
Toscana n. 61 22/12/2003) establishes as priority objective to develop a new concept of industrial
areas, characterized by quality management systems and infrastructures for protection of health,
safety and environment, obtained by local authorities assessment methods that integrate
economical, social and environmental issues.
On the basis of these law information, a new Regulation (R.T. 2 dicembre 2009, n. 74) clarifies and
updates the APEA concept as: “an industrial, craft and mixed use areas, included in multifunctional
contests, equipped with pollution and emission control system; APEA are characterized by an
integrated and unitary management of infrastructure, services to protect environment, security and
health of operators and communities” (Art. 2).
In this way, the Region promotes, through this new regulation, an innovative model in relation to
planning, design and promotion of industrial areas equipped with innovative technological
infrastructure, which conform to current and future expected environmental standards.
This legislative document, realized in scientific collaboration with University of Florence,
Architecture Technology Department (TAeD) and S.Anna Superior School of Pisa (SSSUP),
enhances the relationships between different actors – including municipalities, businesses and the
local community – and aims to optimize the sustainable use of resources in industrial areas.
The work, lasted three years, aims first of all to define the main features of APEA as follow:
• Sustainable urban planning and design of technological and mobility networks.
• Implementation of sinergies between enterprises, through a unit management of
centralized technological systems, common spaces, and common services.
• Closed production cycle that aims at the re-use of waste streams, and industrial symbiosis.
• Provision of barriers and other systems for the reduction of any kind of pollution.
• Use of renewable or low impact energy sources.
• Setting up of ecological platforms for waste collection, for water treatment, etc.
The Regulation makes difference between new industrial areas, and restoration of existing ones
and gives to decision making bodies (Region, Provinces and Municipalities) specific skills in APEA
planning and management, including regional financings to promote APEA diffusion on Tuscany
territory.
For existing area it’s important reviews strategies that includes a baseline assessment for the area
as a unit. The Regulation explores strategies and method through which managers of existing productive areas can gain the right to call their properties APEA. A complessive vision of area and a
strategic planning process, drive site managers and their tenants to evaluate the benefits of participating in a regional APEA network and by product exchange as well as other means of improving
their performance.
The team have elaborated guidelines of these processes and resources to support new industrial
areas and existing ones, improving the environmental, social and economic performance of com-

panies at each scale, through new services offered by APEA management, like:
•
•
•
•
•

An integrated resource recovery system
A system for encouraging and managing the exchange of by-product between companies
Training and services in all aspects of eco-industrial development
A single management/coordinating unit
Public sector support in R&D, policy development, access to investment, and information
management.

Moreover the document explains also procedures for checks and acceptance and for performance
assessment
This Regulation, in detail, offers a rich menu of individual facilities, and shared support services,
design options, including ideas for site and infrastructure design; moreover also cover strategies
for achieving environmental performance and management.
Several basic strategies are fundamental to developing an APEA so, the Tuscany Regulament
identifies the following as key strategies:
Management Entity
An Industrial Area Ecologically Equipped encompasses two distinct but overlapping business entities: it is a real estate development property that must be managed to provide a competitive return
to its owners. At the same time, an APEA is a community of companies that must manage itself to
gain common benefits for its individual members so, in the APEA we will need to respond to the
needs of both entities in designing a management system.
In detail, the APEA members will need a management system that maintains their cohesiveness
without compromising their autonomy. Except where external regulation or property covenants are
involved, the community will depend on voluntary participation in any common initiatives.
An effective management entity covers a role of primary importance in every productive industrial
environment so, the Tuscan Regulation provides for the identification of a Legal Entity (named in
the Regulament as Soggetto Gestore) with specific role and functions for the improvement of productive areas, intend as organisms that can grow with the needs and developments decided and
implemented with the actors involved: users, operators of the settlement, local government, businesses and service of the municipality.
Infrastructural envelope
The companies in an APEA need a
range of general services indirectly related to their production systems. These
include governmental relations, dining
facilities, purchasing of common supplies,
information access, and many others. By
acting in common to procure these services, they can reduce indirect operation
costs (especially important for smaller
companies). By coordinating satisfaction
of these tenant needs, the APEA management company can increase its reveFig.2 Energy saving strategies for an industrial building nues. Sharing services will increase opportunities for communication among
employees of different companies and build the community spirit of APEA [2].
3.1

Benefits

3.1.1 Regional funding and facilities

The Tuscany Region down admission to financial benefits as a result of criteria and operating location that promote realization, regeneration or expansion of settlements and buildings for equipping,
high services for enterprises, for innovation, information companies, for multimedia development,
incubators, lab and service center, to improve APEA development process by community services
and facilities, to obtain EMAS registration for the full settlement and single enterprises. Projects for
new APEA, or APEA as generated by riqualification of existing ones, are way of rewarding for
funding finalized to productive settlement, infrastructures or environmental services

4. The criteria to reach the Regional qualify of APEA
A full evaluation framework for an ecologically equipped area combines economic, technical, social,
and environmental objectives into a whole system. This means that APEA project can seek a
design that optimizes objectives in these four domains as a whole, not separately. Clearly
articulated objectives in each area, agreed by project stakeholders, will be essential. With this
clarity site managers, and public Administrations will be better able to determine the trade-offs
among the objectives in all four domains, economic and environmental objectives, social and
environmental, or any other pair of domains.
The Tuscany Regulation establishes requirements to qualify Industrial Area Enviromentally
Equipped and foresee a score system points in order to evaluate them: each criteria have a
specific score to add in order to reach the APEA qualify.

Fig.3 Experimental Tuscany APEA (Pianvallico)
There are two kinds of requirements:
1. Minimum requirements: their satisfation is necessary to obtain APEA status;
2. Flexible requirements: it’s possible to choice requirements functional and compatible with
the territory, to obtain threshold necessary to obtain APEA status.
Several basic strategies are fundamental to developing an APEA; individually, each adds value
and together they form a whole greater than the sum of its parts so, the criteria of Tuscany
Regulament to satisfy in order to reach APEA status are articulated in:
•
•
•

urban, about planning and design of Industrial Areas Ecologically Equipped
infrastructural, about innovative technologies and services
management, about organizational requirements.

In detail, urban and infrastructural criteria provides with technical requirements directed to diminish
and to manage the pressures on environment in an integrated way, applied to buildings, industrial
facilities and common areas, bought in, have the ambition and the aim of transforming the entire
area in a body to serve its users. A body, which is in its integration, becomes a tool for its users by
creating and providing content for environmental sustainability: living healthy, active safety,
passive safety, comfort, but also socialization and connection services. Infrastructures (for

sustainable mobility, energy saving and production, for water management, lighting, waste
management, access control, the web server, WiFi access points, video surveillance, irrigation,
etc.) will be centralized, and they are characterized by simplicity available to all actors involved.
The APEA planning aims that buildings and infrastructure are designed optimizing the efficient use
of resources and minimizing pollution generation. It’s essential to minimize ecosystem impacts by
careful site preparation and environmentally sensitive construction practices. The whole area will
be designed to be durable, maintainable, and readily reconfigured to adapt to change. At the end
of its life, materials and systems can be easily re-used or recycled.
The realization of Industrial Areas Ecologically Equipped will be a tool for local governments and
for the entire areas to support the economic and social development, which, since the
implementation phases will generate jobs, and opportunities for the construction industry, and
support socio-economic area.
4.1

The criteria adopted in the Tuscany Regulation

An APEA planning, calls for asking new questions within the context of traditional industrial
development processes. Developing any Industrial Areas Ecologically Equipped requires several
rounds of planning and design. The team should test project feasibility in greater detail with each
stage. The project must satisfy financial, economic development, public planning/zoning,
environmental, and technical criteria at each step. The APEA team will follow the traditional
process, while considering new design options in each phase of project planning.
4.1.1 Urban criteria
Criteria for the APEA localization, are finalized to warrant a complete efficiency of urban and environmental systems, and they must:
• privilege reuse and fulfilment of existing industrial areas and buildings;
• evaluate insediative system efficiency and functionality, about standard infrastructures, social and economical local factors that can warrant actual and future stability of enterprises;
• evaluate accessibility to major communication routes, fostering rail transport and transport
intermodality;
• realize urban and area programs in spite of single isolated initiatives;
• assess the presence of environmental, historical, and urban bond, monumental, archeological, geological constraints, protected areas like natural parks, etc.
• evaluate environment quality and liveability and promote innovative instruments.
Table 1 Urban criteria
Item

No

Urbanization

1
2
3
4
5
6
7
8
9
10

Habitat and landscape
Energy

Indicator
-Sustainable Mobility infrastructures
-Green system and ecological network connection
-Soil permeability
-Underground facilities network
-Communication networks
-Public Illumination system with innovative technologies
-Strategies for settlement visual mitigation
-Integration with landscape and buildings architectural quality
-Colour planning
-Strategies for energy efficiency in industrial contest

4.1.2 Infrastructural criteria
APEA promotes environmentally improved performance, concerning industrial ecology and environmental sustainability [3].
In respect of energy and environmental aspects, APEA are:

•

•
•
•

equipped with infrastructures and networks coordinating system, to improve integrated prevention by air, water and soil pollution, and suitable instruments to make a constant emission monitoring;
realized in geological and environmental safety;
provided with system to maximize energy efficiency (cogeneration systems, renewable energies use, heat waste recovery, etc.);
equipped [5] by the presence of:
a.
b.
c.
d.
e.
f.

environmental data station detection
waste management systems
water safe management systems
collecting and treatment waste water system
collecting and treatment emission system
production and distribution energy system

Table 2 Infrastructural criteria
Item

No
11
12
13

Indicator
-Collecting and reuse rainwater
-Separate sewer systems
-Industrial water system

Energy
Logistic and Mobility

14
15
16
17
18

-Renewable energies use
-Sustainable Mobility measures
-Advanced logistic measures
-Area fire network
-Mobility security measures

19

-Area Cleaning vehicles

Water resource

Safety and security
Soil and subsoil

4.1.3 Management criteria
The management of an APEA entails both traditional and innovative responsibilities and generates
potential new revenue streams for the property manager.
It’s an APEA priority, accordance with regulations of Tuscany Region, the creation of a single entity,
who represent complex industrial settlement enterprises, able to act as interface with Municipal
Entity and other public stakeholders, to arrange actuative planning program, to promote contracted
formulas with Municipality, to manage action settlement through infrastructural and services creation, and to arrange for maintenance and management of common services and facilities [4].
Management entity can be represented by Municipal Entity, Industrial Development Unions, mixed
public-private societies, etc.
Table 3 Management criteria
Item
Water resource
Energy
Waste
Logistic and mobility
Safety and security
Soil and subsoil
Aob

No
20
21
22
23
24
- 25
26
27

Indicator
- Water consumption monitoring systems
-Energy management and energy monitoring
- Waste area management
-Mobility Management
-Logistic Management
-Security and emergency planning
-Sustainable management of green areas
-Sustainable management of building yard

5. Conclusion
APEA model is compatible with Tuscan Region productive and industrial structure, characterized
by local systems highly specialized in production sector (paper mills, tanneries, steel, textile) and
by small and medium enterprises presence. In fact the model:
•
•
•
•

facilitates sme to reach an improvement of their own environmental performance, through
common infrastructural and services equipment, characterized by high quality, impossible
to achieve and to manage individually
allows control and reduction of cumulative environmental impact, generated by all the
enterprises of the settlement
facilitates and exempts enterprise by obtaining environmental permission when issuing and
renewing
applies postulate of pollution prevention, precaution and reduction

APEA model allows organizing productive settlements to facilitate single enterprises, economically
and technically to reach their environmental goals, both prescriptive ones (emission control, energy
safe, reduction of their own pollution, etc.) and voluntaries ones (Emas or other environmental
management systems adherence).
The work is the result of a synergy between University, enterprises and public entity: this
cooperation allow to demonstrate how scientific research contribution is necessary to definition of
new models and mode of contemporary and future of lifestyle.
With rapidly growing industrialization and urbanization, experiences gained from APEA
demonstration projects are of critical importance for sustainable development in Tuscany Region.
A big challenge facing decision makers however is how to evaluate the overall eco-efficiency of
such projects. Public Administrations needs more sophisticated tools, and appropriate indicators,
to feed information into decision making.
The direct beneficiaries of the activities are:
• Local Public Authorities, in order to innovate and experiment new urban planning rules, and
to support competitiveness in the respect of International rules, about environment and
resources saving.
• SMEs, to obtain simplification and facilities, thanks to coordination and cooperation
management, and to better their repute in local and International contest.
• Communities involved in hearings conducted by planning agencies, to benefit by
strengthening economic development planning, mobilizing educational resources to help
the community’s businesses and government operations increase energy efficiency and
pollution prevention.
In any case, this new approach has the presumption of encourage productive areas managers to
improve their economic performance, environmental quality and social development.
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Summary
Growing food within an urban or near urban environment can reduce the need for industrialized
production, packaging and transportation of foodstuffs. It can act as a focus for urban community
participation and engagement. There is also an increasing awareness of the health benefits of local
fruits and vegetables that do not require artificial preservation and ripening and the desire for more
natural methods of food production. Movements such as community agriculture, farmers’ markets,
the 100-mile diet and Slow Food put local food supply at the heart of urban sustainability.
Reconnecting cities to their food systems is now emerging as one of the core components of more
sustainable urban settlements.
This paper discusses how urban agriculture is having an impact on the types of buildings and
urban spaces that are being proposed and built. Three different strategies are considered: use of
underused infrastructure spaces, vertical farms, and farming subdivisions. The implications and
limitations of these strategies are considered and projects are used to illustrate these ideas. In
particular, Toronto in Canada is used as a model to show ways to tackle agriculture and food
issues as design challenges in urban locations. These examples of the connections between food
issues, increased density and built form have the potential to transform not only food systems; they
can also underpin basic assumptions about the spaces and functions required in the design of
buildings and urban spaces, and our understanding of the sustainable city.
Keywords: urban agriculture, resilient city, food security, vertical farms, farming subdivisions

1. Introduction
In the past, when transport options were limited and the technology of preserving food was less
developed, there existed a very close link between the forms of cities and their regional food supply.
The invention of agriculture supported the development of cities and a dramatic increase in human
population. The design of buildings was also influenced by the needs of processing, preserving
and storing food. However, since the industrial revolution, growing fruit and vegetables within or
close to urban areas has been largely eroded, particularly in western nations. Large-scale
industrialized agriculture has become a specialized rural activity, and the distances to market have
become long and reliant on cheap transport and preservation techniques.
The physical footprint of most cities is steadily growing, but the ecological footprint which
measures the impact of the city by the amount of land that is needed to provide for all of its
resource and waste disposal needs is far bigger, extending to many times the physical size of the
city, and it is also growing rapidly. Resilient cities are cities that can effectively operate and provide
services under conditions of distress, such as when global supply chains begin to break down due
to oil shortages. Resilient cities can better absorb various shocks and stresses to which they may

be exposed, including world food supply problems.
Urban agriculture is an essential part of a resilient city. Growing food in cities reduces the
dependency on distant food supplies, which can easily be affected by disrupted transport, armed
conflicts, droughts or flooding and increasing food prices. Apart from enhancing food security and
reducing the urban ecological footprint, urban agriculture can also play a role in city greening, air
quality, water management, and social cohesion.
Furthermore, food supply is deeply implicated in the problems of climate change. The WWF
estimates that the food chain contributes about 30% of total UK greenhouse gas emissions [1].
Other estimates have suggested even higher figures in some countries. With a world population
approaching 7 billion and predicted to grow to 9 billion by 2050, food production becomes a key
factor in the battle with climate change, requiring changes in what we eat, how we produce it and
where it comes from.
Recent trends towards convenience food leads to increased carbon emissions due to production
and processing which is often energy intensive, as well as the necessary packaging and transport
which is often from far away destinations. Cooking from basic ingredients is likely to be less carbon
intensive – some estimates suggest that returning to food intake patterns of the 1990s would
reduce European carbon emissions by 100 million tonnes of carbon dioxide [2]. In the UK it has
been suggested that carbon dioxide emissions could be reduced by about 22% if food were
produced organically, consumed locally, and only when in season.
Urban regions are the primary consumers of food, energy, water and other resources, and they
produce huge volumes of waste that need to be disposed. Increasingly, communities around the
world are considering how to transition to a post-carbon economy and reduce other environmental
impacts and deal with these resource needs in a more holistic way. A key factor is to integrate food,
energy and water into closed loop systems and this opens up many opportunities for alternative
ways to provide the basic needs of the community. In most existing urban areas there is a lack of
closed-loop thinking where wastes from one process are used as a resource elsewhere.
Integration of urban agriculture at the scale of a community allows a variety of synergies and
closed-loop systems to be explored. Many opportunities exist for developing systems based on
ecological principles that consider cyclical approaches and feedbacks.
Mougeot [3] imagines a city as an ecosystem, and lists several key aspects of resilience: 1) urban
agriculture integrated into urban management (requiring governmental recognition), 2) self-reliance
through local food systems (local markets and food security through cooperation of local
producers), 3) available green spaces that provides ecological and social benefits to both the rich
and the poor, and 4) well-established resource recovery, in which waste is reused as bio-compost.
1.1

Cities and food

Not surprisingly, cities are beginning to consider the impact of food on their future. For example,
the London Mayor’s Food Strategy Implementation Plan considers the strategies required to
develop London’s food access and production in a sustainable way. In New York City, FoodWorks
is a plan spearheaded by the City Council Speaker to “use New York City’s food system to create
jobs, improve public health and protect the environment.” The program seeks to create a greener,
healthier New York by improving the food cycle of “production, processing, transport, retail,
consumption, and post-consumption [4].
The work in Rotterdam to develop a food strategy stresses the need for urban agriculture to be
economically viable, spatially integrated into the city, and to be woven into the social fabric of the
city. De Graff [5] has proposed that urban agriculture should be incorporated into the city spatially,
technically and socially. Spatial integration addresses the need to find appropriate locations within
the city for food production. This may include opportunistic interventions such as the use of niches
and overlooked spaces such as roofs, and planned interventions such as new building integrated
food production. Technical integration addresses opportunities to make connections between the

requirements of various plants and the available resources such as waste heat, water, nutrients
available in waste, etc. Social integration addresses the organisation needs of urban agriculture,
and the opportunities to address issues such as health, community engagement, and education.
Food issues can often be a point of departure for addressing a range of design challenges
including social inclusion, cultural context, community design and sustainable building practices.
Research suggests that food-related initiatives can lower water treatment costs, reduce the heat
island effect in cities, and cut health costs through better nutrition. This can all help politically to
enable funding initiatives for such projects.

2. The potential for growing food in urban areas
Despite Ebenezer Howard’s proposals at the start of the Twentieth Century for towns integrated
with agricultural lands, traditionally planners have frowned upon mixing agricultural uses with
housing. Modern agriculture is regarded as an industrial process, generating noise, odours,
pollution, manure and other wastes, and using heavy machinery that should be kept away from
homes. Conversely trespass and vandalism can be a problem to farmers. But can small-scale
agriculture, designed to feed local people, successfully combine with residential land uses?
Recent interest in alternatives to industrial agriculture have led to smaller scale, organic
approaches to food production, less reliant on chemical fertilisers, insecticides and herbicides, that
may be more suitably integrated with urban and suburban environments. It is now important for
the urban design community to consider the implications of such food production on the design of
buildings and urban spaces.
Below three approaches to urban food production are discussed in more detail, illustrated with
examples of project or proposals for Toronto in Canada.
2.1

Wasted urban spaces

Contemporary cities are full of abandoned or overlooked spaces often abused and regarded as
contributing little to the urban fabric. The flight of heavy industries from many North American cities
have created landscapes that are often left unused due to complex social and economic pressures
that make the land undesirable for any use. Such spaces, described as "junk spaces" [6] or
“drosscapes” [7], are often condemned as urban scars and lead to localized social and economic
poverty. Similar phenomena occur on land that is adjacent to, or under, major arterial infrastructure
such as elevated highways and transit lines. A Brookings Foundation study reported that 70 major
American cities averaged 15% vacant land area, with higher vacancy rates in the south [8].
In many cities around the world there is an ongoing debate about what is an appropriate response
to such junk spaces and specifically how to reduce the impact of essential infrastructure on local
neighbourhoods, particularly as the environmental justice movement has highlighted that the worst
land uses tend to occur in the most impoverished parts of town. The use of these undervalued or
waste spaces in the city is a potentially fruitful area for expansion of urban food production, and an
opportunity to improve the quality of spaces. Spaces such as abandoned industrial zones,
riverbanks, ravines, rail corridors, even residential backyards can be seen as idle sites that are
ready to be transformed into spaces for food production, to the benefit of the community.
Increasingly designers are looking at the potential for such spaces to become an asset and a
catalyst for community-based food production. For example, BK Farmyards’ Stacey Murphy saw an
opportunity in expanding the use of suburban shopping centers with large underused parking lots.
The proposal “Park N Farm – Terraforming the Strip Mall Parking Lot” is a strategy to transform
oversized strip mall parking lots into food producing areas. The UK architectural consultancy What
If has mapped neglected spaces that surround the inner city housing estates in Shoreditch, London,
UK. They have identified, as Jane Jacobs in North America has suggested, that gaps within the
urban fabric can detach and isolate communities. They have been developing a strategy for how
such unloved spaces could be appropriated to accommodate the needs of the local population,
including for growing food. In Toronto, the Tower Renewal initiative initiated by the previous Mayor
links the potential for local food production with a neighbourhood’s social and physical renewal.

These project show that undervalued infrastructure spaces in the city have considerable potential
for community food production. The Gardiner Expressway, a highway overpass that slices through
Toronto separating the city from Lake Ontario, includes a raised section. This provides the location
for a proposal by Toronto student Andy Guiry, which investigates the possibility of situating
productive greenhouse spaces below a raised highway, utilizing the side facing south to capture
sunlight and the heavyweight structure of the highway for thermal mass to store the captured heat.
Other features of the project include the reuse of wasteland adjacent to the highway for additional
productive land, and the integration of educational facilities and a commercial space that sells
garden supplies in addition to food and plants produced in the large greenhouse. Adding to the
sustainable agenda for this project, materials proposed for the building were to be reused
components from nearby wherever possible. This concept has the potential to be implemented
below many raised highway structures with unused, or underused land below.

Fig. 1: The Gardner Expressway Agriculture Centre
Two other projects in Toronto demonstrate the potential for unused industrial buildings to be
adapted for community benefit and integrate food issues with community engagement, education,
recreation, and promote healthy eating and a healthy lifestyle. Artscape Wychwood Barns is a
multiuse cultural space with a substantial urban agricultural component housed in a repurposed
early 20th century repair and maintenance facilities for Toronto’s streetcars. It incorporates a
productive greenhouse and offices for The Stop Community Food Centre together with event
spaces, artists’ studios, live-work studios and non-profit arts and environmental organizations.
Fruit trees, a playground and parkland surround the barns, mediating between this large facility
and the small-scale residential buildings in the neighbourhood. The Evergreen Brick Works, a
disused brickworks in the Don Valley, aims to become a resource for “nature, culture and
community”. Among the buildings that were repurposed are The Pavilions, a sheltered outdoor
space made from one of the former factory buildings. It is now a 2,500 m2 area for farmers’
markets, festivals, plant nurseries and other activities held in the warmer months. Between The
Pavilions and The Welcome Centre, a Welcome Court was created as a sheltered garden with
benches and 13 different garden beds planted with a variety of edible plants, native trees, shrubs,
wildflowers, and marsh plants.
2.2

Vertical Farms

Producing food in high-rise farms has attracted considerable attention in recent years particularly
following the pioneering work of Dickson Despommier, a professor of public health at Columbia
University, in the Vertical Farm Project for New York [9]. The vertical farm concept has grown out of
the realization that as the world population grows there may be a shortage of suitable horizontal
surfaces available close to urban areas to produce the quantities of food needed to feed cities.
Despommier used data from NASA to estimate that each person could be fed from the produce of
about 30m2 of intensively farmed land using current technologies and he speculated that this could
be reduced with innovation. His team proposed that an urban farm the size of a city block rising 30
storeys high, and providing about 300,000m2 of agricultural space could supply the nutritional
needs of 10,000 people. Despommier claims that benefits would include zero need for food
transportation, on site waste recycling, year round food supply with reduced reliance on weather,
and urban renewal providing economic benefits to the city.

The Pyramid Farm conceptual design by Despommier and Eric Ellingsen of the Illinois Institute of
Technology for Dubai embodies the research at Columbia University, and presents an architectural
interpretation for a vertical farm. The first full scale vertical farm based on Despommier’s ideas is
proposed to be built in China. These concepts have inspired many architects and students of
architecture to develop visions for high-rise, vertical farms all over the world [10].
For example, the Plantagon Greenhouse is a Swiss-American proposal for a massive 100m high
glass dome designed to grow plants on a spiral platform. It is based on an idea from Swedish
innovator and eco-farming expert Åke Olsson. Crops are planted at the bottom of the sphere and
gradually climb higher before ultimately being harvested at the top. The Plantagon project is
expected to cost about $100m to build, and a feasibility study suggests that the largest version of
the structure would take three years to recoup its initial investment, while smaller versions of the
greenhouse would take around 10 years. Another example is Pig City, which is a provocative
solution offered to deal with the concentration of pig-farming operations in the Netherlands.
In Toronto there have been several proposals that integrate Despommier’s ideas. Gordon Graff has
designed a mixed use productive structure that is divided into several productive components: a
living machine to filter waste water, a hydroponic farm to produce food and an anaerobic digester
for power generation, six and a half stories of the building devoted to vertical hydroponic food
production - enough to feed a thousand people, and a roofs that supports community gardens.
Another student project by Brad Augustine, Vert adopted a more conceptual approach to analyse
the impact of food production on the environment. The goal of this thesis proposal for a high-rise
farm culminating in a penthouse restaurant was to demonstrate the size of building and resources
needed to grow all the food consumed in the restaurant at the top of the tower. Feeding cattle to
produce beef, for example, takes many times the space as producing vegetable. Restaurant
patrons would travel in a glazed elevator through the floors of food production: cows, chickens,
grain, vegetables, fruit trees, etc. into a restaurant where herbs are grown and the cooking is
completely visible. By internalizing the growth and production of livestock and produce and
examining the theoretical food plain required to support our food needs, Augustine sought to
display in a literal fashion the impact of the food production industry on major urban centres.
These utopian proposals generally rely on
established technologies such as advanced
greenhouse systems, hydroponics, aeroponics,
passive solar systems, biogas energy
generation, etc, but combine them in creative
but untried ways. Nevertheless the vertical
farm concept has been criticised as having little
practical significance for addressing world food
problems. Critics claim that even if vertical
farming were feasible on a large scale, it would
merely extend the dependence of food
production on industrial inputs, chemical
processes,
and
fossil
fuels,
removing
agriculture daylight and without the use of
significant amounts of artificial light the
expected agricultural yields will not materialise.
Even
with all-glass walls, insufficient daylight
Fig. 2: Vertical farm proposal for Toronto by
will penetrate between the floors. Calculations
Brad Augustine
suggest that to produce significant amounts of
food in such buildings would be a huge drain on electricity supply, making them impractical. Cox
and Van Tassel estimate that to grow 15% of US annual wheat produce would require all the
electricity generated in the US in one year. The food would have a very high energy input per
calorie of useful food energy [11]. In addition the embodied energy from the construction of the
building should be considered.

2.3

Farming subdivisions

The consumption of farm land at the edge of urban conurbations is well documented, and of
continuing concern. One response to this in North America has been the adoption of “Conservation
Subdivisions” that aim to accommodate the pressure for residential development allowed under
zoning regulations, while protecting agricultural land and natural resources [12]. A proportion of the
land is set aside for uses such as food production, forestry, waste water disposal, or outdoor
recreation. The number of residential units may not decrease, rather the lots are usually smaller
leading the same overall density, but arranged in clusters of greater density with open space
between. This reduces the need for infrastructure such as streets, sewer lines, and services, and
provides financial and environmental benefits for the developer and the municipality. Other
elements such as wells and septic systems can be shared reducing the costs of construction,
operations and maintenance.
“Farming Subdivisions” have evolved in recent years as a particular type of conservation
subdivision where residential uses are mixed with working agricultural land used for orchards,
vineyards, annual and perennial crops, and livestock. Typically such subdivisions are protected
through a conservation easement or land donation which limit what type of development is allowed,
but do not always ensure the land will continue to be farmed. Usually long-term agreements with
farmers in the community encourage adoption of organic and small scale farming practices to
minimize impacts on the residents and provide jobs within the community. The accepted uses need
to be clearly outlined and understood by both farmers and residents to maintain good neighbour
relations.
The Agritopia Project [13] in the Town of Gilbert near Phoenix, Arizona is a 210-acre mixed-use
community centred on a local farm owned by the Johnston family. The speciality crops, grown
using organic methods, are sold at the Farm Stand and are used at a local restaurant. In addition
to gardens, stores, educational facilities, restaurants, and community buildings, the zoning codes
permit more than one dwelling unit on a lot. This provides for flexibility in the use of the lots as
family needs change, including, family gardens, second units, or small business facilities.
Community farm lots of 400 sq ft (37m2) in raised beds are available for community members to
rent.
Colorado based consultant Matthew “Quint” Redmond has proposed the “Agriburbia” concept for
suburban housing developments with food production facilities interspersing the homes [14]. The
intention is to put residences into closer contact with the source of their food by providing fresh,
local food for homes and restaurants, while providing economic benefit for the community. His
proposals include a calculation of the calorific needs of the community and a design that can meet
at least 50% of these needs from the site. Agriburbia projects have been proposed for many sites
in the USA, often integrated with New Urbanism planning principles for the building components.
For example, the Platte River Village is a proposal for a 618-acre development in Milliken, Denver
for 944 planned homes surrounded by 108 acres of backyard farms and 152 acres of drip-irrigated
community farms .
Although such communities may reduce “food miles” travelled if the food which they produce is
consumed locally, this has to be balanced by the potential of additional car transport and other
environmental damage they generate. Farm subdivisions continue to fuel the development of
exurbia, bringing people to the edge of cities, and exacerbating sprawl. Many of these
developments have limited community diversity, and consist of large family houses located in
places which are poorly served by public transport and require the residents to rely on cars for
transport. However, if designed as mixed use communities with employment potential and close to
public transport they can reduce the environmental footprint of their residents. Redmond has
developed a tool to compare how a community addresses the carbon intensity of three key aspects
of future resilience: transport, shelter and food. Many farming subdivisions score well in the food
category, since they provide local food, but are in locations where cars are necessary for transport,
and individual, large, single-family houses are energy intensive (per occupant). The Agriburbia
concept aims to address this through New Urbanist, and energy efficient design principles.

Farming subdivisions are gaining acceptance from the development community in the US, and
increasingly farms are seen as an amenity that adds value. The Urban Land institute estimates that
there are currently at least 200 projects that include agriculture as a key community component
[15]. While many of these are aimed at affluent homeowners and focus on speciality agriculture
such as vineyards, some are beginning to integrate more diversity and agriculture targeted at the
local community. Prairie Crossing is an example of a farm subdivision that addresses a variety of
environmental and community issues, including diversity of residents.
Proposals for Treasure Island in San Francisco are another interesting example. This development
on a 400-acre island former naval base integrates organic agriculture into a 6,000 resident new
neighbourhood where all the homes are within an easy walk of a new ferry terminal that connects
to the city. Plans include use of an old air hanger as a market hall and for artisanal food production.
In future developers need to consider how the principles of farming subdivisions can be integrated
into existing urban areas, and address affordability, diversity, and access to public transport. Many
existing suburbs have considerable areas of underused land with food production potential, but
land ownership issues preclude easy integration of farming subdivision principles.

3. Conclusions
As urban agriculture’s potential for promoting community, social, economic, and environmental
goals has started to be widely recognized over recent years, it is increasingly being integrated into
large-scale development projects by architects and developers. Furthermore, food production has
moved up the municipal agenda, so city authorities in many countries have begun to take
increasingly strong interest in it. Partly through increasing awareness by planners and partly
through pressures from citizens, urban agriculture is thus being considered in many
comprehensive plans and neighbourhood plans in North America [16].
Appropriate municipal policies are crucial to the wider adoption and success of urban agriculture.
Some cities assist through zoning policies, land allocations, strategy development, and even
funding. However, local policies are often still based on outdated planning and community health
attitudes and can present significant barriers to food production. Other, perhaps more enlightened,
municipalities have begun to recognize agriculture as a basic urban land use, and to look for
opportunities for integrating it into broader urban and regional planning and policy.
Urban areas in western cities have zones that encompass very differing and distinctive
characteristics that offer a variety of urban agriculture opportunities. These include:
City centres often feature dense development due to the high cost of land. In such areas,
buildings can be designed with integrated food production components.
Traditional urban residential areas that feature a fairly dense urban fabric with small yards
and limited public green space (e.g. Mole Hill in Vancouver) can focus on strategies that
incorporate planters and raised beds, rooftop gardens on new buildings, and farmers’
markets.
Old industrial areas, some of which are in transition offer significant land and rooftop
opportunities for urban agriculture while prior land contamination makes greenhouses, food
preparation businesses, raised-bed gardening, rooftop gardening and small agricultural
businesses most suitable for these areas.
Older suburbs tend to have enough land to offer opportunities for growing in community
spaces as well as front and back yards.
Low-density suburbs often have considerable public land available for food production as
well as the front and back yards of private homes.
Commercial areas at the edge of cities (e.g business parks) and government complexes
often have large parking lots and lawns that can be used for horticulture.
Peri-urban agricultural land can be used for extensive food production as well as providing
opportunities for integrating recreation and education with agricultural activities.
Infrastructure – highway, rail, power line corridors, etc. often has considerable waste land
affording opportunities to integrate the production of food with the spaces provided for

energy and transportation infrastructure.
City solid waste and wastewater and storm water can be treated and reused as nutrient
sources.
Areas in transition such as sites awaiting development may provide short-term
opportunities for community engaged food activity.
Architects, landscape architects and other designers are finally moving from reimagining
productive cities to designing such cities and, ultimately, to implementing these designs. But
cities need specific policies that address the opportunities in these different urban regions for
food production and assist in making these projects happen. Such policies have many
implications for the physical environment of cities.
The author would like to acknowledge the Carrot City team whose work underpins much of this
paper. See www.carrotcity.org.
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Summary
This paper analyzes the role of operational information of residential architecture through a townmanaged energy efficiency contest, the goal of which is to establish the locality and specificities of
a given built environment and its residents as significant factors for evaluating operational
improvements of energy use for detached houses.
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1. Introduction
We have prepared a locally organized energy efficiency contest involving 80 households of Taiki,
Hokkaido, a town of 2638 households in a cold climatic region of Japan. Within a period of three
months, the contestants accumulated information from their household energy consumption to
compete in their reduction of CO2 emission in quantity and in ratio, while raising awareness for
energy efficient living in the town of Taiki and the surrounding region. The goal of this contest was
to establish a methodology of informational management for reducing energy consumption in the
operational stage of the residential sector, alongside the effort provided by the supplier side, in
order to better manage the energy operation toward its carbon neutrality. The statistical data of
Hokkaido published in 2008 showed that residential energy consumption marks 52% of civilian
sector energy consumption, wherein 53% of the consumption was oil based (18% nationwide) [1],
60% of which was during the winter months of December to March. [2] There has been much
effort from the supplier side, especially with electric infrastructures incorporating less
environmentally loaded energy resources. However, as the above data exhibited, most of the
energy consumption in Hokkaido is based on winter heating, where more focus should be given on
oil-based energy consumption and its modes of operation by optimizing the current demands to
our future outlook of the energy structure. From the point of view of the demand side, it is
essential to reduce the unnecessary consumption in their operation of residences without

sacrificing their daily necessity and productivity. However, it is difficult for most residents
themselves to assess the appropriateness and effectiveness of the given information for their own
residences. Dependent on each and unique current condition of the residences (design based
information: its age, neighboring buildings, location) and their operational information (household
structure, lifestyle and economical inclination), the effectiveness of certain products or
methodology for energy saving, as well as appropriateness of regionally collected statistical data;
like the figures given above, will considerably fluctuate. It is expected that frontier professionals
will become necessary as mediators of information between individuated necessity and the
solution provider, in order to establish a synchronic use of limited resources on both ends. Since
the information surrounding residential architecture can be highly unique and individual, these
professionals will require a methodology for information operation and its hierarchy that can
register necessary information for its management. At the same time, in order for the residents to
become active in their operational processes, we must structure a set of information that enables
its utilization by the residents. As a way into drawing the relevance of unique operational
information of the residents, we have analyzed the data collected throughout the energy efficiency
contest. Different types of data were collected for the holistic evaluation of each household, which
includes: energy and environment monitoring data, in-depth architectural and household data,
psychological survey data and questionnaires, as well as numerous interviews held during the
visits. In evaluating the relative position of this acquired information within the hierarchical order of
a residential information set, the significance of operational information of the residents were
drawn, marking how they are relevant for evaluating numerical data acquired through monitoring
and documents. We intend for the case study detailed below to serve as a benchmark: A) to
evaluate the effectiveness of various measurable data/criteria of the residents, B) to establish a
methodology to assess the uneven parameters derived from the conditions of a given condition, C)
to document the inclination of the residents toward improvements for energy efficiency.

Fig. 1 Operational Information within the residential architecture information loop

2. Operational information and its hierarchy
2.1

The roll of operational information

Through observing two different types of information hierarchies, 1: design based information
hierarchy, and 2: operational information hierarchy, some interdependencies between the prior and
the latter can be identified. Traditionally speaking, design based information (DBI) and its
information hierarchy has mainly been structured to provide information for production processes.
Therefore, much in the way we consume the physical properties of buildings over time, the
processes of consuming design based information can be thought of as reductive or subtractive.
Operation based information (OBI) on the other hand, is produced by the user of the buildings and
their information, where context based, unique information is produced throughout the period of
building operation. OBI is productive or additive in this regard, resulting in rather complex
information hierarchy and resulting interdependency to its DBI, especially in the operation of
residential architecture where most of its operation is executed by the residents who are less
related to DBI and its hierarchy. There have been many studies on acquiring operational
information through statistical analysis or developing design languages [3], however, most of the
studies incorporated the uniqueness of operational information into the hierarchy of design based
information by way of abstraction, where the output resulted in typological or formal resolution.
Meanwhile, in order for the residents to be proactive in optimizing their current energy consumption,
it is necessary to have information hierarchy that feeds back information to the users so that the
user may visualize unique and individuated demand of their own. This information loop is
indicated with allows in Figure 1, where the information hierarchy in processes of data
accumulation is shown. In the given figure, the role of literacy service or solution provider is
situated as an agent to complete this information flow between the operational information and the
residents. We have analyzed interdependencies between DBI and OBI throughout out the energy
efficiency contest in town on Taiki in order to further develop methodologies for giving effective
feedback toward individual residents, as well as in the scale of town management.
2.2

Contest outline and town of Taiki

2.2.1 Contest outline
We have prepared a locally organized energy efficiency contest, requesting that the residents from
the Taiki town of Hokkaido prefecture, Japan join an experiment in energy efficient living using
three approaches. The groups and the numbers of invited households are as follows:
6 groups (one year “monitoring” group) who have second-interior-layer windows installed (n=6)
for free, and either choice of solar panels (n=3) or heat pump based water boilers (n=3)
installed with some subsidies, finally, energy and environment monitoring sensors installed on
their existing homes. This group will be monitored for a year.
24 groups (window “reform” group) who have second-interior-layer windows and energy and
environment monitoring sensors installed for free. This group will be monitored for 4 months,
where 5 households will continue monitoring for a year.
70 groups (“creative solution” group) who will be informed with key issues of passive living and
energy conservation techniques without any architectural modifications, who will report their
energy consumption through the monthly bills and reading their meters manually.
We had 6/6 of the monitoring group, 24/24 of the reform group, and 50/70 of the creative solution
group to join the contest by the opening date. These households will measure their energy
consumption during the month of January as existing condition (“before”), and in February as “after”
installing architectural modification, or with energy efficient living, comparing the degree of
reduction in CO2 emissions amongst the contestants. The event has taken the form of contest not
only to raise incentive toward energy efficient living in the community, but also to establish local
relativity of information and locally specific evaluation criteria for the town of Taiki toward better
management of its housing sector in coming years.
2.2.2 Town of Taiki: data specificities
Town of Taiki is located within Tokachi plain, southeast of Hokkaido (N 42.30, E 143.16), where the
annual total duration of sunshine is roughly 1900 hours, its annual total snow fall is over 800 cm,
while its annual maximum depth of snow cover is less than 60 cm. The lowest temperature hits
mid -20˚C, with average of -9 ˚C in January. It is relatively colder than other locations of Hokkaido,
yet the extensive hours of sunshine identifies Taiki with locally specific resources and potential

passive solutions to its building culture, beyond the commonly designed methodologies for “cold
climatic region” and its design specification. Table 1 examines the comparison between the
climate factors of the last year and that of this year. During the contest period, the low temperature
was higher than last year, however due to the lack of snowfall, the high temperature was lower
than the last year even though the sunshine duration was greater. From the oral survey on 30
households, this resulted in two views of the climate condition by the contestants, one group
stating that it was a cold winter than last year; who responded to relatively cold high-temperature
and the lack of snowfall, while the other group stated it to be a warm winter; who responded to
relatively warmer low-temperature and the sunshine duration. Even though further articulate
survey is necessary, there were tendencies for households with large windows to southern solar
exposure answering that this was a warmer winter, while households in less well insulated houses
felt it to be a cold winter. For the residents to mitigate the heating load and manage their own
comfort, actual information in processes of operation must become more visible to the eye, rather
than relying on the given general numbers by the media and their own perceptual figures. By
formulating information of the given architectural condition, the subjective account of the residential
environment may be able to refer back to actual conditional information, where the previous
problems in understanding subjective values of architecture may be less dependent on the
statistical analysis and more related to the individuated condition of architecture.
Table 1 Comparison between Last Year and the Energy Monitored Period
Comparing 2010 to 2009
Month Ave. ( C 2010 Ave. High ( C
2010- Low ( C
2010- Sun (Hr) Snow(mm) Rain(mm)
11
1.4
3.3
-0.2
17.2
1.6
-7
2.1
0
4
12
3.9
-2.2
5.4
12.3
0.6
-20.7
-53.3
-20
54.5
1
-2.5
-10.6
-6.6
2.4
1
-25.6
3.1
-41
-12
2
1.5
-6.2
-4.3
8.2
5.2
-22.8
20.2
-38
-2.5
3
0.7
-2.2
-1.9
9.5
1.8
-16.4
26.7
-79
-53.5
* Japan Meteorological Agency, <http://www.jma.go.jp/jma/menu/report.html> Last Visited, 2011.3.30.

2.2.3 Inclination of the residents toward energy efficient living
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Figure 2 What could be done?
2.3

In the paper based questionare previous to the
contest, the contestants indicated that they are
more likely to devote their physical labor toward
energy efficient living, rather than allocating
expenses for improvement. (Figure 2, multiple
answers, n=152)
However, they have also
mentioned their inability to allocate time for such
activities due to their current economical status and
the work schedules of daily lives. The given answer
shows that currently, more people thougth to act
upon energy efficient living through activity based
processes than expense based processes. This
inclination suggests that with the economic
condition of the town considered, the operational
information can largely effect the outcome of effort
in reduction of energy consumption, while the
effectiveness of product based reduction should
further be articulated for its consumers.

Parameters of operational information in the case of Taiki and their interdependencies

2.3.1 Designed heating area and actual heating area
In order to articulate and respond to the above result of the questionnaire by way of suggesting

effective methodologies for the residents of Taiki toward energy
efficient living, the actual usage of the heating device was measured.
Out of the 64 returned basic questionnaires, 8 houses used central
heating, whereas 56 houses used different heating methodology for
each of their rooms in their houses. Since the actual heating area is
unique in every case, it became a significant factor for the individual
households to identify their energy consumption records and its
relation to monitored data. Especially in the 24 houses in reform
group, we have mapped the actual heating area that were redefined
through the everyday life by the residents, in order to consider
actual effectiveness of their heating methodology and its resource
consumption, as well as assessing the effectiveness of the installed
interior windows. The list of the observed differences is shown in
Table 2 below. The lowercase alphabet corresponds to those in
Figure 3. Figure 3 indicates an example of the difference found
through the onsite observation and interviews. Within the diagram,
volumes indicated in d and e was combined to define the
continuously heated volume in actual operation.
The letters
Fig. 3 Heated Space
indicate; a: typical section of second floor volume, b: typical section
of the continuous volume, c: typical section of the area given in “f”,
d: continuous volume (2nd Floor), e: environmentally continuous area actual (1st Floor), f:
environmentally continuous area designed, g. building footprint. As shown in e / g column, the
ratio of heated area to the building foot print differs tremendously across the given cases, lowest
at 22.57% and the highest at 75.29%. Consequently, instead of evaluating the usage of heating
related energy consumption on the scale of the houses and its building footprints, the actual
operational figures should be identified with the operational figures, determined by each resident.
Table 2 Comparing the actual heating area, and its heating hours during before and after, CO2

ID
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U
V
W
X
average:

residents
n)
1
2
3
6
2
3
3
3
2
4
4
3
2
2
2
3
2
2
2
3
2
3
3
1
2.63

e

e

g

e/g

(m3)
75.59
104.67
137.38
132.6
63.82
101.53
79.34
154.38
134.91
87.05
141.83
84.93
160.11
51.88
78.09
147.94
99.92
34.76
95.71
47.63
151.9
87.75
256.34
74.52
107.69

(m2)
30.85
42.21
57.24
57.65
26.08
42.31
33.06
59.83
47.69
36.58
56.73
35.39
76.25
23.58
33.95
46.70
41.60
15.80
39.90
19.90
58.60
35.10
79.30
32.40
42.86

(m2)
73.6
124.6
93.1
116.4
88.5
104.6
106.0
79.5
91.9
53.4
96.4
76.0
141.7
72.6
69.1
82.5
102.9
70.0
83.4
84.6
110.0
104.3
106.1
83.4
92.28

%
41.91%
33.87%
61.47%
49.53%
29.47%
40.45%
31.19%
75.29%
51.87%
68.43%
58.85%
46.56%
53.81%
32.48%
49.13%
56.61%
40.43%
22.57%
47.84%
23.52%
53.27%
33.65%
74.74%
38.87%
46.49%

d

before
hr.
24
24
24
20
24
24
11
15
4.5
24
24
24
24
16
24
2
6
17
16.5
16
24
18.3
24
-

after
(hr.)
21
24
24
20
24
21
11
15
4.5
24
5
24
24
16
7
2
6
11
16.5
16
24
18.3
24
-

average
temp .
(c˚)
0.81
2.07
-0.25
-0.45
1.06
-0.03
-2.64
-0.18
-1.26
-1.46
0.82
1.07
-0.16
0.59
-1.13
0.01
-0.88
-1.44
0.20
-1.46
-0.87
0.63
0.77
-1.50
-

CO2
(%)
46.13%
58.46%
26.10%
26.96%
54.33%
14.83%
26.05%
51.54%
60.92%
37.96%
1.82%
11.12%
44.93%
35.81%
58.70%
57.40%
29.27%
33.27%
73.33%
34.81%
15.94%
45.47%
38.42%

2.3.2 Hours of heating and hours of inhabitation
To further articulate the way in which the energy was utilized, and to identify unique methodology
for each of the households, the questionnaire and interviews were further taken, where we have
indicated the hours in which the residents heated their continuously heated space discussed in
2.2.1 during the contest period, which has also been indicated in Table 2. From these
observations and comparison to monitored data, it was still difficult to determine what exactly made
it possible to reduce 73.33% CO2 emission on household U, for instance, and likewise many other
situations. Since then, further discussion was conducted with the participants to identify unique
creative solution, in which they have invested on their own. From the interviews, it became clear
that household U has stopped their use of central heating in the after period, switched to localized
heating with combination of sub-heating units such as electric carpets, personalized heater and so
on. They have also quickly recognized the effect of double skinned windows, decided to invest in
thermally insulated film to apply on to the other windows of their house. This radical solution
enabled household U to cut CO2 emission by 73.33% without losing their comfort, while they have
also indicated their realization on over heating the house previous to this contest. Through
understanding this phenomenon by drawing its structure of information flow (Fig.4), we can begin
to construct some interdependencies amongst information related to energy consumption within
residential architecture, mainly focusing on how to deal with user oriented operational information
that did not became apparent with the sensor technology based information.

Fig. 4 Information hierarchy of the window reform group

2.3.3 Information hierarchy in the window reform group.
Figure 4 indicates the information hierarchy in the window reform group, where it indicates sets of
information we have acquired from the residents for purpose of analysis and to prepare individual
report of the contest. Especially focusing on the role of user oriented operational information,
Figure 5 was drawn to indicate interdependency of information that can begin to portrait the
necessary information hierarchy depicting the actual scenarios of everyday life.
These
interdependencies indicate that for some of the information visualization technologies to be able to
provide effective service in the area of residential architecture, one is necessitated to obtain user
oriented operational information to redraw its informational parameters for operational evaluations.

Fig. 5 Interdependencies of User Oriented Operational Information

3. Discussions
3.1

Long term operational information of users

3.1.1 How can we continue the effort?
The duration of the contest was limited to three months, except for the one year monitoring group,
and continuing 5 households in window reform group, where consequently the information
acquired was limited to the range possible and comfortable for the contestants to provide within the
given period. However, in order for the residents to truly grasp the condition and inclination of their
own operation and its informational hierarchy, it is necessary for them to accumulate multiple years
of information. This is especially important in understanding the user oriented operational
information in Figure 5, where they are dynamic information that will keep updating throughout the
years of inhabitation. Turning back to Figure 4, indicating that this information has ability to
feedback to experiential record of residents, the long term operational information can enable user
to articulate their own demands, indicating the necessary information for the professionals to
understand the unique context of the households.
This outlook suggest the understanding of the user experience and resulting criteria as significant
structural element within the information hierarchy of energy management and accounted
sustainability of residential architecture in its operation. From the point of view of users of the
products and services, users also are necessary to establish their own literacy and operability of
information given from outside and those produced by themselves. These information are

resources for the users to “stage” their own decisions, while utilizing the unique and actual
information to evaluate the given generic information set, assessing the applicability of such
information to the individual condition of themselves. From the point of view of the service provider,
it is necessary to gaze in the future, exactly how much information is necessary to provide effective
service, and what granularity of information is necessary. This will lead to a discussion whether the
energy monitoring system for residential architecture building type is rather effective in technology
embedded mode, or in diagnostic mode, which necessitates further research and field
experimentation.
3.2

Future outlook for the local information management

In the scale of town management, information set discussed in this paper may become social
resource, where the actual demands of the residents as well as the return of investment from
certain operation can be calculated with actual figures, instead of pronouncing their policies with
vague concepts and words. Subsequently, the distribution of subsidy toward reduction of CO2
emission should be accounting the actual operational information as well as design specification
and its predicted effectiveness, where the locally effective methodologies for energy efficient living
are identified. The contest indicated above can be one of the method to initiate the processes of
building locally specific environmental information set, where it not only prepare the town
management with clear directives, but also to raise an collected initiatives of the residents toward
demand based reduction of CO2 emission. However, the actual economical effect and the actual
figure of reduction in CO2 emission of Taiki in next couple years must be recorded and studied to
further articulate the local effect of information hierarchy suggested in this paper. For now, town of
Taiki has decided to issue in-town subsidies for installing secondary interior windows following the
contest and its apparent effectiveness in reducing CO2 emission as well as their heating bills over
the course of winter.
3.3

Conclusions

To further articulate the relationships of operational information within the architectural information
hierarchy and to evaluate its significance for the users themselves, we must,
quantify the actual effect of long term operation based information to the everyday operation of
the residents,
identify methodology for the users themselves to manage their own operational information.
3.4
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Summary
This paper presents the effects of climate change relevant for Denmark, including the change in
mean year values as well as the extent of maximum and minimum extremes. Described by the
Intergovernmental Panel on Climate Change, the assumptions that the scenarios are based on
were outlined and evaluated in a Danish context. The uncertainty of the scenarios leaves major
challenges that, if not addressed and taken into account in building design, will grow far more
serious as climate change progresses.
Cases implemented in the Danish building stock illustrate adaptation to climate change and
illustrate how building design can include mitigating measures to counteract climate change.
Cases studied were individual buildings as well as the urban environment. Furthermore the paper
describes some of the issues that must be addressed, as the building sector is investing in
measures to adapt to climate change and to mitigate its effects.
Keywords: Mitigate, Adaption, Climate change, Effects, Buildings, Urban environment, Cases

1. Introduction
Climate change and measures mitigating its effects are issues of high priority in Denmark.
In 2005, the Danish Government presented an action plan that aimed to promote significant results
in the energy field. This action plan will have an impact on Danish energy-saving initiatives in the
years to come [1]. The action plan includes an outline of the Danish energy sector in the years
leading up to 2025. One subject in the strategy is the climate policy related to the Kyoto Protocol
[2], which entered into force on 16 February 2005. Industrialised countries signatory to the Protocol
are obliged to limit their emissions of greenhouse gases between 2008 and 2012. As part of the
internal distribution of obligations within the EU, Denmark must reduce its emissions by 21%
compared with 1990 emissions [3]. Furthermore the draft action plan contains energy-saving
initiatives prescribing that consumer energy consumption should be reduced by an average of 1%
per annum from 2006 to 2012.
The effort of preparing a new climate policy agreement failed at the Conference of the Parties
(COP) meetings number 15 (COP15) and 16 (COP16), held in Copenhagen and Mexico City in
December 2009 and 2010, respectively. It was intended to succeed the Kyoto Protocol [2] by
introducing obligations to limit emissions of greenhouse gases after 2012. Prior to the COP15
meeting, the heads of state and the heads of government of the European Union countries in 2009
agreed on the vision of the Presidency Conclusions at the European Council on 29 and 30 October

2009 at Brussels [4]. The ambition was to limit global warming to a maximum of 2 C and that
industrial countries in total should reduce their emissions of greenhouse gases by 80-95% in 2050
compared with 1990 emissions. As a consequence, the Danish Commission on Climate Change
Policy presented their ambitions in 2010. These ambitions outline Danish energy-saving initiatives,
energy supply investments, energy distribution and a slow-down of climate change in the years
leading up to 2050 [5]. Three main issues related to the built environment are described below.
(i)
Changing the energy supply to be independent of fossil fuels by 2050.
Global growth demands more energy, which promotes a shortage of available fossil fuels. Today
80% of the energy demand in Denmark relies on fossil fuels like oil, coal and gas. Combined with
an increasing demand, a shortage of available fossil fuels, and higher production costs, will drive
up the price of fossil fuels. This will entail great challenges for countries like Denmark, which relies
on the price of fossil fuels.
(ii)

Mitigating the effects of climate change by implementing a large reduction of the emissions of
greenhouse gases.
In order to comply with the visions of the European Commission, emissions of greenhouse gases
must be reduced significantly by 2050. At that time, emissions from fossil fuels will very likely
include emissions from the off-shore sector and carbon dioxide (CO2) from i.e. farming and from
plastics in waste. By 2050, emissions may also include methane and laughing gas (N2O) from
burning, emissions from industrial gases, CO2 from industrial processes, solvents, methane and
laughing gas from farming as well as methane and laughing gas from waste and sewage. Industrial
gases include hydro fluorocarbon gases (HFC), sulphur hexafluoride gases (SF6) and perfluorocompound (PFC) gases such as tetrafluoromethane (CF4), hexafluoroethane (C2F6), and nitrogen
trifluoride (NF3).
As the burning of fossil fuels is the biggest, but not the only, contribution to man-made emissions of
greenhouse gases, measures to make the energy supply in Denmark 100% independent of fossil
fuels will only contribute with approximately 75% by 2050 compared with 1990 emissions. In order
to comply with the ambitions of the European Commission, the changes in the energy supply
sources must be combined with other emissions of greenhouse gases. Farming is the second
largest contributor to the emissions of greenhouse gases. Focus must centre on developing
farming to emit less greenhouse gases and on developing new and already known technologies
including Carbon Capture and Storage (CCS).
(iii) Adaptation of the built environment to the future climate.
Buildings play a vital economic and social role in Danish society with a replacement value of
approximately €1.600 to €1.850 billion The value is determined for the whole country based on the
built-up area in square metres in 2010 [6] with a mean value of 2.400 €/m2. The value of
infrastructure such as roads, rails, bridges, embankments, harbours and sewers are not taken into
account. The square metres of new buildings constructed each year make up about 1% of the total
amount of square metres of buildings. It is crucial to preserve the value of the building stock, and it
is therefore important to adapt the building stock to the challenges of the future climate.
Satisfactory performance of buildings can only be achieved by seriously considering the effects of
climate change.
The load-bearing structure of buildings is usually expected to last for at least 100 years. The
effects of climate change are therefore a serious challenge for the design and upgrading of
buildings, which must include key requirements dictated by the effects of climate change.

2. Effects of climate change
The adaptation needed in the built and urban environment is closely related to the expected effects
of climate change. Available emission scenarios A2 and B2 [7, 8], as well as EU2C [9] were used
as a basis for the Danish strategy for adapting to a changing climate [9], as they are considered
the most likely in Denmark. The scenarios describe the expected effects of climate change in
Denmark leading up to 2100 and are shown in Tables 1 and 2.

Scenario A2 assumes a world with little global economic integration and a slow development and
distribution of effective technological solutions that can reduce the emissions of greenhouse gases.
Furthermore it is assumed that population growth will continue to be high [7, 10].
Scenario B2 assumes, like scenario A2, a world with little global economic integration and a slow
development and distribution of effective technological solutions that can reduce the emissions of
greenhouse gases. Scenario B2 considers a situation with more reduced emissions of greenhouse
gases than scenario A2 as a result of moderate population growth and more environmentally
conscious consumers [7, 10].
Scenario EU2C assumes a world-wide implementation of a large reduction of the emissions of
greenhouse gases. Industrial countries reduce their emissions of greenhouse gases by 80-95% by
2050 compared with 1990 emissions. Consequently global warming will be limited to a maximum
of 2 C [7, 10].
Table 1 Expected climate change based on scenarios A2, B2 and EU2C.
Scenario
A2
B2
EU2C
Year
2006- 2036- 2071- 2006- 2036- 2071- 2006- 2036- 20712035 2065 2100 2035 2065 2100 2035 2065 2100
On land, change in:
Annual average temperature
+0.6 C +1.4 C +3.1 C +0.7 C +1.4 C +2.2 C +0.7 C +1.2 C +1.4 C
Average winter temperature
+0.6 C +1.4 C +3.1 C +0.7 C +1.3 C +2.1 C +1.0 C +1.7 C +2.0 C
Average summer temperature +0.5 C +1.3 C +2.8 C +0.6 C +1.3 C +2.0 C +0.7 C +1.1 C +1.3 C
Annual rainfall
+2% +4% +9% +2% +5% +8% 0%
0%
0%
Winter rainfall
+8% +19% +43% +6% +11% +18% 0%
0%
+1%
Summer rainfall
-3%
-7%
-15% -2%
-4%
-7%
-2%
-3%
-3%
Maximum daily rainfall
+4% +10% +21% +5% +12% +20% +11% +18% +22%
At sea, change in:
Average wind speed
+1% +2% +4% +1% +1% +2% +1% +1% +1%
Maximum wind speed
+2% +5% +10% 0% +1% +1% +1% +1% +1%
Maximum sea level
+0.45(West Jutland)
1.05 m
Table 2 Expected change in extreme climate events ± present events. P* denotes present events.
Present events are the mean value of the number of events measured in the period 1961-1990.
Indicator
A2 B2 EU2C P*
Number of days with frost (days/year with Tmin under 0 C)
-44 -31 -26 73
Growth season’s length (days in a row over 5 C)
55 39 22 224
Longest heat wave/year (days in a row, Tmax more than 5 C over normal) 9
4
4
5
Hot summer nights (% days Tmin over normal 90 percentile)
20 13 10 10
Number of days with 10 mm rainfall (days/year)
3
3
-1
13
4
4
1
47
Largest volume of 5-day rainfall/year (mm/5 days)
Average intensity of rainfall for days with more than 1 mm rainfall (mm/day) 0.3 0.3 0
4.7
Extreme rainfall (% rainfall over 95 percentile)
5
6
0
32

3. Adaptation needs
Buildings are vulnerable to the effects of climate change. Because they play a vital economic and
social role in society, it is important to adapt the building stock to the challenges of the future
climate. This includes existing buildings as well as new buildings. It is estimated that heating and
ventilation of buildings and lighting in buildings account for approximately 40% of the Danish
energy consumption. Consequently, it is important to reduce CO2 emissions from the building stock,
where the greatest and most cost-effective potential for energy savings lies. Saving energy
produced by fossil fuels reduces CO2 emissions and thereby slows down the expected climate
changes.
Maintenance and adaptation of constructions, basements, roofs, drains and heat supply systems

correspond to a few percentage points of the replacement value of buildings and equal a sum of
two-digit billion euros. The general maintenance of a building is usually considered to be 1% of its
replacement value. Maintenance and adaptation of buildings are necessary - and so it has been for
centuries. However, in the future, adaptation is expected to be dictated by climate change in
contrast to the past when it was dictated by the need for protection. For buildings not yet built, the
key effects of climate change must be incorporated into building design through building
requirements.
As the effects of climate change will dictate future building requirements, consequently the effects
need to be mitigated and at the same time a strategy for adaptation need to be implemented. The
possibilities of mitigating the effects of climate change and the need for adaptation measures are
closely related to the exact location of the building and the local effects of climate change.

4.

Climate change challenges the building sector

Buildings are designed and constructed based on building
requirements are based on measured climate data and put into
building requirements. Buildings designed on the basis of these
exposed to the effects of climate change, when these have not
building design.

requirements. Today building
practice by performance-based
requirements will very likely be
been taken into account in the

Many resources have been spent on defining data relevant for the building sector regarding the
impact of climate change, and ever more data are needed as assumptions change over time.
Assumptions are closely related to the successful mitigation of the effects of climate change.
Available emission scenarios from the Intergovernmental Panel on Climate Change (IPCC) are
used to describe the climate change expected in Denmark leading up to 2100, see Table 1. The
impact of climate change on the built environment is unknown and also the uncertainty surrounding
individual parameters e.g. temperature, precipitation, wind speed, relative humidity, solar radiation
or soil moisture. In addition, the consequences of climate change on the existing built environment
are unknown, and the vulnerability of the existing building stock has not been investigated. At the
moment, building owners are at crossroads, uncertain of which effects of climate change that it is
necessary to address and which scenarios from IPCC that have the most credibility. Buildings
constructed today must face the effects of climate change until 2100, as the main structure of
buildings is expected to last for at least 100 years. The challenge of contemporary building
requirements is that they should take account of the effects of climate change for a period
corresponding to the service life of individual building components.
The effects of climate change therefore pose a serious problem in relation to the design and
upgrading of buildings. Building owners need solutions for climate parameters that have an
influence on the design of buildings and that are not part of the building requirements and codes at
present. Complying with building requirements that concern a building’s design should provide
safety, with no danger of collapse, even during extreme storms or snowfalls. A building should be
comfortable to live in, i.e. provide humans with thermal comfort, whether the weather is warm or
cold, have a good indoor air quality, and facilitate the use of its surroundings when weather permits.
In addition, buildings should be durable with moderate maintenance costs.
The effects of climate change are only part of the demands that a building must meet. These
demands include requirements to architecture, to the use of the building etc. The most serious
demands, those related to the loss of life or health, must be using the highest safety level if the
effects of climate change should become more unfavourable than expected. In some cases, it
might become much more expensive to upgrade a building after having finished the construction,
than it would have been if the right standard had been part of the original design. However,
upgrading a building to mitigate key effects of climate change can be part of the original design
and can be done at almost no extra costs at the time of construction. This is of the utmost
importance for structures with the longest expected life time i.e. load-bearing structures like
foundations, load-bearing walls and floor decks as well as structures providing stability.

From an economic point of view, it must be considered how building requirements should address
threats or make use of opportunities presented by the expected effects of climate change.
However, it seems that more advanced tools are not of much help, until the quality of input data
has improved. This leaves the uncertainty of the relevant climate scenarios as being one of the key
issues.

5. Cases
The effects of climate change will pose a threat as well as an opportunity for the design of
buildings. Some of them are shown as cases, where the effects of climate change, outlined in
scenarios A2, B2 and EU2C, were integrated in the building design.
5.1

Case – heat wave and a milder climate

This case concerns a low-energy building designed with a focus on a scenario with a milder
climate with heat waves combined with an ambition to reduce the energy demand of a house, see
Figure 1. At the same time, the design of the house addressed the effects of climate change by
reducing the emissions of greenhouse gases in its daily use [11].

Fig. 1 The AA single-family house from ”House Project”.
The low-energy building had an energy demand for heating, ventilation, cooling and domestic hot
water of (35 + 1100/A) kWh/m² per year, where A is the heated area. The energy demand was
controlled by means of seven basic elements: 1) a highly insulated building envelope, 2) an airtight
building envelope, 3) controlled ventilation with heat recovery, 4) use of reheated air under roof
cladding, 5) use of solar cells to produce electricity, 6) use of a wood-burning stove for space
heating and 7) applied automatic natural ventilation.
The building was constructed with highly insulating, prefabricated load-bearing elements made and
joined to be airtight. A soundless ventilation system with heat recovery ensured ventilation with
outdoor air. Solar water heaters produced domestic hot water, and outdoor air was preheated
under the roof cladding. Solar cells on the roof produced electricity for the building; the surplus
production was sold via the electric grid. A wood-burning stove was connected to the building's

ventilation chimney. Mechanically openable skylights contributed to passive solar gain in the winter
and were intended to prevent overheating of the building in the summer, see Figure 2. For further
details, see http://klimabyggeri.dk/pdf/aa-huse.pdf.

Fig. 2 The principle of the heating system. Source: Nielsen & Rubow a.s.
5.2

Case – flood

This case concerned houses on pillars designed for low-lying areas and areas close to the sea
with a focus on a scenario involving flooding due to rising sea levels and more frequent and heavier rainfall. The idea was developed in 2006 as a part of a project to renew the harbour area of
Rømø. Rømø is an island in the Danish Wadden Sea on the west coast of Jutland and lies exposed to the North Sea.
The building was constructed with its first storey raised 2.5 m above ground level. The functions of
the building were turned upside down, as garden and terrace were placed on the roof, while living
rooms, bathroom etc. were placed below, see Figure 3. There are three versions of the building:
the Marsh House, the Coast House and a modified version of the Marsh House, a cube being the
basic element in all three versions. The cube measured 8 x 8 x 8 m and rested on four pillars. The
total floor area was about 140 m2.
Cars were parked beneath the building, which would make it necessary to listen to the weather
forecast or park the car somewhere else in case of flooding. A system to elevate cars has been
mentioned as a possible addition in a future version of the house.

Fig. 3 A single-family house of three storeys turned upside down with a staircase leading up to the
first floor. The Marsh House hasa roof terrace on the top floor. Cars areparked beneath the building. Source: Arkitema.
The building was designed with the location of the functions of the house turned upside-down to
ensure the occupant’s view and privacy. This was combined with an ambition not to disturb the
landscape with hedges, gardens and terraces, see Figure 4. Seen from the outside, the roof terraces appeared as an integrated part of the house. The most important difference was the open
top floor, with wall openings only partly covered by glass.
The Marsh House was designed for location in dunes. Bedrooms were located on the ground floor,
living rooms and a kitchen on the first floor and a roof terrace or roof garden on the top floor. The
top floor also contained a storage room.

Fig. 4 Visualisation of landscape on the Danish island of Rømø with a number of Marsh Houses
and a Coast House (back right). Source: Arkitema.
The Coast Hose was designed for a location close to the sea. In this case the cube was joined with
a brick house not placed on pillars, see Figure 5. The cube contained living rooms and a kitchen
on the elevated ground floor, see Figure 6, and a roof terrace on the first floor. The brick house
contained storage rooms on the ground floor and bedrooms and a bathroom on the first and second floors.

Fig. 5 Visualisation of a landscape with Coast Houses. Source: Arkitema.

Fig. 6 Coast House, interior. Source: Arkitema.

5.3

Case – low energy

This case concerned the Green Lighthouse, a building designed as a CO2-neutral building with a
focus on the scenario of a milder climate with heat waves combined with an ambition to reduce the
energy demand of the house, see Figure 7. It was the first public CO2-neutral building in Denmark.
It was part of the Faculty of Science at the University of Copenhagen, where it served as a onestop-shop for students. The building also housed a faculty club, which served as a meeting place
for researchers and other faculty staff, see Figure 8.
The energy concept of the building was the result of a process, where architects worked closely
with consultants, engineers and manufacturers of building materials from the beginning of the project. It turned out that 75% of the reduction of the energy consumption was a direct consequence
of the architectural design.
The building was orientated to maximise solar energy; the roof was tilted towards south to utilise
solar radiation as an important energy source for operating the building. The circular shape of the
building was the optimum geometric shape (volume versus surface area). Plenty of daylight and
natural ventilation was obtained by the positioning of windows and the size of the atrium. The exterior window blinds on the facade ensured the optimal use of the passive solar heat contribution
without superheating the building.

Fig. 7 The Green Lighthouse, University of Copenhagen. Seen from the south. Source: Christensen & Co A/S.

Fig. 8 The Green Lighthouse, interior. Source: Christensen & Co A/S.
Renewable energy sources were incorporated in the building from the very beginning, see Figure 9.
The roof faced south and was covered with solar cells and solar heat panels. The excess heat
produced in the summer was stored in the ground for the winter. This meant that about half the
energy demand of the building was expected to be covered by renewable energy.
Solar cells produced the power needed for operating pumps, basic lighting, heat pumps etc. as
part of the operation of the building. The solar heat panels produced domestic hot water and heat
for the building. The sole radiator in the building was a thermo-active floor structure embedded in
the ground floor, which also acted as a cooling radiator on hot summer days.

Fig. 9 Energy concept of the Green Lighthouse. Source: Christensen & Co A/S.
Several steps were taken to minimise energy consumption:
The circular shape of the building optimised the volume/surface area ratio.
Natural ventilation and the use of concrete floors as heat reservoir to reduce the need for
artificial cooling. Fresh air was let into the building through the upper part of the windows,
which opened automatically. The heated air rose up through the atrium and out through the
roof windows. The windows were also used to cool the building in the summer.
Airtight constructions and highly insulated outer walls and roof minimised the need for heating.
Thermal mass ensured that excess heat was stored at night.
Windows with highly insulated frames and low-energy glazing minimised the heat loss at night
and ensured that the sun could contribute to heating the building during daytime.
The use of LED lighting with long service life and low energy consumption.
5.4

Case – urban planning: Sewer system in Odense

This case concerned an extension of the existing sewer system in order to handle a scenario with
heavier rainfall. The local authority in the Danish city of Odense planned to establish different types
of delay basins to prevent Odense Å, a stream running through the central part of the old city, from
overflowing and resulting in flooded basements.
For many years, Odense, the third most populous city in Denmark, has been exposed to regular
flooding, not least due to Odense Å which overflows regularly. The ground water level in Odense is
high and rising, and for several years the local authority has been focusing on making the system
proof against future flooding.
The effort in Odense consisted of two parts:
1)
An extension of the existing sewer systems in order to handle heavier rainfall,
2)
Providing planned new communities and existing communities with green areas, enabling
them to handle added precipitation. In this second strategy, it was important to keep the

precipitation away from the sewer system and instead take advantage of the water in the
urban environment.
From 2006 to 2010, the local authority in Odense spent €55 million on extending the drainage capacity in order to handle the heavier rainfall expected in the future. This included the establishment
of different types of delay basins. Three large water projects were located around Odense harbour,
in the suburb of Dalum and around Munkedammen in the southern part of Odense.
One of the projects, the Munkedammen project, consisted of a 2.2 km long new pipe network with
a diameter of up to 2.5 m. The pipe network was designed to function as a delay basin in case of
heavy rainfall. By means of valves, segments of the basin could be sealed off in order to hold back
the excess water until the stream could contain and handle it. Similar solutions were used for the
other two projects.
A number of buildings/structures regulating the runoff were established along the delay basin. To
handle especially heavy rainfall, a spillover plant was established, where the delay basin was connected to the existing sewer system.
In planned communities, heavy rainfall will be led through above-ground canals to an artificial lake,
see Figure 10, which will serve as a delay basin, until the sewer system will be able to handle the
excess volume of water.

Fig. 10 Delay basin in Odense with recreational value. Source: Spildevandsplan 2006-2018.
Odense Kommune [12].
Apart from these specific activities the local authority in Odense was interested in long-term
planning and to what extent precipitation should in the future be used actively in the urban space
instead of leading it through the already heavily stressed sewer system.

6. Discussion
Buildings play a vital economic and social role in Danish society with a replacement value of
€1.600 to €1.850 billion. The consequences that the effects of climate change might have on the
existing built environment are not known, as the vulnerability of the existing building stock has yet
to be investigated. This leaves society with major challenges that, if not addressed and taken into
account, will grow far more serious as climate change progresses. Until then, initiatives to
challenge the climate change will be stand-alone initiatives, as illustrated by the cases.
Cases handling the effects of climate change, like the ones presented in this paper, use visual

design tools to make them obvious to the consumer. However, not all effects of climate change
were equally visible, providing quality to the consumer as elements in the design. A less visual
effect of climate change, but an extremely important one, is the threat of increased wind loads,
which should be included in building design.
Scenario A2 foresees an increased wind load of about 20%, as the wind load depends on the
square of the wind speed. Wind load is critical for most buildings and an issue that must be dealt
with. Heavier wind load calls for stronger constructions. Compared with the safety margin of loadbearing structures in buildings, a 20% increase in the wind load is not critical. However, a heavy
storm in 1999, which just reached today’s design wind, cost insurance companies sums that
equalled about 10% of the yearly investment in buildings in Denmark [13]. In addition, it was found
that the damaged buildings had strengths at about half of what is required according to the building
requirements [14]. Therefore, a 20% increase of the wind load as a result of a 10% increase of
extreme wind speed is supposed to result in a situation for which adaptation measures must be
developed. Both for existing buildings and for buildings that are to be designed for the effects of
climate change. Such adaptation measures are expensive, but far less expensive than rebuilding
damaged buildings after a storm worse than the storm in 1999.
Another effect of climate change, but a crucially important one, is the possible threat posed by a
more humid and warmer climate. This will challenge the building design that provides humans with
thermal comfort, good indoor air quality, and durable constructions. These challenges are unlikely
to be met at moderate maintenance costs.
Available emission scenarios from IPCC were used to describe the climate change expected in
Denmark in the years leading up to 2100. In addition, the European Commission’s vision is to limit
global warming to a maximum of 2 C by slowing down climate change. The vision forecasts a large
reduction of the emissions of greenhouse gases. Scenario EU2C assumes a world-wide
implementation of a large reduction of the emissions of greenhouse gases. As a consequence,
industrial countries must reduce their emissions of greenhouse gases by80-95% by 2050
compared with 1990 emissions. However, only a fraction of the industrial countries are members of
the European Community. This calls for equally radical international agreements on climate change
and strategies to control the emissions of greenhouse gases.
Data describing the effects of climate change for the different scenarios contain data for some of
the parameters needed for the design of buildings. Unfortunately, the data for the various
scenarios omit statistical information on the different effects. However, that is the nature of
scenarios, since they prescribe a point perspective rather than an interval at a specified level of
certainty. This means that more sophisticated tools for risk analysis cannot be applied [15].

7. Concluding remarks
The lack of international agreements on the reduction of the emissions of greenhouse gases
makes it difficult to expect anything but an economically regulated use of available fossil fuels like
oil, coal and gas. Due to the shortage of available fossil fuels together with increasing demand and
higher production costs, the same economic conditions will drive up the price of fossil fuels. This
will lead to a situation that will present major challenges to policy and the development of other
energy supply sources. The success of the development of new energy sources will have a major
impact on the need to reduce the energy demand. However, the economically regulated use of
fossil fuels will lead to effects of climate change that are very difficult to forecast, leaving threats as
well as opportunities for the design of buildings unknown. Therefore, it is unknown whether or not
buildings constructed today will be able to face the effects of climate change in 2100, as the main
structure of buildings is expected to last for at least 100 years.
As climate change progresses, the effects of climate change will change building requirements.
However, in the case of unknown effects, it is very difficult to forecast the necessary building
requirements. This will leave investments to be done that are necessary for the preservation of the
value of the building stock, as the effects of the future climate change reveals. Losing the
opportunity to upgrade a building to meet key effects of climate change as part of the running

maintenance will increase the costs of measures necessary. Therefore, the uncertainty of the
scenarios leaves major challenges, if not addressed and taken into account in building design as
climate change progresses.
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Abstract
This paper revises the concept of dematerialization and presents the main strategies to obtain its
application on the built environment. On this article the focus was on five strategies for
dematerialization: miniaturization, digitalization, optimization, sharing resources and servicizing.
The paper evaluates a case study in Curitiba where a construction company has a series of
strategies for servicing its building proposition. The studies evaluates the possibilities for evolving
the existing approaches in this company, establishing future scenarios, both on technological as
well as on social terms.
Keywords: dematerialization, innovation, sustainability

1. Introduction
Construction of buildings and their related infrastructure is a major need in emerging economies.
Paradoxically, the provision of such need also presents the risk of major negative environmental,
social and economical impacts. The challenge for engineers, architects and designers is to devise
solutions that could enable a leapfrog of consumption and production in emerging contexts, both at
the product/service level as well as at the system level, including changes in life style.
Buildings are amongst the most voracious consumers of natural resources and are responsible for
a significant share of emissions of greenhouse gases that affect climate change. The construction
industry is the less sustainable activity on the planet, consuming about 50% of world resources [1].
Industrial activities in the sector around the world consume more raw materials than any other
economic activity, and are responsible for about 30% of carbon emissions [2]. We can estimate an
average annual consumption of 2,000 kg of non-renewable materials (cement, gravel and sand)
per capita in Brazil, only in this sector [3].
Despite all efforts at regional, national and international level the total world energy consumption
and CO2 emissions continue to increase steadily. From 1990 to 2004, world energy consumption
increased by about 30% and CO2 emissions by 26% [4]. This increase in CO2 emissions is mainly
for three reasons: population growth, the fact that we inherited from the past old buildings and less
efficient levels of consumption still observed on new buildings [1].

Most energy consumption and CO2 emissions are related, directly or indirectly, to household
consumption. In developing countries, household energy consumption increased about 10% from
1990 to 1998, accounting 22% of total energy consumption. Changes in household consumption
patterns and the production patterns that serve them will be required in order to address climate
change. Those changes will need to include changes in consumer behavior, housing construction
and maintenance, appliance design, volume and type of goods and services consumed, vehicle
design and use, public transportation infrastructure and systems, urban planning, waste
management and recycling, electricity generation, and other factors [4].
In Brazil, new housing demands are heavily affected by the rapid changes in demographics. More
and more people are living alone, or without children for a long time on the marriage life or bringing
the elderly to live amongst the family. Therefore, it is not only a matter of size of the demand but
the profile of this demand. Estimated housing deficit in 2007 is 6.273 million households, with
82.6% located in urban areas. The total deficit represents 9.7% of the stock of houses in Brazil.
This calculation takes into account the need to build new homes as well as inadequated
households [5].
All these data show the need to increase housing in Brazil, and demonstrate that despite all efforts
it will most certainly generate a significant environmental impact. Hence, on this article the authors
have investigated innovative alternatives to the problem of providing more housing with minimal
environmental impacts. Sustainability requires innovative thinking but the authors have observed a
limited understanding among construction professionals in Brazil regarding the opportunities to
innovate based on the concepts and principles of sustainability. This understanding is a key factor
to establish an innovation agenda both to companies as well as to governmental bodies involved
with the provision of housing. That is particularly relevant to enable a leapfrog of current
consumption and production practices in emerging contexts. On the present paper the authors
have investigated a strategy that can contribute to obtain this “leapfrog”: dematerialization of
consumption and production within the built environment.

2. Strategies to dematerialize built environment needs
2.1

Definition

Dematerialization means to shift the relationship between consumer satisfaction and the need for
materials to provide such satisfaction. According with Humana [6] through dematerialization a
physical product is replaced by a non-physical product or service reducing the need for materials
and components. Therefore, it drastically contributes to reducing the environmental burden of
human activities. This strategy also contributes to cost-savings in materials, energy and
transportation but demands significant changes in the culture of consumption and production.
In line with the above definition [7] defines dematerialization as a drastic quantitative reduction in
the volume of material and energy used to meet user's demand, while maintaining a uniform
quality of services. Indeed, the term dematerialization applies to the individual act of buying and
consuming less and finding more meaning in our lives than the acquisition of material goods.
Downsizing our homes, automobiles, technological toys and entertainment systems, cloths closets,
and the consumptive habits helping people simplify their lives and find other interests that create
more meaning, value, and happiness [6].
The concept of dematerialization in a large urban environment is closely linked to a change in
consumer behavior. In order to be feasible it has to consider on the short term the possibility of
maintain people’s perception on wellbeing whilst decreasing material consumption.
Dematerialization is seen as a strategy and as an indicator in the process of sustainable
development because it represents the reduction of material transfer in society and higher focus on
true wellbeing. It can be measured on different scales, such as nation, region, city and mainly by
sectors such as industrial, residential and products [8].

2.2

Dematerialization on the context of sustainability

The process in pursuit of sustainability is evolutionary. The society must be involved with changes
in their lifestyle and customs. This process, which must be collective, is a challenge slow and
complex. It is possible to identify maturity levels on the implementation process of sustainability.
Next figure shows a perspective on this issue on the environmental dimension of sustainability [9]
[10]:
On Level 1 the efforts are
directed towards the supply
chain, focusing on improving
the environmental impact of
flows. There is no change on
the product itself and, in turn,
there is no demand of
changes
on
consumer
behavior.
Here
dematerialization could be
achieved, for instance, by
eliminating the need for
transportation
through
improvement on logistics.
Level 2 consists of the
redesign of products with a
focus on reducing their
Fig. 1 Evolutionary process towards sustainable consumption
environmental impact. An
existing product composed
Source: Adaptation of SANTOS, 2009 [10].
of non-renewable materials,
for
instance,
can
be
reconfigured to use renewable materials in order to improve efficiency in production and
consumption. Dematerialization here could be achieved, for instance, by reducing or eliminating
the amount of materials used on a existing product through the optimization of structures.
Level 3 involves the design of new products inherently more sustainable. This level is more
complex since it often demands a higher level of changes in user behavior than the previous levels.
It involves solutions to improve the performance of construction products and services in all their
life cycle, starting from the conception of the product. The intrinsically more sustainable products
can be achieved by minimizing resources usage; by choosing resources with low environmental
impact; by extending the life of the materials; by optimizing the life of clothes; and finally, by making
it easier to disassembling products/components.
What is involved in Level 4 is the design of Product Service System (PSS), an innovation strategy
that favors the dematerialization of consumption. The most fundamental challenge for applying this
strategy in the real world is to move people away from the notion of “ownership” and all associated
cultural values. However, there is a growing number of examples on companies that are taking the
initiative of implementing innovative business solutions that are aligned with this view. These
companies are taking advantage of the benefits of a closer relationship with the client, which goes
beyond the stage of production and delivering. This continuous relationship demands different
competencies than just manufacture and distribute. In this approach the company needs to learn
how to manage a continuous relationship with the client, creating channels for communication
feedback and integrating this feedback on the product-service development/improvement.
Level 5 consists on the approaches to achieve sufficient consumption. The focus is on sociocultural criteria which is qualitative instead of quantitative. Seeking satisfaction and happiness by
consuming enough. Bringing the consumer to the real needs of each individual and the planet's
resilience limits. This level requires profound changes in human behavior, removing the human
perception that happiness is linked to consume. The attitude of not considering social equity and
environmental sustainability it can reversing negatively with human satisfaction.

The provision of buildings should strive to reduce the use of raw material and the environmental
impact and at the same time the functionality to extend its life cycle. The use of renewable material,
optimization of production processes, improvement of logistics, minimization the resource
consumption and disposal after the useful life, are some actions used to achieve this goal [11].
2.3

General strategies for dematerialization

2.3.1 At the product level
Digitalization
Digitization is the conversion of any physical product into a digital element. At the same that it
reduces material needs it also enables an expansion on the functionalities due to such transition.
Therefore, digitalization has to go even beyond the mere transition to a digital format by changing
the way people interact with the product/service (e.g.: from the provision of a text to providing a
video, accessible anywhere, anytime). For the building environment there is a wide range of
components that could be fully digitalized, ranging from manual and plans to building controls and
security systems.
Miniaturization
Miniaturization is the creation of an existing product in a smaller scale with such strategy one can
make the product and process lighter and, therefore, be easier to be transported, stored, used,
recycled, discharged. Ideally it should match the exact functional needs of the end-user. A smarter
design of packaging might reduce the amount of packaging waste in shops and households. New
materials that show better physical properties can reduce significantly the level of material
consumption (e.g.: nanotechnology) [12].
Optimization
In general terms dematerialization can be achieved by increasing the efficiency of material usage
(using fewer materials for specific function. E.g.: use of modular brick and rational design to avoid
cutting pieces that would generate waste of material), replacing material (exchanging heavy
materials with light materials. E.g.: replacing brick walls to drywall) and reusing and recycling
materials (using materials for multiple functions. E.g.: recycling of rubble as aggregate) [8].
2.3.2 At the system level
A system perspective move towards a ‘strategic design’: shifting the business focus from designing
(and selling) physical products only, to designing (and selling) a system of products and services
which are jointly capable of fulfilling specific client demands, while re-orienting current
unsustainable trends in production and consumption practices [9].
Sharing resources
Sharing may reduce the total number of products required to provide a given satisfaction. Instead
of owning a car, washing machine, carpet cleaner per household a limited number of such
products per neighborhood would be sufficient [8].
On this approach people should be willing to abdicate of their ownership of goods. This is a major
change in values of our current society which often connect status, happiness and success based
on material possession [13].
It is evident the need of a behavior change for the implementation of the sharing resource strategy,
since the idea is to reduce the production and, consequently, the waste, while maintaining user
satisfaction and supplying their needs completely.

Servicizing
Servicizing can be defined as the result of an innovation strategy, shifting the business focus from
designing and selling physical products only, to selling a system. Products and services working
together to fulfill specific client demands.
Like on the approach “sharing” explained on the previous section, the servicizing approach the
concept of ownership has to change. The consumer do not own the product: they just enjoy the
final result. What the company or an alliance of companies conceive, produce, and deliver, is not
simply material products, but in fact, a more integrated solution to a customer demand, producing
a satisfactory utilitarian result [14].
Other way to promote servicizing is the company supplying the information and tools needed for
the client to perform the service. The company offers access to products, tools, opportunities or
capabilities that enable clients to get the results they want and the client obtains the desired utility,
but does not own the product that provides it, and pays only for the time the product is actually
used. The user may be entitled to possession of a product for a specified period of time set by
contract, to multiple or single use only. Such contracts can be realized through leasing, pooling or
sharing of certain goods for a specific use [14].
In servicizing new interactions are mandated with the client, and innovative partnerships are
needed with other producer/suppliers, public bodies or not for profit organizations. Thus with this
approach, the producers or the service providers, extend their interests beyond their usual
boundaries, in terms of both product life cycle phases (pre-production, production, distribution, use
and end-of-life) and connections with other products and services, which, taken together, will result
in an integrated solution for the customer [14].

3. Research method
The main research strategy is a case study, an empirical inquiry that investigates a contemporary
phenomenon within its real-life context [15]. Information collected was based on direct observation
and document collection.
The object of analysis in this study is the models of social housing Companhia de Habitação
Popular - COHAB of Curitiba. In the items bellow will be observed dematerialization issues that are
already part of the current proposal, and prepositions as well as suggestions for new strategies
that could be deployed to achieve a higher level of dematerialization, reducing impacts caused by
construction of a large number of residences. It is important to remember that the strategies and
proposals outlined below relate primarily to environmental issues, but also directly relate to the
social question. Many aspects have been proposed in order to reduce resources to focus on the
economic factor to reduce costs to make the product "dwelling" also accessible to low-income,
attaining the economic and social sustainability of the tripod.
The end result is an innovation agenda for dematerialization, with the aim of guiding and enabling
the elaboration of long term strategies towards sustainability.
This paper shows dematerialization as a very important strategy to minimizing resource that is
linked to the project life cycle of products, as it involves increasing the efficiency of the material
(intensification in the use of the material), reuse and recycling through the use of the same
component to more than one function and also shared use of a particular component or service [8].
It is a prospective study that aims to propose an innovation agenda for the residence pattern of low
income, favoring the establishment of a high level of dematerialization, contributing to design and
processes more sustainable.

4. Results and analysis
4.1

The challenge for sustainability at COHAB-CT, Brazil

The case study focused on analyzing dematerialization possibilities COHAB-CT, the housing
development agency of the City of Curitiba, capital of the Paraná State, South of Brazil. Its mission
is to provide affordable house for families in Curitiba Between 2005 and 2008 it provide homes for
more than 30.000 families [16].
Currently there are in Curitiba around 65.000 people on the queue for a new house at COHAB.
Even with the best sustainable design solutions it will most certainly bring a significant
environmental, social and economic impact.
COHAB-CT has enrolled on the federal housing program "My House, My Life". It works in the
organization of demand, registering families with low income, and viability of new areas for
development [17].The goal of the program "My House, My Life" is to build one million homes in
Brazil, giving priority to families with incomes of up to three minimum wages, reaching families with
incomes of up to 10 minimum wages. By correlating the percentage of urban housing deficit with
income levels up to three minimum wages in Curitiba and metropolitan region this number is
around 91.4% of the deficit in the area [5].
4.2

Characterization of the typical house plan and content

The program “Minha Casa, Minha Vida” envisages the construction of single-family houses with
total area of 35 m², compartmentalized in living room, kitchen, bathroom, two bedrooms and
outdoor laundry area. The floor is made of ceramic in kitchen and bathroom and cemented in the
remainer rooms. All new homes will be implemented with solar heating [18].
Considering the total number of housing shortage in Curitiba, which is 65.000 households, it will
result in more than 2,3 million m² of constructed area. To get an idea, each house uses an average
of 5.400 bricks, resulting in a sum of 351 million bricks for the total of homes needed.
Dematerialization here could be multiplied by 65.000, showing the implications of any efforts in this
direction. Of significant importance is the solutions that can reduce resource consumption during
the usage phase. Indeed, according to Edwards [1] 45% of energy generated in the world is used
to heat, light and ventilate buildings and only 5% to build them. Therefore, for the maintenance of
these new spaces built, the power consumption is enormous.
This comparison can also be made for the use of material resources which is high for the house
construction, not mention the need of maintenance and repairs, which also consume materials.
Therefore, the reduction of area, equipment, facilities or sharing areas aim to two mains attacks: a
significant reduction in resources used in the construction phase and also in usage phase during
the life cycle of a residence.

4.3

Suggestions and propositions at the product level

ESQUEMA 1 – AT THE PRODUCT LEVEL (INSERIR APÓS ALTERAÇÕES E FORMATAR DE
ACORDO COM O MODELO)

Fig. 2 Infographic – at the product level
4.3.1 Digitalization
New solutions using digitalization are already prevailing over traditional products, benefiting from
the fast innovation on digital technologies. To register people in social housing programs the
government already uses online tools to facilitate the registration and documentation, as well as
providing essential information for purchasing their own house. Digitalization is extensively

adopted when developing the design of the buildings through various software and digital media
directed for architecture and civil engineering.
This level of digitalization could go higher at this stage: the disclosure building designs and bill of
materials on the web. In cases repairs, change of planning and decision-making, consumers have
direct access to the entire set of information without the need to spend time and money on printing
and displacements unnecessarily. It is worth mentioning that most low income people in Brazil
have already a mobile phone and in Curitiba there is a high level of internet access on this
population.
In the building itself equipment such as air conditioner, washing machine, dryer, refrigerator, can
benefit from the use of existing Smart Grid. Indeed, the state of Paraná has one of the largest
Smart Grid networks in South America but so far it is not seen in use by low income houses.
Through such systems it would be possible to identify equipment failures, reduce their energy
consumption.
The National Electric Power agency already stated that it wants replace electromechanical
electricity meters to digital meters, which combined with a control panel in each house will inform
the resident the current consumption in kilowatt-hours and the amount of the bill. Based on the
accumulated consumption it will be easier to read and to control the energy consumption of
buildings. Water supply systems could also be monitored by preventing leaks over a long period.
This entire information network would be updating through mobile phones of the residents so they
will have access to the information anytime anywhere.
Also during the use of the building all the paper sent to the residents can be digitalized, e.g., letters,
postcards, water bills, electricity and telephone, books and school materials, newspapers and
magazines which are possible to be informed through digital media such as internet or mobile
phone, avoiding consumption further resources and minimizing the role forms of transport resulting
in savings for both the user and the environment. Further consumption of paper, can be reduced
even the number of controls of the building, adding in a single device or control panel the
commands related to gates, alarms, television, lighting and other items of automated residence.
It is noteworthy that the digitalization does not always represent a reduction in the number of
products and materials consumption, because there are specific products that arise due to new
technological needs. However, the emergence of new products that concentrate functions and
duties may come to represent reductions in consumption and waste, since it followed new habits
and proper use of such products.
4.3.2 Miniaturization
A reduction on the size of the equipments is becoming more common with the technologic
progress. Beyond the size a product can be reduced on it weight replacing with lighter materials.
There is also the question of incandescent and fluorescent bulbs that have been replaced by LED
models. Here miniaturization involves two fundamental aspects: dimensional reduction with less
resource used and preserving quality and efficiency of the equipment (in this case, both bright as
energy).
On the building environment, it is possible to mention several examples of ongoing miniaturization.
First, there are changes related to miniaturization already consolidated in the consumer market,
like the substitution of the bidet for handheld bidet sprayer in the bathroom, reducing the material
and the room space. Other example is the size on electrical encloused which became smaller after
the substitution of the old light switch for the compacted ones. Another good example is the
progressive reduction in the size of the rooms. There are a lot of reasons for that change
(economic factor is the mainly reason), but also the increasing value of the land and the high cost
of materials and the duties lied to the reduction on the built area. Large rooms and large empty
areas of circulation in the old houses have been replaced by rooms with adequate and really
necessary measures for the proper performance of their duties.

Other relevant point is related with the dimension of the spaces. The single floor residence of
COHAB has 35 m². The model has two bedrooms and an external service area. The number of
rooms, when related to the area, shows that it used the minimum area required for the purpose for
which the room is intended to avoid the waste of land area and reducing costs, making the product
more affordable to consumers.
However, it is worth to emphasizing that only the dimensional reduction does not characterize a
case of miniaturization. Such reduction should be connected by a better use of space through the
use of multifunctional furniture and objects, creating a smaller space, but with the same concept of
multifunctionality, which can also be ones obtained by optimizing the furniture.
Another architectural model that is becoming increasingly common is the concept of "loft", which
integrates ambients for the reduction of spaces, reduces the amount of walls required, allowing to
perform multiple and integrated functions.
4.3.3 Optimization
Currently, optimization of products has been happening in parallel with technological advances in
many industries. In civil construction, these advances are more pronounced in materials and
construction systems. The "lean construction" has been innovating the industry by providing dry
and fast works with waste reduction. In this context, the replacement of masonry walls and
concrete structures for steel framing systems with closure in dry wall can be mentioned.
Advances relating to products and specific parts of the building are seen in the recreation of
several items in recyclable materials or more efficient, cheaper and less harmful to the
environment. Some examples are the new windows in PVC and aluminum, flexible pipes, green
floors, among others.
With regard to furniture and habits of users, the use of flexible furniture with multiple uses (sofa
bed, cot that could be extended becoming a single bed while the baby grows, use of panels to split
environments) are suggested to prolong the life cycle of mobile and utensils in general, reducing
the need for change or new acquisitions and generating more waste. Furthermore, other strategies
can be proposed for project life-cycle of the product offering for each stage of life cycle or target a
new use for the components, to the nearest recycling cascade through the project components for
secondary uses building.

Innovation
Digitalization

Product
level

Miniaturization

Optimization

Suggestions and propositions
How to
Examples
• Converse any physical
1. Online tools to register people in social
product into a digital element
housing programs
• Change the way how people
2. Developing buildings design trough
interact with the
software and digital media
product/service
• Technological advances in
3. Disclosure building designs and bill of
many products
materials on the web
4. Smart Grid
5. Change the electricity meters to digital
meters
6. Digitalize papers in general sent to the
residence (letters, bills, etc)
7. Digitalize school materials and
books/magazines/newspapers
8. Digitalize the house controls (gates,
alarms, etc)
• Create an existing product in a 1. Change incandescent and fluorescent
smaller scale, matching the
bulbs to LED models
exact functional needs of the
2. Substitution of bidet for handheld bidet
end-user and preserving
sprayer in bathroom
quality and efficiency of the
3. New compact electrical encloused
equipment
4. Progressive reduction in the size of
the rooms connected to a concept of
multifunctionality
5. Strategies to change the life-cycle of
the product offering for each stage of
life
6. Lofts
• Material usage: increasing
1. Construction system (e.g.: lean
efficiency
construction)
• Reusing and recycling
2. Innovation on products and specific
materials
parts of the building
• Replacing material
3. Flexible furniture with multiple uses

Table 1 Innovation agenda – at the product level
4.4

Suggestions and propositions at the system level

The items bellow are not proposed aiming changes at the product but changes in the costumer
behavior and related stakeholders in order to see products as services.

ESQUEMA 2 – AT THE SYSTEM LEVEL (INSERIR APÓS ALTERAÇÕES E FORMATAR DE
ACORDO COM O MODELO)

Fig. 3 Infographic – at the system level
4.4.1 Sharing resources
Sharing is community property the users buy, maintain and use the product. Items are used to their
maximum potential and they are no longer bought by one family, they are bought by the community
whose are responsible for it used and discarded when it is not needed anymore. Since this service
makes the same product available for a higher number of people, less products are needed, as a
consequence there is a resultant reduction in the number of manufactured products and disposal.
In this perspective, the life of the product is extended what leads towards to a faster replacement
(in terms of numbers of years) of worn out products with more eco-efficient designs, without an
increase in the overall amount of goods manufactured. From the consumer point of view, the
economic benefit is evident since families do not need to spend a lot of money in buying products.
There are several example of sharing: common laundry, where the families share the same wash
machine and dryer to do their laundry in certain predetermined time; common vegetal garden,

where the families plant and collect their own foods, being responsible for its functioning and
maintenance as well; common entrainment center; a place to play, practice sport such as
swimming, exercise, soccer, basketball, baseball, tennis etc; common workspace, where people
can use the same space to develop some activities and share resources to job; common vacuum
cleaner and tools for cleaning, the families use the same equipments to do their duties at home;
sharing transportation, where people can use the same car, or bicycle to get to their destination.
From these propositions the contents of the construction design go beyond the design of the
building itself and start to from a building system design, in which the activities together in one
building are designed and developed in an integrated system and can be use shared among its
residents. Thus the cost of energy expenditure can be reduced significantly, since the products and
systems will be used in a shared mannerand not individually as in most cases.
It is evident the need of a behavior change for the implementation of the sharing resource strategy,
since the idea is to reduce the production and, consequently, the waste, while maintaining user
satisfaction and supplying their needs completely without compromising their felling of status and
happiness based on material ownership.
4.4.2 Servicizing
The strategy servicizing can be used in homes through a system for heating water supplied by a
company and can be delivered to many homes through a single heating system. In low-income
households, the cost of installing a solar heating is very high, making this population to use electric
heating, for the initial cheaper setup, but the energy used is more lift, generating a final cost
disadvantage. A system for heating water supplied by a company with initial budget for this
investment is desirable, but must be shared to be advantageous. The users pay for the services,
so the maintenance is company's liability which has interest to the maximum efficiency of the
system, periodic maintenance to avoid losses, ensuring the functionality and durability of the
system.
Another example is the provision of Internet over intelligent network, which use the same
infrastructure for electrical distribution. This system is advantageous because digital signals for
voice, image and data share the same driver used by the grid, allowing the use of electrical
networks by reducing the existing maintenance and initial investment to install the whole
infrastructure, e.g. independent network of telephone, internet, cable tv. The electric company in
the state of Parana in partnership with the federal government began this service, giving tax breaks
to small local businesses. The decrease in taxes would result in a service more accessible to lowincome population. Other important issues are to improve service and reduce costs by having the
integrated services.
The provision of transportation by bicycle is also an alternative. One company would own the bikes,
entering with the initial investment and provide the maintenance, replacement and repairs, and the
community would pay for the service.
Besides to provide a healthier condition for the community it could provide reduction in total
numbers of car on the road and reducing the private space in each home to store those kinds of
transportation. For this same subject can integrate sharing a car instead of owning which means
less traffic, less pollution and less dependence on oil, less parking lot and more green areas to
enjoy. There are no concerns about car payments, insurance, or repairs. In case of failure or car
accident can be used other. In both cases means that a smaller number of cars and bicycles are
needed for a given demand of mobility.

Innovation
Sharing
resources

Servicing
System
level

Suggestions and propositions
How to
Examples
• Reduce the total number of
1. Common laundry
products required to provide a
given satisfaction
• Community property to buy,
2. Common vegetal garden
maintain and use the product
• Use items to their maximum
3. Community places to play and practice
potential
sports
• Reduce the production and the
4. Common work area
waste but maintaining user
satisfaction and supplying their
needs completely
• Behaviors change
5. Common vacuum cleaner and
cleaning products
6. Sharing transportation
• Shift the business focus from
1. System for heating water supplied by
designing and selling physical
a company delivered to many homes
products to selling a system
through a single system
• Products and services working
2. Provision of Internet over intelligent
together to fulfill specific client
network using the same infrastructure
demands
for electrical distribution
• More integrated solutions to a
3. Provision of transportation by bicycle
customer demand, producing a
or cars
satisfactory utilitarian result
• The company can supply the
information and tools needed for
the client to perform the service
• Client does not own the product,
he pays only for the time the
product is actually used
• The possession of a product is for
a specified period of time set by
contract, to multiple or single use
• No concerns about maintenance
• Behaviors change

Table 2 Innovation agenda – at the system level

5. Conclusions
Based on the issues raised, it is noted that dematerialization can be an effective strategy for
improving leapfrog on low income houses within emerging contexts. As described in the case
studied, there are some innovations based on dematerialization that has consolidated the market
and are still a number of items that should be reviewed and analyzed for improvement and
feasibility of the proposals suggested for the building studied.
For the implementation and consolidation of innovations that is need a high level of
dematerialization in the built environment, there are a lot of barrier to be overcome. The main
factor is the need on behavioral changes in general population consumption patterns. Strategies
that involve the sharing of resources and services change the notion of ownership of the user. This
is an educational and cultural barrier that must be worked out, promoting a change without
reducing consumer satisfaction with the product or service. Despite these difficulties, construction
companies and other segments should also see the strategies proposed by the dematerialization
as an opportunity for growth and development of their activities.

Even with the needs of changing behavior of users and suppliers, proposals and suggested
examples of this study indicate different ways of achieving a considerable level of dematerialization
in the built environment. From simple solutions to the need for technological innovations and new
product development, the proposals aim to reduce the environmental impact of buildings, however,
without affecting the functions and essential characteristics of the building and, if possible,
improving the quality of life of users.
Another essential point is always thinking of improvements that have the possibility to reach all
sectors of society. Even when dealing with technological innovations, these actions should not be
considered suitable only for classes with high purchasing power. To achieve the goal to reduce
environmental impact, such solutions should be available to the entire population, since the lower
classes are most in need of innovative solutions to meet everyday needs.
One of the problems for the regular consumer on this issue is the paradox of cognitive
nearsightedness, where people don´t perceive what is too far in time and space. The need for
speedup dematerialization is therefore affected by the lack of direct observation of the cumulative
volume of our everyday consumption.
The most important weakness of this dematerialization context which include the resources
reduces is the rebound effect. This detour is justified moreover because the sufficient idea often
welcomes greater technology with energy efficiency but regards it as insufficient to lower impact,
thus giving rise to the complementary sufficiency strategy. Using basic economic concepts the
assention is that due to ensuring price drops, frugal behavior causes new consumption by other
[19], and that’s the reason that this change needs to happening in the whole society, in each
person individually.
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Summary
The Copenhagen Climate Change Summit 2009 (COPI5) has seen that Malaysia is aiming
for a voluntary reduction of its emissions intensity of GDP by the year 2020. Therefore, the
building sectors are also motivated to play a part through the Green Building Index (GBI)
scheme; the sustainable tool that is potential in resolving this global environmental issue. It is
expected that GBI offers promising outcome to stakeholders against the issues on the fees and
construction cost to gain the GBI certificate. This paper is a partial section from the main
research area focusing on the value of money and sense towards promoting the GBI-NREB
certification which taking into account the existing purpose-built building in Malaysia. This
paper measure the quantifiable value of obtaining certified GBI scheme that can be materialized
through the study on the variables upfront cost of GBI scheme, the government incentives, and
last but not least the promising operational cost saving on merely energy efficiency; in order to
compute the return on investment (ROI). The research method is based upon the literature
reviews and case studies; the scholars’ comparative studies thus hypothesize the outcome
through the simulation model of green building model in Malaysia. The result shown
that operational cost saving based on energy efficiency is approximately 84% (equivalent to
RM232, 558) a year, green building return on investment (ROI) is 5.8 years, and also an
incremental yearly revenue of 21% as compared to conventional building. The anticipated
outcomes from this paper is that, the profound effect of the investment in attaining GBI-NREB
certification which eventually aimed at property sustainable value and operational cost saving.
Keywords:GBI-NREB, purpose-built building, upfront cost, government incentives, operational
cost-saving.

1. Introduction
Malaysia today is facing two of the world’s most pressing issues, namely climate change and
energy security which in due course causes an incretion to world’s carbon emissions [7]. The data
has been accumulative from the United Nations Millennium Development Goal indicators (2006)
thus listed Malaysia’s carbon emissions in 2006 at 187 million tones which is approximately 7.2
tones per person a year in Malaysia. According to Malaysian Green Building Confederation (MGBC)
study, in current risk exposure indicators (likelihood and magnitude) to energy and climate change
trends by its urban city; Kuala Lumpur itself exposed to medium state based on its energy
insecurity, energy import dependency, physical exposure and city vulnerability towards the climate
change [8]. According to the study, it has been estimated that over seventy percent of the average
city’s GHG emissions come from existing and old buildings, while about eighty percent of Malaysia
building stocks contribute significantly to green house gas emissions [8]. For that reason, the
Copenhagen Climate Change Summit 2009 (COP15) has seen that Malaysia pledge to voluntarily
reduce up to 40% in terms of emissions intensity of its Gross Development Product (GDP) by the
year 2020 compared to 2005 levels.

In facing up to the greenhouse gasses (GHGs) emission challenges, the Government and the
Malaysian Construction Professionals are now very committed to contribute a sustainable
approach hence fetching the ultimate reasons of ‘Going Green’ concept become a government
policy. This is evident when the Ministry of Energy, Green Technology, and Water (MEGTW) in
2009 comprehend the paces towards this Green vision thus announce the national green policy
namely Green Technology. Further to the inspiration of the government ‘Green’ vision, the building
sectors are also motivated to play a part through the Green Building Index (GBI) scheme [8]. As a
result, aiming at Green property development is currently in vogue. Launched in April 2009, the
Malaysia green building rating system; the Green Building Index is promising an environmentalfriendly building that would taking into account the carbon footprint in Malaysia’s urban cities.

2. The National Green Building Rating Tools: Introduction of Green
Building Index Malaysia
2.1

GBI description

The Green Building Index (GBI) is a green rating tool to guide architects, designers, government
bodies, building owners, and developers in constructing environmentally responsible buildings. It
was initiated and will be managed by Pertubuhan Akitek Malaysia (PAM) newly formed
Sustainability Committee. In addition, Green Building Index Sdn Bhd was incorporated in February
2009, a wholly-owned subsidiary of PAM and the Association of Consulting Engineers Malaysia
(ACEM), to administer GBI accreditation and training of GBI Facilitators and Certifiers. GBI
accreditation for buildings is separated into three tiers. At the highest level is the GBI Accreditation
Panel, the independent regulatory body for GBI accreditation. At the intermediate level are the GBI
Certifiers, consisting of experienced professionals that conduct the assessment and accreditation
of project submissions. On the front-line level are the GBI Facilitators, professionals who together
with clients and the design team enhance their projects to meet or exceed GBI rating system
requirements. The GBI rating tool provides an opportunity for developers and building owners to
design and construct green with - sustainable buildings that can provide energy savings, water
savings, a healthier indoor environment, better connectivity to public transport and the adoption of
recycling and greenery for their projects and reduce our impact on the environment [8]. GBI is
developed specifically for the Malaysian-tropical climate, the environmental and developmental
context, cultural and social needs.
2.2

GBI certification guaranteed a government incentives

GBI has become an important initiative that promises a significant outcome to the certified green
building movement in Malaysia [3; 8]. However, the community is still hesitant about embracing the
‘green’ concept due to misgivings about the quality standard of this ‘green’ model whether it would
benefit building and its economies. The benefits of green building need to be clearly modelled in
feasibility study [1; 8; 12]. Therefore, to encourage its implementation, the GBI supported by the
Malaysia government; has subsidized the Malaysian new framework and will guarantee the
reimbursement to the investor with government incentives as shown in Table 1.
It is expected that the newly developed green building will also operate with less energy
consumption, less water, and generates less waste which in turn provides operational cost saving
as much of 9 percent yet increase building values by ± 7.5 percent higher than a conventional
building [8]. In contrast, IEN Consultants (2010) studied the potential of Low Energy Office (LEO)
building subsequent performance and this indicates that, adapting to a sustainable building
approach would only cost about 5 percent additional outlay but provide 50 percent operational cost
savings [5]. The comparative data of green building potentials is tabulated in Table 2. Moreover the
pay back period for such a green adapted building is estimated to be around five years based on
operational savings alone.

Table 1: Incentives for Renewable Energy, Energy Efficient, and Green Buildings in Malaysia
(Green Building Index Certificate for buildings from 24 October 2009 until 31 December 2014)
GOVERNMENT INCENTIVES FOR BUILDINGS OBTAINING GREEN BUILDING INDEX
CERTIFICATE
Eligibility for GBI Incentives

Types of Incentives for obtaining GBI Certificate

Buildings that have been
awarded the GBI certificate of
any grade are eligible to be
considered
for
GBI
incentives. The criteria are;
Energy Efficiency (38%),
Indoor Environmental Quality,
Sustainable site Planning and
Management, Material and
Resources
(9%),
Water
Efficiency, and Innovation
(9%).

Tax Exemption: The qualifying expenditure (QE) to obtain GBI
certification for a building used for his Business qualifies for tax
exemption which is equivalent to 100% of the amount of QE and is
allowed to be set-off against 100% of the statutory income for each year
of assessment.
Qualifying expenditure means an additional expenditure incurred in
relation to construction of a building, alteration, renovation, extension or
improvement of an existing building. Any unutilized QE can be carried
forward to subsequent years of assessment until the amount is fully
exempted. This tax exemption is given only once for buildings awarded
GBI certificate from 24 October 2009 until 31 December 2014.
Stamp Duty Exemption: Buyers of buildings and residential properties
awarded GBI certificates acquired from property developers are eligible
for stamp duty exemption on instruments of transfer of ownership of such
buildings. The amount of exemption is on the additional cost incurred to
obtain the GBI certificate.
Source: KETTHA Handbook- pg. 13, 2010

3. Green Building: The Concern and Issues
Although Malaysia has undergone rapid economic and social prospect over the last fifty years,
business and the property industry have been slow to react to environmental change even though
there has been awareness of the growing environmental consequences due to earlier development
actions [10; 12]. In the built environment, about eighty percent of the Malaysian building stocks
contribute significantly to green house gas emissions [8]. Conversely, Jones Lang LaSalle (2005)
noted that many owners have opted for minor refurbishments to existing building to lower their own
capital expenditure and avoid access problem due to its excessive supply of new building stock.
This scenario occurs due to the fact that the market outlook on the environmental sustainability
aspect in Malaysia is still new and vulnerable for green building. More to the point, the financial
dilemma facing all Malaysian developers are, as always, the total development cost, fragmented
fees, risk, and return [1; 3; 8]. These issues (as the following shows) are mostly are related to
green buildings as they present new challenges for developers that are; performance is often
driven by the criteria and context of the development, limited size of the market, and difficulties in
identifying any change in value aspects (tangible benefit) that can be directly attributed to
sustainable and green building [1; 12].
3.1

Green Building performance driven by the criteria and context of development

According to a study by Bertrand (2010), he points out that in addition to rapidly evolving
accreditation criteria [8] to harvest the benefits of green buildings while reducing the risks and cost,
GBI scheme requires an integrated approach [1]. Too often a pure criterion by criterion approach
leads to a collection of costly independent green features. Moreover, according to the Khamidi
(2010) a survey on the level of importance of criteria in the Green Building Index Malaysia, 80% of
respondents agreed that innovation is significant but costly. Besides, the highly variable additional
costs depends on the types of sustainable development to be opted such as Non-Residential,
Residential, New Construction, Existing Building, Industrial, and others as described by GBI (2011).

The scheme also assess different scale in relation to the building’s standard of area (SOA) thus
the range of potential operating cost savings as certified by the GBI also make it difficult to identify
specific value elements within individual buildings [1; 11].
3.2

Green Building has limited size of market

Lorenz et al., (2007) identified the causes and the lack of a clear financial benefit to sustainable
development on the absence of a hard market to encourage developers who are keen to provide
buildings and embrace sustainable development [6]. These developers are less likely to add green
features if it does not add value in terms of money on an asset. Warren (2009) also spotted that
the market does not value the extra costs and risk associated with building a sustainable property
[12]. It is expected that when risks and cost can be controlled more effectively, this could support
the bottom line. Also, the experience in more established and mature markets demonstrates that
marketing the benefits of green is significant to portrude the full potential of green buildings value
[1].
3.3

Green Building has difficulties in identifying any change in value aspects

Von (2010) and Tan (2009) argued that having a certified green building provides a low
construction operational cost, increases the property’s selling points, improves operational cost
saving up to thirty percent on the energy consumption, and guarantees the government incentives.
However, Real Estate and Housing Developer’s Association (REHDA) (2009) believes that such
incentives would allow a monopoly to exist; while Chen (2010) agreed that majority of the local
developers are likely opt for ‘green washing’ to chase the green points so that their projects are
perceived as following the current trend and thus qualify for the Tenth Malaysia Plan (10 MP)
incentive scheme [3]. As a result, the sustainability objectives of green building has been a
particular challenge for the development industry, resulting a lack of a business case for
responding to sustainable development objectives [4],Therefore, steps are needed to promote
wider acceptance in considering sustainability goal.
3.4

Green Building potential and risk

Many scholars believed that the global construction is responsible for contributing thirty five to forty
five percent of CO2 emissions throughout the world [10]. Studies conducted by the United Nations
Environment Programme in early 2007 indicated that by 2020, major parts of CO2 emissions will
come from the developing countries. In order to mitigate the financial concern and vulnerable
position in the marketplace for green buildings, this paper attempts to identify the economic value
based on the potential and risk associated with green building, as the key indicators for moving
towards building a sustainable development. Therefore, the summary of variable issues and
potential of green building is tabulated in Table 2 as shown below.
Table 2: Summary of potential and risk on economical value of building ‘Green’ property
Variables
i.
ii.

Potential
Low construction operational cost (% varies)
Property Selling point (+ 7.5%)

iii. Government incentives on qualified
expenditure
(+100%)
iv. Market value (±10.4 %)- ASIA base (2008)
v. Operational Cost Saving (50%)

iii.

Risk
High Development Cost (% varies)
Costly additional components and material
(+5%)
Costly Innovation (-100%)

iv.
v.

Low market appreciation value (% varies)
High recurrent Maintenance (% varies)

i.
ii.

4. Case Studies on ‘Green’ Development
4.1

The Certified (GBI and BEI) BIPV technology of GEO building, Malaysia

The 4000square metres of Malaysian Green Technology Corporation office; The Green Energy
Office (GEO) building serves as a green pilot project that provides a platform for proof of the green
concept in driving forward the goals of the Malaysian building industry (developers, consultants,
architects, local professionals and academia at large) in the subject of sustainable building design.
At a low cost of approximately RM20 million, the conceptual budgets are estimated to incorporate
the GEO building with the Building Integrated Photovoltaic (BIPV) system and also achieved the
GBI (certified) for Non-Residential Building. GEO building proved the sustainability achievement
through its energy efficiency strategy by producing electricity about 1,200 kWh/kWp/year but only
consume energy about 65kWh/m2/year (without PV contribution) as measured in Building Energy
Index (BEI). Compared to conventional building that would consume energy up to 220
kWph/m2/year, GEO building is likely demonstrate sustainability more than seventy percent in
terms of energy efficiency [5; 9]. It is forecasted that the GEO building could achieve BEI
35kWph/m2/year indicator as shown in Figure 1; therefore, the GEO building in turn contributes to
only 23kgCO2/m2/year [8]. The study that has been conducted by the IEN Consultant (2010) and it
also shows that, as compared to the conventional office building, the GEO building yields a 50
percent reduction on energy consumption and about 80 percent reduction on CO2 emission
intensity per annum (Figure 2).

Figure 1: Buildings are responsible for one-third of energy related GHG emissions.
Source: IEN Consultants, 2010.

- 60%
- 70%
- 80%

Figure 2: Green building demonstrates high CO2 emission savings.
Source: IEN Consultants, 2010.

4.2

Summary of case study data (based on GEO Building and BIPV technology)

The summary of case study applicable data (as also mentioned earlier in item 4.1) will assist to
simulate the expected outcome of the green building in terms of value of money and is tabulated in
Table 3 as shown below. The GEO building consists of Energy Efficiency (EE) quality as certified
by the GBI scheme. The MGTC (2009) stated that almost 18% additional construction cost is
incurred to adopt EE features while overall additional construction cost for adopting EE and RE
features will take up about 33%. The EE performance alone is designed to cater the energy use of
the building system such as the air conditioning and space heating, lighting, power, and process.
The common index for comparing energy use in buildings is known as the Building Energy Use
Index (BEI). This is usually expressed as kWh/m2/year which measures the total energy used in a
building for one year in kilowatts hours divided by the gross floor area of the building in square
meters [2]. Moreover, Chan (2009) believed that in order to comply with MS 1525 requirements for
non-residential buildings with air conditioned areas larger than 4000 square, the use of Renewable
Energy (RE) out of Building Integrated Photovoltaic system (BIPV) is adopted to achieve the
thermal efficiency of the building that should not exceed 50 W/m2 [9]. This strategy is expected to
contribute more energy saving on the use of air conditioning system that is normally take up 64
percent of overall energy consumption [2; 9]. According to the MGTC (2010) study, the yearly
energy saving of GEO building based on RE and EE (587,375 kWh/year) is translated into nearly
RM232, 558 based on the Tariff B (Low Voltage Commercial Tariff), whereby for all kWh of energy
usage is equivalent to RM0.397 per kWh. Meanwhile, the CO2 reduction is calculated based on
the 0.614 kg of CO2 emitted to the atmosphere for each 1 kWh of electricity generated by power
plant (Peninsular Malaysia).
Table 3: Summary of the case study on GEO building and BIPV technology.
Buildin
g / RE
project

Buildin
g Floor
Area
(sqm)

Overall
budget /
cost
(RM)

Additional
Constructio
nCost for
EE / RE

Energy
generation
(kWh/year)

GEO
Building
(EE)

4152

20 million

18% (overall
33%)

NIL

BIPV
project
(RE)

766

3.million
(extracted
from
20mil)

15%

1,200

Energy
Use
BEI
(kWh/m2/y
ear)
65

35
(equivalent
to 95,250
energy
saving)

Energy
saving (kWh
/year) =
RM 232,558
492,125 X
0.397 =
RM 195,374
95,250 X
0.397 =
RM 37,184

CO2
reduction
(kg/year)

(587,375 X
0.614)=
360,648

Source: (MGTC, 2010)

4.3

Comparative study on conventional and certified GBI with BIPV of an average of
4000sqm Office Building

Based on the case study of GEO building, the researcher has attempted to work out a comparison
of the conventional building against the green building using the common value in terms of
financial analysis (money). Hypothetically, it is expected that the result could change the risk on
financial concern for the green building, yet it offers a feasible and viable investment. The working
simulation on the financial analysis as estimated in Table 4 is solely based on the data applicable
as shown in Table 2 and Table 3. The conventional building is assumed to have the same area
(4000 sqm / 43,055 sqft) but has a reduction of at least 33 percent (RM6.6 million) in construction
cost against the sample budget (RM20 million). This is because the additional EE and RE features
as applied to GEO building are assumed not integrated in the conventional building. Consequently,
this study considers the incentives yield for GBI certified building is the tax exemption on 100
percent statutory income. It is estimated that the qualifying expenditure (QE) on the components
and materials of green building is assumed as 5 percent from the additional construction cost

(RM6.6 million), which is equivalent to RM 330,000. Hence the building construction cost is
estimated based on the value per square feet by dividing the overall budget (for each type of
building) with the building area (43, 055 sqft). Since the GEO building has adopted the BIPV
system for energy efficiency goal, this simulation study is also considering the BIPV result as the
crucial data of the operational cost saving strategy. This is because the BIPV system for RE
generation is forecasted to yield more energy saving of approximately 35 kWh/m2/year (MGTC,
2010). The study also attempted to evaluate the profitable value out of green building based on the
average rental of Class A building (RM 6.00/sqft) in an urban city such as Kuala Lumpur that is
highly marketable but also exposed to the risk of CO2 emission intensity (MGBC, 2010). The
estimated rented area is based on the air-conditioning area whereby it usually covering 80 percent
(in this case study is 3,175 sqm or 34,444 sqft) of the gross floor area (GFA) of a building [2; 8; 9].
Hypothetically, it is expected that the green building is cost-effective to commercial building that
generate revenue based on the encouraging performance of the green building features.
Table 4: Simulation study on financial analysis of Conventional Building versus Certified Green
Building of an average of 4000sqm / 43, 055sqft Office Building
No.
1.

2.
3.
4.

Building description
Overall budget / cost (RM)

Building cost per square feet
(RM/sqft)
Operational cost saving / year
(Solely on EE and RE performance=
BEI 35kWh/m2/year)
Incentives yield on tax exemption
(100 % from additional QE on
components and materials)

5.

Rental Market (Purpose Built Office
in Klang Valley) at RM 6.00 /sqft
(NAPIC, 2010).
Say 80% of GFA= 34,444 sqft, so that
[( RM6.00/sqft + market value
percentage X 34,444sqft X 12 months)
+ operational cost saving / year] =
revenue / year (RM)

6.

Payback period
(based on rental, operational cost
saving on electricity, and incentives
yield

Conventional Building

Certified Green Building

RM13.4 mil.
(Say: RM20 million
– 33 % or RM6.6 million)

RM20 million

± RM310 / sqft

± RM465 / sqft

0

RM 232,558

0

(RM 330,000)
(RM 6.6 million – 5%
additional cost)

(6 X 34,444)
= RM206, 664.00/month
(+ zero EE saving)
equivalent to
RM 2, 479, 968 /year

(6 + *1 X 34,444)=
(RM 241,108 /month X 12)
+ (RM232,558 energy
saving)
equivalent to
RM 3, 125, 854 /year
*Green Building market
value at ±10.4% or ±RM 1

5.4 years

5.8 years

Notes: The feasibility study shown regardless of actual operation expenses, maintenance expenses, and
other related utility saving.

5. Conclusion
The simulation analysis results from the summary of case study data shown above are that
operational cost saving of EE and RE performance alone (regardless of water saving) can be
achieved from certified green building with BIPV technology at least RM232,558 a year. As
opposed to the conventional building, it is expected that business operation could recover the
expenditure on green buildings approximately 5.8 years of operation (rental collection, cost saving
on energy efficiency, and tax exemption). The study also hypothesise the green building rental
collection is 10.4% based on the Asia market of Green Building (2008), however, the simulation
shown an additional yearly revenue of 21% (difference of RM645,886) as compared to
conventional building. Although, the investment on green building seems to have a difference 0.4

years (approximately 5 months), the simulation study as shown above discounted the cost saving
potentials that are derived from the water saving, and waste management. That is to say, this
study only highlighted the EE and RE potential. Study need to be carried out using extensive data
on financial records (especially on operational expenses). The green incentives scheme certainly
contributes towards green building and seems to make a significant financial difference (RM330,
000) by cutting back the incurred tax on statutory income based on the full qualifying expenditure
on installing green features. The main conclusion is that, since the GEO building is a non-profit
(generating) building therefore, this simulation needs to be applied to another case study (green
building) in the commercial sector where a market rate for the green building could be derived. The
conceptual framework of the green initiative needs to justify that building ‘green’ can be a ‘low
cost’ or a good investment but it can also be profitable if the business strategy based on the green
economy using the green design of the property is structured sensibly.
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Summary
Soft Landings is an embryonic professional service that enables project teams to take greater responsibility for the performance of the buildings they design. The Soft Landings process requires
design and build teams to migrate from a fixation on technical inputs to a new focus on operational
outcomes, specifically maintainability, manageability and usability.
Soft Landings is a set of work steps designed to augment existing professional services. A threeyear graduated handover includes structured, formal post-occupancy evaluation (POE). The POE
involves the certification of actual energy and environmental performance against client requirements, the design team’s predictions, and the end-user expectations. Structured energy surveys
and occupant satisfaction surveys are part of the service.
The current development of building certification largely targets the design process. However, design is only part of the story. An energy-efficient building encompasses good design, greater
emphasis on building readiness, greater clarity at the inception and briefing stages about client
needs and operational outcomes, and subsequent targeted and well-trained facilities management.
The paper will demonstrate that the solutions to these requirements lie less in product innovation
and green technologies, but more about improving the delivery process. We need project teams to
take a custodial attitude to the way buildings are designed, delivered and made operationally ready.
This requires a revolution in the way project teams are appointed, in the way contracts are written
and set, and in the level of integration between members of the supply chain, and their roles and
responsibilities. The paper will therefore propose that:
Building projects are judged on their operational outcomes, not their design specifications
Practical completion is no longer the point at which a project team is paid and disbands
The Defects Liability period is replaced by graduated handover
Design teams take greater responsibility for long-term performance, certified by
measurement.
Final payment will be on certified achievement, against a range of Key Performance
Indicators.
Keywords: Soft Landings, energy, handover, occupant satisfaction, aftercare, commissioning, postoccupancy evaluation, performance, feedback, carbon.

1. Introduction
1.1

Background

Soft Landings is a structured process for designers and constructors to improve the operational
performance of buildings and provide valuable feedback to project teams. It was devised in the
wake of the PROBE post-occupancy evaluation studies[1] (which recommended sea trials for new
buildings), and developed further in 2002 by architect Mark Way[2] with the Estates Department at
Cambridge University. It was further developed in 2008 by BSRIA and the Usable Buildings Trust
and turned into a public-domain methodology[3] in 2009.
The process is largely expressed as a series of generic work steps designed to augment, and be
tailored to, standard procurement procedures. Work steps can be edited, for example to cater for
specific requirements. Individual tasks and responsibilities are agreed and set for all Soft Landings
work stages.
The work steps require designers and constructors to remain involved with buildings beyond
practical completion, to assist the client during the first months of operation and beyond, to help
fine-tune and de-bug the systems, and to ensure the occupiers understand how to control and best
use their buildings.
Soft Landings starts by the project team being required to engage with outcomes (rather than just
technical inputs) throughout the process of briefing, design and delivery. This requires designers
and constructors to spend more time on constructive dialogue with the client, and in setting
expectations and performance targets on energy and end-user satisfaction.
The work steps in Soft Landings enable operators and users to spend more time on understanding
interfaces and systems before they occupy the building. The designers and key contractors are
therefore motivated to understand and support the end-users in the critical early period of
occupation.
In essence, Soft Landings requires:
Greater clarity at the inception and briefing stages about client needs and required
outcomes
Greater emphasis on building readiness, by designer and constructor having greater
involvement during the pre-handover and commissioning stages
A resident Soft Landings team located on site during the users’ initial settling-in period
The project team professionals being involved after occupation, during and beyond the
defects liability period to resolve outstanding issues.
Soft Landings provides a unifying vehicle for feedback methods such as energy and occupant
surveys, and environmental assessments used around the world, such as BREEAM, LEED,
Estidama, and Greenstar.
The continuing involvement by the client, design and building team during a three-year aftercare
period is designed to help the operators get the best out of the building. The project team will
benefit from the lessons learned from occupant satisfaction surveys and energy monitoring.
1.2

Why is Soft Landings needed?

The world is not hitting its carbon reduction targets – and buildings are half the problem in most
countries’ annual output of carbon dioxide. Tighter environmental regulation is increasing pressure
for greater predictability of the end product – we need to learn from experience. However, design
inputs are not the same as operational outcomes: Notional energy and environmental targets set in

the design phase cannot fully take into account the use to which a building is subsequently put.
Forms of contract around the world also focus on time and cost, rather than performance of the
end product. There is also heavy focus on design inputs as an indicator of likely operational
outcomes. However, this is a risky if not flawed prospectus.
Design is mostly influenced by predictions of performance, and by technical product specifications.
It is also treated as a fixed stage in the procurement process, followed by construction. However,
the process of design is fluid. Things change as requirements shift, more knowledge is gained, and
detail is added. Outline requirements turn into detailed specifications, then into actual systems.
Design assumptions need to be constantly re-checked. However, such re-checking is rare once the
client has signed off the design.
Divergence from the design intention is compounded when buildings are not operationally ready at
handover, usually a consequence of compressing the commissioning period. Fine-tuning and
operational adjustments are needed once the occupier has taken possession, especially where the
building’s environmental performance relies on advanced or complex technologies.
Therefore, the closer design gets to the cutting edge of performance, the more crucial it becomes
to get the whole system right: the procurement process and the advanced technology. However,
post-occupancy evaluation is still not a routine process in most international construction industries.
Clients are encouraged - by forms of contract and the construction industry itself - to believe that
buildings are complete and operationally ready on the day of occupation.
No money is usually included in budgets for formal structured post-occupancy assessments of the
building’s performance, neither technically nor from the perspective of occupant satisfaction.
Design and construction professionals are therefore not engaged to remain involved with the
building to fine-tune its performance. Their responsibilities usually only extend as far as defects
liability for 12 months following handover, and any latent defects beyond that period. As a result a
professional team will begin to disband almost immediately the building is handed over to the client
and the client’s maintenance teams.
The maintenance teams themselves do not have access to the professional team for long, and
usually have to rely on the building’s operational and maintenance (O&M) manuals for their
understanding of the design intention. The O&M manuals are not always complete, nor
comprehensive enough to fulfil this function.
The few post-occupancy studies published in the public domain indicate that performance
shortcomings begin to show almost immediately in buildings that have no professional fine-tuning[4].
Although customer support after handover is often planned for, it is rarely delivered. This risks
incomprehension among end-users and leads to frustration with things they don’t understand. A
blame culture is created, and opportunities are missed to make the building perform closer to the
design intention. This creates identifiable gaps between performance predictions and reality,
affecting technology, data, energy use, and communication and human behaviour.
1.2.1 The technology gap
Technical features do not equate to functionality. Technology often leads to unmanageable
complexity, and as result fails to deliver the design promise. Such systems are often not designed
or documented to suit occupier priorities, a problem amplified by inadequate commissioning and
follow-through.[5]
1.2.2 The data gap
A lack of information on basic performance indicators is the norm, such as system usability, energy
use, and occupant satisfaction.

1.2.3 The communications gap
A communications gap exists not just between delivery teams and clients, but within the delivery
team, where responsibilities are not shared or not passed on.
1.2.4 A human appreciation gap
Engineers trust only the quantitative, when the qualitative (such as occupant surveys) can reveal
hidden issues with comfort conditions, system usability and manageability, and perceived levels of
productivity. Control systems given to occupants to override automatic systems, such as motorised
windows and vents, are variously dysfunctional, intrusive, unstable and give poor feedback.
End users are often not up to speed with the systems they have been given. The problem
becomes more acute with highly complex systems, such as renewable forms of on-site energy
generation, and complicated controls for ventilation, heating and cooling.[6]
1.2.5 An energy gap
Modelled estimates of energy use may not reflect actual energy consumption, higher figures may
come as a shock later. Chronic under-performance usually shows in the building’s energy use.
The causes of excessive energy consumption and carbon dioxide emissions are usually difficult to
identify, and equally difficult to rein in once the professional team has left site. Energy intensive
systems such as fans, pumps, controls, lighting, catering equipment, information and
communications technology (ICT), office equipment, and refrigeration are at the heart of the
problem. The electrical consumption of these items can easily be up to three times the design
prediction for the following reasons:
Equipment running for long periods, use of the outside normal hours, and/or local control
that is either absent or difficult for facilities managers to exercise
Equipment left on when not needed, such as lighting, external security systems, computers
and printers on standby or overnight charging, vending machines, and refrigerators and
freezers in catering kitchens during long periods of absence (such as in schools)
Equipment that doesn’t work properly, such as systems and controls that are either
inappropriate, over-complex, difficult to use and maintain - and often poorly commissioned
Things difficult for building occupants to operate and change, typically user controls that are
either too basic or too complex.

2. THE SOFT LANDINGS PROCESS
The detailed process of Soft Landings is defined in a Framework published by BSRIA with
assistance from the UK Usable Buildings Trust (UBT). The key steps in the process are shown in
Table 1 below.
The process starts with the client championing the use of the Soft Landings process: the concept
of graduated handover and aftercare by the professional design and construction team. This
requirement should be recorded in the client’s project brief.[7]
A project team runs its Soft Landings process, not any external body. It is not a tick-box
assessment process, it is not a licensed process, and it is not a fixed product. The Soft Landings
worksteps can (and should) be tailored to suit a project’s particular circumstances. Soft Landings
works best as a team endeavour. The client should appoint a Soft Landings champion within it’s
organisation to ensure continuity through the project, and to ensure that Soft Landings principles
take their proper place as part of the routine management of the project and is properly resourced.

The client should also take care to appoint a project manager with a commitment to running the
project on Soft Landings principles.
A nominal budget for the Soft Landings activities must be set at the outset, typically 0.1% of the
total construction budget. (The percentage figure will be higher for small projects and lower for
large projects, but in any case is a notional figure at this stage. The final investment in Soft
Landings may be cost-neutral or better.)
The Soft Landings process (Table 1, overleaf) provides the road-map for the project team. Generic
roles and responsibilities for all key members of the project team are discussed, tailored to the
specific context of the project, and agreed in discussion. The project tendering process needs to
adopt Soft Landings as a criterion for appointment, with bidders signing up to the principle of
undertaking Soft Landings.
It is important to include specialist sub-contractors in the Soft Landings team, especially where
they have a design responsibility and when their systems link to other parts of the building. For
example, controls sub-contractors are vital members of a Soft Landings team, as their systems are
responsible for making sure that the building and its engineering services operate in accordance
with the design specification, and are manageable by the client’s facilities team after handover.
Soft Landings deliverables should not be imposed on sub-contractors in a contract, but discussed
and agreed once they have been appointed. What should be collaborative in principle should not
become heavily contractual in practice. Once formed, the Soft Landings project team agrees and
apportions roles and responsibilities. A more detailed budget is formed, weighted towards the
aftercare duties.
Table 1 shows how the additions to normal scopes of service occur during five main stages.
2.1

Stage 1: Inception and Briefing

Stage 1 clarifies the duties of members of the client, and the design and building teams during
critical stages, and help to set and manage expectations for performance in use.
Roles and limits of responsibility must be clearly spelt out from the very beginning. If nothing else,
this will highlight any gaps and possibly the unsuitability of individuals in their assumed roles. Titles
are less important than an individual’s ability and temperament to perform their role (Figure 1).
While the focus is often on the supply side (the design team and constructors), it is equally
important that the roles and responsibilities in the client team are equally well-defined.
Facilities management expertise needs to be involved in the early stages. It may require good skills
in facilitation to get the best out of a facilities team during briefing, as designers and premises
managers can approach issues from very different perspectives. Engaging facilities managers also
helps with the management of expectations, and will help the professional team to identify the
degree of training and familiarisation that will be needed post-handover.
2.2

Stage 2: Design Development and Review

This stage covers specification and construction. It proceeds much as usual, but with greater
attention to applying the procedures established in the briefing stage, reviewing the likely
performance against the original expectations, and achieving specific outcomes.
This stage should include feedback from other projects or from published post-occupancy
evaluations of similar buildings. This will maintain awareness of constraints, past experience and
past performance. This should inform periodic reality-checking workshops where the design is
compared with the client’s requirements.

Table 1 The Soft Landings process shown in yellow against the UK’s RIBA Plan of Work and the
Gateway process of the Office of Government Commerce (OGC). Soft Landings can be mapped
against any international procurement process.

The project manager should seek to elicit all relevant experiences - good and bad - in a spirit of
openness. All team members should be encouraged to obtain and contribute insights from the
performance-in-use of comparable projects.
Close attention needs to be given to the usability and manageability of the proposed design
solutions, and in particular moving parts, electrical components and their control interfaces. Where
the occupiers are known, their facilities managers and user representatives should be involved in
reviewing the proposals and commenting, not just on the design intent, but also on the details of
the management and user interfaces, including the equipment selected and its location.
Environmental and other performance targets should be set at this stage. The processes of target
setting, prediction and measurement will highlight the need for skills and expertise on the client
side that the clients may not anticipate. Targets should satisfy the criteria of being unambiguous,
measurable and of some value.
Requirements for independent post-occupancy evaluation (POE) services will need to be verified.
To assist comparability and transparency, where appropriate and practical the same metrics should
be used for the design targets and what the POE will measure.
2.3

Stage 3: Pre-Handover

The pre-handover phase requires greater involvement of designers, builders, operators and
commissioning and controls specialists in order to strengthen the operational readiness of the
building.
The main purpose of the pre-handover stage is to help to ensure that by the time the building is
handed over it is not just physically complete, but ready for operation. A building readiness subprogramme therefore needs to be developed in good time, and well ahead of the start of
commissioning work.
Activities by the design and building team must also include static commissioning (such as
inspections of air-tightness details, checks of window opening devices and linkages, and envelope
pressure tests). Commissioning of building services needs to be extended to include, for example,
natural ventilation, renewable energy systems, energy metering installations, and effective user
interfaces.
Great care needs to be given to demonstration, training and documentation. The building
management system (BMS) should be fully demonstrated and training given to facilities staff, who
should know how to use and fine-tune the controls prior to occupation. Any proposed activities by
the client and occupier also need to be reviewed, such as staffing, operation and maintenance
contracts, and move-in plans.

Above, Fig. 1: Soft Landings expressed as a process, with the blue shaded area (exaggerated
vertical scale) roughly equating to the effort expended by Soft Landings team members. The
construction period is not shown. The gradient of effort during the aftercare period is purely
illustrative, and may be steeper or shallower depending on building complexity, the issues that
emerge, and the quality of preparation during earlier stages.
The actual move-in by the occupiers can be dependant on activities immediately pre and posthandover that are unknown by the construction team. A relatively small involvement by the design
team and constructor in the users’ logistics planning can help minimise the inevitable upset to
occupiers caused by unforeseen clashes with site activities.
It is crucial that the aftercare team are not only helping ease the users lives during the first weeks
of occupation, but are seen to be doing so. A visible home should be pre-arranged and available
from day one of occupation.
2.4

Stage 4: Initial Aftercare

The responsibility for operating the building is with the client’s facilities team. However, the
continuing involvement of the designers, the main contractor, and significant sub-contractors
during the defects liability period and the following two years of aftercare support will help the
occupiers get the best out of using the building.
Team members must make themselves available to deal pre-emptively with queries and
misunderstandings. The observations they make, the questions they answer, the responses they
get and the insights they derive will help prevent minor from problems developing into longer-term
chronic irritants for the occupants and the client alike. Their period of residence also provides an
opportunity to observe and learn from initial feedback and problem-solving.
2.5

Stage 5: Aftercare Year 1

In year 1 the first opportunity will occur for any necessary seasonal fine-tuning of systems,
particularly heating and cooling.
Adjustment for client/user changes, space usage or decisions on occupancy is not part of fine-

tuning. It is also not about re-commissioning or fixing defects; it is more about modifying setpoints
and control strategies in the light of user experience, and client preferences that, in reality, may be
different from design assumptions.
The primary focus in the first 12 months is on settling everything down, fine-tuning and logging
usage and change. Regular reviews will continue, although the residential presence of design and
constructor team members can taper off.
At the end of the first year of aftercare, the first structured post-occupancy evaluation should be
carried out, involving three distinct activities:
2.6

A forensic walkthrough

An audit of the building should be carried out by the design team or an expert building evaluator
with the diagnostic skills to understand how the building is performing. This should include
conversations with the building management and maintenance teams, and workshops with the
building occupiers.
2.7

An Initial energy survey

A building’s energy consumption after 12 months will only reflect the first heating and cooling
seasons and should not be anticipated to reflect optimum performance. Many systems require
additional tuning in the light of experience, and therefore the building’s performance should not be
judged too harshly.
Dependable comparison of actual and forecast performance will be impossible without regular
recording of changes by the facilities manager. The O&M Manuals should also be updated to
reflect changes to systems and equipment.
Energy use should be matched against all known loads, both regulated and unregulated (plug-in
power). The total of all energy sub-meters should match the readings of the main meter (Figure 2).
2.8

An occupant survey

An independent occupant survey should occur at the end of Year 1. The chosen methodology
should aim for a 100% response rate, and control for contextual and zonal differences within the
building (Fig 3).
The best occupant surveys have internal benchmarks to reflect the performance of the target
building to buildings of a similar type. Surveys should be conducted with great care and not too
often, as occupants of buildings can suffer rapidly from survey fatigue.
The survey results should inform what follow-up activities or fine-tuning is required, also additional
activities may be necessary. The supply chain should also invest some time in embedding the
lessons learned within their own firms.[8]
2.9

Stage 5: Aftercare Years 2-3

As with year 1, the responsibility for operating the building is with the facilities managers. However,
the continuing involvement of the designers and the main contractor during years 2 and 3 will help
the occupiers get the best out using the building.
Having completed the traditional Defects Liability Period, the emphasis during years 2 and 3 will be
similar, but with a concentration on recording the operation of the building and reviewing
performance.

Fig 2 Energy surveys should break down energy use by end use, and compare the elemental
breakdown against appropriate benchmarks. The primary fuels (and any contribution from
renewable sources) should also be expressed in units of carbon dioxide.

Fig 3 Occupancy surveys should cover the main comfort variables, plus other issues that are
important to building users, such as perceived health and productivity, image and whether needs
have been met. This is an example from the Building Use Studies survey methodology showing a
high level of dissatisfaction with internal conditions, but positive acknowledgement of the building's
architectural merit. Design professionals are often hoodwinked by image.

A second occupant survey should be carried out at the end of year 3 (perhaps year 2, after due
consideration of survey fatigue) to determine whether changes to the buildings systems have
improved occupants’ perceptions of comfort conditions. If not, some work may be required beyond
year 3, or occupants’ expectations may need to be revised.
The performance of the building at the end of year 3 – covering the total building, its energy
performance and energy efficiency – should be drawn together into a final report and the results
compared with the design aspiration. Any differences between the client requirements and final
performance of the building should be able to be explained.
The final results can be compared to any key performance indicators set by the client and
professional team and recorded in the client’s requirements.
Financial incentives and rewards can be linked to the performance targets, but should be kept free
from heavy legal bolstering. Penalties and retentions have no place in the collaborative activity that
is Soft Landings.
Costs of Soft Landings The costs for the early stages - from project inception to pre-handover should involve little extra cost, well within the margin of competitive bids. There is some extra work
during the three-year aftercare period, but the costs are modest in relation to the value added to
the client’s building and the potential cost of high fuel bills from poorly finished-off and poorly
controlled building services.
Soft Landings should also lead to less costly re-work for design teams and contractors, who often
employ specialists specifically to clear up poorly completed work. This is a drain on finances and
resources and is best avoided.
Some elements of Soft Landings, such as group facilitation in the briefing stages, reality checking
of design decisions, and the energy and occupant surveys are best carried out by an independent
organisation using industry-standard methodologies. The costs of this external input will
nevertheless be modest.

3. Discussion
Soft Landings represents a major shift in construction culture. The professional team is required by
Soft Landings to take greater custody of the performance of the built asset, in energy and carbon
dioxide terms, and in terms of the satisfaction of the buildings’ users and their (perceived)
productivity.
Soft Landings finally closes the feedback loop between design intention and operational reality in a
way that benefits both construction clients (with a better performing asset), the end users (whose
needs are properly catered for) and the construction industry itself (which can feed-back the
lessons learned into new projects).
However, while the concept of graduated handover and professional aftercare is largely motivated
by the need to ensure complex building services technology is fully commissioned and fine-tuned
by the design team, the issues it raises are largely behavioural rather than technical.
First, Soft Landings requires participants to engage in outcomes rather than blindly believe that all
technical inputs will automatically deliver beneficial outputs. Second, Soft Landings de-emphasises
the importance of the signed-off technical specification in favour of measured operational
performance in years 2 and 3. Similarly, clients are required to recognise that buildings do not work
perfectly “out of the box”, as their design consultants have long implied.
Designers (and more particularly contractors) are not used to being engaged beyond practical
completion. Forms of contract also militate against professionals from taking responsibility for
building performance-in-use. The construction industry generally avoids bad news and tends to
either go into denial over performance problems or enter into a litigious blame-game.

The more design teams believe the rhetoric rather than the reality, the more difficult it is to accept
the credibility gaps. The gaps themselves are easy to define:
Over-optimistic design calculations - not everything is counted
A failure to manage the design intention through the entire delivery process, and lack of
follow through after handover to resolve emerging problems and fine-tune where necessary
Over-complicated systems, over-reliance on automation, lack of training for managers, and
a lack of awareness-raising for occupants
A fixation on cost and time at the expense of quality, and an unwillingness to recognise that
designs can become fragile under these pressures
Continuity of delivery is fragmented, particularly with work packages and sub-contracts,
many of which have become so specialist that the lead designers only understand the
concept not the detail.
The changes that are required can be best expressed in what BSRIA calls the 'Soft Landings
Revelations':
1. Building projects will soon be judged on their operational outcomes not their design
specifications
2. Practical completion and client occupation will no longer be the point at which the project
team is paid and begins to disband
3. The Defects Liability period will be replaced by Soft Landings fine-tuning and seasonal
commissioning
4. Design teams will take greater responsibility for the long-term performance of the buildings
they create
5. Final payment for the project team will be on measured achievement against a range of key
performance indicators, set at the design stage.

4. CONCLUSIONS
Soft Landings provides a unified vehicle for achieving tighter environmental performance and the
best opportunity for producing low-carbon buildings that actually meet their design targets.
Without feedback, there is no learning. Soft Landings closes the loop between design expectation
and reality, creating virtuous circles for all. Soft Landings is a vehicle for occupant satisfaction
surveys, energy monitoring and reporting, and benchmarking, all of which contribute to creating a
lessons-learned culture among all members of a project team.
Soft Landings should also lead to less costly re-work for design teams and contractors, who often
employ specialists to clear up poorly completed work.
Soft Landings shifts the emphasis for good performance away from just design aspiration to the
way buildings are actually managed and maintained. This dovetails with moves towards energy
performance certification, building logbooks, green leases, and corporate social responsibility in
property development around the world.
Soft Landings creates virtuous circles for all and offers the best hope for truly integrated and robust
design. The construction industry worldwide should embrace the knowledge gained from
performance assessment and turn it into competitive advantage. Only the best buildings will
survive in the long term.
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Summary
The key drivers of green strategy and design in Australia are the issues of water conservation (in a
drought-prone country), energy consumption (in a market of rising costs), and carbon emissions (in
an era of international environmental responsibility). However, although a green building may be
constructed or refurbished to high environmental standards, the green lease is the key to operating
the building in a sustainable manner. Green leases include provisions to minimise environmental
impacts, operate efficiently with respect to energy, emissions, and water, and to produce healthy
working conditions during a building’s operation. This paper presents an examination of the trends,
issues, and prospect of green leases from an Australian perspective.
The study highlights the government as leading by example by using green leases (schedules) in
leased premises (comprising 30% of the office market) as either landlord or tenant. Corporate
reporting requirements and environmental sustainability policies and regulations are likely to
additionally encourage adoption of green leases by the private commercial sector. Of importance
also are the two environmental rating tools (Green Star for environmental design/features and
National Australian Built Environment Rating Scheme for environmental performance). The
growing use of these two rating tools will necessitate the increasing use of green leases as the
mechanism (including remediation) for ensuring the establishment, attainment, and maintenance of
building environmental performance by both landlord and tenant. Recent data show that green
office buildings in Australia that have environmental ratings do provide an asset value and return
advantage over non-rated office buildings; green leases will therefore be a means to
protect/enhance asset values and returns for property investors by maintaining/improving buildings’
environmental efficiencies. All of these drivers will bring about a continued increase in uptake of
green leasing in Australia.
Current and prospective issues are identified, and include: (1) Harmonisation of the parameters of
the rating tool(s) used to assess the “green-ness” of a building, improvements in the consistency of
environmental ratings, the matching of green lease targets/benchmarks more closely to rating tool
parameters, and the establishment of environmental components in green leases other than those
relating to energy and water; (2) A need to better understand the drivers influencing the landlordtenant relationship in the private commercial sector regarding environmental performance/impact;
(3) A need to better understand and quantify the government’s role in influencing lease trends in
the commercial market; (4) Green leases are a relatively new area of law, and there will likely be
judicial tests of such leases as they move into the legal mainstream; and (5) The development of a
two-tier office market, one with green leases, and one without.
Keywords: green leases, green buildings, environmental performance, rating tools, Australia,
government, sustainability

1. Introduction
The production of environmentally sustainable buildings has required a reinvention of building
design processes to incorporate consideration of economic, environmental, and social impacts and
costs across the entire life cycle of a building. In Australia, green building initiatives are being
motivated by various stakeholders, including government, building owners, tenants, conservation
organisations, socially responsible businesses and investors, and the property/building industry.
A green building is designed and operated with various aims in mind, including: reducing energy
consumption, water use, and waste production; using low maintenance, environmentally benign
building materials; providing comfortable and healthy indoor environments; and improving
occupant health and productivity. Currently, the major concerns in Australia that are influencing the
design of, and demand for, green buildings are water shortages and rising energy costs [1]. There
are also international obligations regarding carbon emissions to consider. The Federal Government
of Australia has taken a strong lead in green issues, through policy, regulation, and its own
example such as the requirement that buildings leased to a government agency or department
must be done using a green lease [2]. In addition, stakeholder demands and expectations
concerning environmental performance are continuing to rise, and businesses are seeking to be
employers of choice and retain staff [3].
To operate effectively in this context, organizations (including government departments and large
corporates) in Australia are increasingly being required to demonstrate proactive management of
environmental aspects in their business activities including in the operation of buildings, whether
they are owner or occupier. Just as the production of environmentally sustainable buildings has
required a reinvention of building design processes, the operation of these same buildings will
require a similar revolution in building performance measurement and management processes.
Developments in this green operational revolution are now proceeding at pace, including the
increasing adoption of green leases. A green lease establishes a legal agreement between the
landlord and tenant(s) of a building regarding the building’s environmental performance in such
aspects as energy use, emissions output, water use, and waste production. The green lease
assumes central importance in the sustainable use of buildings, as it provides the means for
setting environmental performance targets, establishes the mechanisms (e.g., an environmental
management plan) through which the targets can be achieved, and provides ways for dispute
resolution concerning, for example, the revision or non-achievement of targets.
With the foregoing context, this paper aims to provide an examination of green leases/leasing in
Australia, with a view to identifying trends, developments, and issues. Particular attention is paid to
the relationship between green leases and building environmental rating tools, and to the role
played by government through its own sustainable behaviour, including its use of green leases.
Information for the study was obtained from various complementary sources, including: academic
literature on various aspects of green building; government documents describing policies,
programmes, and initiatives; building and property industry documents and reports; organization
websites; interviews with industrial and government contacts; sample green leases and schedules;
and the author’s own experience in the green building industry.
The paper continues by giving a brief background to building green in Australia, including the costs
and benefits involved and how green buildings are assessed for environmental features and
performance. Green leases are then examined, including their application within the Australian
sustainable property market, followed by a detailed exploration of the current issues, developments,
and emerging trends.

2. Building Green in Australia
2.1

Costs

The Green Building Council of Australia (GBCA) [4] presents a strong case for building green in
Australia. The findings show that green buildings can deliver: a reduction in annual operating costs
from $120-$60 per m2 via a 60 % reduction in water and energy consumption; a 10 % increase in
market value of asset; higher rents by 5-10%; higher occupant working productivity (1-25 %
increase); and lower staff turnover. The GBCA estimates that the cost premium to build green
should be < 3 % over the costs of standard construction. This makes the “green premium” for a
central business district office building < $100/m2. In contrast, it would need only a 2 % increase in

productivity for an occupant worker with an annual aggregate salary of $100,000 and occupying a
floor space of 20 m2 to yield a saving of $100 /m2/year. For energy cost-saving, at 20 cents per
kilowatt hour, a 50 % reduction in office building energy consumption from 200 kw/hr/m2 saves
$20/m2/year. A more recent GBCA study [5] found in a survey of Green Star rated buildings that the
average additional cost to build green was 10%; however, 12% of the buildings had zero additional
costs and 10% (all small buildings) had 35% additional costs. For large (>40,000 m2) buildings,
none went over 5% additional costs.
Another recent analysis of the costs and benefits of building green in Australia [1] provides not
dissimilar results. Modelling using parameters applicable to a large office building indicates that, at
present, the impact on green construction costs (compared with standard construction) is 3-5 % for
a 5-Star rated building and 9-11 % for a 6-Star rating (see Section 2.4 for rating tools). These
equate to “green premiums” of $98/m2 and $203/m2 respectively [1]. The additional gross lease
rental needed to cover these costs for a 5-Star building is modelled to be cancelled by a
productivity rise of around just 1.5 %.
2.2

The Range of Benefits

Various studies have indicated the beneficial aspects of a building’s green characteristics. Benefits
to organizations of building green may include water and energy savings, lower operating and
maintenance costs, reduced risk of obsolescence, higher building asset values, ability to command
higher lease rates, lower tenant turnover, higher occupancy rates, improved attraction and
retention of workforce through improved working environment, improved occupant health and
productivity, and better customer relationships [1] [4] [6] [7] [12].
Characteristics of buildings and their indoor environments influence occupant health including the
occurrence of respiratory illnesses and sick building symptoms [6] [8]. There is increasing evidence
that well designed buildings also contribute to occupant productivity [10]. Productivity can be
enhanced by increases in worker well-being, by reduced amounts of sick leave, and by a reduction
in time during which sickness diminishes workers’ performance while at work [8]. Leaman and
Bordass [10] suggest that productivity gains of up to around 20 % may be attributed to the effects
of building characteristics on occupants. The pertinent variables include: comfort and personal
control thereof; ventilation type and the size, depth, and shape of the building; and the intent of
design and the appropriate use of the technologies by occupants. The key factors associated with
occupant comfort and productivity are the thermal environment (temperature, humidity level, and
ventilation), air quality, and the types and level of ambient lighting [6]. In Melbourne, the 10-storey
council building (Green Star rating of 6-star) is expected to give the City of Melbourne council a
4.9% increase in staff productivity and reduced sick leave, reckoned to save more than 1.1 million
dollars per year [11].
2.3

Financial Green Advantage

It is now becoming increasingly apparent that any cost premium in building green ([4], [5]) is being
more than returned by better rents and higher valuations [5], [6], [12], [13], [14]. It would seem that
green buildings are becoming more valuable than standard buildings, especially when the figures
are calculated taking into account their longer lifespan, reduced replacement schedule, and lower
operating costs [1], [9]. It is such aspects of green buildings that appeal most to real estate
investors: the correlation between buildings’ environmental features/performance and higher
investment returns. Investors expect higher returns for improving sustainability and for the level of
certification on the environmental performance of the buildings they own. However, until recently,
there has been a lack of hard evidence to quantify the relationship between environmental
performance ratings and the investment performance of building assets. Investment Property
Databank (IPD) (www.ipd.com) provides research and delivers property indices for the Property
Council of Australia, the leading advocate for Australia’s $600 billion property industry which
represents the nation’s major investors, property owners and developers, and the industry’s
professional service and trade providers. A 2008 IPD study [13] of the Australian office market
compared rental and capital value for a sample of 84 offices between buildings of lower- and
higher-rated environmental performance. The results showed that rental values increased at
$20/m2 (September 2007 to September 2008) for higher-rated energy efficiency buildings
compared with $15/m2 for lower rated buildings. The capital value per m2 for higher-rated office

buildings increased by 9.2% compared with 7.5% for lower-rated. Vacancy rates were also lower
by 0.7% (i.e. by 70 basis points) for the higher-rated buildings.
A more recent IPD study [6] of the investment performance of green buildings with respect to their
environmental ratings for 570 rated buildings shows a clearer advantage of “green-ness”. Property
asset valuation data included returns, capital value, rents, and vacancy rates, and the asset rating
tool data comprised ratings given by Green Star, NABERS energy and NABERS water. For Green
Star 4-6 star rated buildings, the annualized 2-yr return for the office market was 5.6% compared
with 1.6% for non-rated buildings, and for NABERS energy was 5.4% for 5 star, 4.4% for 4 star,
and 1.6 % for unrated, and for NABERS water was 5.5% for 4.5 star, 1.8% for 3 star, and 1.6% for
unrated. The analysis for rentals and vacancy rates is not yet complete but should make interesting
reading when it is released. The overall study indicates that the claims of green advantage in
investment value are real and significant. Recent international studies are now starting to show
that a building’s green characteristics have a significantly positive impact on rental prices, of 1020% premium over conventional buildings [12], [14].
2.4

Environmental Rating Tools Used for Assessing Green Buildings

There are two major tools available to guide, assess, monitor, and control the design and operation
of buildings in Australia in terms of their environmental performance and impact. The Green Star
Rating (GSR) concerns the rating of a building at the design and construction phases, based on its
features and attributes. The National Australian Built Environment Rating System (NABERS) gives
a rating based on the actual (measured) environmental performance and impact of a building
irrespective of its green design features.
2.4.1 Green Star Rating
With regard to delivering environmental improvements in the building/property industry, the GBCA
(www.gbcaus.org) was set up in 2002 to promote sustainable development and the transition of the
property industry by supporting green building programs, technologies, design practices, and
operations. In 2003 the GBCA instituted the Green Star environmental rating system, the aim of
which is to assist the building industry in its transition to sustainable development by establishing
environmental measurement criteria with particular relevance to the Australian marketplace and
environmental context. The system sets a standard of measurement for green buildings in their
design and construction phases, and considers building life-cycle impacts. The rating can be
applied to new buildings or to existing buildings undergoing refurbishment. The ratings establish
how the premises are likely to perform under ideal circumstances based on design information and
management processes. The rating system promotes reduced energy consumption, and stricter
criteria for a wide range of environmental impacts, including greenhouse effects, water
conservation, material selection, waste management, ventilation, air quality, lighting, and noise
levels. Green Star differs from other overseas systems such as BREEAM and LEED in several
respects including its categories of assessment criteria and the weightings given to them [15].
For commercial office design and construction, projects are evaluated against eight environmental
impact categories and an innovation category. The categories include indoor environmental quality,
transport, energy, materials, water, emissions, and ecology. Within each category, points are
awarded for specific sub-categories (e.g. for emissions, the subcategories include refrigerants,
insulation materials, water discharges, and light pollution) that demonstrate a project has met the
overall objectives of Green Star and the specific criteria of the relevant rating tool. Points are
weighted and an overall rating is calculated for the project. As of 2009, there were 107 buildings
that had been GreenStar rated and operating for at least one year in Australia; and 11% of
Australia's CBD commercial office buildings are Green Star certified [5].
Although the rating scale ranges from 1 to 6, the GBCA certifies only buildings that achieve a rating
of 4, 5, or 6 Stars. A 4 Star Green Star Certified Rating signifies “Best Practice.” A 5 Star Rating
signifies “Australian Excellence.” A 6 Star Rating signifies “World Leadership.” Green Star
certification requires a formal process; however, any individual or organisation can freely download
and use the Green Star tools (including xcel spreadsheets for assessing ratings) from the GBCA
website to examine its own building/project environmental features and characteristics.

2.4.2 National Australian Built Environment Rating System (NABERS)
NABERS (www.nabers.com.au) is administered by the New South Wales Office of Environment
and Heritage. The system provides a rating based on the actual environmental performance and
impacts of an existing building irrespective of its green design features. It therefore contrasts with
the AGBR scheme which rates feature-based environmental aspects/elements of building design
and construction.
The predecessor of the NABERS scheme was the Australian Building Greenhouse Rating (ABGR),
an energy rating tool set up in 1998 and administered nationally by the Department of Energy,
Utilities and Sustainability. The tool rated a building according to its measured performance using
12 months of energy supply-use data. ABGR aimed to help commercial buildings minimise
optimise energy use, minimise greenhouse emissions, and to gain competitive and marketing
advantages for energy-efficient, low-emission buildings. The ABGR scheme rated buildings from 1
to 5 stars with 4 stars representing excellent energy/emissions performance and 5 stars
representing exceptional performance.
The new NABERS scheme has superseded the ABGR scheme by incorporating that scheme as
the “NABERS Energy” component in a suite of components that currently also include NABERS
Water, NABERS Waste, and NABERS Indoor Environment. As with the old ABGR system, each
NABERS component is graded from least efficient (one star) to best practice (5 stars). A 5 star
building for energy use and emissions (emissions of <135 kg CO2/m2) is exceptional due to
integrated design, operation, management, and fuel choice. A new building or lease should meet
this 5 star standard to ensure its long term competitiveness and also to benefit the environment.
There are several separate rating systems available, including one for office buildings (“base
building rating” covering the environmental impacts of the activities and services
supplied/controlled by the landlords/operators of the buildings) and one for office tenancy (“tenancy
rating” covering environmental impacts of the activities that are under the control of the office
occupants (tenants)). Other systems cover hotels, shopping centres, and homes. Using online
tools, owners or occupants of premises can input data and obtain their own rating for any
component; however, an official rating for a building can only be obtained via an accredited
assessor. Currently, for commercial buildings 2000-5000 m2 in size, 13% have a NABERS energy
efficiency assessment rating.
2.5

Green Leases

Originating in Australia as a basis for monitoring and improving energy performance, green leases
incorporate ecologically sustainable development principles. A green lease is a legally enforceable
agreement between the landlord and tenant of a green building which ensures that the operation of
the building is ecologically sustainable and minimises environmental impacts. Green leases are
being promoted by the federal government because it involves commitments from both building
owners and tenants. In fact, in the national green lease policy (final draft) MCE [2] provides the
definition that “a green lease, in addition to setting out the usual rights and obligations found in
leases, provides a management framework for shared environmental commitment and places
obligations on a building owner and government tenant to ensure that the environmental impact of
the building is reduced, through improved operational performance” (p.5). Thus, the government is
leading by example in the adoption of green leases (detailed further in Section 3.2 below).
Green leases assume great importance in sustainability in the commercial property industry, for
several reasons. First, the rating tools discussed above are essentially dependent on green leases
for the achievement and maintenance of the environmental performance expected for the rating.
New green buildings are designed and built to achieve a star rating, but unless the building is
operated efficiently, it may operate below its expected level of efficiency. In addition, existing
building stock can also operate at similarly inefficient levels compared with their potential
efficiencies. Although a NABERS assessment can be made on a building, the contractual device to
maintain and improve environmental efficiencies is the green lease, which makes it central to the
achievement of environmental targets. Second, green leases are producing a new relationship
between landlord and tenant, one that is moving away from the traditionally adversarial framework
to one based on a cooperative spirit regarding environmental matters. The green lease ensures
that targets are met and offers solutions if not. Third, green leases, by controlling the achievement
of environmental performance targets, will start to provide feedback into property parameters

including investment aspects such as valuations, return, and price.

3. Green Leases: Current Issues and Developments
3.1

Rating Tool Harmonisation and Consistency

With regard to green leases, there are several issues regarding the rating tools used to assess the
environmental aspects of buildings. These are: (1) Matching of green lease targets/benchmarks to
the ratings and component parameters. (2) Matching between green star (design, features) and
NABERS (monitored performance). (3) Consistency of ratings across buildings for both schemes.
(4) Proposed adjustments to NABERS.
3.1.1 Matching green lease provisions with rating tools
In the Green Star rating scheme run by the AGBC, the scheme has categories and subcategories
for ratings, and by awarding points, the weightings for each category. The categories include
indoor environmental quality, transport, energy, materials, water, emissions, and ecology. The
overall star rating corresponds to the summation of the category scores. In such a way, a building
may obtain a good overall rating by scoring highly in some categories but poorly in others, or
scoring reasonably across all/most of them. This information should tie in with the content of a
green lease for a new building or retrofit refurbishment.
Similarly, the environmental performance standards specified in the green lease should match with
the measured data under NABERS. In some situations where there is no record of e.g. energy use
or water use, flexibility will be needed until an amount of data are measured, e.g. one year. At that
point, a better constraint can be put on the performance targets. Consideration may need to be
given to rating tool internal consistency (Section 3.1.3), in that a particular NABERS rating is a
classification that covers a certain range of energy/emission/water efficiencies; the benchmarks of
the lease will need to be identified in terms of a rating or in terms of a range of efficiencies, and
whether any reference need be made in the lease to performance achievements that are
consistently at the bottom of the required value range.
The typical energy consumption break-up within commercial properties in Australia [3] sees that
ventilation and cooling constitute 50% of energy use, in-building lights and power 20%, elevators
(lifts) 15%, and heating and hot water 15%. Therefore, green lease targets would most usefully be
made with respect to such data, with ventilation and cooling being the most obvious feature for the
largest energy savings. With regard to water use, amenities (e.g. toilets, washbasins) take 37% of
commercial building water, cooling towers (for air conditioning systems) 31%, and leakage 26%.
Again, it is clear which uses have most potential for reducing water use, and these should be
matched in lease targets.
3.1.2 Matching Green Star and NABERS
The operational performance data established by NABERS ratings is expected to complement
Green Star ratings. Once sufficient measured data are available from a variety of types of office
buildings via the NABERS scheme, a feedback loop should be able to provide valuable information
to building designers, developers, tenants and owners, regarding building design features and
elements, potential performance, actual performance, and the possible reasons for disparities
(both positive and negative differentials) between potential and actual environmental performances.
Green Star is a different type of rating tool to NABERS. It takes into consideration a wide range of
areas that impact on the environment, including: Management, Indoor Environment Quality, Energy,
Transport, Water, Materials, Land Use & Ecology, Emissions, and innovation. Some of these
parameters are not measured by the NABERS scheme (e.g. materials, land use, transport,
innovation), and also currently only the energy and water components of NABERS are actively
being used.
Some recent (2010) data shows that there is a reasonable correspondence between Green Star
rated buildings (operational for at least one year) and the NABERS ratings [5]. The results show
that for NABERS energy, the average rating for Green Star buildings is 4.8 stars compared with the
average Australian office at 2.5 stars. Regarding design performance versus measured operational
performance, it was found that 50% of Green Star buildings are performing better than expected on

the basis of design and features, 16% on target, and 34% less energy-efficient than initially
estimated. The 34% comprise mainly those with expected energy efficiencies equivalent to or
exceeding a NABERS energy rating of 5, i.e. the buildings with very high efficiency expectations.
Regarding water ratings, Green Star rated buildings had an average NABERS water rating of 4
stars compared with the Australian office average of 2.5.
Although Green Star and NABERS are probably complementary (focusing on sustainable design
and actual building performance, respectively), it would appear that most property owners and
occupiers of commercial office buildings would prefer a single rating system [10], although this
opinion may represent an incomplete understanding of what each scheme actually measures. The
differences and complementarity of the two schemes are likely to persist into the future.
3.1.3 Rating Tool Internal Consistency
In an informative study, Newsham et al. [17] analysed energy use data from 100 LEED-certified
commercial and institutional buildings and compared the results with general building stock by
considering the particular characteristics of the buildings to ensure good matching. Although on
average the LEED buildings used 18-39% less energy per unit area of floor (depending on the
level of rating), around a third of LEED buildings used more energy than their conventional
counterparts. In addition, the measured energy performance of LEED buildings was found to have
little correlation with the rating level of the building, or with the particular energy rating achieved by
the building at design time. These results highlight the need for building rating schemes to be
refined to ensure more consistent grading at the individual building level, and to ensure there is a
greater correlation between rating (based on design and features) and subsequent performance
(as measured during the building’s operation). They also reflect the fact that building ratings
involve various categories, with different weightings, and that two buildings with equivalent overall
ratings may differ substantially in their (for example) energy efficiency rating.
As yet, no such similar detailed assessment has been made with respect to the Green Star building
rating system, but discrepancies no doubt exist. However, green leases are dependent on ratings
systems to provide benchmarking tools and performance targets, and to give transparency.
Therefore, MGE [2] recommends “Improving the availability of tools and information to facilitate the
integration of Green Leases into building management activities in order to ensure buildings are
operated and maintained as designed.” As rating systems evolve and improve in their ability to
assess such aspects as building productivity, energy consumption, and life cycle costings (e.g.
[16]), the market’s ability to “price” green will get better, as will the ability of the rating systems to
become more consistently accurate at the individual building level [17].
Regarding NABERS, the consistency of its ratings has recently been criticised [18], including
regarding aspects of its methodology for assessing energy and emissions ratings. The data
presented in the criticism were from two assessment studies (performed in 2006 and 2008) and
show that, for a series of tenants spread across the country using the same amount of energy, the
NABERS energy rating of the buildings used ranged from 0.7 to 3 stars, and between 1.3 and 5.6
stars for the base building rating. In addition, for 5 star buildings or higher, the energy ratings
penalise (i.e. give lower ratings to) equivalent buildings outside the states of New South Wales and
Australian Capital Territory. Clearly issues remain in the accuracy and consistency of ratings in the
scheme. These need to be addressed because the ratings provide a basis for the setting of
environmental performance targets in green leases.
3.1.4 Adjustments to NABERS
NABERS is consulting with industry regarding several issues. The national administrator has
sought submissions on a proposal to "future-proof" the NABERS Energy for Offices rating tool, by
modifying its traditional five-star rating scale. A position paper [19] canvassed three options:
recalibrate the current 5 star rating scale to make 5 stars equal zero net emissions; extend to 6
stars in early 2011 and 7 subsequently if/as needed; and extend to 7 stars (zero net emissions) in
early 2011. Twenty-four submissions were received from various stakeholders including city
councils, the GBCA, large corporates, lawyer firms, property managers and leasing groups, and
sustainability organisations. A perusal of the individual submissions [20] indicates several areas of
criticism, including the lack of a clear policy objective behind the re-grading, the possible loss of
public confidence in the accuracy of the NABERS energy rating tool, problems with inter-State

differences in the amount of energy reduction needed to achieve Star ratings beyond 5 Stars, and
how/if other rating tools (e.g. for water, waste) would be adjusted to align with the energy tool.
There will be need in the future to more fully develop and apply the NABERS components other
than energy and water, e.g. indoor environment, and waste. The indoor environment component
could be particularly important given that small productivity gains from occupant workers based on
improved comfort and health translate into large dollar savings for tenant businesses (as discussed
in Section 2.2). Targets and conditions applying to these components would need to be included in
future green leases.
NABERS has in pilot a new NABERS Energy rating tool for Data Centres, which will be the first of
its kind in the world. Data centres consume high amounts of energy and there are currently no
restrictions or guidelines concerning energy use. Energy efficiency data were collected from 33
data centres across and used to set benchmarks for the proposed rating tool. The rating tool will be
trialled at data centres starting the second quarter of 2011, with anticipated launch of the tool later
in the year. The buildings hosting the datacentres are privately owned and leased to the
government, hence green leases will be used to control energy use and emissions in conjunction
with the NABERS benchmarks.
3.2

The Government’s Role

Government (Federal, State, and Local) have a strong influence on the sustainability agenda,
including green leases, through policy, regulation, incentive programmes, leadership by example,
and through the large amount of building space owned/occupied. Federal, State, and Territory
Governments lease approximately 30% of the Australian commercial office market. Policies and
regulations that currently encourage environmental target-setting and performance for buildings
are likely to turn increasingly toward mandatory requirements. In addition, Federal and State
governments are taking a strong leadership role by demanding its own activities as either building
owner or tenant are performed with green leases in place. However, it is not yet clear the extent to
which such a leadership role is influencing lease trends in the private/corporate commercial
property market.
3.2.1 Environmental Efficiency in Australian Government Operations
The Energy Efficiency in Government Operations (EEGO) was announced by the Australian
Government on 6th September 2006 as a replacement for the predecessing 1997 policy whose
purpose was to reduce the energy consumption of government operations as part of the broader
climate change strategy. The 2006 policy strengthened the 1997 policy by facilitating greater
cooperation between building owners and tenants in reducing their energy consumption. The new
policy established best practice energy targets for Government office buildings and a commitment
to the development of similar targets for other Government buildings.
For office buildings, the key objectives of the EEGO policy to be targeted by June 2011are: (1)
7500 MJ/person annum for tenant light and power; and (2) 400 MJ/m² annum for central (“base”)
services. To achieve these targets, the minimum energy performance standard for government
office buildings include: (1) >4.5 Green Star building or equivalent for the whole of the building
including the Base Building and Tenanted Area; and (2) Building must include a Green Lease.
The EEGO policy requires each government agency to report its energy consumption against core
performance indicators. This ensures that agencies are aware of how much energy they use and
the relative efficiency of their energy use. Given that government departments and agencies are
now required to use green leases, these energy performance standards will be contained in such
leases.
3.2.2 Compulsory Energy Efficiency Disclosure
Under the Building Energy Efficiency Disclosure (BEED) Act 2010, and as part of Stage 1 of the
Federal Governments’ national framework for energy efficiency, all commercial office
buildings >2000m2 have until November 2011 to obtain an energy efficiency certificate. This has
come about partly because of an identified information asymmetry between lessors and potential
tenants concerning the energy performance of tenanted buildings, which could lead to highlyspecified premises being either under-supplied or driven from the market because potential

tenants cannot differentiate them from inferior premises [21].
The 2010 Act represents only the first stage in regulating energy efficiency, and governments (both
federal and state) will in the future place more forceful demands for energy saving both upon the
owners and occupiers of commercial buildings [21]. To achieve such outcomes, it is envisaged that,
rather than incentive-based measures for achieving such outcomes will move to compulsion, and
such an evolution will need to be reflected in the lease, with leases currently in place needing to
have the flexibility to accommodate the changing regulatory environment.
3.2.3 National Green Leasing Policy
The National Green Leasing Policy (final draft) was completed in August 2010. The policy
“facilitates environmentally beneficial practices and outcomes associated with the leasing of
buildings, through the use of a Green Lease Schedule… [and] provides guidance and information
for a collaborative approach to improve operational performance…[and] sets performance
targets … and it outlines the requirements of building owners and government tenants.” ([2], p.2).
The policy is intended to direct Australian, State, and Territory governments, as tenants of buildings,
to drive a reduction in the environmental impact of buildings through improved operational
performance [2]. The policy covers building energy use and associated greenhouse gas emissions,
and has provisions also for water performance and management approaches and, in the future,
anticipates addressing other aspects such as waste and indoor environmental quality. Part of the
aim of the policy is to “assist the acceleration of private sector uptake of green leases” and to
“improve building owners’ and government tenants’ understanding of sustainable building operation,
and in doing so generate benefits for both parties” ([2], p.2).
The policy addresses both base building and tenancy performance and proposes using the
NABERS rating tools to assess and monitor environmental performance. “Overall, this Policy
encourages building owners and government tenants to prepare their properties and tenancies for
a future of higher energy and water costs and greater environmental performance expectations
from the market and required by regulation. “ ([2], p.6). The regulatory changes that will drive these
changed circumstances for property include the introduction of: The National Greenhouse and
Energy Reporting scheme; higher renewable energy targets under the Renewable Energy
(Electricity) Act; and the Building Energy Efficiency Disclosure Act 2010.
In June 2005, the South Australian State Government announced that all new offices leased (or
built) by the government must achieve a Green Star rating of 5 stars. In July 2006, the Victorian
State government announced a 4 star rating for such buildings. Most governments (Federal and
State departments) are now requiring that the buildings they occupy achieve a NABERS energy
base building rating of 4.5 (building owner responsible), a NABERS energy tenancy rating of 4.5
(government tenant responsible), and a NABERS water rating of 4 (building owner responsible) [2].
A green lease is required in all cases. Given also that large companies are demanding similar
standards, it is likely that a two-tier office market will emerge, one with green leases, and one
without.
In this respect, there may be ramifications for the property market. It used to be that government
agencies could apply for an exception (avoid green lease) but this can no longer happen unless
the building owner makes a commitment to raising the energy rating on the building to a minimum
NABERS 4.5 stars. This is forcing building owners having to rethink their buildings and take one of
two actions. The first option is to sell the building, but may not find a buyer or its value is very low
due to the fact that no government and some other non-government agencies will not lease the
building; in addition, there is no rental income due to vacancies or a lower rental as non-green may
soon be viewed as sub-prime. The second option is to refurbish the building in relationship to
replacing the ventilation system, lighting, etc. However, it takes a lot of work (and expense) to
raise a building from 0 stars to 4.5 stars.
3.2.4 Green Lease Schedules
The Australian government has recently started to use green lease schedules (GLSs) for
environmental target-setting, monitoring, management, and building maintenance. The template
GLSs have been prepared by the Australian Government Solicitor, represented by the Department
of the Environment and Water Resources. The series currently includes eight green lease
schedules, each designed for a particular type of tenancy depending primarily on whether the

lease is net or gross and what proportion of the available building floor area the tenant occupies
[22]. The schedules are intended to be an additional schedule to the tenancy lease document that
defines the agreed environmental and energy performance outcomes between the landlord and
tenant, i.e. is the “green” part of the lease. The schedule is designed to be attached to a
commercial lease (“base lease”) that specifies the usual key areas, such as rent, term of lease,
area and standard of accommodation.
GLSs were developed in order to provide a legal mechanism to manage building energy efficiency
outcomes. The issues addressed included annual assessment of energy performance, mismatches
between building design/construction and actual performance, split incentives between owners and
tenants, and supply chain issues (e.g., who is responsible for what in terms of property
management, technical/consultation advice, supply contracts, maintenance services).
The GSL is a leasing template that contains mutual obligations for owners and occupiers of office
buildings to achieve efficiency targets. The minimum energy performance standard is ABGR rating
of 4.5 stars. Optional clauses regarding water, waste, and other issues can be incorporated, as can
variations regarding such aspects as occupational health and safety.
Currently, the GLSs are being used with a focus on energy, to ensure that buildings are operated at
the required level of energy efficiency and cover five essential elements. Each schedule sets out
the main provisions concerning an agreed energy efficiency rating of a building, the construction
and application of an energy management plan, separate digital metering of tenants’ premises and
of central services (as applicable), energy reporting, auditing, and remedial action and dispute
resolution process which involves referral to an independent expert. There is a mutual obligation
between the building owner and tenant to achieve and maintain the agreed green star rating (to be
validated annually by an independent assessor). The development of an energy management plan
(EMP) involves outlining minimum procedures required to maintain the relevant performance
standard. The schedule includes the establishment of a building management committee
(comprising building owner and tenant representative) responsible for reviewing energy data on a
least a quarterly basic and implementing the EMP.
Although the schedule templates will be available for broader industry adoption, they are designed
primarily to support the objectives of government operations, specifically as outlined in the National
Green Lease Policy. GLS is a new area of contract/lease property law, and are starting to be used
by major private sector building owners for their own tenants. This is starting to transform
commercial office market.
As an example of what is contained in the schedules, GLS D1 (available at [23]), for use in a
situation of a gross lease where the premises are less than 2000 m2, contains Annexure B which
will identify performance standards (to be decided in individual situations). Section 3 states that the
landlord will provide lighting in the premises to consume not more than 10 watts/m2 of the lettable
area. Section 1 of the same schedule highlights the leadership role of the government and the
cooperative spirit being engendered between landlord and tenant:
1.1 B “The Green Lease Schedule reflects the Parties’ desire to improve and be accountable for
energy efficiency in the Premises and the Building wherever possible. It is part of the wider policy
of the Commonwealth of Australia reflected in the Australian Government Operations Energy
Efficiency Policy to reduce the environmental impact of Government operations, and by so doing,
lead the community by example.”
1.1 C “As part of the Parties’ commitment to improve energy efficiency the Landlord and the Tenant
wish to promote the reduction of greenhouse emission and ensure the environmental sustainability
of the Building resources by implementing the measures in this Green Lease Schedule.”
1.1 D “The parties have agreed that they will act in good faith and take a co-operative attitude to
issues and initiatives arising under the Green Lease Schedule.”
3.3

Landlord-Tenant Relationships

As noted above, the Government is leading by example in the landlord-tenant relationship
regarding green leases. However, the situation is more complex in the private commercial sector
and there is a need to better understand the drivers influencing the landlord-tenant relationship
regarding environmental matters in that sector. Christensen and Duncan [24] noted that
conventional commercial leases at the time tended to create adversarial, rather than cooperative,
relationships between landlords and tenants, and that such a situation would need to change in a
“new era of green leases”. Their analysis found that conventional leases “did not require a lessor of

a multi-tenanted building to make information available to the lessee regarding the overall
operational costs of the building. Additionally, these leases did not provide the transparency which
would be required for the maintenance of a ‘green’ building and to facilitate satisfactory
communication between lessor and lessee, and between lessees themselves if common goals to
reduce energy usage were to be realised.”
In the case where the tenant occupies a building with a Building Energy Efficiency Certificate
(BEEC) under the BEED Act 2010, which indicates a certain rating at the commencement of the
lease, the expectation would be that the rating would be maintained and even improved during the
period of the lease. In addition, there would also be an expectation that the energy use of all
parties involved in the building’s operation would be monitored. In the case where there is failure in
the building meeting its energy efficiency rating during a particular lease, the lease would need to
contain clauses for either coercion through the mandating of targets or for negotiating and
cooperating in order to meet shared goals. In shared tenancies, lessees that fail to meet their
requirements may be required to contribute to a compensation fund, the proceeds of which would
be used to benefit the owners and occupiers of the building by maintaining or upgrading efficient
equipment and systems [21].
The tenant’s role in improving operational energy efficiency is reflected in such programmes as
“CitySwitch Green Office”, which is a tenant energy management programme run in the cities of
Sydney, Melbourne, Adelaide, Brisbane, and Perth, in partnership with the Department of
Environment and Climate Change (NSW) and Sustainability Victoria. As part of the program, at
least 80 organisations have pledged to achieving/maintaining a NABERS tenancy rating for energy
of 4 stars or higher (Taylor, 2009). As the uptake of NABERS ratings increases in the private
commercial sector, it should be noted that the NABERS Energy base building rating and the
NABERS Energy tenancy rating are mutually exclusive. As such, the rating achieved by one party,
whether high or low, cannot be used by the other party as a reason for non-performance in their
rating. This independence helps remove a possible source of conflict between tenant and landlord
under a green lease situation referenced to NABERS benchmarks.
To date, most private commercial green leases have been ‘soft’, with no real consequences for
failure to meet the environmental goals of the lease. However, given that the Australian
Competition and Consumer Commission (ACCC) has recently turned its attention to green
marketing claims, ‘hard’ green leases, with real consequences for failure to meet environmental
performance requirements under the lease, will beome necessary to address legal exposure in the
future. Also, with more focus on quantifiable environmental outcomes, the desire for ‘hard’ green
leases is likely to grow.
A green lease requires a balancing exercise between the rights of the tenant and of the landlord.
The landlord must be able to actively monitor the building’s environmental performance. This goes
beyond the traditional rights of a commercial landlord, because the lease has to allow the landlord
to influence the tenant’s behaviour not only within the common areas but also in the tenancy area
[25]. Green leases represent a paradigm shift in the obligations of the parties. The traditional
relationship between landlord and tenant constitutes each party having exclusive regard for its own
interests. Under a green lease, however, the obligations are two-way, creating a relationship of
mutual dependency so that environmental benchmarks can be attained. Without cooperation
between parties, it is doubtful that any meaningful target could be achieved.
Uner a green lease, the landlord can be obliged to have efficient building management systems in
place to measure the building’s performance, such as the use of electricity, gas, water, lighting and
air-conditioning. The tenant’s fitout obligations can be related to design, natural ventilation, sunlight
and the use of recycled or recyclable building materials.
In a green lease, a dispute resolution mechanism is essential for determining responsibility for
failure to meet targets, and consequences of that failure. A ‘hard’ green lease would contain not
only dispute resolution procedures and consultation between parties, but also real consequences
for non-compliance including damages, rent abatement, indemnities, recovery of costs and even
termination [25].

4. Conclusion
Australia has an advanced environmental sustainability programme underway, driven by
prospective water shortages, rising energy costs, and obligations regarding greenhouse emissions
and climate change. Part of the programme includes the environmental efficiencies of green

buildings. With respect to commercial office buildings, green leases (an Australian invention) are of
central importance in the maintenance and improvement of buildings’ environmental performance,
as they provide the mechanism by which a level of environmental efficiency may be established,
and protect both the landlord and tenant by ensuring attainment of the targets or remedial
measures. The government is leading by example by demanding all government
agencies/departments use green leases in either a landlord or tenant situation in office buildings
(comprising 30% of the office market). Although it is not yet clear whether government example is
“rubbing off’ on the private sector, additional drivers for the uptake of green leases in the private
commercial sector include relevant policies and regulations, and stakeholder demands for
environmental accountability. Also, recent quantitative data show that green buildings, especially
those rated more highly, have higher capital returns and rents than do no- or low-rated buildings; in
such a context, green leases can be seen as protecting the investments made by property
investors. These drivers emphasise the central importance of green leases and suggest that the
adoption of green leases in the private commercial sector should grow rapidly.
Some issues are apparent regarding green leases. They are a relatively new area of law, and to
date there have been no publicised tests of green lease disputes in court. Lessons may be learned
on the path toward the movement of the green lease into the legal mainstream. In addition, green
leases need to be closely tied to building environmental rating tools, as these tools provide the
basis for target-setting regarding environmental performance. Mis-matches between building
characteristics and ratings, or between ratings and green lease targets, will cause problems with
leases. In that respect, there is a need to ensure that the current rating tools, Green Star and
NABERS, are methodologically sound and consistent in their ratings of buildings. There is
evidence to suggest that improvements can be made in the NABERS scheme;
unexplained/undesired variations in ratings will feed into variation/uncertainty in environmental
targets, thus affecting aspects of green leasing. Also, there will be a need to introduce components
of environmental performance other than those relating to energy, emissions, and water, into green
leases as the measurement systems become more available. Such components could include
waste production/reduction and indoor environmental quality. Finally, it is becoming clear that a
two-tier commercial building sector is emerging: one tier with green ratings and green leases, and
one without. Given the identified drivers of the uptake of green leases, owners of low-rated
buildings will need to invest heavily in retrofitting to bring their buildings up to environmental
standards, or suffer declining returns. Not only are green leases contributing to environmental
sustainability, they are also rapidly becoming equivalent to “green money.”
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Abstract
The construction industry is not sustainable. The contribution of the construction industry to the
GNP is 11%. The global figures will probably be worse as cooling requires disproportional more
energy than heating. Obviously, the construction industry should be changed fundamentally. In this
paper a great design of a sustainable construction industry is presented. Using ”attribute listing” as
method, the contours of a future Construction Industry are described in 50 typical characteristics
and attributes each of them in full contrast to the current situation. The result can be considered as
Evolutionary Construction with Living Buildings, which are able to survive in a faster and faster
changing world. These sustainable buildings are created by variation, selection and reproduction.
Like car producers, building producers will develop new buildings from existing buildings. All properties, attributes and features with respect to architecture, quality, quantity and costs of these
buildings should be described in a Parametric Knowledge Model which is continuously fed by each
realization. Hence, each new or adapted building will contain the experience and knowledge accumulated during a long series of already realized buildings. A main condition is that each building
of the family of buildings should have the same structure, which is the set of architectural, structural, mechanical and physical relations between the elements. But at the same time each building is
unique by a large variation of elements. These buildings are fully (de) mountable and composed of
standardized industrial elements in order to cope with changing environmental circumstances. As
the lifetime of most elements and components are longer than the expected lifetime of buildings as
a whole, a major part of buildings can thus be reused after dismantling. This Darwinism for construction industry manifests itself in adaptability not only over generations of buildings but also in
each building that should survive in its own lifetime. In result, the Big Picture of the future culture
and structure of the construction sector can give us some hypothetical benefits. An estimate: The
value of buildings will be at least twice as much, the prices at least 50 % lower and the delivery
time at least 50 % shorter. Moreover the energy consumption and CO2 emissions will be halved. In
this paper the basic principles and thoughts, which have been used for this design work and the 10
most important changes out of 50 are presented. In 2012 a book will be published on Evolutionary
Construction.
Keywords: Living Buildings, Sustainable IFD Buildings, R&D based Buildings, Parametric Design,
Integrated Supply Chain

1. Introduction
Practitioners and scientists all over the world agree that the construction industry shows systemic
failings resulting in disappointing production, effectiveness and efficiency. The first movements
aimed at substantial changes date from the early nineties of the last century and was initiated in
the UK by the Latham commission (Latham,1994), followed by Rethinking Construction
(Egan ,1998). After Australia and Finland also in Holland started an initiative after the big fraud
affair (Tweede Kamer, 2002 and PSIB,2004). Measures were mainly aimed at change of the adversarial culture of the construction industry which manifest itself in lack of respect of its employees and uncapability of delivering for its custumers. During the last decades improvements were

achieved by creating more openness, cooperation, trust, honesty, commitment and teamwork in
projects (Egan,2002).
In the late nineties of the last century, the notion of sustainability emerged in the world when facing
the climate problems. Here, the construction sector plays a critical role, as its contribution is rather
bad (Dubois &Gaddle,2002; Nam & Tatum, 1988). Expressed in percentages of the totals in the
Netherlands and when calculated over the total lifecycle, from the early start to the processing of
waste after demolition, energy consumption is more than 50%, CO2 emission is more than 50%,
waste production is 35 %, road transport is 25 %, failure costs is more than 10 %, average profits
of construction companies are less than 2% of the turnover.These figures are rather bad when
compared with the 11% contribution of the construction industry to the GNP (Lichtenberg, 2006).
The global figures will probably be worse because cooling requires more energy than heating.
The reason behind this bad performance is that every building is treated as a unique product. The
world is covered with billions of unique buildings and unique structures. Each of them is not only
the result of a unique project, but it is also developed by a unique combination of people, built under unique circumstances, delivered to a unique client, to be used by unique users, erected at a
unique location, surrounded by a unique environment and constructed for a unique long lifetime.
For each building the wheel is invented again and again (London & Kenley, 1999). For buildings as
a whole neither learning curves, nor repetition effects can be observed throughout the supply chain
(Vrijhoef & Koskela; Woudhuysen & Abley; Lansley,1994; Koskela,2003). In all, buildings and
structures have an artisan character and show suboptimal performance).
With the current credit crunch, the coming energy crisis and the booming construction activities in
Asia, it is perhaps time for the international community in and around the construction industry to
make a very fundamental change of the whole system with its associated cultural and structural
aspects. In this paper a Big Picture of a sustainable construction sector is presented.

2. Methodology
The method used in this paper is called ”Attribute Listing” and developed in design theory for innovation. Attribute listing, as used and adapted for this special purpose (the change of a complex and
complicated system), contains 8 subsequent steps:
Step 1: Take for granted that the construction industry is not a good system. Based on the figures
as presented in the introduction, this starting point can easily be defended.
Step 2: Make a list of typical characteristics and attributes associated with the present construction
industry. This is rather difficult because this step requires a generalization of the construction industry. It is generally accepted that ”the construction industry” as a whole does not
exist. Therefore this step is quite debatable and can only be based on general reports of
governments (see paragraph 2). Nevertheless this step suffers to personal interpretation.
Step 3: Provide each characteristic with theoretical and practical objections. These comments are
essential for the directing the possible changes. These objections can be found in the general reports (see step1)
Step 4: Develop, using the objections of step 3, an idea about a new system, that is not only understandable for everyone but also imaginable for everyone. Obviously the first idea used is
the normal industrial market for consumer products. It fulfills the two requirements and it is
far more sustainable than construction industry. A problem is that buildings should be tailor
made and should also have a large lifetime. Therefore a second idea was added. That is
the analogy of the termitarium. All information of the termitarium is contained in the combination building/builder. It is stored in the DNA of the termites. Each building is slightly different in shape but totally similar in structure. The structure is the most important factor,
where the final shape depends on local environmental circumstances. It seems to be that
termites have the disposal of build-in learning curves and build-in repetition effects. That is
exactly what lacks in the construction industry.
Step 5: Change the characteristics and attributes of the old system as much as possible towards
associated characteristics and attributes of the newly to developed system. This is a difficult step because the construction industry has some specific characterics that are totally

different frojm the normal consumer’s articles. For instance, buildings are fixed on the
ground, have low value per kg material and a long lifetime.
Step 6: Cluster the characteristics and attributes on mutual relations. The reason behind is that the
relations imply a combined approach for change
Step 7: Try to arrange the clusters of step 7 in a causal order. This is important because some
changes have to be started first before other changes make a chance.
Step 8: Provide the characteristics and attributes of the new system with individual examples that
show those characteristics and attributes already or in a certain rate. This is an important
step, because people only want to change a system when they clearly see not only advantages and benefits but also working examples (not presented in this paper).

3. The main 10 changes
The basic topic of the construction industry is to develop a building frictionless in its environment
(Alexander, 1961). The fit between building and environment is given in al large set of conflicting
variables like capacity, costs, safety, reliability, etc. This is sketched in figure 0, that is the main
reference of the description of the present construction industry at one side and the prescription of
a future construction industry at the other side.

Fig. 0: Fit between building and environment
1. The present practice to fix all variables in a set of output specifications for the building should be
changed into the creation of a solution space (see figure 1).

Fig. 1: Change in specification
All variables are wishes (as much/less/large as possible), provides with weighting factors, minimum requirements (internal) and boundary conditions (external). This was applied for the €400
million Storm Surge Barrier in Rotterdam in The Netherlands (de Ridder,1994).
2. The present price competition should be changed into a competition on value price ratio (see
figure 2).

Fig. 2: Change in competition
The lowest price bidder is in most cases not the best builder. When considering the weighted
scores on the variables and checking whether the bids are inside the solution space (specific validation) , it is easy to select the bidder with best value price ratio. This was applied for the Storm
Surge Barrier in Rotterdam.
3. The present focus on the building of all players in the supply chain should be changed in a focus
on the solution space (context) at the demand side and the building at the supply side (see figure
3).

Fig. 3: Change in supply chain
The main consequence is that the demand side and the supply side have their own responsibility.
In result building companies are able to develop their own specific buildings and will be specialized.
It also allows for creation of learning curves and repetition effects.
4. The present practice of the client to ask a series of consultants to make a complex design with
associated output specifications should be changed into a situation in which the client asks consultants to define the complicated solution space (see figure 4).
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Fig. 4: Change in consultants’ work
Because complexity can’t be decomposed the serial design work of consultants without obligations
for the final result is not advisable. The building will not be specified correctly. It is better for the
client to stay out design work because it attracts responsibility. This was applied for the demand
specification for a Living Building Concept hospital in Den Helder in The Netherlands (Gemini).
5. The present practice to focus design work on disciplinary interfaces, clenched in between fixed
requirements and fixed industrial elements, should be changed into a focus on fixed relations between all variables (see figure 5)

Fig. 5: Change in system approach
When fixing the relations, the designer fixes the internal structure of the building. Design work then
becomes adaption. Design work becomes research and development. This is applied by Burggraaff in Leeuwarden,The Netherlands (Burggraaff).
6. The present practice to fit the building in between the fixed demand (output specifications) and
the fixed elements from suppliers, should be changed into tuning the demand with its complicated
context and the supply with its complex building (see figure 6)

Fig. 6: Change in design work

As can be seen in figure 6, the supplier can easy choose a magnitude for a variable in order to get
a good score. Because the internal structure is fixed, the consequences for all elements are known.
The tuning operation is in fact playing with elements. Due to the fast changing demand in relation
to the long lifetime of buildings this leads automatically to industrialized flexible (de)mountable (IFD)
buildings. The range however is limited. Exotic one shot realizations, which require specific internal
structures, can’t be offered. No examples in the construction industry yet.
7. The present organization of the supply chain based on outsourcing should be changed into a
supply chain based on collaboration (see figure 7)

Fig. 7: Change in supply chain organization
The major change is from an ad hoc project based supply chain towards a project independent
supply chain. Outsourcing is top down specification and neglecting relations between parts. Collaboration is bottom up and making the whole more than the sum of the parts. No examples in the
construction industry yet.
8. The present practice to produce and build on site should be changed into prefabrication in factories and assembly on site (see figure 8)

Fig. 8: Change in logistics
The change into prefabrication is not only beneficial for the quality of buildings, but also for the
speed in construction and mainly for the transport efforts in time, money, resources and emissions.
This was applied for the 100 meter height Millenium Tower in Amsterdam without construction yard
(Wessels Zeist) .
9. The present practice to downcycle all elements and components of a building after dismantling
should be changed into a practice where elements and components with longer lifetime than the
building itself will be reused (see figure 9). No examples yet.
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Fig. 9: Change in recycling
10. The present Design & Construct practice should be changed into a Research & Development
practice (see figure 10)

Fig. 10: Change in knowledge
Inventing the wheel again and again with Design & construct of one shot, unique realizations
should be replaced by a sound R&D supported with a Parametric Knowledge Model of Supplier
specific Buildings. New buildings can easily be developed from existing buildings by researching
the consequence for the elements when changing a variable or, reversely, researching the consequence for the variables when changing an element. This is applied with Burggraaff (Burggraaff).

4. Conclusions
When the construction industry is able to change itself in the description of the right sides of the
columns, then producers and buildings together form living buildings. They belong to the set of
living man-made systems. These buildings will be developed from a long series of already realized
buildings. The buildings obey to Darwin’s principle of the survival of the fittest. Producers experiment with variations on existing buildings and select the best variations for multiplication. A crucial
condition is that producers fill their Parametric Knowledge Models of their buildings with each delivery, inducing continuous improvement. Each building has more or less the same structure but
the final form is totally different as result of the interaction with the environment. The buildings are
flexible and adaptable, keeping them up to date en fit for changing purposes provided with state of
the art technology. This is very important as the world inside and outside buildings changes faster
then the buildings itself. Living buildings and structures are sustainable in any imaginable respect
and at least doubles the lifecycle value, halves the lifecycle cost, doubles the profit of construction
companies and halves the energy consumption and emissions. This will be achieved by increasing
effectiveness by learning curves and increasing efficiency by repetitiveness. It is comparable with
automotive and computer R&D. Each newly developed type contains all experience and
knowledge of a long series of earlier types.
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Summary
This paper outlines the profile of the civil engineer in the State of Pernambuco, Brazil, focusing on
its influence on the improvement of sustainable management on building sites. This study was
based on data which was collated from the results obtained from a survey aimed at evaluating
indicators of sustainable management for high-rise construction sites. The survey was conducted
across 45 sites belonging to 35 civil construction companies currently operating in the Recife
Metropolitan Area (RMR).
The main objective of this paper is to discuss the engagement of worksite management with
environmentally sustainable practices, aiming to uncover the engineers’ degree of familiarity with
technologies that are able to promote more sustainable construction methods and to analyze how
the integration between the constructive and managerial processes interfere in the adoption of
socially and environmentally responsible construction methods which are adapted to Brazil’s
regional realities.
The current lack of knowledge surrounding the influence that adopting socio-environmentally
responsible actions (which, in many cases, are relatively simple to perform) might have in
improving the productivity of employees on sites, overall organizational performance as well as
positive impacts on financial profits, provides justification for such a study to be conducted.
Based on the opinion of the engineers studied, it is concluded that waste management is the most
significant activity for sustainable management and effective solutions to waste generation is
considered the greatest difficulty on building sites.
Key-words: civil construction; building site management; sustainable construction.

1

Introduction

The civil construction industry is one of the most chaotic sectors of the Brazilian economy. This
industrial segment employs approximately 6.3 million workers, of whom 80% did not complete
elementary school and only two million (33%) are formally employed in Brazil [3].
The state of Pernambuco has a shortage of urban infrastructure which hampers the growth of civil
construction. Within urban areas, the weakness in the provision of basic services has led to denser
urban neighborhoods which have inferior infrastructure, which in turn directly impacts the
environment[1]. This situation is well characterized in the city of Recife.
Civil construction in Pernambuco can be characterized by its underdevelopment in relation to other
industry sectors. This is especially related to the backwardness of technological management. This
fact can be evidenced through the processes of construction employed, the conditions of hygiene,
health and safety on building sites – which consequently influence the quality of working life -, the

high volume of solid waste generated (which is a reflection of the sites’ waste management
precariousness) and the low levels of education and training of employees [2].
A sustainable business can be defined as one which creates value for investors, customers and
employees (stakeholders), improves the living standards of workers and nearby community, uses
natural resources rationally, and treats people with fairness [4]. In many respects, a sustainable
business is simply a well-run business.
Sustainability is the latest evolution in business strategy and has been in evidence since the
Second World War. In 1950 Peter Drucker pioneered the concept of incorporating multiple
disciplines (including the social sciences) into management [4]. The Total Quality Movement [2],
based on the notion that costs could be reduced by applying continuous quality improvement
techniques, based on the ideas of W. Edwards Deming - creator of the management tool called the
Deming Cycle (also known as PDCA Cycle) -, also appeared after the second war in Japan after
being brought to the United States [5]. Since then other exponents of new business strategies are
emerging, such as Peter Senge [6] and Jack Welch, who was CEO - Chief Executive Officer – of
the General Electric Company, in the more recent era of globalization. IBM CEO Samuel
Palmisano put forward the idea that multinational corporations belonged to the past and the global
companies are the new wave of the future. While the consultant and Professor C. K. Prahalad [7]
argues that companies should focus on strategies which apply to the bottom of the pyramid,
targeted at the 2.5 billion people who live on less than $2.50 per day, in order to penetrate the
emerging markets which have high potential in the developing economies.
The idea of sustainable development introduced two distinct, though related, approaches as
pathways to more sustainable business practices. The first, loosely called sustainable capitalism,
focuses on ensuring that the inheritance left to future generations is not diminished. The second
(eco- efficiency) builds on the acknowledgement of limits to resources, and aims to improve the
efficient use of these same resources [8].
So, it is particularly important in developing countries – where there may be considerable social
and economic problems, such as low or poor levels of health, education and employment and
limited economic resources – to implement and elevate sustainable development objectives in
buildings and construction [9].
However, the role played by the civil engineers in the management of building sites is essential for
this process of change towards the adoption of more sustainable construction practices, because
the engineer’s knowledge and engagement are fundamentally responsible for the sector’s
performance.

2

Methodology and Procedures

This paper brings together the results of a survey carried out with civil engineering managers of
building sites in the City of Recife Metropolitan Area (RMR). The survey was conducted in two
stages. The first stage was carried out through field visits to 45 building sites belonging to 35
construction companies which developed vertical building projects in the RMR, in order to interview
the engineers responsible for the site.
In these interviews closed questions were used, aiming to unveil the relationship between these
professionals with sustainable site management. The results found in this first stage led to the
second phase, which was undertaken through open discussion with 35 engineers and architects
whose activities are related to site management. The aim was to uncover the relationship of this
process with the implementation of more sustainable construction techniques. The most significant
results will be briefly outlined in this article.

3

The Research First Stage

The first stage of research was carried out to investigate the personal opinion of civil engineers
regarding the importance of sustainable site management and about the working sectors which
present the greatest difficulties for the continuous improvement on building sites.10 different
working sectors for this analysis were proposed, which in the authors' experience exert influence
on sustainable site management.
The companies surveyed were members of the Union of Construction Industry of the State of
Pernambuco - SINDUSCON / PE, with expertise in vertical buildings in RMR. The number of
building sites visited – related to each of the companies surveyed – was determined according to
the sampling criteria proposed by the Brazilian Program for Quality and Productivity of Habitat –
PBQPH [10].
Although the target of the research had been the engineers responsible for site management, it
was only possible to interview 28 of these professionals in 30 of the 45 building sites visited (table
1), despite the fact that the research team had made appointments in advance with the engineer
responsible for the management of the site. In many cases, they were received by other
professionals, as is shown in the chart below.
However, there was evidence that, at times, the same engineer was responsible for more than one
building site of the construction company and this situation provided the most common excuse for
their absence which was always related with some urgent call that forced them to attend another
appointment at the same time.
Table 1 – Professionals interviewed.
RESPONDENTS TO THE SURVEY
CIVIL ENGINEER
ENGINEERING TRAINEE
BUILDING TECHNICIAN
HEATH AND SAFETY TECHNICIAN
OTHERS
TOTAL

NUMBER
30
4
6
4
1
45

These professionals were asked to point out, from amongst the 10 areas listed, which were the
three, in their opinion, which had more influence on the sustainability of site management (table 2).
The three most cited were Waste Management and Materials Management, followed by Health
and Safety Management.
Table 2 – The areas of greatest influence in the sustainable management of the site.
VOTES
18
18
15
12
7
5
4
4
1
0

ÁREAS
WASTE MANAGEMENT
MATERIALS MANAGEMENT
HEALTH AND SAFETY MANAGEMENT
WATER CONSUMPTION
PROJECT DESIGNS MANAGEMENT
ENERGY CONSUMPTION
MANAGEMENT OF SITE’S ECOLOGICAL IMPACTS
PERSONNEL MANAGEMENT
INTERFERENCE OF SITE ACTIVITIES IN THE VICINITY
MACHINERY AND EQUIPMENT MANAGEMENT

These professionals were also asked to indicate the three areas - among the 10 listed - in which,
according to their knowledge, were concentrated the greatest difficulties in the implementation of
continuous improvement management. The most cited response was Waste Management, then
Labor Management and, thirdly, Materials Management (table 3).
Table 3 – The areas in which are concentrated the greatest difficulties in the implementation of
continuous improvement management.
VOTES
19
16
10
9
8
6
5
5
4
2

ÁREAS SURVEYED
WASTE MANAGEMENT
PERSONNEL MANAGEMENT
MATERIALS MANAGEMENT
MANAGEMENT OF SITE’S ECOLOGICAL IMPACTS
ENERGY CONSUMPTION
WATER CONSUMPTION
INTERFERENCE OF SITE ACTIVITIES IN THE VICINITY
PROJECT DESIGNS MANAGEMENT
MACHINERY AND EQUIPMENT MANAGEMENT
HEALTH AND SAFETY MANAGEMENT

The engineers’ answers show that they have little familiarity with sustainability on building sites,
since issues such as power consumption, labor management, site’s activities interference in the
vicinity and machinery and equipment management were not considered among their choice of the
areas which most affect sustainability.
In respect to the close relationship between labor and health and safety management, it can be
concluded that the areas identified as the most influential for more sustainable management and
those that present the greatest difficulties in continuous improvement management were practically
the same, i.e. to develop a more sustainable site management, in the opinion of the engineer, is
not an easy task.
Aiming at a better understanding of the relationship between the engineering manager’s
performance at buildings sites and the difficulties faced by them in implementing a more
sustainable site management, the second stage of the research was carried out with the support of
the SINDUSCON/PE and brought together a number of professionals engaged in the area, to find
out more information about the influence of these professionals on sustainable site management.

4

The Research Second Stage

In this second stage, the work was undertaken in groups so the responses could be discussed
amongst all the professionals who were taking part in the workshop. Two large discussion groups
were created. The first group was formed with 20 and the second by 15 professionals involved in
site management.
The participation of these professionals was voluntary, through an invitation sent by the
SINDUSCON/PE to the engineers of the companies which participated in the previous stage of the
survey. However, some of these professionals ended up belonging to other companies
(contractors who had not participated in the first stage of the research), which ultimately served to
enrich the work.
A maximum of 20 professionals was established in the composition of each discussion group to
enable broad participation and give everyone the opportunity to take part. Thus, as there were
more than 30 participants, a second discussion group was created and this helped to consolidate
the ideas as there were a larger number of professionals involved.

The first group included the participation of engineers and architects directly related to building site
management (Table 4), whose active professional life ranged from between 5 and 20 years (Table
5).
Table 4 – The professional activity areas of the research participants.
PROFESSIONAL ACTIVITY
BUILDING SITES MANAGER
QUALITY / ENVIRONMENT / HEALTH AND
SAFETY MANAGEMENT
ARCHITECT
BUILDING AND CONSTRUCTION
SUPERVISOR
DEVELOPER
Total

NUMBER OF PARTICIPANTS
12
1
2
3
2
20

Table 5 – The time of professional activity in civil construction of research participants.
TIME OF PROFESSIONAL ACTIVITY
BETWEEN 5 AND 10 YEARS
BETWEEN 11 AND 20 YEARS
MORE THAN 20 YEARS
Total

NUMBER OF PARTICIPANTS
8
7
5
20

The second group also had the participation of engineers and architects (Table 6) who have
worked in the civil construction industry from 5 to 20 years (Table 7).
Table 6 – The professional activity areas of the research participants.
PROFESSIONAL ACTIVITY
BUILDING SITES MANAGER
QUALITY / ENVIRONMENT / HEATH AND
SAFETY MANAGEMENT
PROJECT MANAGER
DEVELOPER
ARCHITECT
Total

PARTICIPANTS
9
2
2
1
1
15

Table 7 – The time of professional activity in civil construction of research participants.
TIME OF PROFESSIONAL ACTIVITY
BETWEEN 5 AND 10 YEARS
BETWEEN 11 AND 20 YEARS
MORE THAN 20 YEARS
Total

PARTICIPANTS
6
4
5
15

The main subject of discussion was related to the management of building sites according to the
personal vision of each participant in order to reveal its possible interference in more sustainable
site management. The discussions centered on four themes: the engineer's duties in site
management, the difficulties of building site management, waste generation on building sites and
indicators to estimate the professional site manager’s working value.

The questions were answered in groups of up to four participants and later the responses were
discussed amongst all the participants. Below is a summary of the results and an analysis of some
of the issues raised, and the participants’ conclusions.
4.1

A Definition for Building Site Management

Initially, the professionals who took part in the research were requested to formulate a definition for
“building site management", according to the meaning they understood it to be. Through the
various responses provided, a consensus emerged - it was very similar amongst the two groups –
which may be summarized in the following sentence:
"Building site management is planning the activities which will transform a project into a product in
accordance with the projects designs, set deadlines and budget.”
4.2

The responsibilities of the engineer as manager of a building site

The responsibilities of the engineer in the management of a building site can be highlighted by the
tasks he is supposed to perform, which are (among many more): managing costs and deadlines,
personnel management, critical analysis of project designs, dealing with customer’s solicitations,
solving problems with neighbors, purchase of materials; control of personnel’s salaries, quality
management control, heath and safety management, control of supplies (material and equipment),
services supervision, production performance measurement, planning daily activities, interpersonal
skills (motivation); relations with the unions.
It was concluded that due to the large number of assignments, there is no time left for the engineer
to improve his skills, to be creative or to develop knowledge of new technologies, thereby
improving himself professionally. Moreover, there is no possibility of delegating even those tasks
which are far below his level of expertise.
4.3

Identification of the most difficult areas in building site management

In the opinion of the professionals, the most difficult areas in the management of building sites can
be related to:
• 1º Personnel Management
• 2º Materials Management
This conclusion was similar to the result from the first stage of the research carried out on building
sites (Table 3). As this request was related to construction management, it can be concluded that
waste management is considered important only when associated with sustainable site
management. So, it was concluded that waste generation and its reduction is considered important
only when associated with sustainable construction.
4.4

The largest contributor of waste generation on building sites

According to the professionals, the largest contributor to waste generation on building sites is not
related to waste management but with professional knowledge, as it is disregarded in site
management. Moreover, shortage of skills, coupled with the limited possibility of engineers using
their professional knowledge, contribute to the generation of other forms of waste on building sites,
such as materials, water, energy and other resources. So, it can be concluded that the greatest
waste generation on building sites is related with professional knowledge.

4.5
Identification of the percentage that represents the cost of a resident engineer in the
total budget of an enterprise
There was no consensus on this issue. Therefore, the total cost for the maintenance of a resident
engineer on building site, full time, vary in the order of 1 to 6.5% of the total budget of the
enterprise.
The lack of consensus may have been due to wage variation and the type and cost of the works
used as a reference, since it is a fixed cost and so this percentage depends on the value of wages
paid by the company and the value of the work. However, the professionals showed no certainty
about these data, or about the scope of this cost (or investment). That is, the trader does not know
how to value their work.
4.6
Identification of an indicator to estimate the value for the work of the engineer
building site manager
Due to the numerous variables that influence the definition of a percentage of the cost that
companies would have to pay to maintain a resident engineer, as shown in the previous section, a
way to quantitatively estimate the value of the services of these professionals was investigated.
However, only one among the 35 participants proposed an objective quantification, correlating the
amount of work to the financial return that it would give the company, which in his opinion would be
around 7%.
This result confirms the statement that the engineer does not know how to appraise the value of
his work and it may be evidence of professional devaluation.
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Conclusions

According to the engineers, sustainable construction is related to those areas which are most
critical in terms of management: those that present the greatest difficulties in the continuous
improvement of site management. Moreover, waste management is only important in building site
management activities when linked to sustainable construction; otherwise it represents an
undervalued action in building site management.
Analyzing the answers given by the professionals interviewed to the questions, two important
conclusions could be reached. The first was related to the activities developed by engineers in site
management, such as the analyses of projects designs, purchase of materials, personnel payment
control, quality management control of services, all of which could be delegated to people with
more limited skills. Hence, the conclusion that the greatest waste in building site management is
related to "knowledge". This means that the engineer feels his expertise and professional
knowledge is under-valued, whilst being exploited by excessive work, which is often reflective of
their qualifications.
The second conclusion concerns the valuation of the engineers’ work. The engineer building site
manager has little appreciation of the value of his work and uses as a reference the market price or
the basic salary proposed by the union. Instead, he could use the project’s budget or his degree of
responsibility in the face of the difficulties of the enterprise’s management as indicators. Moreover,
he associates the value of their work only as financial remuneration, excluding other indirect gains
that could serve as career improvements.

These two conclusions are related intrinsically and undermine the engineers’ motivation for
seeking new knowledge and skills. According to these professionals’ opinions, it would not make
much difference the skills of the engineers to the civil construction companies, since their function
comes down to routine matters of daily site administration and they are not being challenged with
new technological approaches.
This lack of motivation follows the professionals’ detachment from knowledge about new
technologies and links the engineer to the performance of tasks with lower demands in terms of
capacities; moreover this fact corroborates to the performance of fragile site managers’ planning
systems and the disinterest in pursuing innovations. There is therefore a continuance in adopting
old methods of construction and management, which are perpetuated at the expense of new
construction techniques which are generally more environmentally sustainable.
It was concluded from the discussions and opinions presented that this disinterest and lack of
motivation of the building site manager professional will be reflected in the difficulties in the
implementation of new technologies which will lead to more sustainable practices on civil
construction building sites.
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Summary
Green Lease is a leasing agreement concept that seeks to remove disincentives in to improve the
environmental performance of a building and encourages sustainable practices by both the
landlord and the tenant. It ensures that the costs and benefits of good environmental performance
fall to the agreement parties in fair way. The existing Green Lease models from the USA, Canada
and Australia are studied in context of Finnish leasing practices and a green lease agreement is
developed for a single user office building.

Keywords: Green lease, energy consumption, agreement, environmental performance

4. Introduction
4.1

Background, drivers

Based on technical calculations and existing best available technologies, designing and
constructing an extremely energy efficient facilities is already possible. However, many of these
very energy efficient buildings that are taken into use exceed their estimated energy consumption.
In older buildings, the payback time of energy refurbishments with even moderate investment costs
is tens of years. Investors are also struggling with tenants, who rarely are willing to pay significant
premium in rents for a green building. On the other hand, several green developments are
competing in the real estate market, meaning that it is necessary for investors to find ways to
differentiate themselves in the property market.
In traditional gross and net lease agreements the costs and benefits of good environmental
performance often fall to the different parties of the lease agreement, making investments to
improve environmental performance of a building often economically unattractive. For example
owner’s investment to energy efficient lighting fixtures benefits the tenant responsible for the
electricity bill.
There is a need to improve the tenant-landlord relationship to get the best out of a green building
through joint efforts, to make sure that the buildings operate at the optimal level. There is a need
for a mechanism that forces both parties to drive and maintain the building, so that it can meet its
green objectives. For an environmentally conscious tenant, there is a need to ensure that his
facilities are kept up with the environmental development and that the tenant may minimise his
environmental impact in his operations. Popular green labels, such as LEED and BREEAM also
promote better tenant-investor relationship, especially in cases of certifying existing buildings.
Green Lease is a leasing agreement concept that has been created in order to tackle the problems

presented above. First, it ensures that the costs and benefits of good environmental performance
fall to the agreement parties in fair way. It helps to tackle problems related to human behaviour and
technical investments for environment with cost premium. It may be a strict agreement concept
enabling sanctions and rewards for environmental behaviour and correct use of the building or an
agreement on co-operation processes and joint objectives.
4.2

Previous applications

Green lease has most widely been applied in Anglo-American countries, and only recently there
have been public statements about the adoption of the concept also in Scandinavia. There have
however been efforts to improve tenant-landlord co-operation in environmental management, such
as WWF’s Green Office.
The most significant difference between green lease and other co-operation programmes, is that
green lease is a contractual document and as such a legally binding document with resolution
mechanisms. Also there is typically monetary reward-sanction approach involved. These aspects
hypothetically make green lease more efficient tool to steer the environmental performance of the
building than voluntary approaches.
Different rental agreement concepts to support environmental efficiency have been developed in
different parts of the World. The contents of these concepts vary significantly. At their loosest form,
green lease concept has consisted of merely pro-environmental phrases, whereas the strictest
green lease models contain detailed legal clauses of tenant and landlord contractual liabilities.
The existing Green Lease models are mostly following the Anglo-American leasing practices with
net to triple net rents. The American Building Owner’s and Manager’s Association BOMA,
Commonwealth of Australia Department of the Environment and Water Resources and Real
Property Association of Canada (RealPAC) are among the developers of early green lease models.
Finnish divided rent practice, where investment and maintenance costs are divided between tenant
and the landlord with fixed and variable cost elements, Green Lease models have not yet been
applied.
4.3

Objectives and scope

4.3.1 Objective
The study was carried out to create a new ecological lease agreement model to support the
landlord and the tenant to operate and occupy a single-user office building including research
facilities in a more sustainable way. In the study a divided rent model is taken as the starting point.
After experiences from this pilot case, the model is planned to be amended to a lease model
applicable in other buildings with single tenants.
Results of this study benefit the real estate investors, who can increase the attractiveness of their
facilities in the rental market and also extend their environmental work to cover better the usage of
the buildings. Also the result of this study can be applied by environmental-conscious tenants as a
tool to incorporate landlord to support tenant’s environmental work.
4.3.2 Limitations
The study is limited to single-user office building. A typical Finnish divided rent leasing practice is
taken as the starting point for the lease model development.
4.4

Methodology / Application of green lease model

The study was conducted by first researching international literature discussing green leasing
issues and then further developed as a single-case case study regarding the leasing process of an
office building in pre-planning phase for the Finnish Environment Institute. Since there are only few

scientific articles on the topic of green lease, most of the theoretical studies are based on
conference publications and studies by real estate industry associations.

5. Existing green lease models
5.1.1 Environmental objectives covered by a green lease agreement
The environmental criteria that green lease agreement typically adopts / tries to manage, are
related to energy and water conservation, reduction of pollutants, waste minimisation, avoidance of
hazardous materials, healthy indoor air and user satisfaction. These criteria is in line with the
established most important environmental impacts of built environment, defined by the academia.
They are also implemented as a basis of the most popular green building classification and
labelling systems, such as LEED, BREEAM, CASBEE, and Finnish PROMISE.
5.1.2 Scope of a Green Lease Agreement
In green lease, above mentioned topics and related construction and maintenance processes are
typically not steered as a whole. The agreed clauses cover specific factors affecting those operations, so that they can be monitored and measured at appropriated detail level (example!!). Also
the green lease agreements target environmental impacts that can be affected during the usephase of the building’s life cycle and thus steered through a lease agreement. For example topics
related to the location and structural solutions are typically not covered by a green lease agreement.
5.1.3 Green lease mechanisms
There are certain approaches and mechanisms that can be found in an effective green lease
agreement. These mechanisms have been identified for example by S. Michael Brooks in his SB08
conference publication. They can also be found in studied green lease guides by BOMA (Guide
to Writing a Commercial Real Estate Lease, Including Green Lease Language), RealPAC
(National Standard Green Office Lease for Single-Building Projects) Corporate Realty,
Design & Management Institute (model green lease, Investa Property Group (Green Lease
Guide for commercial office tenants). The most applicable model for this study was found to be the
Green lease Schedules by Commonwealth
of
Australia Department of the Environment and
Water Resources [1] [2] [3].
According to Brooks and analysed models, there seem to be at least two approaches to a green
lease:
1. A “paternalistic” approach where the obligations for reduced consumption and environmentally
responsible behaviour are mandated by either the tenant or the landlord within the lease; and
2. A “co-operative” model, where mutual objectives are set out in the lease for both parties to
achieve, leading to responsibilities and liabilities for both parties.
Identified mechanisms include:
6. Joint targets and reference values
- Joint targets and reference values for energy, water and waste recycling are set either as
absolute values (e.g. as amount of MWh consumer per year) or using target percentages
(e.g. as reduction of current annual consumption). Also other targets should be set as
unambiguous as possible, using mutually accepted reference values and standards.
7. Dispute Resolution Mechanism
- Dispute Resolution Mechanisms apply in the event of a disagreement between the
landlord and tenant as to why a particular target or objective prescribed by the lease

is not achieved.
8. Environmental management plan
- Environmental management plan describes how the environmental targets set for the
building are to be achieved, list of actions, schedule and organisation.
9. Technical specifications
- This refers to a vast list of principles about the operations in the buildings such as use of
materials and chemicals, green cleaning, procurement principles, quality criteria for
gardening, water usage, repairs and refurbishments, tenant guidance, office appliances etc.
10. Valuation methodologies to be used
- An important aspect to be incorporated into a green lease agreement is principles of
investment calculations based of the life-cycle of the investments. Agreed principles enable
both parties to estimate the economic impacts of investment decisions in a common way.
5.2

Finnish leasing practices in single tenant buildings

Traditionally the Finnish lease type has been gross rent excluding electrical and cleaning. From the
green lease point of view the gross rent is problematic since the tenant has no information of the
cost allocation. An advantage is that the tenant usually has his own electricity contract and
therefore gets the consumption and cost figures from the energy company. However, tenant is not
aware of the consumption of the property electricity and his possibilities to influence, for example,
the ventilation and cooling.
Net lease type of rents are becoming more common especially in single tenant buildings. The
benefit is that the tenant is aware of all the consumption and cost figures. From the green lease
point of view the main problem is investments. If the landlord cannot amortize the investments that
improve energy efficiency or environmental friendliness, and it mostly benefits the tenant, it may
slow down the improvements.
A quite commonly used rent type is divided rent. As shown in the graph below the rent is divided in
the absolute net rent, fixed maintenance rent and variable maintenance rent. The absolute net rent
includes the base rent, taxes and insurance. The maintenance rent is divided in two: the variable
and fixed maintenance rents. It is agreed on case by case which costs are included in which;
frequently the decision is based on the division between common/shared space and leased space.
From the green lease point of view the divided rent gives the contract parties a good platform to fix
the rent so that it has its best steering influence. For example the mobile rent includes the
electricity for lighting, ventilation, cooling and sockets. The risk is that the rent mechanism is set to
be too complicated and/or it does not coincide with the metering and reporting.
Regardless of the rent type the key factors are accurate and carefully chosen metering, reporting
and billing mechanism.

Variable Maintenance Rent
Maitenance rent
Fixed Maintenance Rent
Total
Rent
Fixed rent

Absolute Net Rent

Figure 1. Divided rent

6. Results
6.1

Synergy Building

Senate Properties is leading a project called “Ecologically efficient office building – Synergy building”. The new building being designed as the head office of The Finnish Environment Institute
(SYKE) contains office premises for approximately 625 persons as well as laboratory facilities. The
programme area of the building is 12 855 m2 which consists of office space (80 %) and laboratories
(20 %). The following environmental classification levels have been set as project targets: Breeam
Europe 2009 Office: Outstanding, Leed New Construction 2009: Platinum and Hanke-PromisE: AClass. Therefore it was natural also to link the environmental aspects to the lease contract. At the
time of writing this paper a “Final Draft” version of the green lease agreement is being outlined.
The main highlights of the case study are presented on the following lines. In this case a divided
rent lease agreement was chosen. It is currently still under discussion whether the variable maintenance rent would include the costs of heating, electricity, water and waste. A co-operational
model (as described in ch. 2.1.3) was chosen as the preferred approach.
6.1.1 Joint targets and reference values
Since the building is new the main focus is on future targets and values. Energy calculations have
been made and are being used as baseline for heat, electricity and water. It has been agreed on
that the “real baseline” will be set after 2 years usage of the building and joint targets for the
consumption be set based on it.
It has been agreed that the Finnish indoor air quality standard S-2 is being used for reference for
indoor temperatures. Normal office hours and other hours have been agreed on and the building
automation system is adjusted based on them. Therefore it should never happen that, for example,
the cooling system is on by night. S-2 allows a certain number of tolerance days when the room
temperature does not need to meet the target temperature. The tolerance days cover the hottest
and coldest days in Finland. The tenant agrees that this is acceptable and that energy efficiency is
the guideline during these extreme days.
For the waste management it has been agreed that at least 70% of the waste will be sorted and
recycled. The property owner is obligated to arrange the needed waste containers and the tenant
is obligated to instruct his employees to sort the waste accordingly.
6.1.2 Dispute resolution
When talking about green values, green targets and green operations the bargaining process
includes co-operation and negotiation. In this case the use of sanctions for not meeting the
environmental targets was seen as peculiar, as the tenant is responsible for the costs of electricity,
heating, water and waste. These costs can thus be seen both the carrot and the stick: less
consumption means less (or no higher) cost.

6.1.3 Environmental management plan
The cornerstones of the management plan are regular cooperation between the tenant and the
landlord, accurate and detailed metering of energy and water consumption and reporting, daily
maintenance of the building and the tenant’s environmental management system.
Three co-operative meetings between the tenant and the landlord are focused on Green Lease
issues annually. New targets are set each autumn. The yearly consumption and costs are reviewed
in winter and the possible compensations in costs are carried out in spring. Detailed agendas of
these meetings are described in the Green Lease Year clock.
The landlord is obligated to arrange sufficient metering in the buildings. The measured variables
are for example electricity for cooling, ventilation, and lighting during office hours. The landlord is
also obligated to organize proper reporting. The reported parameters are for example electricity
total kWh/m2, kWh/work place, kWh/ man-year.
The landlord is obligated to arrange green daily maintenance. The main guidelines can be found
from green building classification and labelling systems. An example is outdoor maintenance:
guidelines are found for ice and snow removal, cleaning of façades, the equipment and chemicals
used etc.
The tenant is obligated to have his own environmental management system which includes for
example green cleaning and employee guidance for cooling and lighting systems, waste sorting
and the usage of office equipment.
6.1.4 Technical specifications
The most significant issues are related to energy. The heating system of the property is district
heating. There will also be local energy production with renewable energy sources at the same plot.
Here renewable energy source is defined as sun, wind and biomass.
Power that is produced with renewable energy sources will be used, when possible, in the building.
Power that is considered as renewable energy source is sun, wind, biomass and electricity
produced by dam-free hydroelectric power plants. Parties involved commit to follow the
governmental decision principle to promote sustainable choices in public purchases. During years
2010-2014 at least 30 % and from year 2015 at least 60% of the building’s power purchased is
produced by renewable energy sources.
6.1.5 Valuation methodologies to be used
Investments to improve energy efficiency or environmental friendliness can be performed during
the rental period in the real estate. The reasons for the investments can be environmental issues,
technical development or problems related to the technical implementation or aging in the real estate. Investments to improve energy efficiency and environmental friendliness are set, evaluated,
and implemented, separately and in collaboration, by the landlord and the tenant.
Investment principles to improve energy efficiency:
- Savings are primarily distributed so that the investor can first amortize the investment in a
reasonable time and then savings are distributed equally between the parties
- The investments amortizing practises are agreed separately for each investment: the amortizing, for the tenant, can be executed either as single instalment, as several instalments or
though the flat rent that is determined in the lease.
- If the landlord cannot amortize the investments that improve energy efficiency or environmental friendliness, and it mostly benefits the tenant, then the tenant is accountable for the
investment costs.

6.1.6 Conclusion
In general it can be said that the environmental classifications give a good practical background to
the green lease work. Key elements of a green lease agreement were identified to include better
co-operation between the parties, righteous operating cost division and setting out ambitious consumption targets, for example, for electricity use. The main challenges in bringing green lease
agreements into practice are committing the parties to green procedures and the substantiation of
consumption saving results.
6.2

Rakli initiative

RAKLI (Association of Finnish Building owners and developers) has launched “The Eco-efficient
contracting practises –development initiative” together with the field’s leading companies. The initiative introduces a task list, that is valuable in letting processes and -contacts, which consist of the
essential green contractual elements. The initiative forms a description of responsible letting and
portrays ways to implement the contractual elements in different situations. The goal is to develop
contractual practices in the field to be more customer-oriented and environmentally friendly. The
initiative creates, with win-win-principle, elements for a functional and transparent approach in letting and real estate services.
The initiative provides tools to improve the letting process, service process and the investment
process, and to improve the related contracts to be more customer-oriented, risk-free, costeffective and environmentally friendlier. The company receives benchmarking to the fields leading
international practices and ways to implement goals, agreements and practices according to various classifications and reporting (e.g. GRI, LEED, BREEAM, Promise, and Green Office) that are
commonly defined by the industry.
The goal is to provide:
• Green Lease – A good way to rent – a compact document in Finnish and English
• Green Check List – Task list – a compact document in Finnish and English, including impacts on
Investment- and real estate service processes (and process steps)
• Green Lease – The renting risk matrix
The RAKLI initiative started in November 2010. The initiative was well welcomed. The participation
companies (21 in total) were easy to find and the discussion has been active in all work shops. The
work shops are held December 2010 – May 2011. The final seminar will be in June 2011.
The final results of the RAKLI initiative can be included to the final Full Paper.

7. Discussion and conclusions
The green lease as a concept is an excellent tool to improve tenant-landlord co-operation and
discussion generally about environmental issues in a building. Often the understanding of the most
significant environmental targets vary between the landlord and the tenant. The negotiation
procedure of making a green lease agreement forces the parties to value different environmental
aspects and find common targets that the both parties can agree and commit to. In the Synergy
building, the tenant was highly aware of environmental issues, however there were still possibilities
to improve their understanding of the environmentally conscious building maintenance and
operational steering procedures.
Due to several cost items typical for the divided rent model, the green lease easily gets very
detailed involving several sub meters to accurately divide energy and water costs. Consequently
there is a risk that management of the agreement becomes overly resource consuming and
overshadows the benefits of the agreement. Thus it is important to maintain the big picture, i.e.
jointly agreed environmental objectives, in the agreement negotiations and to emphasise the cooperational aspect of the agreement. This means that detailed cost and benefit divisions are jointly
agreed case by case based on total benefits to both parties.

When applying green lease to Finnish divided rent model to the tenant’s actual monetary savings
remain relatively small compared to the full rental costs. Also, to gain full effect, the tenant’s role to
operate the building is relatively large. As a consequence, the tenant should still be motivated to
improve his environmental performance for other reasons than significant monetary rewards. For
the landlord, the payback time of most of environmental investments is alone too long to be
considered economically beneficial. However, the most significant benefits of green lease greatly
overshadow direct monetary savings. Improved dialogue with tenants and possibility to provide
added value trough green lease could be considered as the most important business aspects of
green leases.

References
[1]

Green Lease Guide, Investa Property Group, Investa Properties Limited, 2006. Trough
http://www.environment.nsw.gov.au/resources/sustainbus/2006_1212_greenleaseguide.pdf

[2]

Roussac ym. (2008) Changing the culture of commercial buildings in Australia: the role of
green leases. World Conference SB08. 6 s. ISBN 978-0-646-50372-1.

[3]

Whitson, A. (2006) Green Lease: Creating an Incentive to Effectively Design, Build and
Manage High-performance and Sustainable Buildings through a Green Lease.
Environmental Design & Construction, Jul 2006, Vol. 9 Issues 6. p. 15-18. ISSN 1095-8932.

A Heat Robust City.
Case study designs for two neighbourhoods in the Netherlands.
Laura Kleerekoper, PhD candidate, Delft University of Technology, The Netherlands,
l.kleerekoper@tudelft.nl
Andy van den Dobbelsteen, Professor, Delft University of Technology, The Netherlands,
A.A.J.F.vandenDobbelsteen@tudelft.nl
Associate Professor M.J. van Dorst, TU Delft, The Netherlands,
M.J.vanDorst@tudelft.nl@tudelft.nl
Associate Professor G.J. Hordijk, TU Delft, The Netherlands, G.J.Hordijk@tudelft.nl

Summary
Urban Heat Islands in cities in the Netherlands are likely to increase due to a predicted climate
change and the continuously increasing expansion and densification of cities, In contrast to rural
areas cities are warmer because their paved surfaces retain heat, buildings block cooling winds
and the lack of vegetation and water reduces evaporation. Although cities are already experiencing
problems during periods with warm weather, there are no clear spatial means or strategies
available for urban designers to guide them in how to act against heat stress. This paper
introduces available heat mitigation measures and their effects, and provides tools for urban
design. The applicability of the design tools is tested in a design for two existing neighbourhoods in
the Netherlands. The two design plans show that there are various possibilities to apply measures
to diminish the accumulation of heat depending on site-specific conditions. Such climate
adaptation plans can only be successful when social, economical and spatial aspects are also
addressed.
Keywords: climate adaptation measures, urban design, urban heat island effect

1. Introduction
In cities heat accumulates creating the so-called Urban Heat Island (UHI) effect. UHIs occur when
urban areas have higher temperatures than their surrounding rural area [1]. The temperature
differences vary in time and place as a result of meteorological, local and urban characteristics. In
the field of climatology research, urban areas are particularly important because of their
vulnerability to changes. Global average temperatures are estimated to increase with 1.1 to 6.4°C
in 2100 [2]. The effect of global climate change on local areas differs a lot. The average summer
temperature in the Netherlands will increase by 1.7 up to 5.6°C in 2100, compared to 1990 [3].
This does not only entail warmer summers, but more weather extremes, including heat waves and
extreme rainfall. During warm weather the UHI effect may cause extreme warming in urban areas.
Urban areas retain heat because their stone structures retain and reflect heat, because there is
less evapo-transpiration (the evaporation and ‘transpiration’ of vegetated surfaces) in built-up
environments, compared to green areas, and because buildings block cooling winds [4, 5].
The UHI effect in the Netherlands was studied by Conrads in the city of Utrecht in 1970-1971. This
study already showed a significant difference between the rural and urban temperatures. In winter
the average difference was 1.7°C, in summer 2.7°C. Minimum temperature differences during the
night measured up to a maximum of 8°C [6]. A recent study in the city of Rotterdam showed a
maximum UHI of 7°C difference after sunset [7]. Climate change and the UHI effect together can
thus imply a significant future temperature increase in urban areas in The Netherlands.
Problems occurring in Dutch cities during warm weather concern: thermal discomfort, heat stress,
air pollution, increase of energy consumption, lack of sweet water, more bacterial growth. Despite
the seriousness and high predictability of the occurrence of the UHI effect in Dutch cities, no clear
spatial means or strategies are available for urban designers to guide them, to act against this
phenomenon. Therefore the central question in this paper is: Which heat mitigation measures are
available, effective and appropriate for Dutch cities? To answer this question the paper first gives

an overview of heat mitigation measures and their effects for urban areas. The second section of
this paper prioritises neighbourhoods according to their heat robustness and discusses strategies
to improve these areas. The priority neighbourhoods will be identified by an analysis of three urban
typologies that are common for Dutch cities. The analysis is done for areas in Utrecht and Den
Haag. The last part aims to provide insight in the applicability of the heat mitigation measures in
Dutch cities. This is done with a test design for two priority neighbourhoods.

2. Methods
2.1

Mitigation of Urban Heat Islands

Many cities across the world cope with heat stress. The problems with heat stress occurring in
these cities have led to heat mitigation measures, both by research and traditional design. The UHI
effect has been studied in big cities like New York and Tokyo. The generic aspects provide
information for the Netherlands. Studies on the effectiveness of heat mitigation measures give a
first indication on quantities. An inventory of the most important measures to counteract the UHI
effect in summer forms the first part of the paper. This inventory is based on existing literature,
mostly from scientific journals and research reports. Cities like London and Chicago aim at a
sustainable city and have started ambitious plans. Their strategies can be an example on how to
deal with adaptation issues.
Cities can reduce their UHI effect by diminishing the accumulation of heat and applying cooling
techniques. The elements that cause the UHI effect described in the introduction should be
decreased or compensated for. Decreasing all causes resulting in no UHI effect would be the
same as eliminating the city. Therefore, a balance needs to be found between the city’s
characteristics and success factors on one hand and a healthy and comfortable indoor and outdoor
environment on the other. Heat mitigation measures vary in effectiveness, and in costeffectiveness per location. Urban designers have the responsibility to develop a healthy and
comfortable city environment. However, not all heat mitigation measures lie within the scope of the
urban designer. Others, such as policy makers, housing corporations and residents themselves
have possibilities to improve the urban environment. Therefore, the measures discussed in this
first part of the paper have a focus on the urban designer, but are also directed to others who
influence the urban environment. The heat mitigating measures that will follow start at the category
of city structure, followed by vegetation, water, materials and anthropogenic heat. The last section
of this chapter describes a few examples from practice.
2.2

City structure

The size, composition and orientation of a city affect the UHI effect. The larger the city, the bigger
the difference in temperature between the city and its rural surroundings. With the following
formula the maximum difference of the rural and the urban temperature in European cities can be
predicted according to the amount of inhabitants; ∆Tu - r(max) = 2.01 log P - 4.06 [1].
When the composition of buildings is taken into account in relation to cooling, both sun and wind
orientation is relevant. Since the Netherlands has a cold winter climate, sun and wind have other
properties in summer and winter.
The main wind direction in summer is from the South-West in the Netherlands, but in winter we
have the coldest wind from the North-East. Generating wind for ventilation in summer can result in
an undesired situation in winter. Another way to improve ventilation is to generate a mix of the air
in the canopy layer (the air layer in a street profile) with the air from the city-boundary layer (the air
layer above a city). One way to obtain this mix is adjusting the canopy layout. When the
height/width ratio is around 0.5 the best ventilation is acquired. At a H/W of more than 2 there is
almost no mix of the canopy and boundary layer [8, 9]. The mix of the two layers also takes place
with slanted roofs. These generate affective natural wind ventilation at the ‘mouth’ openings of
urban street canyons. This is a much more effective means for improving natural ventilation than
increasing building spacing [10].
Overheating by solar radiation in summer can be reduced with high H/W ratios [11]. However this
also implies less airflow, multiple solar reflections and a lower sky view factor which traps heat.
These last negative effects may do more harm than the positive effects of the measure itself. Even

if the measure would help in summer, in winter even more buildings will overshadow other
buildings. In a cold winter climate this leads to uncomfortable situations. Individual buildings need
to be designed to collect the sun and not shade others [12]. A better alternative for shading from
the sun can be deciduous trees whose leaves shade in summer and let through the sun in winter
[13] or technological systems that can adjust to seasonal changes.
2.3

Vegetation

Evaporative cooling effects, by a matrix of green corridors, smaller open spaces, street trees, and
green or living roofs and walls, are important for cities to become climate proof. The
appropriateness of green applications depends on the scale and urban characteristics. The
temperature difference between a park and its urban environment is generally between 1 and 6˚C
depending on amount, kind and organisation of vegetation [14, 15]. Trees mainly cool by evapotranspiration (ET) but also by shading, reflecting radiation and absorbing heat. Over the course of
a sunny day the ET of a large full grown tree alone already cools with a power equal to 20-30 kW,
power comparable to that of more than 10 air-conditioning units [16]. For cooling urban areas using
parks, the effect on the surroundings is very important. The effect is variable, depending on airflow
and other climatological circumstances and urban characteristics. Studies measured an effect at
100 meters distance from the park in Tel Aviv and an effect at 1100 meters in Göteborg [14, 15].
In a review of studies, the effect of greening facades was measured for the outdoor temperature
and the effect on air-conditioner cooling savings. The greening leads to an average decrease of
0.2–3.3 ˚C in the near-ground or -wall temperature and results in a cooling energy saving of 4-40%
[17, 18]. Green roofs also mitigate the UHI effect, they retain water that cools by evaporation and
ET, and they maintain surface temperatures lower than black (33°C cooler) and white (16°C cooler)
roofs [19].
Other suggestions to improve the application of vegetation are: 1) The availability of water is of
great importance for a green cooling effect; 2) Shading of windows and west-facing walls provides
the most savings in cooling energy; 3) On trees selected for shade, crown shape can be more
important than crown density; 4) Energy and water prices determine the extend to which it is
economical to substitute ET cooling for electric air conditioning; 5) Effects of tree shade on winter
heating demand can be substantial with non-deciduous trees [20].
In Dutch cities vegetation is often lacking on the street and neighbourhood scale. A study by TNO
shows that a change in the current situation in Rotterdam of a surface transformation of 10% from
paved/built to green or vice versa results in 1-1.3°C temperature difference on the neighbourhood
scale. At street level this might be different [21].
2.4

Water

In urban areas water can cool by evaporation or by absorbing heat when there is a large water
mass (buffer) or when the water is moving as in rivers (heat transport out of the city). In the
Netherlands warm weather usually comes together with high moist concentrations in the air.
Therefore might be presumed that cooling with water is not effective, this is a misunderstanding. A
high moist concentration in the air does slow down the evaporation process [22], p. 292), however
is an important cooling factor on street and regional level. Even more important is the supply of
water in warm and dry periods.
Cooling with water, as with parks, is dependent on weather circumstances and the type of water
application. A small pond can have a cooling of about 1°C at 30 meters distance [23]. While
streaming water has a larger cooling effect, dispersed water like a fountain has the largest effect. A
reduction of approximately 3°C is measured on the leeward side at 35 meters of a fountain [24]. In
Japan a tradition called ‘Uchimizu’ cools cities by sprinkling water on the streets. This method
proved most effective in mornings and late afternoons in direct sunlight. The temperature drops 24°C by sprinkling 1 l/m2 per half hour [25].

Traditionally many cities in the Netherlands were built along rivers and canals because these were
important transport routes, so was the sea. However, water also brought the danger of flooding.
Next to transport routes more canals were made to manage the water level in cities and
agricultural land. The Netherlands, as no other country, has a long history of water management.
This history has lead to an enormous variation in water applications. Water applications have, next
to heat mitigation, also a possibility to adapt to the future increase of extreme rainfalls. A
challenging combination herein is to provide storage for peak rainfalls (also in summer) and buffer
water for periods with draught.
2.5

Materials

The low albedo (reflectivity) and longer cooling time-lag of materials used in urbanized areas
cause heat to successively accumulate. By white washing building surfaces, using light-coloured
dyes or using light sand in paving materials, the albedo of large areas of the city can be increased.
Various studies indicate a large temperature difference between green and paved surfaces. The
average daily surface temperature of green is about 10 °C lower than pavement and the maximum
daily temperature is 20-33 °C lower. Temperature differences due to albedo have been measured
at black an white roofs; with an average daily maximum surface temperature difference of 8-17 °C.
With an increasing city-wide albedo from 25 to 40 percent an air temperature drop of 1-4°C can be
achieved, this can lead to enormous reductions in cooling energy demand. White roofs do not
show any ‘winter heat penalty’ relative to black roofs. [19]
The traditional materials in the Netherlands, for both buildings and pavement, are red bricks and
roof tiles. When building with dark colours or a heat accumulating material, green applications
(trees or a green facade) can shade these surfaces or compensate heat by ET. Light surfaces
require an area many times greater than green roofs to achieve comparable cooling [26].
2.6

Anthropogenic heat

The increase of 1.0 ˚C of the outdoor temperature leads to 3-6% extra electric energy demand in
cities in the United States and Tokyo [27]. Given this knowledge the mechanism of an airconditioning system is rather odd. While using a lot of energy for cooling an indoor space, an air
conditioner blows more heat into the outdoor than it cools the indoor. This is an accumulating
problem since, the ongoing growth of cities, bad architecture design and wealth lead to more
energy consumption of air conditioners. A study in Germany focussed on the anthropogenic heat
release from the highly industrialized and populated Ruhr area region. A permanent warming
ranging from 0.15˚C over land area up to 0.5˚C over the Ruhr area (Block, et al 2004).
Anthropogenic heat exhaust can be reduced by diminishing energy consumption in cities, make
use of waste heat and by heat storage. A system of cascading energy qualities, for example a
swimming pool and an ice-skate balance their heat and cool demand, can improve our energy
system by a factor of 6 [28]. Cascading energy requires an efficient hybrid network. In the
Netherlands some cities already have an extensive network for city heating. However,
municipalities and developers are not willing to invest in a hybrid network, due to uncertainties in a
long payback time. [29]
During the last decade buildings in the Netherlands start to manage their internal heat distribution
by storing heat underground in summer and using this in winter. Heat and Cold Storage (HCS),
also known as ATES: Aquifer Thermal Energy Storage, is another way to reduce anthropogenic
heat exhaust; in fact, heat can be harvested. The storage of heat and cold water can reduce
energy consumption by 40-80% [30]. In addition to anthropogenic heat from buildings, the heat
production by traffic, green houses and all other kind of human activity could be used in the same
way.
HCS installations are not applicable at all sites: in the Netherlands 90% of the soil is fit for the
purpose, which is a wealth compared to other countries. Determining for this potential are the
thickness of the underground layers and the permeability of these layers. There are also
constraining juridical factors:
• dispersion of pollution;

• danger for ecological values;
• interference with groundwater absorption;
• interference with other energy storage systems;
• salination of sweet water or sweetening of salt water;
• danger for subsidence;
• restrictions in drink water source areas.
All constraints together leave 27% of the Netherlands free for HCS installations [31].
2.7

Examples from practice

Policy strategies from London, Manchester, New York and Chicago illustrate the applicability of
different design principles in general. London has recently experienced heat waves that have
caused deaths, discomfort and economic losses. Also here hot weather will become more frequent
and more intense. The Mayor proposes the following key actions to manage overheating in London:
• Undertake an ‘urban greening programme’ to cool the city using green spaces, street trees and
urban design.
• Create an ‘Urban Heat Island Action Area’ where new development must contribute to offsetting
the urban heat island effect.
• Provide London-specific design guidance to enable architects and developers to reduce the risk
of new development overheating in future summers.
• Facilitate public access to cool buildings during heat waves to help vulnerable people avoid and
recover from the heat.
• Undertake a scoping study for a London-wide network of weather stations to better understand
and monitor London’s climate [32].
Research in Manchester in the ASCCUE project has shown that increasing green space cover by
ten per cent in high-density developed areas could keep surface temperatures in the city by the
end of the century at or below those experienced from 1961 to 1990 [33], page 49)
The city of New York determined in a research in mitigation solution for the UHI effect, that the
cooling potential per area was highest for street trees, followed by living roofs, light covered
surface, and open space planting. From the standpoint of cost effectiveness, light surfaces, light
roofs, and curb side planting have lower costs per temperature reduction (Rosenzweig 2006).
A study in Chicago concluded that planting trees in residential yards and public housing is most
cost-effective from all other positive benefit-cost ratios found for plantings at parks, yards, streets
and highways. Trees in yards were relatively inexpensive to establish, had low mortality rates,
showed vigorous growth, and accrued large energy savings. By capitalizing on the many opportunities for yard-tree planting in Chicago, residents on whose property such trees are located receive direct benefits (e.g. lower energy bills, increased property value), yet benefits accrue to the
community as well; improvement of air quality, reduced storm water runoff, removal of atmospheric
CO2 and an attractive local landscape [13].

3. Case Studies
The design principles discussed in the previous sections can be applied to any built up
environment, but not all of these areas have the same urgency. In order to find out which areas in
Dutch cities have the highest priority in the reduction of heat accumulation, six neighbourhoods
from various periods are analysed in a typological study [34]. The typological study incorporates
land use patterns, height/width ratios and material use. For the data on land use two sources from
the University of Wageningen [35, 36] are used. From these sources the ratio of vegetation, water,
and paved and built surface was obtained.
3.1

Analyses of priority neighbourhoods in two cities in the Netherlands

The six neighbourhoods analysed for this study are located in two cities with different coordinates,
The Hague and Utrecht. The Hague is close to the sea, Utrecht is situated in a central part of the
country. The neighbourhoods analysed have the same typologies in both cities: a historical part of
the city, a neighbourhood from around 1930 and from around 1960. The neighbourhoods chosen
for Utrecht are in the same sequence: Oudegracht, Ondiep and Kanaleneiland; and for The Hague:
Voorhout, Transvaal and Moerwijk. In the following sections the six neighbourhoods are briefly
introduced per city with a short conclusion per design principle. This is followed by a conclusion on
the heat mitigation priority of the neighbourhoods.

Fig. 2: Utrecht with the neighbourhoods Ondiep, Oudegracht and Kanaleneiland on the left; Den
Hague with the neighbourhoods Voorhout, Transvaal and Moerwijk on the right.
Utrecht
Utrecht has a historical centre enclosed by water that used to be the defence line of the city. The
canal Oudegracht has been meandering through the old centre since the 12th century. The special
building style and the unique use of the space between buildings cannot be changed because of
their historical value. The building blocks are also old constructions with national heritage status.
Even so, the heat accumulation here is interesting in comparison to that in other areas.
More to the north, the neighbourhood Ondiep from around 1930 is a working class neighbourhood.
The area is situated in the former basin of the river Vecht. The built area consists of mostly onefamily homes inhabited by the working class. Recently, more students are coming to the
neighbourhood. The dwellings are mainly owned by the housing corporation Mitros (82%).
The Dutch national government identified Ondiep as one of the 40 problematic urban areas in the
Netherlands. Because of the local social, physical and economic problems more attention and
money has been allocated over the next few years to improve social coherence. If it is possible to
solve heat accumulation here in combination with social, physical and economic problems, plans
become more feasible and stand a better chance of being financed and implemented.

Another deprived neighbourhood, Kanaleneiland, was built around 1960 on the west-side of
Utrecht. The monotonous building style characterises this solely residential area. There is a
commercial centre on the edge. This neighbourhood is characterised by many different ethnic
backgrounds; 76% are of immigrant origin. Unemployment rates are high, the health situation is
below average and crime is high. The three urban areas introduced here are quantified in Table 1.
The Hague
The old city centre of The Hague is situated on the North-East side of the city. Adjacent lie the
Haagsche Bosch, a large green area, and the Hofvijfer, a substantial lake. Because of the
immense historical value of this area making changes will not be simple.
A bit further to the South-West the neighbourhood Transvaal is a deprived neighbourhood that
goes back to 1914. The population is a mix of many ethnical backgrounds: Turkish, Surinam,
Moroccan, 80% is of immigrant origin.
Moerwijk was built around 1960 and is situated to the South of The Hague. The monotonous
building style characterises the neighbourhood that is mainly a residential area. This
neighbourhood is characterised by a multi-ethnic population (55%). The three urban areas
introduced here are quantified in Table 2 [35, 36].
Table 1:
In the three left columns the percentage of built-up ground floor space, green, water and paved
surface per neighbourhood, on the right the average surface use of all neighbourhoods in
Utrecht in that period.
In the three left columns the percentage of built-up ground floor space, green, water and paved
surface per neighbourhood, on the right the average surface use of all neighbourhoods in The
Hague in that period.

Table 1 shows that neighbourhoods in both Utrecht and The Hague have become greener over
time. But also the quality and use of green varies between built-up areas from different periods.
Before 1870 monumental green lanes were built to give the city status and aesthetic value. Later,
green becomes the concern of the individual garden owner and more green space is dedicated for
sports facilities. The future strategy for green might be their cooling function. The right table shows
a significant difference between the green of the analysed neighbourhoods and the average
amount of green of that period. The percentage of green in Voorhout is much smaller than in the
average pre-1870 neighbourhood of The Hague. The explanation for this difference is the
Haagsche Bosch, which is included in the survey as pre-1870 green. This area is very different
from the adjacent compact built-up areas. The figure for Voorhout therefore is more representative
than the average figure. Water is not present in the neighbourhoods Ondiep, Kanaleneiland and
Transvaal. However, they all have nearby open water resources. Not using the surrounding water
is a chance missed; water should be combined with green. This is actually only happening in
Moerwijk.

Clearly the percentage of built-up surface in the analysed neighbourhoods decreases in time. The
building form changes from pre 1870 compact city, via terraced houses between 1870-1945, and
to apartment blocks between 1945-1970. If the built-up surface decreases, what kind of surface
occupation can we expect? In the period 1870-1945 built-up surface is replaced with pavement
and a little more green. In the period 1945-1970 built-up surface is replaced with green and a little
more pavement. Spacing increases also in time. The compact city had street widths of about 5
metres, the terraced streets have 10 metres width and the apartment blocks have streets as wide
as 40 metres. The H/W ratio tells almost the same story, but this also relates to the height of the
constructions. The compact city has H/W ratios from 1.0 to 3.5, the terraced streets have a H/W
ratio of 0.75-1.4 and for the apartment blocks the ratio is between 0.3 to 0.7. Only the apartment
blocks enjoy the effects of optimal ventilation because the H/W ratios are close to 0.5.
For cooling effects from vegetation and water, airflow from these cool spaces should be guided to
flow into the streets. In most situations streets are parallel to a park or canal, in which case the first
housing row is blocking the cool airflow.

Table 2: Percentage of pavement and total hard surface material.
Pavement has increased over time, but the total amount of hard surface (building and pavement)
has decreased. Voorhout has 42% of paved surface, but since it has a high building density the
total amount of hard surface turns out much higher than in Moerwijk that has almost the same
percentage of paved surface. In Utrecht this becomes even more evident where the compact
centre has only 38% paved surface in comparison to 51% in Kanaleneiland, but has less hard
surface in total. Transvaal and Ondiep both have a high percentage paved surface, but the row
houses also generate a high building density. The buildings are less compact, which levels these
neighbourhoods at almost the same total hard surface material as the old city centres (see Table
2). The large amount of hard surface in Transvaal and Ondiep is almost equal to that in the city
centre, but warms up more. Due to the higher H/W ratio in the centre, these surfaces are
shadowed more by the buildings and therefore they stay cooler. This effect is most distinctive in
the morning heating rate [37]. On the contrary a high H/W ratio leads to slower cooling at night due
to the diminished sky-view factor (radiation to the sky).
Priority neighbourhoods
From the three neighbourhoods in Utrecht that are described above, heat will accumulate most in
Ondiep. It has rows of two storey one-family houses. Streets have few trees and a lot of pavement.
Backyards are often paved as well.
The total area contains 80% hard material from pavement, facades and roofs. The way in which
these aspects are related to each other influences the amount of heat accumulation in the paved
and built-up surfaces and the cooling effects of green and water. Figure 3 shows that Ondiep does
not have a consistent structure but consists of four parts with different layouts. On the edge of the
neighbourhood at the north-west side a large area is occupied by sports fields and public grass
fields.

Fig. 3: Left: Green in Ondiep. Right: Typical street in Ondiep.
Most streets in Ondiep have a width of 10 metres faced with 2 to 3 storey buildings. The H/W
ration is around 0.75 for the residential streets. The backyards are a bit more spacious with a H/W
ratio between 0.35 and 0.25. The main roads have a lower ratio. Streets in Ondiep are scarcely
planted; sometimes trees have been planted just on one side of the street, sometimes not at all or
with a lot of space in between. The main streets have more and larger trees. There is no other kind
of green in the streets. Even though the houses are all one-family dwellings almost none of them
have a front garden. If there is a front garden this is usually paved, just like the backyards.
At the north edge there are some fields; the row of houses along this green is fencing off the green
visually, but also prevents cooled air to enter the neighbourhood. The same goes for the sports
fields on the west side. Because Ondiep is situated along the river Vecht there is a constant water
supply running along the neighbourhood. Except from the houses directly on the Vecht, no one
else can see the water. The cooling influence from the Vecht is therefore minimal.
In Transvaal heat accumulates more than in the other neighbourhoods. It was also built in the
1930s like Ondiep in Utrecht. Transvaal has very little green in both the streets and the inner
courtyards. The neighbourhood is a crowded area because of the ‘Haagse markt’ and other
commercial and cultural activities. The total area contains 92% of hard material consisting of
pavement, façades and roofs.
The main roads in Transvaal have trams running through and cars are parked everywhere. The
inside of the building blocks are often paved, built and/or have little shading. Transvaal does not
have much green as you can see from Figure 4. The square to the north is completely paved with
the exception of some triangular grass patches. This recently constructed neighbourhood park is
not contributing to the heat problem in this neighbourhood, which is a missed opportunity.
In Transvaal there is almost no green to be found in the streets. Here and there a lonely young tree
can be spotted; there is no grass and no shrubs. Also private plots in building blocks have little
green. Nevertheless there will be some cooling from the Zuiderpark on the South-West side. The
cool effect of this park will not reach further than a third of the whole area at the most. Water is not
present.
The streets have a width of 7 to 16 metres depending on the function or history of the roads. For
example, the diagonal Paul Krugerlaan used to be a connection to the historical city centre. The
height of the buildings are over the whole neighbourhood the same, 3 to 4 layers, and streets have
a H/W ratio of around 1.33. The orientation of streets in Transvaal is parallel to the wind direction.

This means sufficient ventilation in summer (for this wind direction), but can lead to uncomfortable
and dangerous situations during heavy weather.

Fig. 4: Left: Green in Transvaal. Right: distirct park of Transvaal.
3.2 Mitigating the development of the UHI effect in two priority neighbourhoods
The two priority neighbourhoods from the previous paragraphs are both from the thirties, but these
are not designed according to the ‘garden’ concept, which are usually based on a large green
structure. The typology of the garden cities do not have the same problems related heat
accumulation, even though they originate from the same period. In the analysed neighbourhoods
green is actually lacking in both public space and private ‘gardens’. For the neighbourhoods from
the thirties a design proposition to diminish heat accumulation is made. In order to be able to verify
whether a design proposition offers sufficient improvement, design criteria were formulated based
on the theories and measurements described in the first section [34]:
• All dwellings are to be situated within 200m from a green area with a minimum size of 0.15
ha;
• The preferred street orientation is perpendicular to green areas;
• Green filters are to be placed in streets with a high traffic pressure;
• Combinations of green with water should be made where possible;
• A lack of greening possibilities in streets should be compensated with surface water, green
façades and permeable pavements;
• Flat roofs should be transformed to green roofs or be covered with a reflecting light surface;
• Slanted roofs should have PV-T panels or a reflecting light surface.
As additional criteria for both neighbourhoods is set that the amount of dwelling surface should not
decrease. The design plans for the neighbourhoods of Ondiep and Transvaal show how the design
principles can be applied in a practical situation. For both neighbourhoods a renovation plan is
described in which demolition is kept to a minimum. The applied measures might not be the most
effective ones with regard to minimizing heat accumulation, but the best in relation to the existing
spatial situation and the impact on social and financial aspects.
Ondiep in Utrecht
Ondiep is situated at 1.5 kilometres from the city centre of Utrecht. It forms a transit area for
inhabitants from the Zuilen district and commuters. There are three different routings: a
commercial street connecting the area to the west side of Utrecht, a car and bus route connecting
the city centre to the ring road through Ondiep, and a route along the river Vecht.

Fig. 5: Left: Green in Ondiep with a circle of 200 meters. Right: Design for green zones and water
system.
Considering the criterion ‘all dwellings are to be situated within 200m from a green area’, a large
part in the middle of the neighbourhood does not meet this standard in the current situation. Since
there are very few (green) open spaces in this particular part, it will be difficult to create them
without decreasing the amount of dwellings while preserving the characteristics of the
neighbourhood. The design plan for Ondiep is based on improving the routings described before
with green zones in combination with other heat diminishing measures.
Building plan
Implementing green in the form of green zones and routes demands space. The car and bus route
has a width of 25 to 30 meters and does not offer the amount of space that is needed. To create
space for green the dwellings along the north side of the street will be shifted backwards. The
existing dwellings have two or three building layers, new dwellings with four layers have to
compensate for the amount of demolished dwellings along this route.
When streets are widened and the amount of building layers is changed the H/W ratio is influenced
as well. The lowered H/W ratio improves natural ventilation, which is extra stimulated by the
slanted roofs. Thanks to the favourable street orientation in Ondiep (every street receives solar
radiation in the late morning or early afternoon) and the slanted roofs, the houses are very suitable
for PV-T (photovoltaic and thermal) panels. In the ‘Witte Wijk’ (translation: white neighbourhood) a
recent developed white coating Ecoseal EP White [38] will be applied on the roofs. White roofs
emphasize the image of this particular area. The coating reflects sunlight and keeps its high albedo
because it repels dirt.
Green plan
The green zones all have a different character. The green areas differ in usage, ambiance,
presence of water, and intensity of use. The streets that form the car and bus route cut through the
whole neighbourhood. The green added in this zone has an important cooling function, but also
needs to filter out air pollution. The natural green filter in this zone is based on a research done by
Alterra Wageningen UR.

In the street profile half of the surface is covered with green. In order to optimise the cooling
capacity of the trees, a water storage system under the street supplies trees with enough water. In
the Netherlands, a street accompanied by coniferous (non-deciduous) trees is very unusual. In the
busy car and bus route these trees are however necessary, since the air needs to be filtered in
both summer and winter.

Fig. 6: Section of the car and bus route.
Along the river Vecht a quiet and recreational green zone forms a picturesque and pleasant route
for cyclists, but also for locals to stroll, let the children play or the dog run. This green zone
improves the microclimate in Ondiep, offers more recreational space and stimulates bicycle use.
Another additional green zone is situated in between strips of single-family houses. Here an
intimate peaceful area will be created with for example Malus (Apple) trees and a car-free zone
with space for a water canal with one sloping edge and one hard quay to stroll along.
Water plan
In the design for Ondiep the main function of water applications is to supply trees with enough
water to maximize their cooling capacity. Next to this, the water cools the outdoor environment. An
integral water plan is also calculated to incorporate other aspects of a sustainable water system,
like the re-use of water for household activities like toilet flushing. The dwellings discharge all
wastewater, except for toilet flushing, onto the surface water where helophyte plants clean it. The
water system has a fluctuation of 800 mm to deal with heavy rainfall. Seasonal storage and water
for trees and households is all taken into account in the calculation for extra storage.
Water needs to circulate in order to preserve a good quality. Water also demands a lot of space,
especially when the edges need to be natural slopes. In many streets this space is simply not
available. However, there are other possibilities; instead of surface water it is possible to lift the
water up to street level. This so called ‘shallow water’ has to be pumped up from the surface water
to a shallow canal that ensures a water circulation. Rainwater from roofs and pavement streams
into a drain at surface level and is collected in the shallow canals.
Transvaal in The Hague
Ondiep and Transvaal are both constructed in the same period. Both have social issues, but there
is an essential difference. The dwelling density in Ondiep is quite high: 44 dwellings per hectare.
However, this is low in comparison to Transvaal where 98 dwellings occupy a hectare. Transvaal
has a larger area and counts 18.000 inhabitants. This is more than three times the amount of
inhabitants in Ondiep. Because of this difference Transvaal is much more lively. In Ondiep many
traffic only passes by, but Transvaal is also a destination for people not living there. As for the
multicultural Transvaal neighbourhood, another approach is chosen to test if the design principles
are generically applicable. This neighbourhood has a higher density that causes pressure on public
space. There is litter on the streets and hardly any green except for some lonely young trees.

Building plan
In Transvaal the renovation process has already started with the main square and some housing
projects. A part of the houses is being rebuilt, another part is being demolished. The new square is
working quite well in social respect, but in terms of heat accumulation it is a missed chance.
Especially regarding the name of the square, ’Wijkpark’ (district park), you would expect much
more green. The most cost-effective measure for this square is to maintain the layout and to fill the
large paved open space with water and add water jets that switch on when it is a warm day.

Fig. 7: Green in Transvaal with strategic renovation plan.
Green plan
In the rest of the neighbourhood there are many stony open spaces. There is a lot of pressure on
the public space. Streets have no green, no front gardens, just pavement and cars. The little green
in the squares is too tiny to hold out against the intense (ab)use. As a consequence squares are
designed with only stony elements and have no shelter from sun, wind or rain. These areas can
become cooling islands if they are designed with more green, water and shading. There are quite a
lot of little squares spread over the whole neighbourhood. More than 95% of the buildings have a
flat roof, which creates the potential to form a green roof landscape. When the measures of
greening the squares and creating green roofs are combined the area will meet the criteria ‘200m
from green’. An extra advantage of roof gardens in this neighbourhood is the creation of more
space. In the current situation roof surfaces are not used, but green roofs can function as a garden.
This extra created space is also safe from intruders and does not suffer from the high pressure on
the public space at street level.
In addition to green roofs and extra vegetation on squares there is an excellent solution for this
busy neighbourhood in green facades. There are some alleys cutting through building blocks that
can transform into an oasis of peace - surrounding the citizens with green and flowering walls.
Next to the ‘Haagsche markt’ one building block will be demolished to create space for a public
park. A green walkway cutting through building blocks connects the rest of the neighbourhood to
the park and the Haagsche markt. The demolished dwellings will be compensated for at the North
side of Transvaal that is now a pavement desert with some industrial activities. The current
activities like paper recycling, a bakery, etc. do not conflict with dwellings. The ground floor space
will mainly be occupied by these light industrial activities, and on top of this layer seven storeys
with apartments with a view over the green roof landscape are added. . The new apartment
buildings have a green façade (a vertical garden) so that they become part of the green roof
landscape.

Water plan
In Transvaal, the introduction of water connects the
Zuiderpark at the South with a canal in the North. Just
like in Ondiep there is not enough space for the
implementation of surface water. Here too the water is
pumped up into shallow canals, but the canals are not
as wide as in Ondiep and do not run through grass but
through paved surface. At crossings and busy areas
the canal is covered with a decorative grill. The shallow
canals lead the water to some squares along the main
street where it is pumped up by fountains or other
water applications.

Fig. 8: Transvaal with green squares, green roofs,
new building typology and water system.
A part of the neighbourhood will be demolished and newly built. This brings the opportunity to
reserve space for seasonal water storage that allows trees to cool at their maximum. Furthermore,
in a new design there is a possibility for the re-use of water for toilet flushing. The new structure of
the site differs a lot from the rest of Transvaal. Square building blocks of three to four storeys high
are surrounded by trees. It feels as living on the edge of a forest with a view on a lake or canal.
The surrounding trees are deciduous, allowing sunlight through in winter and shading facades and
windows in summer.

4. Results/ Discussion
The overheating of urban areas can be diminished when during the design of a redevelopment
plan the following design principles are taken into account:
• Compositions and orientations related to the wind and sun have the danger to bring
discomfort in winter. Adjusting the Height/Width ratio and applying slanted roofs generate
ventilation for cooling, and trees or adjustable shading devices prevent the accumulation of
heat.
• Parks have an average cooling effect of 1-6°C that spreads 100 to 1000 meters into an
urban area. A green facade or roof cools the outdoor environment with 0.5–3˚C. However
this is very dependent on the amount of water the plant or tree has available.
• Water has an average cooling effect of 1-3°C to an extent of about 35 meters. A greater
cooling effect is achieved when it successively has a large mass, is streaming or is
dispersed like a fountain.
• Increasing the albedo of surface materials of a building can lead to a cooling energy and the
temperature difference between a dark or light surface is about 8 to 17°C. Light surfaces
require an area many times greater than green roofs to achieve comparable cooling.
• Anthropogenic heat output must be avoided, re-using waste heat within a heat distribution
network or re-use heat from summer in winter through a storage system.
• Policy makers mostly aim at the cooling effect of vegetation in order to counterbalance the
UHI effect.
The two design studies described in the last section are examples that show how heat mitigation
measures can be applied. They help policy makers and designers to form an image of the possible
strategies.

5. Conclusions
The UHI effect is already present in Dutch cities, and will continue to increase due to ongoing
expansion, densification and increasing use of fossil fuels. When adaptation measures against
heat accumulation are necessary depends on the following aspects; amount of green, water and
pavement/hard facade material, composition of buildings and the location in the city.

The appropriateness of heat mitigation measures depends on site-specific conditions. The two
design plans for Ondiep and Transvaal show that there are various possibilities to apply measures
to diminish the accumulation of heat. When a neighbourhood needs to be renovated anyway,
measures against heat accumulation can be combined with other measures that are necessary to
improve the social, physical or economical condition. The freedom urban designers and
policymakers have in the way they implement the principles will stimulate designers to come up
with creative solutions of their own. When there is not such flexibility or freedom, they will be
reluctant to use them. Policymakers seem to hesitate in working with the design principles because
of a lack of quantification. Firstly, the heat accumulation of an area needs to be quantified.
Secondly, an acceptable level of heat accumulation needs to be defined, and finally, a
quantification of the required measures is needed, for example, the necessary amount of green to
upgrade the area to this level. Policy makers need to be able to set targets and evaluate them.
This is not possible yet. Especially the quantification of the result in temperature drop after
implementation of multiple measures on a neighbourhood scale needs to be developed still.
A climate adaptation plan can only be successful when it is also addressing social, economical and
spatial aspects. If an adaptation measure leads to a solution on various levels we do not
necessarily need quantifications. If we take green as an example, besides cooling it has a positive
effect on the human psyche in preventing depressions etc. Green also produces oxygen and filters
particulate matter and ozone out of the air. With an increase of green routes through a city bicycle
use is stimulated, green forms a habitat for fauna and makes a city more attractive and improves
it’s image.
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4. Case study of six industrial World Heritage sites
Using criteria drawn from the sustainable development and heritage management literature, a
content analysis was undertaken of six case study site management plans. The analysis indicated
that the management plans did not generally meet the criteria for the integration of sustainability
principles into the planning process at each site. Interviews and physical surveys also conducted
as part of the case study suggested a more complex and nuanced situation. The triangulated
results revealed evidence of the following gaps in current best practice which are significant for the
sustainable management of complex heritage sites:
•
Narrow engagement with external trends and issues.
•
Limited use of formal strategic analysis techniques.
•
Short-term and project specific planning objectives.
•
Independent responsibility taken by partnership organisations for objective implementation.
•
Limited integration of community values, needs and expectations into strategic visions.
•
Restricted stakeholder participation in the development of objectives.
•
Lack of a systematic evaluation and review process.
•
Limited capacity to collect and analyse data and generate performance indicators.
•
The critical role of the site manager’s enabling and orchestrating skills.

5. Development of a model of sustainable heritage management
The case study results suggest a model of current best practice heritage management that is
inwardly focussed on situational issues of immediate concern for the heritage site. A model of
sustainable heritage management is developed that indicates an outward looking organisation
moving toward sustainable development as a coordinated whole in response to internal and
external situational issues and a strategic orientation that seeks to balance economic,
environmental, social and heritage value objectives.
The organisation has collaborative
management processes, structures and funding frameworks. Decision-making is centred on
collective negotiation, contextual needs and broad stakeholder participation and that participation
is subject to regular evaluation and review as part of a long-term and holistic planning process.

6. Application of the model
A comparative analysis indicates that the management framework proposed at Broken Hill
responds to all but three of the criteria for sustainable heritage management. The criteria of
concern are the under-utilisation of volunteer capabilities in the management framework, the use of
formalised rules and decision-making processes, and limited evidence of a voluntary partnership
structure and fluid membership of that structure.

7. Conclusions
While there are some areas of concern, the application of the model of sustainable heritage
management revealed that the governance framework in place in Broken Hill largely conformed to
the requirements for a long-term and holistic planning process and the participation and
empowerment of multiple stakeholders in that process. The organisational framework provided a
comprehensive level of technical support for decision-making, integration into national policy
development and implementation processes, and legal protection for heritage through land-use
planning and development control legislation. The fact that development needs to be balanced
with the management of heritage value as part of a long-term strategic planning process is critical
to the success of the sustainable heritage management model as it is applied to Broken Hill.
Keywords: sustainable heritage management, historic urban landscapes

1. Introduction
The fundamental aim of the Convention Concerning the Protection of the World Cultural and
Natural Heritage (the ‘Convention’) is to establish “an effective system of collective protection of
the cultural and natural heritage of outstanding universal value” [1]. The concept underlying this is
based on assumptions that have evolved from European traditions criticised as valuing the
physical manifestations of success and the intellectual authority of experts [2]. As a result,
heritage practice has developed in a manner that tends to favour the more tangible aspects of
heritage value, the grand monument, the artistic masterpiece or the ingenious invention. However,
living cultural heritage sites have a need to adapt and change in a manner that is, at times, in
conflict with conservation practice. There has been an increase in the number of complex sites,
including industrial sites and urban landscapes, on the World Heritage List. This, together with the
recent declaration that heritage makes a “significant contribution to sustainable development” [3],
places a significant expectation on heritage practice to accommodate the more organic processes
of adaptation and change that occur in living communities.
This paper aims to firstly, determine how the concept of sustainable development is being applied
to historic industrial environments. This is achieved through a multiple embedded case study of six
industrial World Heritage sites in the United Kingdom. An analysis of documentary evidence,
physical surveys and semi-structured interviews is used to form a model of current best practice
heritage management. This model is evaluated against a theoretical best practice model of
sustainable heritage management derived from the literature on sustainable development and
heritage management. The resultant best practice model is then applied to the mining city of
Broken Hill which is currently being assessed for inclusion on the Australian National Heritage List.
The model is relevant to other complex historic industrial and urban sites that are looking to
implement a long-term sustainable approach to their management.

2. Conceptualising sustainable development
The modern concept of sustainable development has its roots in late eighteenth century debate
about population growth and economic development [4]. It remained largely overlooked until the
mid-twentieth century when the United Nations began to coordinate an international sustainable
development agenda aimed at balancing economic development and environmental protection.
The publication of Our Common Future, in 1987, and Agenda 21, in 1992, formalised three key
principles of sustainable development – inter-generational and intra-generational equity; broad
participation in democratic decision-making; and a balance between the economic, environmental
and social dimensions of sustainable development [5]. While not legally binding, judicial
interpretation of international law indicates that these principles are evolving into accepted practice
[6]. This includes the interpretation of treaties such as the World Heritage Convention.
While there is widespread consensus about the general objective of sustainable development it
remains a complex issue. There is no universally agreed definition and the complexity of balancing
competing priorities and non-linear relationships limits any practical implementation [7]. Therefore,
research into how the concept might be applied to World Heritage or other historically significant
urban environments needs to be grounded in a robust theoretical framework. Social problem
solving offers a valid conceptual framework for situations where there is no agreed problem
definition or system for negotiating interventions, any intervention in the problem will need to be
undertaken incrementally through multiple actors and non-linear relationships, and no one entity
has sole responsibility or authority for the problem [8].
The analysis of sustainable development as a social problem has fundamental implications for the
way it might be understood and resolved. Firstly, no single stakeholder has the expertise or the
resources to tackle the problem unilaterally. In looking at the governance of sustainable
development in Wales, Williams suggests that, rather than traditional hierarchical management,
interdependent organisations are required with “shifting and opaque boundaries between public,
private and voluntary sectors; frequent interactions between interests based on the need to share

resources and negotiate common purposes; and an enhanced role for trust” [9]. This implies new
forms of collaborative inter-organisational relationships and structures. Partnerships, between
various levels of government and non-government organisations and communities, have become a
key strategy in promoting more collaborative inter-organisational decision-making toward
sustainable development [10]. Despite the rhetoric, however, the effectiveness of partnerships in
increasing civic engagement and enhancing social inclusion is still subject to debate [11]. A further
complicating issue is that the indicators used to measure the effectiveness of sustainable
development interventions rely on more traditional economic and environmental measures which
fail to adequately account for social issues such as equitable participation and social cohesion [12].
This lack of an equitable balance across the three dimensions of sustainable development is
argued to not only be a weakness of the partnership model [13] but also a significant issue for
sustainable development per se [14].
The second implication of analysing sustainable development as a social problem is that traditional
intra-organisational management skills and linear decision-making processes are inadequate for
the new forms of governance emerging in response to social problems such as sustainable
development. For Simpson, new planning processes are needed that are not only more holistic
but also based on a circular model of causality [15]. This approach inherently views any
organisation as part of a much larger network of interconnected systems. It also assumes that
development of any kind implies future change which in turn implies the need for future
management. Williams additionally argues for a shift away from the dominance of knowledgebased expertise to greater competence in managing in non-hierarchical environments that support
entrepreneurial leadership and collaborative decision-making [16]. This requires new skills in
entrepreneurship, negotiation, networking and relationship management.
Despite the elusiveness of practical implementation strategies, two strategic dimensions are
consistently supported in the literature as contributors to sustainable development – the use of a
long-term and holistic (strategic) planning process, and the participation and empowerment of
multiple stakeholders [17]. Various studies have addressed the link between strategic planning
and organisational performance. The evidence suggests that planning improves performance but
the complexity of variables and the adequacy of performance measures are cited as critical issues
affecting any conclusions [18]. Various studies have also addressed the participation of multiple
stakeholders in decision-making. While useful theoretical models have been provided, there is
limited evidence of the effectiveness of many of the commonly employed participation strategies
[19], particularly as they relate to the management of heritage sites [20].
Finally, the principle that requires a balance between the economic, environmental and social
dimensions of sustainable development is widely accepted but the social dimension is an abstract
concept focused on poverty eradication and social inclusion [21]. Key public policy initiatives
include urban and regional regeneration programs aligned with enhanced political participation.
While evidence as to the effectiveness of these strategies is limited, such initiatives have been
implemented in economically and socially depressed areas [22], including former industrial areas
where the focus is on heritage-led regeneration [23]. Further detailed studies evaluating the
contribution of stakeholder driven strategic planning to the sustainable development of heritage
sites are required, with particular attention given to the social dimension. The following section
examines the evolution of sustainable development in the World Heritage system before moving to
introduce the case study that forms the basis of the sustainable heritage management model.

3. The World Heritage system
The World Heritage Convention was adopted by UNESCO in 1972 in response to perceived
threats to the world’s cultural and natural heritage [24]. The Convention established a system of
international protection for sites considered to be of outstanding universal value, a term used but
not defined in the Convention. The Convention also established an Intergovernmental Committee
called the World Heritage Committee to administer the World Heritage List, the World Heritage in

Danger List and the World Heritage fund.
Heritage system.

These are the primary components of the World

The Convention is significant for three reasons. Firstly, it introduced the concept of individual
nation states accepting a collective responsibility for the protection and transmission of sites
deemed to be of World Heritage value to future generations [25]. Secondly, the Convention
recognised cultural and natural heritage as complementary and interdependent components [26].
Thirdly, the Convention committed States Parties to giving cultural and natural heritage an active
function within communities [27].
The Convention additionally authorises the use of Advisory Bodies to provide expert advice to the
World Heritage Committee. In particular, the International Union for Conservation of Nature
(IUCN) and the International Council on Monuments and Sites (ICOMOS) have a central role in the
evaluation of properties nominated for inscription on the World Heritage List. The Convention is
implemented through the Operational Guidelines for the Implementation of the World Heritage
Convention (the ‘Operational Guidelines’). While the Convention is a static instrument of
international law, the Operational Guidelines are occasionally revised to reflect decisions of the
World Heritage Committee and evolving heritage practice [28]. In addition to establishing
procedures for the nomination, inscription and monitoring of sites, the Operational Guidelines
contain criteria for the assessment of outstanding universal value and authenticity.
Rather than being enforced through a supranational legal system, the Convention recognises the
sovereignty of nation states. This means that the Convention relies on the cooperation of States
Parties in the provision of appropriate measures to protect World Heritage sites within their
territorial boundaries. This cooperative approach is argued to be one of the strengths of the
Convention evidenced by the number of States Parties that are signatories to the Convention and
the number of properties inscribed on the World Heritage List [29]. It is at the same time argued to
be one of the weaknesses of the Convention evidenced by the destruction or manipulation of
heritage by States Parties for political ends [30]. It also means that implementation of the
Convention is subject to the forces of international diplomacy and politics. An example of this
aspect of the Convention was the implementation in 1994 of the Global Strategy for a Balanced,
Representative and Credible World Heritage List (the ‘Global Strategy’), amongst other measures,
to reduce the dominance of European cultural heritage on the World Heritage List.
Within this framework, World Heritage sites are protected and managed according to a site
management plan. The requirement for a management plan is contained in the Operational
Guidelines as well as the Format for the Nomination of Cultural and Natural Properties for
Inscription on the World Heritage List (the ‘Format for Nomination’) and the Format for the Periodic
Reporting on the Application of the World Heritage Convention (the ‘Format for Periodic
Reporting’). While management plans need to specify how the outstanding universal value of a
site is to be preserved, there is no requirement for the long-term sustainable use of a site. While
stakeholder participation in the management process is encouraged, there is no direction as to
what form that participation should take or the capacity to enforce it. These factors, together with a
manager skill base focussed on conservation and presentation, provide limitations on the
implementation of sustainable development at World Heritage sites. However, pressure to
broaden the planning framework and stakeholder participation is evident in the increasing
utilisation of the historic environment in public policy [31] and tourism [32].

4. Case study of six industrial World Heritage sites
4.1

Methodology

Strong support was found in the literature for case study as an effective research strategy in the
investigation of contemporary and inter-related phenomena in changing real life contexts [33]. This
would include an investigation into the sustainable management of World Heritage sites. A case

study research strategy is concerned with providing a detailed description of a bounded system.
Case studies allow the specifics of a case to be examined, revealing the complexity and detail
within a case and allowing comparisons across multiple case study sites [34]. However, a case
study suggests there are limits and boundaries to the case. In the investigation of complex social
problems that defy efforts to delineate boundaries and identify causes, it was found that a case
study research strategy can benefit from being combined with other research methodologies. The
sustainable development of World Heritage sites is an example of such a complex social problem.
Combining case study research with an approach such as systems theory enables the specifics of
a case to consider the influences of broader systems and external environments. Using a multiple
embedded case study approach in the context of a system offers, firstly, the benefits of an in-depth
case exploration using comparative analysis between case study sites and, secondly, an enhanced
understanding of the network of inter-dependent relationships both within the case and between
the case study and the broader environment [35]. Combining case study research with a social
problem solving framework further accommodates the dynamic nature of a complex social problem
[36]. This is particularly evident in the design and functional viability of any intervention strategies
for sustainable development at complex historic sites.
As the aim of the research was to inform the sustainable use of World Heritage and other complex
historic industrial and urban sites, the validity and transferability of the study findings was
important. As a new phenomenon, the application of sustainable development to World Heritage
sites also required further theoretical elaboration. Therefore, a multiple embedded case study
design utilising theoretical sampling and multiple data collection methods was found to be the best
way of enhancing the validity and reliability of the results through cross-case comparison and the
triangulation of results [37]. Eisenhardt’s relativist approach based on an iterative process of
theory building from case based research was found to provide a flexible case study design most
suited to the complex and dynamic characteristics of individual World Heritage sites [38]. The data
collection methods utilised in the research included archival studies of documentary evidence,
observational studies of physical evidence and semi-structured interviews. The qualitative and
quantitative data were analysed using qualitative content analysis and thematic analysis. The data
collection, analysis, synthesis and modelling process is shown graphically in Figure 1.

Fig. 1 Data collection, analysis, synthesis and modelling process
World Heritage sites were selected as the sample frame for the research because, firstly, the
inscription process is subject to independent evaluation against internationally agreed criteria and,
secondly, sites are assumed to represent the benchmark of heritage management practice.
Industrial sites were identified as a representational sub-category of the World Heritage List. Of
the 41 industrial sites on the List in 2008, 36 sites whose significance related to modern
industrialisation were selected to further limit the sample and enhance cross-site comparison. Of

the 36 sites, six fell under a consistent legal framework and had operational management plans.
They also shared common management issues associated with their regional locations and
complex site characteristics including diverse heritage attractions, extensive industrial scales,
indistinct boundaries, limited perceived aesthetic value, complex ownership issues, and demands
on contemporary use that did not necessarily relate to the heritage values placed on the site. The
selected sites, shown in Figure 2, were the Blaenavon Industrial Landscape, Cornwall and West
Devon Mining Landscape, Derwent Valley Mills, Ironbridge Gorge, New Lanark and Saltaire.

Fig. 2 Location of the six World Heritage case study sites
4.2

Results

Using the evaluation criteria drawn from the literature, a content analysis was undertaken of the six
case study site management plans. The analysis indicated that the management plans did not
generally meet the criteria for the integration of sustainability principles into the planning process.
However, the interviews and physical surveys also conducted as part of the case study suggested
a more complex and nuanced situation. The triangulated case study results revealed evidence of
the following nine issues or gaps in current best practice which are significant for the sustainable
management of complex industrial heritage sites:
•
Narrow engagement with external trends and issues.
•
Limited use of formal strategic analysis techniques.
•
Short-term and project specific planning objectives.
•
Independent responsibility taken by partnership organisations for the implementation of selfdirected objectives.
•
Limited integration of community values, needs and expectations into a strategic vision for
each site.
•
Restricted stakeholder participation in the development of objectives.
•
Lack of a systematic evaluation and review process.
•
Limited capacity to collect and analyse consistent data and generate appropriate and
meaningful performance indicators.
•
The critical role of the site manager’s enabling and orchestrating skills.
The results indicate that the management of complex industrial heritage sites requires a broader
approach to that proposed in Feilden and Jokilehto’s Management Guidelines for World Cultural
Heritage Sites, the 1998 publication which formed the basis of each case study site management
plan [39]. There was an inconsistency between the organisational structures currently in place at
each site and the World Heritage emphasis on community participation. Further inconsistencies
were evident between the expectations for economic regeneration and social inclusivity, and
current strategic planning and implementation capacities. This suggests a need for revised

management guidelines that encompass a stronger strategic planning process at complex heritage
sites, and a need for greater operational capacity linked to national funding frameworks. The
following section proposes a model for sustainable heritage management to address these issues.
The model incorporates the conventional approach to strategic planning found in the organisational
literature [40] and the collaborative decision-making framework suggested by McCann [41]. The
model is then applied to the city of Broken Hill.

5. Development of a model of sustainable heritage management
The results suggest a model of current best practice heritage that remains inwardly focussed on
situational issues of immediate concern for the heritage site. The model, shown graphically in
Figure 3, indicates an inwardly focussed organisation with a dynamic central partnership core of
independent key stakeholders. The long-term or strategic orientation is segmented and project
specific with key objectives determined by individual partnership organisation agendas rather than
collective negotiation. The organisation is fragmented and decision-making hierarchical, power
rests with several major stakeholders making the management of inter-organisational relationships
difficult. Stakeholder identity is driven by an insular vision. Beyond the key landowner and agency
members of the partnership organisation, the scope of stakeholder influence is limited and there is
limited review of the partnership membership over time.

Fig. 3 Current best practice model of heritage management
The results suggest that a model of sustainable heritage management would be focussed equally
on situational issues within and beyond the heritage site boundary. The model shown in Figure 4
indicates an outward looking organisation moving toward sustainable development as a
coordinated whole in response to internal and external situational issues and a strategic orientation
that seeks to balance economic, environmental and social heritage value objectives. The
organisational design is shown as a set of common collaborative management processes,
organisational structures and funding frameworks founded on a common vision and mutual trust.
Decision-making is centred on collective negotiation, contextual needs and broad stakeholder
participation. Stakeholder identity is driven by community values, needs and expectations. There
is multiple stakeholder participation in the process and that participation is subject to regular
evaluation and review as part of a long-term and holistic planning process.

Fig 4 Theoretical best practice model of sustainable heritage management

6. Application of the model
This final section compares the model for sustainable heritage management described above to
the management framework proposed at Broken Hill, a mining city currently being assessed for
inclusion on the Australian National Heritage List. The nomination of a whole city is the first of its
kind for the National Heritage List. As the Broken Hill City Council (BHCC) is the nominating party,
it also means that management responsibility will fall under the auspices of one body that is
already integrated into government funding, legal and reporting frameworks.
Comparative analysis indicates that the framework proposed at Broken Hill responds to all but
three criteria for sustainable heritage management. This is achieved through a governance
framework that requires conformance at all levels of government to a long-term and holistic
planning process, and the participation and empowerment of multiple stakeholders in that process.
This framework provides the necessary technical support for decision-making and integrates
Broken Hill into the development and delivery of broader strategic priorities and programs for
sustainable development. Heritage protection and management is integrated into the statutory
land-use planning and development control system, and heritage is noted as a major strength in
the Integrated Strategic Plan which also provides oversight for tourism and economic development
[42]. Finally, there is a statutory obligation in relation to a community engagement strategy with
further engagement supported through the normal democratic process.
While a free heritage advisory service provides expert advice, the apparent under-utilisation of
volunteer capabilities in the management framework is the first potential criterion of concern for
Broken Hill. Under the Local Government Act 1993, the BHCC has the power to delegate
responsibilities to community committees. Current committees include the Aged Persons Rest
Centre Management Committee, the Broken Hill Sister City Committee and the Broken Hill
Tourism Advisory Group. Further use could be made of this capability. The Broken Hill
Community Foundation (BHCF) is a further source of potential community engagement.
Other potential points of issue for Broken Hill are the reality of formalised rules and decisionmaking processes, and the limited evidence of a voluntary partnership structure and fluid
membership of that structure. The academic literature supports these two criteria as contributors
to sustainable development. However, recent organisational studies and the case study results

presented in this paper indicate a different reality [43]. Collaboration through inter-organisational
partnerships was also shown in the case study to lack the integrated financial, technical and policy
making and implementing capabilities necessary for long-term sustainable development. The case
study partnership structures were found to be difficult to manage in terms of developing a collective
vision and coordinating progress toward that vision.

7. Conclusions
This paper set out to develop and apply a model of sustainable heritage management to the city of
Broken Hill. Integral to that development was a case study of six industrial World Heritage sites in
the UK. It was clear from that case study that there are some inherent problems with the model of
heritage management currently in place at those sites. Firstly, there is limited capacity to
undertake a coordinated and truly collaborative strategic planning and review process. Secondly,
partnership structures and decision-making frameworks are complex, difficult to coordinate and
lack a commitment to true collaboration. This emphasises the third problem, reliance in this model
on the skills and capabilities of individual site managers. Finally, the continuous participation of
multiple stakeholders throughout the management process is shown to be problematic and initiated
only when necessary.
The application of the model of sustainable heritage management revealed that the governance
framework in place in Broken Hill conformed to the requirements for a long-term and holistic
planning process and the participation and empowerment of multiple stakeholders in that process.
The organisational framework also provided a comprehensive level of technical support for
decision-making, integration into national policy development and implementation processes, and
legal protection for Broken Hill’s heritage through land-use planning and development control
legislation. The fact that development needs to be balanced with the management of heritage
value as part of a long-term strategic planning process is critical to the success of the sustainable
heritage management model as it is applied to Broken Hill.
One primary area of tension was revealed between the need for organisational legitimacy through
accountability and transparency, and the governance principle that calls for inter-organisational
collaboration as the primary means to empower community stakeholders. Despite the support of
much of the literature on governance and sustainable development, the Broken Hill example
indicates that local government provides an appropriate amalgamation of organisational legitimacy
and community participation for the sustainable management of complex heritage sites.
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Summary
The UK has various CO2 reduction targets. If these targets are to be met, models can be used to
analyse different pathways and consider the effectiveness of different policy measures. This paper
provides a review of the existing modelling techniques used in the domestic energy sector,
principally top down models that work on the macro level, and bottom-up models that operate at
the micro, disaggregated level. A shortcoming of existing modelling methods is highlighted in that
they lack the ability to model household behaviour in buying new technology to improve the energy
efficiency of their homes. A solution using agents is then proposed, whereby the agents can
simulate the action of real world households. The development of a prototype agent based model
is described. The prototype’s   output   has   been   compared   with   an   existing   model   and   with   real  
world technology penetration data, and it was found to produce broadly comparable results,
indicating that agents provide a useful extra dimension to long term domestic energy modelling.
Keywords: Agent based modelling, domestic energy use, CO 2 emissions, policy analysis

1. Introduction
The UK has a number of CO2 reduction targets, the largest of which is an 80% reduction by 2050
from the 1990 level, this target is enshrined in law in the Climate Change Act 2008. Residential
use accounts for almost 30% of total UK emissions. Therefore, if an 80% reduction is to be
achieved, overall reductions of that order must be achieved in the residential sector (and possibly
more if other sectors fail to achieve the target). If such large targets are to be met then
considerable planning is needed to ensure the necessary changes are made to enable the
reductions to take place.
In aiming to achieve these targets the Government needs to estimate the effectiveness of different
plans and sets of policies; therefore models are needed that can be used to analyse the effect of
different policies, and sets of policies. Such modelling can allow for the projection of different
future pathways via scenario analysis, with the intention of finding a cost effective method of
achieving the reduction targets.

2 Current Modelling Techniques
This section provides a brief overview of the various different existing modelling techniques, and
their respective merits and shortcomings.
2.1 Top-down models
Top-down models deal with aggregated data, which may be for a whole economy or sector, and
typically rely on historical trend data for calibration for forward projection [1]. As such, top-down
models tend to only consider the macro level and large scale economic changes, eg: inflation and
GDP historic trends and future projections. In this way top-down models can provide an overview
of what might happen without a detailed consideration of the technologies that will bring about
change; instead they model economic changes, and assume that technological solutions will be
found, as the economic and regulatory landscape drives the need for technological change.

As an example, a top down energy demand model was developed in Ireland [2]. Their model
essentially considered only the effect of cost on demand – in doing so they found a very low price
elasticity for the period from 1960 – 2001 – ie: large price increases were required to achieve a
small demand reduction. Therefore their model demonstrated that energy use appeared to be
relatively insensitive to price. However, there are two main explanations for this finding: firstly,
there is little opportunity for product substitution; secondly, it suggests that the price was not high
enough that excessive energy use was financially painful and therefore much higher prices, or
some other form of intervention, would be required to affect behaviour to achieve a reduction in
energy use.
2.2 Bottom-up models
In contrast to top-down models, bottom-up models use disaggregated data that will typically be for
a particular sector or region. In the domestic energy sector this disaggregated data can be at the
level of the individual household. By analysing changes at the household level it is possible to sum
them up to arrive at an overall figure – hence the bottom-up moniker. As bottom-up models are
able to consider and model micro-level changes, this makes them ideal for considering detailed
technological changes, and for analysing policies that might drive technological change and the uptake of new technologies[3].
Therefore it can be seen that bottom-up models are of more use in detailed sectoral and microlevel analysis. In order to provide a more detailed description of bottom-up modelling the following
two sub-sections describe two UK based bottom-up models.
2.2.1 Johnston
Johnston’s   model [4] is a convenient introduction to bottom-up modelling as it is not highly
disaggregated, utilising just two initial age bands of pre- and post-1996 to provide archetype
dwellings to represent the housing stock. From this base the model requires data for future
population projections, energy demand, and projected uptake rates of new technologies.
Using this basic setup the model can then carry out scenario analysis, with different scenarios
modelling different rates of change in demographics and technology adoption. For instance,
Johnston analyses three main scenarios, which he calls: Business as usual (BAU), Demand and
Integrated. The BAU scenario is analogous to a control group as it aims to be a projection of the
current trend with no further policy impacts. Therefore other scenarios can be compared with the
BAU base case.
2.2.2 UKDCM2
UKDCM2 – the UK Domestic Carbon Model is a large scale bottom-up model. In contrast to
Johnston it is highly disaggregated with some 20,000 dwelling types [5] and consequently models
a much higher resolution of technological change and can give a more detailed consideration of
the  different  policies  that  can  drive  that  change.    Similarly  to  Johnston’s  model, UKDCM2 operates
via  scenario  analysis,  which  is  essentially  a  way  of  asking  a  number  of  ‘what-if’  questions.    It  was  
the tool used in preparing the Home Truths [6] report, which made a number of policy
recommendations for potentially being able to achieve an 80% reduction in the domestic sector.
Although a bottom-up model such as this can be, and is, used for making policy recommendations,
the emphasis is on technological change, with little consideration of the individual at the household
level. In the domestic setting, whilst policies can be made on the macro level, actual
improvements to the existing housing stock will be carried out at the micro-level. Therefore
consideration needs to be given to the decision making processes of the individual householders
and how policies might impact on them, and encourage them to adopt emission mitigating
technologies and practices.

2.3 Hybrid Models
As has been established above, top-down models are better for considering macro-level and whole
economy systems, whilst bottom-up models are better for considering the detailed technical
changes that would achieve the savings predicted in top-down models. If both systems were
perfect the end results from either type of model should be the same. However, Koopmans &
Willem te Velde [7] found that there are generally two different types of conclusion to be found from
modelling exercises, depending upon whether a top down or bottom up approach has been
applied. Their conclusion is that top-down modellers find demand to be increasing faster than
technological improvements, whilst bottom-up modellers find a large untapped potential for
technology adoption; the difference between the two is referred to as the energy gap.
Consequently, there have been attempts to construct hybrid models that aim to plug this gap. For
illustration, Drouet et al [8] produced a hybrid model for Swiss housing. Essentially it operated in a
feedback method with the bottom-up data providing input into the top-down element which then fed
back to the bottom-up element. From their attempted conjunction of the two different methods,
they found that the reductions their combined model predicted were largely due to supply side
changes (more efficient energy generation), rather than demand side changes (behavioural
change and adoption of technology at the household level).
2.4 Overview and remaining weaknesses
The previous sections have illustrated the main methods used for long term energy modelling, with
top-down models being better at considering macro-level changes, and bottom-up models being
more suited to more detailed sectoral planning and modelling the impact of regulations and the uptake of new technologies. Between these two options are the various hybrid models that
essentially aim to bridge the gap from bottom-up to top-down, and thereby aim to gain the
strengths of both modelling systems.
This therefore suggests that bottom-up modelling is preferable for a detailed consideration of the
housing stock and an analysis of the uptake rate of new technologies that either reduce energy
demand or reduce the carbon intensity of that energy demand; under a hybrid scheme such a
bottom-up model has the potential to be combined into a hybrid model by combining it with other
bottom-up models of other sectors in a whole economy top-down model.
However, although bottom-up models are technology rich, there is still a major shortcoming that
needs to be overcome, especially in the housing sector: technological improvements to the
housing stock depend on the choices of the individual household. In other sectors this is less of an
issue, eg: in the motoring sector, motor vehicles have a much shorter life than houses and so
technological change is more driven by competing manufacturers innovating and legislation setting
minimum standards. However, with housing, apart from new builds, technological improvements to
the existing stock will only happen if home owners decide to carry out improvements. Therefore,
any rigorous attempt at bottom-up modelling of the housing sector needs a way to consider the
decision making processes of the individual householders, and how government policies might be
used to impact on that decision making.

3. Agent Based Modelling
Agent based models (ABMs) are a promising way to be able to incorporate behaviour into a
bottom-up model – in particular the behaviour and decision making processes involved in
householders deciding whether to install an energy saving technology in their homes. Gilbert [9]
describes   ABMs   as,   ‘a computational method that enables a researcher to create, analyze, and
experiment with models composed of agents that interact within an environment.’ It can be seen
that the domestic energy sector can easily fit into this modelling technique with households as
interacting agents within a housing environment, with which they can also interact. Therefore an
ABM for a stock based bottom-up domestic energy model will require information about the
environment (dwelling stock) and the inhabiting agents (households and their buying decision
making processes).

In a traditional bottom-up domestic stock model, adoption rates of new technologies tend to be
applied exogenously to the disaggregated dwelling data. Whereas with an ABM the adoption rates
are built up endogenously by simulating the underlying decision making process. Therefore microlevel householder data can be used together with micro-level dwelling data to create a model that
aims to more consistently use data at the same level, and so factors affecting individual decision
making can be more easily analysed.
3.1 Existing Agent Based Energy Models
ABMs are already being used in a number of energy related sectors and this subsection provides a
brief literature review examining some of these models, to give an indication of the current level of
ABM usage in energy modelling research.
3.1.1 Personal Carbon Trading
Kempener [10] developed an ABM to consider the effectiveness of personal carbon trading (PCT)
as a policy tool for achieving carbon reductions. For this model Kempener created an artificial
world without using real world data, and set it up to be broadly analogous to a perfect market. In
this market Kempener had three agent types: those aiming to minimise emissions, those aiming to
maximize profits and those aiming to maximize holidays. When the model was run it was found
that even though it had been set up with perfect market conditions the agents did not behave on a
purely rational basis, dependent on their given priority, but would instead act opportunistically in
deciding how to use or trade their carbon credits.
3.1.2 Supply and Demand Model
Wittman’s  [11]  model  was  developed  at  the  city  level,  and,  like  Kempener’s  model  above,  is  a  proof  
of concept model without using real world data. In this model agents can both supply and/or
demand energy, this allows for a simulation of both commercial energy generators and domestic
households with a small element of micro-generation. In addition, the model had an element of
technology diffusion and different classes of agents would invest different levels of effort in
searching for new technology options. Wittman’s  model  therefore  demonstrated  the  applicability  of  
ABMs for modelling city scale energy usage and for technology diffusion and both energy supply
and demand.
3.1.3 Technology Diffusion
Faber,  Valente  and  Janssen’s  [12]  model  is  particularly  interesting. In this model they constructed
an artificial environment with an existing dwelling stock, which had condensing gas boilers as the
predominant heating technology; they then simulated the introduction, and diffusion, of microcogeneration (micro-CHP) into that environment with the micro-CHP competing against the
established market share of the condensing boiler. In the initial runs of the model the typical Scurves of technology diffusion were observed, and they were able to analyse the effect of different
levels of subsidy on the diffusion rate. In later runs they adapted the model to assume that the
housing stock was more thermally efficient – thus reducing the benefit of micro-CHP over a
condensing boiler, and with this change wide scale diffusion of the micro-CHP failed to occur.
Therefore this model demonstrated that it is possible using an ABM to model not only the impact of
different levels of subsidy on the diffusion of a particular technology, but also the effect of the
diffusion of one technology (in this case the improved thermal efficiency) on the diffusion of another
technology (micro-CHP).
Therefore these models have demonstrated various uses for ABMs in the domestic energy sector.
However, there are still short-comings: firstly, they are all proof of concept models, and have not
been constructed with real world data, and therefore any validation of their outputs is somewhat
limited; secondly, although each has aspects that would be necessary for a comprehensive
bottom-up stock ABM of the domestic energy sector, none incorporates all the necessary
components into one model. Therefore there is a need for the construction of such a model that

can be used to incorporate the micro-economic realism available from an agent model with the
technological richness of a bottom-up model. In order to do this the first step must be the
development of a prototype that can be used to check that it is possible to develop an ABM that
can be used in this way; the development of such a prototype is described in the next section.

4. A Prototype Agent Based Domestic Energy Model
In order to develop a prototype ABM, one of the first decisions that needs to be made is the choice
of programming environment to use. Railsback et al. [13] provide a useful review of the different
languages available for developing an ABM. They recommend NetLogo [14] as a good platform
for both learning the principles of ABMs, and for being able to get a model up and running in the
shortest time; therefore it is ideal for the development of test versions of models, and considerable
complexity can then be added to a model at a later date.
To test the initial viability a very preliminary prototype was developed using assumed data. This
initial version had a housing stock of 800 houses: 250 with solid walls, and 550 with cavity walls –
100 of which had cavity wall insulation (CWI), and none had solar photo-voltaics (PV) or
condensing boilers. These dwellings were randomly given an age and on reaching 200 they were
demolished and replaced with a number of new dwellings with improved energy efficiency
properties. Three agent types were specified to represent the householders – these three types
were distinguished by having a different range of acceptable payback period for buying a new
technology; individual agents were then randomly assigned a specific payback period within the
range for their particular agent type. Netlogo has a tick counter system for simulating time and in
this case a tick has been used to represent a year. During a year, agents decide whether or not to
move home and only agents moving home consider installing a new technology; for the purposes
of the prototype the available technologies were cavity wall insulation, condensing boilers and solar
PV. A simple assumption was made for technology prices to fall over time and for electricity and
gas prices to rise. When considering a purchase, an agent would look at the cost of the
technology and the saving available from its installation and then calculate a simple payback term
– if that period was less than its acceptable payback period it would install the technology.
Therefore, over time it should be expected that as technology prices fall and energy prices rise the
likelihood of an individual agent to install a technology would increase, and this was found to occur,
with diffusion S-curves being observed.
The next stage of the development of the prototype was to test the ability to use an element of real
world data in the model, and then attempt to compare the outcome with other models and with any
available historic trend data. The housing stock from the initial testing phase was then adapted so
that the proportions matched those in the Domestic Energy Factfile [15] for 1996 – 1996 was
chosen  as  the  start  point  because  this  would  allow  a  comparison  with  the  results  from  Johnston’s  
model (described in section 2.2.1), which was a relatively simple model with a low level of stock
disaggregation. Emissions, and running costs, for the stock were then calculated using version
9.83 of the Reduced data Standard Assessment Procedure (RdSAP) [16]. RdSAP is the
procedure that has to be used in the UK for preparing Energy Performance Certificates, which
must be made available to prospective purchasers of an existing dwelling that is being marketed
for sale or let.
Having entered real world physical data for the stock element of the model, the next stage was to
analyse some behavioural data in order to determine the rule sets for the agents in the model. As
this is still a relatively simply prototype version the decision was made to select a data set that
could be readily used to identify a number of different groups amongst the population and use
those proportions as a simple demarcation between different types of agent. Therefore the Public
Attitudes and Behaviours Towards the Environment [17] data set from DEFRA for 2007 was
chosen for carrying out this analysis. Whilst this data does not provide willingness to pay
estimates for different household types, it provides a number of attitude questions, and questions
as to whether installation of specific technologies has been considered. As tenants typically can
not carry out improvements, they were filtered out of the data, before carrying out any analysis.
Removing tenant households leaves 2,396 respondents, which is a sufficiently large sample for
statistical analysis. Cluster analysis was then carried out on this amended sample set, based on

responses to the following set of questions: number of cars; number of low energy light bulbs; use
of more clothing rather than more heating; consideration of PV; consideration of a green energy
tariff and a consideration of carbon offsetting. This generated five clusters with the following
characteristics: the first cluster was most pro PV and low energy lighting; one was most pro green
tariffs; the next preferred wearing more clothes to turning up the heating; the fourth was the rump
in the middle with no particular preferences; the final cluster was the least engaged with
environmental attitudes with the lowest levels of low energy lighting and the worst use of extra
clothing. As previously mentioned, the data does not include willingness to pay so it can not be
directly used for setting agent heuristics, but for these testing purposes five different agent types
were made, according to the proportionate size of the different clusters, and each agent set was
given a range of acceptable payback periods.
Figure  1  provides  a  screenshot  of  the  model  running  in  NetLogo.    As  can  be  seen  in  the  ‘Totals’  
graphic, penetration curves are observed for the different technologies that are broadly following
the typical S-curved pattern. Highlighted in a red box are various slider controls, which are for the
end user to use. These allow for the application of different subsidy levels for different
technologies, and can be adjusted on a year by year basis for a more detailed study of the subsidy
effects.      The   ‘PV   Slider’   provides   an   upfront   subsidy   for   a   PV   installation;;   ‘Boiler   subsidy’   is   an  
upfront   subsidy  for  a   condensing  boiler;;   ‘PV-FIT’   is   a   simplified   simulation   of   the   current   Feed   in  
Tariff subsidy and provides a subsidy in pence per kilowatt hour generated by a PV installation; the
last two are for wall and loft insulation and are again up front subsidies providing an immediate
reduction in the capital costs.

Fig. 1 Screenshot of Prototype Model Running in NetLogo
In this screenshot all the subsidy sliders were set at zero, therefore this essentially shows a
business as usual (BAU) scenario run. As already stated, the initial dwelling stock data was set
according to the 1996 data from the Domestic Energy Fact File, and as can be seen in the
screenshot  the  number  of  ‘ticks,’ which represent years, is 54; therefore Figure 1 shows a scenario
run from 1996-2050. This run  can  consequently  be  compared  with  Johnston’s  model  and  its  BAU  

scenario.    Johnston’s  BAU  projects  a  33.2%  CO2 saving over the period, whereas this agent based
model provides a 29.0% saving, which is a broadly comparable figure. Applying the subsidies
available  does  not  directly  fit  with  one  of  Johnston’s  scenarios  but  by  applying  the  subsidies  it  was  
possible to increase the reduction in emissions up to 65%, which was limited by the few technology
options available in this prototype. Nevertheless, the application of the subsidies did cause an
increase in technology adoption, which is the expected outcome.
As well as this comparison with an existing model for the entire period from 1996-2050, as this
model starts from 1996, it is possible to make some comparisons with real world data. In order to
do this the model was run ten times in its base state from 1996-2006. Data were then recorded for
the penetration of cavity wall insulation and condensing boilers, the averages from the ten runs
could then be compared with the real world penetration rates for those two technologies as
recorded in the Domestic Energy Fact File. These results are presented in Figure 2 below:
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Fig. 2 Comparison of Model diffusion rates with Domestic Energy Fact File data
As can be seen the model provides a reasonably good fit with the condensing boiler, and provides
a similar trend line for the CWI (cavity wall insulation), although it does over-state the CWI
penetration level. Nevertheless, considering the simplifications used in producing the model, the
trends lines are broadly as would be expected, and are in general agreement with the Fact File
data  and  over  the  longer  term  with  Johnston’s  model.

5. Conclusions
This paper has identified shortcomings in existing domestic energy models, in that they lack the
ability to model individual buying behaviour. A solution has been proposed of developing an agent
based model, and a prototype model has been developed and subjected to some testing.
In testing the model it has been demonstrated to provide a similar outcome over a 54 year period
as an existing model. It also responded to the application of subsidies by increasing technology

penetration rates. Finally, in comparing technology penetration over a ten year period with real
world data it was found to provide a reasonable fit.
Therefore an agent based model has been demonstrated as working, and the proof of the concept
is established. It should therefore be possible from this base to develop a more detailed model
with a much greater level of technological richness, as well as more detail on householder buying
decisions. Such a model will then be able to be used for detailed cost-benefit analyses of a range
of both individual policies and combined sets of policies, in order that cost effective pathways can
be  found  to  achieve  the  Government’s  CO2 reduction targets.
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Summary
This study focuses on elaboration of scenario parameters to support strategies for an integrated
renovation process of culturally valuable pre-boom housing stock from the People’s Home
(Folkhemmet) period i.e. 1945-1960 in Sweden. This stock, now in focus for renovations, combines
older craftsmanship with thorough planning on a neighbourhood level. Their qualities refer to
aesthetics, material use, living qualities and efficient use of space. Present renovation strategies
often reduce the complexity of the problem to technological and energy saving measures in a
short-term perspective. Integrated and differentiated strategies are needed in order to improve
energy efficiency and environmental performance, whilst respecting and safeguarding potential
loss of invaluable cultural, architectural and social values (immaterial values). This paper presents
a model to identify and describe both material and immaterial parameters which need to be known,
valued and balanced in integrated sustainable renovation of the People’s Home housing stock. The
model covers ten areas: (a) general description, (b) architectural quality, (c) social quality, (d)
cultural quality, (e) technical description, (f) technical performance, (g) functional performance, (h)
environmental performance, (i) economic performance, and (j) renovation process quality. A special
attention is given to our exploration to define and describe immaterial values such as architectural,
cultural and social qualities.
Keywords: differentiated strategies, integrated renovation, sustainable building, post-war housing,
People’s home, energy efficiency, cultural value, architectural value, social value

1. Introduction
1.1

Problem area

In the coming years, we will see a substantial increase in building activities in the field of
maintenance, renovation and transformation of existing buildings. Europe has a mature building
stock, and the upcoming strengthened EU directives will set pressure on property owners to take
actions for energy efficiency. The old building stock in Europe represents invaluable cultural
heritage. Concern have been raised that up-scaled actions for renovation can represent a threat to
long-term sustainable management of stocks, the safeguard of our architectural and cultural
heritage, and a challenge to sustain and develop social values in the built environment. Recently,
sustainable building has developed in the direction of a single-issue matter of energy saving.
Energy is easily discussed in economic terms and energy efficient technologies are becoming
praxis, in most new construction [1]. Renovation and especially major-renovation is more complex

and risky in terms of decisions-making, planning and execution than new construction [2]. The
qualities and the deficiencies of the existing building need to be known and regards have to be
taken to occupants, if there are any. While housing managers have available methods for
environmental declarations of materials, and energy saving, the immaterial values of the built
environment such as architectural, cultural and social values are fuzzy and thus difficult to handle.
This implies a considerable risk to older parts of stocks, e.g. when elements of high material,
technical and artistic value are replaced by industrial low quality products with considerably shorter
life-span. It also represents a risk for underestimation of existing social values. Some housing
managers have strategies for building adapted renovation, i.e. per building [3], other use more
industrial approaches, i.e. one ‘standard’ solution for a whole stock, where cultural heritage
legislation can hinder the renovation process [4]. Housing managers and architects need support
for synthesized decision-making in order to balance different material and immaterial values in
management of the built environment. While there is a large amount of literature on energy related
and economic renovation, there are few integrated, long-term value conservation approaches of
the whole building stock [5]. Recent studies indicate positive synergetic effect of combining energy
efficient and environmental up-grading, dwelling renovations and social transformations processes
[6], and the benefit for managers, tenants (e.g. well-being, fuel poverty), and society as a whole [7].
1.2

Research context

This paper is based on a research project, denominated ReBo, which focuses on strategies for
sustainable renovation of culturally valuable pre-boom multi-family building stock from the People’s
Home period (Folkhemmet) i.e. 1945-1960 in Göteborg, Sweden. The technical knowledge of this
stock is less developed than knowledge about e.g. the stocks of the boom era and later, as is the
knowledge about and recognition of their invaluable immaterial qualities. In the ReBo project
approaches are developed to bridge gaps between socio-cultural, environmental and economic
aspects of renovation by elaborating scenarios based on assessments of architectural quality;
analysis of energy, mass and monetary flows in a life cycle perspective; living quality; and relating
to implementation (technical issues, affordability, user acceptance of technology etc). The project is
carried out in a local transdisciplinary arena in which industry (housing managers, architects,
technical consultants and entrepreneurs), academia (architects, engineer and conservator) and a
number of other stakeholders (tenants organisations, Göteborg City Museum) collaborate for the
problem definition, data collection and knowledge production. The project is part of the Ercaobuild
call for Sustainable Renovation and collaborates with ETH-Zürch and TU Vienna for more generic
knowledge on integrated sustainable renovation of existing housing stock.
1.3

Aim and method

The aim of this paper is to develop/propose an integrated model which enables balancing of crucial
values identified in the ReBo project. The following questions are in focus:
-

What important parameters describe material and immaterial values?
How can they be structured, understood and communicated, in order to be useful for a
large spectrum of stakeholders (owners, managers, consultants, users, conservators)?

The paper is based on a review of relevant literature with a focus on (i) ‘People’s Home’ and its
background in terms of political ideas, architectural influences, and significant qualities, and (ii)
standards and existing models for sustainable building performance. The literature describing the
political and architectural programme of the People’s Home is broad and vast. The literature
studied has made possible identification and structuring of numerous parameters in relation to ten
value areas describing the People’s Home housing stock. For each of the ten value areas the
specific literature has been studied, and examples of characteristic parameters have been outlined.
Due to the limited length of this paper, all ten areas cannot be presented in detail. We have chosen
to exemplify the use of the model on the People’s Home multi-family housing stock in the area of
architectural design qualities. Full description of the model and its application on the People’s
Home will soon be available in a report in English [8].

1.4

Outline of paper

In chapter 1 an introduction to the problem area and research context is presented. In chapter 2 a
short introduction to the building stock from the People’s Home period is given. In chapter 3 a
model framework is elaborated to describe parameters of building performance for integrated
renovation within ten value areas. A special attention is given to the definition of immaterial values.
In Chapter 4 the model is discussed, and its generic value to describe housing stock is analysed.

2. Introducing the People’s Home 1945-1960
The People’s Home represents an important architectural and political period in Swedish history. It
has been described as a ‘golden age’ of the 20th century architecture [9]. The political ideas for a
‘People’s Home’ were presented already in the end of the 1920s, debated and made operational in
the 1930s, and implemented and built after the WWII. The starting point for the People’s Home is
the Social Housing Investigation (Bostadssociala utredningen) commissioned by the Government
in 1933 and published in 1945 [10]. The investigation proclaimed that citizens should have the right
to a good dwelling to a low price. As a means to implement the objectives generous loans were
installed for housing construction. The loans were available for all kinds of housing developers
although semi-public housing companies could profit from a higher percentage of loan, up to as
much as 90% of the construction costs during some periods [9, 11]. Another instrument to fulfil the
objective was the rent regulation that put a limit to the rent levels. The generous loans were given
under the conditions of delivering some quality standard in the dwellings, e.g. bathrooms and
kitchens in each apartment which was not standard at the time. Since 1946, Sweden has a building
regulation with requirements for heat insulation for the climate envelope [12].
The People’s Home is the result of a combination of political will and functionalist and modernistic
ideals for architecture. The new neighbourhoods were often located in the outskirts of the old city
centres and based on principles of the German Siedlung and the British garden city. The buildings
are carefully incorporated in the natural landscape following the heights and leaving the trees and
rocks untouched. As a reaction against earlier urban design principles, large open recreation areas
were planned which also enabled a maximum of sunlight in the dwellings. The social ambitions
with the ‘People’s Home’ led to the planning of local service and retail centres often with a
community hall.
The building design was driven by ambitions for resource efficiency, low-costs, and good housing
quality. It was important to produce housing of high quality, and to dissociate ‘People’s Home’ from
the image of low quality social housing. The consideration for resource efficiency was influenced
by the scarcity of building materials before and during WWII. In combination with thorough
functional studies of the use of dwellings, the result was housing design based on insights in
functional everyday life. The People’s Home architecture was not a search for special effects but
for the best functional quality with available resources. The task to design the People’s Home
attracted some of the best among contemporary Swedish architects.
The People’s Home was also an era of many experiments in production, material use, building
design and planning process. There are examples of open layout of apartments, moveable walls,
and ‘elastic’ apartments to which smaller units could be added or removed to conform to user
needs. In conclusion, many of the solutions in the People’s Home housing are according to modern
ambitions for sustainable housing.
The number of dwellings in multi-family houses from this period amount to 550 000 apartments on
the national level [13]. In Göteborg there are 54 000 apartments in multi-family houses built from
1941 to 1960 [14]. The typical forms of tenure for multi-family houses are tenancy or cooperative
ownership where the former is dominant.

3. Development of a model for describing different values of buildingperformance
3.1

List of criteria

There exist a multitude of different aspects and qualities of building performance relating to
sustainable development and there is a strong need to reduce the complexity to concentrate on a
set of indicators. These indicators should be understood, and possible to be used, by different
actors and stakeholder (managers, architects, users, antiquarians etc.) but without simplifying and
risk the loss of the richness of values. The basis for our descriptive model and scenario parameters
to be developed is constituted by a set of criteria deriving from the ReBo research project:
- Integrated view on values such as architectural, social, cultural, technical, functional,
environmental, and economic.
- Focus is on management and specifically on renovation process quality
- Thorough general description of the housing stock
- Lifecycle perspective
- Applicable for long term scenarios
- Transdisciplinary collaboration arena involving actors from industry, public, academia, etc.
- Description of performances must be open to qualities and possible deficiencies
- Aim for a visual model preferable in a GIS (Geographic Information System) framework
3.2

Defining values for the tentative ReBo model

In order to develop a model to describe the material and immaterial values of the multi-family
buildings of the People’s Home period we have analysed existing standards and models and found
the following of specific relevance: ISO/TS 21929-1:2006 [15]; Lorenz et al. [16]; and CABE [17].

(a)

(b)

(c)

(d)

(e)

(f)

Fig. 1 Framework of ten value areas in the ReBo model
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The purpose of ISO 2006 is to define a framework for sustainability indicators of buildings. A set of
social aspects is defined on the building level: quality of buildings as a place to live and work;
building-related effects on health and safety of users; barrier-free use of buildings; access to
services needed by users of a building; user satisfaction; architectural quality of buildings; and
protection of cultural heritage [15]. Lorenz et al. [16] present a number of aspects of building
performance in an overall system partly based on the collection of standardisation activities
involving technical, functional, social, environmental and economic aspects, and adding design and
process qualities. The UK Commission for Architecture and the Built Environment, CABE, has in
their work to develop a practical guide for public sector organisations to support integrated property
valuation defined six values of property [17]: exchange, use, image, social, environmental, and
cultural values. Based on the list of criteria defined in chapter 3.1 and the standards and models
described above we have elaborated a tentative model which defines ten value areas (Fig 1).

(j)

The design of the ReBo model is influenced by the logics and approaches of the earlier models.
However, we choose to recognise architectural and cultural values as areas in their own merit, thus
adding values that have not been part of the earlier models (Table 1). The ReBo model proposes a
broader range of actors, i.e. housing managers, users, architects, technical consultants,
entrepreneurs, and antiquarians, whereas Lorenz et al. [16] focus on valuation professionals, and
CABE [17] on public sector organisations.
The list of values in Table 1, their meaning, and the outline of data-sources constitute a tentative
methodological framework for our model. The aim is to cover issues of generic value as well as of
relevance to the built environment of the People’s Home.
(a) General description provides acurate information about the object based on systematic
collection of data, i.e. year of construction, typ of building, and ownership from relevant sources
such as the building itself, cadastre, municipal building archive, managers’ archive, drawings, etc.
A lot of these data have a spatial reference, and hence it is preferable to organise the information
in a GIS-framework.
(b) Architectural quality concerns aesthetics, function, usability, etc. On neighbourhood level the
qualities can be described in terms of urban layout, accessibility to amenities and recreation areas,
infrastructure and connectivity etc. On the building level architectural qualities concern spatial
organisation, openings and daylight, usability and function, materials and detailing, etc. The data
sources are manifold and include the architectural fabric and design, drawings, the place and its
context, etc.
(c) Social quality in built environment is related to interaction between people, and
empowerment of people. Issues adressed are comfort, health, safety, etc. and described by
parameters such as indoor air quality, emissions, accessibility, and functionality. Data may be
collected by interviews, articles in media, demographic statistics, etc.
(d) Cultural quality in terms of historic, artistic and place-making significances, physical
characteristics, etc. contributes to the compex tapestry of a town or city, comprising material and
immaterial values. Narratives, traces of significant characteristics in the built environment,
materials, historic events, etc are examples relevant of data sources.
(e) and (f) Technical description and performance provide information about the technical
status, type of structure, building components and materials, dimensioning requirements, etc.
Parameters such as heat- and sound isolation, ventilation, indoor air quality, fire safety,
accessibility, are measured by certified building inspectors and documented in protocols.
(g) Functional performance concerns the building and its functions in terms of serviceability and
adaptability to changing needs in management and user perspectives. Parameters comprise
spatial robustness, flexibility, layout qualities, structural and infrastructural possibilities and
constraints. These can be described by analysing plans, the building and its supporting technical
systems.
(h) Environmental performance of a building include life-cycle principles, long-term
management, assessment of the impact on the environment, resource efficiency, control of
emissions and pollution, etc. Use of energy, material, and water, CO2 emissions, hazardous
substances are some of the parameters to be measured.
(i) Economic performance can be understood by the support of LCC-methods and other tools
to assess investments. In many cases buildings are considered as a commodity to be traded,
whose commercial value is measured by the price that the market is willing to pay. Development of
cash-flow, market value, book value, rent income, return on capital, asset portfolio, etc. are
parameters to be measured. They also cover issues such as ease of letting and disposability.
(j) Renovation process quality is closely related to applied renovation strategies, organisational
capacities, client capacity, etc. Parameters of interest are owner directives, decision making,

maintenance plans, etc. An inquiry into different capacities within housing management is likely to
provide a fairly accurate understanding of a company’s potential to execute sustainable renovation
measures guided by viable strategies.
The logical hierarchy of the model is based on different levels of detail, what we call parameter
level (PL), see Table 1. A higher resolution of information (higher level of detail) is indicated by
increasing numbers (PL1, PL2, etc.).
Table 1: Defining and measuring different parameters of building performance for integrated
renovation
Type of value (PL 1)

What does it mean? (PL 2)

How is it described or measured? (PL 3)

(a) General description

Cadastral information, evolution and
changes, function, future property
development

Ownership, tenure, location, dimensions and
area, year of construction, value, property
development plans (managers), land use
planning (municipal)

(b) Architectural quality

Neighbourhood level (spatial
planning, place-making
characteristics, amenities,
infrastructure, connectivity, safety,
parks, landscape design) Building
level (spatial organisation, openings
and daylight, usability, materials and
detailing)

Type of services, streets, pedestrian lines,
greenery, proportions, variety of building
typologies, dimensions, distribution of
windows and doors, materials. Functionality
and accessibility, furnishability, easy
cleaning, room connectivity

(c) Social quality

Comfort, health, safety, user, image,
occupant satisfaction, community
interaction, demography

indoor air quality, emissions, accessibility,
functionality, types of services, transport,
tenure, socio-economic parameters

(d) Cultural quality

Cultural historical values, historic
values, artistic values, building
technology values, narratives

Significant characteristics of the built
environment, urban landscape, user
perspectives, craftsmanship, materials,
historic events, traces of older society and
lives

(e) Technical description

Type of structure, building
components, building materials,
dimensioning requirements

Floor structures, building materials,
dimensioning requirements

(f) Technical performance

The building and its technical systems

Heat- and sound isolation, ventilation, indoor
air quality, fire safety, accessibility, structure,
wind-load, demands from building
regulation, operation and maintenance
qualities

(g) Functional performance

The building and its functions in terms
of serviceability and adaptability to
changing needs (management and
user perspectives)

Spatial robustness, flexibility, layout
qualities, structural and infrastructural
possibilities and constraints

(h) Environmental performance

Life-cycle thinking, impact on the
environment, resource efficiency,
emissions and pollution, biodiversity

CO2, energy use, water use, hazardous
substances, material use

(i) Economic performance

Life-cycle thinking, development of
cash-flow, market value

Book value, rent income, return on capital,
LCC and other tools to assess investments,
location, asset portfolio

(j) Renovation process quality

Renovation strategies, organisational
capacities, client capacity,

Owner directives, decision making on
renovation, maintenance plans,
management team, knowledge and
competence, routines

3.3

Architectural qualities

Whereas cultural historical values of buildings and the built environment has extensively been
defined in the field of architectural conservation, the discipline of architecture have been less
involved in defining architectural qualities of the built environment. In the models for assessing
cultural historical values, architectural values are mainly treated as artistic or aesthetic values
and/or as a sub value amongst others such as building technology values and historical values
[18,19]. However, architectural quality is defined as much more than aesthetics: function, usability,
comfort are some of the attributes of architectural quality.
Since, 1998, Sweden has a national action programme for architecture and design. The
programme defines architecture and design as a good balance between different functions and
demand that can even be contradictory e.g. usability, resource efficiency, good form, optimal use of
technology and cost-efficiency. The National Board for Housing, Building and Planning, Sweden
[20] characterises good architecture by completeness and coherence. Also, the specific qualities in
housing stock of the 1940s and 1950s have been and still are largely appreciated [21]:
-

High qualitative entrances and entrance doors
Daylight in entrance stairs and in bathrooms
Efficient layout of dwellings
Daylight and views in the apartments from at least two directions
Well proportioned, light apartments that are easy to furniture
Balconies and French windows
Bow-windows (1950s)
Often 2,70 indoor height (1940s)

Some lacks according to modern standards:
-

Small entrance halls in apartments (1940s)
Not enough storage space (1940s)
Small bathrooms and kitchens regarding modern standards (1940s)
Not accessible – no elevators or small elevators
Not energy efficient

Data for the analysis of the design quality are based on descriptions in literature e.g. [22] and on
personal observations. Nylander [23] has made groundbreaking research to define high quality
residential architecture. This quality is maintained with a balance between measureable and nonmeasureable properties in seven fields: materials and detailing, axiality, enclosure, movement,
spatial form, light, and spatial organisation. In our model (Table 2) we have decided to extend the
ideas of Nylander but also to leave out some properties not applicable to the People’s Home, or to
the level of detailing possible on a whole stock. For example, axiality and enclosure (open/closed
spaces), movement and spatial form relate to experienced/symbolic values are too detailed to
describe. In our model, these values have been incorporated in spatial organisation. There are
other important functional and sustainable values in People’s Home dwellings which are not
covered by Nylander, which have been added. For example, the surrounding represents significant
qualities in the People’s Home.

Table 2. Architectural qualities with examples from the People’s Home
Criteria (PL 2)
Neighbourhood level
Community

Units (PL 3)

Example of characteristics (PL 4)

Community centres

Area layout

Layout of building volumes

Mix of housing, local services and community
facilities/halls.
Adaptation to natural terrain, Buildings in curves. Traffic
separation
Open car free green close to dwelling, football terrains,
playgrounds etc. Sunlight. The natural landscape is
safeguarded. Fully grown trees/plants.
Human scale, diverse stock - size, heights and form,
varying façades and colour schemes, window forms
Garages, (somtimes limited) public transport, pathways
follow natural landscape
Traffic separation

Recreation space

Connectivity

Volumes (size, form, height,
colour)
Transport system

Safety
Building level
Spatial organisation

Resource efficiency

Views and daylight
Flexibility and elasticity
Openings and daylight

Windows, size, exposure
and quality of opening and
light transition

Usability
Materials and detailing

Authenticity and
care/mastery in execution

Small well designed apartments, open space solutions,
building form that allow several well designed
apartments with common staircase
Maximise daylight from at least two directions
(Starhouses, thin houses). Most flats have balconies.
Moveable walls, possibility to add/remove rooms –
make small separate apartments
Daylight in staircases, in bathrooms and storerooms,
Bedrooms to the north, living rooms to the south.
Ground-level flats - balcony doors to the surrounding.
Well designed from the point of view of arranging
furniture. Easy to clean – lean surfaces
Details and material in original entrances, staircases,
balcony railings. Kitchen if still original.

4. Discussion and concluding remarks
We started our paper with two main questions: What important parameters describe material and
immaterial values? How can they be structured, understood and communicated, in order to be
useful for a large spectrum of stakeholders (owners, managers, consultants, users, conservators)?
Departing from these questions we have developed a tentative model framework for the Swedish
People’s Home multi-family housing stock comprising ten value areas and their main parameters to
describe these values. The model derived from a list of criteria we identified in beforehand and
from analysis of existing models and methods. The logical hierarchy of the model is based on
different levels of detail, what we call parameter level (PL) 1-4, where level 4 represents the
highest resolution. These parameters will provide the foundation for development of long-term
scenarios for the People’s Home stock in Göteborg; scenarios which in turn provide an integrated
renovation strategy for property managers and other involved stakeholders in the renovation
process. We also give an example of characteristics on the PL4 for the value area ‘architectural
quality’ to illustrate how the parameters are measured and what kind of data is included (Table 2).
Data sources will be manifold and differ for each value area. For ‘architectural quality’, for example,
main sources are observations, study of drawings and plans, literature studies. However, all data
will have a spatial reference, see value ‘general data description’ to support a high degree of
visualisation and, by that, ease discussions and communication between different stakeholders.
The next step is to test the model using and analysing data for Göteborg, i.e. collect the data for
the identified parameters on the PL4 level, to discuss and evaluate it together with our
stakeholders in the local transdisciplinary ReBo arena.

So far, the model framework lacks a description of the interlinkages between the value areas
(Figure 1). This is a deliberate step since on the one hand the links will differ depending on what
stakeholder perspective is taken and on the other hand what question is in focus.
A crucial part of the parameter discussion is the balancing of the values in general, and balancing
of the parameters in particular, since they are crucial for different renovation scenarios. An
assessment of the criteria should include a weighting of the parameters on PL1-PL4.
Our model is adapted for the People’s home housing stock – it might be necessary to modify the
model in order to make it function as a more general model. However, we believe that many of the
solutions in the People’s Home housing are according to modern ambitions for sustainable housing
and should be safeguarded.
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Summary
The social housing built in Italy in the 60s and 70s is now in a state of decay; even the public
housing stock recently built in a favorable period for the housing market, due to the rapid
compliance in the ever increasingly restrictive sense of legislation regarding building envelope and
building system integration, would require an adjustment. To solve the problem it is necessary to
identify and analyze procedures and subjects able to find possible financial resources to be used
for the redevelopment of social housing. This analysis consider of the methods in which the
subjects that may be interested in investing in housing (energy suppliers, ESCOs), can intervene
using the currently available economic and financial procedures that provide for the collaboration
between the public and the private sector (project financing, third party financing ).
Keywords: :building envelope, social housing, sustainable building regeneration, economic and
financial processes, public-private-partnership

1. Introduction
Residing in a house represents a solution to a basic need, the need of utilizing a place in order to
live the domestic unit, or daily life. The profound meaning of the term includes different definitions.
Residing in a house means “to live” in that house, therefore, express one’s personal needs through
actions that need a place to display themselves. The Latin word “habitare” comes from “habere” or
to have, which corresponds to the Italian meaning of the word tenere, to have, keep or hold or trovarsi, to meet (in a place), which implies a sense of belonging linked to a specific place or location
At the same time “living” in a city includes the concept of leading one’s life by carrying out his/her
daily activities, which underlies belonging to a community. It is not just simply having a place to
sleep, eat and bathe, but rather, to make use of spaces that surround and accompany our actions
and participate in a significant way to define our quality of life. These spaces must accommodate
and satisfy the need for security and comfort through the definition of formal and technological
quality and at the same time the need for socializing, in addition to complying with environmental
requirements from the point of view of curbing fuel consumption and energy efficiency.
The so-called residential “social” real estate property (buildings), which in Italy include several
buildings bearing varied and disparate characteristics, but are united by a common and widespread deterioration and low performance in terms of energy efficiency, cannot, at present, meet
these needs because of its condition and the limited economic resources currently available to act
upon it.
It is necessary to observe the problem concerning the redevelopment of residential social housing
considering three aspects closely related to one another which correspond to three ways of viewing the issue:

1. It is important to consider “what” should be adjusted or worked upon, the building, or to be more
precise, the Edilizia Residenziale Pubblica (ERP) or Public Residential Housing. The word “social
housing” includes a varied and disparate group, which is in a condition of general deterioration
from the point of view of the building envelope and the facilities. Such deterioration results in high
consumption in terms of energy, with costs falling directly on the user triggering mechanisms that
could lead to energy poverty.
2. It is necessary to understand “why” an intervention occurs by examining and defining the
categories of potential consumers, whose improvement of quality of life establishes a fundamental
goal to be achieved. In reality, several categories of buildings which correspond to different types
of potential users are included within the definition of the term “social housing”. The use (users) of
public housing is profoundly uneven and has varying needs that are often in conflict with one
another. This problem will intensify; the so-called “middle class”, which until recently could afford to
buy a home or property or could pay rent is destined to become part of the potential beneficiaries
of social housing works or interventions. Social housing, once reserved for the poorest classes, is
witnessing in Italy today an increase the number of potential recipients; the line between economic
prosperity and poverty has become increasingly broad, including within it such segments of the
population that cannot bear the costs of their homes due to widespread levels of social and
economic uncertainty that have increased in recent years.
3. It is fundamental to establish “how” one can intervene, not only considering the technical options
available, but also addressing the issue as well as on a level of economic and financial resources.
The resources available for social or subsidized housing are very scarce and difficult to manage.
On the one hand, the traditional pre-disposed public resources that were able to support social
housing in the past decades are no longer available; on the other hand, everything that revolves
around public housing cannot take advantage of certain benefits (such as tax deductions) meant
for private construction, and cannot survive only thanks to economic industries originating from
rents due to the characteristics of the users, traditionally poor and increasing in numbers.
The latter aspect establishes the main topic of discussion since it is not possible to carry out any
operation without having carefully considered whether the economic means to support it exists.
Everything that revolves around the ability to upgrade in order to “save” energy anticipates a “cost”
in monetary terms and/or financial investments. Added to this is the change that occurred for the
ex or former “independent social housing institutions”. In recent years, some aspects of public
housing asset management have been outsourced to private companies that have assumed
different names depending on the regions (Acer, Aler, Ater, acronyms underlying the same
meaning) whose emergence and development allowed, in some cases, a quick and strong growth
of skills, productivity and problem solving abilities, which traditionally were the weaknesses of
public administration in Italy.

2. The current situation in Italy
2.1

What to act upon: the building

In the traditional idea of a building, especially in residential buildings, having a home means having
to incur costs. This not only refers to rent in the case of a rented house, or to the amount that one
must spend in the case of the purchase of a house. The costs of housing can be associated with
maintenance, but also and in particular with the management of the same. In order to be used, a
house needs to be heated, it needs to be able to use gas and electricity, and these services
generate costs directly proportional to consumption, which can also be quite high and difficult to
manage or sustain at the family income level.
In people’s minds, a building is a highly expensive object, which is why much has been done in
terms of regulatory and legislative measures regarding reducing consumption and the saving of
energy. In Europe, social housing is made up of about 25 million housing units, of which more than
half have energy consumption exceeding 150 kWh / sqm / year. In Italy, social housing has traditionally been “out-dated” in time and constructed between the early 1900s and in 1950s-1960s. [1]
Therefore, the great emergency does not come from the the new developments, which are built in
compliance with regulations and often become test-runs for new products and technologies, but

rather from already existing buildings. These buildings, although a great resource, in 80% of cases
need urgent works for energy requalification and they are no longer able to fulfill the parameters
required by existing laws, both from a building envelope and facilities standpoint.
Such real estate property requires renovations carried out on a large scale, executed with
appropriate tools and profound attention concentrated on the relationship between the necessary
works and the resources available. Saving resources in terms of energy, however, requires
incurring economic costs at least in the beginning, with the need to use economic resources at the
start in order to reach a “savings” later.
2.2

Why take action: the definition of the user categories

If at one time the only people with a desire to gain access to social housing were those belonging
to a part of the population at a low cultural level and with limited economic resources, and living in
low income public housing was considered a “mark” or a characteristic of poverty, destitution and
social distress often accompanied by a cultural poverty and a low level of education, today, living in
“social” housing, (included within this term, the building built in whole or in part, through public
funds) being able to take advantage of moderate rent and not having to access to difficult private
rental market, may be considered an opportunity for people in certain income brackets. Public
housing, up to a few decades ago, was, in people’s minds and even, in many cases, in reality,
made up by blocks of buildings at the extreme periphery of urban centers. These lots, with a high
density of settlements, proved to be ghettos in all respects, badly served in terms of public infrastructure and generating endless problems from the standpoint of management, maintenance, and
impact on urban and social fiber.In recent years, in terms of initiatives and scientific research, the
housing sector has grown again after several years of stagnation; today the model of “public housing” seen as a “human container” no longer exists.
However, there is growth and a widening segment of the population that needs to access the asset
of a house. Today the people requesting rent controlled apartments are young couples, singleincome families, immigrant workers and elderly people living alone. They are the new constituents
of the “middle class” that no longer differ from the “lower classes” due to lack of adequate
education since receiving an adequate level of education today in Italy is no longer sufficient to
ensure, as it was possible for the previous productive generation, a stable and secure income. The
“middle class” today consists of a different and heterogeneous social mix, made up of university
graduates, temporary workers, foreign workers, young couples and young families, couples and
families but made up of single income couples and families who are not so young or dounle
income families with temporary jobs who cannot gain access the real estate mortgage system in
order to be able to afford the purchase of a home or who can not cope with or face the private
rental market, which is at this point totally unbalanced and disproportionate, of the rental facilities.
Added to this are casual workers, off-campus students and the elderly, customary occupants of
social housing who live in conditions of semi-poverty. Due to an aging population, the number of
elderly people unable to pay rent will increase, as the number of young people with high levels of
education unable to pay the costs of housing will also increase because of the policies
implemented in recent years in the job market
All those who are part of the so-called “middle class” may, for reasons related to the labor market
or personal and family vicissitudes, exceed the “poverty line” and find themselves unable to sustain
the costs of their homes. The current economic crisis has made this generation of active players
who should contribute to growth and social progress a “weak” generation. It's the range of “gray
users”, very large and unstable, which will increase or decrease depending on how the current
economic crisis will proceed, but which certainly produces the need for reconsideration concerning
housing issues, of who those are the parties involved and active participants of the matter, and
how these parties, whether they are old or new, are able to relate to each other and find
acceptable and accessible solutions. [2]

2.3

How to take action: the economic-management-financial aspect

Due to the historical period and the economic crisis, public residential real estate housing has seen
a loss in recent years of the traditional channels of funding. The Italian public administration is increasingly poor, partly because of policies regarding saving public resources implemented in recent years. The capacity to act properly on subsidized housing also depends on the ability to raise
financial resources in order to intervene where necessary. This does not mean that that finding the
economic resources is the greatest necessity soley able to solve the problem, but the lack of economic resources and proper financial instruments represents a significant difficulty and an emergency which must be taken into account, at least to be able to target the few possible in a timely
manner.
The average rent for public housing is highly variable; in the worst case, for the most disadvantaged population groups, it can cost €80 per accommodation. Considering the cost of taxes and
maintenance, an average accommodation “yields” the government circa € 220 per year for the
government, not counting the frequent cases of arrears. This real estate property cannot take advantage of the benefits and tax incentives that private real estate property can; it is property that
needs serious maintenance and management, which has no funds available to intervene in a systematic way; intervention would cost circa €20 billion. [3]
All aspects described so far concur to form a complex and changing picture of the situation. The
relationship between the building as a staple asset, the user as a potential recipient of such asset
or property, public administration as the manager of the relationship between the properties and
the users, new necessities of a regulatory and procedural nature regarding energy conservation,
are elements profoundly intertwined with one another.
It is important to stress that social housing property was born out of a need of a public nature. Its
management has never been directly concerned with financial gain but to solve a problem of collective emergency, contrary to what happens with the private property assets. This does not mean,
however, that the management of public housing must necessarily be a negative in the financial
statements of public administration, or should be considered a black hole in the consumption of
economic resources. [4]

3. Possibile solutions. The relationship with the private sector; forms
of public – private partnerships; from project financing to ESCOs
3.1

Public resources and private participation

The idea that residential public social housing should solely come from residential consumption of
resources is actually going to disappear actually due to the scarcity of funds currently available. A
possible solution to the problem is, on the contrary, rendering the investments made in social
housing “interesting”, involving other parties in redevelopment, but especially in the management
of such assets.
The funds currently available and being allocated alone cannot solve the problem because they
are not enough to move forward with an extended program of intervention on social housing
property; the concept is of disbursement of “grant” resources precisely becuase those allocated
are not sufficient. Such resources, where available, are not always used properly.
In this regard, there are reports that reflect that during the period 2007/2013 so-called “structural
funds” were allocated by the European Union. The reactions from EU countries were very different
from country to country; in the case of France, for example, 80% of the available assets have been
used, in Sweden and Germany none of the available resources were used. In Italy, only in May
2009 was the possibility to these funds for residential housing extended, and since then some regions (especially Piemonte Region, but also Sicilia, Veneto and Trentino Alto Adige, although the
latter to a lesser extent) have issued notices, even if these initiatives are currently the minority.
Another possibility emerges in Italy by the enactment of the “Piano Casa” that has indicated in the
mutual investment funds the first instrument for the re-launching of social housing, focusing on

operations to complete on existing properties where there is a character of “sociality”, of lowering
consumption, of energy improvement.
In Italy a national fund exists granted by the “Cassa Depositi e Prestiti” in the amount of Euro one
billion and six hundred seventy thousand, used by public and private entities including enterprises
(as well as those operating in the energy sector), public entities, individuals, private entities, including associations and foundations. This fund is used to promote energy saving measures and an
increase in efficiency in the end-use of energy and allows for investments to take action on the
building envelope and the existing facilities including district heating and cogeneration and geothermal plants. This fund is used to promote energy saving measures and increasing energy enduse efficiency, and allows investment to take action on the building envelope and the existing facilities including district heating and cogeneration and geothermal plants.This fund is not an investment grant, but expects a return, even if the minimum permissible fixed return is vey few points
(3%) above the inflation level. A concrete example is the Kyoto Revolving Fund, which provides for
the payment of €575 million spread over three years starting in 2011, in favor of citizens, condominiums, businesses, private legal entities and public entities for widespread micro-cogeneration
interventions, with the possibility of using interest loans of up to six years with an interest rate of
0.50% per annum. [5]
The public housing sector is, therefore, one in which there may be some tools in support of an
investment, but these margins have very different characteristics. The return on investment is not
very high (it corresponds, for works performed on social housing, to an an acceptable return in the
case of a few percentage points above the inflation level, as stated above), and presents the
characteristic of being diluted over time, with long return periods. These are the so-called “patient”
investments that yield profits mainly in the medium to long term.
3.2

Project financing and Financing through third parties (FTT-Finanziamenti tramite terzi)
with the participation of Escos - Energy Service Companies

The presence of structured funds or funds distributed the Cassa Depositi e Prestiti is not sufficient
to support decisive action, but can be a “lever” to trigger mechanisms of investment by private parties with an interest in competing with the government on possible interventions for social housing.
The so-called “public-private partnership” now represents an opportunity as well as a necessity.
The two forms of financing which have been mostly sustained public works in Italy and are currently under development and testing include works achieved through the project financing and thirdparty financing with the involvement of Esco.
The first case, project finance, has the possibility of use but at the same time it has certain limitations. Traditional project finance functions well in the case of “hot projects”, capable of producing
income, and it is also applied in the case of “lukewarm projects”, works at least able to repay the
initial investment. Social housing residences do not inherently constitute “hot works” because of
the connotation of “sociality”, which does not have an earning goal intended in terms of speculative
gain.
Social housing properties chosen for renovations through project financing may be treated as lukewarm projects in cases in which the user can guarantee paying rent or the ability to purchase the
property, and that falls within the aforementioned “gray zone”. In cases in which the intervention
does not include rentals or sales opportunities or the possibility to take advantage of part of the lot
to create buildings for the private market, and no activities collateral to the interventions exist that
can guarantee an income, there is no possibility of either a return nor interest that will result from
participating in the renovation for the potential investor.
The second case, financing through Esco, provides for, on behalf of the same, the ability to recover the investment and generate profit margins through forms of asset management regarding the
use of energy. The ESCOs (Energy Service Companies) are private companies that invest and
pay the costs of the intervention, expecting a financial return resulting from management of the
same. One of the problems with Esco is being able to take advantage of securities in the event of
operations that present high risk margins. In both cases we are dealing with interventions in which
a private investor provides economic resources to achieve a public work that would otherwise not
be possible with only the intervention of public administration; and in both cases the investor does

not operate in non-profit context, but acts in order gain a profit, an income, a return on his investment, even if said investor will be satisfied with earnings resulting from a “long term” investment.
Both cases also include risks associated with the failure to generate a profit by the private investor,
therefore, with the failure of the financial intervention.In order to ensure the success of such initiatives, one must understand what factors are able to identify possible economic resources to be
used for the redevelopment of public housing, or rather, it is necessary to understand which factors
may constitute the “spring” that will make an intervention on social housing potentially interesting
and attractive to a private investor from a financial standpoint. [6] [7]
It should be noted that the private “speculative” construction phase in Italy has seen large profit
margins in last ten years, but at present, this “speculative bubble” appears to have “exploded”. The
private housing market is currently going through a phase of stagnation, which is strongly influenced by the current economic crisis; the social housing sector therefore ncurrently represents a
possible outlet for people wishing to invest in a different way compared to what has happened in
Italy in recent years.
3.3 Examples and case studies
The existing case studies in Italy on renovations performed through project finance and FTT are
rising sharply recently. The use of project financing provides for the possibility of a profit arising
from the management of properties, in the case of social housing, is not always easy to quantify
correctly.
Through this instrument, interventions can be achieved that provide for the possibility of a gain
arising from the possibility of allowing an investor concessions to build, usually in an area adjacent
to the intervention, housing intended for the private market, or works involving the construction of
accommodations for groups of solvent users even if they are not wealthy (the above-mentioned
“gray zone” users).
The second case, which requires the involvement of ESCOs, presents several opportunities for
development since the investor, in this case, obtains a profit from energy management and is not
tied to user’s behavior with respect to the solvency of rents. For this reason, the FTT is used in
cases in which they will intervene in the problem of energy poverty; if well managed, revenues can
pay back the intervention but also help tenants to save.
In this regard, the case of the Municipality of Reggio Emilia (Emilia Romagna Region) with the
intervention done on the public residential building in Via Maramotti is referred to. The property,
built in 1981 and consisting of 13 residential units, was the subject of a tender bid that provided for
an energy performance contract promoted within the European Project FRESH (Financing energy
Refurbishment for Social Housing). In the case study under examination, the energy performance
contract included the complete renewal of the technological systems in order to obtain sufficient
energy savings to pay the operation itself in addition to the cost of the energy service including the
supply of energy for the heating plant in the winter. The goals of the tender bid, which provided for
a certified energy savings of 35%, were met during the first year, and it was possible for tenants to
achieve a cost savings of around 10%.[8]
The mechanism of the FTT with the help of Esco was also used for the financing scheme developed by the ATC of Biella (Piemonte Region) for the retrofitting of 161 social housing dwellings.
There are examples of interventions that involve the aspect of energy management through the
use of project financing (including the requalification of the heating plant with the use of renewable
energy in 651 apartments in Turin), but they require a greater expense on behalf of the government.
Regarding the possibility of recovering the investment costs through the production of energy, a
significant example is the project sponsored by the Casa S.P.A. Firenze (Toscana Region) Casa
S.P.A. Florence.The project concerns the replacement of asbestos roofing of on social housing
residences photovoltaic roofs, recovering the cost of the intervention by selling the energy produced through a specific “energy calculation”. The economic and financial aspect has been carefully evaluated and forecasts an expected total return on the investment for replacing the roof.

4. Intervention strategies and conclusions

Through observation of past experiences and case studies and referring to the overall framework
described above, two aspects regarding the issue at hand, which may bring out some viable
practial scenarios about the possibilities of financing the envelope-facilities systems for social
housing in Italy, can be summarized. The first concerns the concept of the “building as an enery
consumer”; the second concerns the impoverishment of the population and the expansion of the
potential users interested in public housing.
4.1

The expansion of potential users

In the term “public housing” both construction operations for the weaker sections of the population
and those intended for the “gray bracket” of users are included. In reality, it should be possible to
make a distinction in order to understand what the operational possibilities are on an economic
level regarding social housing. This distinction refers not only to the specific user or the building
separately, but to the relationship between the building’s operational possibilities and the
characteristic of users. It is one thing to consider housing interventions intended for the most
disadvantaged segments of the population, potentially insolvent because most do not have a
disposable fixed income. These are families who are in conditions of “absolute poverty”. It is
another thing entirely to consider the “gray” bracket users, which, as we have seen, is made up of
the working population and earn an income but does not have the potential and resources to
access the private rental market and purcahsin of homes.
Such category constitutes, on the one hand, an emerging and complex problem that needs to be
addressed, on the other hand, it is a part of the population that is partially solvent, which, if addressed and helped, can generate income and hold resources capable of triggering mechanisms
of a financial nature that will attract potential investors for social housing. The middle class, which
in previous years had fueled speculation that occurred in the private market, now poverty stricken,
is a potential resource for social housing.
It is clear that the achievement of the ERP dwellings for both income groups, leads to triggering
mechanisms of a housing mix which means that in the construction of a residential project, one
must take into account that the homes that will be inhabited by users will be very different. This
point in particular is one of the biggest obstacles to overcome on the management of the gray
bracket of users, the social and housing mix has had positive findings in the case of low level administration of social housing real estate properties and usage of in limited dimensions (in the case
of some in central - northern Italy), but major problems of acceptance in case of major city centers.
The possibility in some cases to purchase the property through a redemption facility such as a soft
or subsidized loan (which are still opportunities for development), allows for the typically Italian
need to become the owner of the house one lives in, and to be able to tie the meaning of the term
“to live” in a house to that of “"to have”, “to own” that same house mentioned at the beginning of
this report, making it more attractive to a potential user to adhere to certain public housing programs.
4.2

The building-user-facility system. Going from an energy “user” building to a energy
“producer” building

The common idea to renovate a building means to intervene in something that “consumes” resources within its useful life. The “consumption” of a building can be calculated and is a term of
comparison in some of the mechanisms of energy certification; the energy “consumption” of a
house is something that needs to be reduced, controlled and limited. Everything that revolves
around the theme of sustainability provides for the use of the term “energy savings” as an important and necessary goal, hardly ever, in colloquial language, is the concept of a building present as
a producer of energy. Yet part of the solution of the issue of raising the financial resources in the
case of residential building projects by category of non-solvent users may pass in the consideration of a building as a possible producer of energy resources, rather than a consumer of them. The
rural autonomous home of a few centuries ago “produced” the energy required for its survival and
the survival of people who lived in it. With the advent of electricity, the idea of a functionally independent home disappeared and we have depended on energy distribution networks, which prom-

ised an extension of electricity, gas and heat to all segments of the population through facilities
managed and served in a collective manner. A system of independently functional homes on a
large scale would obviously not be feasible under current conditions, partly because of changes in
typology and distribution as well as the change in the lifestyles of the population, the social housing
real estate properties built have specifications in terms of operations of their systems, which can
be smoothed over but must be more or less respected. The fundamental point to consider is the
reversal of the conventional idea according to which the building “costs” and “consumers” without
the possibility of intervening in these costs and consumption with a “savings”.
It is worthwhile, however, to reflect on the theme of the building as a “producer” of energy, because
the development of technology on the use of renewable sources over the past decade has made
huge strides and is still evolving and rapid improving in performance. The case study reported on
regarding replacement of asbestos roofing with photovoltaic roofs in Florence is, in this sense, a
“progect pilot” from which to reflect on the possibility to exploit this potential by making the usable
procedural intruments more flexible and simple, not just those concerning the production and sale
of electricity, but also with regards to the management of other renewable energy.
In practical terms the above translates into the following possible actions:
- Knowing the conditions and expectations of present and potential categories of users in
each town.
- Establishment of guarantee reserves for the ESCOs, starting from mutual investment
funds.
- Consider not only the management of electricity, but the management of other sources as
well.
- Plan a comprehensive and detailed investment which, given the narrow profit margins,
does not allow for “errors” between the planning and the construction stage. This corresponds to a precise definition of the executive plan and special attention, within the financial
plan, of cash flow analysis.
- Management of the building, not limited to individual apartments or single buildings, but rather include many buildings / condominium structures that are organized in a collective
manner, making it possible to intervene at “group” levels of buildings, of “lots”.
- Implement the development and use of appropriate technologies, even at the level of small
local users.
4.3
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Summary
“Can   you   design   an   affordable   home   around   the   elements?”  That   was   the brief to architects and
builders through the innovative REAL Challenge – Regional, Environmental, Affordable Living; a
competition that would see some of the most innovative housing designs for extreme climates
emerge in regional Western Australia. The REAL Challenge was the result  of  LandCorp’s  (Western
Australia Land Authority) role to find solutions towards complex issues and a commitment to invest
considerable effort and cost to seek affordable[1], practical and viable solutions that can be replicated.
Many regional households are facing rising costs because their homes could have been better
designed and built to cope with the local climate. Higher power costs combined with high construction costs mean regional Western Australians often struggle to enter the housing market at an affordable level. These issues prompted LandCorp to seek houses that demonstrated innovative use
of natural heating and cooling systems and construction materials, and which best suited the yearround climates in Kununurra, Karratha and Collie. In addition there was a belief that where homes
and estates respond to their individual climates, communities will grow, encouraging a larger permanent local population. This can therefore lead to more sustainable and robust local communities
contributing to savings to home owners, government and town infrastructure providers.
The REAL Challenge competition sought to bring architects, designers and builders together to
design a three bedroom, two-bathroom home that could be sold within a set affordability range,
and that met robust sustainability and design criteria for three very different climatic regions: The
South West, Pilbara and Kimberley[2].
The winning house designs have now been built in LandCorp Kununurra and Collie developments
with the Builder / Architect business partnership strengthening as additional orders to replicate
more of the same housing follow. Since the REAL Challenge was launched, we are seeing more
new housing, with 7 star or higher energy and water efficiency ratings, being constructed in the
north of the state at or near affordability levels.
This exciting program has demonstrated the success of public/private sector partnership in regional Western Australia (WA) and paved the way for enhanced housing affordability and sustainability outcomes. It has engaged both the public and industry, including its key peak bodies and
fostered co-operation between architects, builders and enabled government to engage with a
broad spread of private sector companies beyond its existing pool of industry partners.
Keywords: Regional Western Australia, Collaborative, Environmental, Affordable Living, Sustainable, Housing.

1. Introduction
In a State spanning 2.5 million square kilometres, Western Australia is facing an unprecedented
mining boom, particularly in the North West of the State. The state government reports that about
$AU100 billion (b) of resource projects are either under construction, committed or under consideration. Between $AU2.5b and $AU3.5b will be required to provide land and infrastructure in the
Pilbara (central North West of WA) alone for housing and industrial development.
The sheer size and geographical nature of regional Western Australia demand that government
and its delivery agencies   ‘think   outside   the   square’   to   improve   the   liveability   of   rural   and   remote  
communities.
One of the ways in which the State government is responding to this massive expansion program
is through the “Pilbara   Cities”   vision. Essentially Pilbara Cities is a blueprint for the creation of
normalised regional centres to support the booming resources sector in the short to medium term,
and for the longer term to encourage a diversity of business and industry for sustainable economic
growth.
LandCorp, the West Australian State Government land and property development agency, is helping to realise the Pilbara Cities vision. Their work in the North is focussed around town revitalisations at South Hedland, Newman, Tom Price and Dampier, along with the transformation of Karratha and Port Hedland into major cities of the North.
The massive mining expansionary program has placed significant financial challenges with regional  land  development  which  is  best  illustrated  by  comparing  a  lot  at  LandCorp’s  Seville  Grove  
development   in   Perth’s   south   eastern   suburbs   and   several   of   their   projects   in   regional   WA.      In  
Perth, at Seville Grove, development costs run at $AU89,000 per lot. At Broome North, for example, it’s double that ($AU178,000). At the current residential development in Karratha – Baynton
West – the cost is almost fifty per cent higher than Perth at $AU128,000.
In addition to the pressures created by the significant expansion of local mining and off shore drilling projects, there is a general reluctance of Perth-based project builders to establish in the regions resulting in a market demonstrating oligopolistic traits. Such a situation – as we have experienced particularly in the Pilbara and Kimberley – results in sky-rocketing housing prices and
rental costs. Rentals in some of the key mining towns are upwards of $AU1,500 p/wk for a 3x2,
with larger housing lately creeping towards the $AU3,000 p/wk mark [3].
As stated earlier, housing designs in the North
West have not responded well to the local climate often requiring expensive mechanical
cooling solutions.
A significant proportion of mainstream housing
being built within the regions has been designed and built by local builders and some volume builders from Perth. Often the houses
have not involved collaboration between the architect / building design and builder professions.
Fig.1 Regional housing today, generally demonstrates
minimal focus on climate responsiveness
Housing that responds to local climatic conditions is often more comfortable, less energy intensive
and cheaper to run for the householder [2].

In September 2009, as a response to these issues, LandCorp ddevised the REAL (Regional Environmental Affordable Living) Challenge and posed the question “Can you design an affordable
home   around   the   elements?”   It was a question specifically designed to challenge builders and
architects: help bring climate responsive housing to the regions with designs that can be built
within a set affordability range.
The overarching goal was to demonstrate sustainable and affordable housing models without sacrificing household comfort that can be replicated to improve liveability in regional WA.
To achieve this goal it was important to harness and promote the benefits of collaboration between
architects and builders with regard to addressing sustainable outcomes such as affordability and
climate responsiveness as well as demonstrating practical, real, innovative and affordable housing
concepts to homebuyers.
Furthermore achieving these outcomes may also lead towards housing that is more liveable, aesthetically pleasing and consequently encourage more people to live in the remote regions on a
permanent basis rather than the fly in/fly out model that is common in WA today. This can therefore lead to more sustainable and robust local communities contributing to savings to home owners,
government and town infrastructure providers.
The key objectives for this challenge were to;
 Demonstrate affordable and climatic responsive housing, and
 Encourage greater and more enduring business collaborations between Architectural or
Building Designer and Builder professions.

2. Competition outline
2.1

Concept

The REAL Challenge competition sought to bring architects, designers and builders together to
design a three bedroom, two-bathroom home that could be sold within a set affordability range,
and that met robust sustainability and design criteria for three very different climatic regions: The
South West, Pilbara and Kimberley.
Designs were expected to meet key environmental sustainability criteria including a 6 star house energy rating as
well as meeting a cost per house in each region as close
as possible to: $190,000 in Collie, $300,000 in Karratha
and $250,000 in Kununurra. This was based upon the best
available data and the assessed affordability threshold for
each town.
As part of its commitment to the competition LandCorp
would provide a free serviced lot to each of the winners to
build a demonstration home. Once completed, each home
needed to be open for public display for up to four months.

Fig.2 Western Australia climate
zones and REAL Challenge
town sites shown in blue.

LandCorp also contributed $20,000 towards documentation
for development approval. In addition there was also a
commitment, on a first option basis, to provide further land
where available to ensure continued success for each
business partnership in replicating the REAL Challenge
winning design on other LandCorp land.

Each community voted for the design they believed best achieved affordability and climateresponsiveness. This was known as the   “Peoples   Choice   Award”.      The   winning   designs   are   described in section 3.4.
2.2

Communication and education strategies

The competition involved two discrete audiences, being:
1. Industry (architects and builders) and industry authorities (Housing Industry Association,
Royal Australian Institute of Architects WA, Master Builders Association, the Building
Designers Association of WA) and respective Regional Development Commissions.
2. Regional communities, in particular home buyers.
To target these two audiences effectively a two-stage approach was developed:
 Firstly, engaging architects, designers and builders in an industry-judged home design
competition held in the Kimberley (Kununnura), Pilbara (Karratha) and the South-West
(Collie).
 Secondly, informing and encouraging regional communities to vote for the most suitable
short-listed  design  in  their  region.  In  other  words,  a  People’s  Choice  Award  for  each  region.  
The   “People’s   Choice”   component   was   essential   to   broaden   the   appeal of the program and give
the regions a sense of ownership. This approach also assisted in maximising ongoing commercial
success, as  a  “People’s  Choice”  meant  that  the  market  had  already  spoken.
The promotional strategy involved an integrated harnessing of print and electronic publicity,
electronic direct mail and advertising directly targeted at local communities. The central premise of
these communications was to highlight industry innovation as the key to a synergistic relationship
between sustainability and affordability.
2.3

Key messages

A strategic communications plan detailed segmented key messages to industry and community as
follows:
To Industry:




Reward – the opportunity to promote corporate credentials to industry and consumers, as
well as the potential financial gain from sale of property and subsequent projects.
Recognition – the opportunity to design and build an award-winning design/structure that
becomes an industry reference point or benchmark.
Altruism – to  harness  industry  members’  personal  interest  in  sustainability  and  affordability

To Community:




Regional Housing Affordability and Comfort of Living
Community Participation – By  highlighting  the  People’s  Choice  Award.
Government Commitment to Regional Development – working with private sector to find
viable solutions to the serious issues of housing affordability and climate responsive design.

3. Implementation
As previously outlined, the REAL Challenge allowed architects, designers and builders to develop
affordable and climate-responsive housing designs for the Kimberley, Pilbara and South West regions. Its implementation consisted of the following four components:

3.1

The Launch

A successful launch event involving more than 50 representatives from LandCorp, key industry
bodies, architects and builders was held in Perth. This provided the platform for a follow-through
industry communications campaign. Editorials were placed in targeted regional media announcing
the competition to local communities.
The announcement was made on World Environment Day (June 5) to platform and underscore the
project’s  environmental/ sustainability aspects.
3.2

The Short List Announcement  and  Launch  of  People’s  Choice  Segment  

The announcement of short-listed entries as judged by the industry experts evidenced to industry
that affordable and climate responsive homes could be brought to the regions. This dovetailed in
providing a launching pad for the People’s  Choice  campaign.  
To maximise community buy-in, editorials were targeted in local media such as the Kimberley
Echo, Pilbara News, Collie Mail and The West Australian highlighting the short-listed entries. Displays were also erected in regional libraries, while voting coupon advertisements were placed in
regional media and local libraries.
The short-listed entrants each received $15,000.
3.3

The  People’s  Choice  Winners  Announcement

The winning entries were announced by the Minister for Lands and Regional Development, the
Hon. Brendon Grylls, at a function attended by more than 60 people including Perth-based regional
media representatives. This attracted positive media interest.
The  winning  entries  in  the  People’s  Choice  Awards  were:
 Pilbara region: the Oasis design entered by Copraxis Architects and Samson Homes;
 Kimberley region: the K1 design entered by SIA Architects and Northern Aspect Construction; and
 South West region: the Wing House design, which was also entered by Copraxis Architects
and Samson Homes.
3.4

The Construction of Display Homes

The winners were provided with a block of land by LandCorp in their respective climatic region on
which to construct their design. They also had up to $20,000 in costs associated with building and
development approvals reimbursed.
Each winner was contractually obligated to sell the home based on their original competition house
sale price submission and thereby meeting the affordability criteria set previously. However over
time, for the builder/ Architect partnership, this proved a challenge whilst labour, materials, transportation and accommodation costs escalated markedly in boom conditions.
The winning designs were of the highest standard based on housing for the volume building industry and showcased how high performing climate responsive design can be achieved without the
price often associated with architectural innovation.

3.4.1 Kimberley Kununurra winner

Fig.3 K1 House designed by SIA Architects and built by Northern Aspect Construction. Lakeside Park Estate, Kununurra.
The Kimberley / Kununurra winner, the K1 House, incorporated an array of innovative features
including:








Unusual and effective floor plan that provides large areas of indoor and outdoor living all
under the main roof. Includes the use of intermediate spaces, generous verandas and
landscaped micro climate zones. The verandas create spaces around rooms, with the main
veranda surrounding the living room.
The design capitalises on the predominate cooling breezes whilst shielding from hot desert
winds thru correct orientation and the utilisation of fans and extensive vents inside.
A “Hebel   Power  floor”   system   combined with a raised timber floor (unusual in the regions
due to termite infestation) frame provides   excellent   ‘external   temperature   mediation’ and
fast erection times.
Modular construction system providing flexibility in the design of spaces without compromising on cost or liveability
The site also has a grey water system for garden irrigation.
Outdoor decking made from recycled materials.

3.4.2 Pilbara Karratha winner

Fig. 4 The Oasis, designed by Copraxis Architects. This project did not get built.

The Pilbara / Karratha winner, the Oasis includes features such as:







An “L”  shaped  living  plan  able  to  accommodate  both  families  and  other  household types.
“Thin”  east  to  west  orientation positioned to make optimal use of sun and shade, and both
indoor and outdoor space.
A focus on breeze and ventilation using breezeways and highly ventilated walkways. Cross
ventilation allows the house to ‘breathe’  and  fans  are  fitted  for  still  nights.
The bedrooms are also insulated and the entire bedroom wing has a hallway or veranda, a
breezeway that can be opened or closed, and on very hot nights this area can be used to
sleep in.
The outdoor living area is the same size as the indoor, yet is completely covered.
The landscaping uses 80% local/native materials and plants, minimising water demand. A
grey water system is also in place

The Oasis did not get built due to a number of factors. In particular
 the project bid underestimating the true cost and escalation rates for worker accommodation due  to  a  scarcity  of  housing  and  as  a  result  of  “stiff”  competition  from powerful mining
entities,
 the application of conventional construction techniques requiring a complete construction
workforce onsite and,
 financial liquidity issues with the banks as a result of the legacy from the global financial
crisis.
However these issues were not as pronounced in the South west of the state and the same
Builder/ Architect partnership in Karratha was able to complete the Collie home.
3.4.3 Collie winner

Fig. 5 Wing House designed by Copraxis Architects and built by Samson Homes, Collie
Lastly,   the   South  West/Collie   winner,   the  Wing  House,   included  many   “top   shelf”   design  features
that were able to delivered in an affordable context. These included:
 A geometric-based design to work most passively with   the   sun’s   movements   on   a   year  
round basis. The glass northern walls and geometric-based design ensures the generation
of warmth in the winter.
 Additionally,  the  Wing  house  uses  a  ‘Dual  power generating system’;; a unique locally patented wind turbine as well as solar panels that generate approximately ¾ of household energy demand.
 Internal water wall between the bedrooms and the hall that not only stores rain water for toilet and garden use but captures winter sun, radiating heat into the bedrooms and hallway
during the colder months.
 An expansive roof space that can incorporate another room if required and
 Grey water system for irrigation and extensive use of native landscaping.

4. Discussion and conclusions
4.1

Discussion

LandCorp’s  REAL Challenge has been successful in many ways.
More than 30 entries were received from teams throughout Western Australia. This exceptional
response (based on the number of applicable businesses in WA) demonstrated the intense interest
within the home building and design industry to seek new ways to provide affordable, climateresponsive designs. It also showed that LandCorp had tapped into a business model with enormous potential to deliver real results.
Professional bodies such as the Housing Industry Association, the Australian Institute of Architects
WA, the Master Builders Association, the Building Designers Association of WA and the heads of
each of the Regional Development Commissions for each town demonstrated clear enthusiasm
and promoted the REAL Challenge among their members. They were also represented on the
judging panels.
The competition received broad media coverage
throughout the State, demonstrating acceptance of
the need to explore new ways to provide affordable,
contemporary, sustainable housing in regional towns.
The impact and reach of the REAL Challenge also
extended internationally with one entrant invited to
speak to a conference in Dubai on the design of
homes in extreme climates.
In addition to the number of visitors to each display
home (which has been impressive), the ultimate
measure of success will be the take up of the designs
in future developments. The challenge has been
how to keep the house sale price at a level still
affordable to the market whilst labour, materials,
transportation and accommodation costs escalate
markedly in boom conditions.
Fig. 6 Newspaper special feature on world environment
day on the REAL Challenge, 2010.
The strategy to challenge architects, designers and builders to design and build affordable, climate
responsive housing for the regions within a specific price point is delivering quantifiable results. In
Karratha alone the publicity surrounding the REAL Challenge project has influenced the local industry. Since the REAL Challenge was launched, LandCorp has reported evidence of more new
housing, with 7 star or higher energy and water efficiency ratings, being constructed in the north of
the state at or near affordability levels.
These results are in part already realized whilst others are envisaged to bring about a range of
outcomes including:
 developing an enduring business model of collaboration between builders, designers and/or
architects, a feature that is foreign to the development industry in WA;
 establishing clear parameters for affordable, climate-responsive housing in regional WA;
 creating strong interest among home buyers for affordable, sustainable and contemporary,
climate-responsive designs;
 strengthening links between LandCorp and the private sector and other areas of government;





increasing demand for homes that are comfortable and less energy intensive;
promoting greater community cohesion and encouraging a larger permanent local population compared with the Fly-in Fly-out model evident in recent times; and
provision of accessible and adaptable spaces not normally provided in standard home designs.

The public engagement process has also been a success. The   People’s   Choice   judging   phase  
attracted strong coverage in the media, both metropolitan and regional, thus increasing community
ownership of the program and importantly the understanding of sustainability and affordability as
partners, not enemies.
It also achieved Government endorsement and engagement. As I outlined previously, The People’s   Choice   Awards   were   presented   by   the   Minister   for   Lands   and   Regional Development. He
then followed this up with the launch of the display home in Collie on February 2011 and has subsequently made frequent references to the REAL Challenge at official events.
There are plans to build and market more of these homes in both towns and as stated previously in
Karratha, the Real Challenge has paved the way for a release in the Baynton Way Estate which is
focussed on the dual concept of affordability and sustainability/climate responsiveness [3].
4.2

Lessons Learnt

The competition process and reward was sound and widely endorsed by the industry and demonstrates that it is possible to challenge architects, designers and builders to design and build to affordable, climate responsive housing for the regions within a specific price point. However as
stated earlier it is difficult to keep the house sale price at a level still affordable to the market whilst
labour, materials, transportation and accommodation costs escalate markedly in boom conditions.
There is willingness by the industry to develop affordable and climate responsive housing but the
profit margin and risk profiles are challenging.
To reduce the risk profile, greater certainty could be provided to the land developer by committing
early and increasing the number of available lots (land) for affordable and climate responsive housing. In addition it would also be prudent to ensure contracts between the builder and land developer for future house and land packages lock in a fixed price for at least 12 months to achieve certainty for potential consumers and the land developer.
It is also acknowledged that whilst the intent was to ensure home buyers are within the affordability
bracket and will be owner occupiers  for  a  period  of  time  to  mitigate  “profiteering”, the complexities
of achieving this require a level of flexibility from the land developer. In Kununurra a recent house
and land offer for the REAL challenge home has received a subdued response, a factor the builder
attributes  to  LandCorp  applying  “too”  restrictive  conditions  on  the  home  owner.  
4.3

Conclusions

The REAL Challenge recently won the commended award at the Public Relations Institute of Australia (WA) annual awards, 2010 in the Environmental category. But more important has been its
contribution to the introduction of affordable, more climate responsive housing in the regions.
The winning house designs have now been built in LandCorp Kununurra and Collie developments
with the Builder / Architect business partnership strengthening as additional orders to replicate
more of the same housing follow. Since the REAL Challenge was launched, we are seeing more
new housing, with 7 star or higher energy and water efficiency ratings, being constructed in the
north of the state at or near affordability levels.

This exciting program has demonstrated the success of public/private sector partnership in regional WA and paved the way for enhanced housing affordability and sustainability outcomes. It
has engaged both the public and industry, including its key peak bodies and fostered co-operation
between architects, builders and enabled government to engage with a broad spread of private
sector companies beyond its existing pool of industry partners.
The  market  has  a  long  way  to  go  …  construction  and  material  costs  are  still  very high, affordability
is still out of reach for many, but Landcorp is beginning to report signs of normalisation possibly
starting to set in. The key question is can the market answer the challenge demonstrated by the
REAL Challenge and set about creating a built environment that responds to the specifics of each
climate zone, is aesthetically pleasing, comfortable and energy efficient, encouraging communities
to grow and thereby enabling a larger permanent local population.
If this challenge can be met then it is feasible to believe that the future growth of the North West
can therefore lead to more sustainable and robust local communities contributing to savings to
home owners, government and town infrastructure providers.
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Summary
The Hong Kong Housing Authority (HKHA) now manages some 700,000 public rental flats, a
stock which has gradually built up over the past half a century. HKHA has shaped and reshaped her maintenance and management strategies in this stretch of time as both her
buildings and population age with time. The transformation centred on sustainability of the
estates as communities in the built environment. The focus is on people.
Maintenance strategy moved from the traditional responsive mode to life-cycle planning. Along
the time-line are the CARE (Condition, Appraisal, Repair and Examination), Home-CARE and
Total Maintenance Schemes. Estate renewal moved from the Comprehensive Redevelopment
Programme to the new Long Term Housing Strategy, Comprehensive Structural Investigation
Programme, Estate Improvement Programme and addition of lifts and other provisions to
improve accessibility within the estates and inside the buildings. Provision of estate
management services moved from conventional transactional mode to participative mode,
engaging not just the tenants that also the Non-government Organizations (NGO) and the local
communities. The Estate Management Advisory Committees (EMAC), the Housing Channel,
Marking Scheme for Estate Management Enforcement, the Housing Advisory and Service
Team are rolled out as solid steps along this direction. Latest technologies and tenant
participation drives are introduced to reduce energy consumption and waste to contribute
towards building an eco city. The concept of providing shelters for the needy gradually evolved
to the building of the home and a supportive community. This paper maps the transformation,
with particular reference to fostering harmonious communities, caring for people of different
ages and abilities, community participation, life-cycle care of the built environment, estate
rejuvenation, and contributions to building a more ecologically friendly city.
Keywords: maintenance, sustainability, structural investigation, estate improvement, life-cycle
maintenance, eco-city.

1.

Introduction

1.1

Public Housing – through the years

Hong Kong’s public housing programme has a long and remarkable history. It all started when a
tragic fire raged through the Shek Kip Mei squatter area on the Christmas Eve of 1953, leaving
53,000 people homeless. The Hong Kong Government built the first resettlement estate on the site
of the ashes to provide basic shelter for those affected by the disaster, and laid the foundation
stone for an ambitious public housing programme which has spanned over the next fifty years in
Hong Kong. Today, HKHA provides housing for 2.1 million people which are nearly one third of the
population in Hong Kong with a stock of around 700,000 rental flats.
After the Shek Kip Mei fire, the immediate objective is simply to house all those homeless fire
victims in the quickest possible way. Seven storey walk-up blocks with communal facilities only
were therefore provided. With the continual influx of immigrants from Mainland, it has quickly been
turned into a massive housing programme for the low income citizens. The programme has picked
up its momentum when the HKHA was set up in 1973. It propelled in big strides the advancement
in building quality, management and maintenance service since then.
1.2

Demographic Changes

Hong Kong’s population has been growing at a rate of about one million people per decade over
the last 4 decades. With low birth rates and longer life expectancy, the elderly population (age 65
and over) rose from 5% in 1971 to 12.9% in 2010. It is expected that the median age of Hong
Kong’s population will be increased from 39.6 in 2006 to 46.1 in 2036 and the elderly population
will constitute 26% of the total population in 2036. The percentage of ageing population in public
housing estates will be even higher due to the high percentage of elderly people living in public
housing estates. The challenge for HKHA is to provide sustainable housing for the changing age
profile of the tenants.
1.3

Paradigm Shift – tenants as the managed or as customers

Hong Kong is one of the most densely populated cities in the world. The older housing estates are
generally larger than the younger ones and are well qualified to be regarded as a community. Take
Tai Wo Hau Estate as an example. It has 17 domestic high rise buildings containing some 7,900
flats. The population is around 23,000, roughly the same as that of Warwick in the UK. It is not
difficult for administrators to recognize the importance, or rather the potential social benefits of
community development in these estates, and thus that of participation of the people there.
In a wider sense, ever since the 1967 riots, the Hong Kong government has taken proactive steps
in pushing for community building. At a district level, we saw the launching of the City District
Office Scheme in 1968 and at estate level, the Estate Community Work Offices in 1972. Such
community building moves were overshadowed by the rather unique trajectory of democratic
development which Hong Kong followed in the 1980’s, in the run up to the reverting of the
sovereignty back to China. The District Boards, later renamed as District Councils, were
established in 1982 and the first ever elections were held in 1985. Tenants in public housing
estates became target voter groups. Estate management and maintenance services began to be
critically examined under a customer’s lens by the vote-seeking Councillors.
1.4

The Ageing Estates and the Age of Corrosion

Buildings and their facilities will inevitably deteriorate over time. Hong Kong’s climate is subtropical, warm and humid. Effect of acid rain, coastal environment and use of sea water for
flushing in the toilets also increase the risk of chloride contamination of the buildings. The inherent
problems of earlier design, which include lower concrete strength and smaller concrete cover to
reinforcement as well as lack of waterproofing system, poor floor screed and pipes piercing

through the floor, also made the buildings more vulnerable to ingress of water and contaminants
into the concrete.

2.

From Birth to Re-birth of the Built Environment

2.1

The building stock

As at 2010, the stock of public rental buildings consists of about 1,130 reinforced concrete
buildings, which range from seven storeys to over forty storeys high. Over 210 of these buildings
were constructed in or before the 1970s while the earliest buildings were dating back as early as
1952.
To meet the continued demand for public housing, new housing estates are constructed, adding to
the housing stock of about 15,000 new flats in each of the coming 5 years.
Despite the
redevelopment and construction programmes, HKHA’s housing stock is ageing gradually. About
half of the blocks are more than 20 years old.
2.2

Redevelopment and Policy to sustain public housing

The early seven storey walk-up blocks with communal facilities built in 1950s and 1960s were soon
found no longer considered acceptable to the tenants. Renewal of 240 blocks of this type in 12
resettlement estates was started in 1972 by either demolishing them or converting them into selfcontained flats. In 1985, this redevelopment programme was expanded to another 12 middle-aged
estates under the Extended Redevelopment Programme. Three years later, HKHA launched the
Comprehensive Redevelopment Programme (CRP) to redevelop a total of over 500 public housing
blocks of rather obsolete designs and the whole project was completed in 2010.
The massive removal of older blocks since the 1970s has successfully improved the building
quality of HKHA’s housing stock and hence living environment of the tenants. However, as pointed
out in the 1998 White Paper on Long Term Housing Strategy in Hong Kong issued by the Hong
Kong Government that it “inevitably exerts a heavy drain on land, manpower and financial
resources.” It further concluded that “Redevelopment should be therefore undertaken only when
necessary to replace housing blocks which are no longer safe or economic to maintain. And even
then, redevelopment should be undertaken on a selective estate by estate basis since it may not
be necessary or appropriate to redevelop a whole class of estate.” In 2005, with the CRP
approaching its completion, HKHA re-affirmed the strategy established in the Paper and redirected its focus to sustaining its current stock as far as possible. The two-pillar strategy is that the
building will be demolished only if it is unsafe or beyond economic repair. Estate by estate
structural investigation was then started to look into the structural conditions of the aged estates
and to decide the way forward of the estate concerned based on the two-pillar consideration.
To ascertain whether the building should indeed be sustained, the HKHA launched the
Comprehensive Structural Investigation Programme (CSIP) in 2005 to look into the structural
conditions of the older buildings with the aim to establishing what needs to be done to better
sustain them for at least 15 years. With the completion of the first stage of the investigation,
covering 90 buildings containing about 36,000 flats in the 10 oldest estates, the programme was
expanded to cover another 32 aged estates by 2018
2.3

The Problem of Age

The investigation so far carried out reveals that there is a significant chance that what appears to
be a sound structural member may have the embedded reinforcement corroded to an advanced
stage. Such phenomenon of “hidden corrosion” is well recognised of chloride-induced corrosion in

porous concrete, though there is little literature available on its correlation with neither the level of
chloride in the concrete nor the quality of the concrete. The data so far gathered indicated that
with a high chloride ion level in the concrete, there is a significant high level of ‘hiddenness’ of the
steel bar corrosion in low grade concretes.
The investigation also provides broad evidence to suggest that chloride contamination of toilets
with sea water WC flushing with toilet-cum-bathroom design without bath tubs, contributes
significantly to the deterioration of these toilets and the repairs would not be effective if they were
not carried out to tackle the root cause. Small patch concrete repairs in chloride contaminated
concrete might induce ‘patch - accelerated corrosion’ of steel embedded in the contaminated
concrete adjacent to the repaired patch. Laying an extra screed on the top of the original porous
sand-cement screed at the toilet might create an ‘aqueduct’ to spread the water and a ‘sponge’
soaked with water which slowly seeps into the concrete slab below. Carbonation is yet another
cause of corrosions of steel bar in the concrete of old buildings. A package of innovative repair
solutions were developed to sustain these building cost-effectively.
The HKHA also actively considered converting less popular and under-utilized non-domestic
properties into the needed welfare and community use for the benefit of the community in recent
years. Conversion of Shek Kip Mei Factory to Creative Art Centre has successfully created a new
landmark in the Shek Kip Mei district. The conversion of carpark in Tin Heng Estate into
commercial, community and welfare use was also well received by tenants and local community.
These revitalisation schemes have put much impetus in promoting community building and
sustainability of the estates.
2.4

Estate Improvement

In 1980s and 1990s, estate improvement works were seen as an extension of the routine
maintenance tasks. They normally are facility-based aiming at upgrading the aged/ruined service
items such as lifts and water supply system. On this basis, HKHA, in 1990, started a programme to
review the communal facilities and environmental quality of 10 former Housing Authority estates by
identifying the upgrading works and new provisions required. This has subsequently turned into
various major improvement programmes for all estates including lift modernisation, redecoration
and rewiring programmes. These programmes have successfully maintained or upgraded the
facilities provided in various old estates in the past. In the meantime, throughout the years, these
estates have nourished a community bonding which is especially cherished by those grown up in
or are ageing with the estates.
In recent years, HKHA has re-orientated its estate improvement strategy by placing great
importance in sustaining the older estates in three fronts: economical, social and environmental.
An Estate Improvement Programme (EIP) will be formulated for each old estate, which has been
appraised under the CSIP leading to the decision to retain rather than to redevelop it. The key
concerns of the tenants for a particular estate will be found out through surveys and consultation.
Improvements will put people first and be activity-based to reinforce community bonding and cater
for the needs of different age groups, in particular the elderly, rather than facility-based. The
estate common areas and non-domestic premises will be brought up to date to suit the tenants’
needs. Recreational facilities will be enhanced to cater for different age groups and re-shaping
public space for better social interaction including installation of fitness equipment for the elderly.
Weather-protected passage and barrier-free access will be integrated into a master pedestrian
network to improve pedestrian circulation especially with the needs of the aged and disabled
tenants in mind. The external façade and public areas will be face lifted and upgraded to provide a
pleasing living environment for our tenants. The EIP of Choi Hung Estate won a Gold Award of
Quality Public Housing Construction and Maintenment Award 2010 as well as Merit Award at the
Hong Kong Green Building Award 2010.

3.

From Tenant Management to Community Development

3.1

Tenant Participation

HKHA made big strides in the 1990’s in engaging the public in running her business. The HKHA
held its first open meeting in 1991 as a step to make the HKHA more transparent and open.
Positive comments were received. HKHA Members also agreed that a special open meeting
should continue to be held each year to enable the Committees and Members to review the work
of the past year and to propose the general direction of work to be covered in the year ahead.
While policies and practices became more people-focused, pressure from the community for more
public accountability was on the rise. Political climate was turbulent. HKHA introduced the Estate
Management Advisory Committee (EMAC) scheme in 1995, which was fully implemented in all
estates by 1997. The scheme aims to further devolve the responsibility for estate management to
local level, enhance communication with tenants, and increase tenants’ participation, through
having tenant representatives as Members.
Through periodical meetings, EMAC members can advise on local estate management matters
and provide input on priorities of maintenance/improvement works. Besides, EMAC members can
participate in the drawing up of estate action plans and appraise the performance of service
contractors. Representatives from service contractors will be invited to attend EMAC meeting on a
need basis. Views of the EMAC will also be taken into account during contract extensions or
renewals.
3.2

Community building – partnering, education, communication

The EMACs sometimes organized community activities in partnership with non-government
organizations (NGOs). HKHA conducted an opinion survey in 2009 to gain views of the EMACs
on the value of the various education, social and community events organized in partnership with
NGOs. The response was overwhelming – EMACs reflected that these activities not only
enhanced the harmony of families and community, they also strengthened the sense of belonging
among residents. HKHA also held five large scale symposiums in 2009, including EMAC members,
NGO representatives, local dignitaries and district councillors, government officials and
stakeholders who were invited to share their views and experience with regard to neighbourhoodbased support networks within the community. In 2009-2010, some 460 partnering functions have
been held with funding supported by HKHA.
Community-building activities were often also educational in nature – art appreciation,
conservation, clean habits and promoting civic duties. The Tung Chung Artwalk, an outdoor arena
for 26 artistic creations by local artists, was opened in 2002. The complete collection is arranged
in the open area of Yat Tung Estate, forming a trail for art appreciation. Each of these artworks
inspires in its own way by Tung Chung's development from a fishing village to a vibrant new town,
is a testament to the historical changes of this township. Through continued efforts to bring and
integrate art into public estates, the HKHA hopes to enable public housing tenants to appreciate art
in the comfort of their neighborhoods, enhance their living environment and strengthen their sense
of belonging to the community.
In 2003, following the outbreak of Severe Respiratory Syndrome (SARS) in the territory, the
Government set up the Team Clean to establish and promote a sustainable, cross-sectoral
approach to improve Hong Kong’s environmental hygiene. In support of the Team Clean’s
recommendations, the HKHA launched in the same year the “Marking Scheme for Tenancy
Enforcement” to promote civic duties amongst public housing tenants and to improve the living
environment of the estates. The scheme targets at misdeeds that have adverse effects or pose a
hazard to public health. Misdeeds are divided into 4 categories according to the degree of
seriousness. Each category of misdeeds carries pre-assigned penalty points with a 2-years
validity period. Action for tenancy termination will be taken when the points accumulate to a ceiling
threshold. In 2006 the scheme was renamed as the “Marking Scheme for Estate Management
Enforcement” to signify its wider use for more effective estate management. According to HA’s
Public Housing Recurrent Survey 2010, an overwhelming majority of the public housing tenants

(97%) had knowledge of the Marking Scheme and there was significant increase (from 52% in
2003 to 76% in 2010) in their satisfaction level towards the overall cleanliness and hygienic
conditions of estate common areas. In September 2009, the Scheme received an award under the
“Enforcement/Regulatory Service” category of the Civil Service Outstanding Service Award
Scheme.
With the threat of avian flu in December 2008, HKHA continued to take a tough stand in the battle
against the spread of the disease. Measures include maintaining a higher degree of cleanliness
and hygiene in HKHA’s markets, especially those with live poultry stalls, as well as attempts to
minimize the presence of pigeons and other wild birds in public housing estates. Action has been
taken to prohibit tenants from feeding feral birds with a view to preventing the occurrence and
spread of bird flu in the estate environment. Special cleansing contractors have been hired to
clean and disinfect areas with bird droppings and more importantly, to ensure the proper disposal
of sick or dead birds found in the estates.
Since 2004, public housing tenants can get information about the latest policies and services of the
HKHA through the Housing Channel. It is an initiative by the HKHA to further enhance
communication with its tenants. Through liquid crystal display (LCD) monitors installed on the
ground floor lobby of residential blocks, the Housing Channel broadcasts video programmes on
housing-related matters through broadband transmission. Some of the programmes will also be
uploaded onto the HA Web Site. Apart from broadcasting programmes, the system also provides
an efficient platform for individual estate management offices to communicate with their tenants on
important matters relating to building maintenance and management. Estate management staff
can input and upload the messages and the information will be displayed at the bottom of the LCD
monitors in the form of rolling text. In emergency situations such as sudden suspension of water
or electricity supply, tenants can be notified quickly.
HKHA recognizes that community building can start right at the beginning. In 2008, HA set up the
pilot Housing Advisory and Service Team to serve tenants moving in to the new estates in the Tin
Shui Wai District. The team helps the Social Welfare Department and the NGOs to outreach the
tenants, in particular the ‘high-risk’ families who may need assistance, by taking a coordinating role
and in providing actual service. The team conducts orientation briefings and home visits and refer
needy families to the concerned departments or voluntary agencies for assistance, assists EMACs
in conducting functions to incubate a stronger sense of belonging and foster community building,
and provides training and seminars on community building for EMAC members. In view of the
effectives of the scheme, it was extended to cover other new towns including Yuen Long, Tuen
Mun and Tung Chung in early 2010.
3.3

Caring for the elderly – the hardware

Public housing estates constructed on hillsides are normally provided with staircases as means of
pedestrian access for connecting platforms at various levels within the estates, or for connecting
with adjacent estates or public roads. Low rise blocks in 12 estates, of typically 7 storeys, were
designed without lift. In order to enhance the pedestrian circulation for the tenants and allow
barrier-free access for the disabled and elderly, the HKHA has embarked on a programme of
addition of lifts, escalators and footbridges at external areas and addition of lifts in existing public
housing blocks without lift service. By 2012, all floors of public housing blocks will be served by lifts
unless technically not feasible. The HKHA also supports the “Ageing in Place” philosophy in their
housing building design. “Universal Design” that works for all residents throughout their life will be
adopted. The design applies to all flats and common areas wherever possible to avoid the need for
upheaval of the residents from their own flats to purposely designed flats when they aged or
become disabled, or the need to retrofit the flats to enable the residents to live independently.
Elderly tenants are also given grants to acquire Emergency Alarm System services in the market.
3.4

Caring for the elderly – harmonious family support

HKHA has a long history of making special effort in caring for the elderly. To encourage younger
families to take care of their elderly parents or relatives, the HKHA has introduced schemes since
1982 and 1990 respectively under which applicants of families with elderly persons for public rental
housing can get advanced allocation up to a maximum of two to three years. These schemes were
enhanced in 2007 in support of the call of the Government’s policy of fostering harmonious families,
announced by the Chief Executive in his 2006/07 Policy Address. As a total package, HKHA also
launched a series of housing schemes promoting “Harmonious Families” for sitting tenants. These
initiatives were designed to encourage family members to live either in closer proximity with their
parents or elderly relatives to ensure their care and well-being. In addition to providing better care
and attention for the elderly and the disadvantaged, the schemes facilitate “ageing in place” while
also fostering a culture of care and mutual support within the community.
In 2009, the schemes received a further boost. The two original priority schemes for applicants
were replaced by the Harmonious Families Priority Scheme. The new scheme makes it easier for
applicants to live with and care for their elderly relatives. In addition to awarding a credit in waiting
time, an applicant who chooses to live with at least one related elderly member under a single roof
may opt for any district, while an applicant with a nuclear family and at least one related elderly
member has the choice to live in two nearby flats in any non-urban district.

4.

Maintenance – From Touch-up to Life-cycle Maintenance

4.1

From CARE to HomeCARE

Just as tenants become the centre of HKHA’s focus in management practices, HKHA is placing
more and more emphasis on human aspect in her maintenance strategy. At the same time,
maintenance strategy moved on from ‘breakdown maintenance’ to planned and preventive
programmes.
In 1993, HKHA launched the CARE (Condition, Appraisal, Repair and Evaluate) programme to
place all public rental estates under a comprehensive, cyclical system of planned maintenance and
improvement. It was a 6-year cyclical programme that consisted of the Condition Survey (C),
Appraisal (A), Repair (R), and Examination (E) stages. At the commencement of the CARE cycle,
the condition of each building was surveyed and appraised, and works programmes were
developed. This was followed by the repair stage. The appraisal and repair processes normally
took two years to complete. Thereafter the building was expected to enjoy a quiet period free from
major maintenance activities for about four years before the next cycle would begin.
Customer service initiatives and improvement items alongside the traditional maintenance items
were included in the CARE contracts. By the turn of the century, practically all estates had enjoyed
the CARE. Conditions of the buildings were successfully maintained and even raised. Maintenance
related complaints fell significantly during these years. However obvious improvement
opportunities became apparent. For example, some tenants had a perception that CARE included
comprehensive renewal of all fixtures within each flat and that if the opportunity was missed in the
planned works programme, no in-flat work will be carried out until the next CARE cycle. Our
experience was that even the decision of repairing rather than replacing worn-out toilet doors could
arouse a heated debate in which members of the District Councils might play a part.
In 2001, HKHA launched the HomeCARE programme to replace the CARE programme. The new
system introduced a quick, serving culture into building maintenance, and at the same time
clarified landlord’s and tenant’s responsibilities for in-flat maintenance. The new In-flat Repair-onDemand Service was supported by educational publicity materials, customer briefings, customeroriented repair contracts and dedicated maintenance contractor’s public relations representatives.
Preventive maintenance inspections for common and external areas were enhanced with daily
patrols by estate assistants, half-yearly technical inspections by district maintenance staff and
annual maintenance appraisals by professional staff.

4.2

Maintenance as a Service

Traditionally building maintenance professionals care most about the cost, time and quality of the
repair work. On the other hand, tenants, as receiver of the service, care more about how the
request for repair is handled. They are concerned about how easy and convenient the repair
appointment is made, and whether the worker is punctual, polite, and keeps the flat clean and tidy.
To push for quality service, HKHA established a scheme, known as Quality Maintenance Contactor
(QMC) Scheme in 2000 to enroll maintenance contractors who were dedicated to quality reform
and cultural change, and able to demonstrate their sound management, good quality of works and
reliable service. These QMCs have been given more tender opportunities.
The various culture-change initiatives gradually bear fruit. The annual public housing recurrent
survey saw good results on the satisfaction index related to maintenance-related services provided
by HKHA. In 2001, only 30% of households were satisfied or very satisfied with maintenancerelated services. The figure rose to 36% in 2003, 49% in 2005, 56% in 2007 and 61% in 2009 and
64% in 2010.
4.3

Total Maintenance Scheme (TMS)

In 2005, the HKHA took a bold step forward by launching the Total Maintenance Scheme (TMS),
which introduced proactive and customer-oriented services to in-flat maintenance. Rather than
reacting to complaints or requests for repair, trained In-flat Inspection Ambassadors pay visits to
flats to check if repairs are necessary. Minor repairs are carried out on the spot while works orders
are issued immediately for more serious problems. Protection measures including screening-off
the work area and properly covering the tenant’s belongings are taken during the repair, and
immediately after which dust and debris are to be removed. The Ambassadors would also make
use of the inspection opportunity to educate tenants how to address minor maintenance problems
promptly to prevent deterioration. To promote the service culture, experience sharing seminars and
workshops for maintenance contractors and departmental staff are arranged. Regular meetings
are also held with Estate Management Advisory Committees, District Council members and
tenants. To promote awareness and the value of the TMS to estate tenants, a Maintenance
Education Centre and various Mobile Maintenance Education Booths are set up where display
boards, videos corners and mock up of buildings components are used for demonstration.
Promotional videos using celebrity icons are broadcast at estates.
A computerized system has been developed to support the TMS. Inspection findings are recorded
on personal digital assistants (PDAs) by the Ambassadors. When repair is required, a works order
can be issued immediately with the PDA with a printout to the tenant for record. To strengthen
communication with tenants, a maintenance hotline supported by a call centre using facilities of the
system has been set up to handle calls concerning inspection appointments, complaints and
enquiries. Regular reports are generated by the system to facilitate monitoring of the appointment
and repair service. Data of inspection and repair form useful maintenance history for analysis and
future use. The use of PDAs has been extended to record performance of the contractors in the
Maintenance Assessment Scoring System.
In November 2007, the scheme received the Best Public Service Application (Innovative) Silver
Award, the Best Public Service Application (Most Favoured) Bronze Award as well as the
Departmental Service Enhancement Award and the General Public Service Award. As at April
2011, the 3 phases of independent customer satisfaction surveys carried out since the launch of
the TMS revealed an encouraging customer satisfaction level consistently maintained above
81.3% on the TMS repair and maintenance services, which is a marked improvement from 43% as
achieved before the scheme. Building on the momentum of this positive response, the HKHA has
decided to extend the TMS to become a regular departmental programme on a cyclical basis.

Successful elements of the TMS were adopted in the development of a new approach to
maintenance-service-on-request known as Responsive In-flat Maintenance Service (RIMS) to
meet the in-flat maintenance needs of tenants between TMS cycles and for young estates not
covered by the TMS. As at April 2011, TMS inspections have been completed in 177 estates and
RIMS have been launched in 191 estates.
4.4

Life-cycle maintenance strategy

In 2008, a maintenance framework was established to holistically plan and integrate maintenance
works effectively according to the age and condition of individual estates. New cycles of
maintenance and improvement works including external façade and common area
repair/redecoration, re-roofing, re-plumbing, above ground drainage replacement, underground
pipes replacement and road re-surfacing, lift modernization, pump replacement and electrical rewiring for each estate are planned and synchronized together with the CSIP, EIP and TMS. Based
on factors specific to the estate including the condition, repair history and ad-hoc maintenance
requirements, an estate action plan is drawn up and reviewed annually. With this approach, our
housing stock would be better maintained with emphasis on preventive maintenance, leading to a
longer building life and lower life cycle cost.
Incorporating the Radio Frequency Identification (RFID) techniques, HKHA has also been on-trial
the use of PDAs in the routine maintenance activities from 2010 onwards, All major building
services equipment are to be assigned with an unique tag number of which the equipment
particulars, maintenance/repair history, test data, etc. are recorded and uploaded into the
mainframe computer at HAHQ through the application of PDAs at site. Maintenance personnel and
HA supervisory staff can monitor and observe the equipment conditions effectively. It is also a
useful tool to ensure the equipment/system are being properly maintained and attended by the
maintenance contractors.

5.

“Eco” City

5.1

Reduction of Greenhouse Gas (GHG) emission

Climate change has become a global concern and a challenge to the international community. The
emission of GHG has proved to be one of the major contributions of the “global warming effect”.
Without major “energy-intensive industries” in the area, electricity generation is the major source of
GHG emission in Hong Kong, accounting for over 60% of the total local emissions. Other key
sources of GHG emission are from the transport sector (16%) and the waste (12%). Among
various use of electricity, buildings account for some 90% in Hong Kong. Therefore, reducing
electricity consumption for building operations can help to bring down GHG emissions. It will also
provide significant benefits of reducing operational costs and improving the local air quality.
To support this initiative, HKHA has volunteered to conduct Carbon Audit for five selected buildings
of different block types and usage (two office blocks, two rental blocks and 1 shopping centre)
since August 2008. The first round of Carbon Audit for the five selected buildings revealed that the
GHG emissions are ranging between 129 to 4,790 tonnes of CO2 equivalent. It is noted that
electricity utilization is the major contribution of the GHG emission in the building, over 90% in
general. Whenever feasible during the renovation or improvement work, the HA will adopt the new
design as described in the abovementioned paragraph (item 4.1 to item 4.7). The HA will use the
more energy efficient equipment e.g. T5 lamps, LED lightings, VVVF drive of lift control, optimize
the chiller system control and fine-tune the operation period for the air-conditioning equipment,
lightings, lifts and escalators. Besides, refrigerant consumption or leakage for the air-conditioning
equipment is the next highest factor and the HA has to enhance the preventive maintenance work
of the chillers to reduce the leakage of refrigerant. During the overhauling work of the chillers, the
refrigerant is disposed through environmentally means.

The second Carbon Audit Report from August 2009 to July 2010 reveals that there is a reduction
of GHG emissions from 1.8% to 14.1%. Although, Carbon Audit are currently only carried out to
five selected premises, those measures to reduce the electricity utilizations / GHG emissions are
applied to all other HA’s premises since 2001.
5.2

Energy Efficiency Enhancement

HKHA is always acting pro-actively to enhance energy efficiency in public housing estates with a
view to reducing greenhouse gas emission and providing a green environment to our tenants. A
number of energy saving initiatives have been implemented in the past decades and achieved with
good results.
For low cost measures, opal diffusers are replaced with clear diffusers for corridor lighting to
increase the illumination level without the increase in electricity consumption. Lighting illumination
at corridor is then adjusted to minimum level in daytime. Timer settings for public lightings are also
adjusted bimonthly to optimize the use of sunlight according to the seasonal changes of daylights.
Higher efficiency equipment is adopted in public housing estates to optimise energy usage. Public
lighting installation in corridors, lift lobbies and outdoor areas has been upgraded with high
efficiency fluorescent tubes and electronic ballasts. High efficiency pumps and variable drive
motors are also employed in pumping and lift installations. In addition, a replacement programme
of T8 with more efficient T5 luminaries in existing exit and directional signs has been rolled out and
will be completed in 2011. A 20-30% saving in electricity is achieved.
HKHA continues to explore and study application of more energy efficient equipment to further
reduce energy consumption. Energy efficient LED light has been on-trial for use in several public
corridors with over 10 different suppliers. The equipment reliability and illumination performance
are closely monitored, aiming to develop a suitable type of LED light application for HA renal
blocks.
Through continuous effort in past years, the total annual electricity consumption on communal
portion of PRH domestic blocks has successfully reduced from 512 million kWh in 2001/02 to 485
million kWh in 2009/10 (i.e. a drop of 5.3% in eight years), but the total number of domestic flats
being increased from 584,525 domestic flats to 624,884 units during the same period (i.e. an
increase of 6.9%). There is a drop of 12% on the averaged electricity consumption for communal
area services per rental flat in eight years time.
5.3

Green Practices

In 2009 to encourage tenants' participation in tree conservation and estate greening, the HKHA
held an election on Top Ten Favourite Trees in the public housing estates. 30 trees were
nominated by the Organizing Committee from a vast number of trees planted in public housing
estates. Votes from tenants were then invited and scores were given by an adjudication panel
consisting of professionals. Tenants were very enthusiastic about the election and nearly 2,500
voted either by post, fax, ballot boxes or via the web site.
To continue fostering the concept of tree conservation and estate greening, “Tree Ambassadors” in
more than 100 public housing estates are recruited through nominations co-ordinated through
EMACs. Basic training on tree conservation is provided to these residents.
This community participation scheme engages HKHA’s tenants, contractors and the local
community in greening public housing projects while realizing their social responsibilities. Under
this scheme, new works building contractors join hands with EMACs, NGOs and schools to foster
a greater sense of belonging and community as well as to promote the benefits of a green lifestyle.
Seedlings are given out to participants who nurture the plants at home until they are ready to be
transplanted into the planters and gardens of new estates. The first phase of the scheme was
launched in 2007, with hundreds of residents, students and community members from seven

estates helping to look after 5,000 seedlings, which were subsequently replanted as part of the
estates’ green landscapes.
HKHA has all along been partners of local green groups, such as the Green Power, the
Conservancy Association and the FoE(HK), in kicking off community environmental programme
since early 2008. Each of the three green groups designed in-depth education and community
activities for a total of 30 selected public housing estates to generate greater environmental
awareness and promote energy conservation. A tracking survey indicated that tenants’ attitude
and awareness have improved. Over 73% of the surveyed residents said that they know more
about environmental issues.
HKHA launched in 2005 a long-term community environmental programme “Green Delights in
Estates” to promote environmental awareness among estate tenants through a series of
educational and community activities. These activities are organized in conjunction with local green
groups to design and implement green initiatives involving 30 estates in each year. While driving
home the green message and promoting positive green practices, such activities help build the
community.
5.4

Waste Management

Supporting the government’s policy to increase recycling, HKHA began the involvement in the
Source Separation of Domestic Waste programme since 2005. The programme has now been
fully implemented in all 153 public housing estates under HKHA.
HKHA has pledged to reduce domestic waste by 1% a year, despite the growing number of estates
and tenants. To achieve this target, HKHA has been recovering paper, aluminium cans and plastic
bottles, and have also been working with charitable organizations to collect clothing in public
housing estates. Figures have grown substantially over the years – in 2005/06, HKHA collected
199 tonnes of plastic bottles; by 2009/10, this figure has increased to 1,218 tonnes. Similarly, the
recovery of aluminium cans grew from 128 tonnes in 2005/06 to 520 tonnes in 2009/10. HKHA
has also been participating in various programmes launched by the Environmental Protection
Department, such as the recycling of rechargeable batteries, fluorescent lamps and computers.
Apart from the source separation of non-organic domestic waste, HKHA is exploring the feasibility
of promoting the recycling of organic food waste to public housing tenants. To start with, food
waste compositors are installed in some pilot estates selected to join this pioneer programme.
Volume of the food waste is reduced significantly during the compositing process which can in turn
alleviate the increasing demand for waste dumping sites. Furthermore, part of the composited end
products can also be used as organic fertilizers for planters in public housing estates.

6.

Conclusion and Way Forward

The Hong Kong Housing Authority is committed to provide affordable quality housing,
management, maintenance and other housing related services to meet the needs of her tenants in
a proactive and caring manner. With the ageing of her housing stock as well as her tenants, HKHA
has, in the past years transformed her management and maintenance strategy centering on
sustainability of the estates and communities in the built environment, focusing on people, and
being mindful of the need to contribute to building an eco-city. The concept of providing shelters
for the needy has gradually evolved towards the building of the home and a supportive community.
The ageing of sitting tenants, ageing of housing buildings, the changing in tenants’ expectation and
general improving living standard at large do exert high demand on quality of service in managing
and maintaining buildings. Tapping of tenant’s need in good time and continual revamping the
management and maintenance practices to suit rising aspiration is a must for sustaining the
buildings and its associated community in good shape. HKHA will continue in this direction and will

look for improvement in her maintenance and management practices as well as latest technology
advancement to better her housing stock to meet the need of her customers.
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Summary
This paper describes a lead project currently underway through Australia’s Sustainable Built
Environment National Research Centre evaluating diffusion mechanisms and impacts of R&D
investment in the Australian built environment. Through a retrospective analysis of R&D investment
trends and industry outcomes, and a prospective assessment of industry futures using strategic
foresighting, a future-focussed industry R&D roadmap and pursuant policy guidelines will be
developed.
This research aims to build new understandings and knowledge relevant to R&D funding strategies,
research team formation and management, dissemination of outcomes and industry uptake. Each
of these issues are critical due to: the disaggregated nature of the built environment industry;
intense competition; limited R&D investment; and new challenges (e.g. IT, environmental
expectations, an imperative for improved safety performance, and the increasing demand for
packaged services).
This paper details the context within which this project is being undertaken and the research
design. The retrospective analysis includes an audit and analysis of R&D investment in this
industry from 1990 to 2008. Researchers will access publically available data relating to R&D
investment across Australia in order to (i) map existing research initiatives in this industry; (ii) audit
available data on R&D investments; and (iii) undertake a strategic assessment of the above inputs
in the context of sector contribution to Australian GDP; research gaps; and to compare investment
with that of like sectors. Combined with three detailed case studies of past R&D investments, this
retrospective analysis will inform a strategic foresighting process (achieved through industry
roadmapping, interviews and focus groups) leading to the development of policy guidelines for the
private and public sectors.
Keywords:R&D investment; R&D policy; R&D diffusion; innovation systems; industry roadmapping,
built environment

1. Background
The intent of this research is to develop new models of interaction and investment that maximise
the value of R&D investment in the built environment and like industries. These models will be
based on improved understandings of the nature of future industry trends and research needs, and
lessons learned in diffusing research outcomes into public and private industry practice.
This research will provide benefit to both public and private organisations in enhancing their uptake
of R&D outcomes for business impact. This will be achieved through the active involvement of
public sector infrastructure and building agencies, public sector social and economic infrastructure
agencies along with private-sector industry leaders in innovation.

To achieve these aims and intent, four project phases have been designed (Figure 1). Further
detail of the research design is provided in Hampson and Kraatz [1].
PHASE 1
AUDIT INVESTMENT 1990-2008

PHASE 2
DIFFUSION & IMPACT

PHASE 3 – INDUSTRY
ROADMAPPING

Australian Government R&D funding

Industry funding

RETROSPECTIVE EVALUATION
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International; national
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NHMRC
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PHASE 4 - R&D
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Audit specific
sector funding
initiatives

Case studies by
themes, e.g.:
•CAD to IPD
•Road Construction
Safety
•Green Buildings

CSIRO; CRCs;
Unis; Centres;
private
providers etc

Leverage previous
national &
international studies

Establish strategic
roadmap &
environment scanning
framework. Emergent
issues e.g.:
•Procurement
•Materials
•Technologies
•Community
•Economics
•Climate Change
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address future
challenges
Policy & Structure of
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public & private
sectors in Australian
built environment
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Update Construction
2020 [2]

AusIndustry
Plus other

Fig. 1 Research project overview
1.1

Project context

The context for this study is explicitly those industries involved in the creation of the Australian built
environment. A relevant definition of this provided by the Australian Expert Group on Industry
Studies (AEGIS) [3]. This report appropriately identifies activity in this arena as a ‘product system’
(as opposed to a cluster, complex or sector), due to: (i) its reach into both services and
manufacturing; and (ii) the manner in which innovation in this system impacts across products,
processes and services (including elements of goods-producing industries; goods related service
industries; knowledge-based services; in-person services and government and defence activities).
Figure 2 provides a map of this product system as it informs this research.
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Fig. 2 Map of the creation-production-distribution chain [4]

The Australian Royal Commission into the Building and Construction Industry [5] adopts, and de
Valence [6] reinforces the appropriateness and need for this broader definitional perspective. The
former highlights the degree of complexity and the inter-relatedness of those involved in the
building and construction sector. This report lists the major industry associations involved with over
80 employer and industry associations, organisations and unions named. The latter reviews ‘the
current data available on industry size and scope and compare differences between the structureconduct-performance approach and the alternative industry cluster approach’ [7] and presents
industry related data (to 1997) demonstrating the need for this inclusive approach. Further, de
Valence identifies a number of distinct industry sectors within this product system (Table 1).
Table 1 Australian building and construction industry sectors compiled (from de Valence 2010)
Engineering

Non-residential
building Private

Non-residential
buildings – Public

Road and bridge construction
Electrical generation and transmission
Water and sewerage
Processing plants
Miscellaneous - rail, harbours, recreational & pipelines
Commercial offices
Hotels
Factories
Shops
Other – warehouses, terminals, service stations, car parks, telephone
exchanges, etc
Educational
Health
Recreational

Further to this Hampson and Manley [8] detail the key players in the Australian built environment
including research institutions; standards and regulatory bodies; training providers; industry
associations; and the like. They provide statistics on industry output, contribution to GDP,
employment, income, value of work and employment by sector. With specific regard to R&D, these
authors provide a breakdown of R&D expenditure by construction sector segments at 1999
(Figure 3), along with innovation programs servicing the sector.

Fig. 3 R&D expenditure by construction sector segments [9]

1.2

Project need

Hampson and Manley [10] further report on the state of construction innovation in Australia in the
context of Australian public research investment policy. They provide data on sector income and
employment; the value of work done by industry segment; value of work done by industry segment
(i.e. residential; non-residential; engineering); R&D expenditure by construction sector segments;
and statistics drawn from OECD Main Industrial Indicators (til 1999) including R&D expenditure by
contracting firms and R&D as a proportion of value-added. They also highlight that Australian
Research Council (ARC) expenditure in building and construction in 1999 was only 0.2% of the
total allocated research funds across the sector. They bring into focus the ongoing need for
enhanced collaboration between both the private and public sector to achieve better outcomes for
R&D investment.
This current research provides an updated analysis of the extent and nature of R&D investment
since that study, and its contribution to the Australian economy. This analysis highlights a
substantial improvement in this R&D investment in the construction industry since 2001. Barlow [11]
recently completed an analysis of investment trends in this industry as a part of this current
research project, and highlights some key changes. In the early 1990s, construction was a socioeconomic objective for 1% of R&D. By 2008-09 this figure had increased to 6%, with a marked
increase since 2001. This has resulted in R&D in this industry in Australia being comparable with
that of the motor vehicle industry. Importantly however, whilst overall R&D investment in this
industry has experienced growth, investment within Australian universities has declined from 2.3%
in the early 1990’s to 1.8% in 2008-09. In the 1990’s, Australian public institutions were spending
2.9 times more than Australian businesses, whereas by 2008, business spend on construction
R&D was 7.9 times that of public research institutions. Further to this Table 2 highlights the overall
shift in investment from public-funded R&D to business-funded R&D over that period.
Table 2 National R&D trends in construction (from Barlow 2011)
Business R&D

Public R&D
As % of Aus.
As % of Aus.
Current $
Current $
public total
business total
1992
$27 million
0.9%
$78 million
2.2%
2008
$1.07 billion
6.3%
$136 million
1.2%
Note: (i) Derived from ABS 8112. (ii) Shows R&D expenditures by sector focused on the socio-economic objective
‘construction’. (iii) ‘Public R&D’ counts R&D from the university sector and from state and federal government agencies.

This dramatically changing landscape over the past two decades highlights the current need to
establish a current understanding of R&D investment in this industry.
1.3

Research Method

To achieve its aims, this research project will investigate the following research questions:
1) What are the success criteria and critical challenges which maximise investment value and
diffusion of R&D investment to the Australian building and construction industries?
2) What policy directions and initiatives can be developed from a retrospective analysis,
coupled with a structured prospective view of the industry?
This project’s researchers will integrate existing construction and management theory, specifically
open innovation, dynamic capability and absorptive capacity theories, in the context of including
strategic foresighting and industry roadmapping processes. This is reported in greater detail in
Hampson and Kraatz [12]. Adopting this combination of theory will both facilitate and challenge
current conceptual thinking in this field. Through bringing together these theories in the specific
and critical context of the built environment, this research will address the tensions which exist in
the theory and in industry to enhance the investment in and uptake of R&D outcomes in this
industry. The four project phases designed to build new knowledge, and develop an industry R&D
roadmap and policies are as follows.

2. Retrospective evaluation
This component of the research encompasses two phases. The first is an audit and analysis of
past R&D investment from 1992 to 2008. The second comprises three case studies investigating
specific investments across three diverse themes. Together these will contribute to an
understanding of: (i) explicit and implicit problems being addressed by the research; (ii) criteria for
success and critical challenges; (iii) the benefits accruing from this investment; and (iv) pathways
for success in the R&D provider/industry relationship.
2.1

Past R&D investment in the Australian built environment

Foundational research for this project has been undertaken in collaboration with Dr. Thomas
Barlow with the intent of identifying trends in R&D investment in: (i) the private sector, focussing on
the construction, property and real estate services; and (ii) Australian universities and government
agencies, focussing on engineering (including civil, environmental, and material), and design
(architecture, engineering, urban and building design), and urban and regional planning. In addition,
initial input will identify trends in the distribution of investment by source of public sector funds in
each of the aforementioned fields has been identified, highlighting the changing balance of funds
by source. In Australia these sources include the: (i) Cooperative Research Centres (CRC)
Program, which provides ‘funding to build critical mass in research ventures between end-users
and researchers which tackle clearly-articulated, major challenges for end-users’ [13]; (ii) the
Australian Research Council (ARC), a statutory authority within the Australian Government
Department of Innovation, Industry, Science and Research (DIISR) [14]; and internal university
allocations.
Key findings highlighted as an outcome of this analysis include: (i) significant growth in private
sector R&D investment within Australia (Figure 4), especially since 2001; (ii) an improvement in
performance in comparison with other Australian industry sectors (Figure 5); and (iii) growth in
Australian business R&D investment in the Australian construction industry in relation to other
OECD nations (Figure 6).

Note: (i) Derived from ABS 8109. (ii) Compares business R&D expenditures focused on the socio-economic objective
‘construction’ (left axis) with total business R&D expenditures (right axis). (iii) The right axis has been adjusted so that
the growth-rates of both curves from 1992 are comparable.

Figure 4 Growth in private-sector R&D on construction relative to total business R&D (from Barlow
2011)

Note: (i) Derived from ABS 8104. (ii) There was a classification change in the definition of industry sectors after 2006-07.

Figure 5 Comparing the Australian construction sector with chemical and motor vehicle
manufacturing (from Barlow 2011)

Note: (i) Derived from OECD STAN. (ii) R&D expenditures in the construction sectors are shown as a % of that of 16
OECD nations: Australia, Belgium, Canada, Denmark, Finland, France, Germany, Italy, Japan, Netherlands, Norway,
Spain, Sweden, Turkey, UK, and the US.

Figure 6 Australian business R&D investment in the construction sector as a share of 16 OECD
nations (from Barlow 2011)

In addition, the intensity of R&D investment in the Australian industry has improved relative to its
international competitors and it is now in line with other leading nations such as South Korea and
Finland, again based upon an analysis of OECD STAN data.
This component of the research thus raises a series of questions for particular attention, in order to
better focus future investment [15]. Firstly, it raises the question of ‘what occurred in 2001 to cause
this increase in investment?’ Were there changes to the Australian Government’s R&D tax
concession arrangements which impacted on both investment and/or reporting? Did the
establishment of the Cooperative Research Centre for Construction Innovation in 2001contribute to
this upward trend, and if so what were the key contributing factors? Secondly, the shift to this
investment occurred within the construction sector (as opposed to construction-related R&D being
undertaken in other industry sectors). This may provide valuable policy and practical insights
across other sectors of the economy. Thirdly, understanding the significant shift in R&D investment
in the past decade from government organisations towards business warrants investigation.
These questions provide additional impetus for the three case studies.
2.2

Case studies

The intent of these case studies is to further inform the retrospective analysis of past R&D
investment in the Australian built environment. This supplements the audit and analysis of historical
investment through: (i) demonstrating how a selection of R&D fuding has been invested; and with
what outcomes and impacts; and (ii) through identifying success criteria, critical challenges and
lessons learned that can inform future policy and practice.
Yin [16] identifies at least five different applications for case studies including ‘explain(ing) causal
links in real life interventions that are too complex for the survey or experimental strategies’ and to
explain or describe complex phenomena. Further, Dul and Hak [17] discuss the role of practicebased case studies. They consider these appropriate when considering complex situations, as is
the investigation of R&D investment and dissemination mechanisms and impact in the built
environment.
Drawing on this background, the case studies will be narrow but deep investigations of investment
in three specific investment themes which have progressed from need identification to
implementation. These themes are: (i) road construction safety; (ii) green buildings; and (iii) from
computer aided design and documentation (CADD) to integrated project delivery (IPD). Given the
project partnership with lead government client agencies in Queensland and Western Australia,
and John Holland Pty Ltd, a leading national construction contractor, the research team has
secured valuable access to knowledge and information which facilitates this approach. For
example, significant Commonwealth, State and industry funding was invested between 2001 and
2010 (via the CRC for Construction Innovation) in building information modelling (BIM - to inform
broader application of CADD), green building initiatives and construction safety research across
Australia and in Queensland and Western Australia in particular.
Through these case studies, this research will identify, document, and analyse the context of these
investments including: (i) conditions which existed leading up to this investment; (ii) the
environment in which the investment was made; (iii) mechanisms and processes through which
R&D was delivered and translated into practical outcomes; (iv) success, challenges and lessons
learned from the instances of these investments. Specific questions posed in these case studies
will draw on the theoretical foundations of dynamic capabilities, absorptive capacity and innovation
theory to provide a defensible conceptual basis to inform the subsequent prospective component
of this research.

3. Prospective value-add
The two phases of activity in this second prospective component of this research are: (i) strategic
foresighting using industry roadmapping, semi-formal interviews and focus groups with industry
experts and stakeholders; and (ii) developing policies for use by public and private organisations to

better leverage future investments. The fundamental premise is that every effort must be made to
maximise the value of each dollar of R&D funding to the built environment industry. This efficiency
perspective is underpinned by anecdotal evidence (to be informed through this research) that built
environment industry research is relatively underfunded and does not receive public research
funds equivalent to the importance of these industries to the Australian economy. In addition, the
Australian Built Environment Industry Innovation Council (BEIIC) recently released a series of
recommendations including: (i) the need for increased Australian government support for
cooperative built environment research; and (ii) the development of a research roadmap to ensure
academic research is undertaken in areas of ‘most value to industry’ [18].
3.1

Strategic foresighting using industry roadmapping

Roos [19] describes foresighting as ‘a combination of forecasting with insight’, requiring a deep
understanding of the themes being considered. Roos highlights two phases to this approach (as
described by Garcia and Bray 1997). The first is the identification of scope and boundaries, and the
second the definition of the roadmapping focus, including areas to be studied, technological drivers
and alternatives. This aligns with what Voros outlines as the four key activities associated with this
process and the form of questioning involved (Figure 4).

look and see what’s happening

Analysis

“what seems to be happening?”

Interpretation

Foresight

Inputs

Prospection

Outputs

“what’s really happening?”
‘what might happen?”

‘what might we need to do?”

Copyright © 2000 Joseph Voros

Strategy

“what will we do?’
“how will we do it?”

Fig. 4 The foresight framework [20]
Technology roadmapping is one of a number of foresighting methodologies in use globally, and
provides a strong practical approach to this endeavour. For this research, this method will be
integrated with a review of literature, semi-formal interviews and focus groups to engage effectively
with industry experts to achieve valid outputs. Voros [21] describes a morphological analysis
technique that will be adapted by the research team to determine possible, probable and preferred
futures. ‘This approach … is designed to enhance ‘the prospects of successful adoption and
implementation when policy is made’ [22]. Given the collaborative nature of this research and the
value of its application to the industry’s future, the relevance and practical application of this
project’s findings is critical.
3.2

Policy development

The final phase of this research is to translate research outcomes into policy in order to enhance
the value of investment, diffusion mechanisms and impacts of R&D outcomes. This phase is being
informed by ‘six functions of foresight for policy-making’ provided by Da Costa et al. [23]:
1. Informing policy: generating insights regarding the dynamics of change, future challenges
and options, along with new ideas, and transmitting them to policymakers as an input to
policy conceptualisation and design.

2. Facilitating policy implementation: enhancing the capacity for change within a given policy
field by building a common awareness of the current situation and future challenges as well
as new networks and visions among stakeholders.
3. Embedding participation in policy-making: facilitating the participation of civil society in the
policy-making process, thereby improving its transparency and legitimacy.
4. Supporting policy definition: jointly translating outcomes from the collective process into
specific options for policy definition and implementation.
5. Reconfiguring the policy system: in a way that makes it more apt to address long-term
challenges.
6. Symbolic function: indicating to the public that policy is based on rational information.
Each of these functions will be addressed to a varying extent with a primary focus on informing
policy guidelines and facilitating their implementation. In addition, the design of this research
inherently: (i) embeds industry participation (via the process); (ii) supports the definition of policy
(via its outcomes); (iii) provides an example of an innovative method for gaining better insight of
past performance and targeting future investment (potentially leading to a reconfigured system for
addressing future challenges); and (iv) provides a defensible process on which to base future
public and private policy.

4. Conclusion
This paper provides a detailed account of current Australian research designed to deliver a
retrospective analysis of R&D investment in Australia from 1992 to 2008, together with a
prospective view for investment and engagement for the coming decades. A key outcome is to
better inform future investment in this industry.
To provide an international focus on this critical area of research, the new International Council for
Building (CIB) Task Group 85 – R&D Investment and Impact has been formed in order to provide:
(i) a global snapshot of investment in the built environment, relative to the important contribution
that industries in this product system make to community and nation-building; and (ii) to obtain a
perspective on probable, possible and preferred futures for building and construction industries
globally.
In combination this activity will provide valuable guidance to both government and industry policy
makers to enhance the investment, diffusion and impact of R&D investment in the construction
industry.
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This paper describes the result of a project to develop climate adaptation design strategies funded
by the UK’s Technology Strategy Board.
The aim of the project was to look at the effects of
climate change in the distant future (2080) on a vulnerable group such as older people with special
needs and see how architectural design strategies and technologies may be used today to help
mitigate problems ahead caused by climate change.
Older people are the most vulnerable sector of society and are particularly at risk in extreme
weather, either excess cold in winter or continual high temperatures in summer. In the UK it is
predicted that average temperatures may rise by as much as 8 degrees in Summer by 2080 and
there will be a 20% greater chance of extreme weather events. This will place extreme stress on
the building stock which is designed for today’s mild maritime climate.
The project took a current proposal for an extra-care home for the elderly designed to 2010
regulations and developed a road map to 2080 using climate models developed by the UK
Meteorological Office. This allowed the current design to be assessed using future climatic data,
proposals for improvement of the scheme to be made within existing constraints and also a new
scheme to be developed from first principals using this data, and projections of new technologies
that will be available. By comparing these schemes, the approach allowed a reassessment of the
initial scheme, and allowed a new design to be developed that offered a more flexible solution
incorporating future retrofit which allows new renewable technologies for heating, cooling and
water storage to be added at a later date.
Keywords: architecture, climate adaptation, mitigation, facade, passive cooling, health.

Introduction

4.

Climate mitigation strategies by the UK Government are well under way, but even the most
optimistic observers are aware that we are unlikely to be able to mitigate climate change now, as
the effect of carbon emissions on climate can take more than 100 years to take effect. Because of
this, the UK Government has taken steps to develop climate adaptation strategies to deal with
future climate change. This paper describes a Technology Strategy Board funded project Design
for future Climate: Adapting buildings, which investigates new strategies for designing resilient
buildings, that can cope with the rigours ahead.
4.1 Climate and Health
The fact is that the maritime climate of the UK, with its warm winters and cool summers is likely to
become significantly warmer. This has little detrimental effect in winter, but in summer it is likely to
be significant, as there are serious health issues related to elderly people during warm periods,
particularly to those with circulatory issues, when extra stress on the body due to cooling needs
can cause amongst other things heart failure. In France, 15,000 extra deaths of elderly people
occurred during a three-week August heatwave in 2003, with temperatures 4-5oC above normal [1].
However, it appears that our own physiological response to the stress, rather than the maximum
temperature is what kills people, this may indicate that a high temperature in England might be
more injurious to life than a similar temperature in Greece. It is possible that average
temperatures may be up to 8 degrees higher in summer by 2080, yet most if not all of the UKs
buildings are designed with cold weather in mind rather than hot[2]. Studies of heat related
mortality from around the developed world[3] show a similar profile with a steep rise in mortality
rates from approx 28 oC upwards. Exact trigger temperatures vary a little and this is generally
attributed to cultural, technological and behavioural adaptation.
There are other issues created by this climate change. Rainfall is likely to change significantly,
with an increase in winter and a greater reduction in summer. Summer rainfall could be as much
as 40 % lower, and issues of water shortage will be a real problem. Compounding this are
predictions of increased storm ferocity and frequency, which could cause flooding, landslip or
structural damage.
4.2 The project
The building chosen for the study is an extra-care housing block in Leek, in NW England. Extracare housing was defined by the Consultation Paper: “Future housing and care for older people” as
‘Extra care housing supports older people to live independently and with dignity. It
widens choice by providing older people with care and support in a housing-based
setting, which meets their needs as individuals. Extra care housing schemes provide
24-hour support, meals, domestic help, leisure and recreation facilities and security.’ [4]
Its main aim is to provide a lifetime home, which caters to the increasing needs of elderly people.
Typically the developments consist of a number of self-contained apartments (typically 50-150),
with social space, and community facilities. Care is available 24 hours per day. The building was
chosen because its inhabitants are a growing sector of society, who are at high risk from climate
change.
4.3

Existing climate

Table 1. Existing climate on site
Leek, Staffordshire UK.
Average daily Max Temp
Average daily Min Temp
Precipitation
Source: UN World Meteorological
Organisation 2007
http://worldweather.wmo.int/010/c00028.htm

January
6.0 oC
0.3 oC
55mm

July
21.2 oC
11.5 oC
47mm

The existing climate for Leek, UK,
would be considered mild temperate
maritime, with average January temps
of 5oC and average July temperature
of 15 oC. Rainfall is pretty constant all
year round, leading to a constant
humidity of around 80% in the morning
and 60% in the afternoon.

4.4 UK Building Regulations
The summer climate is so mild that although new houses have high insulation levels (around 0.30
W/m2K for walls), and while the new regulations do not limit window area (except to recommend it
should be over 20% of floor area), they do limit energy use for heating: houses are assessed by
the amount of CO2 they would produce in a year. For the first time overheating during summer is
alluded to, but houses have no real requirement for any form of cooling, or shading, except to
check their design to make sure it does not have ‘a high risk of high internal temperatures’.

5. Future climate
The modelling of future climate is fraught with difficulties: there is still little agreement amongst
climate scientists on models to use, and in fact climate is an inexact science where there can be
large variation of result based on probability. In addition to this there are different carbon emission
scenarios, which have a large effect on prediction.
In the UK the Department of Environment, Food and Rural Affairs, along with the UK Dept of
Energy and Climate Change, have produced a range of Climate Projection scenarios known as
UKCP09 [5]. These cover a range of years (2030, 2050, 2080), emissions scenarios (low medium
high) and probability (33, 50 66 and 90 percent). The probabilities here are the likelihood of a
certain climate being not exceeded, so the 90 percent model is the most extreme with only a 1 in
10 chance being exceeded.
From these scenarios, and by amplifying standard year data , a team at the University of Exeter
have been able to produce predicted climate as a yearlong hourly set of results that mimic the
CIBSE dsy (dry summer year) and try (test reference year) data used by many pieces of software.
[6]. The scenarios are in the form of hourly data, in Energy Plus format (.epw) for use in most
energy modelling software.
The project itself used a range of these data sources in its modelling. Firstly by plotting
temperature and humidity data on a psychrometric chart, a bioclimatic analysis of the predicted
climate could be envisaged. Analysis of the dry summer year showed that by 2050 with a medium
emissions scenario, there was a 50% chance (ie one year in two) that the summer would be similar
in temperature and humidity to that of a Northern Mediterranean city, such as Nice, France. The
extreme data for 2080 with a high emission Scenario with a 90% of not being exceeded, gave a
very different summer climate, one more similar to Casablanca, Morocco. This scenario produced
an average monthly temperature of 26.6 oC and 60.8 RH.
Table. 2 Climatic summary for various climate scenarios
Climate Scenario for
Birmingham, UK in
July
2050,
med
emissions 50% TRY
2050,
high
emissions 50% DSY
2050,
high
emissions 90%DSY
2080,
med
emissions 50% TRY
2080,
high
emissions 50% DSY
2080,
high
emissions 90% DSY

Maximum
Db Temp
oC
29.9

Average
Db Temp
oC
18.5

Maximum
Humidity
%RH
100

Minimum
Humidity
%RH
30

Average
Humidity
%RH
82.6

30.7

19.4

100

38

70.0

36.5

22.2

100

27

63.0

29.8

19.5

100

38

74.1

33.0

21.5

100

26

60.9

38.5

26.6

100

28

60.8

What is apparent
from the results is
that future climate
is due to change
along a set curve
and
that
the
emissions scenario
pushes the climate
further along it.
What this means is
that
a
higher
emission scenario
for 2050, is broadly
similar to a medium
emission scenario
for 2080 .

The average climate however tells us little about the day-to-day weather that will effect the
buildings of the future. The bioclimatic analysis, using psychrometric data develops possible
cooling strategies in a visual way [7].
5.1

Climate Visualisation

5.1.1 2050 Variations of predicted summer conditions.
From the bioclimatic charts, we can
see that the cooling strategies in
2050 vary wildly with the climate
scenario. Comparing a medium
emission scenario with a 1 in two
year chance of happening with a 1
in 10 year high emissions scenario,
shows that the summer climate
moves from a broadly comfortable
one, to one where some form of
cooling is required.
For example a strategy using
evaporative cooling might have
some 820 hours use in a high
emissions scenario, might be only
used for less than half that time in
a medium emissions scenario. A
complex façade that could deal
with the extreme of these scenarios
would be expensive, and maybe
not necessary, depending how the
climate unfolds. This uncertainty
leads to difficulties in the accurate
specification of technologies at the
present time.

Fig 1. Comparison of 2050 predicted summer climates for Birmingham, UK.
5.1.2 2080 Variations on predicted Summer conditions
Once again, there is a wide variance of possible conditions that may occur and their frequency.
The extremes of the high emission scenario are not matched by the medium emission test
reference year.
What is clear from this analysis is that, although the future is uncertain, the climate will change
more rapidly than ever before over the next Century. Worse still for architects and buildings – it

will mutate across meteorological
zones, and their passive and
vernacular solutions: from Maritime
Temperate, to Mediterranean to
Sub-Saharan. Whilst vernacular
building solutions have evolved over
hundreds of years, we are now
faced
with
engineering
new
solutions for this period of rapid
change where we may look to other
regions for some precedence but
must also deal with a different mix of
variables such as high temperatures,
lower more penetrative sun angles
and increased storm conditions for
example. This creates severe
problems, for buildings, which in the
UK at least are designed to last 60
years and often in the case of
dwellings, survive much longer
indeed. Indeed, from a bioclimatic
strategy viewpoint with regards
cooling, it could be conceivable that
during the life of the building, the
optimum strategy for cooling could
range from evaporative, for some
scenarios, or ground cooling with
dehumidification for others.
Compounding this is the uncertainty:
clients and developers are unlikely
to want to install expensive systems
now, especially if they will not be
needed for some time- and maybe
Fig. 2: Comparison of 2080 predicted summer climates
not at all. However, one thing all the
Birmingham UK
graphs have in common though, is
the effectiveness of thermal mass in
all the cases to help provide comfort.
It is clear that lightweight building construction methods such as timber-frame construction will not
provide the correct environmental response, for the future climates of the UK. Which is interesting
given the incredible take up of timber framed technologies in the UK

6. British Trimmings Extra-care Housing
6.1

The existing house

The Extra care housing acting as a test case for adaptation, had already been designed to a
detailed specification. Indeed so far advanced was the design, that the building had already
receive both planning approval and building regulations compliance and a detailed cost-plan had
been developed.
The building is typical of many modern housing developments in the UK, The system of
construction is ‘traditional’: Load-bearing brick & block external and party walls with plasterboard
dry lining, with precast concrete upper and ground floor slabs with suspended plasterboard ceilings
and under-floor heating (from a centralized plant) set in screed. Internal partitions would be timber
or metal stud framed with plasterboard, timber and tiled pitched roof.

The façade was over 30% glazed, but the building would meet the UK Building Regulations and
exceed BREEAM Very Good.
Tendering contractors would have the
opportunity of offering a timber frame
alternative price all under a Design & Build
procurement route. There was initial concern
that the ‘medium-weight’ construction
proposed could have, and a timber frame
‘lightweight’ alternative would have problems
of overheating under current conditions if no
mitigation measures were introduced.
Fig. 3 View of Existing building
The apartments themselves were single aspect, off a double-banked corridor, which is an
economic reality given the ratios of circulation to amenity space acceptable to various funding
regimes. This gave each room in the dwelling the same orientation, although many apartments had
different orientations due to the cruciform and courtyard building layout. It was decided to model
two back-to-back sections of the building particularly where the orientation would create the most
overheating and apartments facing SW and NE were thus chosen.
6.2 Option 1 – Adapted original design
The first scenario studied was to consider a modestly adapted design which could be achieved
within current Planning Permission constraints, and see how much improvement could be made by
simple changes to the building, without much external aesthetic change. This included addition of
some internal vertical vent stacks to improve cross and stack ventilation through the flat either
naturally or fan assisted.
Computer modelling of the existing and adapted apartments with XXX software showed that
overheating to a dangerous level would occur, not only with high emission scenarios in 2080, but
also with lower emissions and earlier dates. Comparative modelling studies were conducted to test
the relative effects of:
thermal mass - light, medium and heavy weight constructions
ventilation rates – 2, 4 & 6 air changes/hour.
Table 3: Existing building/facade performance
Modelled&performance&of&existing&design&options&for&differing&climate&scenarios&
Room&2nd&floor&living&Room&SW&facing&
&
Construction&Type&
Climate&Scenario&
Cumulative&Hours&
over&25degC&
1a&existing&building&
mediumweight&construction&
&&
1b&modified&building&
high&thermal&mass&
&&
1c&modified&building&
high&thermal&mass&
4ach&passive&stack&vent&

2010&current&design&standard&
2050&medium&emissions&90%&probaL
bility&
2080&medium&emissions&90%&probaL
bility&
2010&current&design&standard&
2050&medium&emissions&50%&probaL
bility&
2080&medium&emissions&90%&probaL
bility&
2010&current&design&standard&
2050&medium&emissions&50%&probaL
bility&
2080&medium&emissions&90%&probaL
bility&

&
Cumulative&Hours&
over&28degC&

&
Max&Room&temp&
(degC)&

131&

24&

30.86&

705&

189&

33.43&

1206&

349&

33.48&

84&

11&

29.63&

644&

116&

31.17&

1248&

297&

31.98&

46&

6&

29.9&

631&

134&

32.22&

1140&

280&

32.45&

Serious design changes would be needed if the building were to meet recommended thermal
conditions for health in the future.

6.3

The strategy.

Older people are more likely to have difficulty utilizing complex unfamiliar systems, particularly
those in buildings. In this case the brief was to keep the system as simple and user controlled as
possible, but still utilizing passive means. The client as a long term building owner and service
provider has a real interest in increasing the resilience of their new building stock and reducing the
risks of redundant assets or high cost, carbon intensive future adaptations eg. Air conditioning.
6.4 Option 2: rationalised design
The second scenario was, given removal of previous constraints but a broadly similar site
arrangement, to rationalise the design in plan, section and construction from lessons learnt in the
Option 1 study.
6.4.1 Flexibility
The strategy for the re-design of the building for adaptation, was first based around flexibility. If the
climate is going to change so rapidly during the life of the building, then it is likely that the building
will have to accommodate, many differing ways of dealing with the change. In addition, as during
this time our dependence on fossil fuels will have to reduce, most of the solutions will have to be of
a passive nature. This means the façade will have to become the adaptive part of the building.
6.4.2 Façade.
The original façade was load-bearing brick and block – with a u-value of 0.27 W/m2K – designed
to meet winter design conditions. Due to its load-bearing nature, it would be almost impossible to
change during the life of the building, so a decision was taken to change the structural system of
the building, and allow the façade to be a curtain wall type, or possibility free-standing, to allow for
easy change. The new façade was designed to be replaced every 25 years (and possibly more
frequently) so it could keep up with the changing climate. The design team believe that better
predictions of future climate will be available in the future and the direction of actual climate
change trends will be clearer as the reality unfolds. This strategy will allow the building to be redesigned to meet those needs nearer the time.
The design team believe that better predictions of future climate will be available in the future and
the direction of actual climate change trends will be clearer as the reality unfolds. This strategy will
allow the building to be re-designed to meet those needs nearer the time.
6.4.3 Thermal Mass and green roof
Once the new structure was agreed, the next decision was to increase the amount of thermal mass
inside the insulation envelope to improve passive performance. By introducing dense concrete
cross-walls the building mass could be increased, this could then be extended by using a concrete
slab and beam floor throughout the building, rather than a timber floor. By using fair-faced slabs, it
was possible to expose the underside of the slab – giving each flat a heavyweight ceiling, exposing
the mass. Indeed the decision was taken to place a concrete ceiling at the top floor, before the
timber pitch roof was assembled to keep the thermal weight of each storey about the same. It also
allowed for the introduction of substantial flat green roof areas to contribute to water
collection/attenuation. The asymmetrical section includes for southerly facing pitched roofs with PV
and thermal solar collectors and gives roofspace for building services.
6.4.4 Ventilation.
Initial analysis of the ventilation of the apartments, suggested that single-sided ventilation might not
be sufficient to provide enough air changes per hour, without disturbing the residents. It was
decided that flexibility of mode of operation might be compromised if the building only relied on
single sided ventilation.
Taking inspiration from MacCormac Jamieson and Pritchard’s Wood Green Mental Health Centre
[8], it was decided to build the structural cross walls as diaphragm walls. The voids in the wall
could then be used as either inlet or extract for air, depending on future needs.

This system allowed more flexibility and better
airflow through the apartment, without noise issues,
and allowed the façade to either supply or extract air
if it was needed. The system was also designed
with access to the base of the walls, so if a ground
cooling system was to be introduced at a later date,
it could be without issue.

Fig. 6: Wood Green Mental Health Centre.
6.4.5 Dealing with uncertainty: Replacement facades
Analysis of the bioclimatic data, showed that there was likely to be two main cooling strategies in
the future for the building, beyond thermal mass, ventilation and shading. These would involve
evaporative cooling and ground cooling, possibly with dehumidification. The second part of the
research, would test the flexible design, by developing two new facades, that could be retrofitted
as an adaptation strategy. Façade one would look at evaporative cooling using a planted freestanding external loggia, with irrigation system. The second system would utilise ground cooling,
assisted by solar chimney extract. The development and testing of these ‘blue-sky’ solutions
would demonstrate the flexibility of the design in coping with climate change.
6.5

Final façade options

6.5.1 Option 2a: Green loggia with irrigation system
This system consists of a timber loggia with
balconies, with a planted green sunshade
where water trickles constantly down the
plants. This allows some mass-transfer to
occur, cooling the air.
In addition, the
planting creates a sense of cool external to
the property. Extract air is taken up the
diaphragm wall inside the dwelling.
The system worked particularly well in the
hot dry summer scenario, where the
evaporative cooling via the irrigation system
within the planted façade could be most
effective. A large water store under the
building is essential in this configuration to
reduce water usage in summer.
Fig. 7: Adapted façade for hot/dry conditions
6.5.2 Option 2b: Ground Cooling with solar extraction
In this system, it is possible to adapt the building utilising ground cooling. The diaphragm wall has
been design so that a labyrinth through the ground external to the building can be connected to the
base of it. The ground temperature, even in the most extreme weather of the 2080 model, does
not exceed 17oC, so substantial cooling could be gained from this. Air is then drawn through this
system pulled by glazed solar chimneys built into the new façade, and if necessary a pv-powered
fan. The green roof helps to reduce heat gain on part of the roof, whilst the South-facing pitch
offers a chance for energy collection.

The system is most effective in hot climates with
a higher humidity, where evaporative cooling is
ineffective. The two option help prove the
flexibility of the design, as in each, the
diaphragm is used differently, in this case as a
supply, and as an extract in Option 2a.
The thermal modelling results for these two
design options are shown in Table 4. There is a
very much reduced internal temperature and
duration expected in each model.

Fig. 8 Adapted façade for hot/humid conditions

Table 5: Results for retro-fitted facades, for differing climate scenarios
Modelled&performance&of&adapted&design&options&for&differing&climate&scenarios&
Room&2nd&floor&living&Room&SW&facing&
Construction&Type&
Climate&Scenario&

&
Cumulative&Hours&
over&25degC&

&
Cumulative&
Hours&over&
28degC&

&
Max&Room&temp&
(degC)&

2a&Evaporative&cooling&
stack&extract&

2010&current&design&stanL
dard&

13&

0&

27.9&

&&

2050&medium&emissions&
50%&probability&

322&

48&

28.7&

&&

2080&medium&emissions&
90%&probability&

644&

151&

29.2&

2b&Ground&cooling&solar&
extract&

2010&current&design&stanL
dard&

5&

0&

27.1&

&&

2050&medium&emissions&
50%&probability&

301&

40&

28.8&

&&

2080&medium&emissions&
90%&probability&

407&

87&

28.9&

7. Discussion and Conclusions
From analysis of climatic prediction its is clear that by 2080 in the UK, the climate will be
significantly different to that which have experienced up until now, with warmer drier summers and
stormy winters. This will create severe problems for existing buildings, even those built today to
the current UK standards.
This climate change and the inability of the existing buildings to cope, will mean that elderly people
will find it difficult to live healthily in the future due to severe overheating issues in summer. In
addition, it is unlikely that a fixed design building built today will be able to adapt without massive
change to the series of climates that will develop over the next 100 years.
This complexity of future climate, and the difficulty of accurate prediction, due to a range of
emission scenarios and probabilities, makes the Climate adaptation of buildings a complex

dialogue between environmental design and changing climate. The best strategy for adaptation is
flexibility, particularly in façade design. The team developed a flexible approach that involved
increased exposed thermal mass within the building with integrated flexible ventilation, and finally
the future retrofit of façade cooling technologies, and green roofs.
The future flexibility for adaption via façade replacement is the preferred option as capital spending
on climate adaptation technologies today is not a particularly good investment because there is too
much uncertainty about the future climate and the key bioclimatic cooling strategies that may be
needed. It will be more effective to operate a wait and see strategy, changing the façade when
difficulties arise.
Finally, it would seem that passive solutions, integrated within well-designed buildings can cope
with the future climate, and indeed there are many opportunities for technological and product
innovations being developed from the issues identified.
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Summary
The construction industry has a central role in creating a platform for the society. In order to
maximise the well-being of the citizens, it is necessary to identify and understand the customer
needs. Currently, individual companies are identifying the end-customer needs separately but no
one manages the customer needs in the whole value stream. Hence, these value streams are not
capable to produce superior value for the customer. Therefore, in this research, the customer
needs identification process of the built environment is analysed. Value stream mapping is used as
a tool to analyse how customer requirements are identified in different phases of the value stream
and how companies operate to achieve these requirements. The data for analysis is gathered by
interviewing managers in six different value streams. According to the research results, every actor
in the value stream identifies customer needs individually that causes an incoherent view of the
customer value. Diverging views of the value leads to the sub-optimisation of the value stream that
causes wasted resources. In addition, the value stream of the construction industry is technical
oriented and the real customer needs are often lost because of the detailed technical specifications.
To construct and sustain communities, it is critical to systematically identify customer needs in the
whole built environment and manage value generation as one system.
Keywords: lean, value stream, value stream mapping, built environment, construction

1. Introduction
The quality of the customers’ experience is one of the key factors defining the success of a
company. This is due so that customers determine the company's capability to produce valuable
products for them. The company must produce value more efficiently or produce unlike value for
customers in order to create a sustainable competitive advantage [1]. Therefore, the companies
have to understand customer needs precisely to succeed in the competitive markets.
Nowadays, customer need identification processes are even more critical given that the companies
produce value in networks of the multiple companies. In these networks, a single company
produces only a small portion of the value for the end-customer. In a built environment, the
networks are even more complex because of the links to the whole society. Currently, the
misunderstanding of the customer requirements causes sub-optimisation and non-valuable
processes in the value stream. Thus, the companies of the value stream should understand not
only the direct customer, but also the whole value creation system.
Especially in the built environment, the value creation is incoherent because no one manages the
value identification or value generation process as a whole. There are very strict rules and
approaches to do business in the built environment and organisations focus on optimising their
own operations. Hence, there is no common understanding about the customer value. Thus, many
resources are wasted and business opportunities are missed in the area of the built environment.
The clarifying picture of the value gaps is presented in Figure 1. Based on these problems
identified in the built environment, it seemed important to research the customer needs
identification process in the built environment.

Fig. 1 Recognised problems of the built environment systems (Modified from Vrijhoef and Koskela
[2])
In the traditional manufacturing industries, the value creation system is successfully enhanced by
lean methods. The lean methods gear the value creation process towards the customer needs by
eliminating the non-value adding steps of the production based on the customer needs. Lean
methods do not only focus on one company, but also enhance the whole value stream of activities.
In that manner, the lean methods support seeing the value creation as one system, which is
optimised.
Value stream mapping (VSM), a tool of lean, is especially intended for value creation analysis. By
VSM, the manufacturing companies have been able to enhance their order-delivery processes and
value creation [3,4,5].The key principle of the VSM method is the flow of the production and the
horizontal thinking. The horizontal thinking means looking across the traditional structures of the
functions, departments and companies. The flow means that all the production stages are linked to
each other and there are no stops during the process. The core aim is to enhance the overall
production rather than one point or one process of the production [6]. The horizontal perspective of
the order-delivery-process is important from the customer point of view. By producing the flow, the
customer needs could be secured throughout the order-delivery-process and the value adding
(activities that increase the value of the product) and non-value adding (activities that do not
increase value) activities can be identified. Thus, the whole stream of the production system can
be geared towards the real customer needs by reducing the non-value adding activities. [5,7,8]
Based on good experiences in the manufacturing industries, it seemed reasonable to apply lean
and VSM for studying the built environment. Also, there is evidence in the literature that lean
methods are applicable to the construction industry [3]. Hence, in this research, the built
environment is researched as a production system and the research problem is formulated as
follows: Is the built environment capable to produce value for the customers? To answer this
question, VSM is used because it emphasises customer needs and offers tested and
comprehensive tools for enhancing order delivery streams. However, there is not a directly
applicable VSM concept for the Finnish built environment. Therefore, the first step of this study is
to construct a VSM model for the Finnish built environment and then use it for analysing the built
environment order delivery process. The research questions are set as follows:

1) How can the value stream mapping be applied to identify the flow of the customer value?
2) How are the customer needs currently identified in the Finnish built environment?
3) How could the customer needs identification process be enhanced?
The first research question set a basis for the research by forming an analysing framework. The
framework is constructed by researching VSM and lean tools so that an appropriate concept can
be formed. The second research question focuses on the analysis of the current customer needs
identification process. Based on the analysis, the performance of the current system can be
assessed. The third research question goes beyond the analysis by researching the solution to
enhance the customer needs identification process.
The progress of the paper is presented in Figure 2. It describes the linkage between the chapters
and the formation of the conclusion. First, the theoretical background of the value concept and
value stream mapping is presented. In the third paragraph, the case study is presented at a
detailed level so that the data source can be validated. In the fourth paragraph, the analysed
results are presented. Lastly, the answers of the research questions are presented with the
limitations and the further research limitations.

Fig. 2 Progress of this paper

2. Theoretical background of value
The theoretical background of this research is linked to the concept of the value in the context of
the built environment so that understanding about the value concept can be formed. Also, the
value concept is a critical part of lean philosophy, which we will use to analyse built environment.
There has been a lot of debate about the concept of the value in recent years because of many
different definitions of the value concept [9]. These definitions stress the different aspects of the
value and thus have different meters for value. Therefore, it was important to define the value
concept for this study by analysing the latest articles linked to the value concept.

2.1

The concept of the value

The concept of value is complex, because it consists of the multiple factors. In addition, perceived
value is subjective [10] and there is a lot of variance between customers [11]. Hence, there are
several opinions of the value definition. In the pricing literature, the value is defined as a trade-off
between a customer’s opinion of the benefits and sacrifices [12]. The quality of the product is seen
as a primary benefit and cost of the product is seen as a prior sacrifice [13, 14].
In the consumer behaviour literature, the value consists of the customer needs and desires.
Consumer behaviour literature stresses the personal impression of the value and the value is seen
as underlying customer needs and goals [15, 16]. Seth et al. [17] states five consumption values:
functional, social, emotional, epistemic and conditional value, which could influence the
consumers' purchase behaviour and thus forms the concept of the value.
In strategy literature, the value is defined as willingness to pay [1]. Porter [1] states that a firm can
offer value either by lowering the cost, by specialising to offer special value or by focusing on some
customer group. In addition, the same lines highlight Norman and Ramirez [18] who state that
customer needs should not be the only concern but the company should also offer products, which
complement customer competencies and activities and thus offering value for the customer.
As shown previously, there are several difficulties in defining the value. However, there is common
understanding how customers define the value, which is produced by the order-delivery process.
There are two main components in the order-delivery process; the value adding components and
non-value adding activities [19, 20]. Based on this, it can be concluded that the perceived value is
the gap between these two. Hence, there are two main ways for organisations to enhance their
value proposition as Figure 3 illustrates.

Fig. 3 The relation of the cost, value and waste (Modified from Hines et al. [7])
To do either of these steps, it is critical to identify the customer needs. To reduce the internal waste,
the organisation needs to know the customer values so that only non-value adding activities are
reduced or eliminated. On the other hand, to increase the value for the customers, the organisation
has to understand what customer values or needs are in order to dedicate resources to the value
adding activities.

Stressing the concept of value is important from a lean philosophy point of view because the value
concept is one of the essential parts of the lean. Therefore, the value concept has interest among
lean construction movement [21, 22]. There are rising concerns that industry is implementing only
the lean frameworks and tools but the original idea of the holistic evolution of the production is
missing. The idea of the holistic view is to get everything right – as the customer wants it – right
from the beginning [23]. In addition, there has been discussion about value management so that
end-customer needs could be secured throughout the value stream [21]. Salvatierra-Garrido et al.
[22] state that the value of the construction is currently too narrowly defined and environmental and
social aspects are not taken into account. They conclude that there is a need to consider the
building and infrastructure as a whole system.

3. Analysis model for the built environment
Several researches (eg.[24]) have indicated the need for holistic researches in the built
environment value streams. To do that, the first task was to find an applicable method for analysis.
Thus, the research of the production system analysis tool was conducted and value stream
mapping was selected because of the customer centricity of the tool. In addition, VSM offered a
good set of tools for analysis. Another reason to pick out the VSM was the versatility of the VSM.
VSM have been used as a development tool in the different industries, like process industry [25]
and healthcare [26]. However, there is not an applied model of the VSM for the construction
industry. Therefore, the value stream mapping tools and techniques were modified for analysing
the Finnish built environment.
The objective of this research is to analyse the whole stream of the operations from the urban
planning to the disposal of the building. In this manner, the whole value creation process can be
seen and the flow of the customer needs can be analysed. Thus, the scope of this research is
more on the supply chain level than at the company level. Because of this wide scope, few tools of
VSM were suitable for this research. The construction of the framework is based on past
researches of VSM and its applications [3,4,26,7,6,28,29,19,20,30,31]. In addition, the peculiarities
of the Finnish construction industry were paid attention by exploring the current approaches of the
industry.
Based on the literature review of lean philosophy and VSM methods, the analysis framework was
created. The analysis framework includes three main areas, which are based on the lean
management theory. For each of these areas, an analysis tool was selected. The tools were
selected by assessing the benefits of the tool for our research analysis. The assessment was
carried out by authors, who weighted the correlation between the research focus and tool benefits.
After that the tools were selected for three target areas (Table 1).
Table 1 Analysis framework with target areas and tools

Target area

Tool

1. Identification of value

Customer need

2. Flow

Gap analysis

3. Pull production

Decision point analysis

The first target area of the analysis framework is the capability to identify customer value. This area
is analysed by clarifying the process of the customer need identification. There are few main
questions related to this area: Who is the customer? How do you identify your customer? How are
the customer needs found? Based on these questions, the current capabilities of the customer
value identification process were assessed. The flow of the whole value stream was analysed with
the GAP-analysis tool. The gaps of the value stream present the problems in the information or
production flow. The presence of the problems is based on analysis of the information flows and
the production flows. Value stream type was analysed by decision point analysis. By this tool, we
wanted to indicate organisations which are customer demand driven and which are forecast driven
or pull driven.

4. Case study
In order to analyse the customer need identification of the Finnish built environment a case study
was conducted. In the case study, six different types of Finnish built environment value streams
were analysed. The types of value streams were following:
Infrastructure value streams, named by the use of the infrastructure network
1. Street networks (Municipality owned streets)
2. Water networks (Municipality owned waterworks)
3. Energy networks (Municipality owned energy provider)
Real estate value stream, named by the use of the building
1. Housing corporation (Privately owned)
2. School buildings (Municipality owned)
3. Retail store real estate (Privately owned)
These types of value streams were selected, because of their generality in the Finnish built
environment. Therefore, these value streams give a comprehensive understanding of the Finnish
built environment. In addition, we could compare the differences between private and municipal
ownership. Every value stream included all activities, and organisations from the zoning phase to
the disposal phase of the value streams are included. The clarifying picture of the main stages of
the value stream is presented in the Figure 4.

Fig. 4 The clarifying figure of the phases of value stream
The data for analysis were gathered by interviewing 25 managers from 15 organisations.
Organisations were selected so that all participants of these value streams were analysed. The
interviewed persons were senior managers and they had a good understanding about the
company operations and about the industry overall. The interviews were based on structured
questions so that the answers of the interviews could be compared. In addition, the activities of the
company were drawn together with the interviewees in order that all activities of the companies
could be identified. After interviews, all the data was analysed by the authors. Each value stream
was re-drawn and data analysed by using the tools of the analysis framework.

5. Discussion
In this part, the results of the analysis are presented. Firstly, the analysis of the customer needs
identification process is presented. Secondly, the gaps of the information flows in the value
streams are indicated, so that problem areas could be identified. Thirdly, the production type of the
value stream is evaluated by analysing the production type of the value streams. Finally, the
solutions to enhance the customer value are discussed based on the lean methods.

5.1

Customer needs are not managed in the built environments value streams

The first part of the analysis was to find out how the organisations define the value of the products
and who defines the value. This is critical for efficient production, because the end-customer needs
should control the value streams activities. Therefore, the identification of the needs should be the
starting point for the development of the value stream so that the organisations produce products
or services, which customers appreciate.
Based on the customer need analysis, organisations in the Finnish built environment recognise the
end-customers and their need. This is understandable, because organisations mainly produce their
products directly to the end-customer and have direct contact with the end-customer. However,
understanding about the customer need is not very consistent, because every organisation
identifies only a small portion of the value stream. This causes two main problems. Firstly, it is
difficult for customers to understand the benefits and disadvantages of different models. Secondly,
it is currently the customers’ responsibility to understand the compatibility of different solutions
provided by different actors in order to construct a coherent system. In addition, the customers
often have to ask separate offers for these solutions from different organisations and arrange the
facilities. For example, in the value stream of the housing corporation, all main parts, like
construction and maintenance, are delivered by different organisations. Moreover, usually these
parts, like construction, are divided into smaller divisions for subcontractors that will make value
streams even more fragmented.
From the value generation point of view, the main problem is the missing connection between
organisations. As illustrated in Figure 5, every organisation recognises only a portion of the endcustomer needs and delivers the product for that purpose. However, this causes a lot of local
optimisation. Because organisations do not ‘see’ the whole value stream, they do not recognise
each other’s needs. Thus, the value generation of the value stream is not as efficient as it could be.
It is difficult to enhance the total production without understanding the value stream as a whole.
The current system, which optimises only parts of the value stream, does not enhance the total
value because changes do not support the overall value generation. Organisations do not
understand that the operations of the value stream are interrelated and overall value generation
depends on the efficiency of the whole system not just the value generation of one organisation.

Fig. 5 The identification process of the customer value
5.2

The reasons for incoherent visions of the customer value

Gap-analysis indicates why the customer value does not flow throughout the value streams. After
the analysis, several gaps could be indicated in the case of built environment (Figure 6). These
gaps prevent organisations from having a coherent vision of the value creation process. Therefore,
every organisation defines the value a little bit differently. A similar finding has also been pointed
out by Erikshammar et al. [32].

Fig. 6 The gaps of the information and of the production flow
Gaps are formed because of weak information sharing and inconsistent production. The lack of
information sharing causes that organisations do not recognise each other’s needs but focus on
their own production. The organisations do not have common channels or procedures to share the
critical information about the customer needs. Especially the needs of the production are not
recognised because information sharing is focused on technical details. The inconsistent
production is due to local optimisation. There are formal methods of conducting business in the
Finnish built environment and every organisation has a strict place to do business. In addition,
these business models have remained unchanged for several decades so business is strongly cost
driven. Hence, every organisation is trying to optimise their business by cutting the cost not by
increasing the value.
Furthermore, these gaps cause problems from the environment point of view. Because of the gaps,
the whole life-cycle of the buildings is not optimised and resources are wasted. Especially, as the
needs of the maintenance and disposal stages are not understood, because of the needs of these
phases are not considered at the beginning of the value stream. The needs of the maintenance are
not recognised at the design phases, because the maintenance organisations join the value
stream after the building has already been constructed. The disposal stage is dismissed, because
nobody has the responsibility of the disposal and because it is far in the future. Therefore, nobody
is interested in the disposal cost or environmental effects of the building
The analysis indicates, that there are several gaps in the value stream that causes the incoherent
value creation process. Clearly, there is a need for closer relationships between the organisations
and especially the need for new habits to share information in the value stream. Also new business
models and project models are needed in order to create more coherent value creation processes.
Hence, the customer needs could go throughout the value stream.
5.3

Built environment production system is not customer demand driven

The third part of the analysis was the production type analysis. It indicates which activities of the
value streams are controlled by customer demand and which activities are based on forecasts.
This analysis is significant, because it indicates how fast the value stream can react to the changes
of the customer needs. Push driven activities are produced directly for the customer needs and
they can be modified depending on the customer needs.

The analysis indicates that push production is executed at the end of the value stream (Figure 7).
However, the beginnings of the value streams are forecast driven until the construction phase. This
is one of the reasons for the weak customer needs identification. The design phases are executed
by pull at the beginning of the value stream albeit these phases define a lot of generated value.
Hence, it would be important to gear the beginning of the value streams towards the customer
driven production. In addition, the push production could enhance the flow of the production
because producing directly to customer order requires shorter lead times and thus the improved
value creation process. Push production causes that communities are designed based on average
needs and there are few possibilities or none at all to differentiate these areas. Therefore, the
building environment is affecting the social environment, because it controls the types of living and
types of housing. Hence, individuals have few possibilities to affect their living despite their needs.
In addition, many municipalities are controlling the energy systems of the areas, and then there are
no possibilities to select environmentally friendly energy solutions.

Fig. 7 The production types of value stream

5.4

Solutions to enhance the customer needs identification process

To enhance the customer needs identification process, the built environment was assessed as a
production system. Therefore, the solutions for these problems were researched from production
literature. Five main solutions were found to enhance the built environments value creation for
customers.
The first development area is to construct a systematic customer needs identification approach to
the whole value stream so that all organisations could have a consistent vision of the value. The
second step is eliminating waste in the value stream by reducing errors, variance and work in
process. The third step is to offer better value for customers by reducing the lead time and gearing
the production towards push production. The fourth step is to create a systematic control and
management system for the operations in the value stream. Hence, the incoherence of the value
creation could be reduced because there would be link between the operations of the
organisations. In addition, production control would ensure the value management throughout the
value stream. The fifth step is to enhance the existing business models and create new ones by
integrating the organisations revenue logic into the value creation of the whole value stream. This
step could offer the biggest impact but it need changes in the contracts and business models.
Therefore, the implementation of this stage will be time consuming.

6. Conclusion
While developing the sustainable communities, the first step is to understand what the customer,
the citizens of the community, is looking for. By understanding the customer needs, the community
can be planned, constructed, maintained and finally disposed in a way to maximise value and
reduce waste. On the other hand, it is also important to produce that value by appropriate way so
that value generation could be maximised. Therefore, the built environment was analysed as a
production system.

First the analysis framework was formed. Value stream mapping was selected as an analysis tool
because it considers customer value throughout the value creation process. In addition, VSM is
geared to assess value creation by determining the activities that are value adding and activities
that are not.
Secondly, the case study of six Finnish build environment’s value streams was conducted. Based
on the analysis, the organisations of the Finnish built environment identify end-customers and their
needs appropriately. However, the organisations have different perception about customer value
and therefore there are incoherent visions of the customer needs. In addition, organisations do not
recognise each other in the value stream but concentrate on optimising their own value creation.
These problems are caused by the gaps in the information sharing and value creation process.
The gaps of the value creation process are due to the value creation process being split into very
small parts and links between these parts are weak.
Thirdly, the five methods to enhance value identification and generation were developed based on
the lean philosophy literature examples. These five methods provide opportunity to decrease the
non-value adding activities and increase value for some customer segments. Suggested methods
were: the systematic customer need identification process for the whole value stream, eliminating
the waste, the lead time reduction & the push production, the production control/management
system for the whole value stream and development of the business models.
This study has indicated the need to enhance the identification process of the customer needs so
that sustainable communities could be constructed. The results indicate that value streams of the
built environment could be analysed by using the production theories and these new techniques
can offer new insights to enhance the value creation in the built environment. Hence, this study can
be as a starting point for the further studies to analyse the built environment and analyse built
environment value streams so that sustainable and socially balanced communities could be
constructed. In addition, practical tests of the lean methods in the built environment is needed
before the new methods can be implemented in the value streams.
There are several limitations in this research. The formed analysis model had to be modified for
this study and therefore it was new. In addition, there are not VSM researches that have as wide
scope as this research. Hence, there is no evidence that VSM is an appropriate tool for this kind of
analysis. The empirical part of study is based on case studies and therefore these results cannot
be generalised to other countries or even other municipalities because of the different laws and
operation models. Therefore, these results are limited for these six value streams only.
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Summary
The purpose of this study is to analyze the health-determining factors of housing and regional
environment in a suburb of Kitakyushu. A questionnaire survey was administered to adult residents
in Yatsue district, the City of Kitakyushu, in order to clarify the respective influence of housing and
regional environment, including the various surrounding environment, on residents' health. As for
self-rated  health,  80%  of  the  respondents  claimed,  “I  am  in  good  health”  or  “I  am  not  in  bad  health”,  
and there was no great distinction among age groups. A health-related factors model showing the
relations among housing, regional environment, and overall health is proposed, based on structural
equation modeling. This model indicates that 22% of residents' overall health may be dependent
on the influences of their housing and regional environment. This model also shows that residents'
overall health  has  a  strong  correlation  to  factors  indicated  by  questionnaire  items  such  as  “indoor
environment”   of   housing,   and   “community   activities”,   “neighborliness”   and  “green  space”  found   in  
the regional environment. Therefore, it is indicated that residents' health requires appropriate
maintenance through creation of good housing and regional environment.

Keywords: Housing and Regional Environment, Questionnaire Survey, Suburban Residential
Section, Health-Related Factors, Structural Equation Modeling, Multiple Indicators Model

1. Introduction
Our housing and regional environment, where we live most of our lives, have significant
influences on health. Healthy People (1979, USA) suggested a number of contributing factors
determining people's health: health and medical afflictions, 10%; unhealthy behaviors or lifestyle,
50%; environmental factors, 20%; and human biological factors, 10%. The importance of
environment and lifestyle, which are closely related to housing and regional environment, was thus
made clear. Furthermore, in 1991, WHO had acknowledged that not only medical care but also
housing was a determinant factor   in   people’s   health[1]. For these reasons, it is important to
determine the relations between housing, regional environment, and health, and then design and
construct appropriate housing and communities, in order to promote health and well-being.
However, there is little known about the kinds of causal relations between housing, regional
environment, and health, and their quantitative relative influences. Therefore, the purpose of this

study was to determine the factors
that affect people's health, and
clarify the influence of the factors
in the fields of housing and
regional environment, based on
the results from a questionnaire
survey. Also, in this study, housing
and regional environment were
defined as a collectivity of
“community”   and   “infrastructure”,  
such as buildings, transport
facilities, and public facilities,
which
support
community
activities.

2. Research approach
2.1 Targeted area
The targeted area was the
district of Yatsue, the City of
Kitakyushu. In this study, the
targeted area is regarded as a
suburb of the city. About 10,000
people live in the area, which is
located in the west part of the City
of Kitakyushu (Fig. 1 and Fig. 2).
2.2 The survey forms

Fig. 1 Targeted area

Fig. 2 A view of Yatsue district

Table 1 Survey content
Part 1. Regional environment
Hospital
Medical facilities
Dental clinic
Bus
Transportation
Train
Air quality
Natural
Water space
environment
Sound
Green space
Fitness
Public facilities
Culture
Child-care
Crime and
Crime rate
disaster
Public order
Barrier-free
City planning
Density
Scenery
neighborliness
Neighbors and
network
Activitiy
Overall evaluation Community

Part 2.
Housing
Basic information
Air quality
Daylight
Ventilation
Performance
Thermal environment (summer)
Thermal environment (winter)
Sound insulation
Barrier-free
Part 3. Health status
Eating habits
Meal, Body form
Physical movement
Exercise
Exercise, Activity
Rest
Mental health
Mental well-being
Medical care,
Healthcare
Screening, Dentistry
Smoking and drinking Smoking, Drinking
Part 4.
Respondents
Attributes

In this study, a questionnaire
survey was administered to adult
Individual attributes Basic information
residents in the Yatsue district of
the City of Kitakyushu. The aim of
Table 2 Survey overview
this questionnaire survey was to
Targeted area
Yatsue district, the City of Kitakyushu
extract subjective information
Respondents
Males and females aged 18 and older,
about such things as the levels of
(Quantity of populstion)
living in the district of Yatsue（7600）
housing and regional environment,
From October 9th
Period
the
values
of
residents,
to October 23rd May in 2009
satisfaction levels, and health
How to distribute
Through local community associations
conditions, and to clarify the
How to collect
Mailed back
respective relations of housing
Quantity of distribution
3040
Answers (the rate)
948（31％）
and regional environment on
Valid answers (the rate)
923（30％）
residents' health. The survey
forms were comprised of 4
sections,   “housing”,   “regional   environment”,   “health   condition” and   “individual attributes of the
respondent”,  and  totalled 10 pages of A4 size, and 105 questions (Table 1).
2.3 Survey overview

Table 2 provides a survey overview. The subjects included both males and females aged 18 and
older who were living in the area. The survey was conducted from October 9th to October 23th of
2009. All survey forms were distributed through local self-governmental organizations, and
collected by return mail. 3040 sheets were distributed, and 948 completed forms were collected.
Among those, valid samples totalled 923 (a rate of about 30%).

3. Survey results

10s
20s

3.1 Samples
The respondents who were young or
middle-aged (age range: 18-64 years old)
accounted for a little less than 60% of the
total, and those ranked as elderly (age
range: 65 years old and over) accounted for
40% or a little more.

30s
40s
50s
60s
70s
80 or
more
0%

3.2 Self-rated Health
As for self-estimates of health, 80% of the
respondents   claimed,   “I   am   in   good   health”  
or  “I  am  not  in  bad  health”,  and  there  was  no  
great distinction among age groups (Fig. 3).
Although   the   rate   of   response   for   “I   am   in
good health”  became  gradually  lower  as  age  
rose, the rate for those 80 or more years old
was also a little more than 60%. It must be
noted   that   the   rate   of   response   for   “I   am   in  
good   health”   among   those   in   their   70s  
became high due to the active health
promotion program developed in this district.

20%

good health

40%

not bad health

60%

80%

not good health

100%

bad health

Fig.3 Self-rated health by age

Fig. 4 Hypothetical model

4. Structural equation modeling
4.1 Analytical purposes
As shown in Fig. 4, we proposed a
hypothetical model about the correlation
between housing, regional environment, and
overall health. In order to validate this
hypothesis and understand the quantitative
effects, structural equation modelling [2,3,4]
was
conducted
utilizing
SPSS17.0J
(multivariate analysis software) and AMOS
ver. 17.0 (structural equation modeling
software). Three types of fit indices were
used to determine the validity of model
samples: chi-square  test  values  (χ2, degrees
of freedom, P-value), CFI, and RMSEA. The
optimum model was selected under the
conditions that all fit indices were best, and
Fig.5 Measurement models of “housing and
all path coefficients between latent variables,
regional  environment”
and between latent variables and observed
variables, were significant statistically using Table 3 Factor correlation matrix of housing and
regional environment
the Wald test at a level of 5% and below. All Factors
Fac.1 Fac.2 Fac.3 Fac.4 Fac.5
path coefficients in the model were Fac.1 Indoor environment
1.000
Fac.2 Facility
.313 1.000
standardized.
4.2 Housing and regional environment
model

Fac.3 Social support
Fac.4 Outdoor environment
Fac.5 Regional environment
Fac.6 Medical facility

.370
.479
.509
.360

Fac.6

.610 1.000
.608 .471 1.000
.734 .748 .700 1.000
.338 .378 .398 .385 1.000

We created the model of housing and regional environment based on the following exploratory
modeling method [3]. First, exploratory factor analysis utilizing the maximum-likelihood method and
Promax rotation was performed to extract the factors as latent variables with high correlation to

observed variables. Second, confirmatory
factor analysis were performed based on
exploratory factor analysis. According to
these analysis results, 6 factors ("indoor
environment”,  
“facilities",
"social
environment", "outdoor environment", "safety
environment", and "medical facilities") were
extracted and named. As shown in Fig.5,
although RMSEA was more than 0.05, each
of the fit indices became suitable values and
all path coefficients were significant (p<0.01).

Table 4 Factor correlation matrix of health
Factors
Fac.1 Mental
Fac.2 Mental
Fac.3 Physical
Fac.4 Social

Fac.1
Fac.2
Fac.3
Fac.4
1.000
.600
1.000
.454
.300
1.000
.176
.178
.425
1.000

4.3 Health model
In  this  paper,  people’s  health  was  measured  
and   defined   as   “overall health based on
mental, physical,  and  social  health”  including  
individual’s   conditions   and   lifestyle.   The  
health model was constructed by means of a
confirmatory modeling method [3] based on
this hypothesis.
As a result of confirmatory factor analyses,
four factors were extracted. These factors
were designated as "mental health 1",
"mental health 2", "physical health", and
“social health". According to the verification of
correlations between the four factors as
shown in Table 4, we defined superordinate
concepts or variables specified by these four
factors, and created a measurement model of
“overall health”   (the   second-order factor
model),  although  correlations  between  “social
health" and "mental   health   1”   and   “mental
health 2" was small. All path coefficients were
significant (p<0.01) and each fit index was as
well.   It   was   further   indicated   that   “mental
Health   1”   as   measured   from   “sleep”   and  
“stress”   had   the   strongest   correlation   with  
“overall health”.

Fig.6 Measurement model of “health”

Fig.7 Path analysis to overall health from factors of
“housing and regional  environment”

4.4 Health-determining factors structure
model
Based on the hypothetical model shown in
Fig.8 Hypothetical model considering indirect
Fig. 4, we performed path analysis from each
effects
of the first-order factors, which quantify
features  of  housing  and  regional  environment,  to  “overall health”  in  order  to  clarify  the  covariance    
structure of housing, regional environment, and health. The results are presented in Fig. 7. In this
model,   the   coefficient   of   determination   for   “overall health”   was   0.24,   and   all   fit   indices   were  
acceptable. The paths from latent variables, such as "indoor environment" and "social
environment",  to  “overall health”  became  significant  statistically  using  the  Wald  test  at  a  level  of  1%  
and below. Therefore, we carried out modeling of the health determinant factors structure which
incorporated two factors, "indoor environment" for housing elements and "social environment" for
regional environment elements, as the main factors. On the other hand, according to the factors
correlation (Table 3), these two factors also had a high correlation with other factors which had no
significant  correlation  to  “overall health”  through  pass  analysis,  as  shown  in  Fig.  7. It was obvious
that other first-order   factors   have   impacts   on   “overall health”   through   the   two   factors   of   "indoor
environment" and "social environment". A hypothetical model considering these indirect effects is

Fig. 9

Health-determining factors structure model

shown in Fig. 8. The   hypothesis   implies   that   providing   enough   “housing”   and   “community”   are  
based  on  providing  enough  “infrastructure”.
Based on these results, exploratory modeling was carried out. A health-determining factors model
showing the relations among housing, regional environment, and health was proposed based on
the multiple indicators model as shown in Fig. 9. This model was created using all valid
questionnaire responses (923). All path coefficients were significant (at a level of 5% and below)
using the Wald test, and fit indices (CFI and RMSEA) were acceptable. This model indicated that
"safety  environment",  “facilities", and "outdoor environment" determined more than 30% of “indoor
environment" and "social environment". Moreover, 22% of residents' overall health may be
determined by the relations of these factors. In particular, "safety environment" had no direct effect
on  “overall health”,  but the indirect effect through "indoor environment " and "social environment" is
0.34 (=0.46×0.28+0.73×0.29). Therefore, resident's overall health had strong relations to social
elements  such  as  “community  activities”  and  “neighborliness”  in  terms  of  regional  environment,  and  
housing   advantages   such   as   “indoor   thermal   environment”,   “daylight”   and   "ventilation”.  
Furthermore, these aspects were determined especially by "safety environment" as measured by
“public order”   and   "scenery,”   which   were   the   observed   variables  for   regional   environment.   These  
results indicate that residents' health will require the creation and maintenance of appropriate
housing and regional environment.
There is a possibility that this model does not reflect the impact of young people and thus differs
from actual structures because many of the respondents were elderly people. Consequently, we
should take care with our interpretations of the results, and develop an analysis based on attributes
such as life stage.

5. Conclusions
The questionnaire survey was performed in a suburban residential section of Kitakyushu, and we
created a health-determining factor model, which shows the relations among housing, regional
environment, and health, based on an analysis using structural equation modeling. The influence
of the factors related to housing and community was clarified. As a consequence, it was found that
22% of residents' health issues correlate with matters of housing and regional environment. In
particular, health had strong relations to social environment such   as   “community   activities”   and  
“neighborliness”, and indoor environment such   as   “thermal   environment”,   “daylight”   and  
"ventilation”. Thus, it was obvious that residents' health requires the creation and maintenance of
appropriate housing and regional environment.
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Summary

The Network for Sustainable Construction and Real Estate Management in Cold Climates was
established in Umeå in 2009. The purpose of this network is to create ideal business opportunities
in the field of sustainable construction by being at the cutting edge, reinforcing expertise and work
methods throughout the entire industry. As at 1 April 2011, the network 51 has member companies
in all fields in the construction industry, from the planning of new housing estates to project
planning, construction, real estate management, regulations, training in the industry and marketing
and finance: see Fig. 1.
Our ambition is to make the Umeå region a world leader in the field of sustainable construction and
real estate management in cold climates by 2020.

Fig. 1 The links throughout the entire construction industry
Keywords: Sustainable construction. Umeå, the network, cold climates

1 The problems
A 2009 report from the Swedish Agency for Public Management, titled "Sega Gubbar" [Tough old
men], stated that "Given the follow-up that has taken place, there is nothing to support the view
that the sector would have undergone any lasting or comprehensive changes as a consequence of
individual or collective initiatives. The problems are much the same now as when the Swedish
Commission on Construction submitted its findings". Among other things, this report looked more

closely at the specific criteria applicable to Umeå and came to conclusion that "the slow inclination
for change can largely be ascribed to an unclear demand and low pressure for conversion". It was
also concluded that a non-transparent process in respect of detailed plans and land sales, unclear
distribution of responsibilities and tasks, as well as a lack of knowledge about the import of the
Energy Directive and about what kind of skills enhancement and improved procedures and
methods are required. The case study in Umeå also showed that there was a widespread lack of
knowledge about measures undertaken and change work in progress.
These problems became apparent to the Building Committee in the municipality of Umeå during a
study visit to Austria. During discussions at a number of meetings held afterwards with
representatives of the industry, it was entirely obvious that the fragmentation of the industry means
that the various elements are not always aware of demand. Nor are skills being spread out among
the various links in the chain. This was why the initiative was taken to start the Network, and from
the outset questions have been answered and a whole range of answers have been received, but
they have also triggered additional questions. It was found that there was a major need for clearer
transparency between and within the links, for transfer of knowledge by means of training and
research in the industry, for customers now to be aware of and demand energy-efficient,
sustainable homes, and for the companies that are actually capable of building sustainable homes
to be given financial incentives to do so.
Another important problem in Northern Europe is to attempt to reduce energy consumption despite
the cold climate. The cold climate makes special demands on the construction process in that the
buildings have to be sealed in order to achieve the best possible moistureproofing. A climate shell
installed incorrectly in a building can ensure that the building is well insulated, but in the long run it
may cause problems with condensation due to differences between the indoor and the outdoor
temperature, resulting in high costs. This is particularly evident in cold climates.

2 About the Network
The focus areas for the work of the Network are based on the problems involved in enhancing
knowledge in the industry and so achieving a construction and real estate management industry
which is sustainable. This is why training, communication and evaluation are central to the work of
the Network: see Figure 2. This has to be communicated, and we have to evaluate what we have
done and learn from it. The entire industry has to be involved and change the ways in which it
works.

Figure 2 Focus areas for the Network
As the housing and service sector currently accounts for almost 40% of energy consumption in
Sweden, it is very important for us to make the effort to reduce energy consumption when
constructing new buildings and maintaining existing properties. There is less emphasis on new

construction achieving high energy efficiency as in a best-case scenario this can only reduce the
increase of energy consumption in the buildings. If we are to reduce energy consumption and its
environmental impact, we also have to implement initiatives that concern existing properties. There
is major growth in the municipality of Umeå each year, and energy streamlining can take in existing
properties here when these buildings are extended or perhaps when additional storeys are added.
One company that is a member of the Network has developed particularly lightweight wooden
structures which are ecofriendly and can also be added to existing buildings. Therefore, measures
for management and of existing properties are important elements of the Network. In this regard,
the Ålidhem district forms part of the government's initiative for sustainable urban areas. Here, 405
apartments are being renovated and made more energy-efficient, and also being fitted with the
biggest solar cell system in Sweden.

3 Methodology
It is necessary to create a market; that is to say, to encourage and create favourable business
opportunities for new construction and extension/renovation of sustainable buildings, including
products and services for maintenance and servicing, assisting in faster conversion to new, more
efficient technology. To bring about changes, we are working to enhance knowledge, among other
things, thereby creating conditions for the industry to think and act differently throughout all links of
the construction and real estate management chain; from planning at the municipality, for example,
and the construction phase among market contractors – that is, banks and brokers – who in turn
develop products for the house buyers and tenants of the future.
The Network is also creating a market by means of specific training efforts, evaluation objects and
passing on communication/experience of new ideas, current demonstration objects and new
knowledge, and clear cooperation with other specific development initiatives such as the EnergyEfficient Construction in Cold Climates project, Trästad 2012, New Establishment on the ISLAND
(Nyetablering på ÖN, 3600 apartments), Enhancement of Umeå (Fördjupningen av Umeå, where
55 000 new homes will be built), the Sandåkern district (hopefully a future FP7 project),
Sustainable Ålidhem (partly financed by the Delegation for Sustainable Cities), MIKS (industrial
timber construction cooperation) and a number of other initiatives on which the members are
working specifically. The creation of Kompetensspridning i Umeå AB and its role as a coordinator
for the Network is also making the link with trade and industry even clearer as cooperation with the
Technical Visits projects offers an arena for exporting and passing on regional expertise both
within and outside Sweden. The Network is generating the platform for its members to meet up
and together turn the construction industry into something better.
The Network's methodology for achieving its ambition – to become a world leader in the field of
sustainable construction and real estate management in cold climates – is based on five working
methods; see Figure 2.

Fig. 2. Working methods
3.1 Declarations of intent
At the start of membership, every member signs a declaration of intent which shows what it wants
to learn from/get out of the Network and what it is prepared to contribute. Each declaration of intent
states that the member is prepared to help make the Umeå region a leader in the field of
sustainable construction, that it wants to pass on its knowledge and skills within the scope of the
Network, and that it believes membership will reinforce its own focus on sustainable construction
and real estate management. These declarations of intent form the collective foundation of the
Network – and guarantee that our work will lead to stimulation of energy-efficient new construction
and extension work and to this work being presented to the regional and, gradually, the national
market for low energy consumption buildings. It is important to ensure that these are not just empty
words, and that our efforts do indeed lead to action.
3.2 Link activities
Every link in the chain is led by two representatives who also work on the Network's steering
committee. Every link plans individual activities; some of these are offered to the entire the
Network while others focus mainly on the needs and objectives of the link in question. Examples of
this include training for certified passive housing designers, seminars on wet room damage,
meetings for banks and brokers on how to use financial instruments to influence knowledge and
opportunities for consumers to influence their housing, and additional skills development within the
various specialist fields as part of the effort to enhance expertise in respect of energy-efficient,
sustainable construction and the mechanisms that create markets.
3.3 Themed groups
To date, the Network has been involved in the implementation phase of the in-depth
comprehensive plan for Umeå's growth area and the in-depth comprehensive plan for the city
centre, as well as the quality programme for the new construction of 2000 apartments on the
ISLAND and the management of CERBOF. This work will continue for a time; the Network is now
viewed as a key player when it comes to reorganising the construction industry in Umeå and has
attracted attention on a national scale. As part of this work, Umeå is now involved in national efforts
to produce a system for environmental accreditation of urban districts (www.hallplatsen.nu). The
work and members of the Network are central to this. Themed groups and meetings relating to
procurement, energy management, environmental classification, training and infrastructure are
planned and implemented continuously.

3.4 Meetings of members
Every calendar year, the Network's coordination team meets every member, either individually or
in small groups, in order to ensure that we are working with the right things and meeting any needs
our members may have. The role of this coordination team is to make it possible for our members
to reach their goal of encouraging energy-efficient new construction and extension work.
3.5 Internal communication
Internal communication – the Network's internal communication involves the transfer of skills. This
takes place mainly at what are known as the Major Fora and at the various link activities. Members
and others can also look at our website (www.hallbarahus.se) to see good examples of projects
and objects, as well as links to other research and projects that have been completed both in
Sweden and elsewhere.
3.6 Marketing and external communication
Kompetensspridning i Umeå AB and the Technical Visits project are enhancing the activities of the
Network as regards the marketing of sustainable Swedish towns and cities. Cooperation has been
initiated between Swedish towns and cities as part of this marketing. This will lead to the exporting
of Swedish expertise on the construction of sustainable towns and cities. The government's
Ålidhem initiative, via the Delegation for Sustainable Cities, it one such initiative which has a
bearing on this directly, but we are of the opinion that the activities and working method developed
by the Network should be in demand on a global scale. The marketing of Umeå's work on
sustainable towns and cities and the Network is carried out at (www.technicalvisitsumea.se) and
Technical Visits in Sustainable Umeå.

4 Organisation and expertise
The Network for Sustainable Construction and Real Estate Management is managed by
Kompetensspridning i Umeå AB. The Network has put together a steering committee which
comprises two representatives from each link. A consultant has been engaged on behalf of the
steering committee for coordination of the Network.
The steering committee currently comprises:
PLANNING
Stina Johansson
Municipality of
Umeå
Göran Ernstson
Umeå Energi
REGULATIONS
Åsa Ögren (Chair)
Politician, Umeå
Ulrik Berg
Politician, Umeå

PROJECT
PLANNING
Ulf Widmark
SWECO

CONSTRUCTION
Leif Marklund
PEAB

REAL ESTATE
MANAGEMENT
Ann-Sofi Tapani
AB Bostaden

Ulf Wiklund
Tyréns

Henry Mortensen
Kapitelet Invest

Anders Åström
HSB

TRAINING
Thomas Olofsson
Umeå University
Assar Jonsson
Dragonskolan

MARKETING
Olle Karlsson
Nordea
Jörgen Lundgren
Svensk Fastighetsförmedling

In addition, an executive committee has been formed in order to prepare cases prior to decisions
being made by the steering committee. This executive committee comprises:
Åsa Ögren, Chairman of Building Committee Municipality of Umeå
Ulrik Berg, member, Building Committee, municipality of Umeå
Royne Söderström, Project Manager, Kompetensspridning i Umeå AB
Angéla Ekman-Nätt, sustainability consultant, Esam AB
Christer Johansson, sustainability consultant, Esam AB

4.2 Members. Network for Sustainable Construction and Real Estate Management
(www.hallbarahus.se)
AB Bostaden
Akademiska Hus Norr AB
Boporten
Bosyn
Byggma Group
Energi & Miljöteknik i Sävar AB
ESAM AB
Fastighetsbyrån
Glommershus AB
Gärdin & Persson
HSB Umeå
Humlegårdens fastigheter AB
Kapitelet Invest AB
KM Järnäsklubb AB
LINK-arkitektur
Länsförsäkringar Västerbotten
Västerbotten county administrative board
Nandorf miljökonsult
NCC Construction Sverige AB
Nordea
OF Bygg
Peab Sverige AB
Realistic Form Noise AB
Riksbyggen
Saint-Gobain Isover AB
Skanska Sverige AB
Municipality of Skellefteå
Slit AB
Stiftelsen Pergola
Skandiamäklarna
Svensk Fastighetsförmedling
Sveriges Byggindustrier
Svensk Byggtjänst AB
Svenska Harmonihus AB
Svenska Termoträ AB
Svenska Vårdfastigheter
SWECO
Swedbank
Tengbom Umeå
TM-konsult
Tyréns
UMEVA
Umeå Energi
Municipality of Umeå
Umeå University
Umehem AB
Villaägarnas riksförbund
Västerbottens provinsbank
White arkitekter AB
WSP
YIT Sverige AB

Inspired by the past-built for the future–appreciated living
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Ludwigshafen, Germany
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Summary
The sustainable rehabilitation of monument protected buildings requires, besides capital, the
political willpower of town developers to create an attractive residential environment.
Spot-solutions for the high-grade modernisation of buildings contribute just as little to the
acceptance as half-hearted redevelopment in better locations.
Therefore future-oriented and sustainable city development is the foundation for the revitalization
of town centres containing historical building substance.
Towns and cities are confronted by a host of new challenges posed by climatalogical change,
demographic trends and heterogeneous demand in the different regions in which towns and cities
are embedded. It will only be possible to master these challenges in the context of interconnected
structures which involve as many players active in the public administrative and private sectors as
well as inhabitants, etc. as possible.
Sustainable renovation of the historical structure plus new building on the roof as low energy building- focussing on economical, ecological and socio-cultural aspects. Synergy – in almost all sectors - Zero generates Plus: (i.e. zero land consumption), like quality of life, high qualitative performed renovation and construction, old supports new and vice versa.
With the pilot project for the federal ministry of Rhineland Palantine in Ludwigshafen, Luther –
Street 5 – 11c the reorganisation of high quality – living starts in this part of the city new.
The residential units are easily accessible by lift. Balconies enhance the comfort of these homes
and the flexibility and ease with which floor plans can be changed will make it possible for residents to stay in their homes for a very long time to come. Floor plans are adaptable to the needs of
residents, and not vice versa. Different sizes of home also ensure a good mix of generations.
Keywords: refurbishment, connecting people, liability, single but in common, urban but calm,
green but in the city center

1

Sustainable redevelopment – focussing on economical, ecological
and socio-cultural aspects

The former central electrical substation, built in 1929, is a four-storey listed building with a useable
area of approximately 3000 m² before renovation. The semi-circular staircase towers are decorated with ornamental bricks; allegoric relief figures flank the entrance gate.

1.1 Topics of revitalisation:
- Preservation of our architectural heritage
- Preservation of the location’s identity
- Making use of “grey energy”, i.e. the resources that are already available
- Making use of the existing infrastructure
- Highly flexible and adaptable floor plans
- All areas and floors are accessible to all thanks to three lifts
- A mixture of generations is desired
- Independent living even at an advanced age
- Family and child-friendly planning
- Inviting outdoor areas; i.e. green inner courtyard and spacious sitting areas (balconies and
terraces)
- Separate racks for around 120 bicycles; car sharing possibility at the property
- Highly efficient insulation from the inside of the building - airtightness
- Essential protection of the brick facades against driving rain
- New windows with extremely energy-efficient triple glazing, fitted in compliance with regulations on the preservation of historical buildings
- Decentralised mechanical air conditioning by ventilation system with 90% heat recovery in
each residential unit
- Maximum possible CO2 neutrality throughout the entire lifespan of the building
- New renewable sources of energy; solar power or another type
- Use of grey water to preserve water, complete with heat recovery system
- Improved sound insulation and fire protection, static reinforcement, earth quake protection
- Provision of modern technology with convenient operating controls
- Sharp decrease in the use of energy, water and wastewater, leading to reduced usedependent additional expenses
- Good retirement provisions; living independent of increasing energy prices
- Guest rooms and multifunctional room in the communal area; services provided upon request
1.2

Rethinking the city

This was one of the contributions from the European Commission conference entitled “Towards a
post-carbon society – European Research on economic incentives and social behaviour”.
Taking account of climate change, the EU’s aim of achieving a “post-carbon society” by 2020 as
well as the need to not only save energy in buildings but also provide energy, it is evident that intelligent, decentralised solutions are required. Innovations should result in legal obligations with high
benchmarks so they can be implemented across Europe in the mid-term.
In decades to come, societies will be faced with two main challenges:
– Economic and social adaptation to climate change, which has already begun
– Economic and social development alongside ever-increasing prices for energy resources.
The economical and social costs in this area are immense. In cash terms, these costs are estimated at more than one hundred billion euros per year. This, of course, has a detrimental impact
on the well-being of society as a whole and on quality of life.
The aim of the European Union is to incorporate research on social adaptation into climate research in order to bring about the consciousness required for a “post-carbon society”. Jean-Michel
Bear, Director of the European Commission DG for Research, Science, Economy and Society has
explained that humanists and social scientists urgently need to get involved in the debate and define new forms of responsible leadership in the business world or in cities.
The necessary social contact in city districts brings together people who do not live in the form of
the “classic” family. City living also offers a lot more freedom to those with children.

One of people’s primary needs is healthy and safe living or working in an enclosed space. Positive
changes in behaviour regarding health protection, ecological protection and conservation of resources are becoming apparent through living or working in “sustainable” buildings.
The advantages of city living are obvious. These advantages, including a short journey to work,
cultural entertainment, educational facilities, medical care and other benefits, are in high demand.
Are consumers responsible for paving the way towards a “post-carbon society”?
Will new social values lead to rapid and lasting changes in behaviour (similar to the way in which
smoking has negative connotations in today’s society, for instance)?
Could ultra-low energy buildings or low-energy houses accelerate the change process, and lead to
changes in the way consumers think?
The answer to these questions has to be a resounding YES.
As economist Franz-Josef Radermacher states in his book Welt mit Zukunft (World with a future),
a balanced world can only be achieved by all people making a change in their immediate
surroundings.
Regional diversity and identity give rise to major urban development and profiling potential in terms
of the Leipzig Charter. Including listed buildings in the 2020 outlook is of great importance in
achieving the aim of energy-independent, energy-efficient houses and districts without a loss of
their identity.
Adapting existing properties to contemporary user requirements and demographic change, while
taking sustainability into account and using existing architecture as a resource, requires changes
be made more rapidly to existing properties.
Using the tool of prospective project development and integral planning, taking account of
demographic development and different lifestyles, the goal of sustainable district development can
be achieved.
The task and goal that we set ourselves was to use best practice models, in other words projects we
have implemented, to set an national and maybe international example of the sustainable, energyefficient renovation of listed buildings, backed up by scientific measurements.
In this way, these new, “old” parts of the city are not only being sustainably renovated and developed
for their own benefit, but are additionally setting an example that is being followed in neighbouring districts.
Starting with integrated planning and incorporating networks of all those involved, such as project
developers, utilities, councils, specialist planners, investors and users, and using best-practice
procedures supported by the German energy agency DENA and the national urban development
policy, higher-level sustainability targets can be reached in many areas within a short space of time.
In the case of individual historic buildings, for instance, these targets are being met by renovating
the building to make it energy efficient, mainly by using passive-housing components. In the case
of districts, these targets are being met by decentralised, autonomous provision of renewable energy.
The aforementioned goals are being pursued as part of a project in Ludwigshafen to transform a
former electric substation at Luther Square.
The project, “Living in Lutherplatz” (Lutherstr.5-11c), can be viewed as a pilot project for the
planned city redevelopment measures in Ludwigshafen.
Preferred conditions inhabitants obviously agree about when changing place of residence:
• Sophisticated living and a return to the city
• A tranquil living environment
• Adaptable concepts
• Bauhaus architecture
• Life in a place with historical flair
• Life in energy-efficient buildings
• Accommodation suitable for families

• Independence in old age
• Proximity to work/amenities and a good infrastructure
• Cultural diversity
• A mix of generations
• Houseshares
• The young and the elderly helping each other
• Childcare for small children
• Care for the elderly or the ill, if required
• Increased quality of life though a sense of community
• People of a similar mindset, regardless of their income
The following terms can be used to describe the concept strategy:
• Establishing desirable places to live
• Unique selling propositions
• Diversity of usage
• Developing a neighbourhood
• Expanding and renovating existing structures
• Promoting community, civil participation and social communication
• Dealing with empty properties and wasteland
• Prioritising internal development over external development
• Improving the habitability of inner cities
• Modernising existing housing, adapting it to suit current needs
• Establishing new forms of housing
• Increasing the living quality of properties, creating green areas, creating open spaces between
housing blocks
• Stabilising the social structure
• Increasing the amount of condominiums
• Making the city a more attractive place to live
• Developing a positive image
Good project management enables all types of homeowners and homeowners’ associations with different financial arrangements to participate positively in finding a solution to meet everyone’s needs.
1.3

Building location – in the heart of the city

The building is located in the city centre in the immediate vicinity of many of Ludwigshafens significant cultural institutions. These can be easily and quickly reached by foot or bike or by using public
transport from the stops and stations just a few metres away. Although the building itself is in builtup surroundings, the nearby open spaces, such as the Luther Square and Klüber Square, will remain undeveloped in the future. The area offers urban but quiet and relatively spacious residential
housing.
1.4

Restructuring

The long period of vacancy and its previous commercial character means that the location must be
given a completely new image. Living in a top inner-city residential area offers incomparable benefits. Here residents will find the quiet and urban setting they are looking for.

Fig. 1 Visualisation after refurbishment
1.5

A new way of living

50 new residential units will be built in 3 completely separate and individually costed housing sections. The entrances and floor plans need to be reorganised to facilitate a high level of convenience and accessibility; 3 new lifts will be installed for this purpose.
A mix of apartments, suites, lofts and penthouses of various sizes with balconies will provide
needs-oriented housing for all age groups. Each residential unit will implement a flexible concept
by utilising electronic solutions already integrated during the construction phase and the installed
distributed ventilation systems which enable residents to add or reduce the number of rooms in
each unit with little additional work. The floor plans are designed with people's needs in mind, and
not vice versa. Diverse services can also be added as required to enable lifelong residence into old
age.
The back area of the building will be redesigned into a garden with trees, vertical green spaces
and highly inviting top-quality outdoor living areas.
A single-floor communal area will be constructed as a passive house in the back garden area and
will include a multifunctional room and 2 guest rooms to save residents having to buy or rent a larger home than they require just in order to able to put up visitors.
New roof structures will be built on to the main building's existing flat roof. The remaining areas will
be developed into rooftop terraces.
Solar collectors and photovoltaic modules will also be installed for hot water and electricity generation.
1.6

Mobility and transport

Because the building is located in the inner-city where parking is limited an underground garage for
40 cars will be built underneath the former transformer room (partly within the existing foundation
walls). As the building will house a total of 50 residential units the mobility concept will also include
an integrated car sharing scheme with an electric vehicle which should at least eliminate the need
for a second car. The concept also includes parking areas for 120 bicycles.
1.7

Redevelopment – Energy efficiency and essential improvements in construction

Despite the protection order on this building, it can nonetheless be renovated to meet sustainable
energy-efficient standards. The building front and stairwells are also worthy of protection.
1.7.1 Interior Insulation and driving rain protection:
The building front will be insulated on the interior; while the historic round stairwells will be separated from the other areas of the building (according to the preservation the single half-round
arched metal-framed windows will be retained in the stair turret). The interior insulation will consist
two levels, one of 8 cm of 0.35 mineral wool and a climate membrane plus further insulation at the
security and installation level of 4.5 cm of 0.35 mineral wool.

From outside the facades will be cleaned and protected against driving rain.
Because of the necessity of airtightness ( checked by a Blower Door method) of the front wall system etc. all the units will be equipped with a kind of air conditioning by decentralised ventilation
systems with heat recovery by 90%. A comfortable solution for healthy and high indoor air quality
24 hours a day; and last but not least to save ca. 30% of heat - energy demand.
Again, as we did in a pilot project in 2002, we will implement combined sensors between the old
inner surface and the interior insulation to measure humidity, air temperature, dew point shifts and
with a measuring programme the recorded data will be read by EPD via a network system in the
house and will be submitted for evaluation.
Measuring record showing humidity,
temperature and dew point shifts
20° C im Mittel
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1.7.2.Design details:
The windows will be triple glazed while retaining the window glazing bars and divisions necessary
to meet conservation protection order requirements.
Balconies will be built on the rear side of the building in a design structure which excludes thermal
bridging. Only a bar of 1m made of metal leads to the plarform filled with floating screed so that the
balconies appear as if they are not connected with the historical façade.
The new structures (built on the existing roof) will be constructed in timber design as passive
houses for 6 penthouses, reachable by lift or the new extension of the 3 staircases.
The structure of the exiting building will be improved in terms of various protections, such as “90
minutes” fire protection between the new flats the staircases and all ceilings; static reinforcement in
respect of earth quake as well – new supporting walls and all lift shafts in concrete; sound insulation, etc.
This means that the cultural heritage represented by the building will be salvaged while recreating
a trendsetting and attractive lifestyle of health and sustainability (LOHAS) living environment.
The calculations for the existing building undertaken with PHPP (passive house planning package
software) show that the building has an annual heating requirement of 37 kWh/m2/a. The design
has been accepted as a dena model project.
The sustainable redevelopment of the building, the use of uncontaminated materials and “grey
energy” – old building resources – are shown in the life cycle cost (LCC) calculations and life cycle
analyses (LCA) with the aid of LEGEP software which, amongst other things, can be used to determine material flows, etc. to document the positive result of this special kind of renovation for the
investors.

2

Amortisation and projection

Assuming increased energy prices in the years ahead and the new (EnEV) energy conservation
regulations and EU directives (zero-energy buildings from 2019) which will soon come into force,
the additional costs involved in energy-efficient renovation will soon pay for themselves. The additional costs to cover the socio-cultural aspects of sustainable building are reflected in figures for
long-term rent/occupation and the absence of lost rent. At the same time, the soft value represented by living in a community and the residents' ability to shape various aspects which they perceive to enhance their own quality of life in the long term is priceless and in that respect worth its
weight in gold from the very first day. After the financial crisis a large number of investors take
great interest in real properties of great value and long term profit.

Reduction of heating energy consumption

3

existing building as a ressource

Positive impact on the urban and social fabric of the city

Towns and cities are confronted by a host of new challenges posed by climatalogical change,
demographic trends and heterogeneous demand in the different regions in which towns and cities
are embedded. It will only be possible to master these challenges in the context of interconnected
structures which involve as many players active in the public administrative and private sectors as
well as inhabitants, etc. as possible.
The statistical figures for population and household development up to the year 2025 [1] are an
expression of numerous processes of change, particularly regarding the internationalisation of the
population, the regional distribution of older sections of the population and the size of households.
The amount of per person housing area in square metres is increasing, young people are moving
home to be closer to their places of work and have a preference for urban life, older people, singles or couples, are rediscovering the town and its attractions, one of which is having everything
close at hand.
Surveys show that families with children wish to continue living in the town or city, provided that
there are good facilities available for children, such as kindergartens, primary schools, child care,
recreational facilities and safe travel which, depending on their age, children are able to undertake
on their own. Services which enable people – and particularly single parents – to reconcile the demands of work and family are regarded as especially important.

Most of the parameters which are important for children are also important for older people; safety,
short distances, easily accessible public transport, good leisure and recreational opportunities and
health and medical care.
Accessibility for disabled people to many institutions and in public areas as well as at home.
The conversion of the old transformer substation now means that a small house (154 m² area) can
now be built in the private back garden area and used as a communal facility. As well as 2 guest
rooms with bath and kitchenettes, a multifunctional room with access to a 40m² terrace will also be
built. This meeting point will be able to provide almost all the service requirements which residents
may have – regardless of whether they are organised by the residents themselves or are provided
by third parties.

4

Conclusions

Buildings which have been sustainably renovated make an immense contribution to protecting the
climate. But that is not all. They are also good for a city's social fabric and improve the quality of
life for everyone. The “Lohas” (lifestyles of health and sustainability) population segment extends
across every age group and a wealth of different ways of living.
The house entrances, staircases, as well as the inner courtyards are the visiting cards of the
houses. Concrete deserts or small gardens as communicative places, the choice is actually not
difficult. The quarter as the smallest constituent in the structure of a town bears the greatest
responsibility towards its image and preservation.
You live, work and breathe in the quarter. We spend the greatest part of our lives in closed rooms,
but put paradoxically most people place more value on comfort in the car than in their flats.
The household budget situation of the towns and municipalities is precarious. The federal states
and the government argue about sharing the costs. In the old federal states no real subsidies have
been foreseen supporting meaningful,sustainable and energy-based modernization of old buildings
since the reunification.
However, financial aid can be obtained from the "Kreditanstalt für Wiederaufbau" (bank, owend by
the federal states and the governement) through certain partial loans at favourable interest rates
and by certain income tax breaks. The basic legal framework for this is established in the German
income tax laws. Unfortunately, these advantages are partly offset by other taxes and levies. At
municipal level a lot of small efforts could be initiated to promote the acceptance of sustainable
and energy-saving modernization or generate incentives for it.
Only a few month ago the former Executive Director of Unep, Prof. Klaus Töpfer, gave an interview
in a local german newspaper.
He said:
It is an undoubtedly popular, if erroneous, view that a sustainable policy costs money. A policy of
this kind demands creativity, requires citizens to rethink, and undoubtedly initially demands investment in new technology; these are highly profitable investments for Germany as a location.
The oil catastrophe in the Gulf of Mexico has shown that continuing in the same vein costs far
more. In the USA, 20 billion dollars are planned – just for starters – to “clean up” there again, and
to compensate the people whose economic existence has been hugely threatened. How much use
the USA could have made of this money by promoting alternative sources of energy! “
And to top it off: not to even think about the nuclear disaster in Japan.
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Summary
There is great potential in focusing on the existing building base for environmental, social and
economic benefits for the owners and occupants. This article explores different paths in pursuing
sustainability on existing building base through improvements in energy efficiency. Challenges are
not small but choices made during the operations significantly impact the overall performance of a
building during its entire life cycle. There are different approaches, that all have great possibilities
on improving the triple bottom line of the building from lighter solutions to more complex and
comprehensive approaches, where energy can act as financing tool. Maximizing positive impact
requires education, commitment and engagement.
Key words: Energy efficiency, sustainability, triple bottom line, financing, existing buildings

1 Introduction
Global increase of energy demand and energy prices present challenges for building owners and
operators all over the world. Increasing demand for finite natural resources and growing energy
demand is likely to result in continuously rising prices for energy and the monetization or valuation
of water, which is currently viewed as a free resource in most places. Globally the scarcity of
resources also predicts future conflicts for resource access & control [1]. World energy demand is
projected to grow 1,2% per year on average (totaling over 60% growth by 2050 compared to 2011)
[2], while G8 leaders in Copenhagen 2009 called for action towards reducing global emissions by
at least 50% by 2050. The gap is visible to everyone.
In the European Union Climate & Energy objectives, energy performance of buildings can
contribute significantly toward the achievement of a 20% reduction goal of greenhouse gas
emissions by 2020 and 20% energy savings by 2020. European Union Energy Efficiency in
Buildings Directive states that “Improving the energy performance of buildings is a cost-effective
way of fighting against climate change and improving energy security”. [3] Up to 40% of total
energy use in Europe is caused by buildings, and building stock renewal pace is approximately 11.5% per year according to Tuomaala [4]. This means that in 2050 we can still have up to 70% of
today’s building stock still present and utilized. Given these facts, it is obvious that the
development of more energy efficient and sustainable new buildings will not be enough to solve the
energy dilemma.
When only 25% of building life cycle costs occur in the development period and 75% of costs
(Figure 1.) occur during the use of the building, more emphasis should be on the operating period
of the building. The existing building stock needs to be operated and maintained with care and
attention to energy efficiency in order to sustain the value of the buildings. In Finland, this is not
always the case. With building stock value of 360 billion euro 2011, the value of deferred
maintenance is up to 50 billion euro [5].

Figure 1. Life cycle cost of a building
As energy consumption can account for 30% of buildings’ operating costs, it is not only big
expense but a huge potential for savings and improvements for the long term sustainable
performance buildings. More actions need to be taken on the existing building stock.

2 Special sustainability challenges of existing buildings
Improving triple bottom line; the social, economic and environmental performance in existing
buildings is often thought to be harder to reach than achieving high environmental performance in
new construction. Also, the starting point for improvements is not always clear. The building has
already a set purpose and location, the structures are semi-permanent and usually only relatively
small changes are possible unless major renovation takes place. The challenges in operating and
managing buildings include:
• insufficient and/or untrained personnel resources,
• lack of planned maintenance,
• delayed maintenance,
• insufficient funds for repairs and retrofits,
• rising energy and labor costs,
• a culture of managing to the status quo to minimize complaints or cost without regard to
building performance.
This often results in poor indoor environmental quality and dissatisfied occupants. Rising energy
costs force some building owners into action. Of course some owners/operators do see the value
in improving their facility management and building condition to sustain the value of their assets
and retain tenants, but are unsure how to get started.

3 Sustainability improvements can drive new value into existing
buildings
Sustainability is often equated with the triple bottom line impact of business operations. For
companies and facility owners there always has to be financial justification, a business case behind
decisions to invest and improve the building. When buildings energy consumption can account for
30% of buildings operating costs, the importance of energy use in buildings cannot be belittled.
Can the cost savings enabled energy efficiency then act as financing tool for other sustainability
measures?
When a green or sustainable building is mentioned, the first characteristic often associated is
energy efficiency, which has a major role in environmental and economic performance of the
building. Energy efficiency measures can provide insight into the effective (or ineffective)
operations and maintenance of a building. These indicators are also important to understand the
softer, but equally important performance characteristics of the occupants of the building, enabled
or hampered by building performance metrics (chart 1.) for indoor air quality and comfort, which
ultimately impact occupant productivity and health.

Chart 1. Common sustainable building characteristics
Social

Economic

Environmental

Security and safety

Profitability

Lighting
Indoor air quality and health
Improved comfort, satisfaction
and productivity
Transparency
Image

Increased asset value
Metering and reporting
Lower life cycle costs and
operating costs
Space efficiency
Higher rental values and tenant
retention rates

Reduced energy and water
consumption
Waste management
Reduced emissions
Materials and chemicals
Renewable energy use
Location and transportation

For most, the primary sustainability or green building driver is the financial benefit, but in addition to
that, the environmental and social paybacks can sometimes be as powerful. In a McGraw-Hill
SmartMarket Report [6], 60% of owners cited improved tenant satisfaction as a business driver for
green, where 71% of tenants named employee satisfaction and 48% cited improved productivity or
reduced sick days as their business motivation for green retrofits after lowering costs and
improving return on investment (ROI). Reduced energy use was the main environmental and social
motivation for the owner and tenant, and both also name improving indoor air quality as motivation.
According to Pöyry Market study other benefits or drivers for sustainable buildings may include [7]
• Lowering operational costs by minimizing energy and water usage; and waste creation
• Managing new regulations and directives
• Possibility to develop image and separate from competition
• New recruits expect environmental issues to be taken care of well, company values need to
be present in the working place, employee retention
• Certification as proof of quality for a building
• Health benefits from improved indoor climate
• Reducing environmental load
Environmental or green building certifications are used by many building owners to have their
facilities evaluated by a third party. These certifications can also deliver financial benefits through
faster sales, higher tenant occupancy or willingness to pay premium on rent. Where LEED and
BREEAM are for mainly building owners, there are very few certification programs for the tenants.
World Wildlife fund (WWF) in Finland promotes their Green Office program for building tenants to
reduce their burden on environment [8].
Engaging all participants is vital for achieving best possible results. While managing operations
means sometimes handling the minimum, managing performance and sustainability is a complex
and comprehensive process. Success can be further enhanced with a high level of collaboration
with occupants, to educate and incentivise them to do their part to drive environmental and social
paybacks, while positively impacting their wallet, presuming that the financial benefits are shared,
providing real-time visibility to the impact of their daily activities. In some cases, creating a sense of
friendly competition (or even peer pressure of sorts!) can further enhance results [9].

4 Choosing the path that drives the best possible triple bottom line
performance for buildings – considerations and case studies
The diversity of buildings and their operational challenges is large. The needs of the building vary
greatly depending on the purpose of the building, age and ownership (public/private).
• Purpose sets the requirements for the conditions in the building; healthcare facility,
restaurant or office all have different needs for security and safety, air quality and energy
consumption.
• Age of the building also defines the level of technology and the age of the HVAC equipment.

•

Replacing and retrofitting aging equipment can deliver various benefits, from healthier
premises to ease of maintenance and energy efficiency. According to McGraw-Hill’s Smart
Market study, 21% of green retrofits were made in 1-15 year old buildings and 3% 16-30
years old [6].
Ownership of the building sets expectations. Commercial office building owners face higher
demands from occupants and have to compete to achieve satisfied tenants, where public
spaces can be notoriously behind on the technical development and sometimes have lower
standards.

How to then manage building performance and sustainability? Managing building performance is
not only tracking operating and capital expenses. There are different paths to striving for
sustainable buildings, starting from energy efficiency or taking a light solution, to a more
comprehensive approach. Most energy conservation projects start with audits to find out the
current state of the building. These audits then reveal areas to focus on to improve energy
efficiency and needed measures. The needs of the building and its users define the best options in
the pursuit for sustainability. Different paths suggested are explained in detail below and
summarized in chart 2.
Path 1. Light solution
The easiest and simplest approach is best-suited for buildings that have been renovated or are
relatively new. The technology to control the building is already there, and no large investments are
needed. Building optimization and remote monitoring can bring essential savings in operating costs
and benefits for the improved productivity, indoor air quality and security and safety.
Case 1. Office building in Helsinki
The office building had had a change in maintenance personnel and the use of the building had
changed but no changes were made to the heating, ventilation and air conditioning (HVAC) system
or its controls. The building users suffered from poor control of temperature in the building.
Through evaluation and optimization of HVAC systems, the building owner gained improved
conditions for building users with approximately 20 000 € annual savings. The savings are
maintained with remote monitoring of the building by energy professionals.
Path 2. Small investments
As buildings age and technology quickly becomes outdated or needs be changed, a slightly
heavier approach is needed. With small investments in the building technical equipment and
lighting systems, the building quality level can be lifted a significant amount, not forgetting reduced
energy and water consumption through efficiency investments with quick payback time
Case 2. School in southern Finland
This education system saw a need to repair and renew an outdated and out-of-order Building
Management System (BMS). The building had high energy consumption and many complains of
poor indoor climate. The normal maintenance solution would have been just to fix the BMS. By
investing in to the building to install demand based ventilation and a new lighting strategy, these
improvements will be paid back with energy savings in 2.5 years. The building owner was able to
reallocate budget to school materials for pupils and postpone the total refurbishment of the school,
which now also has better indoor air quality and improved productivity.
Path 3. Capital improvements
When building equipment (like HVAC systems) come close to the end of useful life, a permanent
structural improvement or the restoration of some aspect of a property is needed. The scale of the
improvements can vary from small-scale investments in the BMS to significant changes in
ventilation. These investments have longer payback periods and often are backed by guaranteed
savings when performance contracting is used as means of financing. The mix of efficiency and
improvement measures in performance contracting can enable budget-neutral capital
improvements, for improved image and employee satisfaction, which would not have reasonable
payback time otherwise.
Case 3. Science Park
Science Park had a problem with very high energy consumption levels. The image of the building
and its purpose would have needed better conditions for the visitors and staff than was achieved.
Deferred maintenance, structural challenges and poor indoor air quality made the daily operations

of the building challenging. The owners decided to invest in facility improvements using guaranteed
energy savings as finance method for improving building value. To reduce the energy consumption
and operational expenses, several retrofits were made to the current HVAC system and lighting. In
addition to fixing problems, the comfort levels of the staff and visitors improved. An investment of
190 000€ had a payback time of 6 years.
Path 4. Sustainable Building
When looking at total performance of the building, energy is not the only focus anymore. Now the
social and environmental paybacks have increasing value. Whether it is improving the safety or
changing to renewable energy sources to reduce emissions, the image of the building owner and
tenants’ gains importance. Beginning with a “sustainability audit,” the areas of improvement are
indentified, not including only energy efficiency, but also security and safety, emissions and waste
management. Energy efficiency improvements whether they are light solutions or capital
improvements can help in achieving sustainable building and bringing the social and environmental
aspects in focus.
Case 4. WWF Green Office certified commercial office building
Improvements in the employee morale and significant savings were achieved through participating
in WWF Green office program. Small investments were made in reducing energy consumption,
reorganizing waste collection and recycling, and indoor conditions are now monitored remotely to
ensure sustained performance. Offices can use the WWF’s Climate Calculator web service to
estimate the carbon dioxide emissions they generate via electricity and heat consumption, travel,
transport of goods and paper consumption for their annual reporting. By assessing these key
performance indicators for environmental issues the cycle of improvement continues. The building
owner was able to use certification in their marketing and found out that also employees had
become passionate about the program. The owner is now expanding the practices to all of their
facilities.
Chart 2. Examples of different paths for existing buildings
Path

Example building

Energy actions

Sustainability actions

1

0-10 years old
Technology available for
managing the building
efficiently
10-20 years
Outdated technology

Simple actions
reducing energy
consumption

WWF Green Office - to reduce the
negative impacts of operations

2
3

20-30 years
End of life equipment

4

Sustainable building
Comprehensive approach
with building improvements

Comprehensive
Green Building Certification - to improve
energy conservation
indoor air quality and comfort while
project
having significant effect on emissions
Capital improvement Innovation for renewable energy
with guaranteed
sources and major improvements with
savings
longer payback
Taking in to account the social and environmental payback, in
addition to economic benefits from the beginning of the audit

5 Discussion
Simply managing ongoing operations of a building is not enough anymore. Building owners should
be looking for opportunities to improve their facilities from a triple bottom line perspective. Buildings
should be designed and operated with high-performance and life cycle sustainability measures in
mind. Depending on the needs of the building, and the goals of the owner, there are solution
alternatives to choose from. Energy efficiency is a good starting point and often excellent financing
aid for improvements in the increasing and sustaining the overall value and extending the life of the
building. To be able to transform from managing operations (business as usual/status quo) to
managing building performance across its entire lifecycle, a more comprehensive approach is
required, which will address people, process and technological improvements. In many cases, the
success of the project depends on the educated and committed building owners.
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Summary
The phrase “think globally, act locally” has been widely used in the environmental context,
but can it be used in the context of building performance? Although large corporate real
estate owners and occupants operate in a global context, their real estate decisions
regarding policies, operations and capital improvement projects are implemented locally and
have a local impact. This paper focuses on the value of global vs local benchmarking to drive
the improvement of building performance. It explores the differences in purpose,
methodology and results from benchmarking a global portfolio, using global tools such as the
GreenPrint, or local (regional) benchmarking such as Green Globes/BOMA BESt. The paper
argues that both global and local benchmarking are valuable approaches to drive building
improvement.
Keywords: building performance, benchmarking, rating, energy, performance improvement

Introduction
The objective of most “green” or so-called “sustainable” buildings is to improve a building’s
energy and environmental performance. How is this improvement to be measured and
demonstrated? In new buildings the measurement of ongoing improvement is not an issue –
it is sufficient to document that a building reaches certain level of performance. The objective
of such demonstrations is primarily as a tool for marketing and labelling systems with good
market recognition do those well.
In existing buildings the only way to demonstrate improvement is through continuous
performance measurement, i.e. benchmarking. There is a saying, “You cannot manage what
you cannot measure”. Benchmarking enables effective on-going monitoring and
management.

1. Benchmarking Principles
2.1 Benchmarking – comparison of performance against a given scale of values
Benchmarking is the process of comparing one's performance metrics to industry best
performers and/or best practices as defined by credible third parties. Realizing
improvements from learning means doing things better, faster, and cheaper.
Benchmarking involves identifying the best performers in an industry, comparing their results
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to one's own to determine performance ranking, and to identify how the best performers
achieve better results.
Benchmarking is often used to measure performance using specific indicators (i.e. kWh/m2,
m3/m2, diversion rate, etc.) resulting in a metric of performance that can be then compared to
industry standards.
Referred to as "best practice benchmarking" the process can be also used by building
management to evaluate various aspects of its operations in relation to best practice of other
organizations or as defined by a industry peer group for the purposes of comparison. For
example, benchmarking green buildings generally addresses three areas:
1) performance indicators, which are usually quantitative, e.g. energy consumption
per square foot; space per occupant, waste diversion rate.
2) building features, which can be both qualitative and quantitative, e.g. “Are there
high efficiency filters with a specific efficiency value?”; and
3) operating practices, which are largely qualitative, for example, the practice of
daytime cleaning to reduce the need for lighting and HVAC at night.
Benchmarking allows organizations to develop plans on how to make improvements or
adapt specific best practices, usually with the aim of increasing some aspect of performance.
Benchmarking may be a one-off event, but is often treated as an ongoing process in which
organizations continually seek to improve their practices. Benchmarking helps organizations
to know where are and whether or not they moving forward.
2.2 The Benchmarking Process
The benchmarking process starts with setting objectives and deciding on the metrics. What
to measure will largely be governed by objectives that are aligned with the organization's
business goals.
The typical steps of benchmarking are:
1. Decide what the objectives are
2. Decide what to measure based on either global or regional focus.
3. Collect data as dictated by internal or external framework.
• quantitative data for each facility
• systems and features in each facility
• operations and management practices
4. Compile data for the portfolio
5. Rank facilities using internal or external index to show at a glance how facilities
compare to others
6. Identify best performers and condition of their success
7. Identify worst performers
8. Develop an action plan for the worst performers
9. Implement the plan
10. Monitor performance and repeat the steps based on the results.
2.3 Global and Regional Benchmarks
2.3.1 Global Benchmarking Systems
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Global benchmarking systems use values that are generally acceptable for use anywhere in
the world, or indices that are based on universally accepted benchmark values, or they may
use a scale of comparison that is based on a global sampling.
Many major owners of buildings are global investors and real estate companies. Their
objectives may include a comparison of performance across a global portfolio. However local
improvements are best attained in response to regional conditions. A global benchmark
rarely provides a perfect comparison between buildings because of the many variables
specific to each facility;
• Regional variations (cold and dry versus wet and warm)
• Building types (call centre versus regular office)
• Large site versus small site
• Location & density (“green” building in low density area versus a regular
energy-efficient building in a high density area)
Whatever an organization’s objectives, benchmarking activities broadly fall in two categories:
1) to compare performance of a building, cluster of buildings or entire portfolio, against a
wider sample to establish its ranking; 2) to establish a baseline and monitoring framework in
order to develop a strategic plan for improvement. In many cases, benchmarking focuses
both on comparison and on baselining and monitoring, with a view to ranking buildings as
well as improving the portfolio as a whole.
Global benchmarking systems, based on an internationally acceptable common scale of
metrics are necessary to evaluate, compare or aggregate results for buildings across several
regions. For example, the Greenhouse Gas Protocol has defined internationally recognized
boundaries for measuring and reporting emissions. Direct emissions, including any
emissions that occur on-site or from company-owned assets are aggregated as Scope 1.
Indirect emissions, created on behalf of the company in the generation of electricity or the
delivery of energy via hot water or steam, are accounted as Scope 2 emissions. Scope 3
serves as a “catch-all for remaining emissions that result from the activities of the company.
The range of variables raises a question whether a global benchmarking is sufficient to
compare the performance and drive improvement, or whether a more granular, local
benchmarking is a pre-condition of success?
2.3.2 Regional Benchmarks
Regional benchmarks tend to be more geographically specific and are likely to be influenced
by local conditions. Depending on the objectives for benchmarking, these may be more
relevant. For example, in regions where water is scarce, criteria related to water usage may
deserve to be a higher priority or weighting than buildings in wet regions. The challenge lies
in deciding what to measure when evaluating a sampling of buildings that spans highly
differentiated environments. If the objective of benchmarking in this case is to improve the
overall energy and sustainability of a portfolio, an internal benchmarking system, with
appropriate regional weightings specific to water might be more relevant.
The key thing is to decide on the metrics. This can consist of performance benchmark (such
as ekWh/m2; liters/m2, or tonnes of carbon) or indexes (a number or ratio derived from a
series of observed facts or a numerical scale used to compare variables with one another or
with some reference number) The problem is that with a lot of variables benchmarks can
become quite confusing. The problem with an index is that people always ask, “What does it
mean?” However, because benchmarks are more accurate, they should be used whenever
possible.
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2. Global Benchmarking
Because of evidence that properties with lower carbon emissions increase in value through
the use of proven, energy-reducing management strategies and technology, global real
estate companies are looking for carbon benchmarking metrics.
One example of a global benchmark is Greenprint Foundation’s Carbon Index. The index
represents carbon output data for the portfolios of the organization's member companies,
including some large global real estate players such as Beacon Capital Partners, Hines,
Jones Lang LaSalle, Sonae Sierra, Prudential Real Estate Investors and RREEF.
Greenprint Carbon Index is rapidly becoming one of the largest global measurements of real
estate’s carbon footprint. It spans 36 countries and represents 176 million square feet (16
million square meters) of office, industrial, retail, multi-family and hotel properties containing
35,000 tenants. The index is starting to show some interesting comparisons. For example
in 2009, the emissions in the America’s properties were nearly double those from Europe
and the Middle East for a roughly equal number of properties and square footage (Fig. 1).
Greenprint Foundation's mission is to lead the global real estate community toward valueenhancing carbon reduction strategies that support the Intergovernmental Panel on Climate
Change (IPCC) goals for global greenhouse gas stabilization by 2030. Benchmarking is a
key element of this strategy. The foundation provides its members with detailed benchmarks
for individual buildings and for portfolios as a whole (Fig, 2).

Fig. 1 Greenprint Members Emissions by
Global Region
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Fig. 2 Carbon Benchmarking of Building Portfolio
Benchmarks can also capture changes over time, provided the right set of parameters is
normalised to achive meaningful comparison (Fig.3) . This type of benchmarking is very
valuable from the policy point of view and helps identify the best and worst performers.
However, because carbon reduction strategies may involve a combination of measures such
as capital investments, operation improvements, tenant/occupants strategies, the
benchmarks may be too granual to allow seeing “what”s behind the numbers” in ored to
choose the most appropriate approach. In addition, comparison with local peers, may be
difficult when performance is based on what is “reasonable” in given local contexts.

Fig. 3 Carbon emissions reduction in kg CO2/m2/year in Greenprint Portfolio
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Another example of a global benchmarking system is ACI Airport Carbon Accreditation, the
assessment and recognition of participating airports’ efforts to manage and reduce their
carbon emissions. The ACI is the only global association of airport operators. Based in
Brussels, Belgium, it represents over 400 airports in 46 European countries, accounting for
over 90% of commercial air traffic in Europe.
The ACI benchmarking system uses globally recognized accounting methodologies for
carbon. Airports must have carbon footprints independently verified in accordance with
ISO14064 (Greenhouse Gas Accounting). The definitions of emissions footprints used by
Airport Carbon Accreditation follow the principles of the World Business Council for
Sustainable Development (WBCSD) and the World Resources Institute (WRI) “Greenhouse
Gas Protocol” Corporate Accounting and Reporting Standard. When considering the
emissions from aircraft within the airport perimeter and on final approach and initial
departure, Airport Carbon Accreditation uses the International Civil Aviation Organization’s
(ICAO) definition of the Landing-Take Off cycle and requires airports to comply with these
definitions.
The ACI benchmarking values are indices that represent the application of universally
accepted best practices for airports. The highest benchmark (4th level) value is called carbon
neutrality, which represents “zero-net carbon”, resulting from reduction in Scope 1, 2 and 3
emissions, and off-setting any remaining Scope 1 and 2 emissions by “carbon-offset”
investments to make up for the emissions that one is not able to eliminate. For example, an
airport could pay for a wind energy facility that replaces a coal-fired power-plant.

3. Regional Benchmarking and Green Building Rating Systems
One excellent example of an external, but regionally relevant, benchmark is the US EPA
Energy Star program (Fig.4), which allows performance comparison against regional peers,
using regionally normalized weather and operation parameters. The rating system’s 1–100
scale allows everyone to quickly understand how a building is performing; a rating of 50
indicates average energy performance, a rating of 75 or better indicates top performance.
While the rating by itself does not explain why a building performs a certain way, or how to
change the building’s performance, it does help organizations assess performance and
identify those buildings that offer the best opportunities for improvement or recognition.
Benchmarks alone do not provide sufficient, granular diagnostics or guidance how to
improve the building performance. A better opportunity to do this is through the use of the
building performance rating systems. Whether using Green Globes/BOMA BESt, BREEAM,
CASBEE, SB tool, Green Star, LEED, or another rating system around the world, most of
these use similar criteria (with minor variations). After all, there are only a limited number of
known ways how buildings impact environment. The difference between the rating systems
is in delivery and emphasis. Green Globes/BOMA BESt focuses on engaging building
management staff and operators, providing a framework for self study, improvement and
promoting choices that best suit the building’s needs. LEED has better market recognition
but relies more heavily on consultants.
BOMA BESt/Green Globes EB has probably the largest database of certified existing
buildings in the world. In 2010 there were approximately 1,500 BOMA BESt certified existing
buildings comprising 23 million m2 of office space in Canada alone. There is now also
evidence that the energy performance of those buildings is below the national average (Fig
4).
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Fig. 4 Energy Intensities of BOMA BESt Certified Office Buildings 2009

The BOMA BESt Energy and Environmental Reports for 2009 and 2010 provide detailed
breakdown of the energy and environmental performance of the buildings in the database;
not only for energy, water, resources (waste and site), emissions, effluent, indoor
environment and environmental management categories but also in type of building features
that support the performance, operation procedures and policies and the interaction with
occupants. The value of the program is not only in benchmarking, but also in guidance for
improvement. The average energy consumption in the BOMA BESt sample is at 31.5
ekWh/SF/year (339 kWh/m2/year). Audits have shown that the energy performance can be
improved by 30% on average. (Approximately by 40% of the 30% through operational
recommendations without investments, 40% by capital intensive improvements and 20% by
occupants’ involvement).
Quick reporting of the results is possible by the Green Globes/BOMA BESt portfolio analysis
capability. Whether the organization has 3 buildings or 3,000 or more, the data can be
instantaneously analyzed and comparisons made with other buildings in a specific portfolio
or entire database on any of the assessment aspects (Fig 5).
The Green Globes/BOMA BESt database can be drilled further to get a sense of the types of
features (e.g. energy or water efficiency), or operational practices are present throughout a
portfolio. For example, figure 6 indicate that Building 8 lacks most of the efficiency features
such re-lamping retrofit, lighting controls, efficient water heaters and fails to maintain a good
temperature at the taps.
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Fig. 5 Index for comparing buildings in a portfolio

Fig. 6 Looking “under the hood” of a portfolio identifies the opportunities for the
improvement…
\\

The Green Globes/BOMA BESt also has capability to track improvement on an ongoing
basis, which is critical to capability to manage the improvement process (fig 7)
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Fig. 7 Tracking Improvement on ongoing basis

Large numbers of the buildings that were initially certified in 2007 began coming up in 2010
for re-certification so this will be the first statistically significant sample of buildings rated at
two time points.
Early indications are that, overall, there has been an improvement in building performance.
The following diagram shows that 60% of the buildings improved their overall score between
the 2007 certification and 2010 recertification (Fig 6).
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Fig. 6 Overall score for BOMA BESt Certified Office Buildings certified in 2007 and recertified in 2010

Equally, half of the buildings have either significantly reduced their energy consumption or
held down increases energy consumption (Fig.7).
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Fig. 7 Energy Use Intensity for BOMA BESt Certified Office Buildings certified in
2007 and re-certified in 2010
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Conclusions
The selection of a benchmarking system for a specific portfolio involves a number of factors,
not the least being whether to choose a global versus regional system - or elements of both.
Both global and regional benchmarking are useful means to evaluate building performance,
depending on organization objectives. The decision should be made based on a
consideration of whether the objectives are to compare buildings or to baseline in order to
improve the building performance– or both.
Benchmarking alone is not sufficient to motivate, guide and support the performance
improvements of existing buildings; however the use of the green building assessment and
rating systems, which incorporate performance benchmarks, can do so. If nothing else, such
analysis can start to measure and pinpoint where the major barriers and opportunities to the
performance improvement may lie.
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Summary
In Italy, 70% of the buildings are low in energy efficiency, with low technological standards and high
required levels of provision of services and amenities, resulting in risk of fuel poverty for vulnerable
population groups.
The technological efficiency of the building-facility system is the first resource for the reduction of
energy consumption and therefore, in reducing the economic impact borne by users.
In Italy, there are interesting experiments in the field of rehabilitation of social housing buildings
that use “smart” materials, prefabricated components to apply to the building and innovative
technologies to make the building envelope more efficient.
Keywords: building envelope, social housing, fuel poverty, sustainable building regeneration,
energy retrofitting

1. Introduction
The phenomenon of energy poverty, particularly compared to public housing buildings, is to be
dealt with through comprehensive analysis, which involves many complex issues, the history of
public housing in different countries, the social categories of social housing users and their
quantification “by type”, policies implemented by state and local governments, economic and
financial evaluations related to the housing market, new strategies to approach the topic of housing
and the possible construction projects. Clearly, these issues must be related to the global
economic situation, the increased cost of energy, the development of alternative energy sources,
environmental issues and policies for sustainability.
Europe has been working hard in recent years on these issues by funding projects and research to
reduce emissions, save energy and create sustainable constructions.
Improving the quality of the buildings appears to be fundamental to the achievement of the other
objectives, as in Europe about 40% of energy is consumed in residential housing: due to the
application of obsolete construction methods, deteriorating real estate and the current ability to use
cleaner and advanced technologies, the housing sector brings with it an enormous potential for
improving energy efficiency and savings. Social housing, which represents about 10% of European
residential assets, with 25 million homes, can play a leading role, triggering actions for renewal and
contributing to achieving the energy and environmental objectives of the European Community, as
well as to induce innovation in different construction areas.
The European situation is complex and varied, but to achieve the objectives set for the 2011-2020
decade, actions are calculated that will affect approximately 34 million frames, 170 million square
meters of perimeter walls, 410 million square meters of roofing and the replacement of more than
10 million boilers.
In Italy real estate property is in a state of very high level of obsolescence due to the fact that 30%
of the buildings were built before World War II and 66% between 1945 and 2000, but more than
half of buildings were constructed before the Law of 30 April 1976 No. 373 “Rules for the

containment of energy consumption for heating in buildings”. At present, it is estimated that more
than half of European social residential real estate has energy consumption over 150 kWh / sqm /
year; in Italy alone, 22% of homes are in a poor, if not bad state of preservation and this has
obvious implications from both the quality of living and the environment and energy standpoints. [1]
We find ourselves faced with a very large pool of intervention, which, on the one hand, depicts
poorly energetic housing while, on the other, also represents a tremendous opportunity to improve
the precarious conditions of our real estate property, in response to the growing demand for quality
of living. As mentioned, this great opportunity to renovate buildings can be put into motion by
intervening on social housing through new intervention methods that enjoy national incentives
(Energy Bill, “green certificates”, custom tax deductions) and European incentives (allocations from
the European Fund for Regional Development to help finance the work of upgrading the energy
efficiency of buildings) and that are based on the collaboration of all stakeholders.
1.1

Possible intervention strategies: new construction, demolition and reconstruction,
requalification

Enhancing energy efficiency is a vital point in residential construction, especially to vulnerable
populations.
Today, more than ever, we feel the need to have reasonably priced homes that are sustainable and
of good quality and that offer security to its inhabitants; therefore different scenarios open
depending on the type of intervention that is expected to be addressed:
- in social housing, new constructions are in decline because of the high costs of intervention
and the gradual reduction of government subsidies;
- demolition and reconstruction, which can be operated in degraded areas of central or semicentral city areas in Italy and for which there is a system of incentives and rewards,
provided by the so-called House Plan (Law August 6, 2008, n. 133 "Conversion of Legal
decree dated 25 June 2008, n. 112 - Urgent measures for economic development,
simplification, competitiveness, the stabilization of public finance and tax equalization ")
- existent recovery, through targeted quality and energy efficient upgrades, more easily
achievable, especially if in agreement between public and private partners.

2. Social housing in Italy
The history of public housing was born in Italy in conjunction with the unification of the state, Public
housing was born in Italy in conjunction with the unification of the Country at the end of the 1800s;
the Social Housing Institutes (ICP) were established in 1903 and extended until 2002, the year of
their transformation into local companies for the management of public housing assets (ATER).
Up to the 1930s, social housing complied with modern housing construction, concerning both type
and geographical area, with a political program that will allow social housing users to continuously
integrate with the rest of the city.
City blocks, with courts for social gathering and adoption of minimum standards are common
denominators to all the new social housing districts (Testaccio in Rome, Bolognina and Libia in
Bologna, Ripamonti in Milan) and ensure a good quality of life for groups of users who live there.
The post-war reconstruction was entrusted to INA Casa that tested new urban forms, creating
suburbs structured as unitary organisms without relational dependency on the surrounding tissue.
Self-sufficient satellite towns outside the city were designed between 1946 and 1953 (San Marco
Village and Falchera in Mestre-Marghera); the great ambition of these interventions, however,
clashed with issues such as the construction schedule delays and the lack of foreseen services
where reduced quality.
Only in the '60s, by importing the experience of Northern Europe, adapted to the different social
and urban contexts, were specific and targeted design solutions achieved and integrated with the
established urban fabric. [2]
In the late '70s, users demanded higher quality thus opening a period of great ideological ferment;
governments began passing regional technical standards and conducted accurate surveys of user
needs, according to modern standards which included the triple technical-psychological and
environmental analyses. The result of these analyses led to the design and construction of the first
trials of self-sufficient neighborhoods and mega-complexes that integrated housing and services.
The experience of social housing interventions of the '70s and '80s unfortunately failed almost

everywhere, and is now proven by some emblematic examples on our territory (in Rome alone, we
can mention Corviale or Laurentino 38). The negative aspects of the experience are mainly
attributable to the management and organizational aspects of individual operations, which were
initially ambitious and promising, but were then managed without foresight or simply to soak up the
situations of social emergency. Thus large-sized suburban complexes arose where large number
of disadvantaged users were concentrated and for which funding systematically ran out before
accessory services for the neighbourhood were put in place, leaving unfinished and isolated works,
abandoned to their inhabitants.
In the late ‘80s, this situation led to a loss of relations between users and design engineers (whose
expectations were too often disappointed), compared to the improved quality of innovative
technological solutions that were beginning to emerge in construction. Users were also changing,
qualitatively and quantitatively evolving while society began changing its composition and
traditional Italian family habits, in which new types of users began to emerge.
From an architectural point of view, new home requirements must be taken into account due to
changes in lifestyle; people increasingly work from home, there are additional activities that occur
alongside the traditional and typical activities and typical domestic activities overlap or are even
replaced by the new spaces for the digital lifestyle, bringing architectural changes in the
customization and flexibility of space usage, surpassing that of the traditional typological
subdivision and the limit of standard dimensions, no longer uniquely applicable to different types of
users. This is the current trend, therefore, on the same page with the common goals in Europe:
differentiation by user, type and location, demand for energy-saving technology and specific
technological requirements. For strictly economic reasons, upgrading rather than new construction
begins to prevail in the housing market. [3]
From a purely operational point of view it is essential to remember that the wealth of new public
housing is currently managed by new economic public entities specifically responsible for their
management Territorial Public Housing companies (ATER) that replace the old ICP/IACP autonomous Social Housing institutions and that no longer produce only a social service, but
become an instrument capable of producing income. [4]
2.1

Users of social housing in Italy

We anticipated that housing distress is now felt by distinct social groups with different motivations
and different needs; we will briefly analyze who the users of social housing are in Italy.
First, the “homeless”, the poorest, often living in slums with permanent employment, in situations of
extreme distress and that are difficult to monitor by scientific analysis.
Tenants, who attempt to sustain housing expenses for up to 31% of their income and therefore
may be in difficulty coping with the other monthly expenses.
Mortgage owners, who spend up to 16% of their income to pay home mortgages, suddenly risk
being unable to cover such debt.
Young people between the ages of 26 and 35 who, at a time of economic crisis and an increasingly
more precarious job market, without any help from their parents, are unable to access the housing
market, both purchasing and rental, and have a family.
Students and migrant workers, who move for reasons of expediency, but they often fail to cover
costs. 310,000 non-residential students compared to 21,000 beds in social or religious
organizations are estimated.
The elderly, who often live alone may be ill and aging, but with low incomes. In the period 20002007 there was an increase of more than 1,200,000 of senior citizens over 65, of which 500,000
live alone in rented homes with a monthly pension of about € 500-1000. Who can afford the
expense seek low-cost home care systems (care-givers or nurses) and will avoid the protected
stated welfare structures (few and of low quality).
Finally, immigrants, a relatively recent phenomenon in our country but which includes 3.5 million of
legal immigrants, now in a dual situation, also related to the area of origin and professional
competence: some are in a state of marginalization and the black market, often run by organized
crime, while others are well integrated in sectors such as agriculture, construction or home care for
the elderly. In both cases, however, housing insecurity (40%) is higher than job insecurity for
immigrants. [5]

3. Energy poverty
The change in Italian social housing asset management and the introduction of new players to
social housing policy brings with it a new approach to building quality issues and strategies for
energy conservation.
In housing to be leased, careful building management cost analysis is now essential during the
planning phase in order to avoid dangerous economic abuses related to their operating regimes. A
recent study, in fact demonstrated that 24% of rental accommodations are inadequate and humid,
while 44% have even damaged structures. This situation clearly can lead to human health and
welfare problems and lead quickly to dangerous tendencies such as social marginalization. [6]
3.1

The EPEE – IEE European project

The EPEE European project was concluded in 2009, co-funded by the European Commission
under the Intelligent Energy for Europe program which was intended to increase knowledge and
understanding of fuel poverty, thus families' inability to pay the cost of energy, through the analysis
of the partner countries (Belgium, France, Italy, United Kingdom and Spain), in particular coming to
quantify the families who live in this precarious situation and identify the operating mechanisms
that can be effective in combating the problem. The United Kingdom is the only European partner
so far to numerically quantify the problem, stating that a family lives in fuel poverty conditions when
it spends more than 10% of its disposable income to ensure a minimum thermal comfort in
domestic environments.
Report 5 Work Package 2 has summarized the studies conducted at national level on the causes
and consequences of fuel poverty, and came to the conclusion that this is related to the interaction
of factors related to three different areas: energy, housing and income. [7]
3.2

Fuel poverty in Italy

Regarding the data in Italy, the EU-SILC 2005 research found that the number of families affected
by the phenomenon varies from 2.1 million to 5.3 million and the highest percentage of problems
(23%) correspond to bad housing conditions (humidity, leaks and mold) and also show significant
qualitative differences between the southern and central-northern regions. The number of families
who are unable to adequately heat their homes and families who suffer delays in payment of bills
are essentially the same. For these two variables, the causes are directly related to the disposable
income of households. The analysis of users by income shows that 57% of households that cannot
afford to heat their homes adequately are represented by the economically weaker sections of the
population but that the problems of moisture infiltration and mold in the house affect all income
levels. 72% of Italian families own their homes; despite this, they are still at risk of fuel poverty: it is
estimated that 51% of them were late in paying bills, 56% cannot afford to adequately heat their
homes and 66% suffer from humidity problems and / or infiltration.
The ISTAT study on families confirms that primarily low-income families are forced to resort to the
rent, representing an undesirable prelude to the real condition of fuel poverty. The fact of living in
an isolated house may be an aggravating factor in the capacity of families to meet the heating
costs and face moisture problems and leaks, because of maintenance costs, while the same
condition could instead reduce the risk of delays in the payment of bills.
Single-parent families live a high risk of delay in payment of bills and may be unable to bear the
costs necessary to adequately heat their homes. Singles seem to experience more difficultly in
adequately heating their homes rather than in ensuring the regular payment of bills. This could be
explained by the existence of a large number of low-income pensioners who have particular needs
for heating. Families living in a densely populated area may experience the reduced risk of living in
a building in poor conditions but could at the same time have a higher risk of being late in paying
bills. The accommodations in which people live with low incomes often are characterized by the
presence of inadequate heating systems, for the low level of insulation of housing parts (windows,
roofs, vertical walls or sheers) and the presence of moisture problems.
It is obviously difficult to live in housing that has these technological issues; a poorly thermally
insulated home equipped with an inadequate heating system does not have much opportunity to
qualify as comfortable accommodations and quickly disperses the heat generated by plants. [8]

3.3

The consequences of the Fuel Poverty

The EPEE-IEE report confirms the existence of serious consequences resulting from fuel poverty,
primarily on physical and mental health, mainly affecting the most vulnerable population such as
children, the elderly and people with chronic medical conditions. The persistent cold and humidity
of a property can cause respiratory problems (asthma and bronchitis) or lead to other diseases due
an unhealthy habitat; usually, struggling families attempt to overcome this with alternative systems
for heating, insufficient to solve the problems of humidity and instead increase the risk of fire or
carbon monoxide poisoning. Poor housing conditions may also lead to more anxiety and exert a
strong negative effect on self-esteem and the ability to manage daily life; severe cases can lead to
situations of social marginalization and isolation, which in the case of social housing districts,
generates widespread segregation and degradation.
Strictly on a construction level, moisture problems in housing quickly lead to the deterioration of the
entire building which suffers. This causes decay in the structural characteristics, increasing heat
loss and increasing difficulty in maintaining minimum thermal comfort, as well as generating
increased energy consumption which leads to the global growth of greenhouse gas emissions. [9]
1997–2007 CRESME data provides an overview of the Italian real estate market: construction
activity and sales in Italy is quite substantial (37% of the total real estate) because of the absence
of any other equivalent forms of investment. The type of housing on the market is aimed at middle
and upper social classes with a capacity of solvency; frequently bought as an investment or
second home. At the same time, the gap between the strong and weak widens and housing
demand grows due to variations in users’ socio-demographic characteristics, in a time when the
government is drastically cutting funding for social housing. Consider that today about 10 to 11,000
public housing apartments are constructed per year and 1,500 apartments per year in subsidized
housing representing 1 / 20 of the social housing in France or Germany, compared with a total
construction output of 340,000 new homes per year. This data confirms that the changes taking
place oblige social housing management boards to review the integrated approach to social
housing, focusing on economic, social and environmental sustainability through the search for
social cohesion and the complex solidarity ties between families with low income differentiated by
type, needs and lifestyles. [10] In Italy there are now two types of social housing: social housing,
by the government, and social housing, with private participation in a sustainable fee, subsidized
housing or other forms of agreement between public and private); social housing is presented as a
possible way to overcome the traditional public housing and is key to urban regeneration and
social housing.
To involve all stakeholders, there is no longer a top-down planning, but bottom-up Project
Programs are developed, which include local partners and the end user.
The heart of the problem of course lies in the economic and social development of neighborhoods
and housing; the private investor must, in fact, find forms of security to protect the investment,
faced with unsecured loans and the inability to select users.
A hypothesis of rehabilitation of degraded social housing can start from the promotion of
sustainable housing and building energy efficiency; in this regard the abovementioned Housing
Plan and some regional regulations offer investors construction benefits, the ability to close stilts,
partial raised housing, bonuses for demolition and reconstruction, if they renovate and make
buildings and social housing districts efficient. [11]
The need for renovation concerns some 400,000 public homes and upgrading social housing in
terms of energy means a reduction of 50% CO2 emissions of buildings, reducing poverty
generated by high energy costs and stimulating a more competitive and greener economy by the
drive social housing can have on the market with its investments. [12]
3.4

Favorable practices implemented in Italy to combat fuel poverty

The various countries participating in the EPEE project presented a selection of good practices
implemented to solve or reduce the problem fuel poverty.
The WP4/D11 Report - Identification and evaluation of good practices developed in Belgium, Spain,
France, Italy and the United Kingdom to combat fuel poverty (EPEE Project
EIE/06/158/SI2.447367) lists a number of concrete examples made in the countries that
participated in the project and demonstrate what can be done to solve the problem.
At a general and methodological level, given that fuel poverty occurs in situations of low income,

high energy costs and poor quality housing, good practices are addressed to ensure social tariffs
to reduce energy prices for families who are living in conditions of economic hardship or serious
health problems and income support policies, such as the provision of government grants for
heating costs to low-income families. These actions are obviously designed to stop very serious
situations and are obviously not capable of eliminating the root causes of fuel poverty, rather it is
important to stress that these might induce an unwanted increase in energy consumption.
Instead, families need to be encouraged to improve their ability to rationally manage daily energy
consumption and to reflect on how they use energy to improve their comfort and for this purpose
local administrations have promoted awareness events dedicated to vulnerable families and other
training and information seminars on the subject.
Last, but of great importance, is the question of upgrading the energy efficiency of buildings which,
as already discussed, is the most important to cancel out the causes of fuel poverty, minimizing
energy loss and stabilizing consumption. [13]

4. Italian case studies for energy retrofitting of public housing
4.1

Biella Retrofitting One

In the context of the aforementioned Intelligent Energy for Europe, Cecodhas partners have
established a common Power House Europe platform, through which they created a network to
enhance innovative experiences and best practices to increase local energy efficiency and
renewable energy to combat energy poverty in social real estate properties. [14]
One of these good practices (also listed as code I5 in the aforementioned WP4/D11 report) was
completed in 2009 at the Village Lamarmora of Biella, an social housing district dating back to the
'70s and consisting of 161 apartments. The program has provided the energy upgrading one block
consisting of three buildings, in particular by replacing six outdated power stations, transformed
into substations, with two co-generation plants and the partial redevelopment of the building
envelope.
Objectives that have guided the project were to produce significant energy savings for buildings,
reducing CO2 emissions, to produce electricity equivalent to a requirement of about 145 families
(90% of the property) and ensure progressive advantages for used in achieving better economy
management of the buildings.
Two types of intervention were assumed in the design phase:
1) ceiling isolation, replacing windows, replacing the oil boiler with tank drainage and installation of
a thermostat valve with a meter on the radiator;
2) reduction of thermal bridges and foam insulation; in the latter, returns were too long-term and
therefore not adopted.
Specifically, 890 exterior doors were replaced, 3,895 square meters of porches and basements and
3,972 square meters of attics insulated and 934 radiators with thermostat installed with heat
metering. The construction of CHP plants was achieved by the involvement of an ESCO which
thus took on the burden of the intervention that therefore did not burden users, later recovering the
investment through heat management service for 12 years. This type of intervention has been
particularly important in this housing context given the simultaneous replacement of costly and
inefficient domestic hot water boilers (electric boilers).
The operation was possible thanks to an agreement sponsored by the ATC (Territorial Agency for
the home province of Biella, Italy) in collaboration with the City and Region, ENEA (National
Agency for Energy Efficiency) and Federcasa (National Agency for the social construction industry)
that aim to enhance and upgrade the overall system of local social housing, thus ensuring the most
vulnerable population access to homes with a high level of energy sustainability and consequently
lower energy requirements and lower management costs. [15]
4.2

SURE-FIT - Pilot project "Le Navi"

European research SURE-FIT (Sustainable Roof Extension Retrofit for High-Rise Social Housing
in Europe) is a project funded by the European Commission 6th Framework Program - Intelligent
Energy Europe Program intended to experiment with redevelopment of buildings in both
architectural and technical performance, summarizing the issues at the forefront of existing
technology for the expansions in coverage and developing appropriate guidelines and procedural

models of production, so as to implement and disseminate the most innovative processes in
Europe and promote the application of facilities related to renewable energy sources even at small
scale. [16] As we have seen, interventions aimed at improving energy performance, particularly in
social housing type buildings, requiring the use of not always available financial resources; the
construction of additions to the facade and the roof may therefore be a good solution making it
possible to upgrade the architectural layout of the deteriorated building and at the same time
increasing the number of dwellings, creating neighbourhood facilities and common areas, and
improving energy efficiency. When raising techniques are based on passive, industrial and flexible
construction systems, they can be considered extremely advantageous both technically and
economically. The Italian pilot project was designed in 2007-08 by the Ipostudio firm of Florence, in
collaboration with the City of Florence, Office of Public Housing.
This is an intervention on part of public housing in the City of Florence, namely, a linear 4-story
building, built in the 80s in the Le Piagge district on the north-western outskirts of the city.
The building, made up of 33 homes, showed obvious shortcomings in the performance of roofs
(leaks, asbestos, heat loss) and the need for adjusts to the main plant networks, accessibility
problems (stairs, lifts, cross paths) and uneven heights and volumes compared to the buildings in
the same sector. The project involved the creation of an independent structural system, which does
not discharge the burden of raised works on the structure of the existing building, but complements
them by raising the building two new floors. The steel frames of the new structure are anchored on
both sides to a number of façade components dedicated to improving energy efficiency (blinds,
shades, solar panels) and new functional areas that extend the surfaces of existing housing. These
areas are partially closed and extend the living room area, some are open and are ancillary such
as loggias and balconies). [16]
During renovations, old apartments were redistributed to offer different solutions aimed at
satisfying the needs of different social housing user profiles and the surface expansion allowed for
the creation of 9 new residential units. [17]
4.3

Social housing in Pietra Alta (Turin)

The project developed in 2009 by the Costa & Partners firm in cooperation with the Mellano
Associates firms under Social Housing programs by the Municipality of Turin, is a pilot project in an
urban dynamic that is following a process of social, cultural and economic renewal; it includes the
transformation in social housing with tourist hotel nature of a former apartment house for
employees of the Post Office located in the Pietra Alta neighborhood in Turin, one of the
municipalities where the local government, civil society and social enterprises have for years been
engaged in actions for urban regeneration and to support local social and economic fabric.
The 1970s building occupies about 10,000 square meters and includes 183 residential units with
about 470 beds. The complex consists of two buildings, nine floors each, connected by vertical
connections. Project apartments, currently under construction, are intended for various forms of
temporary social housing: guesthouse, residence, campus and hotel. To residential space is
flanked by various services, such as low-cost medical offices, bars and restaurants, group activities
and support for guests of the complex and the residents of the neighbourhood.
Today, the property is in poor conditions and needs a substantial intervention of retrofitting and
maintenance. The different organization and distribution of space is designed to more functionally
respond to the new use and to meet the housing and relational needs of new users.
The preparation of the extraordinary maintenance plan comes from the need to bring the building
up to standard; this becomes an opportunity to introduce technology solutions with low
environmental impact, energy efficient, using plants for the production of energy like solar and trigeneration and using durable and low-maintenance environmentally friendly materials which allows
for efficient facades as well as a restyling. For this reason, the use of photo-catalytic de-polluting
materials is foreseen to provide the envelope with values such as self-cleaning, removal of
pollutants from the air and self-disinfection of bacterial contaminants.
The flexibility of the building is achieved through the use of basic structures and the presence of
modular replaceable partitions allows the configuration of different housing types that regulate the
distribution and functional organization of new vertical and horizontal connections. [18]

5. Conclusion

The three case studies above (Biella Retrofitting One, SuRE-FIT (Sustainable Roof Extension
Retrofit for High-Rise Social Housing in Europe) – “Le Navi” in Florence, Social Residences in
Turin) demonstrate different possible approaches to the solution of the problem in Italy and,
through innovative trials of requalification, they confirm the possibility to meet the demand of
performance flexibility, interaction between user and building and customization of features,
bringing concrete benefits to the field of habitat management, monitoring and energy sustainability
through technology “frontiers”.
The "smart" materials, prefabricated components to be used in the building, innovative
technologies for the management and control of the building and the super structural systems can
therefore be applied to walls, on roofs or under used spaces in the buildings to be renovated and
may represent a possible type of action on the existing solution, in a simple, economical, efficient
way and without evacuating the residents during construction.
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Summary
The aim of the study was to survey the evidence-based information in initial briefs for healthcare
environments. The focus was on the initial brief, when the aim is foremost to express design
requirements  and  specifications  from  the  user’s  point  of  view.  The study audit 29 briefs by using a
new developed instrument to examine the content and quality of information in briefs (CQB-I)
(Content and Quality of Briefs Instrument), a new developed and tested instrument. The rationale
behind the study is that the brief is one important outcome of a design process that has not been
studied as much as necessary. Despite the stated importance of a well developed brief, there exist
few studies of the content and quality of the briefs created in design process of new healthcare
spaces. The use of Evidence-based design (EBD) to support designers to make decisions based
on available knowledge about the impact of design solutions on people, costs and management
has been addressed recently. Briefing (programming) should enable the communication of the end
user’s  need  into  design  requirements  and  thus  it  is  of  utmost  importance  that  this  is  communicated  
through a brief. The brief should also be a significant base for expressed outcomes for a building
performance evaluation. The analysis showed that a majority of the briefs included some kind of
evidence-based information. Though, in most of them the information was very sporadic and the
information mainly addresses local statistics such as of the number of patients, beds, personnel,
and length of stay. There were only two briefs that contain evidence-based information throughout
the entire brief.
Keywords: evidence-based design, brief, program, briefing, programming, pre-project design,
healthcare design

1.

Introduction

This paper presents a study of initial briefs for healthcare environments in order to assess the
evidence-based information included. The overall aim was to get a state-of-the art picture of the
current practice of using evidences in briefs (or programs) created during the early stages of
designing healthcare spaces (i.e. the pre-design stages before detailed design solution is
presented). The focus was on the initial brief, when the aim is foremost to express design
requirements   and   specifications   from   the   user’s   point   of   view.   The   present study used a new
developed instrument to examine the content and quality of information in briefs (CQB-I) [1].
Recently, there has been a vast of efforts to develop the design process towards a dynamic, transprofessional, user-oriented and evidence-based process [2]. The unanswered question is what is
the outcome of that work? One way to assess the outcome is to study the evidence-base
information in briefs created during the early stages of designing. The present paper presents a
nationwide study of the evidence-based information in a number of initial briefs for healthcare
environments.

2.

Background

2.1

Evidence-based design

The design of healthcare environments is a challenging process with many complex interrelated
organisational issues to consider including the variety of users, the continuous developing of new
technology  for  diagnosis  and  treatment  and  the  demands  that  the  design  should  support  patients’  
health and wellbeing. Thus, the use of Evidence-based design (EBD) to support designers to make
decisions based on available knowledge about the impact of design solutions on people, costs and

management has been addressed recently [3]. The concept of EBD is defined as design decisions
based on the best available information from credible research and evaluation of existing building
projects [4]. EBD should be informed by multiple perspectives, including those of architects,
engineers and healthcare professionals and be communicated via briefs created in the design
process.
A large amount of research supports that the physical environment plays a role in meeting quality
in healthcare [5, 6, 7] and should be a topic for the briefing process [8]. Quality indicators for
Swedish healthcare presented by The National Board of Health and Welfare [7] are based on
statements from Institute of Medicine [6] and states that healthcare should be safe, effective
(includes evidence-based), patient-centered, timely, efficient, and equitable.
2.2

Briefs as an important information base

Decisions about the design are performed in the early stages of the design process (briefing or
programming i.e. pre-project planning stages). The aim of the briefing is to define the operations
requirements and in which way the design can support the requirements [9]. One important focus
at this stage is the verification of the users’ needs. In healthcare, the patient, significant others and
the staff are the most important users of the building. Briefing is a complex task including
production demands from the construction sector and organisational demands of an environment
that support the goal of the organisation and the processes. Briefing should enable the
communication  of  the  end  user’s  need  into  design  requirements  and  thus  it  is  of  utmost  importance  
that this is communicated through a brief. The brief should also be a significant base for expressed
outcomes for a building performance evaluation.
2.3

Audit and its role for quality improvements

It is well-known that audit and feedbacks contributes to use of knowledge in healthcare practice
[10]. The present study is based on the idea that audit of briefs can enhance the awareness in the
design team of missed and essential information needed for the followed construction project. In
addition, the briefs can act as an outcome measurement of the activities performed in the design
process. In the design and architecture field outcome measurement has been performed by
studying the performance of the design processes and less the outcomes of the process [11]. The
ultimate outcome of a design process is of course the design of the building, the function of it (i.e.
how  well  it  supports  the  activities  it  is  built  for)  and  the  user’s  experience  of  the  spaces.  The  lack  of  
outcome studies probably reflects the fact that it takes time to develop a new building and
researcher interested in design process and performance almost never have the opportunity to
follow an entire design process through pre-design phases to a completed building. Thus, the
actual impact of an intervention in a design process might be overlooked. However, briefs are one
important outcome of a design process that has not been studied as much as necessary. Despite
the stated importance of a well developed brief, there exist few studies of the content and quality of
the briefs created in design process of new healthcare spaces [12]. This may be due to lack of
valid and reliable instruments for audit the content of the briefs.
2.4

Aim

The aim of the study was to survey the evidence-based information in initial briefs for healthcare
environments.

3.

Material and methods

This descriptive cross-sectional study audited briefs by using CQB-I (Content and Quality of Briefs
Instrument), a new developed and tested instrument [1]. CQB-I includes 14 items. In overall, the
items concern whether the brief includes a description of the healthcare organization, goals for the
new environment, patient needs, and care processes. Further areas are whether there are
outcomes for post-occupancy evaluation, whether the information is evidence-based, and whether
there is information related to the statements for good quality healthcare. The items are given a
three-point  rating  scale:  0=“not  at  all  present;;”  1=“present,  but  not explicit/sporadically present”  and  

2=”present   and   explicit/commonly present. In addition, the CQB-I enables for the user to take
notations clarifying the rating. The CQB-I is followed by an adherent user manual for guiding the
rating of the scale explaining the scales level of the instrument.
The present study was focused on two items in the CQB-I that are specially addressed to
evidence-based information in the briefs. One of the items covers whether there are references to
evidence, and one item whether there are references to the internationally [6] and in Sweden
nationally [7] expressed indicators for good quality healthcare. Guidance for rating is presented in
table 1 and 2.
Table 1 Rating scale item concerning evidence-based information
Score
0
1
2

Guidance for rating
Not at all present.
There is sporadic evidence-based information, such as care programs, clinical
experiences of care, experiences from other healthcare building projects, statistics, acts
(for care or building), guidelines (for care or building).
Evidence-based information is commonly present throughout the brief, such as care
programs, clinical experiences of care, experiences from other healthcare building
projects, statistics, acts (for care or building), guidelines (for care or building).

Table 2 Rating scale item concerning national quality aims
Score
0
1
2
3.1

Guidance for rating
Not at all present.
There are, though sporadic, references to the national quality aims for good quality
healthcare.
The national quality aims for good quality healthcare are commonly present throughout
the brief.
Sample of briefs

The briefs were identified by using a nationwide register representing real-estate organizations
working with healthcare buildings in Sweden (planning, construction and maintaining). The list
included 18 of 20 county council or regions responsible for providing healthcare services in
Sweden. Out from the 18 organization 14 were represented (two of the organizations on the
register denied participation and two did not work with briefs at the time for data collection). A total
amount of 29 briefs were included in the study (36 were sent in). Seven organizations contributed
with more than one brief. A total of seven briefs were excluded because they did not fit the
inclusion criteria (the briefs should be written between years 2005-2010 and be focused on patientcare).
3.2

Analysis

The briefs were assessed with CQB-I and the results presented in this study are solely based on
the analysis related to the specific item of evidence-based information and the item about the
national aims for quality in health care [6]. The second author (MSE) performed the audit. The
CQB-I guided the reading searching particularly for information related to these specific items.
While rating, notes were taken in order to capture a more fully descriptive picture of the substance.

4.

Results

The analysis showed that a majority (n=23) of the briefs included some kind of evidence-based
information. Though, in 22 out from these it was very sporadic, i.e. scoring 1 on the scale (Table 3).
Only one brief scored 2 on the scale, containing explicit evidence-based information throughout the
entire brief. Subsequently, six briefs did not contain any evidence-based information. None of the
briefs referred to the Swedish national aims for quality in health care.

Table 3 Scores for evidence-based information
Score
0
1
2
Total

Number of briefs
6
22
1
29

The information mainly addressed local statistics such as of the number of patients, beds,
personnel, and length of stay. The information in the briefs varied to a large extent. For example,
two of the briefs referred explicit to evidence about patient care such as national, Nordic, or
international guidelines, and research about the patient group, diagnosis or treatment. Research
about design solutions and health was referred to in one of the briefs. There was also one of the
briefs that referred to a consultation with a nurse specialized on healthcare hygiene.
The one brief that scored 2 for evidence-based information included references such as; guidelines
for physical availability for persons with different types of disability, national and regional statistics
related to the care in concern (i.e. prevalence and prognosis), results from a local patient
questionnaire, a regional investigation of future need of care resources and required dimension of
healthcare personnel. In addition, the brief referred to the national plan and building act and
national environmental goals. Aspects of physical availability were also included in one more brief,
referring to a regional political program for functional limitations. In addition, one of the briefs
addressed aspects of work environment when referring to an inspection by the Swedish Work
Environment Administration and to the National Board of Occupational Safety and Health in
Sweden.

5.

Discussion

The aim of the study was to survey whether and to what extent the written information in initial
briefs was explicitly informed by evidences. We analysed a number of briefs in order to find if the
statements in the briefs referred to statistics, actual research, guidelines or experiences from
completed building projects. The study was performed in the light of that the evidence-based
concept has been addressed intensively recently and that the briefs has been launched as the
most essential carrier of information throughout the entire building process [13]. Audit of briefs is
an essential part of quality improvements work of the design process since it can uncover areas
that are less considered in the process and in needs for improvements work. In healthcare audits
have for a long time been addressed as a natural part of the improvements work [14]. It is
necessary to evaluate the contemporary standard and take actions for improvements from that
knowledge.
The results in the present study showed that exception from statistical data there were scares of
evidence-based information in the analysed briefs. This result may demonstrate that design
decisions still are supported by anecdotes and thoughts about design and not evidence-based
information. Even if the decisions in our projects were informed by best available research and
evaluation from earlier building projects this could not be found in the briefs. This is a problem
since briefing is the most important stages for deciding about the best solutions for supporting
patients, staff and care processes. This requires that the statements in the briefs are based on
evidence and not on individual beliefs and thoughts in the design team about the reality. In this
study the broader definition of evidence-based information is used e.g. an approach that support
people to make well-informed decisions about policies, programmes and projects by using the best
available evidences from research, evaluations of what works [4]. This perspective is the most
usable for the design process since the evidence-base about the relationships between design and
health in various settings are still premature [4]. Research and other forms of evidences could not
provide the design team with all answers. Design is a complex process that needs to mix needs
and requirements from various stakeholders such as architects, building planners, and healthcare
professionals. There is also a variety of regulations, laws and policy statements about the design

that needs to be considered. However, there are available research on the quality of the design
and  its  impact  on  patient’s  health  and safety in care that could be important to use and thus should
be used in the early stages of the design process.
In the present study, we analysed the briefs for concrete actual evidence-based information i.e.
statements in the briefs should refer to for example research, evaluations of earlier building
projects or care guidelines. The result does not reveal if the design teams actual uses evidences in
the process. The briefs might only capture snapshots from the entire design process. It is not easily
to capture the iterative, dynamics and exploration of ideas and argumentation in the process. Thus,
the design projects in our study might have been informed by different kinds of evidences not
easily transformed to a document.
The results showed that none of the briefs referred to the quality indicators in healthcare which is
not unexpected. The indicators are not well established in healthcare organizations. The item was
included in the instrument since we wanted to develop a progressive instrument and include
strategic quality indicators based on research that states that the aim of a healthcare organization
should be explicit in the brief [2, 15], and that briefing should take a long-term perspective aiming
to ensure that the goals of the design correspond with the goals of the organizational strategic
planning [16]. There is a vast of literature that states that the possibility to design the healthcare
environment to meet the quality requirements of healthcare is an important future topic for the
briefing process [6].
For evidence-based design to be used, intervention research is needed on how to implement such
knowledge into the design process. Using of evidences is not only a matter of disseminating and
communicating evidences into a design team. Evidence based design has to be integrated into the
context of designing, experiences from practitioners, values and societal perspectives on good
design. Researcher, decision-makers and practitioners need to enhance their understanding how
to get evidences into practice and by that improve the design process and its outcome.
How appropriate or realistic is it to use evidences in the design process? Design is much of a
practical work and it might be unfeasible and connected to increased costs due to longer
processes to introduce evidence-based design. It is needed both skills and experiences to find,
interpret and communicate research and evaluations. However, evidence-based design
emphasizes that design decisions of a healthcare environment should be informed by the best
available  research,  knowledge,  and  user’s  experiences [4, 17]. The cost drive in society forces the
healthcare managers and building sector to increase the odds to design healthcare environments
that are functional, usable, and generative with regards to expected outcomes for the end-user [8].
In the future, there might be needs to prepare a new role of people who bridge the gaps between
professions in the design process and bring together persons and knowledge for various
disciplines.
5.1

Conclusions

From this survey it can be concluded that, regardless of to what extent the design process of new
healthcare facilities is being informed by evidence, it is not fully documented in the briefs. We need
to continue to audit the content in briefs in various contexts this requires new methods and
instrument for measuring the content but also the quality of the content. We also need to learn
more about how to implement evidence-based knowledge into the design process.
5.2
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Summary
In Italy, interventions of recovery work are by far the most common, both for practical reasons and
for obvious cultural reasons, tied to a collective interest in protecting our historic and architectural
roots and those values, including aesthetic, unrepeatable values, which permit the maintenance of
cultural identity. However, specifically related to the theme of energy saving, the Italian regulatory
framework does not contain univocally defined guidelines for energy retrofitting of historical
buildings, and the tools for IT evaluation of the built are lacking and still incomplete as regards this
issue, being unable to balance energy evaluations with the requirements imposed by the
preservation of values that cannot be easily converted into cash equivalents. In addition, a strongly
conservative attitude among the agencies in charge of preservation overshadows attention to the
questions posed by the issue of energy saving, effectively allowing for historic buildings, the
possibility of disregarding the guidelines for ordinary buildings, leaving the choices in this regard to
the sensitivity of the planner.
Keywords: energy saving, environmental protection, preservation, historic buildings.

1. Introduction
In the field of themes linked to social housing this report wishes to highlight some methodological
issues relating to interventions on buildings of historical interest which in Italy constitute a
significant part of the built heritage.
In the measure in fact, to which we are able to attribute to this heritage uses that are compatible
with its characteristics, capable of granting it new vitality, these artefacts can become a crucial
element in preserving the identity of a community and therefore in maintaining the plurality that
characterises the structure of our society. In other words, they form that depository of values that
contribute to the recognition of a shared understanding and whose conservation allows a reestablishing of continuity between the past and the future.
The performance of the construction sector has seen a steady strengthening of action on that
patrimony whose importance becomes even greater when we consider that about 30% of the
Italian building patrimony was built before the Second World War, and that, in recent decades, a
significant contraction has been recorded in new public building from 55,000 in the ‘80s to 11,000
today.
The concept of eco-efficiency has long been part of the studies dealing with the dynamic balance
between development and available resources, but its application in the field of artefacts of
historical value has been more recent and today is subject to close attention, partly because of the
increasing percentage of operations to restore existing buildings.
In Italy, interventions of recovery work are by far the most common, both for practical reasons and
for obvious cultural reasons, tied to a collective interest in protecting our historic and architectural

roots and those values, including aesthetic, unrepeatable values, which permit the maintenance of
cultural identity.
The following notes are intended to focus on a specific niche of buildings recognised as being of
significant historical and architectural interest and on which it is necessary to intervene in respect
of their pre-existence, especially in the presence of binding decrees under the laws relating to
cultural goods .

2. Methodological approaches and regulatory aspects
2.1 Theoretical pointers
The existing law on the protection at state level and in particular the Law on Cultural and
Environmental Heritage lays down the protection, at least until a verification of cultural interest has
been carried out, of all publicly owned properties whose architect is no living longer and whose
construction took place over 50 years ago. This is a fact, that, given the dilapidated state of public
housing stock, leads to a large number of buildings coming back under state control.
Policies of management and control of historical buildings in Italy are entrusted to the Ministry of
Culture which, through a system spread throughout the country of local detachments
(Superintendences), monitors and evaluates all interventions, including energy retrofitting, on
buildings of historical interest under the terms of current law.
Thus is outlined a mechanism of overall protection by government agencies to whom is delegated
the task of governing a widespread patrimony consisting not only of examples of exceptional
character, but also by so-called "minor" buildings, properties that, because of their value as stylistic,
constructive and historical testimony, have entered fully into the category of cultural entities. These
agencies are responsible for monitoring and authorising any work that is proposed.
Closely related to this factor is the consideration of the methodological setting that underpins the
assessment criteria generally adopted by designated technicians and whether or not to carry out
interventions on the building in question.
This refers in particular to a rather conservative approach aimed at protecting assets seen as
"evidence of civilisation", documents of architectural practice, and therefore related to their
distinctive material and immaterial values, with particular consideration paid to constructive
aspects, and whose building techniques and "rules" matured over time, which are regarded as
documenting the history of a society. A conservative approach, all the more entrenched when we
consider the training schools and special institutions related to the Ministry of Culture, such as the
Superior Central Institute of Restoration, focused on research and preventive conservation and not
on the materials of architecture, careful in the assessment of the environmental components,
especially regarding the preservation of works in confined spaces without specific priorities related
to issues of energy conservation.
There is no doubt in fact that historic building, highlighting specific local and particular identities,
plays an essential part in the framework of processes of standardisation, globalisation and
homogenisation driven by the economy and communication technologies, by opposing the general
risk of cultural uniformity. But it is also equally true that this building patrimony has to deal with
issues, inescapable now, raised by the general question of environmental sustainability and in
particular those to do with energy saving.
The process of converting such buildings, which is aimed at improving comfort performance, is in
fact is not easy to manage, having to take a number of factors into account, unlike what happens in
artefacts of lesser value.
In accordance with the current theoretical and methodological guidelines in the discipline of
conservation, the first among them all is undoubtedly that of the technical-functional compatibility
of the intervention in the long term, in relation to the conservation requirements expressed by the
historic and constructive characteristics of the building. To this has to be added the need for the
operation to be reversible and interfere minimally with the pre-existing.

These general guidelines become even more relevant in the evaluation before, and the selection of
technological alternatives later, in the case of the adaptation of traditional artefacts to the
standards required by current energy issues. In this regard it should be emphasised that in place of
the concept of adaptation, it would be more appropriate to speak for these artefacts of energy
“improvements”, thus representing a less schematic, more flexible and less prescriptive means of
intervention.
The choice of energy-saving systems to be adopted in these cases in fact involves a process of
careful evaluation, to be able to best combine the processes of modernisation with aspects of
traditional architecture. A cost-benefit analysis that is not reduced to a mere economic estimate,
but that is able to grasp the intangible and distinctive aspects of the artefact that cannot be
calculated in monetary terms.
2.2 Legal pointers
The few pointers in national legislation relating to energy saving and upgrading energy efficiency in
existing buildings, in the case of listed buildings are limited to foreseeing for these the possibility of
waiving the legal requirements, but requiring the authorisation for the planned intervention from the
local detachments of the Ministry of Culture. This is an operation that obviously pushes into the
background the requirements of energy saving and interest in energy performance that can be
achieved following the interventions with regard to the protection of the building.
The recent decree on renewable energy, implementing EU Directive 2009/28/EC, in the chapter
referring to the authorisation procedures for the installation of solar thermal systems on buildings of
historical interest protected by law, establishes in fact, for example, not bringing them into line with
building projects and thus they can be implemented with a simple communication to the relevant
bodies, as well as not requiring the integration of renewable energy sources in existing buildings
(foreseen for new buildings at a rate of at least 50 % of expected consumption), whenever this
would involve an alteration inconsistent with the character or appearance with particular reference
to the historical and artistic peculiarities of the building.
Supporting interventions of energy recovery and integrating the essential pointers at state level in
Italy is the task of municipal building regulations. These are fundamental tools of government for
introducing new criteria and objectives for energy-environmental policies. Such as the Building
Regulations of the municipality of Parma, which has adopted an incentive mechanism to ensure
that all subjects (owners, buyers, builders) who intervene on the built heritage, old and new, have
the opportunity to gain advantages for taking measures to improve the quality of the building, its
energy efficiency and environmental sustainability, including incentives and facilitation during the
construction phase particularly as regards access to the site by works vehicles, reduction of the
surface areas needed to accommodate structural devices and/or plant associated with the use of
renewable energy and/or passive heating/cooling, recovery for existing residential purposes of
existing attics.
The synthetic arrangements and the lack of a univocal line of action adopted at the state level have
also led to a series of experiences of a regional character, promoted by Local Authorities and
Environmental Agencies or Research Institutes. These are activities and awareness-raising
campaigns that see in the front line the regions of the Centre North and North, which are more
sensitive to the issue of saving energy for obvious climatic reasons as well, compared the regions
of southern Italy where the constructive characteristics of traditional architecture, featuring high
thermal inertia, are able to give satisfactory responses to the climatic conditions that characterise
these areas (usually milder winters and hot summers).
As regards this it is useful to mention the ongoing research of the Regional Agency for the
Environment (ARPA) in Valle D'Aosta, for the establishment of guidelines for interventions on the
rural architecture of the region with a view to saving energy. This research stresses the importance
of diagnosis and a knowledge of the pre-existent, with non-destructive testing methods such as
thermography; diagnosis and knowledge of the current state intended as a prerequisite for a retrofit
intervention, but also to be able to intervene in an informed way on the technical and constructive
elements that mark out rural constructions in the area.

And another interesting example is the Memorandum of Understanding between Veneto
Metadistrict Green Building and the Regional Directorate for Cultural Heritage and Landscape of
Veneto in the preparation of guidelines for energy retrofit on historical buildings. A protocol whose
importance lies primarily in having first attempted to create regional guidelines shared directly with
the entities responsible for protection. The project highlighted the lack of current data and
computational tools that are useful in achieving a real understanding of historic buildings, which is
necessary for the subsequent identification of technological solutions that are appropriate and
proportionate to their real energy effect.
The energy certification system in use in Italy stems from the European Directive, which aims to
determine the energy class of each building but is conceived for buildings of the ordinary type, and
rarely, in Italy, results in a guideline document for planning interventions . Similarly, the computer
software for evaluating the built proves inadequate for the cost-benefit analysis of energy
upgrading works. In fact, they have difficulty in making complex information systems that take into
account the historical and intangible values of the building, the conditions of decay and energy
performance.
2.3 Operative pointers
From an operational point of view the focus on the energy aspects of historic buildings in
construction in general, also because of the strong regulatory constraints imposed by state law,
leads to measured interventions, that are extremely respectful of the pre-existing which would have
difficulty in using thermal insulation coating systems to preserve exterior plaster, which is often
valuable and legally fixed in colour and composition.
This is what happened in the
autonomous
intervention
for
residential purposes in the building in
Via Gustavo Modena in the historic
centre of Rome (Fig. 1), a building of
medieval origins, occupied in the '80s
by a group of homeless families who
transformed it in relation to their needs
without
complying
with
any
requirements of habitability. The
project has eliminated the risk factors
and counteracted the advanced state
of degradation of the various parts,
rebuilding it as 12 dwellings. As
regards energy performance, the
building’s load-bearing walls provided
a good thermal inertia that fulfilled the
environmental parameters, and so
they proceeded to reduce heat loss
through the replacing of the old
windows with double glazing. A further
intervention concerns the attic where new insulation in planned. The project took place in full
respect of historical and artistic constraints imposed by the Superintendency of Rome.
Fig. 1 Building in the historic centre of Rome autonomous intervention to provide public residential
housing

Also in respect of conservation requirements was the recovery Palazzo Benatti (Fig. 2,3) in the
centre of Modena, a province in the centre-north of Italy. The intervention, although not directly
concerned with public housing, provides a useful example to illustrate the operational possibilities
on a historical artefact, authorised by bodies responsible for its protection.
In this case, the reduction of energy costs came about with a series of recovery operations of
existing wooden window frames to which were added a second frame with low-emission glass with

argon gas; the insertion of floor and wall heating,
set for both winter and summer, to solar collectors
for the production of hot water, inserted in the
south-facing vertical walls, to underground tanks
for the collection of rainwater and its reuse.

Fig. 2 Palazzo Benatti, external

Given the historic nature of the building, the
project included the insulation of the walls, the
use of cork panels coupled with a lining of brick
and opus signinum plaster to a total thickness of
20cm on the inside wall. For the pitched roof
system the warping elements were replaced with
wood from renewable forests and treated with
boron salts and vegetable resins. A double woodfibre insulation panel above the floor with 20cmthick rattan between the joists, ventilated in the
area below the mantle, was installed to ensure
adequate thermal performances.

Fig. 2 Palazzo Benatti, internal during
the work and detail of radiant wall and
floor

3. Conclusions
In Italy energy retrofit interventions on protected public building come up against, in their
operational choices, a very conservative theoretical attitude theory from the protection agencies
and a lack of guidelines univocally defined at state level that encourage a real push to improve the
energy performance of buildings . In fact, the possibility of derogating from the energy standards
required for new constructions or those subject to major restoration work, ends up entrusting to the
planner’s sensitivity and capability the opportunity to adopt energy-saving strategies that will be
authorised by the protection agencies. We have tried to summarise in the table below (table 1) the
possible intervention strategies compatible with pre-existence and the risk of losing of the
historical-architectural values of the artefact.

Table 1 Schema of possible interventions in the built
COMPATIBILITY
WITH THE
BUILDING

RISK FOR THE
PRE-EXISTING

Medium-high

Low

Medium-low

Medium-high

Medium-high

Medium

Medium-high

Low

Media

Medium

Replacement of
windows

Low

Elevated

Insertion of joints in
sections of the frames

Elevated

Low

Photovoltaic systems in
roof

Medium

Medium

Medium-low

Medium-high

Media

Medium-low

Avoid visual interference

Medium-low

Medium-low

Green system is useful as a
windbreak and for shading

TYPE OF
INTERVENTION
Insulation of attic
spaces
Insulation of the wall by
the insertion of
insulating foam in the
cavities
Insulation of the outer
coat

Double glazing
Inserting another frame

Mini wind power
Solar collectors
Changing the boundary
conditions

Precautions during the
intervention
Ensure that the insertion of
insulating panels does not
block ventilation
Risk of increasing the
moisture content of the wall
and causing damage to the
wall
The intervention can be
carried out on walls with
surfaces of no particular
importance
Low impact on the overall
building, but irreversible
consequence on the loss of
character.
Possibility of altering the
overall indoor image
Irreversible alteration of the
exterior and loss of elements
of significant documentary
value
Effective intervention without
substantial alteration to the
sections and design of
fixtures. Inappropriate in the
case of particularly delicate
elements
Carefully evaluate the
maintenance of the roof
covering and visual
interference
Special care has to be taken
with anchoring the
microturbine and for the
stability of the structure
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Summary
P roblems of housing rehabilitation are based on many coordinates, from the relationship with the
environment, urban and natural, and ending with the new psycho-social relationships, and have
changed so much in the last 20 years in Romania. In the present context it must change this
attitude and act on the principles of sustainable development: it must take into account the lifecycle
of the product, using new materials, "green" technology, regenerative energies. To illustrate this
approach, we will present some elements of the S IR project - " INTEGRATED SOLUTIONS OF
COLLECTIVE HOUSING REHABILITATION IN ROMANIA".
The objective of this research was to identify problems arising from the complex process of
rehabilitation housing projects and provide integrated solutions for improved comfort, reduced
energy consumption and pollutant emissions, as well as identify ways to implement a sustainable
development strategy in the rehabilitation of housing. The research has developed a partnership
between three universities and two research institutes and has integrated critically the views of civil
society and local authorities.
Keywords: sustainable architecture, new materials, green technologies

1. Introduction
The motto that precedes the "Official J ournal of the E uropean Union" C146/10 dated 06/30/2007
on regional politics and the housing includes ideas concerning the physical relationship between
landscape and buildings, homes, jobs and local services, energy efficiency and sustainable
development and avoid residential areas of ghetto.[4] E ducating local communities to acquire skills
needed to improve areas where they live, creating green spaces and improve energy efficiency
can offer solutions to declining neighborhoods, and may be a new source of labor employment.[5]
It is important that residential areas to reflect the culture of communities living there. Local
landmarks, such as community and religious centers, local markets or specialty stores, all are
important for creating communities.
S IR project has developed in several distinct stages[2]:

1.1

1-st stage:
Documentation on various analytical models.
Documentation on various types of rehabilitation intervention
Organize information using a standardized form, organize a database.

1.2

2-nd stage
Define a methodology for analysis and evaluation of concrete realities, diagnose specific
problems. We considered several models for analysis and lists of criteria and we eventually
chose as analytical model fits the criteria of Minnesota, from which it has developed a
computer program for analysis.
P ropose a system to evaluate and certify buildings.
Computer program analysis and diagnosis
S election of technologies, materials, solutions for use in integrated solutions for
rehabilitation.

1.3

Case Study
We have chosen a representative case for problem areas and rehabilitation of housing
units -a set of buildings in the area of "P olitehnica" in Bucharest.
We did a survey of the area.
We have identified and administered a questionnaire to clarify the specific problems in
terms of beneficiaries.
It was then a proposal for rehabilitation complex, with solutions for sustainable architecture,
incorporating new materials, green technologies, modern and efficient, renewable energy,
from urban scale to construction detail. It was proposed to partially double facade,
complete with a volume of lateral attic and volumes. S olar panels for hot water and as
photovoltaics, greenhouses, green walls - it incorporated several elements into solutions
that can optimize the use of space and enhance comfort, while facilitating a better quality of
life Community (Figure 1 and 2, images of the exterior and interior of the set).

1.4

Questions of strategy for implementing the methodology and proposed solutions.

We will arrange meetings with project partners and representatives of beneficiaries and
local government and departments concerned.
We will define a strategy for implementing the method of analysis and intervention.
We will propose the adoption and implementation at the national certification system
proposed by our S IR project.
We will build partnerships for the practical application of integrated solutions offered by the
project.
For each step we have used various means of dissemination: the realization of two web pages,
writing articles and presentations at various conferences. In the end the project, the research
results will be presented in volume and profile.
The methodology developed during this project can be applied for specific interventions as well as
large scale, involving integrated solutions tailored to specific situations.
It intends to continue the study through local initiatives for housing rehabilitation and also to the
convergence with the E uropean development programs.

2. Discussion, Conclusions and Acknowledgements
How to structure and develop research was well balanced and quite efficient. The results are (even
before the completion of the research) and promising, both in terms of the analysis on the concrete
details, the proposed solutions or implement the strategy. It is hoped that this project will trigger
reactions and good instigate significant changes in the way of understanding and begin the
process of rehabilitation of areas and apartment buildings.[1]

Integrated Solutions Of
Collective Housing Rehabilitation In Romania
Summary
P roblems of housing rehabilitation are based on many coordinates, from the relationship with the
environment, urban and natural, and ending with the new psycho-social relationships, and have
changed so much in the last 20 years in Romania. In the present context it must change this
attitude and act on the principles of sustainable development: it must take into account the lifecycle
of the product, using new materials, "green" technology and regenerative energies. To illustrate
this approach, we will present some elements of the S IR project - " INTEGRATED SOLUTIONS
OF COLLECTIVE HOUSING REHABILITATION IN ROMANIA".[2]
The objective of this research is to identify problems arising from the complex process of
rehabilitation housing projects and provide integrated solutions for improved comfort, reduced
energy consumption and pollutant emissions, as well as identify ways to implement a sustainable
development strategy in the rehabilitation of housing. The research will develop a partnership
between three universities and two research institutes and will integrate critically the views of civil
society and local authorities.
Keywords: sustainable architecture, new materials, green technologies

1. Introduction
The general objectives of S IR project are to increase competitiveness by stimulating partnerships
in priority areas, targets were tracked using technologies, innovative products and services in solve
complex problems and creating mechanisms for implementation. The achievement of these goals
is made through research partnership between the coordinator University of Architecture Ion Mincu
from Bucharest (UAUIM) and two universities, UT Cluj and UT Gh. Asachi Iasi, a prestigious
research facility ICP E S .A. from Bucharest and a research facility with young researchers GRE E N
HE AT S YS TE MS S RL. Among the project goals we can include:
Creating an insight from analysis of the current situation, the concepts, requirements,
evaluation criteria and the development of methods, development of technical solutions,
using innovative technologies in the priority areas for the project energy and environment
versus construction;
Validation of knowledge through experimentation of the selected solutions, the synthesis of
innovative knowledge of proposals for regulations, choosing a pilot investigation as a case
study, implementation and wide dissemination in the interdisciplinary field of construction,
and architectural planning;
Creating a new concept of rehabilitation and complex tools for multicriteria analysis for
housing, apartment blocks, residential community including public space
E nhance the competitiveness of construction market by implementing innovative solutions
designed;
Improving the quality of housing in order to increase the quality of life;
develop strategies for integrated rehabilitation approach
Derived objectives of the project are the communities welfare that are living in apartment buildings
(personal property) by optimizing the criteria of quality and reliability and performance technology
on the principles of sustainable development.

2. Project Overview
The central idea of the project is to define properly integrated systems that solve complex
problems of collective housing by the rehabilitation in the Romania.
The work of this project unfolds in the four main phases.
a) documentation;
b) generating a multicriterion system analysis and diagnosis for buildings to be rehabilitated
using a computer program whose end result is the proper strategy of rehabilitation for the
subject in case and also granting certificates of sustainable architecture that will certify the
quality of works;
c) choosing a particular case for apply the theories above steps to generate a rehabilitation
concept and methodology of study and analysis to govern integrated rehabilitation project;
d) establishing practical implementation strategies of the concepts generated in the previous
steps by building partnerships and meetings with project partners and Local Government
Representatives of Institutions and Departments Concerned.
2.1

Key moments in the steps of progress

We can observe an important evolution in the regulatory process and evaluation in the E uropean
Community and mention the subject's draft regulation for the E U E co-label in May-J une 2010,
prepared of E uropean P arliament and subject to consultation with all E U countries. Thus, the
examination and certification system proposed by S IR project incorporates the main elements of
this draft as well as elements from other types of certifications developed of the research centers
of universities as the University from Minnesota or prepared of well-known organizations and
BRE E AM, LE E AD, or rehabilitation concepts such as "Building for Life" in Britain.
Our first phase will operate a classification of buildings which are the subject of rehabilitation, after
two categories: the existing buildings and new buildings. These main categories are distinguished
by a different system of scoring problems.
The objectives pursued are:
limiting the generation of waste and
increase recycling activities;
reducing energy and water consumption;
promoting the use of materials with good
performance in terms of relationship with
environment;
encourage using of renewable resources
and of substances which are less
hazardous for the environment;
promoting the comfort and welfare state
in the interior space;
promoting information and education on
proper management of building;
educating on proper management of the
impact of construction on the environment
whether urban or natural.
The general requirements for application and
granting of E co-label, applied by the S IR project
are those where the applicant must respond to
the E uropean legal regulations, national and local
building especially those relating to landscape
and biodiversity conservation and water
management on site. Therefore the building in
case must be completed and in operation, built in
respect of all legal and statutory elements
relevant to the site. Comply with E uropean,
Fig. 1 Certificate model
national and local conservation laws and

regulations regarding especially water sources, water treatment and disposal, products and
materials, the subject applicant will respect the conventions about waste collection and disposal,
equipment maintenance and service and about the safety and health.
S IR project proposes a system of criteria which cover all fields, from the psycho-social to the
ecological impact on the environment, generating particular scoring criteria. After E co-Label, the
necessary minimum score is 44 points will be grouped as follows:
less than 6 points for criteria documentation chapters, Design, Construction, impact site;
at least 26 points for criteria concerning the materials, energy and water consumption;
at least 12 points for criteria from Health and well being, operation, maintenance and
facilities matters.
One of S IR project proposals is a digital program which it can generate multi-criteria analysis of the
subjects studied, that will generate concrete applicable rehabilitation strategy. One of the major
goals of this project is to develop and to provide a multicriterial analysis and granting certificates of
sustainable architecture, according to accumulated points calculated by this digital program.The
quality of construction is certifed by granting “ keys” bronze, silver, gold or platinum. The research
S IR aim to relate at the established labeling system for buildings as one developed by the
Research Center of University of Minnesota and published in the Minnesota S ustainable Design
Guide, keeping the principles of analysis of the main criteria (indicators) in the assessment of
sustainable buildings. Final assessment is based on a maximum score of 100 points. At the end of
this process of analysis, depending on the score gained, it will be appreciated providing a label as
follows:
S ilver
key: 52 - 67 points;
Golden
key: 69 - 81 points;
P latinum
key: 82 -100 points.
2.2

Concept generation for rehabilitation

After several proposals, it was developed a concept to guide the rehabilitation project. It started
from the image provided by the housing blocks and the specific life style. S imilar or identical from
the point of view of the
general
shape
and
appearance,
residential
buildings containing without
any factor of individualization,
the apartments like cabinets,
resemble strikingly well with
of beehive. The averaging
policy of previous years of the
‘90s decade has resulted in
blocks
with
volumetric
conformation similar to bee
hives.
The housing cell and the
need of typification, has
generated the concept of
prefabrication module. One
point on which we must focus
shall be the price. The high
price of rehabilitation can only
lead to lower standards or
giving up procedure. Thus,
Fig. 2 concept and morphology generation
the
advantages
of
standardized elements, prefabricated, lower the cost price and provide the quality made by the
industrial detail. In order to operate this type of item without forgetting the individualization of the
final product will be use the module. We propose a module in hexagonal form, inspired by from
shape of honeycomb cells. This module will be the basic unit, multiplied or not, will accommodate

the functions required by the rehabilitation.
The module thus established, will be found
both in the plans conformation and in the
volume shape. S elected module shall be a
hexagon with sides of 2 meters, creating a
area of about 10 sqm. The first step is to
create a project type, district studied by
applying the concept on a particular site
from the study area.

Fig. 3 Typical floor plan of new and old construction
2.3

Case study analysis

After an important documentation step, whose sources were from many fields of knowledge and
has done so visiting rehabilitated neighborhoods from E urope and by informing about the different
experiences on the subject, followed by a phase of establishing rehabilitation strategies based on a
multicriterion system of analysis and assessment from the dwelling unit up to urban planning,
psycho-social problems to questions of ecology and renewable energy.
The research results made of the interdisciplinary team of the coordinator, UAUIM together with
students, are relevant for the purposes intended. The students have completed the survey of the
area, applied the questionnaire and helped to prepare the necessary gathering and information
processing of the case study. There were used also the results of the analysis of thermal
rehabilitation of an apartment block, located in the area under study, conducted of a team which
includes members of the S IR team, P rof. Dr. E ng. Mihaela Georgescu and P rof. Dr. Arch. Cristina
Ochinciuc.
Considering the analysis and evaluation criteria listed above, we searched for a suitable area for a
study case. This should be as representative for
the residential areas that we want to rehabilitate
according with the methodology proposed of S IR –
it should be a well-defined urban area as defined
by primary and secondary streets, parking, green
spaces and built areas to present a more complex
problem as a good potential for intervention. Thus
we chose a residential section from a
neighborhood-type bedroom, from the east of the
city, a area which arise pretty much all the typical
problems that we face in the neighborhoods built
in the '90s.
lack of balance between the functionality of dwelling, facilities, services;
unresolved traffic and parking problems;
lack of equipment and landscaping of
green spaces;
lack of amenities required for a quality
community life;
relatively high age sections of blocks (built
in the ‘70s) with all the matters related to
facilities, facade, roofing, insulation.
Fig. 4 Image from the studied neighborhood

The advantages of choosing this area are:
location in the city in an area under development and up-grading of standing;
wide variety of urban spatial organization;
generous green areas;
variety of heights;
sections of the block and variety of apartments, etc.
The proposals in terms of urban planning,
landscape and architectural design, offer a
full range of options and solutions. It was
covered a first stage of consultation with
beneficiaries, the results of this feedback
were integrated in the study and
elaboration of new proposals. According to
the strategy originally proposed, these
consultations will be repeated on the scale
and broad participation and in the next
stage (final) S IR project. The intention
shall be having extended this study
through a real materialization.
For a better analysis of existing situation of
the
beneficiaries,
we
defined
a
questionnaire. The questionnaire was
presented to a number of residents from
the area studied. Responses have
provided qualitative and quantitative
information, very useful in analyzing the
area and assess how local realities are
perceived by users. The questionnaire
asked residents questions from several
major chapters: the traffic - both pedestrian
as well as auto accessories from various
fields, social, problems the existing and
proposed functions of people, functions
present in the neighborhood, block,
housing units, economic, comfort etc. After
processing the responses to the
questionnaire,
it
came
to
some
conclusions concerning the solution of
rehabilitation, which changes and enriches
the concept originally adopted and put in
the question. They refer to:
need to extend the useful area the
existing apartments;
opportunity to increase the number
of apartments through attic;
extension of facade or roof solar;
creation of underground spaces for
parking in the spaces between the
blocks, which integrate harmonious
in site.

Fig. 5 Illustration rehabilitation solution

Four categories of solutions are proposed:
I. Restoration of the buildings housing from the point of views that were found in the previous
research phases;
II. Adding additional space with house functionality, fulfilling the needs of residents, such as:
a. balconies closed containment greenhouse for buffer space;
b. dining room near the kitchen area or living room, where appropriate;
c. balconies or gardens with sun vertical orientation depending on;
III. Adding an attic for increase the percentage of occupancy for a metropolis, as Bucharest.
Our spaces are arranged housing obtained in two ways: simple and duplex. Access to them
will be made with a vertical circulation node that also serves the third volume of proposed
project;
IV. Adding a new building that includes community functionality, often by survey questionnaires
to community needs, such as community administration offices, spaces for community
events, such after-school facilities, fitness rooms, rooms for community events.
Construction will have its own metallic structure covered with green terrace will become a common
area for residents.
The study conducted among residents from the area found, among other things, a need for
additional parking and patios landscaping to increase the potential of leisure. As a result it
proposed rearranging adjacent spaces between the blocks for parking spaces redistribution.
Diversification of the types of plantations is done using native species, and the addition of semienclosed building, multi-type pavilion leading the more attractive courtyards.
The rehabilitation solution takes into account the plan rehabilitation the existing building and the
orientation towards the cardinal points. There are two types of the existing configurations, each
having an opposite orientation. Thus constructions with smaller constructed area will receive more
than just an attic level and those with bigger surface will develop attics on two levels. Attics will
contain only function of dwelling, including approximately 100 sqm apartments. The terraces and
photovoltaic panels on the facades, gardens and vertical location are distributed depending on the
orientation of the cardinal points. Attic access shall be made on a mane ladder and an elevator
located in a adjacent building which includes also community facilities and utilities. The exterior
walls are made from light elements, sandwich type and will be partly covered with photovoltaic
panels or vertical gardens. Opened balconies which ensure ventilation and lighting are provided
with S unscreen protection systems.[3]
The structure will be independent of the existing construction: metal pillars and lamellar wood
beams. The solution is chosen for aesthetic reasons and environmental concerns. The beams will
remain visible in the living space for an impression of increasing the interior space. Intermediate
floor attic ties hang on main beams and are also clad on wooden structure using recycling
materials. The interior walls are made of prefabricated panels from recycled wood also. They will
contain storage spaces of various sizes. The facades with opaque or transparent panels, are
ventilated "double skin" type. The solutions proposed for rehabilitation of the envelope are
considering the following objectives:
reducing energy consumption and CO2 emissions;
provision of thermal comfort conditions, hygiene, sound and vision;
protect natural environment and biodiversity.
As finishing for facades are proposed wooden tiles with special waterproof finishing, sheet metal
panels, ceramic tiles. The windows will be P VC or metal.
Rehabilitation of thermal energy in buildings aims to reduce energy consumption for exploitation,
which can be achieved through two categories of measures:
I. Measures to reduce energy consumption for heating / cooling system which relies on
additional insulation of opaque elements of of the envelope and optimization of
glass elements;
II. Measures through which the exploitation of solar energy through converting thermal
energy into visible radiation (greenhouse effect) or electricity (photovoltaic effect).
Implementation of these measures in the sustainable construction solutions suitable for each
individually situation, involve the use of advanced materials with certain characteristics, consistent
with objective pursued. For this reason, before presenting constructive solutions it was made a
synthesis of materials used in rehabilitation works, starting with high efficiency insulating materials

and continuing with transparent materials with dynamic features and smart materials.
Details of the rehabilitation of thermo energetic performance have been compiled for different
versions: the outside heat, heat through the interior, additional insulation and turning in the front
ventilated façade. Terraces have extra insulation in the compact structure, terrace garden, attic.
Corrections to the proposed model shall be made based on feed-back results from consultation
with the beneficiary.

3. Discussion, Conclusions and Acknowledgements
The proposed solutions for this case study can become an example of integrated rehabilitation,
designed to open new perspectives of study but and concrete rehabilitation, to which actively
participate not only scientists and engineers, but and policy makers and residents, the
beneficiaries themselves.
The research project highlighted the benefits of interdisciplinary work and the general structure of
the research was balanced through contribution for each team from partnership. Interesting to
notice the development of a computer program for analysis and dissemination through organizing
a national symposium. Collaboration between the partners will continue to choose and defining the
best details, materials, equipment and technologies integrated in the new and effective solutions.
Besides the study and design of solutions will give a great importance of the strategy - in the
involvement of all stakeholders and the communication - through an efficient communication with
customers, builders, makers of the administration, direct beneficiaries and the general public.
We believe that the study allowed us to check options and continue to perfect interdisciplinary
teamwork. Cut overall research plan, though modified over time, keep up the strategy and initial
results are interesting and in the materialized in this phase. In this way the research is addressed
to investors and project managers, designers and users who provide a way to measure energy
efficiency not only of operating the of building, but measuring its sustainability.
It is important to note that, although always relate to E uropean legislation and starts from the
systems analysis and evaluation criteria been finalized by other organizations, S IR project aims to
adapt the concept of rehabilitation to the conditions and the local legal system, and not another
theory of rehabilitation becoming difficult to implement in the real conditions. S IR also aims to
integrate concepts of rehabilitation in the all areas of knowledge, from the technical innovations
and materials to the concepts of visual and psychological comfort. The next step is to complete the
project proposed of S IR and the update and comply with the feed-back from local authorities and
inhabitants.
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Summary
Building energy efficiency analysis based on simulation tool and BEMS is very important for saving
energy and reduction of CO2 emission. This paper presents a study of HVAC system simulation of
a real office building in Hong Kong. For energy conservation of the chiller plant, a model is built in
simulation tool LCEM. The base model is first calibrated by comparing the simulation result of
energy consumption with the measured data from BEMS. After calibration of the model, several
operation improvements for saving energy are given based on the simulation result.
Keywords: HVAC; LCEM; Simulation; BEMS; Energy efficiency

1. Introduction
Energy efficiency for commercial buildings has been receiving wide attention in recent decades. In
Hong Kong where the economic flourish for commerce, energy saving and CO2 emission reduction for commercial buildings are of especially important due to the high-density skyscrapers and
great energy consumption.
Building energy simulation is a very important method for conducting building commissioning. In
the recent past, many simulation tools have been developed to find possible approaches to
achieve building energy conservation and limit impacts on environment. One newly developed tool
LCEM just serves for this purpose. The LCEM (Life Cycle Energy Management) tool is an airconditioning system simulation tool that can present or predict the control indicators and control
targets related to energy throughout the life cycle of building in each phase from planning and design to repair.
BEMS (Building Energy Management System) is another important tool for building management
not only in controlling the running system of building, but also play a significant role in building
commissioning.
This paper presents a study of a typical office building in Hong Kong, focusing detailedly in the
HVAC (Heating, Ventilating, and Air Conditioning) system. For assessment of the energy efficiency
for the HVAC system, a simulation tool LCEM (Life Cycle Energy Management) is applied in this
study.

2. Analysis Based on LCEM
In this study, the system is mainly about the water - cooled air conditioning system. Tow methods
are considered for this case study. One is the simulation of water side and the other is the simulation of the whole system. This tow methods use different input data for the model and also different
tools.
In the first method The system was first described as a model in the LCEM tool based on the
equipment characteristics and current control logic. And then the model was calibrated to add for
the accuracy with the comparison of real data from BEMS (Building Energy Management System)
record and simulation result. This study shows a tightly combination of simulation tool LCEM and
BEMS. Calibration of base simulation model is necessary and crucial for the accuracy and usability
of the simulation result and further proposals based on this model. Therefore, calibration is carried
on again and again through comparing the simulation result and the measured energy data from
BEMS, checking the input condition which may result in the comparison differences, and modifying
the model until the difference is acceptable or reasonable. Based on field investigation of the
building and the simulation result, several operation improvements for saving energy were found
and proposed in this paper. These operation improvements cover most of the components from the
producing side (chiller plant) to the end user, such as pumps, chiller and cooling tower.
According to the current study, 9% of energy saving is available for the producing side by adapting
the operation improvements.
For the second method, it studies the whole system, including the water side and air side. Therefore it requires inputting the cooling load and room condition as boundary for calculation. For the
load calculation, the simulation tool DeST is applied as well as some shadow calculation tool.

3. Discussion
In the first method, after detailed modeling, calibration and simulation, three retrofits for improving
energy efficiency of the object building are confirmed quantity by simulation with LCEM tool. For
retrofit1 to open more cooling towers can save energy 49,000KWh per year, and retrofit 2 by
frequency conversion to reduce the head of cooling water pumps has a saving potential of
88,000KWh. Retrofit 3 propose a new operation schedule of chillers can save 121,000KWh per
year. Finally the combine of this three operation retrofits provide an energy saving potential of
231,000 KWh per year, accounting 9% of the total energy consumption.
For the second method, it studies the whole system, including the water side and air side.
Therefore it requires inputting the cooling load and room condition as boundary for calculation. For
the load calculation, the simulation tool DeST is applied as well as some shadow calculation tool.
The author then started a comparison between the results of these two methods. There is still big
difference when we focus on hourly result or individual component. However, the difference of
monthly comparison is smaller than 10%.
In this way, it can be summarized to two points. When the BEMS data is detail and reliable,
optimization proposals can be examined in LCEM. In the case of no exact running record, if we
know about the situation of building and design of HVAC system, simulation can be carried out in
LCEM combined with DeST to predict the energy consumption.

1. Background
In China, Building energy consumption takes about 30% of the whole society’s energy
consumption. For a city like Hong Kong which locates in the subtropics zone, both the temperature
and humidity is high all the year. Buildings are subjected to high cooling demand for their airconditioning system throughout the whole yea for this reason. Only Space Conditioning accounts
for a proportion of 14% for all the energy consumption by end-uses in 2008. as the biggest
consumer[1].
Therefore it is of great significant to consider the energy efficiency of the buildings in Hong Kong.
Building energy simulation is a very important method for conducting building commissioning.
There are various kinds of simulation tools specially designed to analyze the performance of HVAC
(heating, ventilation and air- conditioning) system. Based on a system of equations that define
thermal performance of buildings and systems, and with given boundary conditions, operation
strategy and controls, these tools can predict or optimize the system. These tools include Carrier
HAP, Trane TRACE 700, DOE-2, eQUEST, EnergyPlus, ESP-r, IDA ICE, DeST, TRNSYS,
HVACSIM+ VA114, SIMBAD, and so on [2]. One newly developed tool LCEM just serves for this
purpose. The LCEM (Life Cycle Energy Management) tool is an air-conditioning system simulation
tool that can present or predict the control indicators and control targets related to energy throughout the life cycle of building in each phase from planning and design to repair [3].
BEMS (Building Energy Management System) is another important tool for building management
not only in controlling the running system of building, but also play a significant role in building
commissioning. BEMS is widely applied in the commercial building management in China. There
are also some researches about the using BEMS for system simulation. However, such research is
more related to the basic function of BEMS, serving as a monitor of the operation situation.
Shengwei Wang did a research to present models, software and practice about on-line BEMS
simulation for the purpose of monitor, tune the local control loops and reset the supervisory control
strategies [4].
Actually BEMS can serve as more useful tool for energy efficiency analysis. But in the current
China, because the operation data is improperly recorded or lack of analysis for energy efficiency
improvement, there are few case study in China that analyze the HVAC system in an office
building using simulation tool and the real record data from BEMS. In this study, the researcher
apply a tightly combined utilization of both LCEM and BEMS for analyzing an office building called
Lincoln House (LH as below) in Hong Kong.
As we know, calibration of base simulation model is necessary and crucial for the accuracy and
usability of the simulation result and further proposals based on this model. Therefore in this study
calibration is carried on again and again through comparing the simulation result and the measured energy data from BEMS, checking the input condition which may result in the comparison
differences, and modifying the model until the difference is acceptable or reasonable.
And then based on this calibrated model (base model) the researchers go into deep analysis of
this chiller plant and give several detailed proposals for energy saving based on LCEM tool’s simulation result.

2. Model development and calibration
2.1

Building and chiller plant description

LH building is a typical office building located in Hong Kong Island. The building was constructed in
1998. The total building area is 30968 m2. The tower has 23 floors above ground, with the second
floor as chiller plant and 3/F~23/F consisting of office space. For one typical floor, the external
zone is office area, separated into several rooms for different tenants. And the core area is for auxiliary rooms such as lavatories, lifts, AHU room and so on as shown in Figure 2.1-1.
In this study, the simulation for energy saving is focus only on the water system in chiller plant. The
schematic of the chiller plant is shown in Figure 2.1-2.This water system is a one-pump system
and the chilled water pumps are variable frequency controlled. As the schematic 2.1-2 shown,

there are four chillers, consisting of three centrifugal chillers with big cooling capacity (1424KW)
and one screw refrigerator of small cooling capacity (720KW). In addition, there is a heat exchanger for introducing chilled water from other buildings. However, this account for a small percentage and in this simulation, it considers only the chilled water produced in this building.

Figure 2.1-1 Layout of LH building

Figure 2.1-2 Schematic of the chiller plant
2.2

Base model

2.2.1 Outlay of the model
According to the schematic of the chiller plant, the simulation model was built in LCEM. LCEM tool
is based on EXCEL, in which the equations an specifications of equipments are written in many
cells, and many cell are combined to present an object such as cooling tower, chiller and so on. An
output data of one object can be passed trough to another object as input condition.

CT

pump C pump

Figure 2.2-1 Layout of LCEM model on excel sheet
2.2.2 Calculation logic
The input data of this simulation model is from the measured data in BEMS and the parameters of
equipment characteristic list. In order to build a model correctly representing the real system, the
input data includes the boundary condition, operation schedule, and characteristic parameters of
equipments.
Figure 2.2-2 shows the calculation logic of this model. Weather data, cooling Load (CL) and chilled
water flow rate (G) from BEMS are input as boundary condition. Characteristic parameters and
operation schedule are input for all equipments. In the chilled water pumps (CHWP) object, it is
variable frequency controlled. When the hourly frequency and flow rate is input, hourly energy
consumption (E) can be calculated in this object. In the chiller object, CL and G is taken as input;
the outlet temperature of cooling water from tower (Tout) and inlet temperature of cooling water to
tower (Tin) are input as factors to influence the COP of chillers. With these parameters, as well as
outlet chilled water temperature supposed as 7 , the energy consumption of chillers and
exhausted heat can be obtained. In cooling water pump (CWP) object, it is constant flow rate
controlled, as the exhaust heat and the Tout are known, therefore Tin can be derived. In the cooling
tower (CT) object, Tin is taken from CWP, and when the wet-bulb temperature form weather data is
known, the Tout can be calculated.
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Figure 2.2-2 Calculation logic of the model
2.3

Calibration of base model

Calibration of base simulation model is necessary and crucial for the accuracy and usability of the
simulation result and further proposals based on this model. Therefore, calibration is carried on
again and again through comparing the simulation result and the measured energy data from
BEMS, checking the input condition which may result in the comparison differences, and modifying
the model until the difference is acceptable or reasonable.
(1) Chiller

The total energy consumption of chiller is 2,048,000 KWh for year 2008, and that is 66KWh/ (m2.y).
After calibration, the difference between simulation result and measured data from BEMS is about
1%.
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Figure 2.3-1 Comparison of energy consumption of chiller

For the calibration of cooling tower, the result is of big difference, especially from July to
September. This is due to additional open of tower by the operator in real system when the load is
very high in this three month. Generally speaking, the control logic is one chiller to one pump to
one tower. However, in hot summer sometimes the operator will open one more tower to bring
down the cooling water temperature, which was not included in this model.
Though there is big different in the base model, it will not influents further analysis in this study.
Because in the following study, it is suggested all the towers could be opened.
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Figure 2.3-2Comparison of energy consumption of CT
(3) Cooling Water Pump
There is no record data of the cooling water pumps energy consumption in the BEMS. However,
the CWP is controlled as constant flow rate. In this way, the real energy consumption can be
estimated by calculation to make up for measured data. The value is obtained by multiplying the
running hours with corresponding rated power capacity.
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Figure 2.3-3 Comparison of energy consumption of CWP
(4) Chilled Water Pump
The chilled water pump is variable frequency constant pressure controlled. The pressure difference
of the farthest end user is kept to be approximate 70Kpa. The hourly frequency data of the pumps
are input to the simulation model to calculate the energy consumption of pump. As shown in
figured 2.3-4, the input of frequency and flow rate recorded in BEMS can decide the condition of
new working point which ensures the calculation of energy consumption.
As shown in figure 2.3-5, there are big differences from July. With this simulation result, the
authors confirm with the building manager to find that from July the constant pressure was
increased.
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Figure 2.3-5 Comparison of energy consumption of

3. Improving operation of the system
Usually for energy saving analysis the simulation tool can serve in two ways. One is finding
problems and saving potential in the calibration process when the input condition is changed to
make the simulation result match the real measured data. Because if the input data exceeds the
experienced or required indicators, that imply a saving space. Another one is that the possible
improvement is already known by the building manager; however, quantitative saving should be
indentified for incentives to actions. In this study, these two ways will be applied on the analysis of
the cooling tower, cooling water pump and chillers.
All the improving measures for this building are only dealing with the operation logic, without
regarding to changing the equipments for the purpose of saving the cost.

3.1

Cooling Tower

Measure 1: keep all the towers running during operation; except for the case the load is very small
(only the No.4 small chiller is open).
In the real system, the usual control logic of tower is one tower to one chiller. For the reasons of
this choice, the building manager has two points to consider about, including saving tower fan
energy and controlling the cooling water outlet temperature above 27
to avoid damage of the
tower.
However, after confirming with the CT producer company York, the cooling water outlet
temperature can be at even 20 . Meanwhile, after simulation in LCEM, as the energy result
shown in figure 3.1-1, even though the energy consumption of cooling towers increase, however
the consumption of chillers decrease due to higher efficiency. The total energy saving of this
proposal is 49,000 KWh/year. This measure is easy to implement by just open more towers.
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Figure 3.1-1 Measure 1 Energy comparison
3.2

Cooling water pumps

Measure 2: Changing the cooling water pump’s delivery head from 35m to 25m.
According to a research by the building manager of LH building and Tsinghua University Building
Energy Research Center, the head of cooling water pumps are so big that 40% of the pressure
difference is consumed by valves. In the real system, the head of CWP could be changed from
35m to 25m by frequency conversion. Therefore a big pump can be adjusted as a small pump. As
figure 3.2-1 shown, point 2 is the new working point, and the energy consumption of this measure
can be calculated in LCEM. 88,000KWh can be saved per year for this measure. However, in the
real system, pipeline pressure balance should be adjusted again after some valves are open.
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Figure 3.2-1 Frequency conversion of CWP Figure 3.2-2 Energy comparison of measure 2

3.3

Chillers

Measure 3: Adjust operation schedule of chillers.
In LCEM, the hourly running schedule of equipments is very convenient to be change, which
ensures the simulation of various operation modes of chillers. The capacity of a big chiller is 1424
KW and a small one of 720 KW. However, from the BEMS data the real operation of a big chiller
can reach to 1900KW. A new running schedule can be made according to the cooling load.
After comparison, the schedule shown in table 3.3-1 can offer a relatively high energy saving.
Figure 3.3-1 shows the comparison of energy consumption for this measure. As the operation
schedule also influences on other equipments, the total energy saving for this retrofit is
121,000KWh per year.
Table 3.3-1 proposed operation schedule of chillers
Cooling load KW
Operation schedule
750>
1 small
750~1800
1 big
1800~2500
1 small + 1 big
2500~3000
2 big
3000~3600
2 big + 1 small
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Figure 3.3-1 Energy comparison of measure 3
3.4

Chilled water pump(CHWP)

The CHWP is controlled by keeping the pressure difference of the farthest user to be 70 Kpa.
However, due to improper selection of some equipments (chill plate of AHU or FUC), this value
can not be cut down for saving energy, otherwise there will be complaint for not enough cooling
from tenants. Further study will be conducted for retrofitting the equipments.
3.5

Combine all measures

To perform an interaction analysis, the above measures were combined and applied together.
And finally shows that a saving of 231.000 kWh per year can be obtained.

4. Simulation of the whole system
For the air side, there is no record of the energy consumption of each AHU. Therefore it cannot
apply the same way as the water side to build the model and then calibrate the model. A model
without calibration is the accurate enough to go into further energy efficiency analysis based on
hourly data simulation. However, for a study of the whole system, we can try from other method
without consideration detailed input from BEMS. Thinking about a building, as long as the function
of the building is determined, then the cooling consumption as well as the energy consumption can
be simulate and the result should be similar to real consumption data, otherwise there might be

some operation problem. In this simulation it studies the whole system, including the water side
and air side. Therefore it requires inputting the cooling load, room condition, and weather data as
boundary for calculation. Inside the model, the characteristic parameter of both water side and air
side, including CT, CWP, Chiller, CHWP, AHU and VAV.

4.1

Simulation of Cooling load with DeST

In this building, throughout the whole year, there is only cooling demand without heating demand.
The cooling load simulaiton is carried out in the software DeST (Designer’s Simulation Toolkit),
which is developed by Tsinghua Universtiy. Figure 4.1-1 shows the whole building hourly cooling
load comparison between simulation and the real record from BEMS. In the summer period, the
cooling load in night time is still much different from the real record, which shows in the second
layer of points. This might be result from the occupant schedule setting for the night time still need
to be improved. The total difference of 5.6% is acceptable for being input into LCEM to go further
simulation.
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Figure 4.1-1 Comparison of cooling load from DeST and BEMS record

4.2

Simulation of whole system in LCEM

The input data of the whole system model in LCEM includes: The input data for this model includes:
Outside Air dry bulb temperature and Outside Air Relative Humidity; Operation signal; Sensible
Heat Load, Latent heat load from the DeST load calculation result; Required room temperature
and relative humidity; In Hong Kong, such high class office tenant usually required to control the
room at the temperature of 23 degree. Equipment characteristic parameters.
Figure 4.2-1 shows a comparison of the total energy consumption of chiller plant, based on the
result from BEMS and LCEM whole system simulation. In the study of method one, after calibration,
the difference between LCEM simulation result and BEMS record is smaller than 1% when talking
about the whole system. However the difference shown in this figure is much bigger than the first
mehod. One reason for this difference is becasue in the second method the prediction of cooling
load is not exactly equal to the BEMS record. On the other hand, there is no calibration of this
model.
However, the difference of this comparison for most months is smaller than 10%. Therefore, this
can serve as a good tool for the prediction of energy consumption in a building.
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Figure 4.2-1 Comparion of chiller energy consumption from LCEM and BEMS record

5. Conclusion
This study is about a real building commissioning based on simulation tool LCEM and BEMS. As a
common problem in China, the BEMS is not well managed, some of the needed BEMS data is lost
or no meter to record, which brings additional difficulty to the simulation. However it is very
important to conduct a correct simulation with this limit data.
In the first method, after detailed modeling, calibration and simulation, three retrofits for improving
energy efficiency of the object building are confirmed quantity by simulation with LCEM tool. For
retrofit1 to open more cooling towers can save energy 49,000KWh per year, and retrofit 2 by
frequency conversion to reduce the head of cooling water pumps has a saving potential of
88,000KWh. Retrofit 3 propose a new operation schedule of chillers can save 121,000KWh per
year. Finally the combine of this three operation retrofits provide an energy saving potential of
231,000 KWh per year, accounting 9% of the total energy consumption.
For the second method, it studies the whole system, including the water side and air side.
Therefore it requires inputting the cooling load and room condition as boundary for calculation. For
the load calculation, the simulation tool DeST is applied as well as some shadow calculation tool.
The author then started a comparison between the results of these two methods. There is still big
difference when we focus on hourly result or individual component. However, the difference of
monthly comparison is smaller than 10%.
In this way, it can be summarized to two points. When the BEMS data is detail and reliable,
optimization proposals can be examined in LCEM. In the case of no exact running record, if we
know about the situation of building and design of HVAC system, simulation can be carried out in
LCEM combined with DeST to predict the energy consumption.
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Summary
Building is one of the most complex products, and offers the biggest variety in solution. And each
epoch utilizes its architectonics products in different ways. The tenement house (cortiço) in São
Paulo city inner center shows an improper structure facing the up-to-date upper class values. The
inner center is the most important piece for different gradients definition in site advantage, making
these advantaged material conditions for different social class appropriations. The land price value
should be the principal quality at managing site advantage facing inner center, as well as an
indicator of elite tendency settlement.
São Paulo is a city of many faces, with impressive contrasts in its central area, where the most of
its infrastructure-related services are concentrated in the central area, the richest one. Cortiço, as
a dwelling alternative, offer the possibility to subvert segregation logic through occupation of those
abandoned buildings made by theirs constructors. Guided by a clear project of using existing
empty real estate units in inner center of São Paulo city, it is one of its option to respond the
population demand that live in sub dwelling units, a financing program was created to act in
response’s  dwelling  necessities.  
Slum TenementHouse Action Program – PAC is the object of the 1354/OC-BR Loan Agreement
between the State Government of São Paulo and the IADB (Inter-American Development Bank),
signed through the Agency of Housing and Urban Development (CDHU). Undertaken by the State
Government of São Paulo, this ambitious and innovative Program aims to revitalize deteriorated
inner city areas and improve the lives of families living in slum tenements by offering them better
housing conditions. For the first time IADB has financed a project aimed at the provision of housing
as a factor for life quality improvement and renovation of urban downtown areas in a partnership
with CDHU, the company in charge of the State of São Paulo housing policies.
The highly complex actions performed by the Program are mainly aimed at the concession of credit and allowances to ensure, on the one hand, adequate housing supply in central areas to slum
populations and, on the other hand, at intervening upon the inner-city slum areas by promoting or
inducing operations of urban renewal in an integrated manner. These actions mean a major paradigm shift in the production of social housing projects – from distant lands to urban lots in central
city areas.
Slum Tenement Houses are multi-family dwellings divided into informally rented rooms, located in
urban areas and equipped with complete infrastructure, in which each housing unit is found in a
precarious situation such as collective use of sanitary facilities and overlap of functions without any
privacy. The same room, for example, may be used as a bedroom, living room and kitchen. Another feature of the slum tenement house is the informal commercial relationship between residents and owner agents that consists of an informal agreement for a single room rental (to be used
for all activities) and sharing of common areas, bathrooms and laundry rooms.
Housing services provided by PAC used two independent financing and subsidy instruments –
Credit Granting in the costly modality for units produced by CDHU and Funding Agreement for on-

the-market units via Letter of Credit – and Subsidy Certificate for both modalities. In the PAC format the concept of "pay availability" has been used, that is, a fixed amount of subsidy has been set
for all beneficiaries. This subsidy will be granted cash upon the signature of the financing contract
and deducted from the amount to be financed. The recipient is given the choice of adding additional intake of savings in advance. This model, unlike the current CDHU subsidy policy, offers the
opportunity to adopt explicit subsidy as an alternative to the model used by the Agency since 1989,
the "cross subsidy" – characterized by discounts or benefits which varied according to the compromise established and were regressive along the financing term. To ensure funds for families
with insufficient payment capacity, families with enough ability to pay had their installments increased by 10%. As a consequence, the same type of apartment may have different monthly funding values, which caused dissatisfaction among borrowers and higher default rates.
Technical difficulties faced at the time PAC was implemented, whether related to the financial
model adopted or to the process of housing production that supports care services provided by the
program, resulted in a 4-year expanded schedule and the need for recurring additional resources
contributions by the executive agent (CDHU), which caused financial distress to the Program. A
distinct decrease in income levels has also been observed since then, especially when taking one
minimum wage as a parameter. The average income of the current PAC target population in 2006
was R$ 805.51, which corresponds to 2.30 minimum wages, versus 3.17 in 2001.
The calculation form has led to an overestimated financing value the population could afford and,
consequently, to an underestimated subsidy amount necessary for the same population to have
access to housing solutions available, which turned out to be "inherited" from the beginning of the
project and contributed to the existing imbalance throughout the Program.
The negative effects of the Real appreciation on the PAC reference values are shown initially after
their last update, in August 2004. From August 2004, a sharp downward trend in the exchange rate
starts, whose overall result for the program is the overcoming of the subsidy Loan Agreement limits
(established in dollars) and the maximum financing value (established in reais). The main consequence of this phenomenon  was  the  increase  on  CDHU’s  not  eligible  spending  costs.  
Program implementation deadlines have been extended from those provided in the planning stage
of interventions. Some associated factors that have contributed to hampering the implementation
of the Program on schedule are worth mentioning: expropriation of lots with many owners; deadlines for bidding and developing architectural projects for special diversified lots that would take
into account the size and income of slum tenement households, in contrast to standard designs to
distant lands, bidding and construction work in consolidated urban areas. Services provided
through Associative Letters of Credit have also been hurt by the understanding that actions to be
taken by CDHU with public funds (and subject to Law 8666, bidding law) could be delegated to
Unions.
In this partnership with the city of São Paulo, CDHU inspect 412 buildings used as tenements, interviewed 5.320 households and gave subsistence allowance for 1.324 households, although
many of them had sufficient family income to access services provided through CDHU projects. A
research must be developed, to evaluate why these households (aprox, 25% of the interviewed) do
not want housing services provided by a governmental agency.
Although, a lot of effort is required for the construction and consolidation of models, and even after
ten years of Slum Tenement Program, identify standards and management procedures facing Letter of Credit for low income housing are still dependent on further researches.
Keywords: urban renewal; real estate market units; public sector investments; low-income housing

projects; sub dwelling.
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Background
The granite plutonic located at the central part of Kowloon Peninsula, Hong Kong, China,
constitutes the famous Anderson Road Granite Quarry. Since the early 20th century granite
stones were excavated from this site for local building materials and constructions works in the city
and the surrounding Pearl River Delta areas.
In 1990’s, after years of production, the granite quarry ceased production and was largely
abandoned. There was a series of discussions of how to re-use the land for urban development.
1997 is the year Hong Kong returned to China as a Special Administrative Region ( re. HKSAR ),
the urban planning process has to be speeded up to tie in with the upcoming development of Hong
Kong in relations to China’s overall urban and economic development.
In 2002, a large-scale residential development was implemented, i.e. known as the Choi Wan Road
Development and Anderson Road Development. Choi Wan Road Development was the first stage
development consists of 17 blocks of public rental housing blocks, car-parks, commercial centres,
schools, access road networks and recreation facilities.
Under the urban planning context, one of the challenging tasks is to convert a major piece of
man-made cut slope left behind by previous quarry excavations to a community park to serve the
neighborhood. This sloping site area, named District Open Space A (DOS A) was designated for
this purpose. The landscape design process commenced in 2005 and was implemented on site in
2007, it was later named ‘Choi Hei Road Park’ by the client, completed in early 2010, and opened to
the public in the summer.

Site Development
The Choi Wan Road Development sites were formed by the Civil Engineering and Development
Department within the overall Choi Wan Road/Jordan Valley site formation contract which includes
site formation works, infrastructure and services, roads, and bridge works. The development plan
prepared by Housing Authority allowed for public housing development on excavated platforms with
a target population of 50,000.

Fig.1 Choi Wan Road District before excavation

Fig.2 Choi Wan Road District after excavation

The Choi Wan Road Development had involved extensive site formation work that had transformed
large extent of the natural hillside and abandoned quarries into building platforms for public housing,
schools, and recreational developments.
Choi Hei Road Park is located on a sloping platform between public housing developments with an
elongated slope and an overall level difference of 30 m. The northern part of the site was occupied
by a 6 m wide drainage reserve for the entire Choi Wan Road development sites.

Fig.3 Choi Hei Road Park

Landscape Design
The design objective was to create a green belt embracing the Choi Wan Road public housing
developments surrounding the park, and the provision of the required open spaces facilities for both
active and passive recreation.
Design Concept
The design concept was to blend in the open spaces with surrounding public housing estates and to
reinstate the environmental quality of ex-quarry site.

Fig.4 Ex-quarry site

Fig.5 Conserve a community park

Much thought was given to enhance the quality of a healthy living; therefore, the elongated site was
designed to create a leisure walk trail, integrated with gentle-gradient ramp for barrier-free access
and steps for fast circulation. The 30 m level difference of the site was overcame by a system of
ramps and a steel bridge, integrated with short steps for fast moving to facilitate different park users.
Sustainability design was integrated into the park elements including history of the quarry site, trees
transplanted, solar-power street lamps, green roof, and the conservation of natural granite outcrops
and stones were displayed throughout the park to demonstrate its original characters and the new
sustainable design elements.
Design Objective
To provide a District Open Space, an environmental-friendly open space, integrated with the
external space of the adjoining public rental housing developments, and to form a ‘Green Belt’ for
the community.
Design Process
The main feature was to provide a leisure trial integrated with native plants and conserved
geological display with a view to provide education and conservation in addition to recreation. A
range of passive recreational facilities were also provided throughout the park for the users of
different age groups within the community.
Essential recreational facilities, both passive and active are provided, including sitting out areas,
Tai-chi exercise venue, rain/sun shelters, children’s play-area, elderly fitness, water feature, and
management blocks with public toilets. The disposition of recreational facilities has to take into
consideration the pedestrian circulation, with respect to the adjoining shuttle lift towers, footpaths,
and residential developments to provide an effective circulation network between the park,
surrounding housing blocks, and public transport hubs.

Fig.6 Public toilet and Elderly fitness area

Fig.7 Sitting out area

Fig.8 Tai-chi area with rain/sun shelter

Fig.9 Children’s play-area

Exercise areas serve as places for social gathering as well as for morning exercise. Public toilets
and sheltered seating were positioned at convenient areas for park users. The theme of granite
geology was adopted to make use of the natural conservation for educational purpose.
Large-scale planting of trees and shrubs was carried out along the peripheries of the open spaces
for both aesthetic and design purpose. Due to the hostile nature of the quarry site, special
plantings techniques had to be used by the project team to overcome the site constraints and to
ensure a sustainable long-term landscape maintenance programme.

Fig.11 Slope greening

Fig.10 Trees, shrubs and lawn by turf

The entire process of landscape design for Choi Hei Road Park DOS is to ‘conserve a community
park from an ex-granite quarry’. The design process was a series of tasks to resolve both
technical and physically problems, and the participation of various stakeholders including the
community •
•
•
•
•

geotechnical considerations
educational opportunities
community needs
conservation issues
site access.

Site Constraints
The site had inherited a number of site constraints for the design team to resolve and turn it into an
urban park to serve a community of 50,000, these constraints had turned into design opportunities
for the project team to overcome, and eventually generated some unique characters for the park.

Steep and elongated site, the rocky sloping site had a total site area of 1.36Ha, with a distance of
of 270m from the upper platform to the lower platform, and the northern part of the slope is occupied
by a 6.0m wide drainage reserve. The 32m level difference between upper and lower platforms
had limited the freedom of design and the provision of certain recreation facilities. The site had to
be designed as a meandering walking trail no steeper than 1:12 with selected facilities along it.
Level changes are minimized in order not to disturb the existing manholes in the drainage reserve
previously constructed before the site formation stage. The final design had made use of the
meandering path to create viewing stations and platforms for various uses and activities.

Fig.12 Steep and elongated site

Fig.13 Meandering walking trail (gradient 1:12)

Planting in an ex-quarry site, is another challenge. After site formation, the DOS site was largely
barren with no vegetation and there was a lack of topsoil layer. The design team had included
contract specifications requiring the Contractor to remove top 900mm existing bedrock and debris
for those pre-design tree planting locations, backfilled with decomposed granite and soil
conditioners for later-stage planting works. This measure enabled the project team to carry out
large tree planting for screening and amenity tree plantings at strategic locations. Localized soil
mounds were all created for massive tree and shrub plantings for a series of spatial effect to the
sloping site.

Fig.14 Gentle gradient ramp integrated with
steps

Fig.15 Leisure walk trail (gradient 1:12)

Extensive tree transplant was carried out in Jan 2010, 91 nos. mature trees including Hibiscus
tiliaceus, Lagerstroemia speciosa, and Crateva religiosa from another district (Kwun Tong) were
brought in from Sports Ground and Swimming Pool which was undergoing re-development. The
large-scale tree transplant required good co-ordinations and planning among various parties and
contractors. The transplanting works were well executed by the project team and helps to create
some ‘immediate greening effect’ for the ex-quarry site.
Conservation of existing natural granite.
Early before the commencement of the
construction of Choi Hei Road Park, a land
survey was conducted to locate the existing
natural granite outcrops, which was part of the
heritage of the ex-quarry site. NGOs and local
interest groups also offered assistance to
identify the history and illustrations of the granite
geology for display within the park. The local
‘Association for Geoconservation’ had given
their expertise and advice during the design and
construction stage for the display of the
geological development and display of rocks
within the park, and had contributed much to the
education aspect of the site.
Fig.16 Natural granite outcrops shows for
educational purpose
Communications between government departments. The project demonstrated a good
example of public departments working together under tight programme, from site formation, project
scheme design, landscape detail design, public consultation, contract management, and delivery to
the client and public.

Discussions
To overcome the steep and elongated constraints of the site, to make it accessible to all, numerous
calculations have been made to check out the best route of the leisure walk trial, which has to be
maintained in a gentle gradient of 1:12 throughout the entire park.

The dead loading capacity of the cut slope was only 10 KPa, this imposed another limitation of
landscape constructions within the site. Therefore, shelters and pavilion structures, and even
security fences were all required to be carefully located to comply with statutory requirements and to
suit the site conditions. Structural footings have to be constantly modified to reduce their impact on
the surrounding slopes.
Planting on granite bedrocks require early planting design with the site constraints to identify
localized excavation works for backfilling planting soils. Careful design of sub-soil drainage
discharge with a system of sub-soil drains were prepared to ensure the imported topsoil not being
washed away during heavy rainfall.
The objective of a sustainable landscape design could be found in various design elements. In
Choi Hei Road Park, the project team had conducted control checks from the initial feasibility study
of the park’s initial design, minimizing the use of cuts and fills, reducing substantial level changes
within the site, re-directing surface water drainage, and the re-use of transplanted trees for the site.
Local rocks and boulders found within the site were used and integrated into the design for
aesthetic and educational purposes. These elements had also become relics and attractions of the
park. The park also provides large areas of lawn which is seldom in Hong Kong for maintenance
reason. It demonstrates the site constraints had been turned into design opportunities and was
well appreciated by the nearby residents.
Safety in urban park was another major concern which had been well addressed in the design of the
park. The steepness of the site and the nearby slope edges required the installation of parapet
metal fencing to avoid accidental fall. Handrail and fencing, together with tactile pavers were
provided throughout the park to comply with local regulations and requirements to ensure a safe
and user-friendly environment for all park users.
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Summary
Sustainability can be
e considere
ed a contra
adictory concept in th
he context of shoppin
ng centres.
t shoppin
ng centre iss to increase consump
ption and m
maximize the
e economicc
Whereas tthe aim of the
growth, the
e sustainability emphas
sizes the de
ecrease in consumptio
c
on. Nevertheeless, the challenge
c
off
shopping ccentre man
nagement is
s to develo p sustainab
ble shoppin
ng and worrking enviro
onments forr
users and integrate th
he centre wiith the surro
oundings an
nd the comm
munity.
e enhanced through tecchnical solu
utions, but the
t ways thhe built environment iss
Sustainability may be
also important. Thus, the sustain
nability relatted actions should alsso be usable from the
e
used are a
perspective
e of the en
nd-users – sustainable
e solutions may not au
utomaticallyy be usable
e, therefore
e
the aim of this study is to develop an assesssment tool to evaluate
e particularlyy usable su
ustainability.
Additionally, the aim is to provid
de more kn
nowledge fo
or shopping
g centre maanagementt on usable
e
sustainabillity experien
nces.
According to earlier studies on
n usability iin the builtt environme
ent (CIB W
W111), usab
bility variess
between d
different use
er groups. To underlin
ne the use
er focus in this study, it focuses on usable
e
sustainabillity from the perspecttive of two user groups: custom
mers and teenants. How
wever, it iss
possible to
o utilize the tool in assessing
a
t he sustaina
ability of a shopping centre also from the
e
viewpoint of the community.
c
vious stud ies, the number
n
off
Moreover,, according to prev
ocation, size
e, shape, a
and layout, for example
e, were ideentified as vital
v
for the
e
characterisstics, the lo
success off shopping centres.
c
etical frame
ework comb
bines the u sability of shopping
s
ce
entres with the triple bottom line
e
The theore
sustainabillity approacch, includin
ng an ecolo
ogical, soc
cial and economic dim
mension. Based on a
literature rreview, sevveral key co
omponents of usable sustainability, like eneergy efficie
ency, waste
e
output, and
d public tran
nsport acce
essibility, are
re identified. The paperr describes these key figures and
attributes and illustra
ates the strructure of tthe Usable Sustainability rating tool. It also gives an
n
overview o
of how the empirical
e
da
ata is gathe red from the Finnish shopping ce ntres by using the tool
designed ffor the studyy.
The resultss provide data about user
u
experie
ences of us
sable sustainability. Thiis data is off interest to
o
all stakeho
olders, e.g. shopping centre ma
anagement, design, and
a
areal ddevelopers who have
e
interest to develop mo
ore usable and
a sustain
nable shopp
ping centres
s for all userr groups.
Keywords
s: Usability, Sustainabillity, Shoppin
ng Centre, Rating Tool, Finland

1. Introduction
The Finnish Council of Shopping centres has defined the shopping centre as: ”The facility that has
joint management and marketing and has one or more anchors. No single outlet has more than
50% of the total retail area. The facility has 10 or more outlets and its GLA is more than 5 000
square meters” (for other definitions, see [1]; [2]). This means that the shopping centre is a
collection of different businesses within the same space and with the same administration. In the
shopping centre, there cannot be companies whose commercial space dominates the area of the
real estate. The shopping centre management as one form of facilities management has many
challenges with the variety of stakeholders in the value chain. [3]
A shopping centre represents a complex environment where several user motivations and task
definitions can be fulfilled by a variety of user groups. The shopping centre management is
facilitating all user groups by providing an environment and services for them. The challenge is that
different users who are completing similar tasks might consider the usability of the environment
significantly different. [4]
The shopping centre industry is an increasingly competitive and complex field in the market.
Shopping centres provide a physical, social, and virtual interface for different actors. The
increasing amount of interest in a sustainability approach in shopping centres has been identified.
There is widespread support from owners for sustainable upgrades to major shopping centres, e.g.
across the UK and Ireland. [5]
One way for the shopping centres to enhance sustainability is to focus on the energy efficiency of
the shopping centres as buildings and apply the environmental certifications. There is also a need
for more sophisticated options to be combined with standard practices, such as recycling.
However, financial constraints are preventing more comprehensive sustainable upgrades. The
majority of owners see cooperation between the landlord and a tenant as the key to reducing
carbon emissions in retail premises. Such collaboration can include, for instance, the development
of green leasing, training the users and identifying common goals in the sustainable development.
The Finnish Usability Rating of Shopping Centres (USAB) project focused on the usability from two
perspectives: the usability experience of the customers and the usability experience of the tenant
organization. The usability rating tool was developed in the research project. Based on pilot studies
in nine Finnish shopping centres, it was found out that the users did not find the shopping centres
sustainable [6]. This research result encouraged to focus more on usability and sustainability from
the user perspective.
The aim of this article is to describe the key figures and attributes of usable sustainability and to
illustrate the structure of the Usable Sustainability Rating tool. It also gives an overview of how the
empirical data is gathered from the Finnish shopping centres by using the tool developed.
After the introduction, chapter 2 presents the theoretical framework, which combines the usability
of shopping centres with the triple bottom line sustainability approach, including the ecological,
social and economic dimension. Based on a literature review, several key components of usable
sustainability, like energy efficiency, waste output, and public transport accessibility are identified.
The empirical part presents a validation of the chosen key components. Finally the phases of using
the tool will be described and the final chapter concludes the paper. This paper concentrates on
the first phase of the research project on the usable sustainability rating in shopping centres and
describes the background of the rating tool.

[1]
[2]

[3]

MCGOLDRICK, P.J. AND THOMPSON M.G. “The Role of Image in the Attraction of the
Out-of Town Centre”, The International Review of Retail, Distribution and Consumer
Research, Vol.2, Iss.1, 1992, pp. 81-98.
DAWSON J.A., “Shopping Centre Development”, Longman, London 1983.
FINNISH COUNCIL OF SHOPPING CENTRES, http://www.rakli.fi/kky/5165.html,

[4]
[5]
[6]

acccessed in 28.03.2011
2
, 12:00.
AL
LHO J., NE
ENONEN S., and NISS
SINEN K., “Usability off shopping ccentres - Componentss
off the usabillity rating to
ool”, Proce
eedings of European
E
Facility
F
Mannagement Conference
C
e
10
0.-11.6.2008
8, Manches
ster, UK. pp
p. 75-86.
ww
ww.colliers..com/Marke
ets/UK/.../re
ese_shoppin
ngcentresus
stainabilty_qq408.pdf
AINOA J., AL
LHO J., NEN
NONEN S.,, and NISSINEN K., ”Käytettävä ka
kauppakeskus”, Espoo:
TK
KK Raken
nne- ja ra
akennustuo
otantotekniik
kan laitos,, Julkaisu TKK-R-B
B15, 2009.

2. Usab
ble susta
ainability
y in shop
pping cen
ntres – th
he frame
ework
2.1

Usab
ble sustain
nability

Sustainability is aboutt ecology and the envi ronment, but it is more
e than technnology: it is also aboutt
social cohe
esion, comm
munity susta
ainability, ciitizen partic
cipation, and
d lifestyles. Sustainability is profit,
people, an
nd the plane
et at the sam
me time. Su
ustainable developmen
d
nt is definedd as develo
opment thatt
meets the needs of th
he present without
w
com
mpromising the ability of
o future gennerations to
o meet theirr
own needss. For instan
nce, for a project
p
to be
e defined as
s sustainable, it is suppposed to ha
ave several
features. S
Some of the
ese features
s usually invvolve the so
ocial dimens
sion, econo mic feature
es and envi-ronmental features, be
etter known
n as the “trip
ple bottom line” approa
ach [7].
Additionally, a projecct is suppos
sed to enccompass the
ese three features
f
– social, eco
onomic and
environme
ental - in order
o
to be
e defined a
as sustaina
able. The environment
e
tal dimensiion is veryy
important iin the susta
ainability of any projectt because all
a economic
c activity uttilizes the environmentt
and hence
e depletes natural resources [8]. Therefore,, project managers shhould ensurre that anyy
economic developme
ent has con
nsideration for the en
nvironment in order foor their pro
oject to be
e
sustainable
e.
Another fe
eature that is
i key in en
nsuring thatt a project is
i sustainab
ble is the soocial attribu
ute [9]. The
e
social dime
ensions are
e very impo
ortant since
e the societty must ben
nefit from tthe project in the long
g
term. Econ
nomic features are very
y essential in sustainin
ng a project due to the ffact that a project
p
goall
should nott be all abou
ut reaping maximum
m
b enefits from
m the enviro
onment, butt also aboutt sustaining
g
the environ
nment in a manner that the proje
ect will be able to rea
ap benefits for a longe
er period off
time, and tthis can be undertaken
n through effficient use of natural resources.
r
T
Therefore, iti is evidentt
that there is need fo
or reconciliation of th
he social, environmen
e
ntal and ecconomic de
emands forr
projects [10]. These th
hree feature
es are also referred to as the pillars of sustainnability.
U
Usability, orr functionality in use, cconcerns th
he ability off
b
buildings to
o support the econom
mic and professional
p
l
o
objectives of
o the user organizattions (Figu
ure 1) [11].
B
Based on usability stud
dies, it has been found
d that otherr
p
parameters apart from
m the physsical enviro
onment are
e
a
also importa
ant for usab
bility – not oonly the bu
uildings and
d
sspace [12]. Physical en
nvironmentss may be im
mportant in
n
o
order to fulfil organiza
ational goaals. The ke
ey to good
d
u
usability is related
r
to go
ood relationns between the people
e
a
and the building and clear
c
organiizational strrategies forr
w
work and the use of buildings.
T
The usability can be seen as a process [12]; it iss
ccontextual and it is developedd in the relationship
r
p
between an organizattion and its buildings. U
Usability should be con
nsidered in a specific context
c
[13]]
as situated
d action [14
4], as a culttural pheno
omenon [15
5], and as a user expeerience. Fen
nker (2008))
[14] emphasizes the significance of social practices and
a
the use
er experiennce with reg
gard to the
e
a
arguess that usability is achieved throughh the interp
play of userr
relevance of built products. He also
es, design and
a manage
ement proce
U
meeans bringing the userr
esses, and buildings. Usability
experience
Fig.1 Usab
bility framew
work

perspective
e into focuss. The usab
bility has be
een identified to influe
ence the woork perform
mance, thuss
having an impact on the overall organization
o
nal success
s [13].
T
The theorettical framework combbines the usability
u
off
sshopping ce
entres with the triple bbottom line sustainabils
itty approach
h, including
g an ecologgical, socia
al and eco-n
nomic dimension (Figure 2). Usabbility attributtes are pre-ccise and me
easurable co
omponents of the absttract usabil-itty concept. Usability attributes
a
innclude, e.g., that sys-te
ems are ea
asy and fastt to learn, eefficient to use,
u
easy to
o
rremember, allow
a
rapid recovery frrom errors and offer a
In shoppin
h
high degree
e of user satisfaction.
s
ng centres,
th
he usability
y attributes are related to the aime
ed revenue
e
o
of the tena
ant companies, custom
mer satisfaction, well-b
being and th
he efficiency
y of the empployees.
Fig. 2 The
e triple botttom line and usability
frameworkk
back to earliier usability attributes uused in Bus
siness Parkk
Based on a literature review and referring b
environme
ents [16], the internal and
a externa
al usability attributes
a
off shopping w
were identiffied. These
e
attributes w
were discusssed in the focus grou p workshop
p with the managemen
m
nt of shopping centres.
The selection of attrib
butes was crreated.
attributes re
efer to thos
se elementts that affe
ect the usa
ability befo re a user enters the
e
External a
shopping ccentre: orientation and approachin
ng and ente
ering the sh
hopping cenntre are the
e significantt
phases of a user’s jou
urney in daily work and
d shopping. The interna
al attributess refer to tho
ose phasess
of the userr journey where
w
the us
ser is alrea
ady working or shoppin
ng/spendingg time in the shopping
g
centre, bo
oth in custo
omer service and in other business proce
esses. To sum up, the
t
chosen
n
attributes ffor the usab
bility of a shopping cen tre are pres
sented in Ta
able 1.
Table 1 In
nternal and
d external atttributes of a shopping centre
Exte
ernal attribu
utes
Ima
age is a me
ental picture
e or impresssion
of something as well as a me
ental
conception helld in commo
on by mem
mbers
basic
of a user group and symbolic of a b
attittude and orientation.
Acccessibility includes
i
th
he micro and
maccro location and the
e availabilitty of
tran
nsportation and parkin
ng. Also pa
aths,
outd
door signage and visibility are
imp
portant.
Bussiness in sh
hopping cen
ntres is a co
ombinattion of the businesse
es represen
nted.
The
e right mix might incre
ease the syynergiess between the differentt companiess.

Interrnal attributes
Func
ctionality denotes
d
thhe variety
y of
func
ctions offerred by thee environm
ment.
This
s includes, for exam
mple, building
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bottom line emphasizes the following attributes for sustainability [17]. They are listed in Table 2.
Table 2 The sustainability attributes

ECOLOGICAL ATTRIBUTES

ECONOMIC ATTRIBUTES

SOCIAL ATTRIBUTES

Saving natural resources
Renewable energy
Emissions
Recycling and reuse
Biodiversity
Acclimatization to climate change
Existing structures
Improvement
Maintenance and service, adaptation to
changes
Functional infrastructure
Operational precondition
Security
Health
Comfortableness
Well-being
Aesthetics
Functionality
Mobility
Connection
Value
Respect
Culture
Traditions

In order to combine the usability and sustainability attributes, the following proposal is made.
Table 3 Proposed frameworks for usable sustainability attributes
THE LOCATION AND ACCESSIBILITY
Architecture of the building and the suitability of the building to
its surroundings
Number of inhabitants in the vicinity of the shopping centre (1)
AREA OF
Number of jobs in the vicinity of the shopping centre (4)
INFLUENCE
Number of other shops and services in the vicinity of the
shopping centre
Quality level of public transport services in the immediate
vicinity of the shopping centre (2)
The use of public transport, which will contribute to the
availability of regional and public transport payment options
Availability and quality level of public transport passenger
information in the shopping centre (a screen, an info point,
guidance, etc.)
TRANSPORTATION Quality level of bicycle and pedestrian traffic network
(connections) in the vicinity of the shopping centre and
& MOBILITY AND
freedom of movement within the territory of the commercial
MOBILITY
centre, as well as the fluidity of all directions (3)
SERVICES
Number and quality of bicycle storage locations and racks in
the immediate vicinity of the shopping centre entrances
Incentives for the use of low emission vehicle traffic,
(reductions in the use of public transport, a charging systems
for electric cars, support carpool usage, parking service
advantages for low emission cars
Network accessibility. Quality level of the internet pages.
VIRTUAL
Hotspots

ACCESIBILITY

The shopping centre estate and its surrounding obstacles affects the circulation of people / customers at different times of
the day (24/7) and seasons throughout the year.
Business hours of shops and services
The accessibility of the shopping centre (5)

THE CRITERION OF SUSTAINABLE REAL ESTATE AND EFFECTIVE USE OF
SPACE
Land use efficiency
Sustainable development solutions and sustainable
development for making it visible to customers
Real estate, energy and water consumption level (4)
Appropriate and sufficiently identified measuring and
monitoring of energy and water consumption
ENERGY
Locally produced and renewable energy consumption of the
EFFICIENCY
total energy production
Energy efficiency agreements
Efficiency of the solutions for the use of space (2)
Efficiency of the use of space (3)
Flexibility and versatility of the spaces (1)
EFFECTIVE WASTE MANAGEMENT AND RECYCLING
Number of recycle bins, sorting and placement opportunities
and guidance in the public areas of the shopping centre (3)
The existence and level of the client eco point (2)
Incentives for recycling and making recycling visible to the
consumer (4)
The client companies, the effectiveness of the arrangements
for the management of waste (1)
A SUSTAINABLE BUSINESS AND SERVICE PACKAGE
Number of shops and the versatility according to TOL in the
shopping centre and in the immediate proximity (1)
Number of public and other services, and the versatility of the
commercial centre and its immediate vicinity (2)
Meeting points (rendezvous point) (other third places) (3)
Share of “green” shops and services (shops and services with
ethical principles) (4)
RESPONSIBLE MANAGEMENT OF THE SHOPPING CENTRE
Social responsibility the existence and level of environmental
reporting, e.g. GRI reporting guidance (2)
CERTIFICATES
The existence and level of the environmental rating system
Leed, BREEAM, Promise
Making environmental certificates visible for customers
Security documents (including risk management) and the level
of security systems
SECURITY
Actual safety (3)
Amount of safety training
Making security visible to customers
Number of public activities (provision of premises in the field of
development, campaigns, projects, awards, etc.).
COMMUNICATION AND INTER- Number and versatility of the communications networks
ACTION
Information and interaction opportunities and a feedback system between customer and shopping centre (4)

JOB CREATION
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Existence and intensity of the tenant customer satisfaction surveys
The effects of the shopping centre employment (e.g. direct jobs
/ sqm) (5)
Economic viability of sales/ sqm /year (1)
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3. The development of a usable sustainability rating tool
The Usable Sustainability rating tool is in the format of a survey and a checklist. Each usable
sustainability attribute includes a variety of measurable parameters, which are evaluated by using
the set criteria. The validation of the selected usable sustainability attributes was conducted in two
focus groups workshops. The first focus group was a multidisciplinary research group which had
conducted shopping centre research from the following perspectives: architecture, urban design,
infrastructure and transportation, real estate management, shopping centre management and
technical engineering. The second focus group consists of stakeholders and researchers. Before
the interviews, individual ratings of the suggested attributes were carried out. The participants were
asked to assess the attributes and arrange them in an order of importance. The participants were
also asked to consider the managerial point of view. The other possible lenses where the
consumer and tenant perspectives.
3.1

The assessing of suggested attributes

In table 3, the numbers after the text in brackets indicate the importance of the attribute. These are
the results of the focus group discussions. The scale was from one to five; number one was the
most important attribute. Some of the attributes overlapped, which made assessing them slightly
difficult. Several of the important attributes are also intangible, and some of the attributes require
user involvement.
3.2

User journey thinking

Usability appears in a different way in the different phases during the user’s journey in the environment. Therefore, the rating checklist including all the identified measurable parameters should
be structured to follow the logic of the real journey of the user. User Journey thinking is based on
the customer experience approach. Instead of focusing only on the outputs of the customer experience, all the touch points between the customer and the environment during the whole customer
experience are in focus [18]. The User journey can be divided into phases. For example, five gen-
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4. Conclusion
This paper gives a description of the key attributes and factors to illustrate the structure of the
Usable Sustainability rating tool. It also provides an overview of how the empirical data is going to
be gathered from the Finnish shopping centres by using the derived tool. The Usability Rating tool
was built by using three components to identify the shopping centre profile, the user profile and
weigh the identified usable sustainability attributes. By taking into account all these three
components, the usability profile is provided and vital information regarding customers and tenants
and their usable sustainability attributes was generated.
The aim of this study is to create a Usable Sustainability rating tool to address the potential and the
need to improve usable sustainability in shopping centres. At the same time, the objective is to
increase general knowledge of usable sustainability, generate understanding of the usable sustainability attributes among the users and explore how the situation and the objectives of the users
will affect their usable sustainability experiences.
There are alternative uses for the rating tool. It may provide general information for benchmarking,
but it can also be used as a customized tool to provide shopping centre specific information. The
Usable Sustainability rating tool as a quick estimation process gives an overview of status of the
shopping centre’s “level of greenness”. On the other hand, the tool can be used as guidance for
designers and construction companies.
The Usable Sustainability rating tool and the software application will be developed further. It is
also possible that the tool can be used in other environments apart from shopping centres.
As predictions of the consumer behaviour and expectations in shopping centre are changing all the
time, it is also essential that the tool, including surveys, checklists, attributes and evaluation criteria
are reviewed regularly. The results provide data on user experiences connected to usable sustainability. This data is of interest to all stakeholders, e.g. shopping centre management, design, and
areal developers who have an interest in developing more usable and sustainable shopping centres for all user groups.
The attributes are improved with a societal viewpoint and a calculation of the carbon footprint. The
next phase in the development of the Usable Sustainability rating tool is to test the proposed usable sustainability attributes (Table 3) with the partner shopping centres.
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Summary
Wide  spread  adoption  of  electric  vehicles  (EVs)  in  the  form  of  battery  electric  vehicles  (BEV’s)  and  
plug-in hybrid electric vehicles (PHEV) is anticipated in Australia over the next 30 years. There are
potentially significant benefits of a shift to elctricfied passenger transport in terms of emissions, air
pollution, energy security, and the ability to better utilise the electricity network. This paper
presents an innovative diffusion model for spatially projecting the uptake of electric vehicles. The
model incorporates features of multi-criteria analysis and choice modelling, to estimate the
adoptions of different competing passenger vehicle options across a landscape of heterogeneous
consumers in Victoria. Seven criteria were included in the modelling: performance, upfront cost,
annual cost, household income, demographic suitability, driving distance and risk. Annual change
of criteria values and their elasticity to adoption were incorporated. The model was partly calibrated
using data from a large scale survey conducted in Victoria.
In this report we test the diffusion model on the vehicle stock across all 1.5 million households in
Victoria,   Australia,   to   forecast   market   share   of   BEV’s,   PHEV’s,   traditional   hybrid   electric   vehicles  
(HEV’s)   and   internal   combustion   engine   vehicles   (ICE’s)   through   to   2030.      Geographical   differences  in  uptake   of   BEV’s   were   observed, and these are primarily due to driving distance, demographic suitability, and household income, with urban areas having about three times the proportional   uptake   of   BEV’s   compared   to   regional   areas.   This   urban/regional   variability   was   not   as  
strong in  the  PHEV  projections,  primarily  due  to  the  fact  that  the  range  of  PHEV’s  is  not  limited  by  
battery size. By testing the model for rebate incentives of $5000 and $10000 for the upfront cost of
a plug-in EV, along with technological improvements to increase the EV range, we demonstrate its
capability to inform and optimise policy options.
Keywords: electric vehicles, choice model, multi criteria analysis, electricity distribution network

1. Introduction
Most  of  the  world’s  major  vehicle  manufacturers  are currently developing, or have plans to develop
plug-in   electric   vehicles   (EV’s)   for   the   mass   market.   Widespread   adoption   of   these   vehicles   is  
anticipated in Australia over the next 30 years [1]. Two types of plug-in  EV’s  are  coming  to  market  
soon, or are on the horizon: battery-only electric vehicles which run entirely on a battery charged
from the grid (BEV); and plug-in hybrid electric vehicles which can run on batteries charged from
the grid alone (PHEV), liquid fuel (petrol), or a combination of both.
Given  typical  EV  battery  sizes,  and  driving  patterns  in  Australia,  these  two  types  of  EV’s  used  for  
passenger transport may require somewhere in the order of 2kWh to as much as 20 kWh of
electrical energy from the grid to meet their driving distance requirements [2]. This potentially
represents a significant extra electrical load on the grid which needs to be planned for in the future.
Conversely, the electrical energy storage capacity available in electric vehicles, when not needed

for transportation, can potentially be harnessed and used to support the needs of the electricity
grid at times of high demand, or constrained generation.
In   order   to   plan   for   the   extra   load   from   EV’s,   and   to   understand   the   impact   and   opportunities   of  
extra loads and storages on an electricity distribution system with temporally and spatially variable
capacity, it is critical to be able to project the magnitude, rate, and location of EV uptake by
consumers at a fine spatial scale. This paper presents a methodology, based on diffusion
modelling, for estimating the uptake of electric vehicles, at an appropriate spatial scale for
determining the impacts on individual feeder lines in the electrical distribution system.
Our diffusion methodology to analyse future uptake of EVs in Victoria, incorporate several
enhancements to existing diffusion approaches [3,4]. Firstly we incorporate a highly granular
differentiation of location by multiple demographic variables. This will allow future capacity
planning of the electricity network in light of increased peak demand for charging. To
accommodate and trade off a large number of financial and non-financial  features  of  EV’s,  we  also
extend the multi-criteria analysis approach of the single product model in [5] to a multi-product
model. Our method also captures the dynamic relationship between some features and market
share, such as the case where consumer risk and some costs are reduced as the adoption (or
market share) of the vehicle increases. Lifespan of a vehicle is considered in our model, after
which  it  is  replaced  with  a  product  amongst  the  competing  options.    Whilst  EV’s  are  the  application  
in this paper, the methodology is adaptable to other applications for diffusion of new product
options that are replacing a technology that is being phased out. In the context of improving
energy efficiency, it is a problem faced by consumers when selecting a hot water system (instant
gas, tank gas, solar to replace electric) or more efficient light bulbs and appliances such as airconditioners.

2. Description of diffusion model
Our model combines features of choice modelling, multi-criteria analysis and diffusion models. This
provides a capability to analyse adoption patterns of the competing vehicle options under a range
of features that a buyer would consider for a purchase. In the generic model, the total stock of all
vehicles (at each location and for the entire region under consideration) is known over time but the
market share of the different competing vehicle options is to be estimated. A household will
purchase a vehicle amongst the competing options available, when they are ready to replace their
existing vehicle. Lifespan of a vehicle is considered in the model, after which it is replaced with a
product amongst the competing options. The adopter can be a household, individual or vehicle. We
will use the term vehicle for this paper, since a household can have more than one vehicle.
Inputs to the model include parameters which represent the following:
 different categories of building by location by demographics.
 the set of competing vehicle types (e.g. electric, hybrid, diesel)
 the set of discrete time intervals in the planning horizon. Intervals are 3-monthly for this
paper.
 expected life span of each vehicle option, in terms of number of time intervals.
 forecast of new households that will purchase a vehicle in each time interval. This
represents additional vehicle stock that was not present during the previous time period.
 total market share of stock of each vehicle option in each demographic by location category
at the beginning of the planning horizon.
The main outputs from the diffusion model are:
 total market share of stock of each vehicle option at a given time interval
 market share of each vehicle option for each demographic by location category at each
time interval. .
Full  details  of  the  model  and  it’s  component  equations  are  described  in  [5,6].

3. Electric Vehicle Adoption Case Study – Victoria, Australia
Victoria is a State of Australia with 5.2 million people (2006) and a residential vehicle stock of 2.21
million. Data was gathered from multiple sources to set up the model parameters. The first step
was to construct a typology to represent all possible categories. To do this, information from the
Australian Bureau of Statistics (ABS) was available at a granular spatial scale, called census
collection district (CCD) where each CCD represents about 250 households. Victoria contains
9300   CCD’s   which   define   the   set   of   geographical   locations   of   the   analysis.   Each   location   was
partitioned via some key drivers that impact adoption of the vehicle combinations: housing type by
ownership by household income by number of vehicles. For each combination, the number of
households was extracted using the ABS TableBuilder on-line tool. To avoid having an extremely
large number of categories and due to privacy restrictions of identifying individuals in the ABS data,
the following categories were used:
Housing type – Detached house, Other (including townhouses and apartments)
Ownership – Own (including mortgage), Rent
Household income - $0-$30000/yr, $30000-$75000/yr, >$75000/yr
Vehicles -0,1,2+
Four different vehicle options were considered: BEV; PHEV; HEV; and ICE vehicle. Seven criteria
were identified as essential drivers for vehicle choice and where there were sufficient data to
populate and calibrate. These are: Performance; Annual costs (including electricity and fuel);
Upfront cost; Household income; Driving Distance; Demographic suitability; and Risk (including
hassle). Based on CSIRO surveys of consumers in Victoria (awaiting publication), it was shown
that individuals in household incomes of >AU$75000/yr would pay a higher upfront price for a
vehicle  compared  to  the  lower  income  categories.    Based  on  the  Oliver  Wyman  Study  “E-Mobility
2025”   (www.oliverwyman.com),   we   assumed   the   annual   change   in   EV   costs   to   be   -3%, whilst 1.5% and 0% for Hybrid and ICE vehicle respectively.
For the Demographic criteria, an EV demographic suitability score was generated for each location
(CCD) in Victoria using several ABS variables for each location. The variables used were: Age
(age group categories); Number of residents in the household, Employment (full time, part time,
unemployed); Education (high school, diploma, degree etc); Occupation (career categories), and
Transport mode (car, train, bus etc). For each of these variable categories, an EV suitability score
was allocated, based on suitability categories inferred from the survey. A planning horizon of 20
years (2011 to 2030) was used for the case study. The initial vehicle stock was set to the values in
the 2006 ABS data, since updated values by CCD are not available until late 2012. For this current
report, the initial market  share  of  HEV’s  was 3% (2010), and the remaining market share was ICE.
For households that do not have a vehicle, we assumed they remained without a vehicle
throughout the planning horizon. Our case study is based on a static population and demographic
breakdown through to 2031.

4. Indicative Results
This section is divided in two parts. Firstly the base case adoption trends and market shares are
shown, including the implications across different parts of Victoria. The second part demonstrates
the capability of the model to assess the adoption sensitivity to price changes and incentives. For
all analysis, Fortran 95 was used to code the model under a PC Windows XP environment.
4.1

Uptake projections – base case

Figure 1 shows the overall market share of the four vehicle options, which is calibrated to the
scenario in [1]. The larger upfront adoption of HEV’s is due to the lower risk and costs in 2011. As
the adoption of BEV’s and   PHEV’s increased, the risk reduced substantially thus increasing the

market share by 2030. Figure 2 partitions the market share by household income categories,
showing the high income household having the greatest exodus from ICE vehicles by 2030, with
low  income  earners  primarily  staying  with  ICE’s.
Figure 3 shows the modelled market share of BEV and PHEV for 2030 for the greater Melbourne
region. It highlights the granularity of the analysis as well as the rural to urban differences in
adoption. The biggest drivers for the rural to urban differences in uptake were driving distance
(due to current range of BEV’s),  occupation  and  education. For precinct to precinct differences, the
largest drivers were household income and employment status, which were often substantially
different for neighbouring suburbs. In Figure 4 the spatial distribution of vehicle uptake across
Victoria for 2030 is shown for all vehicle options. The rural versus urban differences of BEV uptake
are very profound, with PHEV  and  HEV’s having the greatest impact in per-urban areas. Whilst the
average uptake of PEV is 12.56% (Figure 1, Table 1),   rural   CCD’s   were   about   7%, whilst urban
areas were up to 22%. In both Figures 3 and 4, a CCD of about 250 households will have a much
greater land area in the rural areas compared to the urban areas. Whilst ICE vehicles are projected
to have a significantly decreasing market share to 2030 (Figure 1), their geographical market share
in Figure 4 is still dominant.
4.2

Sensitivity

The aim of the sensitivity analysis is to demonstrate how the model can be used to inform future
policies/incentives that may be introduced to stimulate additional   uptake   of   EV’s,   and   to   test   the  
impact of more rapid technological advances. Federal and state government incentives, in the
form of financial rebates to up front costs, have been a major strategy over the past five years to
accelerate the uptake of  solar  PV’s  and  solar  hot  water  systems  [7].    In  the  case  of  Solar  PV’s,  [1]
showed that a rebate of $8000 introduced in 2009, led to more than a 120% increase in uptake by
the end of 2012.
Whilst, the Australian government have not yet introduced financial incentives for BEV’s,   we   will  
evaluate the following hypothetical scenarios
1. Rebates of up to $5000 from 2010 to 2030.
2. Rebates of up to $10000 from 2010 to 2020.

All rebates are introduced at the beginning of the planning horizon and for each scenario, we
calculate the total cost to the government (Victorian or federal). In Table 1, a rebate, of $5000 from
2010 to 2030 had a much large impact on adoption compared to a rebate of $10,000 from 2020 to
2023, whilst only costing the government about 20% more. The likely reason is because the
second 10 years (2020-2030) is when the lower upfront costs and performance improvements
meant the rebate became far more attractive to prospective adopters.
The next scenario tests the impact of improved upfront performance  of  BEV’s  relative  to  the  other  
vehicle performance. The base performance score was 4.0, and Figure 5 compares the sensitivity
of the initial score of between 0 and 10. In practice, higher initial performance scores can represent
more rapid advances in battery technology for Li-ion and LiFePO4, and public EV recharging
infrastructure.  This  would  lead  to  significant  increases  in  the  effective  range  of  EV’s  and  thus  the  
performance relative to other vehciles.
When   the   effective   range   of   BEV’s   reaches   that of ICE, we assume the performance will also
reach that of ICE. In Figure 5, an initial performance score of >6 leads to the performance
matching  that  of  ICE’s  by  2020,  thus  the  plateau  of  market  share  these  values.    Overall,  the  effect  
of increased vehicle   performance   on   market   share   of   BEV’s   was   significantly   greater   than   the  
upfront costs in Tables 1 and 2.
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Fig. 4 Market share of vehicles across Victoria at 2030, top =EV, middle=Hybrid, bottom= ICE
Table 1. Market share (%) for rebates of up to $5000 from 2010 to 2030
Rebate
BEV
PHEV
HEV
ICE
$0
12.56
17.10
17.99
52.34
$1,000
13.14
16.92
17.81
52.13
$2,000
13.72
16.74
17.63
51.91
$3,000
14.33
16.56
17.44
51.67
$4,000
14.96
16.38
17.26
51.39
$5,000
15.66
16.21
17.09
51.03

Total Cost
0
$290,591,569
$607,151,125
$950,888,379
$1,324,202,244
$1,732,850,879

Table 2. Market share (%) for rebates of up to $10,000 from 2010 to 2020
Rebate
BEV
PHEV
HEV
ICE
Total Cost
$0
12.56
17.10
17.99
52.34
0
$1,000
12.58
17.10
17.99
52.33
$278,307,884
$2,000
12.60
17.09
17.98
52.33
$557,611,870
$3,000
12.63
17.08
17.97
52.32
$838,273,125
$4,000
12.66
17.07
17.96
52.31
$1,120,795,602
$5,000
12.70
17.05
17.94
52.30
$1,405,881,759
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5. Application of Model to Electrical Grid Impacts Analysis
The diffusion model described herein has been used to spatially model the future impacts of EV
usage on the electrical grid, based on EV uptake rates, spatially distributed travel patterns, and
different charging (and discharging) scenarios. An example of this application is given in Figure 6,
which shows the impacts of EV charging on the grid in 2030 in metropolitan Melbourne, Victoria.
The left hand diagram in Fig 6 represents the %increase in household peak electrical load, when
EV’s   charge on demand (as soon as they arrive home). The right hand diagram represents the
the %increase, or %decrease in household peak load, under a scenario where the EV will
discharge energy back into the grid when it arrives home, so long as there is enough capacity in
the battery to do so, and still meet the household travel requirements.
DEMAND CHARGING

Vehicle-to-House Charging/Discharging

Melbourne, Australia, 2030

Melbourne, Australia, 2030
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Fig. 6 Spatially projected impact of different EV-grid integration scenarios on electrical grid peak
load in metropolitan Melbourne, Australia.

6. Conclusion and Further Research
In this paper we implemented an innovative diffusion model, incorporating features of multi-criteria
analysis and choice modelling, to estimate the market share of BEV’s  versus  other  vehicle  options,  
across the landscape of heterogeneous consumers. A characteristic of the model was its ability for
a highly granular geographical by demographic analysis, allowing adoption rates to be assessed at
a sub-precinct level. This provides a useful capability for energy providers to better understand
capacity constraints across their electricity grid as adoption of BEV’s  increase  at  different  locations.
A case study of 9300 locations across all of Victoria from 2011 to 2030 as used to show high
spatial resolution uptake of BEV’s   and   PHEV’s compared to HEV’s and ICE vehicles, along with
the precinct to precinct and rural to urban differences. Key drivers of these differences were driving
distance, employment status and household income. By testing the model on scenarios of
government financial rebates and BEV range improvements, we demonstrated the powerful
capability of the model to inform or optimise various government policy schemes targeted towards
increasing adoption of BEV’s at minimal cost. In the future, the model described herin will be used
to simulate the impacts of various BEV uptake scenarios on the electricity distribution system, and
to model the effects of various BEV policy options identified in Supporting Electric Vehicle Adoption
in Australia project [8]. Policies to be considered include: developing standards for BEV’s   and  
charging equipment in priority areas; time of use pricing; price on carbon emissions; and purchase
price and operational subsidies such as green registration discounts.
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Summary
When planning for a new urban settlement industrial ecology tools of scenario building and LCA
can be used to assess the environmental quality of different infrastructure solutions. In Trondheim
a new greenfield settlement with carbon neutral ambitions is under planning and the LCA tool
EASEWASTE [1] has been used to compare five different scenarios for the waste system of the
new settlement. The results show small differences between the scenarios, even though there is
some improvement for increased recycling when it comes to resource use. The conclusion is that
this settlement should connect to the existing waste system of the city, without local waste
treatment or recovery methods. However, as this is an urban development project with ambitious
goals for a change in lifestyle more effort should be put in research and initiatives for proactive
waste prevention and reuse issues.
Keywords: Industrial ecology, LCA, Infrastructure, Household waste

1. Introduction
In the city of Trondheim, located in the middle of Norway, a new urban greenfield settlement is
under planning, with the aim of becoming climate neutral. To achieve this, every part of the
construction and operation of the settlement has to decrease its greenhouse gas (GHG) emissions.
GHG emissions are not the only important issue though; building a sustainable neighbourhood
includes also addressing other environmental impacts, together with economic and social issues.
The waste system is found to be responsible for approximately 2 % of the GHG emissions, mainly
originating from organic waste at landfills and incineration of waste with fossil origin [2]. As a
consequence, banning of organic waste to landfills was introduced in Norway in 2009, and landfills
are not used for this fraction anymore.
The waste hierarchy; (1) waste prevention; (2) re-use; (3) recycling; (4) incineration; and (5)
landfilling has been the guidance of the Norwegian waste policy since the early 1990s. The waste
hierarchy has also been focused in waste management research, and has been validated as a rule
of thumb by Finnveden et al. [3]. But even if the waste hierarchy is validated as a rule of thumb, it
has been difficult to precisely rank recycling and incineration with heat recovery, and to answer the
question of where to include biological treatment [3].
A life cycle assessment (LCA) study of the waste system in Norway found that metals and plastic
should be material recycled, that paper and cardboard was almost indifferent regarding incineration
and material recycling, and that food waste could equally well be treated by biological treatment
and incineration [4]. This study was only concerning global warming issues. In a study of different
waste treatment options for three Swedish municipalities they found that differences between
material recycling, nutrient recycling and incineration where small, but to some extend recycling of
plastic was better than incineration, and biological treatment worse [5]. Tyskeng et al. [6] reviewed
research done on different waste fractions, and found that for the fractions paper, plastic, metals
and glass, recycling is in general somewhat better than incineration, but when it comes to GHG

emissions the best option for plastic would be landfilling. The importance of system boundaries and
the substitution amount are important for the results, however, and this is also shown by a study of
the paper fraction by Merrild et al. [7]. They found that different combinations of technology of the
recycling process and virgin paper production gave completely different results. Finnveden et al. [3]
and the study of the Norwegian waste system in general [4] emphasize the importance of taking
local conditions into consideration when using the waste hierarchy for decision making.
There has been a successful shift from landfilling to recycling and incineration with energy recovery,
in many countries, however, the two strategies at the top of the waste hierarchy, prevention and
reuse, have been difficult to approach in practice. The amount of household waste has been
steadily increasing in Norway, like in the rest of Europe. One exception is the year 2009 where we
experienced a drop in the waste amounts, presumably because of the finance crisis. The
generation of household waste is now approximately 420 kg per person in Norway. There is a
statement from the ambitious Bedzed project in England that with only 20 % of the investment on
infrastructure for the site, 80 % of the objectives could have been reached [8]. This was maybe
especially thru for the wastewater treatment, but there is a lesson to learn for planning of all
ambitious projects. This article therefore assesses the importance of the choices for the waste
infrastructure for the new carbon neutral settlement, and the usefulness of industrial ecology tools
for assessment of different solutions in the early phase planning process for a new urban
settlement.

2. Case description
Brøset is a 35 hectare large suburban site 4 km from the city centre, today hosing a psychiatric
institution and farmland, and the site is surrounded by suburban housing, industry and a road. We
can call it a “greenfield” development project, since the site has not previously been developed to
urban usage. There are plans for 1200 - 2250 new dwellings built in an urbanized and sustainable
way for the approximately 2 500 - 5000 persons planned to live there.
From October 2010 to January 2011 four interdisciplinary teams have worked with a master plan,
and the objective emphasised by the municipality has been on planning for lifestyle changes to
achieve the ambitious goal of carbon neutrality. The teams on the other hand are not equally
engaged in the lifestyle change issue, and some have a more technically oriented approach to
carbon savings. The four teams’ main proposals regarding waste infrastructure are waste reduction
initiatives through free shops, libraries for tools, reuse of building materials, as well as modern
underground waste collection and vacuum systems and local waste composting. The four teams
are also concerned about the amount of food waste in general in Norway, and they assume that
local production of food will have an impact on how much food are thrown away. One important
question when planning the waste infrastructure for this new settlement is whether to connect to
the existing waste system in Trondheim or to look at other local solutions for waste handling. The
waste system in Trondheim is based on collection of three waste fractions; paper, plastic and
mixed waste, in addition hazardous waste that is collected twice a year. Glass and metals are
brought to one of numerous collection points around the city, and the garden waste is brought to a
centralized composting site. The overall recycling and recovery rate in Trondheim is reported to be
85% included energy recovery from the incinerator with supply to the city’s district heating system.

3. Methods
To assess the waste options in this early stage planning phase, and because the main goal is to
reach for carbon neutrality, an environmental assessment study is performed with use of the Life
Cycle Assessment (LCA) method. There are several LCA tools available, but we decided to use the
EASEWASTE software, which is specially designed for waste systems, developed by the Technical
University of Denmark, is commonly used in similar studies in Scandinavia recently [1]. The
functional unit in our study is “collection, transport and treatment of one year of the waste streams
of mixed waste, paper, plastic, glass and metals from 1500 new households at Brøset” in
Trondheim, Norway. We are taking a no-burden approach, excluding embodied energy of the
waste from the calculations. This is a common approach to take when looking at the waste system

in itself [9], but the approach excludes the possibility to include waste prevention in the calculations.
To be able to compare different waste treatment options, scenarios are built based on local
conditions and literature review. The waste streams are followed to the end destination through
system expansion; thereby accounting also for emissions and resource use from replaced energy
or materials. By using no-burden approach and system expansion we can have a negative net
impact or resource use, meaning that the waste system in itself saves emissions or resources.
Norway, with its large amount of hydropower, has a fairly clean electricity production, but as
Norway is part of a Nordic electricity market it is chosen to use the Nordic Electricity mix in this
study. The effect of this choice is tested in the sensitivity analysis.
3.1

Scenarios

Based on the existing waste system in Trondheim, current plans for future development, and a
literature review, we have developed five scenarios (combinations of technical solutions) to be
examined by LCA, see more detailed specifications in Figure 1.
-

Scenario 1: Business as usual (connecting to Trondheim’s existing waste system)
Scenario 2: Centralized biogas plant (introducing source separation of food waste)
Scenario 3: Local biogas plant (introducing source separation of food waste)
Scenario 4: Increased recycling
Scenario 5: Centralized biogas plant and increased recycling

Hence, there is one business as usual solutions and four alternative solutions. There are three
important premises for the choice of scenarios which will impact the result; this is sorting efficiency,
technological solutions and the choice of replaced processes. The original waste composition is
held constant in the scenarios, and is taken from investigations of waste composition in other areas
with a comparable population density in Trondheim. The sorting efficiencies in taken both from
comparable areas and for Trondheim in general, based on data availability. The technological
solutions are given for the incinerator and for the material recycling facilities which sorts the waste,
but for treatment of the biogas and the recyclables the technology are based on literature data and
processes available in EASEWASTE. The processes in EASEWASTE represent northern-Europe
technology, the same holds for the compensatory processes.
Scenario 1 has a business as usual approach with the same sorting efficiency as for similar areas
in Trondheim. The two next scenarios, scenario 2 and 3, include anaerobic digestion of source
separated food waste. Food waste treatment is as before mentioned difficult to rank in the waste
hierarchy, but the municipality has an objective of increasing the material recovery rate in the
municipality and food sorting could be one important way to reach this goal. They want to build a
centralized anaerobic digestion plant for treatment of the food waste fraction, with upgrading of the
biogas to biofuel for use in city buses. A more local solution that is also worth to assess is a small
scale anaerobic digester at Brøset, where the biogas would be used in a small scale CHP-plant. A
similar solution is used in for example the ecological settlement Flintenbreite in Germany [10]. This
is scenario 3 in the bottom right of Figure 1. Scenario 4 looks at the possibilities for shifting the
waste from incineration with heat recovery to more material recycling through an increased sorting
efficiency, which would represent a shift one step up the waste hierarchy. The scenario will be
equal to scenario 1, except increased sorting efficiencies for paper, plastic, glass and metals. The
sorting efficiencies are assumed to be 90 % for the paper, glass and metal fractions and 70 % for
the plastic fraction. The fifth scenario is a combination scenario between scenario 2 and 4, with a
centralized biogas plant for the organic waste and increased material recycling for the fractions
paper, plastic, glass and metals. An optic sorting plant will be built if source separation of food
waste is introduced for the entire city, optic sorting is therefore included in scenario 2 and 5 (not
visible in the figure). Composting is according to literature not a good solution for the food waste,
compared to incineration and anaerobic digestion, due to the lack of energy recovery [5].
Composting is therefore not considered in this study, even though composting is mentioned as a
solution for treatment of food waste by the teams deliverance for a master plan suggestion for the
area.

Figure 1. Five scenarios for waste treatment of the household waste of a new settlement. Scenario 2
and 5 have optic sorting of food waste, mixed waste, plastic and paper, the optic sorting station are
not included in the figure.

3.2

Inventory analyses and impact assessment

The inventories used in this study are process specific, whenever the data were available. Where
data were not available, as for the biogas plants, literature data and processes included in the
EASEWASTE software are used. The waste streams are followed to they are landfilled or utilized,
and substituted virgin materials or energy are therefore included. The impact assessment method
used are EDIP 1997 [11] with the impact categories Global warming, Photochemical ozone
depletion, Acidification, Stratospheric ozone depletion, Nutrient enrichment, Ecotoxicity via water
and soil, and Human toxicity via water, soil and air. In addition resource use is included for fossil
fuels, metals and some other resources, such as Phosphorous. All impacts and resource use are
normalized with the annual environmental impact or resource use of one person and the result are
given in person equivalents (PE).

4. Results
Based on the input values the five waste systems (scenarios) are modelled, with results
normalised and given as PE both for environmental impact and resource use. Positive values
describe a load to the environment or resource use, while negative values show savings. For the
environmental impact (Figure 2), modelled for 3315 people in this case study, only three categories
have a change (compared to business as usual) of more than 20 PE. This is Global warming,
Ecotoxicity in water and Human toxicity in soil. A value of 20 PE is the same as a saved or
increased impact per person of 0.6 %.
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Figure 2 Changes in environmental impact compared to the business as usual scenario.
The first impact category, and the one that is in focus when developing a carbon neutral settlement,
is Global warming. The figure shows that the best scenario compared to business as usual is
scenario 4 with enhanced recycling. The main contributor is the effect of increased recycling of
paper and this is due to the impact from the energy carriers in the processes involved. Even if we
can see some improvement by increasing the sorting efficiency, changes are small, only 23 PE or
60 kg CO2-eq per person a year. This is a saving per person of 0.7 % of the yearly GHG emissions,
and these results are given with very ambitious recycling goals. Anaerobic treatment of the food
waste gives a slightly increase in GHG emissions. For human toxicity via soil the largest
environmental savings are for the business as usual scenario and the local biogas plant. This is
due to the importance of replacement of electricity by these two processes. A change from
scenario 1 to scenario 5 with both centralized biogas plant and increased recycling will increase
the emissions with 62 PE or 1.9% of a person’s yearly emission.
For Ecotoxicity in water scenario 4 and 5 are the best options. It is the glass and metal recycling
that are contributing the most to the savings, with recycling of aluminium as far the most important

element. There is recycling of aluminium from bottom ash as well, but with lower efficiency. For
scenario 4 increased savings are calculated to 129 PE a year compared with scenario 1, this
means a saving of 3.9 % per person on yearly emissions. The category Human toxicity via water is
the only impact category having a positive impact on the environments, this is due to emissions
from the incinerator, however, the changes between the different scenarios are small.
Use of non-renewable resources is important in an environmental perspective, and resource use in
each of the five scenarios is shown below (Figure 3). Resources with a smaller than 20 PE change
compared to scenario 1 are not shown. Scenario 4 and 5 is the best option for all resources except
for Nickel and Phosphorous. Nickel is used in electricity production, and the more electricity
replaced the better, which makes scenario 1 the best option for this resource. For Phosphorous all
the scenarios with anaerobic digestion and use of the digestive as a fertilizer give savings in virgin
Phosphorus use. For the categories hard coal, natural gas and crude oil the increased recycling of
paper and plastic, and thereby replacement of virgin production, are the most important
contributors. For aluminum we assumed a better recycling rate when the aluminum is source
separated than recycled from bottom ash, and therefore more virgin aluminum is substituted in
scenario 4 and 5.
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Figure 3. Resource use in the five scenarios, resources with less change between the scenarios
than 20 PE are not shown.

5. Sensitivity analysis
When we perform a sensitivity analysis, we find the processes incineration and paper and
aluminium recycling to be the most important ones with respect to the value of LCA results. There
are many parameters in each of these processes that could influence the results, and thereby the
effect of change in the parameters has to be tested. For all of these processes the waste
composition and sorting efficiency turn out to be important, because of the amounts and quality of
the different waste fractions. For incineration, the waste composition has an impact on the lower
heating value, and thereby on how much heat is produced and how much energy is replaced
elsewhere in the city. The assumptions of waste composition and sorting efficiencies are believed
to be fairly robust, and are not investigated further here. What might influence the calculations a lot,
accoding to what is found in many other similar LCA studies, is the choice of energy mix. The

distribution of energy carriers is found from previous calculations for Trondheim, and is fairly robust,
but the choice of energy inputs in the electricity mix is discussable. We therefore run the model
with a ‘cleaner’ electricity mix (Norwegian, mainly based on hydropower), and a more ‘dirty’
(European) to see how this change is affecting the results. For paper recycling, others have found
that changes in technology may have huge impact on the results [7], and we therefore examined a
change to a more generic technology in paper recycling and virgin paper production. For
aluminium recycling a change in recycling efficiency are tested, with a less efficient recycling
process included in the calculations.
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Figure 4. Sensitivity analysis, with a change in electricity mix, and in paper and aluminium technology.
It is important to notice the difference in scale between the diagrams.

The results are shown above, for the impact categories Global warming, Human toxicity via soil
and Ecotoxicity via water (Figure 4). For Global warming the use of European electricity mix will
give the highest saving in emissions, however, the difference between the scenarios are small and
increased recycling is still the most important contributor in all the alternatives. For Human toxicity
via soil, the change in electricity mix is most important. This category has the highest savings with
use of the European electricity mix. With use of the Norwegian electricity mix both the savings and
the difference between the scenarios are very small. For Ecotoxicity in water a change from Nordic
electricity mix to European would change the ranking of the scenarios. The business as usual
scenario, which is the worst scenario with Nordic electricity, turns out to be the best scenario when
we change to a more dirty electricity mix. A change in aluminium recycling makes the scenarios in
this impact category almost equal. For the resources none of the changes above alters the ranking
of the scenarios.

6. Discussion
The use of Life Cycle Assessment and the use of a tool specially designed for waste systems in
the early stage planning process give a good overview over the system assessed, and where to
put the effort when planning for environmental quality in waste systems for a new urban settlement.
This is due to the fact that all the results can be sorted according to both substances and
processes, which in turn makes it easy to track where the main emissions and resources originate
from. The fact that this is a study in an early stage planning process gives uncertainty to the results,
however, the technologies of collection, transportation, sorting and incineration have fairly good
data from elsewhere, and the uncertainty should be acceptable. The same holds for the waste
composition, even though this is estimated based on analysis done on other areas in Trondheim.
The anaerobic digestion process with outcomes is estimates based on literature, and thereby
represents higher uncertainty. However, our results are fairly similar to what is expected, because
we knew from literature that it is difficult to distinguish between recycling and incineration with
energy recovery, and that anaerobic digestion of food waste is difficult to place in the waste
hierarchy. The results from this study support this conclusion. Potentials for savings in GHG
emissions are small, only 0.6 % per person, and there are no arguments in this study for going
from a business as usual scenario to one of the other options if the aim is to achieve a carbon
neutral settlement. Using a no-burden approach and including substitution of energy and virgin
materials in the calculations the waste system has a negative impact, it is therefore not in the
waste system in itself the problem of too large GHG emissions occur. However, this study has not
only focused GHG emissions. For resource use we can see some effect from enhanced recycling,
and resource use is thereby more important than the environmental impact when it comes to
potentials for environmental improvements in waste systems like ours. Recycling of good quality
paper and aluminium are especially important.
This study shows that, for cities like Trondheim, with solutions that involve high recycling rates and
incineration with heat and/or electricity production, a new urban settlement should connect to the
existing waste system. Additional food waste sorting for biogas production gives almost equal
environmental impacts as conventional waste incineration with heat recovery. A separate
calculation performed by the Municipality of Trondheim [12] shows that building of a colour bag
sorting facility and a centralized biogas plant will increase the costs for the citizens. In a
sustainability discussion the question then would be if the social impact outweighs these increased
costs.
The waste prevention issue is not mentioned in this study. Lifestyle changes are an important part
of achieving carbon neutrality, and this is focused at the Brøset project, but according to Cox et al.
[13] lifestyle change on its own are not enough for producing less waste, and the drivers for waste
prevention are difficult to determine. The waste prevention issue should be important for further
research, however, since both our study and others in literature find that well-developed urban
waste systems today handle solid waste in a good way.

7. Conclusions
The use of industrial ecology tools in the early stage planning process helps the understanding of
what are the most important contributors to environmental impacts. In this study a combination of
scenario building and LCA has been performed, and the results show that for this new settlement
located in a city with high recycling and energy recovery rates there are small gains (or
disadvantages) of introducing source separation and digestion of organic waste, or increasing the
recycling rates to very ambitious goals. This is in accordance with the literature claiming that it is
difficult to distinguish between recycling, incineration and anaerobic digestion. This means that at
the same time as it is important to do calculations in the early stage planning phase, the research
effort in this kind of settlement should be put on waste prevention where we have less knowledge
about drivers and successful instruments, rather than in waste treatment. This conclusion is both
due to the fact that we find little difference between the scenarios, and due to the fact that the
current waste system, as long as we assume a no-burden approach, has already an impact that
represents net savings in most of the environmental categories.
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Summary
A Geographic Information System (GIS) based approach was developed to assess the potential
impact of large scale land use related development strategies on the CO2eq balance. The
Municipality of Mäntsälä and the Municipality of Inkoo were selected as our study areas, where the
relevance of land use development and the numbers of new inhabitants and workplaces are
gradually increasing during last decades and pressures on the local environment are constantly
rising.
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1. Introduction
As a member of European Union, Finland is obliged to reduce its greenhouse gas emissions by 6
MtCO2eq by the year 2020 compared to the year 2005. To support this goal a Geographic
Information System (GIS) based approach, AVE Carbon model (©Finnish Consulting Group Ltd.),
was developed to assess the potential impact of large scale land use related development
strategies among Finnish municipalities on the CO2eq balance and applied in practice in
assessment reports delivered for the municipality representatives. Realistic assessments of the
carbon balance and land-use related potential for carbon sequestration can help policy makers
prepare for an uncertain regulatory future by providing estimates of the quantity of carbon credits
that might be available. Here, we present an interdisciplinary approach of the combination methods
to describe and predict impacts of development scenarios on municipality land-use related CO2eq
balance quantitatively, with special emphasis on GIS tools and their application in regional
development. The main goal of this study is to estimate current land-use related CO2eq balance
and to produce estimates of the future land-use related CO2eq balance (t/ha/year) among study
areas.

2. Study sites
The Municipality of Mäntsälä and the Municipality of Inkoo were selected as our study areas,
where the relevance of land use development and the numbers of new inhabitants and workplaces
are gradually increasing during last decades and pressures on the local environment are
constantly rising (Fig. 1). The evaluation was used as a part of impact assessment of development
strategies project report elaborated for following municipalities.

Municipality of Mäntsälä
The municipality is situated in the Uusimaa region
in
the
province
of
Southern
Finland,
approximately 40 km north-east of the HelsinkiVantaa airport. The area 581 km2 that Mäntsälä
covers is the second largest among the
municipalities of the Uusimaa region [1]. Mäntsäla
has 19 800 inhabitants from whom 81.7 % lived in
row-houses or detached houses while Finnish
average is of 54.5 % [1]. There are almost 5 700
workplaces located in the municipality [1]. The
new railway connecting municipality of Lahti and
Helsinki was opened in the September 2006 and
improved Mäntsälä’s accessibility. The railway
station is near the town centre. Housing
developments for hundreds of new homes are
being built nearby the railway station.
Municipality of Inkoo
Inkoo is a coastal municipality in the region of
Fig. 1 Two municipalities in the Finland’s
Uusimaa in the province of Southern Finland.
Uusimaa region were chosen as study sites.
Inkoo is situated approximately 60 km south-west
Images describe main land use, road and
of the Helsinki-Vantaa airport. The municipality
railway network.
2
has a total area of 350 km and population of
5 500 inhabitants while 88.1 % of population lives
in row-houses or detached houses [1, 2]. Approximately half of the population lives in the main
village centre. There are almost 1 000 workplaces located in the municipality [2]. There are future
plans to develop and intensify the railway connections to Helsinki.

3. Data and methods
Selected interdisciplinary approach to describe and predict impacts of development scenarios on
municipality land-use related CO2eq balance quantitatively requested development and collection
of data from different sources as well as assimilation of many different approaches and models [3,
4, 5, 6]. The data includes both spatial data and non-spatial data.
3.1

Scenario development and development policies

Three (3) different scenarios were developed for each municipality during workshops including
representatives of the urban planning departments and municipal politicians, steered by the
consulting company. Policy options for regional planning and governance as well as rising
awareness of demographic change were discussed in advance and presented for the workshop
participants in the form of rules and grid-based game board. Each of the three policy scenarios for
the planning game are based on different assumptions on general factors that drive land use
change: population, economy and spatial planning. A series of regional options for development
policy were defined until the year 2040 in Mäntsälä respectively 2035 in Inkoo (Fig. 2).
Municipality of Mäntsälä:
Policy 1: “KM”
Attention is paid to increasing attractiveness in the development of scattered individual settlements.
Municipal centre is growing around railway station and spreading especially to the south-east
direction. New railway station is going to be available near the south border of the municipality and
its position affects the development policy. New work places are situated mainly along the railwayhighway corridor. Intensity of train connections to Helsinki keeps on recent volumes.

Policy 2: ‘‘PIK’’
Development is focused on the intensification of the existing municipality centre and settlements as
well as around new railway station available approximately 4 km south from the one recently available. No new railway station available by the south municipality border, where the municipality is
developing connections to
35 000
the railways station in the
neighbouring municipality of
30 000
Järvenpää. Workplaces are
situated close to municipal
25 000
centre and railway station
and also by the southern
20 000
border
of
municipality.
15 000
Intensity of train connections
to Helsinki grows up to 30
10 000
min interval.
Policy 3: ‘‘NYK’’.
Development of municipality
continues according to the
recent scheme. New 6 000
inhabitants are situated in
the centre of municipality in
the year 2040. New workplaces will be situated in the
centre and also on the periphery of the municipality.
No new train stations neither
connection to Helsinki will
be available.

5 000
0
Mäntsälä

Inkoo

Inhabitants 2009

Inhabitants 2040/2035

Workplaces 2009

Workplaces 2040/2035

Fig. 2 Estimated future demographic (amount of inhabitants) and
socio-economic (amount of workplaces) development of the
municipalities. Total estimated increase in the amount of ihabitants
(workplaces) was for Mäntsälä 10 000 (2 000) and for Inkoo 2 200
(1420) respectively.

Municipality of Inkoo:
Policy 1: ‘‘ELTAP’’.
Municipality is focused into development of quality living areas along with available strengths –
sea shore, cultural landscape, nature and history. Workplaces are situated in small companies
focusing on tourism services and specific agriculture. Traffic infrastructure is developing, but share
of personal car use stays on current levels. New housing is developed on the shore areas and also
intensifies already existing settlements.
Policy 2: ‘‘PENDL’
Municipality is developing into effective part of Helsinki metropolitan area, where public transport
and train connections are developed. New railway stations (2) will be available and attract new
inhabitants and workplaces, still high amount of inhabitants work in the Helsinki. New services are
placed in the existing centre of Inkoo. Living in scattered settlements is not supported.
Policy 3: ‘‘TEOLU’
Heavy industry is developed in the current port of Inkoo because of new sources of natural gas are
available. Demand for highly educated employees and quality built up infrastructure increases and
new workplaces attract employees from surrounding municipalities. New services are placed in
the existing centre of Inkoo. Diverse housing structure is available in the municipality, especially
close to the current centre.

Future demographic and socio-economic development of municipalities was estimated from the
available trends obtained from Statistics Finland [1, 2] and discussions with municipal representatives. Estimations of total increase in the
amounts of inhabitants and workplaces
were then spatially spread by the workshop participants on the game board (Fig.
3). Similar or related approaches for scenario development were successfully
applied or discussed for example in [7, 8,
9].
The resulting analogue maps were then
transferred to ArcGIS environment
(©2011 ESRI), demographic and socioeconomic values were recalculated into a
250 x 250m GRID [2] and together with
the recent values available in the GRID
from the dataset publisher served as an
input into AVE Carbon model.
3.2

Fig. 3 During a workshop, a game board was used to
spatially represent future demographic and socioeconomic development.

Database of CO2eq fluxes

For the estimation of land use change impacts on CO2eq balance the relevant database of CO2eq
fluxes in different land-use classes was developed. Among land use classes the agricultural
ecosystems in general are sources for greenhouse gases, built up impervious surfaces are
disconnected from the cycle, whereas many unmanaged ecosystems act as sinks of greenhouse
gases and thus reduce the burden directed to the atmosphere by anthropogenic activities [10, 11].
Lately there have been several estimates of the terrestrial carbon storage potential [6, 12 - 15] as
well as development of databases containing these values [3].
The database was designed according to general GIS principles, so the interoperability between
database itself and GIS software was secured and data was easily accessible and manageable.
The CO2eq emissions and sequestration values in Table 1 were obtained from several publications
containing values corresponding strictly to Finnish environment [14, 16 - 28] or where the values
were not available, values similar to this environment were adopted [11, 29, 30, 31] considering the
same Earth latitude, eq. biomes Northern Conifer Forest (Tundra) and Temperate Deciduous
Forest [11, 32, 33].
3.3

Land use datasets

The land-use change in this study is caused by the land conversion of natural ecosystems and
landscapes into a built up area (urban, suburban or individual). Such conversion inevitably takes
place when cities are sprawling, with additional "natural" lands becoming "urbanised". In relation to
the local carbon cycle, the total city's area naturally cannot be considered as homogenous since
the land use classes vary spatially. The study assumes, that while a "built up" area is disconnected
from the carbon cycle, another, so-called "green" area continues to participate in the processes of
carbon accumulation and exchange. The similar assumptions were made for example by [11].
Baseline data for the classification at both study sites were acquired from the Corine Land Cover
2006 (CLC2006) 25m GRID dataset developed by Finnish Environmental Institute and European
Environment Agency (©SYKE, ©European Environment Agency). CLC2006 is based on automated interpretation of satellite images and data integration with existing digital map data and represent together 44 codes of land use classes providing the dominant land cover within each 25m
grid cell [34]. For the purposes of this study these classes were merged into 15 land use classes,
since the selected approach for prediction of future land use delivers only limited amount of land
use classes.

The estimation of future land use in this study was based on the observed relationship between
amount of built up environment and population/workplaces, described in [35, 36]. Derivered percentage of build up area in the 250m source GRID was used to estimate future land use. The
CLC2006 values were resampled into the 250m GRID and combined with the values of land-use
predictions.
Table 1 CLC2006 land use classes were used to define land cover, where marine waters were
excluded from the calculation. To each land use class a range of adopted C02eq flux values were
assigned.
CLC2006
land use class definition
Urban fabric
Industrial, commercial and
3,4,5,6
transport units
7,8,9,
Mine, dump and construction sites
Artificial, non-agricultural
10,11,12,13
vegetated areas
14,15,16
Arable land
17
Pastures
18,19
Broad-leaved forest
20,21,22
Coniferous forest
23,24,25
Mixed forest
Scrub and/or herbaceous
26,27,28,29,30,31,32,33
vegetation associations
Open spaces with little or no
34,35
vegetation
36,37,38,39
Inland wetlands
40,41
Maritime wetlands
42,43
Inland waters
44
Marine waters
class code in 8bit data
0,1,2

3.4

CO2eq model inputs
CO2eq t/m2/yr
addopted from:
-0,000460 – 0
[14, 16]
-0,000460 – 0

[11,16]

0 – 0,000495

[31]

-0,000460 – 0

[14, 16]

-0,008300 – -0,004600
-0,000460 – 0
-0,000457 – -0,000018
-0,000374 – -0,000018
-0,000379 – -0,000018

[14, 18, 19, 20, 23]
[14, 16, 26]
[24, 26, 28]
[24, 26, 27, 28]
[24, 28]

-0,000460 – 0,000495

[31]

0 – 0,000495

[20, 25, 30]

-0,000460 – 0,001916
-0,000460 – 0,001916
-

[17, 21, 22, 29]
[21]
-

Model background

The goal of our project group was to develop a simple approach, a tool using already existing
algorithms commonly available among GIS community with inputs that are scale independent and
can be easily reproduced and modified for the local conditions of different study areas. AVE
Carbon model is using a simple deterministic approach compiled into a set of algorithms defining a
model in the ESRI Model Builder (©2011 ESRI) using ArcGIS Desktop (©2011 ESRI) tools
available under ArcView licence with support of tools available in the Spatial Analyst (©2011 ESRI)
extension. A 250m GRID containing recent and predicted spatial distribution of inhabitants and
workplaces in the municipalities is used as a primary input into the model. The recent and
predicted land use datasets and developed database of CO2eq fluxes serve as a secondary input
into the model. Results of the model are scenario specific 250m GRIDs containing recent and
predicted values of land-use related CO2eq fluxes (t/ha/yr), per person recalculated values of
CO2eq emissions (t/yr) and also scenario specific summary table containing statistical values.

4. Results of the modelling approach
4.1

Land use change

For the purpose of our study, impacts of scenarios on land use were defined as a change in the
volume of urbanised 250m grid cells among grid that served as an input for the analysis. The total
amount of grid cells containing urbanised areas increased in the Municipality of Mäntsälä from
2040 to 2732 (PIK), 2977 (NYK), 3874 (KM) respectively. The total amount of grid cells containing

urbanised areas increased in the Municipality of Inkoo increased from 955 to 1368 (PENDL), 1313
(TEOLU) and 1408 (ELTAP) respectively.
Table 2 Comparison of results shows differences between the scenarios, especially among those
for the Mäntsälä municipality. All scenarios resulted in the decrease of land use related carbon
sequestration potential in the municipality.
Average change
Total CO2eq Mean CO2eq Mean CO2eq sequesin CO2eq emisbalance
balance
tration per inhabitant
sion per grid
t/year
t/year/cell
per grid cell*
cell*
t/yr (amount of
t/yr (amount of grid
t/yr
t/yr
t/yr/grid cell
grid cells)
cells)
Current
-26.34
-7.24 (1986)
-253 216.18
PIK
+6 290.92
+7.65 (822) -246 925.26
-25.67
-6.70 (2543)
Mäntsälä
NYK
+10 410.96
+9.86 (1056) -242 805.22
-25.38
-9.84 (2740)
KM
+20 143.29
+10.42 (1933) -233 072.89
-24.23
-14.32 (3469)
Current
-19.74
-7.67 (925)
-139 865.05
TEOLU
+1 663.81
+4.40 (378) -138 201.24
-19.50
-6.65 (1124)
Inkoo
ELTAP
+3 016.44
+6.54 (461) -136 848.61
-19.30
-6.70 (1247)
PENDL
+3 082.13
+7.07 (436) -136 782.92
-19.30
-7.00 (1168)
*Total amount of cells, water areas excluded, is in the municipality of Inkoo 7086 and in Municipality of
Mäntsälä 9614.
Total change
in CO2eq
Municipality Scenario
emission

4.2

CO2eq emission and sequestration

The role of land use in the global carbon cycle involves the both CO2eq sources (e.g., as forest
land is converted to agricultural uses) and CO2eq sinks (as vegetation regrows following land disturbance). Since this study is focusing only on the effects of urbanisation, the change in total pools
of CO2eq sources and sinks was studied and summarized and is presented in the Table 2. Fig. 4
shows that all presented
scenarios resulted into inDecrease in CO2eq sequestration
crease of total CO2eq
emissions, decrease in car100 %
bon sequestration potential
99 %
respectively (to as much as
98 %
8% compare to current
97 %
situation). The highest total
96 %
increase in CO2eq emissions are connected with
95 %
the scenarios proposing low
94 %
density of population per
93 %
grid cell and/or urban
92 %
sprawl - KM (+20 143.29
91 %
t/yr) and ELTAP (+3 016.44
90 %
t/yr) while lowest emissions
Mäntsälä
PIK
NYK
KM
Inkoo
TEOLU
ELTAP
PENDL
were recorded among scecurrent
current
narios supporting intensifiMunicipality of Mäntsäla
Municipality of Inkoo
cation of already existing
urbanised environment –
PIK (+6 290.92 t/yr) and Fig. 4 Developed model shows negative impact of all scenarios
TEOLU (+1 663.81 t/yr). on land use related CO eq sequestration. Highest impact was
2
The mean CO2eq seques- observed for the KM scenario in the Municipality of Mäntsälä
tration potential per inhabi- supporting development of scattered settlements and resulting in
tant per grid cell decrease decreasing amount of forested land.
among all three (3) devel-

opment scenarios of the Inkoo municipality and among one (1) scenario (PIK) in the Municipality of
Mäntsälä, where two (2) scenarios (NYK and KM) demonstrated decreased in the mean CO2eq
sequestration potential per inhabitant per grid cell. The decrease is caused by the lower population
density in each grid cell in comparison to current situation.
To improve contextualisation and spatial cognition of the output grid datasets, the Natural
Neighbour interpolation method was applied using the grid centroid points containing the value of
the grid which are representing. This interpolation method allows “smoothing” the results, thus increasing the visual value of the final image [37]. Distribution of inhabitants and workplaces as well
as resulting CO2eq sequestration potential in all six scenarios and current situation were interpolated and visualised (Fig. 5 - 6). Such images have been included in the assessment reports.

Fig. 5 CO2eq balance visualisation in the municipality of Mäntsälä show that all development
scenarios resulted in decrease of CO2eq sequestration potential which is particularly noticeable
around the central area of the municipality.

Fig. 6 CO2eq balance visualisation under present conditions in the municipality of Inkoo and
three development scenarios show differences in spatial distribution, especially in abundance
of the class with the highest sequestration potential (forests).

5

Discussion and conclusions

The aim of our work was to develop a simple approach, a tool using already existing algorithms
commonly available among GIS community with inputs that are scale independent and can be
easily reproduced and modified for the local conditions of different study areas. Obtained results
showed decrease in the CO2eq sequestration potential among all scenarios. The magnitude of
decrease in the CO2eq sequestration potential varies among scenarios and is affected by the
character of urbanisation. Promotion of individual housing has generally higher impact on land use
related CO2eq balance than strategies focusing on intensification of already existing settlements.
These results were along with the expected impacts of scenarios and described the impact of
scenarios on land use related CO2eq balance in the Municipalities.
There is no doubt that modelling is the ultimate tool for comprehensive planning processes,
however, we are aware of possible imperfections and uncertainties [38] of the approach but the
development of the tool is still continuing with a vision of limiting existing imperfections and update
of the CO2eq emissions database. Similar improvements in the input land use datasets and more
recent methods [39] for estimation of future land use have to be compared with the described
approach and validation of existing model must be accomplished. The total share of possible landuse related CO2eq emissions compare to the emissions related with traffic and energy
consumption is relatively small [40, 41], so other sources of the emissions have to be taken into
account and possibly included in the model. Workshops contributed to the cooperation and exchange between theory and science of land use planning, practice and planning policy as well as
took into account a cross-border perspective on spatial development.
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Summary
In this paper, results are reported of a technology assessment of use of electrical vehicles for
energy storage (of renewable sources), their integration in the built environment and attached
required power and charging systems for the Netherlands. This was done as part of the DIEMIGO
project on integration of electrical mobility in the built environment.
Around the world several concepts for EV charging and EV/Building interfaces have been
developed, or are under development. In general however integrated smart grid concepts,
comfortable charging or user focused services and innovative charging are still lacking and mostly
based on the principle of relatively simple “technical fixes” and do not address to problems to be
solved in case of large scale introduction of Electric Mobility. Moreover, integration in the built
environment is poor and full of potential pitfalls, especially as for security of supply when
implemented at large numbers. We present the main results of an integrated scenario
development study for the introduction of electric vehicles at ‘the Grounds’ location at Schiphol
airport Amsterdam, in 2030. Firstly, relevant technological developments are summarized.
Subsequently a transition is investigated from the current fossil fuel based transport system to also
having vehicles that are powered by grid supplied electricity (G2V) and deliver electricity back to
the grid (V2G), with energy generation based on renewables. Our purpose is to give an overview
of these aspects for the entire system. In this study, the entire chain is therefore taken into account:
the electrical grid and infrastructure and attached generation based on renewables, the coupling
between car and infrastructure (user interface) and the vehicles themselves. This results in a broad
set of issues that need to be dealt with in a large-scale transition towards electrical mobility from
which conditions and recommendations can be derived. The outcomes of this research show that a
high penetration of electric mobility into the built environment can be achieved generating little
environmental impact, resulting in full integration within innovative and comfortable green urban
areas. With the implementation of new transport technologies, unique services, and advanced
sustainable energy production and management systems, it gives opportunity to build on the
values of a progressive society to offer a innovate, inspiring but foremost sustainable environment.
Keywords: e-mobility, renewable energy generation & -storage, vehicle to grid, grid to vehicle.

Extended Abstract
The main focus of the presented research lies in smart integration of electric mobility, its storage
capacities and connection to renewable energy generation in the built environment. To be able to
cope with the different developments with respect to these focuses the research applied scenarios
for the possible developments. For this research, the used scenarios are condensed to the predictions of technological performance, product price developments, energy pricing and climate

change. To quantify the effects of the different scenarios the impact for the urban development in
terms of number of EVs and the pressure on the available space and amenities, an instrument
called ‘Urban Indicator’ has been developed and applied. The Urban Indicator uses the available
area and projected urban program as input and several specifically defined variables. The main
variables are based on the future use and users of the area: Different groups of users with different
purposes and different modal splits will use the area. The second level of the Urban Indicator
model is used as a tool to predict the charging requirements at the location. The third level of the
Urban Indicator model is used to determine the land-use and forms the base for the design proposals. As the focus within the research elaboration is based on innovative integration of electric
mobility with possible surplus effects for both the location itself as for Schiphol, it was concluded
that high amounts of electric cars need to be attracted to the area to be able to visualize optimally
the consequences and possibilities of electric mobility in an urban setting.
With the help of the ‘Urban Indicator’, numbers of future amounts of electric vehicles and spatial
consequences were calculated. Next four different design scenarios developed are used to extract
all data related to Schiphol and the ‘Elzenhof The Grounds’ location necessary to complete the
Urban Indicator outcomes. They can roughly be characterized as: (1) ‘economical involution, (2)
‘economical prosperity’, (3) ‘green decentralization’, and (4) ‘deep green development with vehicle
to grid’ & ‘grid to vehicle’ exchange. Next phase in the research was to evaluate the four scenarios
using a comprehensive set of criteria: Urban design, Climate adaptation, Flexibility, Parking, Public
transport, and Environmental impact. After the evaluation of the four design scenarios, the overall
score of design Scenario 4 ‘Generation Eco-Geek’ resulted to be highest.
The future energy demands of the focus area, ‘Schiphol Elzenhof The Grounds’, including the
daily charging of over 9000 EVs can be produced locally to a large extent. The main share of the
green electricity in the calculations is produced by solar cells, which generate in summer over 5
times more energy than in winter times. Here the Vehicle-to-Grid (V2G) system is introduced.
V2G systems are systems in which batteries are used as ancillary storage for the electricity network. Vehicle batteries may be loaded from or discharged to the grid network depending on the
fluctuations in energy demand. V2G systems support the use of intelligent charging protocols,
which may be necessary for mass deployment of electric vehicles. V2G systems may aid in the
integration of renewable energy sources into the grid network. At Schiphol the Grounds the
elaboration concerns a connection with a smart grid. In general the cars will be charged when
(more than) sufficient sustainable electricity is available and/or the total demand of electricity in
the Netherlands is low. The latter implies that charging occurs at night-time when the total energy
demand is lowest, during daytime when solar power is available, and during weekends when the
business park needs less electricity. So, the batteries of parked EVs will temporarily become a
part of Schiphol’s sustainable energy system. The EVs batteries are connected to the grid by
means of a bi-directional charging device and can be used by Schiphol for ‘peak shaving’ in expensive times of peak demand. Smart management by network operators could enable charging
during periods of low demand, resulting in a leveling off of the grid demand profile, instead of an
amplification of the peak. In this way, the area development can economically benefit from this
battery capacity but also the EV owners, who allow the area manager/owner to make use of their
battery capacity by parking in the garage.
Around the world several concepts for EV charging and EV/Building interfaces have been developed, or are under development. In general however integrated smart grid concepts, comfortable
charging or user focused services and innovative charging are still lacking and mostly based on
the principle of relatively simple “technical fixes” and do not address to problems to be solved in
case of large scale introduction of Electric Mobility. Moreover, integration in the built environment is
poor and full of potential pitfalls, especially as for security of supply when implemented at large
numbers. The outcomes of this research show that a high penetration of electric mobility into the
built environment can be achieved generating little environmental impact, resulting in full integration within innovative and comfortable green urban areas. With the implementation of new transport technologies, unique services, and advanced sustainable energy production and management
systems, an area development, like the one elaborated in this research, builds on the values of a
progressive society to offer a innovate and inspiring environment for work and travel with smart
renewable energy supply and exchange, a basis for real sustainable development.

1. Introduction
In this paper we present the main results of an integrated scenario development study for the introduction of electric vehicles (EVs) at ‘the Grounds’ location at Schiphol in 2030. The scenario
development study is part of a larger research project that has been executed by researchers of
four different faculties of the Delft University of Technology and the Schiphol Group. This research
project, called ‘DIEMIGO’, is part of TRANSUMO; a national Dutch research program that aims to
initiate and support a transition to a sustainable mobility system that supports an international competitive position of the Dutch economy (‘profit’), that respects the environment (‘planet’), and that
offers high quality accessibility and mobility for people and the goods they need (‘people’). This
‘DIEIGO’ research project had two main objectives: to develop a preliminary methodology to select
and design effective solutions for the implementation of large scale electric mobility and electric
charging infrastructures into the built environment; and to develop and design a scenario
specifically for ‘the Grounds’ locations at Schiphol (including electric mobility solutions, charging
interfaces, power grid, urban design implications, and location choice). In this paper only the results of the scenario development and design efforts for the grounds are summarized.
The introduction of electric vehicles into Dutch society is one of the promising options to create a
more sustainable mobility system for the future. Electric vehicles hold the promise to reduce local
CO2, NOx and particle emissions in a major way. In addition, electric vehicles are silent, easy to
service and have high ‘well-to-wheel’ energy efficiency. However, the transition to a partially electric mobility system also faces several significant challenges. Current electric vehicle technologies
have limitations with respect to ease of use, driving range and time-to-charge, and are relatively
expensive. Moreover, the use of electric vehicles requires an adequate charging and electric infrastructure, and also dedicated solutions to park and charge that are optimally integrated in urban
design and built environment.
Schiphol is an interesting subject as for the introduction of new mobility concepts as it concerns a
concentration of mobility in the Netherlands with its central position in the Dutch ‘Randstad’ area
and with a lot of public attention for all its actions and features. Also very accurate data is available
for use(rs) related issues (range before/after visit to the airport, general parking times, arrival/departure times, etc.). Besides of that, Schiphol considers e-mobility as a large opportunity for
both its own fleet (both ‘land-side’ as ‘air-side’) as well as for mobility streams towards Schiphol
(travelers, employees, visitors, etc.) for reasons of sustainability, accelerating sustainable mobility,
increasing its license to operate, and in time cost reduction.
For this purpose Schiphol is developing a roadmap that describes an ambitious but realistic implementation scenario for e-mobility (2008-2020) for the Schiphol fleet. Timing of introduction of particular types of electric vehicles in time are depicted, as well as necessary infrastructure; the latter
may also be used by other fleet owners, thereby serving as an enabler for large scale e-mobility at
the Schiphol premises.
Examples of large-scale implementation of charging station infrastructure for e-mobility are scarce
(e.g. La Rochelle), and necessary implications of the grid, interfaces with buildings and urban
planning issues have hardly been addressed. Furthermore, limited experience exists regarding
charging stations in terms of design, grid implications, location choices, and public use aspects.
The Schiphol Group has the ambition to develop its properties and business park areas in a more
sustainable and socially responsible way. Electric mobility is one of the options to consider.
There are three major challenges within this research: ‘Electric transportation as a system innovation’; ‘Adoption and diffusion of E-mobility’ with ‘User-driven approach’, and ‘Making decisions in an
uncertain world’. The methodology for identifying, selecting, and developing the right combination
of EV concepts, urban and electric infrastructure solutions has to facilitate the three strategic challenges: (1) It has to be able to address interdependent elements and sub-systems of the mobility
system, (2) It should align future mobility and user needs with technological solutions, and (3) It
should be able to identify the infrastructure and mobility solutions that can accommodate a wide
variety of EV options in the future.

2. Design Scenarios
2.1

General background future development scenarios

The main focus of the presented research lies in smart integration of electric mobility, its storage
capacities and connection to renewable energy generation in the built environment. To be able to
cope with the different developments with respect to these focuses the research applied scenarios
for the possible developments. Scenario building is especially useful in circumstances where it is
important to take a long-term view of technological developments and related strategies of actors.
It is also useful when there are a limited number of key factors influencing appropriate strategies,
but also a high level of uncertainty about such influences. Scenario building tries to build plausible
views of different possible futures for relevant actors based on groupings of certain key environmental influences and drivers of change. The result is a limited number of logically consistent yet
different scenarios that can be considered alongside each other. Manzini (2006) makes the distinction between Policy-orienting scenarios (POS) and Design-orienting scenarios (DOS). Policyoriented scenarios usually deal with the macro-scale of the socio-technical systems and present a
variety of possible futures and facilitate political decisions. Design-oriented scenarios are conceived as tools to be used in design processes. These scenarios should propose a variety of comparable visions that have to be clearly motivated and enriched with visible and (potentially) feasible
proposals. A Design-Orienting Scenario is supposed to create inspiration for ‘designers’ whether in
industry, government, universities or NGOs, to design urban plan, products, services and social
arrangements that might realize steps towards the realization of these scenarios (Green 2001). A
DOS should contain the following elements:
• Various ‘proposals’ developed as concrete plans, products and/or services,
• A global ‘vision’ picturing the effect of the implementation of the ‘proposals’ and their possible
impact,
• The essential characteristics explaining the main effects and benefits the DOS is expected to
have in terms of sustainability, economics and user acceptance,
• A storyboard, describing ‘a day in the life…’ for the mobility user in 2030.
2.1.1 Location and context specific backgrounds for the development of the scenarios
The urban developments in and around Schiphol and ‘The Elzenhof the Grounds’ location, focus
within this research in particular, will be realized at a spread timescale throughout the coming
decades. The planning – with the associated decisions on sustainability – does however find
place on an early stage. For technological developments, a decade is a long time; products that
are not economical attractive right now, might be competing within a few years. On top of that,
the prices of conventional electricity generation and natural gas extraction are predicted to rise
with a rapid pace due to scarcity, resulting in an increased economical feasibility on renewable
energy sources. In order to give an insight in the feasibility of the proposed measures various
scenarios will be used. For this research, the used scenarios are condensed to the predictions of
technological performance, product price developments, energy pricing and climate change.
The energy prices are of great importance in the majority of the proposed techniques in the
following sections. The current energy price, for example, for normal users in Holland is around
the € 0,08 per kWh without taxes and €0,23 per kWh with taxing. But history and all future models
show that these prices will rise in the coming years. The causes for the change are among others
the increasing coal and gas prices due to scarcity, the political problems in oil producing countries
(geo-political instability), the probable inclusion of CO2 in the electricity price, the increase of the
energy demand due to economical growth, the market behaviour of the producers and the production of renewable energy. Summarized, the energy prices are dependant on multiple variables
related to society. In an attempt to analyze these developments, the Netherlands Bureau for Economic Policy Analysis (CPB, 2005) formulated four probable scenarios. Each scenario resembles
a shift in the current society towards a combination of a few characteristics. The different variables that cause changes in topics as energy pricing, affluence, purchasing power or political

influences are dedicated to one of these scenarios. With these figures, various complex models
can predict what the future fluctuations will be in the four scenarios for Europe (‘Strong Europe’,
‘Global Economy’, ‘Regional Communities’, ‘Transatlantic Market’). According to the Netherlands
Bureau for Economic Policy Analysis, each of the future scenarios for Europe has an equal probability of occurring. Subsequently these scenarios were used to predict the energy pricing in the
Netherlands in the coming decades. The results were used in the predictions of the future economic feasibility of the techniques. Unfortunately, the calculations on the scenarios were based
on the indexation of the values of 2002. Currently, in 2011, the energy prices have changed dramatically, which undermined the accuracy of the scenarios. For this research, the results were
still used for calculations, but with small modifications to the current energy price levels. Instead
of taking 2002 as a starting point, 2009 is taken and gradually extended towards the future. The
percents of rise in price levels fit in with the results that are predicted by the Netherlands Bureau
for Economic Policy Analysis (CPB).
The next model that has been used for the future predictions is that of climate change. The Dutch
meteorological institute, the KNMI (Koninklijk Nederlandse Meteorologisch Instituut) developed
different climate scenarios for the Netherlands. Similar to the scenarios mentioned earlier, they
developed four different scenarios based on two characteristics. At first, there is a probability that
the air circulation patterns change within the coming decades due to global climate change. The
change in air circulation might have the effect that the weather in the Netherlands will shift from a
maritime to a continental climate. According to the KNMI, this phenomenon has about 50%
change of occurring. Second, it is known that the annual mean temperature will rise the coming
decades. However, this can either be only 1 or more than 2 degrees Celsius. For the scenarios
they take those two options as characteristics. In Figure 1 the climate scenarios are schematically
shown. From the characteristics of the scenarios, weather conditions such as perception rate,
sun hours, wind speeds, temperature and humidity can be predicted.

Figure 1: The 4 climate scenarios for the Netherlands; G+, W+, G, W (Hurk et al., 2006).
For the following Chapters, the most important outcomes will be the changes of the incoming
solar and wind potential. These differences in climate change might have a serious effect on the
performance of various techniques (Figure 2). Wind turbines, for example, have 15% difference in
efficiency from best case [W+] and worst case [W] scenario. This has a major effect in the payback time and the carbon reduction of the technology. At the same time the technology itself will
also develop. As for the Climate Change scenarios the W+ scenario was taken to be leading; this
means a calculated rise in temperature in 2030 of at least 1 degrees Celsius. Moreover to an
increased wind potential in 2030 of approximately 6% (or 15% in generated electricity) and an
increased sun potential in 2030 of 4,5%. An assessment on the essential characteristics sustainability, economics and user acceptance –will lead to the selection of the most promising
scenario. This scenario will form the context for the concept development.
2.1.2 Urban Indicator
To quantify the effects of the different scenarios the impact for the urban development in terms of
number of EVs and the pressure on the available space and amenities, an instrument called ‘Urban Indicator’ has been developed and applied.

The Urban Indicator uses the available area and projected urban program as input and several
specifically defined variables. The main variables are based on the future use and users of the
area: Different groups of users with different purposes and different modal splits will use the area.
For the modal split the following variables were considered: car alone, car passenger, car pooler,
train, metro, bus, motorbike, bike. Afterwards, in every scenario, the existence and profile of the
groups was adapted to the scenario leading to a variation in mobility pattern and modal split.
In total seven groups of users of the area are considered.
In the first level of the Urban Indicator model these seven groups of users result in a number of
electrical cars including All Electric cars and Hybrid cars:
1.
2.
3.
4.
5.
6.
7.

Employees working on the location (destination)
Schiphol Group employees (transit)
Other employees of Schiphol (transit)
Travelers using P long (transit)
Airside car fleet (destination)
Rental cars
Commuters with destination Amsterdam: ‘transferium’ / P&R (transit)

The second level of the Urban Indicator model is used as a tool to predict the charging requirements at the location. Therefore, a distinction is made for three aspects: distance (radius) of travel,
duration (hours) of the parking and time window (day/night/full day). This information was essential
for the DIEMIGO sub research by Faculty EWI.
Every aspect consists of three classes:
• Distance:

0-15km (10km average); 15-30km (25km av.); >30km (50km av.).

• Duration:

0-9hrs (day part); 2 days (business); 8 days (long travel).

• Time frame:

08:00-18:00 (day time); 18:00-08:00 (night time); 00:00-24:00 (all day).

The third level of the Urban Indicator model is used to determine the land-use and forms the base
for the design proposals. The projected urban functions and related parking program occupy the
available space. But, the space for buildings is limited due to requirements of the buildings themselves and necessary space for infrastructure, water and green. The pressure on the space requires building in levels and piling up different functions, including parking. Unfortunately, the sky is
the limit here as the height of buildings is restricted.
The key variables are the average number of building layers (levels) leading to the build footprint,
and the allocation of space for infrastructure, water and green. The required parking can be arranged on ground level, occupying space or in buildings enlarging the gross square area.
The distribution of the functions in the area results in four indicators:
1. Gross square area

the total square meters of (projected) urban program;

2. Floor-Space Index (FSI)

the gross square area divided by the available space;

3. Ground-Space Index (GSI)

the build footprint divided by the available space;

4. Open-Space Ratio (OSR)

the not-build area divided by the gross square area.

Based on the information three sets of diagrams have been made to visualise the location profile:
1. Occupation

(build, parking, infrastructure, water, green, undefined);

2. Functions

(offices, housing, commercial, leisure, culture, parking);

3. Indicators

(FSI, GSI, OSR).

As the focus within the research elaboration is based on innovative integration of electric mobility
with possible surplus effects for both the location itself as for Schiphol, it was concluded that high

amounts of electric cars need to be attracted to the area to be able to visualize optimally the consequences and possibilities of electric mobility in an urban setting.
With the help of the ‘Urban Indicator’, numbers of future amounts of electric vehicles and spatial
consequences were calculated. Next the four different design scenarios developed are used to
extract all data related to Schiphol and the ‘Elzenhof The Grounds’ location necessary to complete
the Urban Indicator outcomes.
2.2

Scenarios Schiphol ‘Elzenhof The Grounds’ 2030 and Concept Development

2.2.1 Four future scenarios elaborated
On the basis of desired improved sustainability and frontline positioning of the focus area, Schiphol
‘Elzenhof The Grounds’, with respect to EV integrating facilities, four different future design scenarios have been elaborated. They can roughly be characterized as: (1) ‘economical involution, (2)
‘economical prosperity’, (3) ‘green decentralization’, and (4) ‘deep green development with vehicle
to grid’ & ‘grid to vehicle’ exchange (Figure 2). These scenarios were given special names for identification. The first design scenario ‘Time to eat the dog’ shows existing opportunities as for
Schiphol ‘Elzenhof The Grounds’ development to include sustainability based EV integration in the
Built Environment even in case of economical involution, or crisis (anno 2011 the actual reality).

Figure 2: Schematic urban lay-out of the four different future design scenarios.
The second design scenario ‘As good as it gets’ shows additional opportunities based on introduction of new public transportation connections and improved EV integration and attached renewable

energy supply in higher densities.
The third design scenario ‘Footprints on the water’ shows excellent improvements as for outdoor
climate and comfort as a result of EV integration in the built environment and self-sufficiency aiming strategies based on green decentralization with compact clustering.
The fourth design scenario ‘Generation Eco-Geek’ shows additional opportunities for urban comfort
at larger scales (more than outdoor climate near buildings alone), EV charging with integrated renewable sources and smart use and exchange of V2G (vehicle to grid) and G2V (grid to vehicle)
for both economical and sustainable backup.
2.2.2 Design prototyping: Chosen Future Scenario Schiphol ‘Elzenhof The Grounds’ 2030
During the concept development phase in parallel different options for urban plans, mobility
concepts and electric infrastructures are being developed. One of the important instruments to be
used in fostering the richness of the generated options, is the morphological chart. A morphological
chart is a visual way to capture the necessary product functionality and explore alternative means
and combinations of achieving that functionality. For each element of product function, there may
be a number of possible solutions. The chart enables these solutions to be expressed and
provides a structure for considering alternative combinations.
Within the focus of this paper the exact elaborations with belonging details, like grid lay-outs, mobility modal split and other characteristics of the four future design scenarios are less important,
and therefore will not be addressed. Next phase in the research was to evaluate the four scenarios
using a comprehensive set of criteria: Urban design, Climate adaptation, Flexibility, Parking, Public
transport, and Environmental impact. This paper will not explain all different outcomes of the assessment. After the evaluation of the four design scenarios, the overall score of design Scenario 4
‘Generation Eco-Geek’ resulted to be highest. Apart from this, the same scenario also contained
most innovations for both integration of EVs and related charging options.

Figure 3: Power (in MW) needed for charging EVs in Design Scenario 4, without smart charging;
weekly profile (left) and daily profile (24hrs; right).

Figure 4: Power (in MW) needed for charging EVs in Design Scenario 4, with smart charging but
with no Vehicle to Grid support

Finally, the attached conceptual design offers excellent opportunities to elaborate environmental
technologies and positive consequences of EV integration as for urban climate, urban comfort and
especially interconnection of energy generation based on renewables and smart storage in serially
connected batteries within EVs best. Therefore it was chosen to elaborate this scenario further in
detail, in calculations/dimensions as well as design and potential innovative concepts. In Figure 3
and Figure 4 some of the outcomes of the electricity grid and charging modeling is shown. The
exact outcomes of these electricity grid modeling is not the main subject of this paper and will be
explained In parallel papers.The Design prototyping shows potentially demonstrable elements of
the scenarios in the near future or solutions that can already be applied are important in order to
show the potential of the transition towards electric mobility for Schiphol AirportCity. Visuals of the
urban development, the mobility concepts, the e-infrastructure and e-charging solutions are
important deliverables of this phase of the project. In the research report the strategy of
implementation also is addressed to, with emphasis on the roadmap and essential steps to be
taken now.
Schiphol ‘Elzenhof The Grounds’ 2030 scenario describes a world in which rapid technologic
development, green living and minimalistic design principles play a key role. It marks a sea change
in consumer behaviour, as people exhibit a clear preference for value-based products and
attention to detail. Members of the society described in this scenario have a long-term perspective,
which is manifested in their interest in education, collaboration, and innovation.
At Schiphol ‘Elzenhof The Grounds’ all building structures are organised around a high-quality,
deep green inner garden (Figure 5). The model of the ‘short-cycles city’ forms the basis for this
elaboration. It is a further development of the principle of decentralized concentration. Apart from
the relatively small diameter, or compactness, the main line of approach is the integration of
ecological and environmental-technical principles

Figure 5: Final elaboration (urban plan) design scenario 4: ‘Generation Eco-Geek’; a detailed
movie is also available on-line: http://www.youtube.com/watch?v=IY5TuP8kHUc
2.3

Final outcomes elaborated / modelled scenario

As it turned out, small-scale autonomous entities based on regenerative systems have come
within reach because of recent technological improvements. This also holds for connected smallscale “semi”-autonomous or autarkic entities, which will be able to absorb the continuous transformations better, on account of their non-isolated character. It is part of a system based on a
geographically clustered network of nodes that aim at autonomy and offers possibilities for timely
anticipation of changes that originate from technique, society or market conditions. This network
geometry starts from the creation of “cells”, that form a spatial, social, economic or ecological
(strong) network, in a hierarchic relationship or otherwise (Saxenian, 1984; Timmeren, 2006). In
this approach energy is replaced primarily by incoming solar radiation, while materials are re-

placed by recycling and reuse. Because of its prime location, the Grounds is also used as a
transfer point or ‘transferium’; departing travelers park their EVs in the long-term parking facilities
and visitors to the Netherlands pick up their tailor-made e-rentals, which enable them to move
throughout the country in style and comfort. The park also serves the airport’s airside needs, providing a portion of the facilities that enable the airport’s characteristically smooth operation.
Several pioneering forms of e-mobility and supporting infrastructural networks have been elaborated closely in research and were integrated into the design proposal for Schiphol’s real estate,
resulting in innovative, comfortable, silent, and green urban environments (Figure 5). Schiphol’s
workers use several modes of public and private transport, which come in a variety of shapes and
sizes. E.g., many employees use ultra-light electric vehicles as an extension of public transport
for the final kilometers until reaching their destination. Employees and travelers alike are encouraged to make use of the ‘e-rope’, a personal rapid transit system that brings passengers from one
end of Schiphol to the other within the privacy of their own cabin. It takes just minutes to travel
from the customs area on the airport to the grounds via the developed high-frequent and flexible
‘e-rope’.

Figure 6: Images of Park & Charge Garage with Vehicle to Grid / Grid to Vehicle (V2G/G2V) exchange based on smart charging connected to energy generation based on renewables.
The electricity grid network must cope with an increasing number of decentralized electricity
producers supplying various amounts of electricity to the national grid network. The integration of
these decentralized producers demands that the electrical grid be restructured. This provides the
unique opportunity to take strategic measures accommodate electric mobility. At Schiphol the
Grounds this has been investigated both for e-grid lay-out and integration, focusing on potentials
for connection to renewable energy supply, potential economic benefits and design integration and
innovation.
The future energy demands of ‘Elzenhof The Grounds’ including the daily charging of over 9000
EVs can be produced locally to a large extent. Though, connections with the municipal electricity
grids resulted to remain important, since green electricity is not produced equally divided over the
year. The main share of the green electricity in the calculations is produced by solar cells, which
generate in summer over 5 times more energy than in winter times. Here the Vehicle-to-Grid
(V2G) system is introduced. V2G systems are systems in which batteries are used as ancillary
storage for the electricity network (Figure 7). Vehicle batteries may be loaded from or discharged
to the grid network depending on the fluctuations in energy demand. V2G systems support the
use of intelligent charging protocols, which may be necessary for mass deployment of electric
vehicles.
V2G systems may aid in the integration of renewable energy sources into the grid network. The
harvest of energy from renewable sources, such as wind and solar energy cannot be scheduled
in the same way as a coal-powered energy plant. In order to compensate for this, vehicle batteries can absorb excess electricity at times when renewable production is high, and contribute
needed electricity at times when demand for electricity is greater than supply.

Figure 7: Vehicle to Grid system layout and typical power diagram.
At Schiphol the Grounds the elaboration concerns a connection with a smart grid. In general the
cars will be charged when (more than) sufficient sustainable electricity is available and/or the total
demand of electricity in the Netherlands is low. The latter implies that charging occurs at nighttime when the total energy demand is lowest, during daytime when solar power is available, and
during weekends when the business park needs less electricity. So, the batteries of parked EVs
will temporarily become a part of Schiphol’s sustainable energy system. The EVs batteries are
connected to the grid by means of a bi-directional charging device and can be used by Schiphol
for ‘peak shaving’ in expensive times of peak demand. Smart management by network operators
could enable charging during periods of low demand, resulting in a leveling off of the grid demand
profile, instead of an amplification of the peak (Figure 8). In this way, Schiphol can economically
benefit from this battery capacity but also the EV owners, who allow Schiphol to make use of their
battery capacity by parking in the garage.

Figure 8: Final variant of power supply Schiphol Elzenhof The Grounds, with smart charging, including Vehicle to Grid support and interconnection to renewable energy generation (PV).
The performance of the battery and therefore the EV is highly dependant on the manner in which
the battery is charged and discharged. The battery charger replenishes the energy in an electric
vehicle in a similar manner to refilling a fuel tank with gasoline. The difference is that the charger
offers different possibilities to charge the vehicle, such as over night at home or parking
place instead of refueling at a gasoline station. The battery charger is a device that converts the
alternating current distributed by the grid to the direct current needed to recharge the battery.

There are many methods to charge EV batteries according to their different charging characteristics. Conductive charging technology is currently the most favored, as it allows for the connection
of EVs to an existing power supply with high efficiency, without the need for extra infrastructure.
Different charging modes have been described (standard charging, semi-fast and fast charging).
Schiphol’s EV fleet is fully charged with solar power. At the Airside of ‘the Grounds’, approximately 250 vehicles that are all electric are charged here and connected to the solar roofs of the
parking spaces along the Platform. This roof provides enough electricity to charge the whole fleet
during the year. There is enough electricity in wintertime; the ‘Park&Charge’ garage (Figure 6)
uses the excess electricity during summer time.

Figure 9: Scheme of dynamic contactless energy transfer charges, or dynamic inductive charging
(left) and static inductive charging (right), as used in the ‘Park&Charge’.
Another integrated innovation in the design elaboration concerns inductive charging. Induction
charging is different from other forms of EV charging because it does not require a physical
connection between the vehicle and the charging unit. Instead, induction charging utilizes magnetic
inductive coupling, which enables the transfer of power across a small air gap between the
inductor source (located on the charging unit) and the receptor (located on the vehicle). Inductive
charging may take place by means of static charging, which describes the act of charging while the
vehicle is parked, or dynamic charging, which describes the act of charging while driving by means
of in-road induction charging devices (Figure 9). Schiphol provides inductive charging lanes. These
lanes are in general not used to fully charge the batteries; the speed of charging is limited and the
efficiency of charging is not as high as during standard charging. Though, these lanes can extend
the ranges of the vehicles that drive on them. The charging lanes can be provided of electricity by
local small electricity storages that are connected to solar cells that are incorporated in the sides of
the roads. Within the Park&Charge garage, but also in other EV parking places the ‘static’ variant
of inductive charging is being introduced. The batteries of these EVs are charged from the grid
when there is plenty of renewable energy available and discharged to supply the grid at times of
peak energy demand. In this way, the sustainable energy system provides economic benefit to the
owners of the garage, as well as to those of the EVs. This bi-directional charging system is
connected to various types of locally generated renewable energy. In this way Schiphol is a prime
example of decentralized energy production and use of the national energy grid network.

3. Discussion & Conclusions
The research presented demonstrates the need to include interdisciplinary approaches to the integration of strategies for raising public awareness, for marketing the different qualities of essential
flows, especially energy (exergy / cascading), and establishing a service business for building and
integrated Electric Mobility on the basis of operating more decentralised installations. In addition to
the issue of sustainable energy generation, with the introduction of electricity-based mobility both
new possibilities and problems become visible, especially as for its interconnection with, and integration in the built environment.

Around the world several concepts for EV charging and EV/Building interfaces have been developed, or are under development. In general however integrated smart grid concepts, comfortable
charging or user focused services and innovative charging are still lacking and mostly based on
the principle of relatively simple “technical fixes” and do not address to problems to be solved in
case of large scale introduction of Electric Mobility. Moreover, integration in the built environment is
poor and full of potential pitfalls, especially as for security of supply when implemented at large
numbers.
The outcomes of this research show that a high penetration of electric mobility into the built
environment can be achieved generating little environmental impact, resulting in full integration
within innovative and comfortable green urban areas.
Through the development of Elzenhof The Grounds Business-Science Park and mobility transfer
hub, based on the energy generation and attached smart parking & charging concept, Schiphol
possibly plays a key role in the roadmap to green mobility. With the implementation of new
transport technologies, unique services, and advanced sustainable energy production and
management systems, an area development, like the one elaborated in this research, builds on the
values of a progressive society to offer a innovate and inspiring environment for work and travel
with smart renewable energy supply and exchange, a basis for real sustainable development.
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Summary
This research is founded on the idea that reconciliation between economic development, social
cohesion and environmental protection can be done, at local level, through the contributions of
urban planning.
Considering that environmental issues focus on all aspects of human life that match all human
relationships with the territory and planning issues, understood as the primary means for the
achievement of the transformation of land use, must integrate sustainability measures, the
relationship between urban sustainability and urban planning is crucial to ensuring the adoption
of effective solutions.
The article forms part of a research that consists in realizing what aspects of land use
contributes to urban sustainability and that can integrate the contents of territorial management
tools and may contribute to a reflection on the importance of urban planning in the settlements.
The research methodology proposed is based on inductive method, literature review to build the
body of knowledge, and on case studies - that serves to analyze good urban planning
procedures to our research, through identifying indicators of urban sustainability.
Urban sustainability is a recommended direction for the local urban planning with the aim of
achieving a safe and sustainable urban community, this work research is about the contributions
of land use for urban sustainability in the prospect of integration into urban planning.
The examples of good procedures are based on the case studies of Barcelona and Lisbon. It is
in this framework that this research aims to contribute to the scientific knowledge.
Keywords:
Urban planning; Urban sustainability indicators; Sustainable development; Urban sustainability;
Land use.
1. Introduction
The need to solve the problems of the city, at the level of mobility, wholesomeness and
planning, resulting from the increasing amount of population in cities, according to the
development of the planning system.
The ease of daily commuting populations, through transport rail, road and mainly individual,
since the 1970s, has encouraged the dispersion of the housing to locations increasingly distant,
changing the concept of city and land use associated.

The supply of spaces for housing with larger areas and more reachable, more attractive
environment as well as the new information and communication technologies were responsible
for the occupation disperses, responsible for the excessive consumption of the territory, with the
consequent emptying of urban centers: the high costs in infrastructure and the high energy
costs, causing high traffic jam, not being considered a sustainable model (Lobo, 2003) [1]
To achieve sustainability, is it necessary to intervene in urban planning in conjunction with
transport policies, economic, social and environmental.
We are realizing what is the new vision concerning land use that will allow meeting the
challenges posed by sustainable development as contained on legal regime of territorial
management tools.
Considering the influence of new information and communication technologies, climate change
and changes in economic and social fabric, the urban areas face new challenges, due new
perspectives of life, which presupposes the adoption of new rules to include in planning
instruments to achieve urban sustainability.
2. Methodology
The methodology proposed, based on inductive method, literature review to build the body of
knowledge, and on case studies; that serves to analyse good urban planning procedures like
reference to our research, through identifying indicators of urban sustainability.
3. Theoretical framework of the portuguese urban system
According Jorge Carvalho:
… "The Portuguese cities... grew very, but grew poorly, often chaotic and poorly
structured were often verified discontinuous or dispersed occupations, this is natural,
given the increased rate of motorization and the consequent transformation of
accessibility. But the problem is that this happened in case by case, disregarding the
environmental heritage, landscape and built, not having sufficiently principles of
rationality in its articulation with the infrastructure public. " [2]
“…the urban system presents various addictions generated by distinction, static in time,
between urban soils, urbanizable and not urbanizable soils, not associated with your
actual programming and implementation, it’s a system incapable of reversing to society
the most capital gains generated by the phenomenon of urbanization.
The case by case Licensing of allotment operation of rustic plots is the common
urbanization process, with all dysfunctions known, instead of the urbanization planning
and detailed planning.
It is inefficient the coordination between the subdivision and its register.
Territory management occurs under a municipal funding model that makes the
municipalities dependent on urbanistic rates " [3]
Urban portuguese administration assured coverage throughout the national territory by
municipal master plans, what has not happened at the level of development plans and detailed
plans.
The municipal master plans (PDM), urbanization plans (PU), and detailed plans (PP), integrate
the set of plans municipal planning (PMOT):
•

The PDM, which affects over the entire municipal territory;

•

The PU, which focus on urban areas, that can be urbanizables, and
surrounding areas,

•

The PP, which focus on the areas covered by PDM or PU (including execution
units).

In areas not covered by urbanisation plan, the detailed plans can operate directly, the
transformation of land ownership, by exempting, the subsequent elaboration of projects of
blending urban for the purpose of the land register and State registration of the new buildings
thus constituted, avoiding the bureaucracy associated with these procedures and making the
city a more expedient [4].
The use of soil is framed in terms of sustainability, with reference to the law on foundations of
policy planning and Urbanism (LBOTU) establishing the system of land use through their
classification and their qualification [5].
Soil classification is based on the distinction between rural and urban land soil.
The qualification of soils, in turn, regulates the use of land according to the dominant activity
regulated in territorial management tools.
The theme -land use and its transformation – have suffered over the years an evolution in line
with the new perspectives and needs of the legal framework of new solutions and techniques.
The emergence of new technologies, in response to climate change, has produced also
advances in less polluting transport solutions and restraint in the use of private transport to the
detriment of public transport and there have been advances in research of land use and
associated personnel.
"Using spatial soil is the reproduction of human social and economic activities in a
given territory, originated from individual processes of production and reproduction of
capital, which must be combined with patterns or types of building. The use of soil so
admits a variety as large as the activities of society itself " [6] .
Assuming the land use affect quality of life of cities, we frame them by urban sustainability
criteria .
According to Rogers (2002): "sustainability is therefore a new order of economic efficiency, and
enjoyed by all citizens … Ready to find socially more consistent, economically more correct to
produce and distribute "existing resources [7].
Although urban sustainability may seem a little utopian and operational concept, much more
ideological than theoretical, is an essential concept for urban planning.
The analysis of urban sustainability passes by observation of the level of quality of life of the
inhabitants of the city.
There are many methodologies for assessment of urban sustainability that have achieved
consensus in Europe, which propose setting indicators [8] by common geographical areas,
including the following:
•

Model PICABUE defended by draft Bequest [9] (2001)

•

Model NIJKAMP defended by Peter Nijkamp [10] (2008)

•

Model Patricia Lombardi (2006)

According to Vicenzo Bentivegna/Patricia Lombardi (2006), urban sustainability indicators must
support the local urban planning so that they can be understood by designers and technicians,
mayors, politicians and the general population.
Based on this evaluation matrix of urban sustainability, Patricia Lombardi, where the analysis of
factors and urban indicators and their suitability to case studies.

Steve Curwell [11] (2008), in the analysis of urban sustainability mentions that the urban
environmental indicators in traditional planning today tend to be used as reference in the
valuation model of urban sustainability.
According to Cozens, (2002), " A safe and sustainable urban community must be characterized
by an image adjustment or at least some control of threats, real or perceived, to the well – be of
their inhabitants." [12]
Urban sustainability is a recommended direction for the local urban planning with the aim of
achieving a safe and sustainable urban community, this work research is about the contributions
of land use for urban sustainability in the prospect of integration into urban planning.
The example of good procedures refers to systems of urban sustainability indicators used in the
cities of Barcelona and Lisbon.
4. Objectives
The need to find solutions to community problems leading to balanced economic development
with social cohesion and environmental protection of territories, implies a reflection on the
underlying principles of sustainable development in urban planning and its operation at the
municipal level:
• How land use contributes to achieve urban sustainability?
• Which urban sustainability indicators to consider?
• A reflection on the relationship between urban sustainability planning / land use and
about this as catalyst for the lives of urban areas, through two examples of good
procedures as guiding urban sustainability indicators towards urban sustainability
(Barcelona and Lisbon).
5. Good procedures
The examples of good procedures presented, refers to Barcelona and Lisbon.
Barcelona
The Table 1 – Barcelona, identifies the goals and urban sustainability indicators related to the
Plan of Action Agenda 21local, characterized by the following aspects:
• Link between indicators and objectives of the Action Plan
• Good integration of the components of environmental, economic, social and
institutional
• System to be used with great simplicity

Table1-Objectivs and urban indicators of the action plan of Barcelona
Objectivs

Indicators

1- Protection of biodiversity and green
spaces

-Green area /inhabitant

-Diversity - bird
2-Protection of the compact city

-access to public spaces and services
-Index of urban renewal

3- Improvement of mobility

-modes of transport used
-%of pedestrians roads

4-Promotion of a healthy city

-levels of noise pollution
-Environmental quality of the beaches
-Air quality
-Hope of expectancy of birth life

5-Conserving and promoting the use of
renewable resources

-Total water consumption/ inhabitant
-Public-consumption of groundwater
-Consumption of energy from renewable sources

6-Reduce, reforcing the reuse and
recycling of waste

-Production of waste-municipal solid
-Collection of organic waste
-Separate collection of waste

7-Increase social cohesion/equity and
strengthen the participation

--school leaving population
-university study finds
-Access to housing
-Degree of membership of the population
-Participation in municipal affairs

8-Economic activity in the direction of
sustainable development

-Nº of organisations with environmentals
certifications

9-Consolidation culture of sustainability

-Number of organizations with environmental
certifications

10-Reduce the overall environmental
impact of the city and promote
international co-operation

-Annual emissions of CO2 equivalent

-Number of points of sale of fair trade

11-indicator related to the objectives of
the city's commitment to sustainability

-degree of citizen satisfaction

Lisbon
In the Lisbon example, the system presents the following dimensions of sustainability:
Environmental, social, institutional, cultural, sport and recreation, safety and civil protection,
transport, tourism, employment and crime.
The Table 2 – Lisbon presents an example of this system and corresponds to the environmental
dimension of urban sustainability indicators related to the Plan of Action Agenda 21of the city.
The system is characterized by:
• System complexity intermediate with 60 indicators.
• Poor integration of the sustainability and existence of some indicators of dubious meaning
• Indicators for evaluating relatively simple and direct
Table2 – Environmental dimension and urban sustainability indicators
Dimension

Thematic area
Land Use

Urban Ecological
Use of resources

Water

Waste water

Air quality

Noise pollution

Environmental

Waste

Aspect to control Indicator
% Green areas (gardens,
Green Areas
parks
Urbanized areas % construct areas
Nº and % of protected
biodiversity
species
Consumption of domestic,
Consumption of
industrial and services
electricity
electricity
Water consumption in
Water
domestic, industrial,
Consumption
services and agriculture
sector.
Water quality for human
Water quality
consumption and rivers
quality
Volume(m3) Volume (m3) of
Production of
wastewater produced per
waste water
capita in county
Medium concentrations of
Concentration of key pollutants and violation
pollutants
of limit values (Co, No, No2,
Co3, Pm3, O3)
Violation noise
Nº of violations in places
pollution limits
under noise minotorization
Tones of waste produced
Production of
per capita per year type of
urban solid
waste (paper, cardboard,
waste
plastics, glass, ferrous and
nonferrous metals, textiles)
% waste produced that are
Selective
legal object collection
(paper, cardboard, plastics,
collection of
waste
glass, ferrous and non
ferrous metals and textiles)
% of tones of the different
Recycling and
types of waste that are
waste
objects of "recycling, in
ecopoints (glass and paper)

collected and collectively
(batteries, packaging)

5. Conclusions
Having regard to the holistic and utopian vision of sustainability and in particular of urban
sustainability in its dimensions environmental, economic, social and institutional research, this
work aims to achieve a visionary idea through the occupation of land use, materialised in the
consensus of experts about how to manage the uncertainties of urban sustainability.
More certainty that define the aim of this research is to make sustainable urban development as
an urban utopia direction, so as to create "stalls" reference for urban sustainability in each
generation and contribute to urban areas well ordered.
Reflected on the relationship between urban/urban sustainability planning/land use and about
this as catalyst for the lives of urban areas.
Through two examples of good practice were the guiding urban sustainability indicators towards
urban sustainability (Barcelona and Lisbon).
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Summary
The Hong Kong Housing Authority (HA) develops and implements a public housing programme
which seeks to achieve the Hong Kong Government's policy objective of meeting the housing
needs of people who cannot afford private rental housing. Approximately 30% of the Hong Kong
population is now living in public rental housing units.
The HA plans, builds, manages and maintains different types of public housing, including rental
housing estates, interim housing estates, and transit centres. In addition, the HA owns and
operates some flatted factories and ancillary commercial and other non-domestic facilities.
In the context of public housing development, the missions of the HA are to provide affordable
quality housing and other housing related services to meet the needs of the customers in a
proactive and caring manner; and to ensure cost-effective and rational use of public resources in
service delivery and allocation of housing assistance in an open and equitable manner.
This paper will focus on some of the measures that realize quality living in affordable social
housing through sustainable building services designs to achieve enhanced cost-effectiveness,
usability, reliability, maintainability, environmental friendliness and social responsibilities.
Keywords: sustainable, housing, building services, design, renewable, energy, carbon emission

1.

Public Housing in Hong Kong

In 1953, a serious fire in Shek Kip Mei squatter area marked the beginning of the government’s
involvement in the construction of multi-storey resettlement buildings. To cope with the increasing
needs of housing in the territory at that time, the then Public Works Department built Government
Low-Cost Housing in the 1960s for low income families.
To address the accommodation need of a sharply increasing population, the Government
announced the Ten-year Housing Programme in 1972. The Hong Kong Housing Authority (HA)
was established in 1973 to oversee public housing issues of Hong Kong. Currently about 30% of
the total Hong Kong population lives in public rental housing units. The Housing Department (HD)
is the executive arm of the HA to discharge her statutory responsibilities which include, inter alia,
the provisions, operation and maintenance of building services installations for public housing.

2.

The Missions of the Hong Kong Housing Authority

The mission of the HA is to provide affordable quality housing and other housing related services
to meet the needs of the customers in a proactive and caring manner. It is also to ensure costeffective and rational use of public resources in service delivery and allocation of housing
assistance in an open and equitable manner.
The four core values of the Authority, viz. Caring, Customer-focused, Creative, Committed (the 4
C’s) are manifested in the continuous pursuit of improvement of the design and provision of
building services installations at public housing estates to achieve enhanced cost-effectiveness,
usability, reliability, maintainability, environmental friendliness and social responsibilities.
We provide affordable quality housing incorporating sustainable considerations to balance the
economic, social and environmental needs and concerns of our stakeholders in housing
development and management programmes in pursuit of performance excellence and harmonious
living environment.

3.

Building Services Installations - an Indispensable Element for
Quality Housing

While the mission of the HA is to provide quality housing, quality building services installations are
integrated and indispensable to meet this mission.
In a densely populated metropolis like Hong Kong, public housing buildings are, without exception,
reaching out for the sky to compete for as much space as possible. Today, a typical public housing
building would be a 41-storey high-rise building accommodating several hundred residential units.
In the context of quality building services designs for high rise domestic buildings, all factors
including safety, usability, reliability, maintainability, cost-effectiveness, environmental friendliness,
rational use of public resources and social responsibilities have to be carefully considered and
balanced before coming up with a design.

4.

Design for Sustainability

Energy conservation in Hong Kong has received increasing attention over the years. This is a
crucial element in sustainable development and helps combat global warming. As a general
design principle, all the building services installations are designed to achieve a high level of
energy efficiency. Moreover, we have made it mandatory that all new building services designs
shall fully comply with the requirements of Hong Kong’s Building Energy Codes since their first
promulgation more than a decade ago. The compliance of the Codes is only made mandatory in
2011. Today, we have received over 300 energy certificates covering various building services
systems including lift and escalator, air-conditioning, electrical and lighting installations.
Over the years we have been exploring into various technological fronts of system designs and
equipment efficiency in a bid to improve customer satisfaction as well as further reducing our
buildings’ carbon footprints. In this paper, we will find detailed delineations of our recent efforts in
achieving our sustainable design objectives through the exploration and adoption of green
engineering initiatives. These include green lighting design; energy efficient building services
equipment, renewable energy, hygienic refuse handling, hybrid ventilation, improved water
supplies, water conservation, uninterrupted lift service, carbon emission estimation and energy
audits.
4.1.

Green Lighting Design

As lighting energy forms a substantial part of the total energy consumption of a building, energy
efficient fluorescent lamps have been used extensively in our building projects. We have been
working closely with lighting suppliers and conducting trials to source luminaries and lamps of
higher efficacy that can suit our applications. The design principle is to deliver the required levels
of lighting performance in terms of illuminance, uniformity, colour rendering and glare, yet costeffective and easy to maintain, while complying with the relevant statutory requirements.

In 2008, the new edition of Design Manual for Barrier Free Access was released which has
presented great challenges to building services engineers. The manual specifies a minimum
illumination level of 85 lux along communal passageways in buildings to take care of persons with
special needs. When compared with our original design illumination level of 50 lux, the adoption of
the new requirements would lead to almost doubling the communal lighting energy consumption
and hence associated CO2 emission.
To reduce the environmental impact of the new design requirement, a new lighting control system
allowing two levels of illumination was developed in 2009. The new design comprises two sets of
lightings provided along the communal passageways (Fig. 1). One set is constantly powered to
provide a minimum illuminance of 30 lux at floor level for typical corridor and staircase and 50 lux
for typical lift lobby. The other set is normally switched off as standby. With different means of
control, the resultant illumination level could be raised to 85 lux by switching on those standby
lightings for an adjustable period (e.g. 10 minutes) as depicted below –
(a)

(b)
(c)
(d)

For tenants coming out from lift cars on their way to their flats, they can simply press the
manual switch in the lift lobby to turn on the standby lightings in the lift lobby area, and then
press another manual switch at the entrance of corridor to turn on the standby lighting in the
corridor to lit their ways to their flat units.
Tenants coming out from staircase can use the manual switches provided at each entrance
of staircase to turn on the necessary lighting on their way to the designated flat units.
For tenants coming out from their flats, they can turn on the standby lighting of the
corresponding corridor and lift lobby by pressing the designated button on their doorphone
handsets in their flat units.
For the control of staircase lighting, a motion sensor will be provided on each standby lighting
fitting to turn itself on upon detecting any person entering the covered zone.

Avoiding prolonged holding of the standby lighting along a corridor at the ON condition, the system
would time out the lighting of the triggered zone after a pre-set lapse of time. Lighting in the vicinity
of windows is controlled by timers and photocells to achieve greater and effective use of daylight.
By adopting the new lighting control system, it is estimated the HA can help reduce 86 tons of CO2
emission per domestic block per annum.
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Fig. 1 - Typical Domestic Floor Lighting Layout Plan

4.2.

Exploring the Use of Energy Efficient Equipment

Keeping pace with the use of new technologies, the HA has been conducting trials on the use of
more energy efficient building services installations. Our aim is to apply these energy efficient
measures on a wider scale into new housing projects.
(a)
Previous trials include compact fluorescent lamps (Photos 1a & 1b), photocell sensor
controls (Photo 2), the wider use of electronic ballasts (Photo 3), T5 fluorescent tubes, nano
reflectors, LED/self-luminous exit signs and solar/wind powered lightings. Most of these initiatives
have been included into our lighting design provisions for general applications.

Photos 1a & 1b - Compact Fluorescent Staircase and Corridor Light

Photo 2 –Photocell Sensor Control

Photo 3 – Electronic Ballasts

(b)
VVVF (Variable Voltage Variable Frequency) drives and high efficiency permanent magnet
gearless traction systems (Photos 4a & 4b) are being used in lift installations to reduce energy
losses.

Photo 4a - Gearless Lift Traction Machine Photo 4b - Lift Control Panel using VVVF Drive

4.3.

Promoting the Use of Renewable Energy

Renewable Energy (RE), based on inexhaustible natural resources, includes solar light, wind
power, biomass, geothermal, wave action, hydro and tidal power, etc. Among the alternatives, the
potential of harnessing solar and wind energies is higher for Hong Kong’s environment. While
understanding that, based on today’s RE technologies, the cost effectiveness of harnessing and
applying solar or wind power to generate electricity is still low; nevertheless, HA has endeavoured
to try out these emerging technologies in some of our residential blocks and commercial centres as
well as external areas in a bid to evaluate its effectiveness and prepare ourselves in readiness for
wider application of these technologies in the future.
(a)

PV Power Generation System

Echoing the government’s initiatives and policies for sustainable development, we have completed
a renewable energy pilot project in the form of a grid-connected photovoltaic (PV) system for the
redevelopment of Lam Tin Estate Phases 7 and 8. The PV system provides part of the electricity
consumed by the building’s common facilities, in turn reducing the demand for electricity from the
power company.
The system converts sunlight directly into electricity. Approximately 248 m2 of mono-crystalline
silicon PV panels, chosen for their high energy conversion efficiencies, have been installed on the
roofs of three residential blocks and part of the covered walkway of the development. Maximising
power generation, the PV panels have been carefully sited to take the daily intensities of sunlight,
as well as the shade cast by nearby buildings, into account (Photos 5 and 6).

Photo 5 - PV Panels

Photo 6 - BIPV Panels as Skylights

In addition to the conventional electrical power supplied by the power company, the PV system is
connected directly to the building’s power distribution network as a secondary power source. The
grid-connected design obviates the need for power storage batteries, resulting in lower installation
and maintenance costs and, more importantly, the elimination of adverse environmental effects
caused by the disposal of rechargeable batteries. With a capacity of 33 kW, the electricity
generated is conditioned and fed into the building power supply system for immediate use within
the common areas, for corridor lighting, lifts, water pumps, etc. The annual electrical power
contributed by the system is estimated to be 32,300 kWh, around 8% of the annual electricity
required for the common facilities in one residential block.
(b)

Renewable Energy Powered Lighting

Aiming to promote energy savings and educate tenants at the same time, we have installed a small
number of solar and wind power lighting systems in new estates (Photos 7 & 8) together with a few
Solar Energy Generation Systems in estates where the situation allows.

Photo 7 – Vertical Axis Wind Turbine
(c)

Photo 8 – Hybrid RE Powered Light Poles

Solar Water Heating System

Further promoting the use of solar energy, a solar water heating system has been incorporated as
a trial in a large commercial centre in Yau Tong Phase 4 project scheduled for completion in 2011.
It comprises two sets of vacuum tube type solar water heater, one storage type electric water
heater (providing supplementary heating during cloudy sky conditions or night time), connecting
pipework and a thermostatic mixing valve. The system will provide hot water supply to a baby care
room. It is estimated to save 3500 kWh of electricity, equivalent to an annual reduction of 2450kg
of CO2 emission.
4.4.

Hygienic Refuse Handling

Enhancing health and hygiene in our public housing estates, we have been providing two types of
cost effective refuse handling systems for public housing developments completed since 2005.
These two systems, the Central Compactor System (CCS) and Distributed Compactor System
(DCS), have been designed to cater for the refuse handling needs of estates with diverse
populations. CCS is used in estates with a daily refuse output of 5 tons or more. The Food and
Environmental Hygiene Department (FEHD) then arranges for a special truck to collect the sealed
refuse storage containers. In estate where the population is lower and where the daily refuse
output is less than 5 tons, DCS is used with FEHD collecting the refuse by conventional Refuse
Collection Vehicles (RCV).
(a)

A CCS comprises the following major components (Fig. 2) –

1. A storage chamber with motorised gates connected to the bottom of refuse chutes in each
domestic block correctly controls the volume of refuse loaded into each 660-litre (660L) refuse
storage bin before transportation to the refuse collection point (RCP).
2. A central refuse compactor inside the RCP receives and compacts the refuse from the 660L
storage bins to one-third its original volume for storage in sealed refuse storage containers.
3. The sealed refuse storage container, designed for quick loading onto the FEHD collection
vehicle, is transported to a refuse transfer station or landfill.
(b)
A DCS consists of a small-scale compactor connected to the bottom of each refuse chute to
automatically compact the refuse received to half its original volume and to partially squeeze out
any waste liquid before loading the refuse into a 660L bin for subsequent removal to the RCP for
storage (Fig. 3).

Central Compactor System

Fig. 2 -Central Compactor System (CCS)

Fig. 3 - Distributed Compactor System (DCS)
4.5.

Adoption of Energy Efficient Hybrid Ventilation System

Centralised air-conditioning systems are commonly used in Hong Kong’s shopping centres to
provide a comfortable environment for tenants and shoppers. However, they also consume large
amounts of energy. According to the latest energy end-use survey released by the Electrical and
Mechanical Services Department, the energy used for space air-conditioning accounted for around
37% of the total energy consumed in retail buildings in 2008. It is therefore essential to adopt
innovative methods to reduce the consumption of this energy. At the same time, with the cooler
and drier weather experienced in autumn and winter, the demand of air-conditioning falls and
natural ventilation is more than sufficient to provide a pleasant and comfortable environment.
Hybrid ventilation systems are therefore ideal – with a suitable design and control algorithm to

switch the air conditioning system into natural ventilation mode, substantial savings in energy can
be achieved.
We therefore installed our first hybrid ventilation system in the shopping centre at our Eastern
Harbour Crossing Site Phase 6, which was completed in 2010. This hybrid system provides three
operating modes – natural ventilation, free cooling (fan-assisted) and air-conditioning. The hybrid
ventilation modes will be controlled and monitored by a Central Control and Monitoring System
(CCMS) by continuously comparing the indoor and outdoor environmental conditions.
Temperature and humidity sensors in the public circulation zone monitor indoor conditions whilst
an anemometer, rain sensor and outdoor air temperature sensors monitor outdoor conditions.
When outdoor temperature and humidity levels satisfy design conditions based on internal thermal
comfort criteria, the natural ventilation mode comes into operation and automatic windows are
opened. If the outdoor air conditions do not meet the pre-set thresholds, either the free cooling or
air-conditioning come into play.
4.6.

Uninterrupted Water Supply - Twin Roof Water Tanks

In the past, regular interruption of water supply was inevitable due to periodic cleansing of water
tanks as required by legislation. Twin roof water tank design was developed jointly with the Water
Supplies Department of the Hong Kong Government to provide uninterrupted water supply to
tenants and foster a more user-friendly living environment.
As the name implies, the roof water tanks are divided into two tanks each with individual inlet,
outlet and level control devices (Fig. 4). One of the twin tanks can be plugged off for cleansing or
repair whilst the other tank continues to provide uninterrupted water supply to tenants at all times.
When compared to the single roof water tank configuration, the twin-tank design has provided
three distinct advantages during cleansing of the water tanks:
(a)
(b)
(c)

uninterrupted water supply to the tenants;
elimination of possible contamination of water supply to the tenants; and
reduction in water wastage during tank cleansing.

Though technically feasible, implementation of such innovative design would not be made possible
without the agreement of Water Supplies Department (WSD). Working towards the common goal
of achieving quality living, WSD issued Circular Letter No. 4/2007 to give a green light to the
implementation of twin roof water tank design. The amended waterworks requirements enable the
adoption of twin water tank supply to not just housing estates, but the whole territory. The first HA’s
project with twin-tank design was completed in May 2009.

Fig 4 - Twin Roof Tank Schematic
4.7.

Photo 9 – Pressure Tanks

Improved Fresh Water Pressure and Energy Efficient Pumping Design

Indirect fresh water supply system is commonly used for high-rise buildings. Fresh water from
town mains is pumped to the roof storage tank and then supplied to tenants by gravity. In the past,
there were complaints from our tenants living on the top floors about “low” water pressure. The

complaints might be caused by unstable operation of their gas water heaters due to high pressure
loss of the water mixers and shower heads; or the tenant’s desire for a “stronger” water stream.
With a view to ensuring customer satisfaction, a fresh water booster pump system comprising
centrifugal water pumps and pneumatic pressure vessels was introduced a decade ago. The
minimum fresh water supply pressure at the cold water inlet of gas water heater has since been
increased to 1.7 bar (Photo 9).
With the advance of technology we see opportunity for further improvement. We have just
completed a study on the application of Variable Frequency Drive (VFD) for the booster pumps
with success. By varying the speed of the pump motor, the energy-efficient VFD can respond
quickly and efficiently to the varying water demand by maintaining a stable water supply pressure
at the draw-off points under all operating conditions. Moreover, the number and capacity of
pneumatic pressure vessels can be substantially reduced, reducing plant space requirement.
From now on, this new design feature has been incorporated for all our new fresh water booster
pump systems.
4.8.

Uninterrupted Lift Service

As a statutory requirement, periodic inspection, testing and certification (PITC) for electrical
installations in residential blocks is required. During the process, power supply to the lifts and thus
lift services is inevitably disrupted (Fig. 5). This is particularly inconvenient to the elderly and
physically challenged tenants living in a high-rise building of 40 storeys or more. To alleviate the
incovenience to them while complying with the statutory requirement, we have developed an
enhanced system so that minimum lift services can still be maintained during PITC of switchboard
cubicles.
In the new design, power supply to the lifts is
supplied
from
two
separate
supply
switchboards instead of one. Each of these
lift supply switchboards is fed from both the
general supply and the essential supply
through automatic changeover contactors
(Figs. 6 & 7). With such arrangement,
maintenance of these two separate lift supply
switchboards can be carried out alternately.
Fig. 5. - Original Design (Maintenance Mode)

Fig. 6. – New Design (Maintenance Mode 1)

Fig. 7. - New Design (Maintenance Mode 2)

4.9.

Energy Audits

In 2010, we conducted energy audits on six strategically selected domestic blocks to identify
potential energy management opportunities (EMOs) of the major communal energy consuming
systems. Apart from the formulation of energy management plans which are applicable to similar
types of our existing housing stock, the recommendations of the audits also help validate the
sustainable design approaches currently adopted in our new buildings for better energy utilisation.
In order to compare the energy performance of different types of standard domestic blocks built in
the last few decades by HA, the selected block types comprising one Cruciform Block (1977), one
Double H Block (1980), one Harmony 1 with Annex Block (2001), two NH1 Option 6 Blocks (2008)
and NH1 Option 6 with Annex Block (2008) represent a typical portfolio of our housing stock.
Through the collection of historical operation data, energy bills, in-situ measurements and surveys,
detailed evaluation of the installed building services equipment and comprehensive analysis of
yearly energy consumption data, we have successfully identified the major communal energy
consuming systems of these domestic blocks and their respective potential EMOs. The EMOs
recommend replacing conventional ballasts with electronic ones, T8 florescent tubes with T5 and
conventional motors with higher efficiency models, for those blocks built in or before 2001.
4.10. Carbon Emission Estimation (CEE)

Recently, the HKHA has taken a further step in devising a carbon emission estimation methodology
to gauge at design stage the holistic carbon emission of new public housing developments. The
methodology focuses on the major aspects of construction materials and building operations which
have implication on carbon emission, reduction and absorption from cradle to grave for a building
life of 100 years.
Six aspects of construction materials and processes have been identified in the methodology (Fig.
8) : (1) Materials Consumed during Construction, (2) Building Structure, (3) Communal Building
Services Systems, (4) Renewable Energy, (5) Planting and (6) Demolition. For Aspects 1 and 2,
the materials include concrete, reinforcement bars, steel formworks and timber formworks. For
Aspect 3, the electricity consumptions of all communal building services systems are considered.
For Aspects 4 and 5, carbon reduction by renewable energy, say grid-connected PV system, and
carbon absorption by trees taller than 5m are taken into account. For Aspect 6, the energy for
building demolition and transportation of debris to landfill site is considered. Carbon Emission
figures of our standard New Harmony One Block and the latest buildings in our new public housing
development at Kai Tak Site 1A have also been estimated and adopted as benchmark figures for
new design blocks. This CEE methodology is a useful design verification tool for controlling carbon
emissions due to the embodied energy of construction materials and building structure and the
operational energy of building services systems at design stage.

Fig. 8. Methodology for Carbon Emission Estimation

5.

Conclusion

The above is a concise delineation of our recent efforts and results in ensuring quality living in
affordable social housing through quality building services designs. Though we foresee
unprecedented challenges ahead in our development of building services installations, yet with our
pursuit for sustainability excellence, we are confident that, with the joint efforts and support of
stakeholders, we can create new platforms for sustainable building services designs.
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Summary
Currently infrastructure has been seen as a physical structures rather than services, which does
not support user-centric approach either development of business needs or multidisciplinary research approach. In the future also the users of the infrastructure require services which meet their
wishes and changing needs. The transformation of physical structures towards tools and platforms
in infrastructure service context is essential. Such approach will lead to the redefinition of the infrastructure as a phenomenon. In the latest research a lot of emphasis has been put to the usability of
built environment and functionality of the buildings in variety of building sectors from housing to
hospitals, schools and offices. The relevance of increasing research evidence in usability of built
environment is providing fruitful foundation for developing the user-centric approach to the infrastructure.
This paper aims to illustrate the challenges for developing usability approach in the context of infrastructure service. It identifies different ways and methods and tools for the development of usable infrastructure – which are for example: systematic user feedback, simulation, building information modeling, focus-group interviews and user-centric procurement methods. This knowledge
base can be utilized in identifying the roles, processes and methods among of infrastructure construction parties and users in developing usable infrastructure.
The objective of the study is to construct a multifaceted model, which includes user centric approach and could be applied during the lifecycle of the infrastructure project from feasibility study to
the operation phases. The model will take into account the needs and experiences of the end-user
in the different phases of the infrastructure development project. The data of the study is gathered
by reviewing and analyzing the relevant methods and tools from the usability of built environment
research and by conducting expert interviews and future workshops for users of the infrastructure.
The results are summarized to the model of User Centric Infra (UCI) and the future scenario of
infrastructure for wellbeing and healthy environment. The results can be used as a framework for
future user-centric infrastructure development among different stakeholders in different projects.
Keywords: infrastructure, life-cycle, end-user, usability

1. Introduction and Background
A purpose of infrastructure is to serve end-users and to respond to their needs and requirements.
Even basic idea is simple, infrastructure is not seen as services. Formation towards the service
paradigm is a significant challenge for the infrastructure industry, because life-cycle of the infrastructure is complicated and every infrastructure project is unique. This is a starting point, which is
setting not only challenges but also a need for new kind of mindset.
A recent study [1] (Airaksinen et al 2011) argues that in the future people and end-users of built
environment will demand good and high quality services. Present approach, which is based on the
structures fill only basic needs of people while the service perspective is bypassed. Furthermore,
the study discusses that the end-user of the infrastructure has to be participative along the lifecycle of the infrastructure and its processes. The urban planning has to take into account the endusers needs and lifestyles which are e.g. entertainment, art, family, work, and leisure time. The
study argues that in future residential areas and subdivisions of the city are platforms of the cultures. Moreover, according the research challenges of the infrastructure concern how the end-user
centered infrastructure is founded and which processes are needed. The end-user has to participate to the development of the built environment. The built environment has to offer open innovation platform for the end users and their ideas. The open innovation platform demands that enduser can involve and participate for the infrastructure processes, designing, decision making and
utilization.
The participative end-user of the infrastructure life-cycle is a novel approach. End-users who take
part to the infrastructure lifecycle may have contra dictionary goals, different values, and various
ways to proceed. These factors and their divergences increase the complexity to implicate the service approach in the context of infrastructure. Pennanen [2] (2004) argues that complexity of the
construction field can be decreased by customers’ communication with production parties. In addition, Pennanen presents that customers’ commitment to production requirements has an important
role in managing the project and the decreasing complexity of the construction field.
The canvas of the paper is to understand the service requirements of the infrastructure end-users
and transfer them to the customer requirements and finally transform then to the structures and
services in the field of infrastructure. This paper will also discuss not only about the customer’s
requirements but also how the service requirements of the end-user are generated, measured and
managed. The key element of the end-users’ service requirement is to approach them from perspective of usability.
In this user-centric approach, users of the infrastructure are seen as co-creators in the infrastructure processes. The assumption is that the co-creation adds the value, instead of traditional processes, where users are seen as passive players. Users are part of the enhanced network and codevelopers of the personalized experiences. The service perspective highlights, that the built environment, including infrastructure such as roads and traffic, is seen as a platform for work and life,
and the efficient use of the built environment can be supported by services.
The aim of this paper is to illustrate the challenges for developing usability approach in the context
of infrastructure. It identifies different ways and methods and tools for the development of usable
infrastructure – which are for example: systematic user feedback, simulation, building information
modeling, focus-group interviews and user-centric procurement methods. This knowledge base
can be utilized in identifying the roles, processes and methods among of infrastructure construction
parties and users in developing usable infrastructure.
The paper has a following structure. After the introduction the concept of usability of built environment is presented. The third chapter is dedicated for the methods of assessing usability of the built
environment. The model of User Centric Infra (UCI) is presented as the outcome of the analysis
and discussed in conclusions.

2. Usability approach to built environment
2.1

Usability assessment

The concept of usability was first developed in the 1950s, for ICT and software development [3]
(Leaman 2000). Usability of buildings is a much younger subject, but during the last 10 years,
much effort has been put into development of theory, methods and tools for evaluation of usability
of buildings [4,5,6,7,8] (e.g. Jensø et al 2004, Hansen et al 2006, Alexander 2008, Fenker 2008,
Nenonen et al 2008). Jenso et al (2004) [8] have suggested that the concept of usability of buildings can be approached in four ways:
1. Criteria and parameters affecting usability
2. Usability from different stakeholder’s point of view
3. The time perspective
4. Workplace and context
When applying these approaches to larger entity such as infrastructure, one has to put emphasis
on: Identifying the criteria which affect to the usability of infrastructure, identifying the variety of
user groups and stakeholders and identifying the critical processes effecting to usability. Usability
is a continuing process and not a (construction/workplace) project. Usability should be described
as a phenomenon that is outlined by three characteristics:
1. The user and his or her knowledge, expectations and perceptions;
2. The product, service, environment or facility, its characteristics and the functions it provides;
3. The situation, tasks and goals in which the product is being used. (Alexander 2006) [9]
Usability has its roots also in the ISO 9241-11 definition, in which three factors or aspects are described to determine usability. Efficiency means that the artifact allows the users to perform with
ease and with little use of resources. Effectiveness describes the ability of the artifact to deliver a
certain desired effect. The third factor is satisfaction that describes the users feeling and attitudes
to the artifact and its effects. Efficiency is often well considered in most design situations, but an
efficient solution is not usable if it is not the most effective solution. Evaluation of effectiveness is
strongly related to the ability of being usable, as it is interpreted in the vision of the project, rather
than being tied to the actual user situation. A solution can be perfectly usable in a theoretical situation but that is not the situation of actual use. Satisfaction is the most difficult aspect for traditional
thinking to respond to. Satisfaction may be achieved, to a certain degree, by effective and efficient
solutions. From a pragmatist perspective, a solution is however not usable, if it is not used. The
reason a solution is not used, although it has all the functional properties that could be imagined,
might lie in the design process, in social and psychological relations, in cultural aspects or in the
situation of problem definition, design, completion or use. (Alexander et al. 2005) [10] however
propose that placing greater emphasis on user experience suggests a re-casting of the usability
framework to efficiency, effectiveness and experience.
Also stakeholder’s role in the construction management has been emphasized in the construction
management literature. The interests of stakeholders need to be dealt with to support the success
of a project stakeholder and therefore, stakeholder involvement is also a critical success factor in
managing projects [11] (Achterkamp & Vos, 2008). However, identifying and classifying stakeholders in the project is essential. Stratton has been classified stakeholders in the three different contexts (1) distinguishing between supply chain stakeholders and direct/indirect horizontal relationships, (2) distinguishing between primary (or internal) and secondary (or external) stakeholders
and (3) Distinguishing between proponent (“beneficiary”) and opponent (“adversarial”) stakeholders.

Considering these key concepts for usability has important implications for research: The development and selection of appropriate methods for research into user experience e.g. social anthropology and ethnological studies. Research strategies that respond to the nature of usability research with an emphasis on context specific, situated action. The work also raises important practical considerations for built environment professionals: How to create and manage a destination/experience? How to design and manage to build human and social capital? The need for innovative processes to integrate situated activities and development of the facilities value chain should
include user experience.
2.2. Usability framework in the Built Environment
In order to evaluate the dynamics of the usability in the built environment, a framework must be
created. This generic framework represent holistic approach to capture special characteristics of
the multi-dimensional phenomenon (Figure 1). Methods and tools, which are presented in the
chapter three, can be linked to the framework and it can be exploit by the means and objectives of
the further investigations of the usability aspects in infrastructure services.
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PROJECT
USER´S
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Figure 1. The generic framework for the usability
In general, the development of the usability of the built environment requires following:
a) The focus on user experiences and goals, which want to be achieved
b) The focus on processes how the user involvement can be supported
c) The focus on processes how the built environment can respond to the user-centric requirements
and produce the structures
d) The focus on feedback about the relationship between the built environment and user
In the focus of the framework are the users of the built environment as an individual and as a
community. The relationship between the built environment and its users consist of interaction of
the users and the built environment, which are determined by factors of the usage context. Production and usage of the built environment is associated with processes involving several parties

and functions at space planning, to its life cycle, which are related to projects. Projects have direct
and indirect impacts of the usability of the built environment. Users assess these projects through
their experiences, in which case it is important that the outcome of the projects support users objectives and demands, which have been set, In that case, user´s involvement, e.g. through different participatory methods is important for achieving satisfied users, successful projects and finally
usable built environment.
3.
3.1

Methods and tools
Methods and tools

The Nordic project REBUS highlighted the need for thorough evaluation and briefing as key processes to achieve usability and effective facilities. The continuing development of PROPAL (Kärnä
et al 2010) [12] and the utilization of the USEtool (Blakstad et al 2010) [13] encompassing walktroughs and other methods can have an impact on the documents and briefs produced for and by
the organizations that took part in the REBUS-project. In the USEtool-project it was achieved to
operationalize usability, in order to make it possible to understand and evaluate for end users
(Blakstad et al 2010) [13]. The operationalization is communicated by the use of questions: for
what (which objectives, activities and work processes should be supported), for whom (different
user groups, types of users and user levels, hierarchies in the user organization), where (related to
space and place), and why (understand the complex relation between activities, different user
groups and the physical surroundings).
The methods for assessing usability need to include action, i.e. not only observations and interviews but rather a multi method approach including for example participation and interactive action
research. The role of the users in these methods as well as effective feedback systems crossing
project barriers needs also to be developed; here IT-based methods can play an important role
(Kärnä et al 2010) [12]. Especially when projects are being owned by several stakeholders as for
example a school where the building is provided by a facility provider and the school activities run
by another authority or organization (Olsson et al 2010) [14].
The question of what usability means and how we can understand the concept is essential in the
design for exploring usability. This is directly related to the question of indicators and how we can
measure usability in a certain building, for a particular organization, at a specific time.
Subjective indicators e.g. investigating user’s experiences subjectively map empirical manifestations into symbolic manifestations, depending on subjective perceptions or personal opinions.
Therefore, different people can map the same empirical manifestation into different symbolic manifestations. It is important to identify process aspects with a strong impact on customer satisfaction.
[15] (Franceschini et al. 2007)
Evaluation of Usability involves many factors, and many of them are difficult to quantify. So far in
usability of buildings research, most of the research has been explorative, using qualitative methods, often case studies, as research strategies. For more descriptive and causal studies we will
need to develop methods that give us quantitative data and defined indicators that may allow us to
benchmark between multiple cases. So far, only the surveys have produced this kind of data. At
this stage in our research, most emphasis has been on exploring usability factors and testing
methods. There is three levels of investigation are described for Post Occupancy evaluation:
1. Indicative: Provides an indication of failures and successes of a building. Requires a limited
amount of resources
2. Investigative: Based on indications from level 1. More topics, detail, and reliability. More
time consuming, and requires more competence and more sophisticated methods. Evaluation criteria more objectively and explicitly stated. Benchmarks with state of the art literature
and facilities.

3. Diagnostic: Comprehensive and in-depth investigation. Multi-method strategy. Research

approach. Large scale projects, many variables.
The interesting question is what kind of investigation can be the starting point for developing the
usability of infrastructure.
3.2

Different methods in the context of usability of infrastructure

The different methods provide different nature of data. The user envolvement differs as well. Under
the participatory (or participative) group belong all the methods that are requiring some level of
interaction with the user. If the users have to disrupt their current activity to feedback, analyze or
report on a certain situation, then the research method can be considered to be of a participatory
nature. Even though the level of disruption can vary greatly between the methods used (e.g. a ten
questions email survey versus a two days mandatory laboratory simulation experiment) the classification does not take this variation into consideration. In more specific terms, if a method requires
the active participation of a user it can be assumed that it will generate different results than in the
case of direct or indirect observation. Other elements that distinguish participatory method from its
observatory counterpart lie in the fact that the various biases inherent to the interaction with the
subjects in study cannot be avoided completely. The participatory methods have this inherent difficulty in the reliability and validity of data, arising from the deficiency in memory and the wish to
present oneself in favorable light.
Table 1 Overview of methods used in usability of built environment research
Method

Building information modeling
Generated building data
Simulation
Generated process and building data
Document analysis
Briefs and architectural descriptions and project presentations,
minutes, drawings, articles, annual reviews and company
presentations, othercase-studies within same context, reports
on work environment and operation, etc)
Documentation of use of space: observation, videotape,
and photographs
Observation
Analyses of space and movements in space
Identification of functions with different characteristics, e.g. activity, noise, concentration, movement, etc.
- Analyses of the relations between such functions: zoning, etc.
User patterns, Time/activity/space studies
Self reported use of time
Registration of presence in facilities
Surveys, questionnaires
A web-based enduser
survey based on defined amount of standard modules was
developed, each with several questions - systematic user

Nature of data

Analytical
Analytical

Role of user

Passive , focus is
in the built object
Passive

Descriptive
Analytical
Quantitative
Qualitative

Passive, unknown

Qualitative
Descriptive

Passive, target of
observation

Quantitative
measurements
Descriptive

Passive

Descriptive

Passive or active

Quantitative

Active but distant,
not interactive

Comparative

Active

Quantitative

Active but distant,
not interactive

Qualitative

Active, interactive

feedback,
User-centric procurement methods, benchmarking, best
practices
Work pattern, culture analysis and work styles
Survey or semantic differentials for rating the characteristics
Interviews
Interviews about the use of built environment or processes or
as preparation for user surveys

Walk-through techniques
A systematic, way of assessing different aspects of building by
using different stakeholders as informants.
Participatory workshops

Qualitative
Qualitative

Active, participatory
Active, participatory

The analysis of methods structured the axis from the building orientated information without active
participation of user to participatory action-based methods like participatory workshops. The tradional methods for assessing infrastructure are mostly focused to the former methods. The building
information modelling and simulations are focusing in the content more to the structure than user.

4.

The Model of User Centric Infra (User Centric Infra)

The approcah and methods to assess the outcome in the field of infrastructure need to be developed towards the user-orientation. However there is difference if the user is in the center (user centric approach) or in the participatory role in the infrastructure processes. User centric approach
might still keep the user as a passive actor and as a target of different stakeholders. The participatory approach is focusing more on improving the communication between different stakeholders.
This is proved to be the significant factor from many perspectives: the maintaining of infrastructure,
the gathering of user feedback and the simulation of user in the infrastructure. [15] (Manninen 2011)

Figure 2. Towards the participatory approach
The User Centric Infrastructure model visualizes the lack of communication between the different stakeholders in the infrastructure processes. The solution is not to become aware of the user and focus on user centric
approach – the participatory role of user is more significant strategy. It increases the communication flows
and decreases the fragmentation between different stakeholders.

5. Conclusions
The UCI envision is based on two principles. Firstly, the user centric approach is the first change in mindset
when the question is for whom the infrastructure is developed and constructed. It is the basis for the founda-

tion of the infrastructure service phenomenon and business. Secondly, the user has to be participated to the
lifecycle of built environment
The framework and methods of usability are discussed in this paper. The suggestion is that the usability of
infrastructure is worth to develop further. The usable infrastructure is the environment where the users can
achieve their daily goals, with relevant resources and with satisfactory experiences. The logic of user is the
basic approach for developing the infrastructure, not only the logic of the structure.
Hence, it is crucial to find a balance between user and other factors of infrastructure.The achievement of
such a balance will lead to the sustainable infrastructure which concern s the human aspect, user and usability.
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Introduction
Swan Hill, a small regional city in the north-west of the state of Victoria, Australia, has a
range of cultural sustainability issues to face in the 21st century as smaller Australian
cities engage with issues of population drift, availability of amenities, economic change
affecting both primary and secondary industries and the attitudes both within and outside
regional centres towards regional life.
Drawing on a major funded study of cultural sustainability in regional towns, this paper
will examine Swan Hill’s future resilience in both a historical context and that of other,
comparable towns in Australia. Attempts by city fathers past and present to increase and
reorient the town’s design and networks are canvassed. Issues of both race and place
also factor into Swan Hill’s community and social stability and growth. The establishment
of a true sense of uniqueness for Swan Hill may well be, it is contended, the saving of
the area; as is continued recognition of its frontier and more recent history. The study
takes place in a political environment wherein a minority federal government, supported
by rural independent members, is ostensibly renewing a commitment to reinvigoration of
regional areas and creation of both new towns and heavily funded infrastructure to
increase the size of existing regional towns.
Some of the study’s findings are essentially applicable around the world; others are
arguably unique only to the city itself. In both strands a snapshot is readily available to
outline the problems faced in the interrelated environmental, social and political fields, to
prepare small regional cities for an uncertain future.
Swan Hill is a city of approximately 20 000 people four hours’ travel (by road or rail; train
services operate twice daily) from the capital of Victoria, Melbourne, the nation’s second
largest city with a population of 4 million.
Drift from country towns and regional centres towards large capital cities has been
perceived as problematic in Australia for well over a century. This phenomenon –
mirrored in many western nations - is due in large part to the increase in secondary
industry in the nation after World War II: an era of large-scale manufacturing which is
now passing. At a time when larger Australian cities are seen to be oversized and
unsustainable – a key ‘push’ factor for government bodies in particular - numerous
methods are in play to create ‘pull factors’ and induce people to either stay in, or move to,
smaller centres. This paper takes the case of Swan Hill as an area many see as
suffering cultural, social and population decline. In examining past and present remedies,
the authors note ways in which Swan Hill is addressing its current problems, and
suggest some elements to the town which, despite the validity of its detractors’

complaints, may ultimately see it retain and gain population and resilience.
The Rural City of Swan Hill is a local government area incorporating some minor outlying
towns. The settlement began as a communications and service town, and prospered for
much of the 20th century on irrigation technology – and water from the nation’s largest
river, the Murray – which allowed for fruit and wheat production. Like many Australian
regional cities and towns, Swan Hill has observed a low growth rate over the 20th century
as certain functions once germane to regional centres devolve to the centre and as key
developments in the national economy bypass rural towns altogether. This has been the
case despite numerous attempts to establish or re-establish Swan Hill in culturally and
agriculturally productive ways (for instance, as a wine region specialising in Chardonnay);
to define its points of difference and its unique attractions as part of the Mallee region;
and to express its importance as both a centre and as part of a network of rural cities
within Australia’s habitable area.
This paper is an examination of the past and present of Swan Hill, with a view to its
viability and cultural sustainability – as well as its more broadly establishable
sustainability – as a 21st century community. It discusses Swan Hill as a discrete
component of a multicultural nation, and as a small regional centre proactively seeking to
forge an identity and a range of new functions within its locale, region and nation.

The meaning of community in Swan Hill
In March, 2011 the citizens of Swan Hill held their second ‘Harmony Day’, a small
festival on the banks of the River Murray calculated to acknowledge the presence and
contribution of Swan Hill residents of diverse backgrounds (one-tenth of the city’s
population was born outside Australia; Swan Hill has a long-established Italian
community, a small indigenous community of under a thousand, and a more recently
founded Somali community of similar size, amongst others). Organiser Ross Polglase
observed on this occasion that while Swan Hill represented ‘a very diverse society, with
many cultural backgrounds’ this was not generally commented upon ‘beyond seeing
people may look different’ – much less celebrated [1]. Since its inauguration in 2000,
Harmony Day had traditionally been held on Australia Day, a national holiday
commemorating (controversially for some) the anniversary of the arrival of British settlers
on the continent on 26 January 1788. However, the eleventh Harmony Day was
postponed for two months due to an extraordinary near-disaster that for many
emphasised the value of co-operation within a small community far more effectively than
folk dancing displays.
In the second week of January 2011 the Swan Hill region experienced three times the
average rainfall for January in the space of 24 hours [2]. Following many years of
declared drought through much of Australia’s pastoral lands, severe flooding inundated
much of the eastern landmass of Australia. The Murray, which is the raison d’etre for
Swan Hill threatened on a number of occasions over a period of weeks to burst its banks
at certain points.
In a congratulatory column in the local newspaper, the Gazette, Mayor Greg
Cruickshank discussed a ‘whole-of-community response’ to the flood threat [3]. Between
70 and 90 000 sandbags were filled by residents [4], and volunteers reinforced or built
levees at important locations in the area – such as the historical theme park, the Pioneer
Settlement [5]. Cruickshank relayed his enthusiasm for the Swan Hill population’s
organised and selfless contributions towards the preservation effort; such as the Country
Women’s Association’s assistance in providing sustenance for workers, and those
community members who provided a ‘wealth of local knowledge’ aiding in strategies and
activities to protect the area from the rising river [6]. Robert Putnam’s notion of social
capital within community groups and clubs was actively in play here, and the CWA was
not the only local group to organise in defense of a local town. Further examples include,

for instance, the Football Club of the nearby town of Nyah Nyah West, 28 km to Swan
Hill’s north, which also took the responsibility for constructing sandbag levees [7].
The nation’s (and the state’s) attention was largely focused on much more spectacular
and disastrous water devastation in the north of the continent; the state of Queensland
experienced unprecedented flood damage at this time and Swan Hill stayed on ‘high
alert’ till the danger passed. This may have complicated the feelings of Swan Hill locals
over their own experience. It did not, however, change the fact that they had come
together as a community to face, and avert, disaster.
That the Harmony Day eventually held in March took place on the banks of the Murray
was, then, itself important and the mere site was a reminder of the value of community
within this small town. Riverside Park – which lies between the town and the river – is
similarly a valuable component of the town’s layout, providing a space acknowledging
the importance of the Murray River (Australia’s largest) to the town. Created in the 1930s
by unemployed men working for sustenance payments, Riverside Park’s creation
initiated a change in the way Swan Hill responded to the river. Whereas, for much of the
19th century, the Murray was the principle source of communication and trade between
the town and the rest of the world, it had been largely superceded in this role by a
railway line, built in 1890. The construction and dedication of Riverside Park created a
focus for Swan Hill activities as the town managed and constructed a cultural identity. It
– and the nearby Swan Hill Town Hall, constructed in the same decade – were to
become the location of a number of important and significant attempts to create new
cultural expression and spaces thereafter.

Sculpting cultural spaces in Swan Hill
A brief historical survey of the pursuit of cultural spaces in Swan Hill since the 1930s is
illustrative of the ways in which small communities define themselves as cultural
producers and consumers. Though some major changes have taken place in the flavour
of the cultural expression in the last 70-80 years, the Swan Hill case reinforces the value
of recent models of sustainable communities as discussed by Manzi, Lucas, Lloyd-Jones
and Allen in their overview of ‘social sustainability’; whether it be within the ‘Russian doll’
explanation of sustainable development (in which ‘society’ joins ‘economic development’
to ‘environmental limits’) or the ‘strong local culture and other shared community
activities’ element to the ‘Egan Wheel’ of eight elements constituting a sustainable
community [8]. Expectations of cultural and social sustainability – under different names
and within different structures of social assumption – have long been a core part of
social and urban planning in Australia.
In 1932, the novelist John Truran described the landscape of the Mallee region as a
desolate land of disappointment – not without its beauty, but with many elements of
tragedy – thus:
The country flattened out; bare, brown wheat-land and pasture, clumps
of feathery, grey box-trees, deep river-channels in the yellow clay, and
occasional heaps of white quartz marking the abandoned diggings…
Isolated granite hills, scrub-covered, and trees that gradually dwindled
to the everlasting mallee and native oak of the inland plains [9].
This was what the traveller might see for much of the second half of a journey from
Melbourne to Swan Hill in the 1930s, and to an extent the same is true today. However,
another reading of the same region fourteen years later by Peter Hurley, focussed not on
a landscape of despair but on the possibilities and potential of the Murray River, provides
extraordinary contrast. Hurley felt that the Mallee region told:

the story of Australia’s own progress from primitive hunting-grounds to
highly-specialised industries, irrigation, water, electric light and power,
community hotels, splendid recreation grounds, town-planning, and
latterly a university college […] it holds our interest as a real-life romance
[10].
A rearrangement of local governance in the region late in the 1930s spelt a change for
Swan Hill, as the small urban core at the administrative and, for many, social heart of the
town split from the shire of the same name which surrounded it. The Borough of Swan
Hill was created in May 1939 following a poll the previous year and in light of what was
described as ‘amazing growth’ during that decade [11]. The new council sat on the
second floor of an impressive, and recently constructed (to incorporate an earlier,
smaller building) Town Hall designed along modernist lines by the Melbourne architect A.
C. Leith. The Hall had been built for both administration and entertainment, and the loan
made to cover its construction cost was expected to be paid for by local people’s
entrance fees to plays, films and shows.
The establishment of the Borough of Swan Hill came a mere three months before
Australia followed Britain into the Second World War, an experience which, far from
limiting the desire for expansion and change in small towns like Swan Hill, in fact made
such change seem more immediately important. The councillors of the newly created
borough were quick to engage the noted Victorian architect and town planner, Frank
Heath, to prepare for them a plan for the expansion of Swan Hill as a regional centre.
Heath, like many advocates for urban and regional planning in Australia, had
consistently emphasised the security risk of concentrating so much of Australia’s
population on the continent’s coasts. This was an issue not only for the safety of the
population but also a situation in which industries – including vital military industries,
such as munitions manufacture – were vulnerable to air attack. His plan for Swan Hill
was finished in 1941, and could be described as a best-practice town planned settlement
with reference to ‘garden city’ planning of the era; the replanned town, now expanded
five times its size with the extant settlement one of five ‘neighbourhood units’, was
arranged around a large administrative and entertainment ‘social centre’ set in extensive
green space.
Heath had recently returned from Europe, on a study tour of the type common to many
architects, planners and other professionals viewing not only classic forms of building but
also new planning developments. During this time, he visited the USSR and wrote
extensively on what he saw as ‘one of the greatest social experiments in the world.’
Praising Russian planning, Heath directly equates his own plans for Swan Hill with the
Russian ‘block’ and ‘rayon’ system, though more typically he was prone to discuss these
as conforming to the American, Clarence Perry’s, Neighbourhood Unit [12]. Few, if any,
of his recommendations were adopted. However, the value of the Heath contribution to
Swan Hill should not be discounted, and in fact the town has grown in size to the rough
outline of his plan, if not the detailed fabric.
While it is from, and for many reasons belongs to, an era long past the Swan Hill
Shakespeare Festival is an unusual and valid means for examining the pursuit of a
distinct cultural interest in Swan Hill itself. This annual event can be seen as illustrative
of a way in which broader changes within Australian society were explored and
embraced at a very local level. Additionally it is indicative of a desire to recognise and
celebrate the spirit of a progressive nationhood within the context of a modern – postwar
– reconception of the meaning and value of citizenship and community belonging.
In 1947 the playwright Marjorie McLeod, a formidable woman recently decamped from
Melbourne, in tandem with Mayor Duncan Douglas, initiated the formation of the Swan

Hill National Theatre to make productions of Shakespeare its speciality, and to launch an
annual Shakespeare festival through a procession of thematically decked floats through
Swan Hill’s main street. Local businesses promoted the Festival through window
displays; the town council provided financial and other support. Capacity audiences
witnessed theatrical productions held in local halls as well as in the open air in Riverside
Park.
The success of Swan Hill’s Shakespeare Festival – the only major annual festival ever to
be devoted to Shakespeare in Australia – is extraordinary on many levels. In the postwar
decades, for Australia — as for Canada and elsewhere in the wider British world — the
study and performance of Shakespeare was seen as desirable cultural capital and core
to the development of an informed and culturally aware citizenship. Reporting on the
Swan Hill Shakespeare Festival in April 1952, the Australian Women’s Weekly quoted
Mayor Douglas no doubt echoing the feelings of many when he declared at the festival’s
inauguration:
With wealth pouring into our township from its wheat, wool, dried fruits,
and dairying industries, we are keen for our cultural progress to keep
abreast of the district’s material riches [13].
The Festival contributed to localised community bonding and was noted particularly for
the inclusivity extended to young people: McLeod was highly commended by the Argus
newspaper for having ‘got the youngsters… genuinely interested in theatre’ and
encouraging them ‘to take on work which they would never get an opportunity to do… in
the city[14].’
In the early 1960s, another festival was established in Swan Hill which, in hindsight,
countered the Anglocentric sentimentality of the Shakespeare celebration. This was the
Italian community of Swan Hill’s Festa. Though Victoria was a focus for postwar Italian
migration, many of the Italian community in Swan Hill were not postwar migrants, but
came to the region in the 1920s and 30s to work in farming and crop picking[15]. Many
reputedly came from the town of Varapodio in southern Italy, and a core aspect of the
Festa was the carrying of a statue of Maria SS del Carmine between churches. The
statue had been a gift from the original village, and the ceremony replicated one held
there.
In 1967, Swan Hill was awarded a score of 97% in the cultural activities section of the
Victoria’s Premier Town competition. But by this time, the town’s cultural focus had
moved away from Shakespeare to its own history of settler exploration and settlement,
and the ‘romance’ of its former river port. In the early 1960s, at the instigation of the local
historical society, local and state government had raised money to create the Swan Hill
Pioneer Settlement, a historically-themed, river-focused tourist attraction which opened
in 1963. Accordingly, the Shakespeare Festival was superseded by the Swan Hill
Pioneer Festival. The centrepiece of the Settlement was the Paddle Steamer Gem; in
1966, the second floor of this craft was given over to the Swan Hill Art Gallery. In the
mid-1980s, the gallery obtained its own purpose-built premises and is well-regarded as
one of the state’s regional galleries.
In their Small Town Sustainability, Knox and Mayer discuss the success stories of
smaller urban and village settlements and their ‘Acute awareness’ of ‘the importance of
retaining… heritage, identity and distinctive sense of place [16].’ Swan Hill’s
Shakespeare Festival may have come, during a rise in self-aware nationalism in the
1970s, to seem arcane. A comparable oddity might be seen to be the extraordinarily
successful Elvis Presley Festival held annually in the town of Parkes, 600 km north-east
of Swan Hill, over the last two decades and where more recently a museum has been

established combining Presley memorabilia with local history artefacts and displays.
Places such as Swan Hill in the 1940s-60s, and Parkes today, necessarily eschewed the
notion of becoming a ‘clone town.’ [17] That said, in Swan Hill’s case the national profile
could, on balance, be said to have fallen, as the success of the Pioneer Settlement
encouraged other regional towns – closer to Victoria’s capital and on more attractive
routes – to adopt similar strategies.
The last part of this paper examines the cultural experience of daily life for residents of
Swan Hill, examining the extent to which this might be a ‘pull’ – or a ‘push’ – factor in the
city’s sustainability.

Opportunities for cultural expression in Swan Hill today
The Italian-born community of Swan Hill comprises less than 2% of its population,
though the length of this community’s presence in the region – almost a century –
undoubtedly bestows on many locals the option of identifying as ‘Italian’ through
heritage, rather than direct origin.
The Festa, mentioned above, has been a local phenomenon for half a century, and other
Italian-themed events such as a Market staged by the Swan Hill Italian Club continue to
reinforce this ethnic presence[18]. The Festa itself continues; recently, Carmel
Muscatello, a longstanding resident with over two decades’ involvement in the event, told
the Swan Hill Guardian that while the Festa had experimented with different formats in
recent years ‘everyone wanted to make sure that traditions were continued...’[19]
Knox and Mayer’s outline of identifiably sustainable ‘small towns’ in the northern
hemisphere concentrate heavily on each settlement’s history and origins. Events such as
the Festa and the Harmony Day, and institutions such as the Pioneer Settlement, keep
Swan Hill people mindful of their city’s origins and its multicultural past and present. Yet
an emphasis on the distinctiveness of a small town’s social environment may not be
sufficient to keep it resilient.
As a country of distances and putatively ‘empty’ spaces, Australia has experienced
unique problems amongst developed nations as its people have strived to remain
connected and engaged with both each other and the wider world. Perhaps because of
this fact, Australians since the mid-20th century have notoriously become early adopters
of new communications and entertainment technology. One question that might come
from this in discussion of cultural sustainability for regional towns in the early 21st century
is whether the impact of the internet on regional Australians has been to accentuate the
unique nature of the locality in which they live their daily lives; or whether it serves to
reinforce the limitations of non-urban culture with little corresponding value attended to
the advantages or the potential for advantage. Knox and Meyer suggest that the ‘faster
the information highway takes’ those who live in such places ‘into cyberspace, the more
they feel the need for a subjective setting – a specific place or community – they can call
their own.’ [20] This however jars with the testimony of one teenage Swan Hill informant
to researcher Elanna Nolan that the internet was ‘my best friend.’
Facebook gives the social researcher invaluable insight into the temper of a society: its
use as a tool to broadcast from local to global is unprecedented. In many cases, it might
be what is not said which tells us the most, thus the question asked by Neesh Killjoy Bell
on the Facebook page ‘Swan Hill = Depression’: if you could do one thing and one thing
only to change swan hill what would you do? – received no responses. Elsewhere in the
sphere of Swan Hill-related Facebook comments, we find polarized responses:
Most boring place on earth... left 10 years ago after being there all my
schooling life. Been back maybe 10 times max and always find myself

wanting to leave a few hours after my arrival [21].
moved here in 1996 wen i was two have lived here eva since went to st
mary's and now the swan hill college love this town lolls[22]
The Swan Hill Guardian recently profiled a Sudanese migrant to the town, Rebecca
Wuor, who opined that Swan Hill was ‘good for living and it's good for the kids to go to
school -- not like the city.’ [23] Similarly, a Melanesian migrant, Joelle Whiting, told the
paper the she and her family ‘enjoy the slower pace. We don’t drive, but it’s still so easy
to get around. There is easy access to the parks…’ [24] These are very pertinent to a
notion of sustainability and resilience for those who might wish to raise children – and of
course those who can find employment – in a regional centre. However, the
sustainability of any town is likely to topple if its young people leave, and if its cultural
dynamic – in terms of the creation and consumption of unique local culture – declines.
A recent state government-commissioned study of the relocation made by young
regional Victorians for the purposes of tertiary education uncovered some unusual
trends. Though there are regional campuses of Melbourne-based universities, and the
late teenage relocation is usually ostensibly made for the purposes of education or
employment, social reasons are of course often also underlying the decision to move
[25]. Within the late-teenage rural cohort researcher Fiona McKenzie also found that
there was some apprehension amongst those who ‘perhaps felt a bit too
young, or still attached to their parents, or maybe just lacking maturity or a sense of
“worldliness”’ [26], as well as those for whom the big city was ‘perceived to be “busy”,
“fast-paced”, and “stressful”, and its people “cold” and “impersonal.”’ [27].
That said, research conducted by Elanna Nolan in 2010 amongst Swan Hill teenagers
revealed a social scene in which a 4-hour drive to the nearest city with a cinema – a
larger regional centre, Bendigo – was de rigeur. Films were occasionally shown in
Riverside Park, and were briefly a part of a Friday night youth event at the Town Hall in
2009 but these are generally regarded as ‘old’ and out of date. Swan Hill youth are
undoubtedly engaged with the wider world, and continually made aware of what they are
missing by living away from a larger city.
Regional cities in Victoria such as Castlemaine have established themselves as an
artistic town. Perhaps it is with this in mind that a former resident of Swan Hill casually
asked this question:
It's been a while so I don't know what's going on but I was just wondering if there is
an art scene in Swan Hole [sic], whether anyone is exhibiting, making art or
performing, and whether anyone under 60 is as well. I'm interested to hear of
anyone. [28]
Came an answer:
I live in Melbourne and study art and design. As well as doing
photography and illustration. There are many others who are the
same as me, but moved away. There are no opportunities in Swan
Hill so everyone leaves. [29]
While this testimony is valuable, it is notable that it is not from an actual Swan Hill
resident but a former resident.

Conclusion: Swan Hill’s future, probable and possible.
Knox and Mayer write of the essential component of livability in any sustainable small

town: ‘how easy a place is to use and how safe it feels.’ [30] We would posit that,
alongside community confirmations through celebration and cultural expression, there
are two additional, iconic elements essential to Swan Hill which not only present it back
to its people, but also to the outside world.
One, figuratively, though not literally as per Heath’s ‘community centre’ conception of
1941 at the heart of the settlement, is the Swan Hill Town Hall. This impressive
modernist building, two blocks from Riverside Park, with direct street frontage and
incorporating a smaller, older civic building as one wing, has long played a part in Swan
Hill’s cultural life. Rebranded at present as the Swan Hill Town Hall Performing Arts &
Conference Centre, its website trumpets its location in ‘the CBD’ (i.e., the central
business district of a small town-city) ‘and just a short stroll from major restaurants,
accommodation houses, clubs, cafes and the mighty Murray River’, the complex ‘is the
place for your next performance or function.’ [31]
The second ‘heart’, less immediately evident but far more ubiquitous if only because it is
far older (119 years) is the Swan Hill Guardian. This newspaper, though now owned by a
nationally-based media enterprise, nonetheless retains the strong role as advocate and
opinion-maker for the community it has had for much of its existence. The Guardian in
2011, for instance, regularly strives to build inclusive community with features on the life
stories of new, non-English speaking background migrants. Mayor Cruickshank has a
column in the thrice-weekly paper, which is designed to augment state or nationwide
papers. Recently, Graeme Griffin has written of the value of newspapers ‘uniquely
attuned to and actively involved in the often tumultuous issues, campaigns and battles’
affecting small local communities ‘in a seemingly constant state of flux and under
recurring threat.’ [32] Griffin’s example is of a community newspaper rather than an
established, advertising-funded one, but the essential truth runs parallel between the two
forms: media which advocates for a community within a defined boundary is crucial to
the understanding, and resilience, of that community.
There is little doubt that Swan Hill faces a number of challenges into the century, some
of which are ongoing and some of which are, if not new in themselves, at least a
heightening of pre-existing scenarios. In part, the largest ‘push’ factor is the economic
reality of the difficulty in branding a town as an cultural-artistic centre with unique
properties; such branding, even if it is effective, might only last a few years and then rely
overly heavily on either wider fashion and/or the efforts of one or a few charismatic
individuals. The broader sustainability and resilience of Swan Hill is, however, arguably
reinforced by certain long-standing cultural pillars which strengthen each other:
government, cultural expression, a strong local press and frequent locally-based
representations of the town’s culture and the community to itself and the outside world.
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Summary
This paper presents an integrated methodology for risk and vulnerability assessment in the built
environment. It takes the changes in climate and society such as changes in land use due to
urbanization and growth of population, and the capacity of existing infrastructures into account.
The methodology can be implemented at macro scale (e.g. at municipal level) with broad
information and data but limited accuracy, and at micro scale (e.g. at local catchment level) that
needs detailed data and information with fine time and spatial resolutions. An example of risk and
vulnerability assessment regarding urban flooding illustrates the structure of macro analysis. Case
studies from two different climate regions and geographical locations in Norway are introduced to
demonstrate impacts of climate change on urban drainage systems and buildings. Results from the
macro scale analysis should be able to provide a framework of potential risk and vulnerability and
priority for adaptation. The detailed simulations and analyses can assist municipalities to identify
the problems and solutions for mitigation.
The presented research approach provides a possibility to combine the risk events in nature (e.g.
climate change) and society and assess their impacts on the built urban environment, taking the
relevant critical infrastructures into account. The visible and forecast consequences call for
sustainable solutions for adaptation and mitigation. However it should be noticed that in addition to
the uncertainties in climate scenarios and other risk and vulnerability events, results of assessment
and simulations should be more concrete and site specific, which required for data with fine
temporal and spatial resolutions at urban scale. More research efforts and resources should be
added to these weakness aspects.
Key words: buildings, climate change, urbanization, critical infrastructure, urban flooding,
sustainable management
1.

Introduction

Like the global situations, climate change, growth of population and urbanization, aging
infrastructure and buildings are among drivers for changes. These changes have brought
significant challenge to the nature, in particular to the built environment. In Norway climate change
has proved a trend of the more extreme weather events having been more frequently in the last
decades and has also projected the changing trend in the future; meanwhile increasing in air
temperature and sea level rise will affect almost all regions, though the impacts vary greatly from
one region to another due to the geographical locations and other potential threats [1]. Secondly,
urbanization has changed the urban surface features with increasing percentage of impervious
area and decreasing soil infiltration, which has caused consequences induced by urban runoff
quantity and quality problems. Thirdly, the existing buildings and infrastructures, typically the urban
stormwater drainage systems and the public road systems (also major drainage during flooding)
were designed based on the climate conditions and standards at the time of construction. The

building and construction materials are deteriorating, capacities of the major and the minor
drainage systems become insufficient with regard to changed urban catchment features and the
climate. When the external changes encounter with internal failures, consequences such as loss of
lives, economic damage and damage on the nature and the built environment are inevitable. The
challenges are therefore obvious - what to do with the urban infrastructures regarding the changed
climate and urban environment?
A recent completed KS project - “Consequences of climate change for infrastructure owned by
municipalities and counties”, commissioned by the Norwegian Association of Local and Regional
Authorities presents results of climate change scenarios, climate vulnerability, climate adaptation
and barriers regarding municipal physical infrastructures at municipality level. Five Norwegian
municipalities in different climate regions and geographical locations in Norway are selected for
case studies [2]. The project concluded that global and local climate change have been very well
developed, although uncertainty is a central issue in the debate on climate change and climate
adaptation policy; the changing in society is however little developed, and the most important, the
link between changes in climate and in society is missing.
As a common need for municipalities, public and private sectors, more detailed studies of the
changes in climate and society with fine temporal and spatial resolutions are required in order to
make clear assessment of plausible consequences and capacities for adaptation.
The concept and main goal behind our research is to provide methodology and examples to
assess the joint risk and vulnerability within the build environment caused by the changes in
climate and society, and investigate measures for adaptation and mitigation from municipal to local
levels. This paper presents some initial outcomes of an on-going project BIVUAC (Buildings and
Infrastructure – vulnerability and adaptive capacity to climate change) financed by the Research
Council of Norway.

2. Climate and climate change in Norway
2.1 Climate in Norway
Norway is situated in northern Europe, ranges from altitude about 57o N in the south to 71o N in the
north and longitude about 10o45’ E. According to a statistics of monthly air temperature during
1961-1990, 13 of the 15 stations that distribute in 15 counties have cold period from 2 to 7 months.
9 stations have 5 or more cold months [3]. The climate in Norway is however not unique. Regions
along the coast like Bergen have mild climate, whereas regions inland have cold humid climate.
Therefore climate change scenarios vary very much from one region to another. Associated
analysis must take the diversification and localization into account.
2.2 Climate change scenarios
Norway is divided into six climate regions with regard to change in air temperature and 12 regions
for change in precipitation. Scenarios for sea level rise and storm surge in 2050 and 2100 are
projected for all municipalities based on the condition in 2000. Figure 1 presents examples of the
change scenarios of air temperature and precipitation and Figure 2 for the sea level rise for
municipalities of Bergen and Fredrikstad in Norway. The relevant information refers to the report [1].
In addition to the three basic climate variables, other variables that identified having effects on
safety and efficiency of urban infrastructures are wind, snow accumulation and snow melt, runoff,
groundwater level, frozen period and soil moisture, etc. Both of the basic change parameters and
induced effects should be considered in the climate analyses.

Fig.1 Scenario 2050 of air temperature (oC) and precipitation (%, relative change from 1961-1990
to 2021-2050) for cities of Bergen and Fredrikstad in Norway

Fig.2 Sea level rise, scenario 2050 and 2100 (relative to year 2000) for cities of Bergen and
Fredrikstad in Norway

3. Methodology and models
The goal of the research is to develop an integrated approach for risk and vulnerability assessment
on buildings and important infrastructures caused by climate change and other dynamic changes in
the society and their adaptive capacities. The structure of the model is illustrated in Figure 3. The
analyses for assessment, adaptation or mitigation are suggested to carry out at two scales at
municipal to local catchment levels with regard to the requirements for information for strategy
making and planning, and evaluation of concrete measures for adaptation or mitigation.

Fig.3 Model for risk and vulnerability assessment and adaptation (Adopted from Groven et al.
(2008) [4])
3.1 Definition of terms
Critical infrastructure is a term used to describe assets that are essential for the functioning of a
society and economy. Most commonly associated with the term are facilities for generation,
transportation and distribution of electricity, gas and oil, food, water supply and wastewater
drainage, telecommunication and public transportation, and facilities and agencies for financial,
health and security service. The scope of critical infrastructure may vary depending on the focus of
analysis. In our study we estimate the impacts of extreme weathers on urban drainage system and
buildings.
Vulnerability in a general view refers to the susceptibility of a person, group, society or system to
physical or emotional injury or attack. In this study vulnerability is used to describe the physical
weakness to increasing risk of urban flooding caused by the changes in climate, society and
infrastructures.
Risk is defined as the effect, whether positive or negative, of uncertainty on objectives [5]. It is
estimated by the result of frequency or probability and consequences of an uncertain event.
3.1 Assessment of risk and vulnerability and adaptation at municipal level
The analysis at this level is a risk management approach, i.e. risk identification, assessment,
prioritization for adaptation and mitigation. At this stage it requires general information in wide
scope for risk assessment. Fig. 4 introduces a hierarchy of risk and vulnerability assessment for
flooding in cities. Meteorological extreme events and failures of the technical system (here it is the
drainage system) are two main risk events. Functions of Social and Critical Infrastructures (SCIs)
and influence of Other Vulnerable Factors (OVFs) such as community manageability to emergency
and responses of individuals may affect the occurrence and consequence of a disastrous event.

Fig.4 Hierarchy of risk and vulnerability assessment regarding flooding in cities
Methodology and software to estimate the risk and vulnerability has been developed, e.g. InfraRisk
. Case studies are carried out in Norway [7] [8].

[6]

Results from this level should be able to help municipality to identify the potential risk events in
nature, failures in the technical systems, vulnerability in society and critical infrastructures, and
provide information of risk levels and priority for adaptation and mitigation.
Nie et al. concluded that it is of utmost importance to bring area planners and landscape architects
into the stormwater runoff planning and handle storm runoff to be an integral part of the municipal
area planning. Applying Sustainable Urban Drainage System (SUDS) measures (also called Low
Impact Development (LID) measures or Best Management Practices (BMP)) should be enforced
by the Plan and Building Law [9].
3.2 Risk and vulnerability adaptation and mitigation at local level
Based on a preliminary analysis at municipal level, priorities should be given to those events or
scenarios that have higher risk. For detailed simulation and analysis at local level numerical

models and detailed data with fine temporal and spatial resolutions are required. Results from this
level should provide information of where the problems are and solutions to fix the problems.
Applicable models vary from study areas of water and drainage systems, buildings, roads and
transportation, and land uses etc. In this paper our assessment analyses focus on the impacts of
climate change on urban drainage systems and the buildings. Software DHI-MOUSE hydrological
and hydraulic model [10] and GIS technology are applied for generating model input data,
simulations and result analyses. Climate change scenarios, types of land uses and density of
population are included in the hydrological model. Two case studies are introduced in the next part
of the paper.

4. Case study
4.1 Cities for case studies
Two case studies in different geographical and climate regions are introduced: Bergen in west
Norway with coastal and mild climate; Fredrikstad in south of Norway with warm inland climate.
The two cities, like many other municipalities in Norway, have experienced climate change and the
resulting consequences of combined sewer overflow (CSO) and flooding on urban surface and in
the basements of the buildings [11].
4.2 Ytre Sandviken in Bergen
An urban catchment is situated in Ytre Sandviken in the city centre of Bergen. It covers the area of
180 ha from Sandviken in the north, through Vågen and the Fish market and drains to the fjord at
Nordnes in the south. The catchment is highly urbanized and is served by combined sewer system.
As such, CSO and flooding in basements due to intensive rains and high sea levels are common
problems during extreme weathers.
A sewer model was established using DHI-MOUSE software. It has 431 subcatchments, 1600
sewers and 1582 manholes and 33 overflow weirs. Simulations are run for design rains with return
periods of 30 years for the present climate and artificial scenarios in 2030 and 2050 [12].
Consequences of sewer surcharge, CSO, buildings at risk of flooding are identified and presented
in the Table 1.
Table 1. Impacts of climate change on urban drainage system and buildings in Ytre Sandviken in
Bergen

Indicators of consequences
Length of sewers under
a
pressure > 0.9 m
b

No. of buildings at risk
CSO in one year (1 000 m3)
(2002 being the reference year)
CSO in one month (1 000 m3)
(10.06-15.07.2002 being the
reference month)

Present
2002
( 1 in 30 y)

2030
Rainfall
Sea level
+20 %
+0.25 m

2050
Rainfall
Sea level
+30 %
+0.5 m

3757

5730

6816

168

264

318

208

481

-

53

109

133

(a). Lengths of surcharging sewers are identified while simulated water levels are 0.9 m over the tops of the
sewers.
(b). No. of buildings at risk of flooding were identified by a buffer of 10 m from the central line of surcharging
sewers in condition (a).

According to the design standard for sewers in Norway, sewers must be installed at least 0.9 m
below the basement floor in order to avoid basement flooding. We thus use the value as a criterion
to estimate the buildings at risk of flooding. In case study of Bergen a buffer distance within 10
meters from sewers with a pressure level more than 0.9 meters is used to identify the number of
buildings at risk of flooding.
4.3 Veumdal in Fredrikstad
The Veumdal catchment is about 364 ha and served by separate and combined sewers. The
separate sewer system covers an area of 227.36 ha upstream, while combined sewer system for
downstream area of 136.94 ha, which is 37.6% of the total catchment. The sewage system
stretches from Fredrikstad city centre in the south to the northern boundary of the city, which
borders agricultural fields and forests. Elevation varies from 87 m at mountain areas down to 0.0 at
the sea level. The catchment has outlet to River Veum but has no to the sea.
A sewer model was calibrated based on the climate and measured runoff in 2004. Simulations
were then carried out assuming precipitation increases 20% and 50% based on the temperature
and precipitation in year 2004 to study the seasonal impacts of climate change on the urban
drainage system and the buildings, i.e. sewer surcharge and combined sewer overflow (CSOs),
flooding and affected buildings (Table 2).
Table 2. Estimation of seasonal impacts of climate change on urban drainage system and buildings
in Veumdal catchment, Fredrikstad

(a). Lengths of surcharging sewers are identified when simulated water levels are over the tops of the
sewers.
(b). Lengths of surcharging sewers are identified while simulated water levels are 0.9 m over the tops of the
sewers.
(c). No. of buildings at risk of flooding are identified by a buffer of 20 m from the central line of surcharging
sewers in condition (b).

5. Conclusions
This paper presents an integrated approach to assess the risk and vulnerability caused by changes
in the natural (e.g. climate) and the society. The authors suggest a two stage analysis at macro
and micro scales. The assessment at macro scale is risk-based analysis process and it requires

data and information in a broad scope with less accuracy. The results from this level should
provide information for making strategy and priority for more detailed analysis, adaptation and
mitigation in municipalities. The detailed analysis should thus be followed and based on advanced
models and requires for data with fine temporal and spatial resolutions. Results from the detailed
analysis should be able to identify the problems and provide solutions to fix the problems or reduce
the consequences.
The paper presents examples to demonstrate how the approaches are applied at the two scales
and the difference of climate change effects in the two case study municipalities of Bergen and
Fredrikstad. Due to the limitation of one paper, it is difficult to demonstrate the diversification of
geographical and climate impacts in Norway.
Although methodology and software to estimate the risk and vulnerabilities have been developed,
efforts should be made on estimation of the frequency or probability of the risk events and
vulnerability and their dependency. Moreover, availability of meteorological and hydrological data
with fine time and spatial resolutions at urban scale are extremely important in order to provide
reliable and detailed results for assessment, adaptation or mitigation, but missing in most
municipalities. More research efforts and resources should be added to these weakness aspects.

6. Reference
[1]

HANSSEN-BAUER, I. (ed.), “Climate in Norway in 2100 – Background materials to NOU
climate adaptation” (preliminary issue in Norwegian). June 2009.
[2] AALL C. (ed.), “Consequences of climate change for infrastructure owned by municipalities
and counties”, commissioned by the Norwegian Association of Local and Regional
Authorities, final report. 31 January 2011. ISBN: 978-82-428-0305-4.
[3] NIE L., ”Statistics of monthly air temperature during 1961-1990 for counties in Norway.”
Technical memo, February 2011
[4] GROVEN, K., ”Klimasårbarhet i bustadsektoren - Lokal sårbarheitskartlegging og
klimatilpassing.” VF-report 1/2005.
[5] ISO 31000:2009: Principles and Guidelines on Implementation of risk management. National
Standards Authority of Ireland.
[6] VATN, J., ”Description of software InfraRisk. Department of Production and Quality
Engineering, Norwegian University of Science and Technology. December 2007.
[7] TORGERSEN, H., “How to adjust risk and vulnerability analysis for the counties of Trøndelag
to the climate changes (MSc. Thesis)”. Department of Industrial Economics and Technology
Management, Norwegian University of Science and Technology. 2007.
[8] NIE, L.M., Heilemann, K. Hafskjold, L.S., Sægrov, S., Johannessen, B.G., ”Adapting
community to flood risk and vulnerability caused by climate change”. Proceeding of
International Conference of European and Global Communities combine forces on Flood
Resilient Cities, Paris, France, 26-27th November 2009.
[9] NIE, L.M., LINDHOLM, O., BRASKERUD, B.C., ”Urban flood management in a changing
climate”. J. VANN, Vol. 2, 2009: pp. 203-213.
[10] DHI SOFTWARE, ”MOUSE Surface runoff and pipe flow models”. User guide and reference
manuals of DHI MOUSE, 2007.
[11] LINDHOLM, O., SCHILLING, W., CRICHTON, D., “Urban water management before the
court: flooding in Fredrikstad, Norway”. Journal of Water Law, 17: 204 – 209.
[12] MADSEN, A.B., “Flood damage and discharge of pollution in the city of Bergen – Analysis
the effects of climate change”. Dept. of Mathematical Science and Technology, Norwegian
University of Life Science. June 2007.

Development of a Commercial Building Site Selection Framework for
Minimizing Greenhouse Gas Emissions and Energy Consumption
Brent A. Weigel
Ph.D. Candidate
Georgia Institute of
Technology
USA
brent.weigel@gatech.edu

Summary
In urbanized areas, building and transportation systems generally comprise the majority of
greenhouse gas (GHG) emissions and energy consumption. The locations of building sites have
significant  influence  on  the  built  environment’s  energy  and  GHG  emissions  efficiencies.  Thus, the
decision point of site selection and schematic/conceptual design for buildings represents a critical
opportunity for minimizing life cycle GHG emissions and energy consumption. Green building
design and rating frameworks provide some guidance and incentive for the development of more
efficient building and transportation systems. However, current frameworks are based primarily on
prescriptive, component criteria, rather than performance-based, whole-building evaluations. This
paper presents the initial development of a commercial building site selection evaluation framework
for the minimization of GHG emissions and energy consumption of transportation and building
systems. The framework development examines multiple aspects of building site location
efficiencies, including thermal loads on the building envelope, lighting loads, material use/reuse,
and transportation supporting building operation. The expected findings are that whole-building
energy and GHG emissions are sensitive to building site location, and that site-related
transportation is a significant component of performance. The framework and findings will be used
to support the development of quantitative performance evaluations in green building design and
rating systems.
Keywords: site selection, energy efficiency, green building rating systems, sustainable
transportation, location efficiency, building energy use intensity.

1. Introduction
1.1

Background and Motivation

Growing international concerns over climate change and sustainable development have
highlighted the need for major reductions in anthropogenic greenhouse gas (GHG) emissions,
particularly in urbanized areas which now contain  more  than  half  of  the  world’s  population. In the
U.S., for example, the buildings and transportation sectors account for approximately 38 percent
and 34 percent respectively of direct domestic CO2 emissions [1,2]. Thus, to achieve substantial
reductions in GHG emissions, improved energy efficiencies are needed in urban buildings and
urban transportation systems.
In terms of energy consumption and GHG emissions, the buildings and transportation sectors
share not only similar levels of impact, but also notable efficiency interdependencies. Such
interdependencies are evident in the energy consumption and GHG emission levels of different
types of urban form. Urban form (the spatial arrangement of building types and transportation
networks) influences transportation distances, transportation mode splits, building envelope heat

transfer, and building material use, and each of these factors affect the energy consumption and
GHG emissions of the built environment. It is generally understood among urban planning
researchers and practitioners that on a per capita basis, the efficiency of the built environment
correlates with the development density and land-use mix [3, 4, 5, 6, 7]. Awareness of this
relationship may be helpful in planning new urban development that is more energy efficient;
however, traditional transportation and land-use planning mechanisms (e.g. land-use regulation
and transportation infrastructure programming) are inadequate for capitalizing on improved
efficiency opportunities as they currently (and foreseeably) exist in the built environment. Much of
the built environment (where populations and economic activities are concentrating) is already built,
and much of the new development to come is likely to follow the trend of low-density urban sprawl
– the result of enormous economic and institutional inertia (in the case of the developed world,
notably the U.S.) and aspiration (in the case of the developing world). Thus, efforts to substantially
regulate more compact, mixed-use development or to build large-scale alternative transportation
infrastructures face considerable physical, political, and financial obstacles.
To leverage effectively opportunities for improved efficiencies in the built environment, new
strategies are needed to complement and/or supplant traditional building and transportation
planning strategies. In the U.S., given a large existing building stock where at least half of the
existing buildings will still be standing by mid-century [3], and a largely built-out transportation
system where for the last three decades public spending on transportation operations and
maintenance has exceeded public spending on transportation capital [8], much of the opportunity
for improving the efficiencies of the built environment of today and tomorrow exists in the efficient
utilization of transportation and building infrastructures. Efficient utilization of the built environment
is basically an exercise in matching system users (user needs) to system infrastructure (system
services). In the case of commercial development, the opportunity for matching system users to
system infrastructure occurs at the key decision point of building site selection.
The selection of a building site can influence the potential for energy and GHG emissions efficiency
through site-dependent variables (e.g. transportation distances, transportation mode splits, building
envelope heat transfer, and building material use), and through the increased utilization of the
building stock. A building occupant’s   selection   of   a   building   site   is   a   decision   constrained   by  
discrete alternatives in the marketplace – the potential for achieving the most efficient utilization of
the built environment is limited by the buildings/locations available at the moment of selection. The
limiting effect of available site alternatives may apply not only to the selection of existing buildings,
but also to the design and construction of new buildings (see section 2.2). To identify building site
locations that maximize the potential for efficiency in the built environment, a performance-based
building site selection evaluation framework is needed.
Sustainable building design and rating systems, such as LEED® (Leadership in Energy and
Environmental Design), offer a reference framework for evaluating and incentivizing greater
efficiency in the built environment. Such rating systems have helped to create a green building
market transformation, thereby increasing the market value of sustainable buildings. Importantly,
sustainable building design and rating systems reward both building-related and transportationrelated energy efficiency measures in green building projects. However, much of the evaluation of
site-dependant energy efficiency measures is prescriptive-based rather than performance-based.
For example, LEED® 2009 for New Construction and Major Renovations encourages urban
density/connectivity and alternative transportation in the building site through the use of
prescriptive criteria, yet the rating system does not include evaluation of transportation energy
savings or GHG emission reduction. Such prescriptive standards may result in site selection
decisions that fail to effectively reduce energy consumption and GHG emissions. Although some
portions of green building rating systems do employ a performance-based approach (e.g. Energy
and Atmosphere Credit 1 of LEED®), these performance-based evaluations do not account for the
relative energy efficiency performance potential of alternative building sites/locations – each project
is evaluated against a site-specific baseline design, after the site has been selected. Considering
the many possible variations in existing conditions and design constraints imposed by different
building sites (existing envelope construction, adjoining conditioned spaces, solar ground reflection
and shading, building footprint limits, available utilities, accommodation of onsite renewable energy
infrastructure etc.), it should be expected that different building sites will achieve different levels of

baseline performance, and that different sites will support different levels of final design
performance.
Thus, research is needed to develop a quantitative performance evaluation framework of building
site alternatives – a framework that may be used to evaluate the potential energy consumption and
GHG emissions performance of commercial development.
1.2

Research Objective

The objective of the research presented in this paper is to develop a commercial building site
selection evaluation framework that leads to minimization of whole-building energy consumption
and GHG emissions. This research will develop analysis methods for estimating the sitedependent energy consumption and GHG emissions associated with:
1. Architectural energy systems:
a. Heating, ventilating, and air-conditioning
b. Lighting
c. Conveyances
2. Transportation energy systems:
a. Tenant journey-to-work trips
b. Other work-based trips
3. Utility and on-site energy sources
4. Building material use/reuse (future research)
The framework will enable the evaluation of the energy and GHG emissions of architectural and
transportation-related building site aspects, at the key decision point of site selection and
conceptual/schematic design. The framework will eventually be applied to case studies of
commercial office development in the Atlanta, GA metropolitan region. The development and
application of the framework will be limited to the context of commercial office buildings in order to
maintain consistency in the building functions and the site evaluations.
It is anticipated that the results of this research will help develop performance-based standards and
rating systems for sustainable building site selections that enable greater whole-building energy
efficiency and GHG emission reductions. The evaluation framework is intended to help inform
commercial development incentives (green building certifications and/or financial instruments)
aimed at the efficient development and utilization of the built environment.

2. Initial Framework Development
The development of a site selection evaluation framework should be based on the academic
research and professional practices already undertaken to address the energy and GHG
performance of building sites. Currently, no whole-building site selection evaluation framework
exists for quantifying energy consumption and GHG emissions from transportation and building
systems. However, various existing analysis and calculation methods may be adapted and refined
to develop such a framework. Candidate methods may be derived from research and practices in
sustainable building rating systems, building design energy standards, building energy modelling,
traffic impact analyses, travel demand modelling, transportation and land-use interaction research,
and building life cycle analysis studies. Before synthesizing the detailed calculation procedures
needed for the evaluation framework, the relevant aspects of site selection contexts faced by
building occupants need to be understood.
2.1

Understanding Site Selection Contexts

Figure 1 outlines the site selection alternatives context from the occupant perspective. The first
question in defining the site selection context is: How does the potential new development relate
spatially to the occupant’s  existing  development/operations?  The  answer  to  this  question  may have
significant implications for how efficiently the occupant utilizes existing resources (if any). For

example, an owner may have existing property and operations within a given urbanized area, and
is considering expanding the workforce, either by adding an expansion to an existing facility or by
developing another property in the region. If the owner’s   planned   operations   require   physical  
correspondence between the existing facility and the new expansion, then the role of transportation
energy efficiency is considerably different in this context than if the new facility is completely
independent. Similarly, a facility relocation context can present very unique transportation
efficiency challenges compared to a new location development, since existing facilities attract trips
from an established set of origins (e.g. existing employee commute shed) whereas new locations
do not have an established set of origins.

Location
Scenario

New Regional
Location

Regional Relocation

Regional
Expansion

Space
Requirements /
Considerations
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Fig. 1 Outline of site selection alternatives context (occupant perspective).
The context of site selection is a product of the needs of the occupant, and the availability of site
alternatives in the marketplace. Considering first the needs of the occupant, perhaps the most
important criteria are the amount and type of space required. The amount of required space of
course dictates the scale of the commercial property and supporting infrastructures. Developments
of different scale will potentially have different economies of scale (e.g. different wall to floor area
ratios, centralized vs. de-centralized mechanical systems, etc.). It should be noted that economies
of scale depend upon the normalizing metric of performance (see section 2.4). If the normalizing
metric is building floor area (kWh/SM), then a larger building may be the most efficient choice.

However, if the normalizing metric is building occupancy (kWh/person-hrs), then a smaller building
may be the most efficient choice. The type of space and structure desired or considered (e.g. multitenant high-rise vs. single-tenant low-rise, renovation vs. new construction) affects the potential
variability in energy consumption between potential sites. The needs/requirements must ultimately
be matched to the alternatives available in the marketplace. When considering a renovation, or
simply occupation, of an existing building, clearly the alternatives available in the marketplace will
impact the potential for energy efficiency. In the case of constructing a new building on an
undeveloped site, it may seem as though the potential for energy efficiency is limited only by
available budget, technology, and expertise. However, even an undeveloped site may impose
constraints on the potential energy efficiency of a new building design (e.g. available utility energy,
onsite power generation feasibility, site boundary and topography constraints on building geometry,
zoning laws, transportation mode shares, etc.).
This outline of the site selection alternatives context helps to approach the task of identifying a site
with the greatest energy efficiency potential, but a more detailed framework is needed to begin
calculating energy and GHG emissions performance. The next task in developing the evaluation
framework is to identify the building and transportation variables affected by the development
site/location. Thus, a conceptual framework of the whole-building energy system elements
influenced by site/location is needed.
2.2

A Conceptual Framework of Whole-Building Energy System Elements, As They Relate
to a Building Site.

Figure 2 illustrates a conceptual framework of whole-building energy system elements, as they
relate to a building site. In the first three columns of the figure, the energy system elements that
are potentially constrained by the site and potentially variable between different sites are divided
between design, operational, and external (non-design/non-operational) elements. The external
elements include the available utility energy sources that influence fuel-cycle energy efficiency, and
environmental factors that influence loading on the building envelope. The environmental factors
are considered to be beyond the control of the occupant, although some of these elements (e.g.
ground cover and trees) could be within the property boundary and design control of the occupant.
The design elements (2nd column) include aspects of the building architecture and
mechanical/electrical systems that play a role in several building energy systems: space-cooling,
space heating, ventilation, lighting, and materials (embodied energy). The operational elements
(3rd column) include site-dependent aspects of using the building – primarily transportation access
to/from the building. The location of a building within a given transportation network and land-use
context can influence not only trip distances and mode shares for home-based work (HBW), nonhome-based work (NHBW), and non-home-based other (NHBO) trips, but also the rate or number
of trips taken for NHBO trips (e.g. social and dining trips taken during break times). The exterior
lighting schedule has been included in this category since the operation of common area lighting
may not be controlled by the building occupant (e.g. walkway and parking garage lighting for a
multi-tenant building). The conceptual framework accounts for energy system elements that are
generally not dependent on the building site/location (4th column). The element in this category that
has the most extensive impact across whole-building energy systems is the building occupancy.
Building occupancy impacts space-cooling, space-heating, ventilation, lighting, and plug/process
loads, and transportation activity. Furthermore, building occupancy affects the scale of the
development considered in the decision context as well as the per person-hour normalization of
building energy performance. It is assumed here that the estimated occupancy demands of the
tenant are independent of the available site alternatives.
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Fig. 2 Conceptual framework of whole-building energy system elements, as they relate to a
building site/location.

This conceptual frame provides a point of departure for analyzing and quantifying the relative
performance of building site alternatives. The conceptual framework identifies the energy system
variables that may be affected by the building site, and the framework provides a delineation of
how these variables may be controlled (by design, by operation, or by external factors beyond the
occupant’s  control  – save by site selection). Different site alternatives considered by an occupant
will likely be constrained in different ways. For example, an office space in a multi-tenant building
may have constrained glazing conductance and shading coefficients (window upgrades are not an
option) whereas purchase of a single-tenant building may have unconstrained glazing properties
(replacement is an option), but potentially no access to natural gas service for heating.
The   “design”   elements   may   be   controlled   either   before   occupancy   (e.g.   energy-saving design
features for a new construction building) or post-occupancy (energy-saving retrofits). Similarly, the
operational elements may be controlled before occupancy (e.g. selecting a site with public transit
access) or post-occupancy (teleworking and carpooling programs). The fact that many of the
energy system elements may be controlled or adjusted after occupancy does not necessarily
neutralize the variability existing between sites before occupancy. In other words, post-occupancy
measures for energy efficiency may not be capable of achieving the energy efficiency of an
alternative site. For example, in terms of transportation, if an occupant’s  operations  will  allow  only  a  
maximum of 20% employee teleworking, then an exurban site with 20% employees teleworking
and the remainder (80%) commuting primarily by single occupant vehicles may not achieve the
same transportation energy efficiency as a central business district site with only 50% of
employees commuting by single occupant vehicles and the remainder commuting by public transit,
ridesharing, or non-motorized transportation. The constraints placed on the energy system
elements by the site/location can have a lasting impact on the final-design, post-occupancy,
efficiency potential. The purpose of the evaluation framework under development is to quantify and
compare these impacts of the site alternatives before an alternative is selected.
2.3

Accounting for Uncertainty

In a context where the final energy efficiency of a site is affected by post site selection factors, an
evaluation   framework’s   ability   to   convey   meaningful   and   representative   performance   values  
requires consideration of performance uncertainty. The motivation for accounting for uncertainty is
derived from an understanding that the uncertainty in the whole-building energy performance of a
given site alternative may exceed the variation in estimated mean performance between site
alternatives. In simple terms, the precision of the performance estimates may, in some cases, be
too wide to determine the relative performance between a pair of potential sites. Whether or not
the precision of the estimates are too wide, some capability for visualizing the range or distribution
of estimated mean differences in energy consumption between pairs of sites could help the
decision maker determine if the degree of uncertainty is acceptable for making a determination of
the most energy efficient site. The uncertainty of the estimated whole-building energy performance
(or mean difference in energy performance between sites) is a result of the propagation of
uncertainty of the calculation inputs. The impact of uncertainty on results calculated in the
evaluation framework will be quantified through sensitivity analysis of the propagation of
uncertainty.
2.4

Energy Use Intensity (EUI) and GHG Intensity (GHGI)

Effective evaluation and comparison of building energy performance between sites/buildings of
unequal size requires normalized performance metrics or functional units. Normalized building
energy use is typically expressed in terms of the amount of annual energy consumed per unit of
floor area, and is referred to as the energy use intensity (EUI) [9]. Several building design and
operation energy standards and programs utilize EUIs [10, 11, 12, 13], but the measurement
methods vary: different types of energy use are included or omitted (such as plug loads), some
standards measure end use energy while others measure primary energy, and some standards
vary with respect to the building floor area included (e.g. gross area vs. conditioned floor area).
The U.S. Department of Energy (DOE) is working to standardize the measurement of building
energy performance [14]. Since no standard set of performance metrics are yet defined in the
architecture/engineering/construction industries, multiple performance metrics will be utilized in the

framework to analyze how different normalizing units influence performance evaluation.
2.5

The Role of Transportation Access in Whole-Building Energy Consumption

The inclusion of transportation energy and GHGs in this framework development is inspired in part
by literature exploring the magnitude of transportation energy with respect to whole building energy
consumption. Currently, the literature offers some evidence of the proportion of whole building
energy consumption related to transportation activity to/from a building site, and the importance of
building location and mode choice on reducing transportation energy. Wilson conducted a study of
the  transportation  energy  intensity  of  buildings  by  comparing  “driving  energy”  to  “site  energy” [15].
Based on national data from the U.S DOE and the U.S. Environmental Protection Agency (EPA) on
driver commute distance and vehicle efficiency, and building energy consumption data from the
U.S. DOE, the study found that for an average office building transportation energy use exceeds
building operation energy use by around 30%. For buildings built to meet applicable energy codes,
transportation energy use is estimated to exceed building operation energy use by 137%. Wilson
advocates the use of transportation energy intensity metrics and the development of benchmarks
for performance. Researchers at the University of Toronto found that for low density residential
developments, transportation accounted for 61% and 31% of GHG emissions and energy use,
respectively; whereas for high density development, transportation accounted for 43% and 18% of
GHG emissions and energy use, respectively [7]. Furthermore, the researchers found that
“Transportation   requirements  for   low   density   suburban  development   are  nearly   4x   as  energy   and  
GHG emissions intensive as high-density urban core development per capita”  and  “Transportation  
requirements for low density suburban development are 2x as energy and GHG emissionsintensive as high-density city core development per unit of living space” [7]. The framework under
development will first examine the energy and GHGs associated with commuter access to the
building site (home-based work trips), since this is generally the largest single transportation
activity for the applied context of commercial office buildings.

3. Discussion of Framework Application
The site selection evaluation framework will be applied to case studies of commercial office sites in
the Atlanta, GA metropolitan area. The case studies to be included will explore the variation in
estimated whole-building energy performance between different types of sites: suburban vs.
downtown, multi-tenant vs. single tenant, new construction vs. existing fit-out.
In the process of exploring the variations in energy and GHG emissions performance between
different types of commercial office sites, the evaluations may be conducted within three distinct
frames of reference:
1. Comparison of schematic designs;
2. Comparison of baselines; or
3. Comparison of baseline to schematic designs (energy reductions).
Comparison of schematic design performance (reference frame #1) is focused on evaluation of site
alternatives in terms of total end-use energy consumption. This comparison accommodates the
most explicit evaluation of total energy consumption, but it is highly sensitive to the uncertainty of
final building design. Thus, a comparison of schematic design performance between site
alternatives may not clearly indicate, under uncertainty, which potential site best supports the best
energy performance (at least not during the early conceptual or schematic design phases).
Alternatively, a comparison of baseline performance between sites (reference frame #2) avoids the
uncertainty of design evolution and final design, and may provide a clearer distinction in the
relative performance of sites. The second reference frame (comparison of baseline performance)
could provide the most targeted identification of the best performing site when utilized in
conjunction with the LEED® energy performance rating system. Currently, the LEED® energy
performance rating system (EA Credit 1) measures building energy performance it terms of percent
reduction (of cost) against a baseline design for the given site. Although the LEED® rating system
rewards improvements made in the energy efficiency of the building stock, the rating system does
not necessarily reward development or occupancy of the most energy efficient building/site that

meets the occupant’s  needs. For example, an occupant may select an existing commercial building
with an EUI that far exceeds the national average for the building classification. Proposed
schematic designs for renovating the building may be estimated to achieve 30 – 40 percent energy
reductions against the existing building baseline. Energy reductions of 30 – 40 percent would of
course result in lower levels of final design energy consumption if the baseline design energy
consumption were lower. This fact invites consideration of which site alternative provides the
lowest baseline performance. If the energy reduction percentage intended by the building owner
and designers is independent of the given baseline (percent reduction predetermined to meet
points goal), then selection of the existing building with the lowest baseline energy consumption
will result in development of a building with the lowest final design energy consumption.
Furthermore, selection of the site with the lowest baseline energy consumption may help to reduce
the uncertainty of achieving the best possible energy performance in the final design. If a proposed
energy reduction of 40 percent is eventually changed (due to unforeseen cost or technical barriers)
to a more modest 25 percent, then selection of the site with the lowest baseline energy
consumption would help to preserve or  “lock-in” a lower level of final design energy consumption
throughout the evolution of the building design/renovation.
The third reference frame (comparison of energy reductions), essentially follows the current
paradigm of the LEED® rating system, in which more points are awarded for proposed buildings
that reduce a higher percentage of energy relative to their own baselines (albeit in terms of energy
cost rather than units of energy). Evaluation of the percentage energy reduction against a single
site-specific baseline does not properly account for the opportunity to select the most efficient site
available. Evaluation of the most efficient site available requires either establishing a baseline from
among available site alternatives or deriving one (an average or median performance) from the
existing building stock.

4. Conclusion
Realization of a more sustainable built environment that meets the challenges of climate change
mitigation and energy conservation will require greater efficiencies in transportation and building
systems. While the deployment of new technologies will hopefully provide much of the efficiency
gains needed, significant gains in efficiency must still be leveraged from the efficient utilization of
new and existing transportation and building systems. The site selection evaluation framework
under development can help to improve the efficient utilization of transportation and building
systems by helping commercial building occupants satisfy their space and mobility needs with the
most efficient transportation and building infrastructure available in the marketplace. Application of
the site selection evaluation framework to case studies of commercial office development will
provide insight into the opportunities for more efficiently utilizing transportation and building
systems in the built environment. The expected findings are that whole-building energy
consumption and GHG emissions are sensitive to building site location, and that site-related
transportation is a significant component of overall performance.
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Summary
As in most of the important cities across Europe, also in Bozen, city administration decided to
transform the old railway workshops area into a new modern quarter near the old city centre and,
to pursue this objective, it is announced an international design competition.
Considering the high sensibility to environmental themes across the province, one of the design
team asked to Free University of Bozen to develop a systematic climatic analysis of the area.
Starting from this request, the research team developed a replicable methodology to analyse the
climatic contest of an area strictly integrated to the traditional urban planning process.
Within this context, this paper presents the planning methodology used to reduce the impact on the
climate environment of the city by improving bioclimatic solutions at urban scale.
Keywords: bioclimatic urban analysis, bioclimatic design, sustainable urban planning

1. Introduction
Planning new urban areas with no influences on micro-climatic conditions is one of the most
difficult task to cities development. Regarding to recent studies, improving comfort condition across
urban spaces is becoming more and more important, especially in hot climate regions. Till now, the
main part of scientific publications focuses on simplified methodologies to predict urban climate
conditions or presents some statistical analysis of climate surveys across the urban context. These
approaches do not appear suitable solutions during daily job (they look not so simplified or longlasting) and professionals feel that a concrete approach is missing.
In addition to this, it has been considered that high specialisation is required to correctly develop
an accurate analysis. So, developing a methodology does not appear enough. Referring to Italian
context, it fits better to draw up a technical urban instrument that could be used as reference during
design process. By this way, methodology will be useful for public technical offices where
specialists could draw up specific tools for professionals.
Last but not least, computer simulations are often applied for these purposes to reduce production
time and therefore to rise down costs. It is important consider that these tools could produce
incorrect results if boundary conditions are not well defined or if input data are not so accurate.
Usually, a validation process should be provided but it is often incompatible with ordinary time
requirements.

2. The railway workshops area analysis
The railway workshops area is a huge site, 300000 m2 wide, just close to the old city centre. Right
now this is dedicated to train deport, but city administration decided to convert the area to a new
district. This district will include houses, handicrafts, public services, offices and various functions.

Considering the specific orographic context around the city, changing the site connotation, from an
open land to an high density district, could radically modify the micro-climatic behaviour of the
whole city centre. To reduce the impact on the city context and to improve the integration of high
energy efficiency solutions, one of the selected design team asked to Free University of Bozen to
develop a climate analysis of the area. The research team had to produce results in three weeks.
So, the most difficult task was develop a reliable analysis as fast as possible.
2.1

Geographic assignment

Bozen is a small city (around 100000 inhabitants) in the northern part of Italy, 46°30' latitude,
11°21' longitude, 262 m above the sea level. Its railway area is located in the northern part of the
city, at the beginning of Eisark valley. This location is almost completely surrounded by mountains,
and it is not so far from Eisark river. The main axis is est-west oriented.

Fig. 1 Satellite picture of the railway workshops area in Bozen
Just from the beginning, the area appears well oriented but a little bit shaded. Also, it is important
to notice that this open area is one of the most windy location of the city. As well demonstrated in
scientific publications [1] [3] [4] [7] [9], wind access trough the urban texture is becoming more and
more important to avoid high pollution concentrations and summer overheating across cities
environment. For this reason, it looks suitable to pay a particular attention to this peculiarity by
improving wind access as much as possible.
Regarding the four bioclimatic forces (sun, earth, water, wind) [10], research team established that
only sun and wind could be important for the micro-climatic conditions of the area. It is clear that
Eisark river has a too low and inconstant flow during the year to involve some influences.
Moreover, the earth source is always available using active systems. So it was decided to develop
only solar access and air flows simulations.
Climatic datasets retrieval is one of the most difficult task across Italian regions. To avoid longlasting in searching, research team selected the IGDG dataset, by Prof. Livio Mazzarella, named in
memory of Giovanni de Giorgio, freely available on the U.S. Department of Energy website.

Referring to an open-source dataset can ensure the replicability of the approach but it involves a
certain amount of risk. So, until the presentation of the new national regulations containing hourly
climatic data for the most important cities across Italy, the selected dataset appears as the only
reference, but this is not so recent and a fresh updating is missing [8]. For this reason, it is clear
that a critical approach was needed.
2.2

General climatic assessment
Referring to “G. de Giorgio” publication
[8], it was possible define that climatic
dataset is the result of a survey
campaign starting in 1951 and concluded
in 1970. So, data appeared not updated
and this weakness must be considered.
Moreover, it was taken into account that
the
climatic
station
used
for
measurements is right next the airport, 4
km far from the railway workshops area.
For this reason, every data should be
adapted.

Starting from climatic data, it was
developed some preliminary analysis
using a psychrometric chart approach. By
this step, it was possible define a general
climatic
assessment of the entire city.
Fig. 2 Psychrometric chart for Bozen (montly data)
Bozen looks like a cold city with a
medium-high humidity range. Considering shortages of data source, which can not take into
account latest climate changes, research team considered that also summer overheating must be
evaluated.
Regarding wind dataset, it was not easy define a clear wind behaviour of the city. So, research
team decided to cross the IGDG dataset with some recent data coming from public reports about
environmental surveys across the city. Concerning these updated data, it was possible to define
two main wind directions for summer and winter seasons. To identify main wind directions, it has
been used a bioclimatic suggestion: the main wind during the hottest period (favourable air flows)
and the main wind during the coldest period (unfavourable air flows). So it was identify that in
summer wind mainly comes from the S-W quadrant and in winter from the N-E one.

Fig. 3 Wind roses for summer (left side) and winter (right side) season

2.3

Boundary conditions definition

The second phase of the work regarded the definition of the boundary conditions as simulations
input. As mentioned before, the research team decided to develop only solar and wind simulations
of the area. Considering that it is not request to much for solar analysis with the exception of an
accurate 3D modelling and the exact geographical position, the main task was to define the wind
boundary conditions. Regarding the climatic data retrieved, it was selected a summer wind with a
N-E direction and 4.2 m/s speed, a winter wind with a S-W direction and 4.2 m/s speed.
2.4

3D modelling

Fig. 4 3D model of Bozen valley
2.5

The definition of the geometric model
for simulation is one of the most
delicate phase during the definition of
input data. Considering the great
distance between the analysis area
and the climatic station by which data
were collected, it was decided to model
the entire valley of the city. To avoid
long-lasting in calculations, research
team decided to simplify the geometry
as much as possible. So the urban
texture of the city and the orographic
environment
were
modelled
considering only the geometry of
blocks avoiding a detailed urban
reconstruction. This approach allowed
to save time during simulations
process with an adequate accuracy of
the results.

Simulations process

Simulations were elaborated using the Autodesk Ecotect© software as main reference interface.
Solar analysis were processed directly in the main software and wind simulations were calculated
employing the WinAir© plug-in, programmed by the Welsh School of Architecture. This plug-in is
based on Navier-Stokes equations solution for incompressible flows and it is one of the most
simple solver for flow problems. So, referring to defined boundary conditions, it was processed two
wind simulations: one for the summer context and one for the winter one. Considering the limited
number of total cells available for calculation, it was set an analysis grid with a 10 m wide pitch and
a similar height range of the railway area location. This definition grade was suitable to a good
accuracy of outputs.

Fig. 5 Wind simulation outputs (on left side, summer context; on right side, winter context)

Unfortunately, to avoid long-lasting in results production, it was not possible to validate the
simulation process. Anyway, outputs were deeply investigated referring to scientific literature [2] [5]
[6]. Looking at the turbulences zones and at wind natural channels of the urban texture (e.g. some
wide streets and the Eisark river), it was possible to identify some critical area where wind has to
accelerate air flow velocities. So, in accordance to a realistic scenario, air flows velocities rate
looked correct and simulations appeared reliable.
2.6

Output synthesis and tool drafting
At the end of simulations phase, results had to
be synthesized to produce some tools strictly
linked to planning process. Research team
decided to draw up drawings and tables, the
easier instruments for knowledge transfer to
planners and designers.
So, it was produced four tables and one final
report, referring to previous evaluations and
calculations. The first table summarized solar
access analysis by providing a shadows
projection and five sun-path diagrams for the
most critical points of the area.

The next two tables presented the air flows
behaviour into the workshops area. Crossing
simulations outputs and drawings, it was
possible to identify the wind natural channels and the turbulences zones. Clearly, consequently to
boundary conditions, the scenarios were quite symmetric and, referring to extreme season, the
identified zones were almost similar. The simulations included also the existing buildings but
drawings did not show them.
Fig. 6 Solar access table

Fig. 7 Air flows behaviour table (on left side, summer context; on right side, winter context)
In order to clearly summarize the previous considerations, research team supplied also a zoning
table. This was the most important tool for knowledge transferring. Crossing shadows projection
and air flows behaviour, it was possible locate five zones linked to the main environmental
characteristics (e.g. high solar access + low wind access, high solar access + high wind access,

moderate solar access + low wind access, …). These zones can identify the best strategies for
bioclimatic improvement of area planning.

Fig. 8 Zoning table
In conclusion, a final report was produced in order to illustrate to planners and designers the
complete process, input data, boundary conditions definition and outputs. This document, useless
without drawings, had to become a kind of reference for the following design process. To pursue
this intent, a synthesis chart, referring the zoning table, was provided in order to show the best
strategies to reduce the environmental impact and to improve the integration of high energy
efficiency systems.
Zone

1

Sun

S1

Winter period
Wind Function

V1

F2

Sun

S1

Summer period
Wind Function

V1

F1 - F2

Function and synthesis
F1 - F2:
The high level of sun radiation makes
this zone desirable for passive solar
building construction but design
mitigation for the cooling period have
to be taken into account.
The public use of outdoor area, during
summer, is encouraged but some
design mitigation measures have to
be taken into account (e.g.
evaporative cooling systems,
shadowing devices, use of lightcoloured materials, …).

2

S2

V1

F1

S1

V1

F1 - F2

3

S3

V1

-

S2

V1

-

4

S1

V3

F1 - F3

S1

V3

F1 - F3

5

S2

V3

F1 - F3

S1

V3

F1 - F3

F1 - F2:
Building design has to be strongly
taken into account the overheating
problem related to the high level of
solar radiation during summer. Due to
the low velocity of air flow, natural
ventilation in building could not be
well exploited.
The same mitigation action has to be
considered in the design of outdoor
public area.
Small portion of the area.
F1 - F3:
The infrastructural use of this area is
strongly recommended while the
public use of the outdoor area is not
comfortably, because of the highspeedy wind. If stop over space will
be allocated in this area, wind screen
are strongly recommended.

Other observations:
The building construction in zone 4 - 5 could be provided but the change in the airflow path at an urban scale has to be
prevented.
Solar access classification:
- S1: Very sunny area
- S2: Almost shadowed area
- S3: Very shadowed area
Wind classification:
- V1: Poorly-ventilated zone
- V2: Well-ventilated zone
- V3: Highly-ventilated zone
Functions:
- F1: Area for building construction
- F2: Outside public stopover spaces and pedestrian passages
- F3: Other functions such as transport infrastructure and related building

Table 1 Zoning reference chart

3. Discussion
In attempt to provide a simplified methodology for a bioclimatic urban analysis this paper showed
the approach used for the railway workshop area in Bozen. This approach appears replicable but
care must be taken to avoid gross evaluation errors.
In order to respect a short deadline, the research team developed a fast process with an
appropriate accuracy level. Unfortunately, this short deadline can not allow a validation process,
usually applied when simulations are used as evaluation instrument. So, it has to be taken into
account that this shortage was not deeply analysed. Anyway, till today, some surveys on the area
demonstrate that the simulations outputs look realistic.

In conclusion, a very critical mind has to be applied arranging this kind of evaluation. Especially
during data retrieval and boundary conditions definition processes, a competent approach has to
be provided to obtain an appropriate accuracy level. In addiction, it has not to be neglected that 3D
modelling has to be carefully treated to save time during calculations.
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Summary
The urban sprawl phenomenon has been raise in the last three decades. At the same time all
municipalities in Portugal have adopt the methodology of the master planning to program the
transformation of land use. In consequence of this process the well-being in cities have decreased
and the life quality of population is dreadful so is urgent the promotion of a new process to planning
the transformation of existing urban areas and program new areas. The aim of this article is the
proposal of a new process to be adopted to master planning.
The operative process to territorial planning intends to promote the principles of sustainable
development. This sustainable principles are the support the definition of objectives and strategies
were carried out to the conception phase of the planning proposal by criteria based in the
operability of the process. It is evident that the relevant factors in the new process include the
promotion of the public participation from the beginning of the conception planning phase.
With the new process is possible to understand that are a critical aspect related with the great
amount of data to collect and this condition may show the risk of loss of same objectivity in case an
efficient coordination of the process does not occur.
The possibility for realize simulations that incorporate a wider range of scales and
interdependencies from open spaces to buildings and to the level of the entire city is one
advantage of the new process. The capacity to evaluate and predict the impacts of planning
actions and the changes over time is a important output to the sustainable development. These
process incorporate a long number of parameters and either focus on the environmental, social
and economic performance of the urban areas, neglecting the interdependencies of work at the
scale of a local, municipality zones or metropolitan region by using a grid with a scale compiling
whole issues of a city.
Only through a new urban planning process it is possible to walk in the path the Sustainable
Development. The presented Sustainable Urban Planning Process given by its open and flexible
structure the capacity to permits interventions on different realities and site dimensions allowing to
analyze the characteristics of each case its potentialities and weaknesses and opportunities to
guiding the project of urban planning.
It is possible conclude that it is not through the widespread simplification of the planning process
that it’s possible to reach urban sustainability but only through a complete survey of all the features
and site characteristics as well as of an integrated analysis of all these factors supporting urban

planning design. In this process the public involvement and responsibility are especially important
because only this way it is possible to reach simultaneously the project’s efficiency and promoting
the improvement of the population’s quality of life without compromising the future generations[9].
The new operative urban planning process are in fact the capacity to promotes sustainable
development in any scale of intervention and are a efficient instrument to land use transformation.

Keywords: Urban Sprawl; Master Planning; Operative Process; urban planning

1. Introduction
The result of the rapidly advancing of urban areas as a creation of areas non-sustainable with
environmental and social problems who is difficult to resolve in the lifetimes of present generation.
Is difficult to understanding our own choice to live in bad urban areas without green spaces and no
amenities.
The result of urban sprawl as the creation as a long list of suburban areas who make people have
a difficult live who spend a long number of hours in transports to the facilities and economic areas.
The image of detached houses with space around who allows have access to the sun and better
air, makes people spend the free time in mobility actions.
In the same time, the value of land as a increase supported only in the image and hope and not in
the quality of life or access to public services.
This approach to land transformation in the most of municipalities have two problems. First, it
promotes a new rational urban sprawl that will consume land and other natural resources and
makes the cities more diffuses and with less cohesion. Second, this solution leaves to a huge
consumes of resources like water, energy and agricultural soil. At the same time promoted the
social segregation in urban areas who’s results we believe have big problems to the next
generations [1].
The consequences of this urban process takes the poor’s to will be the new house holders of
suburban areas and the rich’s go back to the center of cities because they wanted safety and
access to public services. So the real need of the cities are in the next future to promote a different
process to the planning in the way to get creative solutions to resolve what we can defined like the
civilization problem [2].
The appliance of the Sustainable Development concept, have been increasing in the last decades,
and nowadays it is an important preoccupation in the processes involving interventions on the
territory, once that it constitutes the support for human activities. The Sustainable Development
concept as the first moment in the United Nations conferences about environment and
development (WCED, 1987), where the need of new global and local development strategies was
recognized.
Through the Sustainable Development concept it is intended to “meet the needs of the pre-sent,
without compromising the ability of the future generations to meet their own needs”, by guarantying
the environmental quality, economic development, and social equity, in an intergeneration
perspective. Through the Sustainability concept, the planning interventions, must balance the
environmental, economic, social and cultural factors. This concept can only be fully operational
through an integrated approach of these factors, in the different scales.
The urban planning process has a fundamental role in the support to human activities being the
base to land use changes by acting in the management of the territory, at environmental, economic
and social levels, it brings up the possibility to satisfy the population needs and to promote
conformity between the main stakeholders. Has it’s been mentioned in the Green Book for the
Urban Environment (UE, 1990), the city should start to be seen has the driving force toward the
actions leading to the Sustainable Development [3].
The efficient implementation of the Sustainable Development principles, will only be possible
through territorial planning “…the regional and urban planning is directed to the communities, its
population and for the use of the land and economics’ structures, through processes of goals

definition, planning actions and rules…" (Slocombe. 1993). Therefore the urban planning process
has a fundamental role in the carrying out of the Sustainability principles and goals [4].
The Sustainable Urban Process guides the intervention actions to efficiency, acting in both
temporal (short, medium and long term) and territorial (local, regional, global levels) scales. These
intervention actions constitute one of the fundamental capacities of the process, which results are
in according to the Sustainable Development principles [5].

2. Sustainable Urban Planning Process
The implementation of the Sustainable Development principles is possible through the urban
planning actions if the process assure the correct balanced between sustainable factors environmental, economical and social. The success factor to these action is the governance of the
urban development the guarantee of integration of this factors in the urban planning process (fig.1)
,[3].

Economic

Environment

Social

Governance
Figure 1 - Sustainable Development, ( AMADO, 2009)

The currently urban planning process as show its disarticulation to the real territory charge capacity
and also to the effective needs of population (usually defined through the intentions of the
enterprises promoters). The current process of governance of the transformation of land use are
not correctly fit to the Sustainable Development principls, once that the environmental and social
issues not always have the same attention than the economic ones mainly in respect to future
profits of the development actions. The maintenance of the master planning process has it is
known today will have serious consequences for the future generations once that it is consuming
the natural resources consequently damaging the natural environment and inevitably influencing
the scope of social interventions.
For these motives it becomes necessary to create a new operative urban planning process to
apply in the transformation of the urban areas and which its approach leads to the Sustainable
Development goals. This new process should be based in strategic planning process and its
capable to promote improvement in the quality of population’s life and the efficiency of urban
infrastructures network and enhance he urbanity relations with the same efficiency in the
interactions with the natural environment. So it’s required that the new process provide solutions
with responsibility in the land use transformations and in the social relations created by the
transformed urban space [6].

In the way to achieve sustainability through urban planning interventions it is necessary to have
present the numerous variables who depends on the site characteristics and treat them with skills
on a efficient way to be sure that the population as well as the other stakeholders follow all the
process. Only trough the effective public participative process is possible to design an efficient and
successful urban areas.
The methodological structure to be adopted to the process should have the necessary flexibility
and adaptability to different interventions dimensions and realities. The structure must as well be
enough inclusive to enclose all the intervention list of action from the goals definition to the
evaluation and validation process.

3.

Sustainable Urban Planning Process

Current planning methods are based on the experience of the planner and end when the architect
finishes the plan. This method is insufficient for future needs of population and increased pressure
on the natural environmental and in the god performance of urban relationships.
The new process proposes the construction of urban models and in which one he defines all
interactions between different entities such as land use, networks, population, house, employment,
and transportation of goods, and create the possibility to compare the existing operational models
to the real capacity of natural environmental support the pressing of human activity [7].
The possibility for realize simulations that incorporate a wider range of scales and
interdependencies from open spaces to buildings and to the level of the entire city is one
advantage of the new process. The capacity to evaluate and predict the impacts of planning
actions and the changes over time is a important output to the sustainable development. These
process incorporate a long number of parameters and either focus on the environmental, social
and economic performance of the urban areas, neglecting the interdependencies of work at the
scale of a local, municipality zones or metropolitan region by using a grid with a scale compiling
whole issues of a city.
The sustainable planning process specifications are the support to the construction of a
methodology to easy appliance at different intervention levels since the Project – establishing the
conceptual model to urban quality solutions to – Construction – defining the technologic processes
and the constructive materials, in order to minimize environmental impacts and to – Use and
maintenance – controlling procedures to the use of spaces and resources in order to improves its
durability.
This new process must be feel specific but easily to apply and have the capacity to support all
options and solutions with the possibility of reversibility and flexibility to make possibly its
adaptation to different cases study but always regarding the sustainable development strategic
goals.
The strategic principles of sustainability witch directly influence the urban planning process are
fixed in:
Sustainable use of natural resources;
Control of the disordered urbanization;
Satisfaction of the population needs and expectations;
Contributed to the reduction of waste and unnecessary consumption;
Contributed to the promotion of local economy and employment;
Preservation of natural, economic, social and cultural diversity;
Promotion of energetic efficiency and renewal energies use;
Encouragement of new mobility modes;
Involvement of the local population in the urban planning process.

In cooperation with the sustainability strategic principles it is necessary validate the goals to
achieve and the action principles that should be considered in the new Sustainable Urban Planning
Process:
Intervention strategic goals definition;
Reference situation and definitions according to environmental, economic, social and
urban aspects;
Motivation of population and other stakeholders to participate in the process;
Assure the balance between the different sectors and social groups;
Promotion of new mobility solutions and networks;
Motivation to the modernization on basic economic activity sectors;
Motivation to the energetic saving and the use of renewal energies;
Promotion of the urban quality patterns and the digital networks.
An important point goes out is that action principles are not limited and they constitute no more
than the support to the main sustainability goals and so the short list of principles must be adapted
the intervention area specific characteristics and population.
The proposed structure for the Sustainable Urban Planning Process are constituted with four
sequential stages who include the current and usual development of urban interventions, Figure 2.
Stage 1 – Intervention aims definition – Definition of the urban sustainability strategic goals must
be included in the planning process. These goal must have take into account the natural
environment protection and valorization economic aspects satisfaction of population needs and
should be adapted to the real situation.
Stage 2 – Reference situation analysis – Is proceeded to a complete data survey regarding all
sustainable development features handling both local scope data as also involving area’s
information. Thus environmental, economic, social and urban analysis are part of this stage as well
as well all restrictions and potentialities related with the criteria definition for the urban planning
process which constitutes the basis for plan design stage.
Stage 3 – Plan design – It’s the stage who intended to achieve an urban proposal that satisfy the
intervention aims and at the same time guarantees the project’s framing into the promotion of
Sustainable Development. This stage includes seven actions: Action 1 - survey and rearrange of
urban/rural property limits; Action 2 - selection determinants issues from contribution of the
restraining elements (geomorphology, solar exposure, existing species, road network, public
spaces, urban morphology, economical activities, cultural traditions, collective mobility and
equipment); Action 3 - strategies and sustainability factors definition; Action 4 - public spaces and
public facilities localization; Action 5 - roads design and relation to transport systems ; Action 6 –
plots and buildings localization; Action 7 – plan design of the project’s proposal.
During these actions the population’s contribution is promoted as a key element of reference to the
process transparency and efficiency [8].
Stage 4 – Implementation and Evaluation – Intended to guarantee the efficiency of the proposal
during the implementation. Pretend to validate the strategic goals and the achievement of
sustainability principles. All the implementation process is evaluated in order to confirm that all the
measures are correctly implemented. Evaluation is executed with the assistance of implementation
technical sheets formulated for each action and pointing out of the goals and have the assistance
of sustainable indicators. It intends also to give completed implementation in the sustainability
features frame between all the different actions.

Figure 2 – Structure of the Urban Planning Process methodology

The process during all stages must have the public participation to reinforce the validation and the
improved of the results since the first stage - conception to the final stage implementation. This
participation provide a more quickly people’s identification with the final urban proposal and induce
a more ease implementation.

4. Factors of process
Through the presented methodological process is intended the contribution to an operational
instrument adapted to urban planning supports on the sustainable development’s promotion. The
considered process intends to fulfil the sustainability aims and strategies possible materializing
them through urban planning.
The viability of this urban planning process is supported by the inclusion of the sustainability
factors (environmental, economical and social) in a promotion of the efficiency and save of territory
while supporting human being activities.

Although this process and the large contingent and number of variables, the results of its
implementation provide important insights into the way planners and their communities learn to led
with the common future. These insights may assist other professionals in the theme of mitigating
the adverse effects of land use transformation and the effects with low or high probability to
originated consequences.
The effective participation both of the population and of local administration during all the process
is a major factor for its efficiency since increasing the partaking of the intervening actors prevents
the occurrence of potential conflicts guaranteeing itself a faster acceptance of the new spaces in
the city’s urban structure. Another major factor of efficiency of the Sustainable Urban Planning
process is the implementation stage, during which the project’s execution is permanently evaluated
and implementation technical sheets are defined with the aim to provide efficiency profits to all
levels of sustainability [1].
Results achieved during urban plan design and its implementation can be compared through
sustainability indicators in order to survey its reliability to the principles and goals of Sustainable
Development. In this sense the Sustainable Urban Planning Process constitute a reference
instrument into the planning actions to expansion or re-conversion of existing urban areas.

5. Process validation
The present process was tested into several projects and being possible already relate some
critical aspects that should not be relinquish in order to optimize the process effective
implementation and effectiveness.
The results of this process indicate planners and community members and other contributors to the
development of plans are in fact learning to make better plans to future time. Overall in same
projects developed in Portugal significantly increased of quality of local comprehensive plans
associated with natural hazards mitigation have archive successful results with the implementation
of the process. Results also suggest that planning communities learn incrementally at different
rates depending on the initial quality of their plans and the extent of legal reform mandated by the
local governments. Most important, planners and plan contributors seem to learn for different
reasons to increase the quality of plans where they interfere.
The main critical aspect to point out is related with Stage 2 – Reference situation analysis because
the great amount of data to collect and analyse can concur to originate the studies dispersion and
consequent delays harming the execution of the plan/project. In order to solve this situation
coordination work must play a central role in the direction and connection between technical team
involved population and other stakeholders and intervening entities.
On the other hand to minimizing this aspect and guaranteeing the effective management of all the
relevant information for the study area as well as its analysis will constitute an increase in the
efficiency profit in the stages of plan design and implementation is important since the beginning
determinate the site’s potentialities and weaknesses and opportunities of the intervention area. To
surpass this critical feature it is also highly recommended an elevated degree of experience and
specialization of the project’s team coordinator [9].

6. Conclusions
Given the diversity and specificity of the natural and urban environment the planning solutions
must always be adapted to each case. Therefore the sustainable urban planning process has to
show an open and flexible methodology always guided by the principles and strategic goals
leading to sustainable development. The results of a traditional planning process based in the strict
application of parametric factors has shown its lack of efficiency and results and the contribution to
the creation of urban sustainability in result of the process don’t taking care the territorial specific
characteristics and its one charge capacity and not answering to the population’s real needs.
Only through a new urban planning process it is possible to walk in the path the Sustainable
Development. The presented Sustainable Urban Planning Process given by its open and flexible
structure the capacity to permits interventions on different realities and site dimensions allowing to
analyze the characteristics of each case its potentialities and weaknesses and opportunities to
guiding the project of urban planning.
It is possible conclude that it is not through the widespread simplification of the planning process
that it’s possible to reach urban sustainability but only through a complete survey of all the features
and site characteristics as well as of an integrated analysis of all these factors supporting urban
planning design. In this process the public involvement and responsibility are especially important
because only this way it is possible to reach simultaneously the project’s efficiency and promoting
the improvement of the population’s quality of life without compromising the future generations[9].
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Summary
The global environment is deteriorating gradually after the middle of the twenty century, the global
aims at sustainable developments and positively research related policies and programs. SBTOOL
is frequently referred to as the research tool of case assessment by many countries in International
Conferences of sustainable development; SBTOOL is recognized internationally as assessment
tool contributable to the development of sustainable buildings in various regions due to its elastic
adjustment. Thus this study uses SBTOOL to access the relevance between EEWH and the results
of assessment on the examples by SBTOOL based on 10 examples of the residence buildings
granted as Taiwan Qualified Green Buildings, analysis the influence of the “Duplex and Singlefamily Houses”＂and “Architectural Floors”＂ on the result of the assessment to provide reference
for the international integration of Taiwan sustainable buildings.
Keywords:

SBTOOL, Sustainable Building, Building Performance Assessment.

1. Introduction
The promotion and development of sustainable building have been carried out for several years,
and extensively discussed and communicated at as Sustainable Building Conference 2008(SB08)
by  research  teams  from  all  over  the  world.  For  building  environment  assessment  tool’s  conversion  
in recent years, a trend is forming and intensifying from the use of green building assessment tools
towards the development of sustainable building assessment tools, such as LEED V.3 (2009) or
BREEAM 2008.
It is SBTOOL that first developed from GBTOOL into a sustainable building assessment system. At
the Sustainable Building Conference 2008(SB08), SBTOOL was chosen by research teams from
many countries as their research subject, whether in terms of regional assessment system
development or in empirical comparison between cases.
According the relevant studies and literature, and taking the speciality of environmental and climate
conditions of Taiwan District, this paper chooses Sustainable Building assessment tool SBTOOL
developed by International Initiative for Sustainable Built Environment(iiSBE) and Green Building
Evaluation and Labeling System (TAIWAN EEWH) as objects of comparison Further, cases are
used to demonstrate the analysis of differences between these two systems, in the hope of
exploring the emphasis or aspects to which attention shall be paid by Sustainable Building
assessment in Taiwan District, such as social, economic or social issues [ISO/TS 21931-1:2006].

2. SBTOOL AND EEWH
2.1

BASIC ASSESSMENT FRAME OF SBTOOL

SBTOOL, formerly of GBTOOL, was revised in 2006 into 3-level assessment system comprising
assessment groups, which, besides integrating environmental, social and economic aspects,
considers Cultural and Perceptual Aspects as well as life cycle of buildings.
The assessment method is to multiply the score of each assessment item of a building case by its
weighting value level by level, and work out the assessment result through summing up weighted
scores   of   various   items.    This   system  can   provide  the   user   with  a  “self-assessment   score”   and   a  
“target   score”   to   allow   the   user   to   real-time to obtain of improvise suggest and computation
information (including relative and absolute assessment results) [Figure 1.].
This assessment tool has two modes: input module for regional developers, including weighting
values specific environmental sustainable development projects in this region; another mode for
regional building or environment designers, which produces various assessment results through
entering basic information of building and inter-linked systemic calculations.
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2.2

BASIC ASSESSMENT FRAME OF TAIWAN EEWH

TAIWAN EEWH is a system which is designed for Taiwan region to take the balance among the
sustainable development issues and the overall environmental education of the public into account.
Its definition is expanded from buildings consuming minimum global resources and producing
minimum wastes to ecological, energy-saving, waste-reducing and healthy buildings, namely
EEWH. [ABRI, 2007].
EEWH comprises nine indicators that fall into four categories: ecology, energy saving, waste
reduction and health. Ecology category includes three indicators: biodiversity, greenery and site
water retention; energy saving category includes one indicator: daily energy saving; waste
reduction category includes two indicators: carbon dioxide emission reduction and waste reduction;
and health category includes indicators: indoor environment, water resource, and sewage and
garbage improvement [Table 1.]. [ABRI, 2007].
Under the existing scoring system, this system, through successive score conversion, gives
different high and low scores to each indicator, with the highest total score of all indicators being
100 marks. Furthermore, EEWH provides a five-level certification method: certified, bronze, silver,
gold, and diamond. It also provides three-stage assessment method institutionally. The first stage
is referred to as Planning Assessment, including description of green building strategy and simple
check approach; the second stage as Design Assessment, which is the practice of Green Building
Labeling assessment techniques; and the third as Classified Assessment. [ABRI, 2007].
Table 1. The connection in Taiwan EEWH system and global environment.[ABRI ,2007]
Connection with global environment
Indicator
Indicator
Category
Climate Water
Soil
Organisms Energy Materials
Biodiversity
*
*
*
*
Ecology
Greenery
*
*
*
*
Soil Water Content
*
*
*
*
Energy
Daily Energy Saving
*
*
saving
CO2 Emission
*
*
*
Waste
Reduction
reduction
Waste Reduction
*
*
Indoor Environment
*
*
Water Resource
*
*
Health
Sewage & Garbage
*
*
*
Improvement

3. ANAYSIS AND CASE STUDIES
All newly built residential building cases chosen in this paper are located in Kaohsiung, Taiwan,
which, due to being north to the Tropic of Cancer geographically, has an annual mean atmospheric
temperature of about 25.1℃, slightly higher than the annual mean atmospheric temperature of the
whole Taiwan 24.5℃, and a lowest temperature seldom lower than 10℃. This area experiences
the highest temperature in Augusts with the average temperature of 29.6 ℃ , has an annual
precipitation of 1720.2mm and an annual mean total sunlight of 2075.4 hours.
The results cases assessed by using Taiwan Green Building assessment indicators are all certified,
and the scores of individual indicators are outlined in Table 2. The choosing of Taiwan Green
Building assessment items is voluntary, so the scores of some items are not blank. However, the
biodiversity indicator must be assessed for buildings with site areas larger than 1 hectare. The
cases chosen in this study are all residential buildings, so it is unnecessary to assess this indicator.
3.1 Objects and Results of the Study

This study adopts Tier 1 and Tier 2 evaluation item groups of SBTOOL of the content for the
questionnaire survey, and evaluation questionnaires of Tier AHP model used before are adopted to
calculate the relative weights of different indices. Experts in different fields relating to sustainable
construction in Taiwan were made objects, classified in three expert groups: industry, government,
university of the survey, and a total of 50 Questionnaires were issued; please refer to Table 2.
Table 2 Fields of Target Experts and Results of Returned Questionnaires
Field of Experts
Industry

Government

University

Objects of Questionnaire
Architects, landscape designers, interior
decorators and relevant technicians with 5
years (or longer) experience in green building and sustainable building cases.
Central governmental agencies, personnel
of the Architecture Institute of the Construction and Planning Agency, Ministry of
the Interior, etc.
Experts, professors and research fellows,
etc. of architecture departments, real estate management departments, interior
design departments and other related institutions of public and private universities.
Sub-total

Issued

Returned

Return Rate

18

16

88.9%

16

12

75%

16

13

81.3%

50%

41%

82%

3.2 Weights of different experts in Taiwan with SBTOOL
After screening out void questionnaires, a total of 30 questionnaires have been returned, with the
valid return rate of 60%. Results of the survey on weights of different experts in Taiwan with
SBTOOL system are shown in Table3.
Table 3. The SBTOOL system are adapted the SBTOOL default weighting.
weighting value
SBTOOL assessment items
Site Selection, Project Planning and Development 18.4%
18.4%
Energy and Resource Consumption
19.4%
Environmental Loadings
15.2%
Indoor Environment Quality
7.4%
Service Quality
9.4%
Social and Economic Aspects
8.9%
Cultural and Perceptual Aspects

4. Case Analysis
4.1 Comparison of Results of Green Building Evaluation
Through SBTOOL and EEWH   evaluation   and  calculation  on  Taiwan’s   green  building   construction  
cases,  the  results  of  scores  of  different  cases  are  compared  by  level  as  shown  in  Fig.  4,  the  “Y-axis
on   the   left”   refers   to   the   SBTOOL   evaluation   level,   the   “Y-axis   on   the   right”   refers to EEWH
evaluation levels (8~21 points for qualified, 21 ~28 points for copper level, 28 ~35 points for silver
level,  35~45  points  for  golden  level  and  45+  for  diamond  level),  and  the  “X-axis”  refers  to  10  green  
building construction cases in Taiwan (Case 1~Case 10); it can be found from Table 10 and Fig. 4
that   basically   those  qualified   in   the   EEWH   system   have  the   performance   above  “qualified”   in  the  
SBTOOL  “green  building”  evaluation.
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Fig. 2 SBTOOL and EEWH Comparison of Green Building Cases by Class
4-2 Analysis on Scores of Different Green Building Types
According   to   the   Pearson   obtained   through   “Point-biserial   Correlation”   calculation,   this   study   has  
found that duplex green buildings have shown negative values in EEWH and SBTOOL with the
values between -1 and 1, which shows that the type of duplex green buildings have negative
correlation with EEWH and SBTOOL, and that duplex green buildings have poor green building
performance; while as for the mutual impact between EEWH and SBTOOL scores, no distinct
correlation   is   found   (significant   level:   0.05).   And   then   through   “Rank   Correlation”   for   judgment   of  
classification, it is found that duplex green buildings have shown positive correlation only in
SBTOOL evaluation green building classification.
Table 4：Analysis on the Correlation between Scores of Green Buildings in forms of Duplex and
Single-family Houses with EEWH and SBTOOL Evaluation
Point-biserial Correlation
EEWH and SBTOOL Scores of Duplex and SingleGreen building
family Houses
type
Pearson correlation
1
Type
Significance (Two-tailed)
(1 for duplex, 0 for
Sum of squares
2.400
single-family)
Covariance
0.267
Pearson correlation
-0.209
Significance (Two-tailed)
0.563
EEWH evaluation
Sum of squares
-3.560
Covariance
-0.396
Pearson correlation
-0.025
Significance (Two-tailed)
0.946
SBTOOL
evaluation
Sum of squares
-0.027
Covariance
-0.003
Rank Correlation Analysis
Pearson correlation
Significance (Two-tailed)

1

EEWH evaluation

Pearson correlation
Significance (Two-tailed)

SBTOOL
evaluation

Pearson correlation
Significance (Two-tailed)

Type
(1 for duplex, 0 for
single-family)

EEWH

SBTOOL

-0.209
0.563
-3.560
-0.396
1
121.249
13.472
-0.123
0.735
-0.964
-0.107

-0.025
0.946
-0.027
-0.003
-0.123
0.735
-0.964
-0.107
1
0.508
0.056

-0.356

-0.107

0.312

0.769

-0.356
0.312

1

-0.311
0.382

0.107
0.769

-0.311
0.382

1

4-3 Analysis on the Impact of Layers on Scores of Green Building
This analysis is carried out to learn whether buildings are impacted by the number of layers. As
shown   in   Table   17,   by   the   same   means   of   “Point-biserial   Correlation”   calculation,   it   is   found   that  
buildings taller than 6 stories show distinct correlation on for EEWH green building performance
(EEWH green building performance: 0.035, reaching the distinct level of 0.05) while show negative
correlation in relation to EEWH performance, which means that: buildings taller than 6 stories have
poor EEWH performance (-0.668), while sustainable building stories have no distinct correlation as
to   SBTOOL   performance.   And   after   judgment   of   the   impact   through  “Rank   Correlation”,   it   is   also  
found that buildings taller than 6 stories have shown distinct correlation only for EEWH (EEWH
green building classification performance 0.036, reaching the distinct level of 0.05), and the
correlation is negative, which means that buildings taller than 6 stories have poor EEWH green
building performance, however, as to SBTOOL sustainable building evaluation classification,
there’s  no  correlation  found.
Table 5 Analysis on the Correlation between the EEWH and SBTOOL Scores and Layers of
Sustainable Buildings
Point-biserial Correlation
EEWH and SBTOOL Scores of Architectural Floors
Type
(1 for 6 floors above, 0
for6 floors the following)

EEWH evaluation

SBTOOL evaluation

Type
(1 for 6 floors above, 0
for6 floors the following)

Green building
type

EEWH

Pearson correlation
1
Significance (Two-tailed)
Sum of squares
2.400
Covariance
0.267
Pearson correlation
-0.209
Significance (Two-tailed)
0.563
Sum of squares
-3.560
Covariance
-0.396
Pearson correlation
-0.025
Significance (Two-tailed)
0.946
Sum of squares
-0.027
Covariance
-0.003
Rank Correlation Analysis
Pearson correlation

1

Significance (Two-tailed)

SBTOOL

-0.209
0.563
-3.560
-0.396
1
121.249
13.472
-0.123
0.735
-0.964
-0.107

-0.025
0.946
-0.027
-0.003
-0.123
0.735
-0.964
-0.107
1
0.508
0.056

-0.356

-0.107

0.312

0.769

EEWH evaluation

Pearson correlation
Significance (Two-tailed)

-0.356
0.312

1

-0.311
0.382

SBTOOL evaluation

Pearson correlation
Significance (Two-tailed)

0.107
0.769

-0.311
0.382

1

5. Conclusions
This study analyzes green building cases in Taiwan and discusses the correlation between
Taiwan’s   EEWH   green   building   cases   and   results   of   SBTOOL   evaluation,   and the following
conclusions are drawn:
(1)
After   exploration   on   Taiwan’s   green   building   cases   of   “Duplex   Houses”   and   “Single-family
Houses”  with  “Point-biserial  Correlation”  and  “Rank  Correlation”,  it  is  found  through  this  study  that  
duplex houses have negative correlation with EEWH and SBTOOL, duplex green building have
poor performance in term of green building, while duplex green buildings have positive correlation
with the sustainability of EEWH and the classification of green building evaluation.
(2)
It is found through this study that buildings taller than 6 stories have distinctive correlation
with EEWH green building performance (EEWH green building performance score: 0.035),
buildings taller than 6 stories have negative correlation with Pearson (-0.668), which shows that
buildings taller than 6 stories have poor performance in EEWH and have no correlation with
sustainable building classification as for SBTOOL evaluation.
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Summary
Although the assessment of environmental impacts of humanitarian operations is just beginning, it
is already becoming a cross-cutting theme. Unfortunately indicators for evaluating environmental
and social impacts are usually not known among humanitarian operators. The objective of
humanitarian aid is to save lives, alleviate suffering and maintain human dignity. All this has
environmental and social impacts. The optimisation between humanitarian aspects, social and
environmental sustainability is often very complex.
After the January 2010 earthquake approximately 80% of buildings were destroyed in Leogane
area. FinnChurchAid, among others, started emergency response that also includes the education
sector. Only half of school-aged children attended classes before the earthquake and numbers
dropped even lower because of the disaster. Reconstruction of schools plays an important role for
the whole suffered community. The way out of poverty starts from school bench.
To enable an inexpensive but multi-beneficial reconstruction process, a new construction method
was developed. It included utilizing recycled rubble and river stones from collapsed buildings. The
carbon footprint of a pilot school has been compared to other construction methods with positive
findings. If this culturally acceptable method proves successful, it can be one of the reuses for the
20 million m3 of rubble that is left after the earthquake.
The Haiti school reconstruction project served as a benchmark for searching a sound solution for
assessing the environmental performance of humanitarian construction. Both quantitative (carbon
footprint analysis) and qualitative methods (BREEAM Education and a humanitarian “Check-list
Based Guide”) were tested in order to define what methodology would best suit to humanitarian
context. Results showed that there seems to be no method that could tackle proper environmental
assessment and humanitarian context simultaneously.
There seems to be a strong need for development of environmental assessment method for
humanitarian construction. Such development should engage key stakeholders in humanitarian
construction sector. Preliminary parameters that would need to be included in such a method are
process speed, low-tech approach, logistical issues in emergency areas, cultural acceptance of the
construction method, suitability for repeated dismantling and the integration of carbon footprint of
construction materials.
Keywords: Haiti, earthquake, reconstruction, rubble, environmental assessment, carbon footprint,
humanitarian aid

1. Environmental assessment in humanitarian construction
1.1

Growing needs for emergency response

The need for humanitarian aid is increasing. According to a recent study “Human tide”[1] by
Christian Aid, the amount of refugees is likely to exceed 1 billion by year 2050. One of the main
reasons is the climate change. Extreme weather and conflicts based on it are forcing great
numbers of people to leave their homes. When the amount of refugees increases, also the
environmental impact of emergency aid increases – unless new emergency response practices
can be developed quickly.
The primary objective of humanitarian aid is to save lives, alleviate suffering, and maintain human
dignity. However, all humanitarian operations have environmental impacts. They, in turn, have links
to global warming, which causes changes in weather and finally results into new natural
catastrophes, e.g. storms, floods, draught etc. The circle is thus closed. To do no further damage –
even in longer time frame – the environmental impacts of humanitarian aid must be analysed and
decreased.
1.2

How sustainable is humanitarian construction?

The scope of this project is in humanitarian construction. In this context it is defined as emergency
response, refugee camps, early recovery, transitional settlement or slum upgrading.
In developed countries it is generally estimated that the construction sector is the largest cause of
greenhouse gas emissions. In Finland, for example, the buildings consume some 40% of energy
and cause 30% of carbon dioxide emissions. These figures are in global perspective in same scale
[2]. Also system boundaries for assessing the ecological sustainability of buildings have been
developed under CEN working group TC 350. They suggest a clear methodological framework for
assessing the lifecycle emissions from buildings.
Sustainable construction should not be a privilege of the rich and educated. It should be
considered as a human right, especially in our era of combating the climate change. However, it is
yet unknown how much the increasing amount of emergency response adds to the burden of
greenhouse gases. Several construction related questions arise. For example:
What is the energy consumption in an average emergency shelter in a refugee camp?
How does the lifecycle carbon footprint in temporary school accumulate?
What is the environmental impact of logistics in rapid response emergency housing?
Are temporary structures recycled afterwards and what happens to the waste materials
from temporary structures?
How does the concept of ‘temporary’ and ‘semi-permanent’ fit to the ideology of
sustainability?
It is not possible to improve the environmental performance of humanitarian aid, if the current
situation is not known.
1.3

Environmental assessment in humanitarian context

Assessing the environmental impacts of humanitarian operations has recently begun. It is
becoming a cross-cutting theme, in a similar way as e.g. gender and HIV/AIDS have earlier
become.
Humanitarian architecture and construction have only a few tools for evaluating the ecological
sustainability, such as Checklist-Based Guide to Identifying Critical Environmental Considerations
in Emergency Shelter Site Selection, Construction, Management and Decommissioning [3] and
WWF Tsunami Green reconstruction guidelines [4]. However, they do not seem to be meant for
assessing the carbon footprint and both are very general in their approach.
On the other hand, nearly all western donor countries have well-defined environmental legislation

for construction – and it is evolving more and more ambitious. Also several well-known voluntary
evaluation methods, such as LEED, BREEAM, and DGNB have been developed. If donor
countries act logically, same sort of environmental care is likely be taken in humanitarian
construction projects as in typical western projects.
Current focus seems to be shifting from the evaluation of energy efficiency during the service life of
a building to evaluation of carbon efficiency during the full life cycle of a building. This is due to the
fact, that e.g. EU has set goal to achieve near zero energy construction by 2020 in its member
states. When buildings have annual net zero energy demand, other parts of their lifecycle become
responsible for their carbon footprint. Transparent methodologies, databases and tools for such
evaluation are in development process in the working groups of CEN.
Key problem that hinders the use of previously mentioned indicators in humanitarian context
seems to be that it is not known how relevant they are in the very complex humanitarian
construction processes. Furthermore, the use of such indicators may seldom be required in the
receiving country or its government has no capacity to oversee these issues.

2. Recycling and reconstructing at Haiti
2.1

The earthquake in short

On 12th of January 2010 a catastrophic earthquake hit Haiti. Its epicentre was near Leogane, a
town approximately 25 km west of the capital, Port-au-Prince. According to the Haitian government,
some 316.000 people were killed, 300.000 injured and over 1.5 million left homeless. They also
estimated that 250.000 residential buildings and 30.000 commercial buildings were either
collapsed or seriously damaged. Among these were some 4.000 schools. School attendance rate
in Haiti was below 50% before the earthquake. Afterwards it is even lower. However, education is
considered to be key strategy in long-term development towards better society in Haiti.
FinnChurchAid (FCA), among others, started its emergency response. In field assessment the
education sector was chosen to be one of FCA´s focus areas. FCA distributed 120 temporary class
room tents, built 120 temporary plywood class rooms and started planning the reconstruction of
schools.
2.2

Rubble – a raw material in disguise

The earthquake left Haiti with approximately 20
million cubic metres of rubble: crushed concrete,
broken tiles and natural stone from collapsed
buildings. It needs to be cleared away before
reconstruction can be completed. Debris blocks
roads and narrow alleys in the capitol Port-auPrince and makes it either difficult or impossible
to access certain areas with trucks or machines
needed for reconstruction. UNDP has launched
a debris management programme for 2010 –
2012 [5]. The official debris management
infrastructure was very poor before the
earthquake. It has no capacity to deal with the
current situation. Clearing away the rubble is
also tender issue. Great number of bodies lay
buried under collapsed buildings and local
voodoo-based fears of corpses add complexity
to the problem.
Image 1: Rubble-filled street in Port-au-Prince

2.2.1 The construction system in brief
To tackle two issues simultaneously – reconstruction and debris management – Kombi Architects
developed for FCA a construction method that utilises the rubble. The initial idea was to fill gabions
with rubble and use them for permanent schools. Functionally these schools were to serve as
emergency shelters or clinics in possible future catastrophes. Along the design process, three
alternative construction methods have been studied:
1) gabions filled with rubble
2) rubble masonry
3) crushed rubble as concrete aggregate
To select the most suitable alternative for the reconstruction project, a workshop on field was
carried out with project architects, engineers and contractor. As a result, most feasible and
culturally acceptable method for reconstruction seemed to be using recycled rubble in masonry
reinforced with concrete columns and beams. Using rubble enables recycling and debris
management near school sites. In addition, it makes it easy to engage inexperienced labour in
cash-for-work programmes. Using reinforced concrete adds required durability and structural
safety to the building. It proved to be quite difficult to assess the structural capacity of a building
made fully of rubble due to the heterogeneity of the material.
The idea of rubble masonry can be applied also to rural areas, where timber and stones have been
mostly used materials, and the rubble can be replaced by river stones. Many of the rural buildings
have walls with thickness of 500-800mm, providing large amount of masonry material for these
sites.
Building with rubble has several advantages: It is available for free. It gives a good opportunity to
engage inexperienced labour for cash-for-work projects, which are commonly recommended for
communities hit by disasters. Furthermore, rubble is ecological building material because it is fully
recycled. In addition, rubble buildings can be finished to meet high aesthetic requirements,
because the recycled debris is inside rendered or clad structures.

Image 2. The building method
consists
of
load-bearing
concrete frame that has infill
made of either rubble-filled
gabions or rubble masonry.
Roof and foundation are typical
and do not differ from
conventional
construction
methods.

Image 3. Working with
rubble and gabions is
simple and makes it
possible to offer jobs
at construction site for
nearly all.

3. Searching the methodology for environmental assessment in humanitarian construction
3.1

Needs and challenges

As shown earlier, environmental assessment is becoming a necessity in humanitarian operations
as well.
In this project we were testing quantitative and qualitative methods in Haiti school case.
Quantitative methods refer here to simplified carbon footprint analysis and quantitative methods
refer to implementation of BREEAM Education and Check-list Based Guide for .
Quantitative assessment has exact nature. It allows direct comparison between e.g. products or
buildings – if the environmental database is reliable and functional assumptions have been
correctly placed. Quantitative environmental assessment requires thorough background
information to start with. Qualitative assessment is subjective from its nature. It is harder to exactly
tell differences between e.g. buildings that score equally good in BREEAM assessment. On the
other hand, qualitative assessment can be convenient to implement, even by field assessors who
may not be familiar with quantitative assessment requirements.
3.2

Qualitative assessment test of carbon footprint

Carbon footprint (CFP) assessment for products is defined in standard ISO 14067 [6]. In spite of its
global character, it seems most suitable for assessment in closed and predictable systems.
Humanitarian operations seem to have many missing gaps before reliable CFP analysis can be
carried out. This can be assumed to be mainly due to 1) the lack of information and know-how that
is normally present in conventional construction project and 2) the nature of emergency work in
which saving human lives and alleviating suffering is rightly regarded as the main agenda.
We estimated the CFP of the construction materials in the building frame. Our assessment omits
construction work, logistics, service life and after use phase. The reasons and remarks are given
below.
3.2.1 Logistics
Logistics seem to be very hard to assess from CFP viewpoint. After the earthquake many roads in

Port-au-Prince and Leogane were either totally or in part blocked with rubble. Given the already
poor condition of roads, this caused significant traffic jams. For example, travel time from FCA
office to school building site in St. Matthieu is only around 30 km but it could take over 3 hours to
get there. Furthermore, demonstrations cause extra logistic problems as trucks may need to find
alternative routes around the city. In addition, the vehicles used for transport may need to operate
on available fuel mixes that are not standard and thus the emissions cannot be verified. It seems
that logistical assessment would need a model of its own in which all irregularities and exceptions
linked with emergency and conflict situations are taken into account.
3.2.2 Construction materials
The easiest part to assess proved to be construction materials. The building was designed with
computer using Building Information Modelling (BIM) that allows the designers to keep track on
amounts of each material in the building.
However, the use of BIM seems to be too sophisticated in humanitarian projects for other than
research and analysis purposes. The few operational construction companies in Haiti do not use
BIM. Furthermore, the international design team that included architects from Finland, structural
engineers from Canada and Finland and water/sanitation experts from Norway does not have any
agreed design policy that could give ground for utilising BIM.
Material masses were given CO2 equivalent figure for their functional units. These figures were
mainly gathered from Finnish sources (RT). Calculations showed that the total carbon footprint for
a three-classroom pilot building was 40.918 kg of CO2-eq. It consisted of a CO2 emissions of
52.033 kg and carbon sink of 6.899,5 kg (timber roof trusses). The division of CFP per building
parts is shown in the following chart.
Main sources of CO2 emissions are the
foundation and corrugated metal roof
cover. The latter is explained by the
assumption that roof cover would require
change three times during the estimation
period of 100 years. Haiti suffers from
yearly tropical storms and hurricanes.
Although the roof is hurricane safe and
does not fly away, it will eventually get
damaged in strong hurricane winds.

To compare the CFP of the building, two benchmarks were set. They had the same design and
functional properties including structural safety, but had different structures. Benchmarks were
concrete blocks and red clay bricks. The difference in their CFP can be seen in the following chart.

Concrete blocks

Clay bricks

Recycled rubble concrete

Recycled rubble concrete masonry
performed best. This is due to the large
amount of recycled rubble in the walls.
They were not calculated into CFP, but
their theoretical carbonisation effect was
not taken into account either.
There were challenges in assessing the
CFP of construction materials. Country
specific material production data was not
available from Haiti and that is likely the
case in other developing countries as well.

For example, energy mixes in construction product manufacturing are not know, nor the basic
environmental product data. Raw materials and their consistency in construction products may
differ. For these reasons the CFP assessment is only general and cannot be considered reliable in
scientific meaning.
3.2.3 Construction work
To assess the CFP of construction work would require information about the use of energy
(electricity, petrol etc.) and modelling of the indirect factors, such as traffic to work, personnel
facilities and so on. In St. Matthieu most of the work was done manually. This choice was made
because machines are very hard to get after the earthquake and because manual work enables
local community to participate and get jobs easily. It can be assumed, though, that the CFP of
construction work is lower than in typical “western” projects. This is mainly due to the amount of
manual work.
3.2.4 Service life
The service life phase of reconstructed schools plays in the foreseeable future very little role in the
lifecycle emissions. This is mainly due to the extreme low-technology nature of the buildings. There
are no typical buildings services (HVAC) that could be assumed from buildings in tropical climate.
There is no cooling, heating or machine ventilation. Solar panels provide electricity for the limited
amount of energy that is required in the school kitchen is produced locally with biogas collector
tank installed in school latrines. The biogas system is also low-technology solution, and requires
limited amount of annual maintenance.
3.2.5 After use
The after use phase was not assessed. This choice is based on the unclear situation of debris
management in the country. The infrastructure is so badly destroyed, that it is impossible to predict
into which direction the debris management processes and regulations will evolve. Thus it is not
possible to estimate the use of each construction waste category.
3.2.6 Summary of quantitative assessment test
Quantitative carbon footprint assessment in humanitarian context has at the moment too many
gaps. It is not reliable and gives only indicative results from certain phases of lifecycle. However, it
can provide good results if it is intentionally used only for e.g. benchmarking different construction
materials or products. There is clear need for further research and field analysis for quantitative
background data.
3.3

Qualitative assessment test

Haiti school prototype was analysed with the following environmental assessment methods:
BREEAM Education
Checklist-Based Guide to Identifying Critical Environmental Considerations in Emergency
Shelter Site Selection, Construction, Management and Decommissioning
BREEAM is globally acknowledged qualitative assessment method. It was interesting to see how
well it could adjust to humanitarian context, although it is not intended for such use. The Check-list
Based Guide, on the other hand, is a good example of a qualitative assessment tool that has been
generated within the humanitarian community. The curiosity was to see how well it performed when
benchmarked against mainstream assessment methods, such as BREEAM.
3.3.1 BREEAM Education
As pre-assumed, majority of the criteria given in BREEAM Education do not have an impact in the
context of humanitarian construction. Majority of the criteria (88%) had no relevance in
humanitarian context. The results of the analysis are shown in the following chart.

Despite the fact that BREEAM Education has hardly
anything to offer for humanitarian use, it has
potential in the future. Established environmental
assessment methods could be developed to suit
humanitarian context. If they would gain ground
among the NGO´s working in disaster areas in
developing countries, that could enable their
implementation in the local normative environment
as situation stabilizes and normative development
goes on. International experts and NGO´s are
commonly participating to such work.
3.3.2 Check-list Based Guide
The Check-list Based Guide has been developed by Benfield Hazard Research Centre in
cooperation with humanitarian organisations, such as CARE, UNEP, OCHA and Catholic Relief
Services. It is meant to “provide an easy-to-use way to assess whether environmental issues have
been appropriately addressed in emergency shelter efforts” [3]. It has four categories for
assessment: Site selection, site construction, site management and site decommissioning. These
include total 57 individual criteria. Without knowing the development process and prioritizing, this
tool seems to have quite different meaning for “environmental assessment” than e.g. LEED and
BREEAM. The Check-list Based Guide seems to focus more on general quality, ownership and
security issues. The best match for these is in social sustainability principles. Although the later
draft for EN standard that defines the parameters for assessing social sustainability, prEN 15643-3,
suggest quite different range of parameters to be assessed [7].
Too see how well the Check-list Based Guide would perform in “western” environmental
assessment, we analysed how many of its criteria have an impact to the CFP of a building. We
understand that the tool is not meant for that use, but still it is interesting to see what role in
assessing e.g. global warming potential this tool has. Because the Check-list Based Guide has
been labelled as “environmental” assessment tool, it should give results that can be understood
among environmental researchers as well.
The results are shown in the chart on the left.
Majority (65%) of criteria had no impact to CFP. The
strength of the Check-list Based Guide is in its strong
humanitarian starting points and aspects of social
sustainability. It could thus be a fruitful component in
possible future development of an advanced
environmental assessment tool for humanitarian
construction sector.

3.3.3 Summary of qualitative assessment test
There does not seem to be a tool that would be capable of assessing the basic environmental
assessment criteria and humanitarian context at the same time. However, duplicate assessment
work should be avoided, especially in the demanding work field of humanitarian construction. The
development work for an integrated tool could be made for example under the mandate of UNEP
or UNDP and carried out in multi-professional collaboration.

3.4

Classical sustainability benchmark of recycled rubble construction method

The sustainability of the chosen construction method can be benchmarked against the classical
three categories of sustainability as follows:
Ecological
sustainability
Economical
sustainability
Social sustainability

recycled building material
comparatively lower carbon footprint than with other similar
construction methods
long service life (over 100 years for building frame)
significant cost savings for material transportation
low maintenance solution
materials locally available
supporting local masonry traditions
cultural suitability and increased ownership status for the buildings
suitability for rural and urban settings for variety of infrastructure
purposes

3.4.1 Economic impacts of recycled rubble masonry
Logistics in Haiti remains a challenge, particularly in mountainous areas. Annual rainy seasons
often cut access to remote locations restricting movements greatly. Biggest cause of project delays
is delays of material transportation. To this issue, recycling as much as possible from the buildings
sites is a valid solution.
Recycled rubble masonry will have a significant positive impact on project budgets on sites, where
sufficient amount of rubble or river stones is available.
3.4.2 Social impacts of recycled rubble masonry
Rubble masonry is easy-to-understand methodology in Haiti. Recycling, however, is a new concept
to many. Only masonry techniques are amended, but the idea remains same as throughout the
history. This provides a practise based opportunity to learn and understand safe construction
methods and for many to update their existing skills. Based on findings from the FCA school
project with rubble masonry, understanding of the used techniques increases the feeling of
ownership. Maintenance requirements as well as identification of elements requiring maintenance
are clearer and more easily implemented.
Social impact will extend to environmental awareness and basic understanding the ideas of
recycling. In urban areas of Haiti, where concrete was the main building material for the last 70
years, rubble from damaged buildings is easily available.

4. Development criteria for future
4.1

Sustainability for all

Sustainable living should be an option for everyone. Various sustainability indicators are built in the
construction legislation in the EU. This is not the case in most developing countries. When
developed and developing countries work together in humanitarian construction projects,
sustainability should be addressed in an optimal manner. Donor organisations should bear the
responsibility in including sustainability criteria in their funding policies and criteria. However, this
requires that the criteria are set in an internationally acknowledged way. It calls for cooperation
between humanitarian organisations, researchers, construction sector and governments.

4.2

Suggested preliminary parameters for humanitarian environmental assessment

To begin with, the following quantitative and qualitative parameters seem to be necessary to be
studied further in larger consortium:
Quantitative

Qualitative

Process speed should be included in lifecycle assessment.
Humanitarian operations are often a race against the clock.
Process speed should include material/product delivery,
construction time and logistic time.
Service life assessment criteria should be modified to better suit
into a low-tech approach. For example, window glazing may not
be used and that makes e.g. air tightness an unnecessary
parameter to assess.
Logistic assessment requires an approach of its own. Logistics in
humanitarian projects may be extremely different from “western”
projects.
Suitability to local or vernacular building culture should be
included in the assessment. Solutions should match to their target
area so that they do not appear too “western”.
Ownership of the buildings should be developed starting from the
commissioning phase. This ensures that the building will enjoy
good public acceptance and risks of vandalism are smaller.
Suitability for dismantling and re-use should be included in
assessment. Buildings or parts of it may be moved several times
during its lifespan.
Low-tech and robust solutions should be an integral part of any
technical assessment of the building. Spare parts, advanced tools
or even electricity may not be available when the building needs
to be maintained.
Carbon footprint figures for at least construction materials (per
functional unit) and service life of the buildings should be included
in qualitative assessment too.

It is important that the above mentioned criteria are verified with broader selection of case project
before they are taken forward. Furthermore, western qualitative assessment methods, such as
BREEAM, could be developed for humanitarian use by including the above mentioned themes.
Quantitative assessment of e.g. CFP could be included into the categories of qualitative
assessment methods and given proper weighting.
4.3

Known challenges in environmental assessment in humanitarian context

4.3.1 Different approaches
Humanitarian priorities should override all others in emergency phase. But in reconstruction phase
economic aspects are essential. These two can sometimes be in collision course. If a third
approach, ecology, is added, the formula becomes even more complex. In all these approaches
measurable safety and quality standards should act as indicators directing the decision making.
4.3.2 Cultural differences
Cultural differences between countries vary greatly. Adding the differences rising from different
developmental levels increases the risk of misunderstanding, project failures and ideology where
developed countries often provide solutions and technology they have - instead of responding to
the need and preferences of the beneficiary countries. In humanitarian context, if infrastructure and
built environment is designed in another country without in-depth cultural analyses and local
consultation, the risk of project failure is high.

Cultural misunderstandings can be avoided by offering the beneficiaries a change to participate on
each stage of the project cycle, from planning to monitoring phase. Once cultural and local
preferences have been integrated to the building method (recycled rubble masonry) design work
should start.
4.4

The way forward

The project continues now with a discussion among the stakeholders of humanitarian construction
sector. The goal is to achieve a common starting point and goal for the development of
humanitarian environmental assessment method that would be recognized and used by all key
organisations and parties.
In conclusion,
there should be more advocacy on local level regarding sustainability,
the lessons learned from the piloted rubble masonry projects and similar cases should be
taken into analytic development of humanitarian environmental assessment tool and
the potential of environmental assessment and carbon footprint optimisation should be
disseminated amongst humanitarian organisations.
As recently emphasized, both climate change and increased number of natural disasters are
partially linked to human activities. Overpopulation and failure to grow sustainably contribute to
both. Overpopulation forces people to move into risk areas which are prone to hazards and this
creates vulnerable and tensely-populated communities. Whereas many tensely-populated areas
fail to function sustainably, they contribute to both, climate change and to risk of natural disasters.
Climate change increases the amount of humanitarian help needed. Now the humanitarian sector
should respond to this demand in a way that decreases the causes of climate change in the long
run.
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Summary
Summertime energy-saving in building design is a very important goal in today professional
practise. Hence, a new approach in architectonical design is needed, focusing on the passive
cooling strategies that have spread in hot-climate geographical contexts. The present work is
aimed to study the architectural features of cooling technologies focusing on the connections
between physical parameters, external climatic conditions and indoor microclimatic conditions. For
this purpose, the wind tower technologies have been chosen as study-case and have been
investigated putting attention on the badgir structure.
Keywords: natural ventilation, badgir, wind tower, passive cooling.

1. Introduction
1.1

Fig. 1 Traditional badgir

Historical overview

Wind tower technology belongs to the traditional architecture of the
Middle East Countries, especially Egypt and Iran. Indeed, in hot climate
context wind towers were traditionally used to provide natural ventilation
in buildings. They have spread where, due to different reasons, the
openings in the building envelope were not enough large to enable
airflow coming inside the building. Hence, wind towers were used to
provide natural ventilation in indoor spaces without compromising the
solar protection issues and without compromising the privacy needs
inside the building. In spite of these common purposes, traditional wind
towers were characterised by very different architectonical features, in
accordance with the specific geographical and climatic context.
In the literature in the field of architecture, a morphological classification
has been introduced distinguishing badgir tower from Iran and malqaf
tower from Egypt.
This classification matches the functioning one in which traditional wind
towers are classified into three main types:
- airflow uptake tower (wind catcher), malqaf;
- airflow extracting tower, badgir;
- tower designed to function both in uptake and extracting modes, badgir.

1.2

Badgir traditional design

Badgir towers had spread overall the Ancient Persia territory (today Iran) that is characterized by
different climate contexts; at the same time, they were used in civil building but also in many other
kinds of building (mosques, water tanks,...). All this facts explain the tower variable design recorded in the historical overview. According to the duct design three main types of tower have
been distinguished (fig. 2):
- single duct tower
- double duct tower
- multiple duct tower.
Generally, all towers have been built
by masonry structure with high thermal mass properties and they were
wind orientated according to the desired functioning mode.
The most common badgir is characterised by single or double duct,
while the multiple duct tower was
used mainly in religious buildings.
Fig. 2 Tower duct with different shape could be distinThe single duct towers were used
guished. Inner wall could be introduced to dived the
where prevailing wind are recorded
duct into many part to face the wind direction variaand they are characterised by upbility.
wind-orientated openings with a
curved fitting design. Instead, where
upper-openings is downwind orientated they usually have a 90° fitting design.
Other kinds of badgir with double or multiple ducts were used in geographical context characterised by wind direction variability. The double and multiple duct ends respectively with two or more
upper-openings to guaranteeing natural ventilation inside building for most of the time, even when
wind changes its own direction. In this way one or more upper-openings, characterised by a
90°fitting design, are downwind orientated while the others are upwind orientated. Finally, in all the
cases, the bottom-opening is directly connected with the indoor space to be cooled.

2. Wind tower physical analysis
2.1

The analysed model

Starting from the historical overview,
a general model was used as study
case (Fig. 2). 5 point have been
plotted into the scheme to identify the
main control-sections in the tower
system:
- point A1,0 and B2,0, that represent
the external air conditions at the upopening and bottom-opening levels;
- point A1 and B2, that represent the
duct air conditions at its ends;
- point B2,1, that represents the air
conditions at the exit opening plan.
Downwards flows are assumed to be
positive in the analysed model and
the action of each force on the
Fig. 3 Analysed model
control
sections
were
firstly
considered separately and then
resumed, adding the energy losses, to identify the functioning mode of traditional wind towers and
the architectonical features influencing it. From a physical point of view, two study-cases are

introduced: tower with up-openings oriented towards the prevailing winds (case 1), tower with upopening oriented in the opposite direction of prevailing winds (case 2). Hence according to its
characteristics badgir-tower could fall both the two study-cases.
2.2

Physical principles

In spite of their design, all wind towers are subjected to the same system of forces producing
different status of pressure in the duct ends. Generally the forces driving naturally airflow are:
a- wind stress (!PWS);
b- pressure-gradient force (!PPG);
c- buoyancy force (!PBF).
The comprehensive pressure drop driving the airflow is then calculated by:

"Ptower = # m

!

vA 2 $ vB 2
+ (PA $ PB )+ ( # A $ # B )hg$ % PL, tot
2

(1)

where "A and "B are the airflow velocity respectively at the duct inlet and outlet sections; PA and PB
are the pressure status due to the vertical pressure gradient; #m, #A and #B are respectively the
average air density and the air density at the inlet and outlet duct sections; h is the length of the
duct and g represents the gravitational force. Also the comprehensive and localized energy losses
($PL,tot) have been taken into account, considering both the duct and the openings design.
Each force generates an upward or downward airflow inside the duct in accordance with the values
of physical parameters involved in the phenomena, consequently their sum determine the
functioning of the tower:
ab2.3

airflow uptake tower (wind catcher)
airflow extracting tower

"Ptot = "PWS + "PPG + "PBF # $PL,tot > 0 (Pa)
"P,tot = "PWS + "PPG + "PBF # $PL,tot < 0 (Pa)

Comfort provision

!

In the same model two other points have been plotted to identify the main control sections at the
!
tower opening plan (B2,1) and at window plan (B3). In this way, the model allows also to evaluate
the indoor airflow velocity considering the !PPG and !PBF are null hence the two points are at the
same high. Then the indoor airflow velocity is:

v indoor = Cd

!

(2)

where Cd is the discharge coefficient and !Pindoor is the pressure difference between the two
control section considering only the wind stress and the energy losses.
Varying the indoor airflow velocity from 0.5 to 3.5 (according to comfort need) it is possible to
evaluate the flow velocity at the tower opening and consequently the needed pressure drop inside
the duct by:
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In that way, two !Ptower limit are introduced as the maximum and the minimum value of pressure
drop inside the duct that allow to achieve the
! comfort velocity inside building.

3. Results
3.1.1 Functioning mode
When upper-opening are downwind orientated, all the three stresses are negative hence the tower
works always in extracting mode (Fig. 4). Indeed, when wind impacts with the tower outline, it generates an eddy at the downwind section reducing its own velocity and changing in its own
direction: !A is less than !B and then the wind
effect in the duct is a negative flow. At the
same time, the wind action produces a pressure drop on the tower downwind opening
section increasing the "PPG value which effect
is plotted in function of wind speed in figure 4
considering three different tower heights.
Hence the resulting !PPG must be increased
according to the pressure value.
When upper-openings are upwind orientated,
the "PWS is positive and the other two stress
are mainly negative quantities (Fig. 5). This
means the tower works in up-take mode
Fig. 1 Duct pressure drop varying the external
according to the reciprocal values of the three
air speed necessary to assure comfortably
stresses. In particular the wind stress is
airflow inside buildings in extracting tower
affected by the airflow speed, the pressurenecessary.
gradient force by the tower height and, finally,
the buoyancy force by the tower height and the air temperature difference inside the duct. For this
reason three possible temperature drop between the duct ends has been considered in the
diagram. At the same time energy losses at the inlet section have to be prevented. The energy
losses due to upper-opening design are plotted in the diagram in figure 5 where is clearly evident
how a 90° fitting type is to avoid in up-take functioning.

Fig. 4 Pressure difference due to the wind stress (positive values) and to tower height (negative
value). The effect of buoyancy force has been assumed negative considering three different
temperature drops between the duct ends. The continuous lines represent the effect on pressure
in point A1 of wind stress in the upwind section. The effect has to be added to the total

Fig. 2 Pressure difference due to the wind stress (positive values) and to tower height (negative
value). The effect of buoyancy force has been assumed negative considering three different temperature drops between the duct ends. The continuous lines represent the effect of different fitting
type in terms of Pascal.

3.1.2 Badgir analyses
The most common badgir-building has been chosen for
the physical analysis. The badgir is part of a larger
residential building and is directly connected to the
indoor space to be cooled. A duct divided into two parts
by inner walls characterizes it. Consequently, two
upper-openings, characterized by a 90° fitting type,
have to be distinguished and were introduced to face
the change in wind direction. At the same time, the
airflow breaks hitting the tower profile and thus
generates two eddy at the upper-opening sections.
This phenomenon leads to an eddy that prevent air-flow
coming in/out from that duct. At the same time the eddy
in the downwind section improve air extraction from the
downwind duct. The duct works in extraction mode.
Fig. 4 Case study
Hence, in the downwind duct the wind stress produces
a negative value that contributes to air extraction work but the value of wind speed at the
downwind upper-opening is almost unknown and difficult to assess. While in the upwind duct the
inlet energy losses and those due to the change in wind direction are most relevant with respect to
the wind pressure and for this reason the upwind duct doesn’t work at all.
Finally, the !PBF could be positive or negative according to the temperature difference between the
outdoor (upper-opening section) temperature and the indoor (bottom-opening section). In hot dry

Fig. 5 Pressure status in the ducts.
3.2

climate where temperature falls down during
the evening hours and
where building are built
by high mass masonry
structure,
the
!PBF
effects is positive during
the day and negative
during the night.

Conclusion

Starting from the initial assumptions, the present work allows understanding the main physical
parameters that influence wind tower design and functioning. The results can be used as a presizing method, even if further analyses are needed from a comprehensive point of view. Research
developments can regard the study of material influence and tower exposure to sunlight influence
on the temperature trend inside the duct and, consequently, on the buoyancy actions. At the same
time more complex building systems could be analyzed by means of CDF simulations to find out
some relations between the indoor pressure status and the baric gradient stress.
3.3
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Summary
The growing necessity to save material and energy resources, together with a growing concern
over the environmental issues, are impelling to solutions that present a minimal expression of the
materials and products used. This is particularly relevant to the interior partition walls that have a
high contribution to the environmental impact of buildings, although these elements are easily
reducible. Another aspect is that a great portion of housing designs are not flexible in use and
therefore they are not suitably adjustable to the permanent updating of life-styles and variations on
the composition of the households. Although there are some lightweight building technologies, in
most cases the construction practice in Portugal makes use of heavyweight and static partition
walls. This problem reveals to be of particularly importance in the refurbishment phase of existing
buildings, but also when it is necessary the rethink of the interior spaces in the operation phase.
The aim of this paper is to analyse the environmental, functional and economical performances of
a conceptual lightweight sandwich membrane partition wall and to compare it with two technologies:
i) the heavyweight conventional partition wall (hollow brick wall); and ii) the lightweight reference
gypsum panels wall (plasterboard wall). This paper will be focused in the advantages of the
lightweight partition walls and may contribute for the development of new partition wall
technologies. The comparative evaluation of these solutions will be based on a standard Life-cycle
Assessment method.
A lightweight interior partition walls is certainly a wiser option in many situations as it can be more
flexible and even portable, in some cases, as well as having a lower environmental impact in a
Life-cycle Assessment (LCA), as it will be demonstrated in this paper. The lower quantity of
materials used in lightweight solutions allow a lower specific embodied energy and other more
favourable environmental impact indicators. The reduction of material inputs to the minimum is a
way to achieve higher eco-efficiency in a building and thus open the road to more efficient interior
partition systems.
Keywords: Life-cycle assessment; interior partition walls.

1. Introduction
A partition wall is a thin element built to divide the indoor space into rooms or other compartments.
Generally, partition walls are non-load bearing. For a load-bearing wall, strength is an important
factor of design; a partition, on the other hand, needs only to be strong enough to support itself
under normal conditions of service. The main structural requirement of a partition wall is to have
the necessary strength to support a surface suitable for decoration and the accidental impacts
resulting from the occupation of the building. Weight plays an increasingly significant role when it
comes to the environmental impact of a
building. Lightweight constructions require
Floor finishings
less material, save fuel on transport to the
building site, and can be designed with
smaller assembly fittings [1]. Addis &
Suspended
Others
Ceilings
Schouten [2] refer that partitions have
emerged as building sub-systems, as result
of several factors, including the development
Kitchen furniture
of frame construction where internal walls are
no longer required to have a load-bearing
Internal
partition walls
function. Due to emergent aspects like - the
Windows/ doors
speed of organisational and technological
change; the increased number and
complexity of services to be accommodated;
Fig. 1 Environmental impacts from materials use
quality and aesthetic issues and the need for
on non-load bearing construction elements of a
acoustic
separation
of
areas
the
typical house over 60 years adapted from [2].
contemporary internal partition walls present
new requirements.
The life-cycle environmental impacts of an internal partition wall solution result directly from the
attributes of the used materials, such as its initial embodied energy, its thermal properties, and
from the way the solution is built and maintained. Interior partition walls have the higher
contribution to the material inputs, when compared to other non-load bearing construction
elements, as it can be seen in Fig.1.
1.1

Performance - Heavy and static versus lightweight and movable partitions

At the functional level, a relevant advantage of a lightweight partition wall system is its lower
thickness when compared with the heavyweight conventional system. This propriety allows
maximizing the net floor area of a building. At the moment, the challenge is to develop a thinner
lightweight partition system (that could be easily moved and disassembled in order to promote the
flexibility in the use of the indoor space) without compromising the mandatory and necessary
functional requirements for a partition wall. Based on state-of-the-art, next paragraphs will present
the main functional pros and cons of using lightweight partition walls.
1.1.1 Functional and environmental performance
Sound insulation is an important requirement in the design of internal walls. Apart from the walls
separating different dwellings, also the partition wall separating two adjoining rooms must provide a
barrier for airborne sound transmission. As airborne sound insulation is quite dependable on the
mass, light and thin partitions often raise problems of sound insulation. Use of fibrous material in
the interior of lightweight partitions is the most common way to overcome this problem.
Most of the residential buildings in Portugal have medium or strong thermal inertia [3]. According to
the conventionally used building technologies, in an up to three bedroom typology dwelling, strong
thermal inertia could be achieved just by using conventional heavyweight thermal mass external
walls, pavement and ceiling slabs with 150kg/m2 each, as it can be seen on Table 1. Therefore it is
not necessary to have high mass partition walls to achieve a strong thermal inertia. Only the
typologies with more than three bedrooms will achieve a medium thermal inertia in this scenario.

Table 1 Class of Thermal Inertia of a Dwelling [3].
Mass for Habitable Square Meter [kg/m2]
It< 150
150 It 400
It> 400

Inertia
Weak
Medium
Strong

In Portugal, most of the dividing walls are heavyweight, made of hollow brick and cement based
mortar. This solution presents a specific weight near the thermal inertia indicative value of
150kg/m2 but represents a solution that in terms of environmental performance, has an higher
embodied energy, requires significant transport costs, high loss factors and lack of flexibility due to
its impossible reuse and recyclability scenarios. Previous studies made by Addis & Schouten [2]
concluded that lightweight framed partitions are better than heavyweight masonry walls in terms of
environmental performance. Production of plasterboard panel partitions use less material and
energy per square meter than hollow brick partitions.
Some partition wall technologies can be reused. It is possible only if they can be removed from
ceiling and floor connections and if installations are not integrated into the partition. Four basic
steps should be considered to maximise value at deconstruction of internal partition walls such as:
1) using materials that are both cleanable and durable; 2) standardise grid sizes and elements in
partitions; 3) simplify attachment using clipping mechanisms; 3) eliminate fixings that perforate the
elements; 4) ensure that installations are not embedded.
1.1.2 Flexibility
A great portion of housing designs are not flexible in use and therefore are not adjustable to the
constant updating of life styles and variations of the households. The conventional practice uses
heavyweight and static partition walls and therefore it is difficult to rethink the use of indoor spaces.
This problem reveals to be especially important in the refurbishment phase of existing buildings,
but also when new buildings are designed. Construction and mainly the housing sector consume
big quantities of materials and result on big quantities of waste according to Mateus & Bragança [4].
Therefore, for an efficient construction system, it is necessary to use pre-fabricated elements that
facilitate assembling and disassembling. According to Tichelmann & Pfau [5] these building
elements were underestimated in the past. These authors forecasted that the vast majority of
buildings erected between 1950 and 1995 will become unusable in the long term and will become
increasingly difficult to let or sell. Small-format interior layouts acceptable in those days are no
longer popular within present users. Changing room sizes means expensive intervention in current
buildings. Flexibility from housing spaces can increase the lifetime of the building, extending
materials life- cycle. Flexibility can be achieved through neutral and polyvalent spaces – passive
flexibility – or through mobile elements that allow the transformation of the housing unit – active
flexibility. The second strategy can allow daily, seasonal or annual transformations of the housing
unit that increase its adaptability to the user and its changeable needs. This represents saving
energy and resources, since people can use their home during larger periods of time. In light of
this, housing design and construction must embody this adaptability in order to remain updated
within the overall sustainability framework.

2. Analysed partition walls technologies
This study compares a conceptual lightweight sandwich membrane partition wall (LSM) with two
solutions: i) the heavyweight conventional masonry partition wall (HCM) in Fig. 2a); and ii)
lightweight reference plasterboard partition wall (LRP) in Fig.2b). These solutions have two
considerable differences: the weight and the type of building technology. The heavyweight
conventional masonry partition wall (HCM) is made of juxtaposed units of brick joined with Portland
cement mortar. The most common interior partition system in Portugal is a single wall made of
hollow brick units (0.30x0.20x0.11m), coated with a 0.02m thick cement plaster on both sides,
which results in a total wall thickness of 0.15m and in a total specific weight of about 150kg/m2 (Fig.
2). The ceramic hollow brick units have horizontal holes and present a regular geometry with four
striated sides which allows a good adhesion of any type of finishing.
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a) HCM
b) LRP
Fig. 2 Horizontal sections of interior dividing wall technologies.
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The installations are placed after building the wall and before the plaster, through the execution of
grooves that accommodate the installations and that are afterwards filled in with mortar. This phase
produces more material wastes, as it can be seen on Fig. 3, when compared with the lightweight
reference plasterboard partition.

1.

2.

3.

4.

Fig. 3 Placing the installations in a masonry brick wall (1, 2) and in a plasterboard wall (3, 4).
The lightweight reference plasterboard partition wall (LRP) is the lightweight solution that is
normally used in alternative to the conventional one in Portugal. It is a technology based on
plasterboards supported in a cold formed galvanized steel structure (Fig. 2b)). This structure is
based in profiles placed vertically and fixed to two horizontal bars attached to the floor and the
ceiling. Installations (e.g. water pipes and electrical cables) and the necessary acoustic and
thermal insulation are placed in the gap between the plasterboards.
The conceptual lightweight sandwich membrane partition wall (LSM) is a technology under
development within a project of R&D at the University of Minho. This solution is made of double
layer of a PVC membrane (0.001m thick) fixed into a cold formed galvanized steel structure and
filled with an insulation material, as rock wool. This solution is similar to the LRP, except for the
coating that in this case is made of PVC.

3. Life-Cycle Assessment (LCA) methodology
The life-cycle assessment is based in the Methodology for the Relative Assessment of the
Construction Solutions Sustainability (MARS-SC) [4]. In this methodology, the performance of the
solution under assessment is compared with the locally most used solutions –
conventional/reference solutions. This methodology is based in three groups of indicators:
environmental, functional and economy. The steps of assessment of MARS-SC will be briefly
presented in the next paragraphs.
3.1

Boundaries and Functional Unit

At this stage, the results will include the embodied environmental impacts (cradle-to-gate) of the
compared partition wall solutions plus the environmental impacts resulting from the transportation
of the materials to the building site and their assembling. Nevertheless with MARS-SC it is possible
to assess all different life-cycle stages of a solution. The functional unit depends above all in the
goal of the assessment. In this study, the functional equivalent is 1 m2 of wall that fulfils the
minimum functional requirements for a partition wall.
3.2

Indicators

The considered environmental impact indicators are based in the Life-Cycle Assessment (LCA)
method. This method is a systematic approach to measuring the potential environmental impacts
of a product or service during its life-cycle. An LCA can consider the potential environmental

impacts throughout a product life-cycle (e.g. cradle-to-grave) from raw material acquisition through
production, use and disposal. Table 2 lists the 6 environmental impact categories considered in this
study and the LCA methods used to evaluate the impacts.
Table 2 Considered environmental impact categories and LCA methods
Environmental impact category
Global warming potential (GWP)
Destruction of atmospheric ozone (ODP)
Acidification potential (AP)
Photochemical Ozone Creation (POCP)
Eutrophication potential (EP)
Non-renewable primary energy (NR)

Unit
[Kg CO2 equiv.]
[KgCFC-11 equiv.]
[Kg SO2 equiv.]
[Kg C2H4 equiv.]
[Kg PO4 equiv.]
[MJ equiv.]

LCA Method
CML 2 baseline 2000 V2.04
CML 2 baseline 2000 V2.04
CML 2 baseline 2000 V2.04
CML 2 baseline 2000 V2.04
CML 2 baseline 2000 V2.04
Cumulative Energy Demand V1.0

For the functional performance, MARS-SC can consider the different functional requirements for a
partition wall, e.g.: air born sound insulation, thermal insulation, durability, fire resistance and
flexibility in use. In this study three functional indicators were considered: air born sound insulation
(Dn,w); thermal insulation (U); and flexibility in use (F). The economy performance can be based in
the whole life-cycle costs of the wall technologies. At this stage, this study considers just one
economy indicator: construction cost (CC).
3.3

Quantification of Indicators

Once the indicators were selected, they need to be quantified or qualified. To fulfil this objective the

method of quantification should have been anticipated and different methods can be used: previous studies, expert’s opinions, data base processing and simulation [4].
3.3.1 Environmental performance
The first step for the quantification of the environmental impacts is the inventory analysis [4]. Table
3 lists the results for the three analysed building technologies. In the definition of the transport,
results consider the distance from nearest manufacturer of each material to the building site
(Guimarães, Portugal). Impacts on construction sites area based in Portuguese average data [4].
The distance from the producer to the building site considers that the building is built in Guimarães.
The environmental impact categories were quantified using the SimaPro software and Table 3
presents the LCA methods used. In this process the life-cycle inventory (LCI) database Ecoinvent
v2.0. This database gathers the average environmental impacts of each used building material at
different regional contexts and in study the European reference data was used.
Table 3 Inventory results for each analysed building technologies.
Inputs
Brick, at plant/RER S
Mortar 1:5
Water, fresh
Diesel, burned in building machine/GLO S
Alkyd paint, white, 60% in solvent, at plant/ RER S
Steel, converter, unalloyed, at plant/RER S
Rock wool, at plant/CH S
Gypsum plaster board, at plant/CH S
Polyvinylchloride, at regional storage / RER S
Transport, lorry 32t/RER S
Transport, van <3.5t/RER S
Transport, lorry 32t/RER S
Transport, lorry 32t/RER S
Transport, lorry 32t/RER S
Transport, lorry 16t/RER S

Building technology
HCM
LRP
61.40
117.80
0.316
5.79a)
0.56
0.56
2.55
1.60
26.25
12.70
0.04
0.003
0.30
0.04
15.30
-

units
LSM
2.55
1.60
0.36
0.30
0.04
0.66

kg
kg
m3
MJ
kg
kg
kg
kg
kg
t.km
t.km
t.km
t.km
t.km
t.km

3.3.2 Functional and economic performances
For the functional performance there are two quantitative indicators (air born sound insulation -Dn,w
and thermal insulation – U) and one qualitative indicator (flexibility in use -F). Dn,w was evaluated
using the analytical methodology proposed by Meisser [6] and the thermal insulation was
quantified according to the Portuguese thermal regulation. For the flexibility in use, the study
considers three qualitative levels of performance. The qualitative performance is converted in a
quantitative scale using the following key: low flexibility = 0.0; medium flexibility = 0.5; and high
flexibility = 1.0.
For the economy performance assessment, the presented construction costs (CC) are based on
the up-to-date unitary values of the Portuguese construction market.
3.4

Normalization

The objective of the normalization of indicators is to avoid the scale effects in the aggregation of
indicators and to solve the problem that some indicators are of the type “higher is better” and
others “lower is better”. Normalization is done using the Diaz-Balteiro et al. [7] Equation 1.
P
i

P P
i
*i
*
P
P
*i
i

i

(1)

In this equation, Pi is the value of ith parameter. P*i and P*i are the best and worst value of the ith
sustainable parameter. The best value of an indicator represents the value of the partition wall with
the highest performance and worst value represents the solution with lower performance. With this
method the normalized valued are bounded between 0 (worst performance) and 1 (best
performance).
3.5

Graphical representation

The graphical representation (Sustainable Profile) is global, involving all evaluated indicators. To
fulfil this objective, the Amoeba or “radar” diagram is used. This way it is possible to have a clear
and global representation of the performance of the solutions at the level of each indicator.
Moreover, two or more solutions can be easily compared. As nearest to the centre of the diagram
is the representation as worst is the solution.
3.6

Aggregation of indicators

A long list of indicators and their respective performance will only be useful in order to compare the
solution at the level of each indicator and will not be useful to compare the performance of the
solutions at the level of each requirement (environmental performance, functional performance and
economy performance). This way, the best solution is to combine the indicators with each other in
order to obtain “global indicators”. As an example, for the environmental performance this process
uses Equation 2.
m

ND A

WA i xNIA i
i 1

(2)

Where NDA represents the aggregation of the environmental indicators, m is the number of
considered environmental parameters, WAi is the weight of the ith environmental indicator and NIAi
is the normalized value of the ith environmental indicator.
In MARS-SC the weights set for the environmental indicators are based on a US Environmental
Protection Agency’s Science Advisory Board (SAB) study, cited in [4]. For the weights of the
functional indicators, whenever there are not more accurate values, the methodology recommends
an equal weight for each indicator. This approach is used in the study.

3.7

Global performance (sustainable score – SS)

The last step is the quantification of the Sustainable Score (SS). SS is a single index that resumes
the global performance of a solution. A sustainable score closer to 1 represents the more
sustainable solution. The aggregation method used to calculate the SS is presented in Equation 3.

SS

ND A .w A

ND F .w F

ND E .w E

(3)

Where WA, WF and WE are respectively the weight of the environmental, functional and economic
performances. MARS-SC uses the following system of weights: WA = 0.30; WF = 0.50; WE = 0.20.

4. Results and discussion
Table 4 presents the results from the quantification of the environmental indicators and Table 5
summarize the quantification of the functional and economy indicators.
Table 4 Results from the quantification of the environmental indicators.
Partition
technology
HCM
LSM
LRP

Environmental impact categories
GWP
ODP
AP
[KgCO2eq]
[KgCFC-11eq]
[KgSO2eq]
2.27E01
1.91E-06
7.60E-02
6.50E00
2.17E-07
3.60E-02
1.87E01
1.88E-06
8.40E-02

POCP
[KgC2H4eq]
4.00E-03
4.00E-03
6.00E-03

EP
[KgPO4eq]
1.30E-02
6.00E-03
1.60E-02

NR
[MJ equiv.]
2.91E02
1.19E02
2.99E02

Table 5 Results from the quantification of the functional and economy indicators.
Partition
technology
HCM
LSM
LRP

Functional indicators
Dn,w
U
[dB]
[W/m2.ºC]
41.0
1.80
41.0
0.30
0.29
43.5

Economy indicator
CC
[€/m2]
26.56
32.89
30.00

F
0.0
1.0
0.5

The results from the application of the MARS-SC to the quantified values of the environmental,
functional and economy performances are presented in Table 6. The assessment of the
sustainability will come from the visualization of the sustainable profile, and from the interpretation
of both the global indicators and the sustainable score. The worst solution is the one that is
represented nearest to the centre of the sustainable profile.
Table 6 Results from the application of the MARS-SC to the quantified values of the environmental,
functional and economy performances.
Partition system

Sustainable profile
LSM

HCM

CC

AP

0,80
0,40

EP

0,20

CC

U

ODP

Dn,W

POCP

AP

0,80
0,60

0,40

F

0,00

Global Indicators
NDA
NDF
NDE
Sustainable score
(SS)

1,00

AP

0,80
0,60

0,60

F

GWP

1,00

1,00

CC

LRP

GWP

GWP

EP

0,40

F

0,20

0,20

0,00

0,00

U

ODP

Dn,W

POCP

EP

U

ODP

Dn,W

POCP

ENR

ENR

ENR

0.07
0,00
1,00

1.00
0,66
0,00

0.10
0,83
0,46

0,22

0,63

0,53

Analysing the results it is possible to realize that in accordance with the considered indicators and
their respective weight the partition wall technology with the best life-cycle performance is the
conceptual lightweight sandwich membrane partition technology (LSM). This solution is better than
the conventional solution (HCM) at the environmental and economy levels. Nevertheless, it has a
higher construction cost. Most of the higher construction cost is justified by the cost of the material
used in its structure: cold formed galvanized steel, such as in the LRP solution.
Comparing the three solutions at the environmental level it is possible to notice that LSM is the
best one. The lower weight of this technology and consequently the lower transportation and
assembly environmental impacts is the most relevant cause for this fact. Additionally, both the
HCM and LRP partition solutions use materials (brick and plasterboard) with higher embodied
energy which result in a higher environmental impact. At the functional level, the best solution is
the LRP. The main reason for this fact is the higher airborne sound insulation of this technology,
comparing with the other two. The economy performance is better in the conventional solution
(HCM). Reasoning for this is the fact that the conventional solution uses conventional materials
(lower market price) and do not require specialized workmanship.

5. Conclusions
In the construction industry there are materials and products with good and bad environmental
performance. Therefore, in order to reduce the whole building environmental impacts, project
teams should select technologies with high environmental performance, but that fulfil at the same
time the necessary functional and economy requirements. This paper is focused in a project which
aims to develop an optimized construction technology for partition walls. At this stage it is possible
to realize that the solution under development can be better from the environmental performance
point of view, than the two reference solutions used in the Portuguese building market: the
conventional heavyweight masonry hollow brick wall and the alternative lightweight partition
solution made of plasterboard panels with cold formed galvanized steel structure. Nevertheless it is
necessary to highlight that at this stage the study only includes the embodied environmental
impacts until the end of the construction phase. Further work will include the other life-cycle stages,
like the maintenance and the end-of-life scenarios.
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Summary
The aim of the article is to present a concept and the effects of MBJ2030 project including new
technical and environmental solutions which can enhance sustainable way of living within the
future urban buildings in Poland. All presented experiences were collected during 1 year of project
realization.
Keywords: sustainable building, sustainable construction, innovative technologies, green design,
OpenHouse

1. Introduction
Project Multi-dwelling Urban Building 2030 (MBJ2030) is carried out by industry companies: Mostostal Warszawa, Acciona Nieruchomości as well as research units: Building Research Institute
and Civil engineering Dept. of Silesian University of Technology. RTD activities are partly supported
by a governmental grant. Research activities are focused on new construction, material and system solutions allowing erecting energy-efficient, environmental friendly and user-friendly multidwelling buildings characterized by a high comfort of life. The project represents a holistic approach to the improvement of technical and functional performance of buildings enclosing cooperation of civil construction, acoustics, architecture, installation, renewable energy and building physics engineers and scientists.

Fig. 1 MBJ2030 logo [1]
A main MBJ2030 goal is to establish a multi-dwelling urban building standard of the future to support new national technical requirement evolution and city/urban development policies. Under the

project the exhibition building located in Warsaw incorporating the research results is being designed and will be erected soon. The building is planned to be ready in the year 2014. Multifamily
residential building technology can be upgraded to yield significant energy savings and improved
quality of life for residents. However, the complexity of the multifamily building as compared to the
single family sector requires a special approach. This project is to provide a toolkit of mostly technical and financial resources to assist developer who pursue energy efficiency and sustainable
upgrades to his building. Sustainability assessment methods supporting project and integration of
research results are modified CASBEE procedure and OPENHOUSE model [2] developed under
FP7 program.
MBJ2030 goals were selected to:
•
•
•
•
•
•
•
•
•
•
•
•

Present most effective research results and technologies in/as a real exhibition building.
Prepare procedure step by step that allow to implement sustainable solutions to construction process
Determine environmental, social and economic benefits of building with innovative, ecologically sustainable building materials and systems as compared to conventional methods.
Validate various sustainable building assessment methods on specific case study
Maximize energy efficiencies through building design, specification of materials and methods, selection of systems, appliances and equipment, and design of the landscape.
Minimize use of materials and finishes that generate hazardous to indoor air quality
Minimize carbon footprint during designed building life cycle.
Considering end of life and recycling strategies.
Design responsive to external environmental factors by incorporating: PV panels, municipal
heating, heat recovery, day-lighting, environmentally sound landscape design, and efficient
rain water management.
Design to end-user needs, considering quality of life: amenity, architecture, health, community, culture and aesthetics.
Reduce the overall cost of sustainable housing.
Compare the difference between theoretical values and real measurements.

Actual project stage is selected technology implementation to the architecture. The following features were chosen to be integrated:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Solar panels on building elevations
Thermo-acoustical optimized external walls
Architectural solutions to gain a light during winter and protect during summer
Heat recovery system from waste water integrated with solar panels system
Low-Emissive argon-filled windows
Efficient boiler system
Insulations against thermal bridges
Low-energy elevators and Energy Star appliances
Compact fluorescent light fixtures
Low-flow water fixtures
A green landscaping architecture
A rainwater harvesting system
Outside comfort zones and bicycle friendly solutions
Recyclable and eco materials (LCA based approach)

2. Technical goals
For this project ITB assist in design and construction and evaluate sustainable, multifamily attached dwellings. The researchers’ charge is the development of a cost-effective, environmentallyfriendly building model that is innovative, responsive to the local environment, and sensitive to the
needs of the end users. The project is led and implemented by an interdisciplinary team that set
ambitious technical goals for future in accordance to the existing sustainability definition. In the
initial stage of the project 18 main technical goals (table 1) were selected to prove sustainability of
the MBJ2030 results and also about 80 different with less meaning.

Table 1 Technical goals for the MBJ2030 building
Nr

Category

1
2
3

Total Primary Energy Demand
Building Environmental Efficiency
Building Sustainable Efficiency
Heat loss factor calculated for 1 m2 of building shell
Renewable Primary Energy Demand
Life cycle carbon footprint
Airborne acoustic insulation level of completed building walls and beams
Normalized beams acoustic sound impact
Emission of TVOC
Emission of formaldehyde
Emission of carcinogenic compounds IARC
Subjective reaction as classification of the
comfort
Contamination levels of non-specific allergenic, pathogenic or toxic fungal spores
Indoor air quality and acoustic comfort
CO2 concentrations above outdoor level
DF - Daylight Factor
Green area efficiency

4
5
6
8
9
10
11
12
13
14
15
16
17
18

MBJ2030
Expected value
EP < 0,5 · EPWT2008 kWh/(m² rok)
BEE>1,5
SBE>1,2
H’ tr max ≤ 0,5 W/(m² K)
> 25%
1 Mg eq. CO2/m²60years
R’A1 ≥ 53 dB
L’n,w ≤ 46 dB
< 0,15 mg/m2h
< 0,03 mg/m2h
< 0,002 mg/m2h
>80% positive votes
no more than 30% of the outdoor level
during winter time
Category I in accordance to EN 15251
Max. 400 ppm
Min. 1,5%
Min. 75%

Through unique design technologies and features the MBJ2030 house can adapt to meet the
evolving needs of the homeowners. All technical goals will be measured during the MBJ2030 building life stage.

3. Building Sustainability Assessment Methodology
For the sustainability performance check of the MBJ2030 standard and building 2 systems of the
assessment were selected. One is CASBEE concept based and second is European System
called OPENHOUSE that is under development in FP7 program.
3.1. CASBEE based modification
Since 2004 ITB has been developing the assessment/design tool for buildings which provide comfort for its inhabitants and do not increase their costs, do not affect the environment and consume
much energy. Assessment criteria were established as a result of ITBs experts experiences and
international both international and domestic (e.g. SB conferences, National Technical Requirements WT, LMI/EPBD/CPR works, CEN TC 350/351 participation, FP6/FP7 projects, SBA cooperation) and the way that results are presented conforms to the well recognized Japanese assessment method CASBEE [3]. In 2004 Japanese method was highlighted during SB04 conference
organized by ITB in Warsaw. It was the mile stone point in the environmental assessment result
presentation potentially better then all existing “environmentally orientated” one-dimensional systems. But it was not yet sustainability assessment. Next year CASBEE method was distributed for
the scientific purposes to all SB05 participants in Tokyo. In accordance to the procedure the high
comfort of the building should be done with environmental and energy consideration. This great
way of thinking is called a building environmental efficiency BEE. This 2 dimensional system was a
basis for a further ITBs research to set 3 dimensional system taking into consideration a third and
most important pillar of sustainability that is a building life cost. ITB is to present benefits of this
approach in a first scientific project of Sustainable Building Alliance SBA. This way of thinking can
be called the sustainable efficiency SBE.

When employed adequately, the model can guide an architect step by step to design an approach
which will influence the final “3-pillared” sustainability assessment of a building. This method combines various existing methods, standardization, design solutions with methods assessing how
buildings affect the environment, e.g. an acoustic assessment, energy performance, an assessment of existing component cycle, a sanitary assessment, a geotechnical assessment, a comfort
assessment, also cost assessment and assessment of conformity to relevant legislation in force.
The final result is presented as a sum of constituent assessments of particular aspects of buildings
(assessed on a 1 to 5 scale, where 3 is an average level in 2010), expressed as a performance
index which says what environmental input is needed to ensure an adequate comfort of living with
assessment of what cost we need to get this high performance. A software tool (that is still under
development) for the procedure of sustainable performance is designed to assess residential and
office buildings with regard to national technical and sustainable development requirements. The
adopted method with a third dimension is adjusted to Polish current legislation in force and environmental design guidelines. It takes into consideration utilisation comfort and reduction of the impact that a building has on the environment and pays particular attention to the reduction of energy
demand (EPBD implementation). The result of the final building assessment is expressed as a
single index “sustainable efficiency”. The determined environmental performance, following the
assessment method, makes it possible to obtain a desired result for MBJ2030 standard once the
result is positive and the requirements of the procedure have been met (see table 1; BEE, SBE).
Validation of the system is also a part of MBJ2030.

Fig. 2. A part of the environmental assessment of the national reference building
3.2. European OPEN HOUSE
OPEN HOUSE “Benchmarking and mainstreaming building sustainability in the EU based on
transparency and openness (open source and availability) from model to implementation” is ECfunded Project, ENV-2009-244130, financed by the 7th Framework Program of the European
Commission and started in February 2010 [2]. OPEN HOUSE partners are: Acciona, ACE, Apintech, Arup, BGH, Warsaw City, CCS, DAP, DGNB, EDF, ETH, Fraunhofer, ITB, Mostostal, SP, Visesa, ZRMK, FUNAB. Project objective is to develop and to implement a common European transparent building assessment methodology, complementing the existing ones, for planning and constructing sustainable buildings by means of an open approach and technical platform. Platform is
being built up facilitating a pan EU effort towards a common view on building sustainability. OPEN

HOUSE baseline concept is going to be widely disseminated among stakeholders through its Platform. OPEN HOUSE basis is transparency, which has not yet been properly achieved in the building sustainability assessment tools existing at European level. Only EU wide discussion towards a
common approach can produce an EU wide assessment methodology for sustainable buildings
contributing to current activities on standardization of assessment methodologies at European
level and also to a European potential related standard. The key reflection that OPEN HOUSE
seeks to address is how to merge existing methodologies towards a common view, widely adopted,
till it becomes the mainstream. Consequently, OPEN HOUSE should be an “open model” available
for all stakeholders. Both transparency and openness may lead to radical progress; business interests can be safeguarded without the need to control or own the core model of building’s sustainability. The most solid advantage for stakeholders and OPEN HOUSE partners will be the follow up
services of the implementation of this model (MBJ2030).

Fig.2. OPEN HOUSE work packages and information brochure view [2]
After 1 year of RTD cooperative works mostly all indicators are well described and ready to be
used on real cases like MBJ2030. Environmental indicators are based on CEN TC 350 WG1 works
(were ITB, EDF and DGNB partners are present). Thermal, acoustic and Indoor Air Quality indicator is based on the EN 15251. Economic and Social performance are based on the CEN TC 350
WG4 and WG5 works including experiences from SBtool, BREEAM system and DGNB. Core criteria are based on the SBA consensus.
Table 2 Building sustainable performance indicators by OpenHouse
Nr Primary AsIndicator (OPEN HOUSE full syspect
tem) - draft
1. Environmental Global Warming Potential (GWP)
Ozone Depletion Potential (ODP)
Acidification Potential (AP)
EutrophicationPotential (EP)
Photochemical Ozone Creation Potential (POCP)
Certified wood
Non-Renewable Primary Energy
Demands (PEne)

Indicator (OPEN HOUSE quick-check)
draft
Global Warming Potential (GWP)
Ozone Depletion Potential (ODP)
Acidification Potential (AP)
EutrophicationPotential (EP)
Photochemical Ozone Creation Potential (POCP)
Certified wood
Non-Renewable Primary Energy Demands

2.

3.

Socialfunctional

Economic

5

Process

6

Site

Total Primary Energy Demands
Water and Waste Water
Contamination of undisturbed areas
Waste
Responsible Material Sourcing
Local Material
Barrier-free Accessibility

Total Primary Energy Demands
Water and Waste Water
Contamination of undisturbed areas
Waste
Responsible Material Sourcing
Local Material
Barrier-free Accessibility

Thermal Comfort
Indoor Air Quality
Acoustic Comfort
Visual Comfort
Operation Comfort
Electro Magnetic Pollution
Public Accessibility
Conversion Feasibility
Bicycle Comfort
Building-related Life Cycle Costs
(LCC)
Quality of the building shell
Ease of Deconstruction, Recycling,
and Dismantling
Quality of the Project’s Preparation
Construction Site impact/ Construction Process
Commissioning, Monitoring, Use
and Operation
Risks at the Site
Options for Transportation Options

Thermal Comfort
Indoor Air Quality
Acoustic Comfort
Visual Comfort
Operation Comfort
Electro Magnetic Pollution
Public Accessibility
Conversion Feasibility
Bicycle Comfort
Building-related Life Cycle Costs (LCC)
Quality of the building shell
Ease of Deconstruction, Recycling,
and Dismantling
Quality of the Project’s Preparation
Construction Site impact/ Construction
Process
Commissioning, Monitoring, Use and
Operation
Risks at the Site
Transportation

3. Conclusions
The research and design of the MBJ2030 project determined that cooperation of the construction
process actors and much progress in developing sustainable housing is possible. Designing lowcost, sustainable housing requires consideration of the site, building structure, and interior environment as a holistic and integrated system that’s why sustainability assessment systems were
very useful. The research part of MBJ2030 project have been completed, but construction of the
exhibition building will be finished in 2014. As a result of the arising conclusions MBJ2030 will not
be completed until the post-occupancy evaluations can be made to check all estimated parameters.
More specific conclusions will be possible once the structures are built and these evaluations have
been conducted and analyzed. All the research results can be the recommendation for the design
and technical requirements development [4]. The primary outcome of this research is a building
concept that addresses evolving human needs, economic viability, and issues of environmental
impact. The final concept/model is referred as the polish urban building guideline code for 2030.
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Summary
Attakanithipa is a small village in the South East of India. Because of poverty, unhealthy living
conditions, child labour and social extortion, children of the lowest social caste have no access
to reliable education and consequently to other opportunities in life. Qualitative education for
children of all castes is one of the objectives of the Indian-Belgian project Baladharshan,
meaning ‘vision of the child’ in Sanskrit. In 2010, they started with the design of a new school
with 20 classrooms.
Studies on ‘sustainable building in the South’ mainly focus on renewable energy solutions that
are often not at all adapted to the real needs of developing countries. Small-scaled development
projects often lack knowledge and financial means for a sustainable building approach. A great
effort is therefore needed to find feasible, imitable, sustainable solutions for these local low
budget projects. The use of socially well considered local building products and techniques are
considered in the paper as well as the design of a healthy and pleasant indoor climate .
This paper describes the project for the new school in Attakanithipa. It will be sustainable,
financially realistic and agreeable to stay. Through dynamic simulations the design of the
building has been optimized by minimizing the energy demand for cooling, lightning, ... and by
realizing an optimal indoor climate. The paper lists the possible solutions and interventions with
an important focus on additionally to guarantee the feasibility. It can be considered as an
example for other small-scaled development projects in that part of India.
Keywords: Passive cooling, thermal comfort, India, psychometric chart,

1. Introduction
Baladharshan is a project that focuses on the children of the poor village of Attakanithipa, about
40 miles from the city of Chennai, in the South-east of India. The village is surrounded by a
lagoon that is separated from the eastern coast of India by a barrier that is only a few miles
wide. Each year, the region is visited twice by the monsoon: in October and in June. The
monsoon is often preceded by devastating hurricanes and cyclones. The summers are very hot,

with mean maximum temperatures up to 37°C. In this region, drought and flood cost more than
5000 human lives each year.
For survival in these difficult conditions, the people of Attakanithipa depend on fishery and
agriculture. Unfortunately, farmland is very unfertile there, and, except during the rainy season,
only salty water can be pumped up, which causes the harvest to be of a very bad quality.
In order to give children a better future, most investments go to education. Some years ago, a
primary school was founded in Attakanithipa with the support of the Indian government. From
their tenth year onwards, children go to another school outside the village [Fig 1].

Fig 1: School in Attaknithipa

However, there, they have to pass an exam each year in order to be allowed to continue their
studies. Lots of children do not succeed. To enable those children to further educate
themselves, a big school is being built in Sullurpet, a village more inland, at about 7 miles from
Attakanithipa.
In that school, children from the neighbouring villages will be instructed in English. In that way,
they will be more likely to pass the exam, and they will still be able to continue their studies.
Sullurpet is a small village in the South East of India. Because of poverty, unhealthy living
conditions, child labour and social extortion, children of the lowest social caste have no access
to reliable education and consequently to other opportunities in life. Qualitative education for
children of all castes is one of the objectives of the Indian-Belgian project Baladharshan,
meaning ‘vision of the child’ in Sanskrit. In 2010, Baladharshan started with the design of a new
school with 20 classrooms. The goal of the project is, first, to build nine classrooms and a
polyvalent hall, that can also be used as a shelter during floods. After some years, two more
floors will be added.
The region of Sullurpet is characterised by an extremely hot climate accompanied with very high
humidity during almost all year. Detailed climatic information is used from Chennai, the first city
of Tamil Nadu and the fourth largest city in India. Chennai has his warmest period, the so called
Agni Nakshatram (Fire Star), in May with maximum temperatures of 38-42°C. During January
minimal temperatures of 18-20°C are observed.[1]. T he southwest summer monsoons occur
from May through September, whereas during the rest of the year north-east winter monsoons
occur. From the east coast tropical cyclone may reach after summer time, wind speeds up to 50
m/s (180 km/h).
The indoor climate conditions in most of the buildings in the region are often unbearable. An
inquiry among pupils from 4th, 5th and 6th grade secondary education classes has been made
with regard to the degree of discomfort. [Table 1]

Table 1: inquiry among pupils from 4th, 5th and 6th grade secondary education classes.

When you're in the classroom:
Is it too hot?
Do you feel like falling asleep?
Do you feel uncomfortable?
Are the windows open?
Are there any ventilators running?
Is the door open?
Are the windows open together
with a running ventilator?

Always
100%

Often

Sometimes

Never

100%
100%
100%
83%
100%

17%

25%

75%

In some classrooms temperatures may easily reach 45 °C. Pupil complains about stifling
atmosphere, dizziness and headache appear quite often. During the main monsoon season
water comes through walls and roofs and can stay for a few days while attracting mosquitoes.
Pupils really appreciated the interests shown for their unbearable indoor climate conditions and
a lot of them expressed their appeal for help.
The objective of the paper is to find how an optimal interior climate can be guaranteed in an
energy-saving and sustainable way, by using local techniques, building systems and materials,
avoiding active cooling systems such as air conditioning.

2. Thermal comfort in naturally ventilated buildings
Studies on ‘sustainable building in the South’ mainly focus on renewable energy solutions that
are often not at all adapted to the real needs of developing countries. Small-scaled development
projects often lack knowledge and financial means for a sustainable building approach. A great
effort is therefore needed to find feasible, imitable, sustainable solutions for these local low
budget projects. The use of socially well considered local building materials and techniques are
considered in the paper as well as the design of a healthy and pleasant indoor climate.
This paper describes the project for the new school in Sullurpet. It should be sustainable,
financially realistic and agreeable to stay. Local building typologies, materials and building
techniques have been studied on environmental, economical and social aspects.
In order to design healthy and pleasant indoor climate conditions, first different natural and
passive cooling techniques and their implementation are analysed. Afterwards the paper
focuses on the optimization of the building project that has been designed by a Baladharshan
local architect. Through calculations and dynamic simulations the design of the building has
been optimized by minimizing the energy demand for cooling, lightning, ... and by realizing an
optimal indoor climate.
Before starting the design it is important to define comfort levels adapted to hot and humid
climates. As the school building will not be equipped with an active air conditioning system,
ASHRAE – Standard 55 and ISO 7730 Standards cannot be used because no specific guidance
for naturally conditioned spaces (ventilation speeds of max. 0,8 m/s) of this type is included in
the standard.[3]. However, since 2004, an adaptive model for natural ventilated buildings has
been added to the ASHRAE – Standard 55, based on the examination of De Dear and Brager
(2002) [2]. All findings were graphed with acceptable operative temperatures given at mean
outdoor air temperatures between 10 and 33°C. [Fig 2]

Fig 2: Adaptive model for natural ventilated buildings as in ASHRAE Standard 55-2004 (De Dear and
Brager, 2002).

On this graph, two comfort boundaries are shown. The grey one where the indoor temperatures
are acceptable for 90% of the users (band of 4,9°C) and the black one, where 80% of the users
are satisfied (band of 6,9°C). Both fluctuate aroun d the optimum comfort temperature (broken
line) which can be calculated with the following formula (de Dear and Brager,2002):
Tcomf = 0,31 Ta,out + 17,8

[2]

Another adaptive model that will be used in the paper to determine comfort, is the research of
Givoni Baruch (1992). Givoni found that indoor summer comfort zones are much larger than
defined by ASHRAE because higher ventilation speeds up to 2 m/s or more and transpiration of
the human body contribute to a better indoor summer comfort feeling [4]. Givoni’s bioclimatic
chart defines proper passive design strategies according to the climatic conditions prevailing
outside the building envelope [Fig 3].

Fig 3: Givoni’s bioclimatic chart

In his research, Givoni coupled wind speed with temperature and relative humidity [8]. The
cooling capacity of the wind depends on two things: first of all, a higher wind speed causes a
greater cooling effect. Secondly, the temperature difference between the outside air and the
inside air is also important. As outside air is getting warmer, it’s cooling effect decreases. On the
other hand, air is flowing along the body and will speed evaporation of the skin which also
increases the feeling of comfort. This is why thermal comfort is a very subjective matter and
depends from person to person.
The comfort zone of Givoni and the comfort boundaries in the ASHRAE Standard 55-2004 will
be used during the simulations to display the comfort evolution.
Some different passive cooling techniques are analysed in this paper, in order to evaluate if
they are applicable in this particular school case. If we consider pro and cons, the use of cross
ventilation [5], green overshadow of walls [6] and roofs seem to be the most suitable. The use of
stack ventilation [5], increase thermal mass and implement night ventilation seem to be less
applicable, due to low temperature difference between day and night. Finally, evaporative
cooling [7] can not be used because stagnant water is a breeding ground for mosquitoes.

3. Optimising indoor climate conditions
Dynamic simulation is performed with EnergyPlus [9] and its graphical interface DesignBuilder
[10] to model heating, cooling, lighting and ventilation with quarter-hour time steps. The model
includes simulation results on multizone air flow, thermal comfort and natural ventilation [Fig 3].
The basic model was based on the concept designed by the local architect.

Fig 4: Visualisation of the back side of the building on 20 April 01:00pm made with DesignBuilder.

The PC Classroom 0.1, located on the ground floor and the regular classroom 2.4. located on
the top floor are the thermal most loaded classrooms. In each classroom the simulations are
made with an occupancy of 30 pupils and 1 teacher. In the PC classroom there are 15 PC’s
installed with a total heat gain of 130W per PC. Classroom 2.4 has a west oriented façade with
above every window a concrete overhang of 60 cm. The PC classroom has only a south
oriented façade with concrete overhangs where the sun causes minimal solar gains. The
sample schedule of the daily school routine starts from 9:15 AM and ends at 04:00 PM with
lunch between 12:00 AM and 01:00 PM. Summer holidays start the last week of April until half
June because inside temperatures reach more than 35°C. From middle March until summer
holidays courses start at 7:30 AM and finish at 11:00 AM.
3.1 Simulations of the existing design
Simulation results after the summer holidays until the end of July give the greatest discomfort
and require special attention. To create a good basis for comparing the results of the different

simulations, it is necessary to choose a specific day within this period of high discomfort. On
Tuesday 25 June at 9:00 AM, room temperature is 31,4°C while outdoor temperature is 30,3°C.
At 04:00 PM, the highest indoor temperatures occur: 36,2°C at an outdoor temperature of 37°C.
A first peak temperature is reached at 12:00 AM, with 34,5°C. A temperature increase of 3,1°C
in four hours is due to internal gains from PC’s (2kW), lighting (1 kW), pupils (0,6 kW) and solar
heat gains (0,6 kW at 11:00 AM).
A look at the simulation results of the external infiltration and natural ventilation shows that the
roof is causing a great external infiltration of heat after 04:00 PM until 01:00 AM. From that point
on, the roof is functioning as a heat sink while it radiates heat into the atmosphere. A more
efficient heat sink is the soil with an absorption capacity of nearly 0,8kW at 04:00 PM. Weather
data of Chennai has been attached to the building model by a climate file of Chennai available
in EnergyPlus. Thus, the effect of the wind and therefore the natural ventilation can be studied
in a way it actually occurs.
Temperatures in classroom 2.4 are higher in the morning, 32,3°C at 09:00 AM, due to the
absence of the ground that acts as a heat sink. Because there aren’t any pc’s in this classroom,
the temperature at 04:00 PM is lower: 35,3°C. Overa ll, the temperatures in the classrooms of
the first and second floor are higher than a regular classroom at the ground floor because the
cooling effect of the soil is lost.
Because the school is being built in two phases, the simulations are also split up in two phases.
In the first phase, only the ground floor will be simulated. This means the ceiling will act as a
roof. In phase two, the other floors are being built above the ground floor so it is possible to
simulate classroom 2.4. The current comfort level after the simulations of the existing design of
the PC classroom are shown in Fig 5 and Fig 6.

Fig 5: temperature graph of the average monthly temperature in the computer room as in the existing
design in the first phase, along with the limits of the adaptive model of the ASHRAE Standard 55-2004.

In Fig 5, the indoor temperature is displayed relative to the comfort limits in the ASHRAE
Standard 55-2004 as explained in section 2. It shows that only in the winter months December
and January, a neutral comfort will be achieved. The outmost comfort boundary (red line) will be
exceeded from April until the beginning of October.

The results of the daily mean indoor temperature in the months June (red dots) and July (blue
dots) are plotted into a psychometric diagram with PsycPro. The yellow zone represents the
comfort zone of Givoni. All points are located in the upper right corner, indicating a high
temperature and humidity. About 2/3 of the points fall outside the comfort zone. [Fig 6]
The current comfort level of classroom 2.4 is determined in the same way as in Fig 5 and Fig 6
but isn’t displayed here. The difference with figure 5 is that in the winter months, neutral comfort
is not achieved at all and the period of high discomfort begins earlier, namely in the beginning of
March. Compared to Fig 6, some points are much higher in the diagram indicating that humidity
in regular classrooms is higher than in the computer room.
The main goal in the next simulations is to lower the temperature in order to achieve a better
comfort.

Fig 6: psychometric chart of the computer room using the existing design during the simulation period
01/06-01/08.

3.2 Simulations of new designs
3.2.1 Phase 1
In order to improve the results of 3.1, different measures are proposed and taken into account:
ventilation grids above windows for night cooling, decrease and increase thermal mass,
overshadow walls and roofs, thermal insulation of walls and roofs. The results of the different
simulations are compared to the results on June 25 from the existing model.
The least favourable results are achieved when insulation is provided on the roof and the outer
walls. This was partly expected because insulation reduces heat transfer between the outside
and inside but once the heat is inside, it can not rapidly released into the atmosphere.
Moreover, providing insulation is inefficient if windows and doors stay open during the lessons.

Temperatures are always higher when insulation is provided, both in the morning and in the
afternoon.
Also changing the building structure into a light design using a timber frame has proved
disadvantageous. This is because low-weight structures can not absorb much heat and thus
warm up faster and more than buildings constructed with heavy materials. On the other hand,
temperatures in the morning are lower in these type of structures because the heat can easily
be given away.
With the use of local burnt bricks as filling walls between a concrete base structure, the current
design has already a high thermal mass and inertia. To strengthen this, a model has been made
where all the walls are composed of concrete with the same thickness as the existing brick walls
(23cm). The result is that only 0,1°C temperature r eduction is achieved at 04:00 PM.
Because windows are closed after the school day, grids are placed so night ventilation is
possible. The results of a simulation over a full year show that the temperature drops with an
average 0,3°C by installing the grids. A maximum pr ofit of 1°C can be achieved in summer. In
the winter months December – January – February, the temperature increases with a maximum
of 0,3°C. However, using adjustable grids can give solutions here. In a regular classroom,
temperatures increases throughout the year by installing grids because the driving force, a
temperature difference between the inside and outside air, is lower than in the PC classroom.
These grids could therefore only be useful in the computer room.
The best results are obtained in models where the roof and the facade will be shaded. By
shading the outer skins, they can absorb more heat from the inside because they are less
heated by the sun. This results in the biggest temperature drop so far: -1,3°C at 09:00 AM and 1,2°C at 04:00 PM. The average temperature in a ful l year decreases with 1,7°C. The biggest
temperature drop is -2,5°C in some days of March, A pril and October. In a regular classroom,
better results are achieved (up to 1,8°C temperatur e drop over a whole year). Shading the
southern and western facade can easily be provided via wall vegetation. The evolution of the
comfort level after the simulations of the most efficient designs in phase 1 of the PC classroom
are shown in Fig 7 and Fig 8.

Fig 7: evolution of the indoor temperature in the computer room after the final simulation in phase 1.

The above chart is showing that if both measures are applied together, the period of discomfort
will decrease from six months to two months, namely June and July (May is being disregarded
because of the summer holiday). The period in which a neutral comfort will be expected, is then
extended to two months and runs from November until the end of February.

Fig 8: psychometric diagram of the computer room with a shaded roof and green walls, for the simulation
period 01/06 - 01/08.

Compared with Fig 6, many points are shifted into the comfort zone because of the temperature
drop. However, some points are still too high in this psychometric diagram due to high humidity.
3.2.2 Phase 2
After the simulations in phase 1, the best solution in terms of efficiency, technical feasibility and
cost, is shading the façade and the roof along with cross ventilation. In the second phase when
the whole building is finished, just shading the wall remains as a measure to drop the
temperature at the ground and first floor. While these lower floors are enclosed by upper floors,
less heat will be radiated into the atmosphere. As a result, temperatures in the classrooms of
the ground floor in the final phase will rise with an average of 1,1°C to an average temperature
drop of 0,6°C. Over an entire year, the maximum tem perature drop will be 1,2°C.
On the top floor, shading the façade along with the roof, gives a temperature drop on June 25 of
0,7°C at 09:00 AM and 1,1°C at 04:00 PM. At the top floor, a green roof is installed to view the
impact compared to a shaded roof. Much depends on the soil type, the humidity of the soil and
substrate thickness. With a substrate thickness of 20 cm and a dry soil, a further drop of
temperature by 0,5°C at 04:00 PM can be reached at June 25. A simulation over one year
shows that placing a green roof is causing an increase of 1,1°C in the months October till
January. Even in July, temperature is rising as a result of placing a green roof! Implementing a
green roof is therefore left out of possible measures to improve indoor comfort.

The evolution of the thermal comfort in classroom 2.4 is shown in Fig 9 and Fig 10.

Fig 9: evolution of the comfort level in classroom 2.4 after the simulations.

On the top floor, neutral comfort will hardly be achieved in the winter months while the period of
great discomfort persists from early April to early October.

Fig 10: psychometric diagram of classroom 2.4 with a shaded façade and roof in the simulation period
01/06 – 01/08.

Because the temperature drops, the relative humidity rises. This is clearly seen on the
psychometric diagram and applies to all regular classrooms. In a study over a whole year in
different regular classrooms has shown that the relative humidity rises, at regular intervals (± 90
days), up to 100% so the risk of condensation on cold surfaces is real. Any dehumidification that
can provide a solution to this problem was not discussed in this paper. Because of large supply
of fresh moist air (17 ac/h in some days), it will be probably impossible to dehumidify the air.
3.3 Conclusion
The most common and also the most efficient technique to cool down buildings in these
climates is cross ventilation. Along with green walls and providing shade to the roof, a significant

temperature drop can be made in this case. Because of the small daily variation in temperature,
stack ventilation and intensive night ventilation is less applicable.
If the two proposed measures would be implemented during the first stage, the following decline
in average daily temperatures can be expected during the two warmest periods throughout the
year:
Table 2: expected mean temperature drop in phase 1.

Period
PC classroom Classroom 0.4
01/02 - 30/04
2,0 °C
2,1 °C
01/06 - 31/08
1,5 °C
1,6 °C
In the second phase, the temperature drop will be lower. This has two reasons:
- Classrooms on the ground and first floor will not be able to radiate heat through the roof;
- Classrooms on the top and first floor can’t get rid of the heat to the ground.
The expected decrease in average daily temperatures in the second stage for the two warmest
periods throughout the year, is given in following table:
Table 3: expected mean temperature drop in phase 2.

Period
PC classroom Classroom 0.4
01/02 - 30/04
0,7 °C
0,7 °C
01/06 - 31/08
0,4 °C
0,5 °C

Classroom 2.4
1,2 °C
0,9 °C

The visualization of the comfort temperature charts showed that the internal temperature at ten
of the twelve months could fall within the limits of comfort in the adaptive model of the ASHRAE
Standard 55-2004 due to the temperature drop in the first phase. Only in June and July, the
upper limits are exceeded. After stage two, these limits will be exceeded from April till October.
This will be also the case in the classrooms on the ground floor.
Plotting the results into psychometric charts cleared out that the comfort is not only determined
by temperature, humidity also plays an important role. Especially in hot humid climates, the high
absolute humidity throughout the year is providing an oppressive feeling. Dehumidification of air
is not likely to solve this problem since the flow of incoming moist air is too high but this hasn’t
been investigated in this paper.
The paper lists the possible solutions and interventions with an important focus on additionally
values to guarantee the feasibility. Simulation results confirm literature results and solutions
proposed can be considered as an example for other small-scaled development projects in that
part of India.
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Summary
Current approaches to sustainability are based on the experience of development effort over the
last few decades, where the focus was initially directed at economic efficiency, then at output,
growth and poverty alleviation. At present, environmental protection dominates as the primary objective of sustainable development. Nigeria, like many developing countries, has to make the journey towards sustainability much quicker than did the nations who undertook it in the past, dealing
with all three major areas of concern (economic, social, and environmental), simultaneously.
This paper addresses the determinants of successful sustainable building practice implementation
in Nigeria, which can be considered under two broad classifications. The first is endogenous
determinants, such as traditional environmentally friendly building materials and technologies,
indigenous research into alternative materials, rudimentary deconstruction and use of secondary
materials. The second classification, exogenous determinants, consists of those worldwide
sustainability efforts that have resulted in widespread awareness, education and new
environmental policies.
The paper points out that there is a great need to draw on sustainability principles capital that
exists in Nigeria on account of its long history of culture and tradition. Research carried in Nigeria
with respect to alternative construction materials and secondary construction materials over three
decades contributed greatly towards increasing this capital.
International efforts contributed greatly to general awareness of environmental issues in the country culminating in Environmental Assessment Decree of 1991 and many environment related policies since then, but implementation of these is limited to large internationally funded construction
projects.
The peculiarities of Nigerian and similar environments should be taken into account if sustainability
goals are to be achieved.
Keywords: sustainable construction, culture, traditional and alternative materials, Nigeria

5. Introduction
“Sustainability” is a contemporaneous buzz word, whose concept has become a major factor
influence on the decision paradigms across disciplines and borders, even though specifics of
interpretation and content may vary. Definitions of the word and its derivatives keep evolving in an
attempt to find the most acceptable version while reflecting the ideas that brought about its
emergence in the first place. Morrison remarked that lately it has been tossed around as garden
salad [1]. One of the reasons is the history of the concept of sustainability, which started with focus
on economic efficiency, output and growth. Later the focus shifted to concerns about social equity,
particularly poverty alleviation; and presently environmental protection dominates discussions,
initiatives and policies in this regard. However, the evolution of the concept is reflected in global
perceptions of sustainability and the fact that when asked to define the term, emphasis is placed
on the triple line (as it is often referred to in subject literature) of economic, social and

environmental sustainability, albeit with regional variation in scales of preference. The triple line is
also referred to as 3E principle of sustainability, the three Es being economy, equity and
environment. Often there is tendency towards definition of each “type” of sustainability in isolation
and as a result the importance of its tri-unity and the interdependence of the constituent parts are
lost. Alternatively, other definitions de-emphasise the widely accepted categories describing these
constituent parts, which results in a certain degree of ambiguity. The second tendency, however,
better reflects that spirit of the term “sustainability” that eludes definitions of separate aspects. In
the light of the second approach to definition, the description of sustainability by Brian Kermath as
“an idealized societal state where people live long, dignified, comfortable, and productive lives,
satisfying their needs in environmentally sound and socially just ways so as to not compromise the
ability of other human beings from doing the same now and into the distant future” [2] comes to
mind.
Construction, being at the very heart of development, is inexorably linked to shaping our future.
Sustainable construction is a way for the building industry to move towards achieving sustainable
development. Presently materials used in building account for 40% of natural resource use, 30% of
CO2 emissions and 40% of waste and, in countries like UK, buildings take up 45% of the total
energy use [3]. The Agenda 21 for Sustainable Construction was developed and published in 1999
[4]. It referred to construction as “the broad process/mechanism for the realization of human
settlements and the creation of infrastructure that supports development, including the extraction
and beneficiation of raw materials, the manufacturing of construction materials and components,
the construction project cycle from feasibility and design to deconstruction, and the management
and operation of the built environment”. Sustainable building practices form an integral part of this
process. The need for internationally agreed agenda for sustainable construction has also been
identified as well as the differences across the globe, which found reflection in Agenda 21 for
Sustainable Construction in Developing Countries [4]. This document focused on identifying the
challenges and barriers that might be encountered in developing countries with respect to
implementation of the Agenda so as to allow for developing different approaches. These
challenges include [4]:
The main sources of foreign income for most developing countries remain agricultural products
and raw materials, and with the declining value of these commodities, these countries find it increasingly difficult to access the financing necessary to move towards industrialization and a
knowledge economy.
There are also high levels of inequity within developing countries, many countries having developed a dual economy with wealthy elite that has developed consumption patterns equal to those in
developed countries, and the rest of the population living in abject poverty.
The developing world is further characterised by a lack of infrastructure and basic services and
the capacity and resources to improve and maintain existing infrastructure, let alone cope with the
demands of rapid urbanisation.
While the developing world consumes far less resources, and releases far less greenhouse gasses than the developed world, the environmental degradation experienced has a more direct and
visible impact and presents a more immediate threat to the physical survival of the poor.
At the same time it was recognised that [4]:
Developing countries still have strong traditions of cooperative society and have developed
sophisticated methods of conflict resolution and reaching common agreement.
There is strong grassroots ability for innovation in the use of building materials, settlement development and institutional structuring that can be regarded as one of the most important resources in
developing countries
This paper draws attention to the two final points in an attempt to encourage recognition of existing
“sustainability capital” in Nigeria which can be effectively utilised for successful sustainable building
practices in this country. Many sustainability initiatives reiterate the “wish” and “challenge” lists
when they consider developing nations, neglecting to take stock of attitudes and institutions
already in place and to recognise that utilization of these is key to ensuring the efficiency of
sustainability initiatives. Figure 1 illustrates the place of this sustainability capital at the heart of

Figure 1. Determinants of successful sustainable practices in construction in Nigeria
sustainable practices in general
Sustainability as a term and as a concept was readily received in Nigeria generally and among
construction professionals in particular. There was clearly fertile ground when the seeds carrying
“sustainability” principles fell as they immediately started growing and bearing fruit (awareness,
acceptability, and desire to be identified with the concept). Factors that defined this condition can
be subdivided into two main groups. The first includes endogenous determinants such as culture,
traditional environmentally friendly building materials and technologies, indigenous research into
alternative materials, rudimentary deconstruction and use of secondary materials. The second
includes exogenous determinants brought about by worldwide sustainability efforts that resulted in
widespread awareness, education and new environmental policies.

6. Determinants of Successful Sustainable Building Practices
2.1 Culture, traditional and religious practices
Culture, essentially people’s collective deep-held values and beliefs, is a critical factor in shaping
people’s conceptions of the world around them. In the African and even Nigerian context there is
no single authoritative tradition to refer to as a guide and each ethnic group (or "tribe") has its own
distinct language, culture, and religion; and it is estimated that Nigeria alone has over four-hundred
and fifty distinct ethnic groups and languages [5]. Unlike the documented scientific system, much
of the remaining traditional ecological knowledge in Africa exists only in oral form, passed on from
knowledgeable individuals through shared practice and story-telling [6].
Luc Hens [7] outlines religious and traditional practices that are common to many tribes in Nigeria
and Africa generally:
Some trees are regarded as housing spirits and should not be felled without performing
rituals. This custom had a protective effect on trees.

Animals in a particular habitat may be regarded as sacred and are therefore protected from
hunting.
Many wildlife species are regarded as totems due to their historical or socio-cultural significance. Totem animals vary significantly over tribes and clans and include mammals (leopard, elephant, lion, monkey, and buffalo) and birds (falcon, raven, and parrot), turtles,
crocodiles, snakes (python), scorpions, crabs and fishes. There is a belief that an intimate
relationship exists between the totem animals and the tribe. Therefore, the members do not
eat, kill or trap these animals.
There are sacred groves, which are pieces of land set aside for spiritual purposes, which
range from a few square meters to several hectares. Apart from the collection of medicinal
herbs (after the agreement of the elders), and their use as burial ground, the sacred grove
areas are untouched. Farming, hunting, burning, tree cutting and firewood gathering are
prohibited.
Traditional farming practices are champions in sustainable land and water management.
They involve land rotation and shifting cultivation allowing the land for more than 10 years
to restore its natural fertility.
Many lagoons and other bodies of water have long periods during which no fishing is allowed. These resting periods coincide with the period when the fish lay their eggs.
Hunting and trapping wild animals is subject to restriction.
According to Adeleke [8], conservation strategy mainly rests on community solidarity, customary
practices handed down from generation to generation and taboos. Age-grades and groups constitute an enduring management system in some Nigerian societies, where those who fall into a particular age range constitute an age-grade. Each age-grade has special or designated roles. Indiginous knowledge is the information base for a society, which facilitates communication and decision
making. In the emerging global knowledge economy a country’s ability to build and mobilize
knowledge capital, is equally essential for sustainable development as the availability of physical
and financial capital [9].
One needs however to be warned against the romanticized picture of the "primitive living in perfect
harmony with his environment" approach. Archaeological evidence [5], indicates that even as early
as 50,000 B.C.E. Africa suffered an extinction of 30% of its wildlife species, primarily due to human
technology (the fire-drive method of catching game animals seems to be the most likely
explanation) and one must be cautious about assigning a motive of ecological harmony to all
traditional and religious practices because a significant part of traditional lore was directed towards
achieving mastery over nature. Many conservation practices were not motivated by religious or
aesthetic considerations but by the need to survive on the land which supported them. As Shweder
[10] pointed out, the lives of nonindustrial peoples are harshly disciplined by the exigencies of their
climate, food supply, health and technology; they are survivors of conditions. “People who cannot
understand end-means relationships, or who operate without calculating the cost and benefits of
their survival-relevant decisions do not invariable create the conditions that lead to their own
demise” [10].
2.2 Alternative materials for construction
Culture is a powerful element that shapes built-up environment. Odebiyi [11] positions cultural
values as a critical key to sustainable development in Africa and points out that while Africa has
diverse traditional building practices, much of its indigenous architecture shares similar objectives
to those of green architecture. There has been much interest in the use of traditional construction
materials in Nigeria and their adaptation to construction of housing in urban areas. To determine
the applicability of traditional materials for use in modern construction, their properties have been
studied in depth, along with ways of modifying these properties to better facilitate their use.

Fig.2 Alternative construction materials research in Nigeria (Anigbogu, 1999)

Figure 2 above is a summary of the main areas of such research in the last 30years.
At first the primary objective was utilization of traditional materials to achieve reductions in cost of
construction. To a large extent inadequate funding and absence of sophisticated equipment in
research laboratories were the factors that forced research in this direction, although the low cost
housing programmes initiated by the government in the late 1970’s through the 1980’s helped give
this trend a more noble veneer with regard to purpose. When the focus in development shifted to
environmental issues, it was realised that many of these materials’ properties and characteristics fit
the profile of green, environmentally friendly materials with low carbon footprint and low energy
content status. Also, they were found to promote the use of wastes and renewable resources as
well. The new trend spurred research, with its focus on sustainability, to develop naturally occurring
compounds for use in housing construction; such as Azadirachta indica (neem) oil for anti-termite
treatment and Crescentia cujete (calabash) powder for ceiling boards, as well as many other
composites containing bio-materials.
Unfortunately, most of the alternative materials developed are trapped at the level of invention. The
research reports and dissertations often end up at the shelves of the local libraries, a fraction being
published in local journals and still fewer finding their way to international journals and conferences.
Turning these inventions into innovations, making their use economically viable is a major
challenge to boosting sustainable building practices in Nigeria.
2.3 Deconstruction and use of secondary construction materials.
By its very nature, construction involves the use of large quantities of natural and man-made materials. Increase in construction activities in Nigeria has resulted in an increase in the waste generated not only from excavation, site preparation and construction process itself, but also from demolition. Deconstruction is the selective dismantling of building structures to recover the maximum
amount of primarily reusable and secondarily recyclable materials in a safe and cost-effective
manner [12]. The level of practice of deconstruction as an alternative to demolition in Nigeria for
now is very low and is more in the form of partial deconstruction and scavenging during the demolition of buildings [13]. The factors militating against planned deconstruction include the fact that
components are not designed for deconstruction, it is difficult to recover materials in good conditions, there are practically no facilities for recycling, a shortage of storage facilities, and too poor a
skill base for this to become a feasible option. Also there is limited demand for materials salvaged
during demolition/deconstruction [13]. That being said, there are some materials salvaged during
demolition and deconstruction that can be found at second hand building materials markets
throughout the country, some of which are up to 50 years old. Materials sold in these markets usually include:
Roofing sheets
Ceiling board
Wood from old roofing
Wooden and sliding door
panels

Door and window frames
Burglary proofs
WCs and bath tubs
Wash hand basins
Kitchen sinks

Water heaters
Fans, light switches
Circuit breakers
Furniture

There is also anecdotal evidence of full deconstruction whereby materials were re-used for reconstruction and renovation.
Despite the rudimentary nature of practices of deconstruction there is high level of awareness of its
economic and waste management benefits among professionals [13].
2.4 Sustainable power backup and solar power use in buildings
There is considerable interest in the use of alternative sources of energy in Nigeria, particularly
those that would ensure stable electricity supply. The main reason is poor performance by the
Power Holding Company of Nigeria. Power outages are the order of the day in Nigeria, lasting from
few hours to several days or even weeks. Small capacity personal electricity generators have long
been the only source of alternative power for many Nigerians, and their proliferation has resulted in

near widespread environmental dissonance, particularly in the more prosperous urban areas in the,
form of noise, air and soil pollution, and deterioration of buildings on account of persistent
exposure to mechanical percussion [14].
Presently use of inverters and solar power as a backup for unreliable electricity supply through
national grid is growing at unprecedented rate. It is interesting to note that their sustainability benefits are emphasised by both the suppliers and the users. One web based advertisement promotes
the use of inverters by directing focus to the fact that they need neither fuel nor maintenance for
their operation, thus, perhaps inadvertently, highlighting the economic and environmental aspects
of sustainability [15].
There has been some use of solar energy for electricity generation in Nigeria over the last 20 years.
Most of the solar power generation projects, however, are in the form of one off rural development
projects to power lighting and/or computers in schools, or water boreholes, or to provide electricity
for small communities in remote areas. There are street lights powered by solar panels in some
cities but on a very small scale, and most of these projects have an air of an experiment. There is
a general agreement as to the benefits of solar energy in Nigeria, many studies addressed the
potentials of electricity generation based on solar power conversion in Nigeria, with some research
towards a locally manufactured systems being conducted by Nigerian scientists. There are also
reports on solar power initiatives and installations in the Nigerian media. Yet, there seem to be no
reports on the performance of these installations and even though there are a number of suppliers
listed on the internet, only anecdotal evidence exists as to the actual use of solar power by households and organisations but without any indication of its performance or effectiveness.
2.5 Education
There is in place a framework within Nigerian educational system for promoting the principles of
sustainability at all levels. This is especially evident with respect to training of construction
professionals. Economic efficiency and effectiveness, social responsibility as part of management,
and environmental protection and responsible use of resources are all firmly entrenched in
construction programmes curricula. Most Building, Architecture, Quantity Surveying and Estate
Management programmes in Nigeria are based in Faculties of Environmental Studies,
Environmental Sciences and Environmental Design. There is still a need to improve networking
between these interconnected professional courses and ensure their equitable contribution to
sustainable practices within the sector. Professional organisations are playing a very significant
role in this area, especially Nigerian Institute of Building and Council of Registered Builders of
Nigeria. These are actively participating in the development of Universities’ Building Programme
Curricula, and pioneering the inclusion of sustainable practices as core aspects of professional
development. They are also in the forefront of awareness creation among construction
professionals and are pushing initiatives to introduce LEED certification into the Nigerian
construction landscape.
2.5 Environmental policies
The main tool in streamlining environmental protection policies in Nigeria is Environmental Impact
Assessment (EIA) which was promulgated into law by a decree in 1992 and presently is EIA Act,
1992. The Act makes the application of the process of EIA mandatory for all major development
projects. Careful examination of this document and its timing are indicative of concerns of the
government of that time with environmental problems and beginning of social unrest in the oil
producing areas of Nigeria. Out of 275 projects that underwent EIA in Nigeria between 1995 and
2005, 172 were in the area of Oil and Gas [16]. Out of the same total number 67 projects were
classified as Infrastructure Projects but out of this number only two were in the area of Housing
and Urban Development; the rest were mainly in the area of power transmission, transportation,
Port-Harcourt (a major oil producing area) Development, domestic water and waste disposal [16].
EIA is conducted more or less as a separate technical exercise and is used basically as a
perfunctory endorsement of decisions already made. Nevertheless, 20 years on there are multiplier
effects of this important legislative decision which paved the road for establishing a framework in

the form of Federal and State Ministries of Environment, training of staff in these Ministries and
creating general awareness of the importance of environmentally sound decisions with respect to
development.
2.6 International sustainability cooperation
The efforts of international community in promoting principles of sustainable development have
had a significant impact in Nigeria. Environmental issues are almost always too complex to be
tackled by any one organization no matter how big the organization. The Nigerian Environmental
Study/Action Team (NEST) lists over 25 organisations in Nigeria and the same number outside the
country that have been involved in fostering partnerships and linkages locally and globally to
increase public awareness of issues of the environment and sustainable development through the
dissemination of factual information, training on skills acquisition and promotion of sustainable
livelihoods [17]. Though some of the above could be related to capacity building with respect to
sustainable construction, there is a need for greater integration of construction in Nigeria into
sustainable development framework. For now construction related international sustainability
efforts still have “one off” project nature.

3. Discussion
Nigeria has long been under the curse of the “Dutch disease”, which has severely retarded
economic growth and development in the nation, and on this account it is easy for a people to
become exigent, worrying only about what to get out of the environment for their own immediate
needs and uses, without caring very much for the consequences. Many elements of sustainable
practices, including those related to construction, have one thing in common with each other which
distinguishes them from sustainability efforts in the western world: they are driven by an urgency
concerning immediate survival needs. Whereas affluence, waste, damage to the environment often
spur sustainability debates, actions and policies in the West, poverty and underdevelopment are
often the main drive behind sustainability efforts in Nigeria.
Predisposition or a tendency to respond positively or negatively towards a certain idea defines the
attitudes. Sustainable practices ingrained in tradition and culture play an important part in the
process of “sustainability consciousness” formation. Survival-driven sustainability, however, may
result in attitude-behaviour inconsistencies. When it comes to choice between sustainability and
survival, people tend to rationalize thus, “I want to live better first, then I will consider the
environmental issues”. This is not necessarily peculiar to Nigeria or developing world, for even in
developed countries, the socio-economic wellbeing often overrides environmental concerns aptly
described recently in the Economist [18]: “Give me green and jobs but not green jobs”.
As Luc Hens points out [7], indigenous knowledge based on oral tradition cultivates an authority
based, non-systematic, holistic approach and to a large extent is community targeted; as compared to science which is essentially systematic, driven by counter diction, verification, falsification
and validation, is to a very large extent reductionist and depends on written and published documents and strives to elucidate universal (both spatially and temporally) laws. Today, many indigenous knowledge systems are at risk of becoming extinct because of rapidly changing natural environments and fast pacing economic, political, and cultural changes on a global scale. Practices
vanish as they become inappropriate for new challenges or because they adapt too slowly. The
tragedy of the impending disappearance of indigenous knowledge is in skills, technologies, artefacts, problem solving strategies and expertise being lost. Most of sustainability related projects
and research are carried out in urban areas, where the fabric of tradition and culture is fast deteriorating, while at their grass-roots in the rural areas low levels of education do not allow for the use
of sophisticated approaches to developing sustainability awareness. All this calls for “user-friendly
sustainability” that would allow for flexibility in reaching different stakeholders in sustainable development.
It is important to recognise also that there is a massive informal sector in the Nigerian economy,
which is responsible for a large part of environmental degradation. Informal construction sector is

also large and difficult to regulate. Meanwhile, most of sustainability efforts, understandably, are
directed towards reaching organised, formal construction sector of the Nigerian economy.
Alternative materials are eagerly discussed and researched, but studies show that they do not offer
an economic advantage that would motivate their use; in addition, these materials and the skills
necessary to handle them are not readily available [19]. As such, it is left to individual enthusiasts
to experiment with some of these materials, at their own risk, usually in the form of do-it-yourself
home building. The same applies to use of alternative sources of power generation and use,
mainly solar power, which for now has the problem of affordability and its record in Nigeria with
respect to performance and running cost is not very clear.

7. Conclusion
The foregoing informs the conclusion that the principles of sustainability are ingrained in Nigerian
culture and tradition, development of alternative materials and use of alternative sources of energy,
and general direction that Nigeria is adopting in its development efforts. This all indicates a great
potential for successful incorporation of sustainable building practices in Nigerian construction.
Strategies need however to be developed to turn the “sustainability capital” into “sustainability
profit”.
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Summary
Availability of affordable energy services is needed for reliable developments, and thus is of paramount importance for poverty alleviation, whilst preparing for the low carbon future. Although Nigeria is a major oil and gas exporting country, there is a severe lack of affordable, reliable and sustainable power supply, which strongly compromises the economic development of the affected
regions and the quality of life of inhabitants. In Nigeria, many people cannot afford to pay for energy. This prevents also private initiatives from investing in the energy sector. Therefore, reliable
models of transition towards sustainable energy supply systems, offering affordable energy services, are highly demanded. These models of transition must contribute (1) to implement the necessary energy services infrastructure by supporting the integration of decentralised sustainable
energy technologies, and (2) to develop the economic capacity of targeted customers by creating
jobs and income. In 2009 and 2010, the SolarPowerHouse concept has been developed in the
course of a feasibility study, in order to address this challenge in Delta State. The concept is based
on the design and construction of an energy-self-sufficient settlement and the establishment of a
Renewable Energy Services Company (RESCO). This conference contribution presents the results
of the feasibility study and the SolarPowerHouse concept as a feasible model of transition towards
sustainable regional development, poverty alleviation, peace and stability.
Keywords: regional development, sustainable buildings, energy efficiency, renewable energy,
sustainable development, poverty alleviation, development policy, Niger Delta

1. Introduction
Availability of affordable energy services is needed for reliable developments, and thus is of paramount importance for poverty alleviation, whilst preparing for the low carbon future. Although Nigeria is a major oil and gas exporting country, parts of the country are not connected to the electricity
grid at all; many will not be connected in the near future, some not at all due to remoteness and the
specific environment.
There is a severe lack of reliable power supply in Nigeria, with about 150 millions inhabitants the
most populated country of Africa. 60-70% of the population are without access to electricity services. At the rural level, where about 70% of the population live, the availability of electricity drops
to about 18%. An estimated 100,000 communities in the rural areas do not have access to the national grid. Supply of petroleum products, including diesel, kerosene, and gas are irregular and
where available on the black market are often subject to sudden price increases.

It is estimated that fuelwood, and other biomass residues such as animal and crop residues represent more than 50% of total energy consumption. Most of this is utilized for cooking and boiling of
hot water in the rural and semi urban areas and among the urban poor. According to the Chairman
of Manufacturers Association of Nigeria (MAN), an estimated 60 million residents use generators
of varying sizes. Regarding manufacturers, the capital for maintaining and increasing production at
factories and production lines is locked up in purchasing diesel generators and fuel. According to
the Chairman of MAN, all types of firms in Nigeria experience power outages and 85% of them
own diesel generators as alternative source of power generation. Power, which is usually 5% to
10% of production cost in most countries, constituted between 30% and 40% of the cost of production in Nigeria in 2009. [1,2,3,4]
This severe lack of affordable, reliable and sustainable power supply strongly compromises the
economic development of the affected regions and the quality of life of inhabitants. The situation is
especially challenging in the Niger Delta, where the oil and gas industry is located, but infrastructure developments for the indigenes have been lacking as yet. Poverty of the masses, and general
lack of chances have caused youth restiveness, resulting in attacks against the oil industry. Activities in the Niger Delta region are of utmost importance for a robust and peaceful development in
Nigeria. Nigeria is Africa’s most populated country, and the economic powerhouse in Sub-Sahara
Africa besides South Africa. Therefore, economic developments based on local renewable energy
infrastructures in Nigeria are essential for the progress towards sustainability of entire Africa. In
return, this will positively affect sustainable development world wide, e.g. in terms of combating
climate change. [5,6,7,8]
In Nigeria, many people cannot afford to pay for energy. This prevents also private initiatives from
investing in the energy sector. Therefore, reliable models of transition towards sustainable energy
supply systems, offering affordable energy services, are highly demanded. These models of transition must contribute (1) to implement the necessary energy services infrastructure by supporting
the integration of decentralised sustainable energy technologies, and (2) to develop the economic
capacity of targeted customers by creating jobs and income.

2. Short description of Delta State, Nigeria
Delta State was created in 1991 and presently consists of 25 Local Government Areas (LGAs).
There is a fast growth in population: in 1952, the area of Delta State had a population of 883,651.
In 2005, population was estimated 6,710,214. The inhabitants of Delta State are either Christians
or African traditional religionists with very few Muslims. There is one State owned university and
several polytechnics and colleges of education. Major occupations are farming, fishing, hunting
(80%) and oil exploration. Major tribes are Urhobos, Izons, Isokos, Ibos and Itsekiris. The climate
is tropical, marked by two distinctive seasons, the dry (November–April) and rainy (May–October)
seasons. Average annual rainfall in the coastal area is about 266.5 cm and 190.5 cm in the Northern fringes, and temperature range is from 28°C to 34°C with an average temperature of 30°C
(81°F). Vegetation consists of mangrove swamps, evergreen forests, and savannah. The Delta
State Directorate of Local Government Affairs is in charge of the LGAs of the State. LGAs are in
charge of land use issues and administration of local activities. [9,10]
In Nigeria, there are more than 350 peoples or tribes who organise themselves in clans. Each clan
forms an administrative unit, the Kingdom. The traditional rulers still hold a key position regarding
local development strategies. Usually, the Kingdom corresponds with a Local Government Area,
and the King works closely together with the Local Government Chairman.
Delta State faces multiple challenges, among others high unemployment rates, lack of reliable energy supply, and lack of low-income houses. Decentralised energy solutions based on renewable
energy technologies and low-cost as well as energy efficient buildings contribute to providing reliable energy supply, to creating jobs and a peaceful development in the region. If occupants have
jobs and income, they will be able to pay appropriate fees, also.
At this stage, purchasing power is still desperately weak. Therefore, a transition phase is needed,
in order to develop the two aspects, the supply side as well as the demand side.

3. The SolarPowerHouse concept
Housing including decent energy services is hardly affordable for the poor masses in the absence
of jobs. In 2009 and 2010, the SolarPowerHouse concept has been developed in the course of a
feasibility study, in order to address this challenge in Delta State. The concept uses an integrated
approach by combining demand side management (low-energy and low-cost architecture) with
supply side management measures (energy services based on renewable energy technologies), to
achieve least cost solutions in off-grid areas. Trainings and contributions to developing the policy
framework contribute to creating new jobs, to enhance the purchasing power of the population. [11]
The SolarPowerHouse concept is based on the design and construction of an energy-self-sufficient
settlement and the establishment of a Renewable Energy Services Company (RESCO). It can be
implemented in many locations of the country. However, the selection of project sites is crucial,
because although the concept targets remote areas which will not be connected to the grid in the
near future, a basic structure must be available to start a SolarPowerHouse project, in order to limit
risks and to make sure that the project will be successfully implemented. Information displayed in
the table below shows two examples, Ughelli North LGA being in an advanced stage of development and therefore an adequate location to start a SolarPowerHouse project. In Warri South-West
LGA, for example, risk is high due to the lack of infrastructure and human resources, and political
tension.
Table 1 Characterisation of exemplary communities in Delta State (2010)
Local Government Area
(LGA)
Area
Inhabitants
Population growth
Share of inhabitants under 20
years old
Illiterate rate
Unemployment rate
Grid connection

Ughelli North LGA

Warri South-West LGA

818 km²
321 028
15%
25%

1,722 km²
116 681
10%
41%

18%
65%
Not foreseen for the near
future

Source of energy
Annual average income of
household

Fuel wood; diesel generator
70,000 – 80,000 Naira

Occupation of inhabitants

Mostly traders

85%
80%
Not possible due to environmental conditions (creek area)
Fuel wood; diesel generator
Before 45,000 Naira; recently
increased to 80,000 Naira
due to governmental support
Local production of local gin,
peasant farmers, and fishermen
NIL

Infrastructure

Ongoing massive construction of road network
Most important companies
Beta Glass PLC, Delta
NIL
operating in the LGA and their Power Generating Compaoccupation
ny PLC, Setraco Construction Company
Sources of information: National Census 2006 by State and LGA (http://www.nigerianstat.gov.ng/)
and interviews with representatives of communities (2009, 2010) [11]

4. Energy-self-sufficient low-income
centre, operated by RESCO

settlement

with

commercial

The core of the SolarPowerHouse concept is the construction of an energy-self-sufficient lowincome settlement, manufactured with local materials, and based on energy efficiency and renewable energy technologies. The size and the design of the settlement are optimised taking into account reduction of cost, positive impact on health, energy savings, reduction of environmental impact, and creation of local jobs. Cost savings achieved by using local materials will contribute to
financing investments in renewable energy technologies.
A settlement unit consists of nine residential buildings and one energy centre. The energy centre
houses the Renewable Energy Services Company (RESCO), who operates and maintains the settlement. The energy centre also offers energy services on demand and rents out space and energy
services to small companies on a permanent or temporary basis. This concept of combining residential and commercial clients will ensure the economic viability in future. The RESCO will expand
its activities towards commercial clients to satisfy the demand for affordable and reliable energy
supply.
The SolarPowerHouse concept will have a great positive impact on both the environment and the
Nigerian economy in that it offers reliable and affordable energy services, and the noise and pollution, which are caused by diesel generators, will be reduced. [11]
Design of buildings and renewable energy systems
The design of the energy-self-sufficient settlement is based on the concept of compound (three or
more buildings and one collectively used building form one compound with a strong social control
mechanism). This concept is revived and modernised. The collectively used building represents
the energy centre at the same time (settlement centre). Every settlement consists of nine residential buildings (three-bedroom houses, each 90m2 gross floor area) and one energy-centre (total
area 270m2), which will – among others - house the RESCO. This concept allows for control and
maintenance of energy modules, reduces investment costs, prevents theft, and generates options
to sell energy services also to creditworthy clients like commercial customers.
Low-cost solutions in terms of housing are achieved by using locally available materials (clay,
wood, bamboo; cost is about half of traditionally constructed buildings) and by reducing energy
needs through energy efficiency achieved by architectural low-energy solutions.
Earth construction technique is labour intensive and it is possible to employ unskilled workers for
building construction. In Delta State, the unemployment rate is high, and therefore this construction
technique offers a solution regarding job creation for the masses with a lack of qualification. Apart
from this, clay is a suitable construction material for the hot and humid climate, which prevails in
Delta State. It provides a good indoor climate without expensive and energy consuming air conditioning systems. Therefore, this construction technique is an energy efficiency measure: together
with an appropriate architectural design, energy need is reduced to a minimum. [11]
The energy self-sufficient settlement is based on a decentralised modular energy supply unit including a micro-grid. The decentralised modular energy supply unit combines the following technologies: photovoltaic systems and low-cost solutions such as solar thermal collectors, biogas from
organic waste for cooking, locally produced bio-fuel (sustainability criteria taken into account) for a
CHP plant as back-up system. Later on, micro-grids can be enlarged and also be connected to
form larger units. [11]
Energy generation facilities planned:
• PV plant: 20kWp
• CHP plant (fuelled with vegetable oil): 20kWel and 32kWth
• Solar thermal collectors: 59m2 area, 750kWh/m2

The SolarPowerHouse concept makes use of selected technologies due to the following reasons:
Solar thermal systems (thermosiphon systems) to provide hot water
• Availability of domestic hot water is part of the modern building standard.
• The technology of solar thermal systems is very simple and regional production is possible.
Apart from residential buildings there are many hotels in Delta State with a demand for hot
water for shower, laundry and kitchen. Demand for solar thermal systems has emerged and
can result in building a production site for solar thermal systems in Delta State. Production,
design, and installation will create many jobs. Concerning the RESCO, there is the option
to rent part of the energy centre to a small company operating a laundry based on solar hot
water which is provided by the RESCO.
Photovoltaic (PV) and micro-grid for electricity production and distribution
• PV requires little maintenance effort compared to other electricity generation technologies.
• The micro-grid requires a central battery station instead of having batteries in each house
(stand alone systems); the RESCO will maintain the batteries, exploit their full lifetime and
take care of a proper disposal and replacement at the end of lifetime. Batteries contain toxic substances and therefore proper management is required which is not ensured with
stand alone systems (so called solar home systems).
• PV is a sophisticated technology and therefore (compared with solar thermal systems)
much more effort is needed to set up a production site in Delta State. Nevertheless, in the
short run there is the potential for assembling the parts in the region.
Vegetable fuelled combined heat and power plant (CHP)
• It serves as back-up system for PV to ensure reliable electricity supply.
• It is needed to produce energy for the use of machines, which is beyond the capacity of the
PV system, and to produce energy on demand.
• It makes use of agricultural products (taking into account sustainability criteria), thus enhancing the position of farmers.
• CHP technology is robust if the quality of the vegetable oil is assured; therefore the oil production process is also the task of the RESCO.
• Waste heat is used for commercial applications.
Waste-to-energy: biogas reactor
• Due to the lack of a sewage system and waste management system, organic waste and
sewage from toilets are disposed of in an irregular way. Organic waste and sewage can be
used for biogas production. This provides gas for cooking and solves the problem of irregular disposal.
Reasons for combining residential buildings with a commercial energy centre:
Due to frequent power outages and remote regions without grid connection, many companies are
forced to operate a diesel generator. Diesel is subject to varying prices and there are also shortages. In 2010, produced by diesel generator, electricity cost was 50 Eurocent per kWh in Delta State.
This is competitive with the cost of electricity generated by renewable energy systems, and companies are ready to pay a reasonable price for reliable energy supply. The residential buildings
address low-income families, and their ability to pay fees is limited. Therefore the combination with
commercial clients will ensure the financial viability of the RESCO in future.
Measuring the performance of energy systems during operation:
Measuring equipment is necessary to deliver the basis information for RESCO operation. Measuring equipment will provide information on the actual amount of energy provided by solar thermal
systems and PV systems. This will allow for the immediate detection of irregularities and failures,
and thus secure the generation of energy as planned.

Post occupancy evaluation:
The post occupancy evaluation serves to assess user satisfaction and to detect potential problems.
This provides valuable information for the operation phase of the RESCO and for planning new
settlements.

5. Trade-off: Affordability of energy services and financial viability of
energy-self-sufficient settlement
The economic and financial analysis of the energy-self-sufficient settlement was carried out based
on cost estimates, data published at official websites, and information provided by representatives
of the communities Ughelli North LGA and Warri South-West LGA.
Accordingly, average annual electricity consumption in Nigeria was estimated 136 kWh per capita,
which is very low compared to the African average (563 kWh per capita) and the world average
(2,696 kWh per capita). [12]
In 2010, costs for diesel to run a diesel generator for electricity supply were 120 Naira/l, and 15l to
20l diesel per day (about 300€ per month, and not affordable for the masses) are needed to provide basic energy services for a three-bedroom house. The corresponding costs of electricity are
about 0.50€/kWh.
Therefore, electricity provided by the RESCO must be cheaper and energy supply will be reliable
and non-polluting. The RESCO will approach different type of customers with appropriate fees. [11]
Affordability of energy services
The tariff structure for energy services offered by RESCO was developed based on information
about average income in rural communities. [11]
The suggested tariff structure for households consists of the following elements:
• Basic energy services
• Moderate energy services
• Extensive energy services
Actual electricity expenses and the present annual average electricity consumption in Nigeria were
the basis to define basic energy services and the kilowatthours needed to provide them, taking into
account energy efficient appliances. Moderate energy services include services, which are elements of modern standard of living. Extensive energy services provide services beyond this.
The electricity fee for basic energy services corresponds with the upper level residents tariff of utilities (9 Naira per kWh, 2009). However, it has to be considered, that the renewable energy services
company will also be involved in purchasing energy efficient appliances. Therefore, a higher level
of services will be provided with consuming fewer kilowatthours.
The electricity fee for moderate energy services is much higher but still less than cost for electricity
from a diesel generator.
The electricity fee for extensive energy services is based on electricity costs, which will occur if
electricity is provided by a diesel generator (50 Eurocent per kWh).
Table 2 Tariff structure for households [11]
Tariff per consumer Average electricity consumption per
(Euro/kWh)
year per household (kWh/year)
Domestic electricity
Domestic basic services
Domestic moderate services
Domestic extensive services

0.05
0.15
0.5

120
400
100

The first 120 kilowatthours account for 0.05 Euro/kWh, the next 400 kilowatthours account for 0.15
Euro/kWh, and each additional kilowatthour accounts for 0.5 Euro/kWh. This structure will ensure
that basic energy services are available and affordable for the masses.
Basic energy services include mainly light, communication (mobile phone), and informationtechnologies (radio).
Moderate energy services include also cooling of food and drinks (refrigerator), television, and others. The buildings are designed and constructed in a way that no electricity-driven air conditioning
is needed. The building material (clay) provides storage mass and balances air humidity. A fan will
be sufficient to provide a comfortable indoor climate.
Domestic hot water: Households use domestic hot water for personal hygiene and washing. In
addition, availability of domestic hot water might provide the basis for starting a micro-business at
home, such as hairdresser, or offering the service of washing to other people. The fee is very low
in order to ensure affordability.
Table 3 Expected energy consumption and related expenses of low-income households [11]
Annual energy consumption per
household (kWh/year)
Electricity
120
400
520 (total)
Domestic hot water
3650

Tariff (Euro/kWh)

Annual energy costs per
household (Euro)

0.05 (basic services)
0.15 (moderate services)

6
60
66 (total electricity)

0.005

18.25

With the tariff model described above, expenses for basic and moderate energy services account
for 15% of average household income. Expenses for basic energy services are accordingly less.
The next table displays the tariff model for commercial consumers.
Table 4 Tariff structure for commercial consumers [11]
Commercial customers

Tariff per consumer (Euro/kWh)

Commercial electricity
Commercial hot water
Electricity temporary
Temporary domestic
Temporary micro-business
Temporary commercial

0.4
0.1
0.15
0.15
0.5

The energy centre rents out workshops to three permanent commercial customers. There is one
additional workstation for temporary commercial customers, which can be rented on a daily basis.
Another workstation addresses temporary domestic customers and micro-businesses.
In the commercial sector, the energy price must be competitive with the cost of electricity provided
by diesel generators. In 2010, cost of electricity from diesel generators amounted to 0.50 Euro/kWh, and there is the risk of volatile prices and unforeseen shortages. Therefore, RESCO offers
renewable energy services below or at equal cost of electricity from diesel generators.
It is the objective to acquire more commercial customers to support tariffs for households.

Financial viability of RESCO
The analysis of the financial viability of the RESCO was based on the following assumptions: [11]
• Income from households and commercial clients based on the tariffs described above
• Assumptions for operation as described below
Assumptions 1st to 3rd year of operation:
20kWp PV modules produce 18,000 kWh electricity per year.
CHP (20kWel 32kWth): 880 operation hours in the first year of operation and generation of
17,600kWh electricity and 28,160kWh heat.
Solar collectors generate 44,250kWh.
Total amount of energy generated in the first year of operation: 108,010kWh.
Assumptions 4th year of operation and further:
The RESCO will acquire new customers and CHP operation hours will increase after the third year
of operation to 4,000 hours per year (80,000 kWh electricity).
Energy consumption forecast is based on the following assumptions:
20kWp PV modules produce 18,000 kWh per year.
CHP (20kWel 32kWth): 4,000 operation hours after the 3rd year of operation and generation of
80,000kWh electricity and 128,000kWh heat.
Solar collectors generate 44,250kWh.
Total amount of energy generated after the 3rd year of operation: 270,250 kWh.
The economic lifetime of the project is 25 years, and the technical lifetime of components of energy
infrastructure was taken into account as follows:
PV-modules: 35 years
Solar-thermal systems: 25 years
Micro-grid: 80 years
Battery station: 10 years
Oil press and filtering process: 25 years
CHP (vegetable oil): depending on operating hours
Part load (4,000 hours): 15 years
The modular energy centre was designed in a way to keep operation and maintenance requirements low. Therefore the energy-self-sufficient settlement is based on solar technologies: experiences with these systems have shown that solar thermal systems and PV systems require very
little effort for repairs and renewals. The planned solar thermal system is a thermosiphon system,
which functions without the use of pumps. The battery station causes a large share of operation
and maintenance costs, because it needs replacement every 10 years.
The analysis of the financial viability showed, that the RESCO gains only half of expenses for operation from fees, thereof only 4% from households. The main contribution comes from commercial
clients. There is in no way a return on investment, on the contrary, under the present conditions
there is the need for a grant to cover the investment.
The RESCO will be viable in the operation phase, if half of the expenses for staff and maintenance
cost can be covered by income from consultancy and training projects. This is feasible from the
economic point of view and will support the replication of the SolarPowerHouse concept. [11]

6. RESCO activities: Building operation and energy services, training
courses and consulting projects
Besides operation and maintenance of the energy-self-sufficient settlement, the RESCO offers
training courses on PV systems and micro-grids, solar thermal systems, biogas, bio-fuels, CHP
plants, and sustainable construction. [11]

It is the objective to strengthen the skills of workers who will be employed for construction works
and for maintenance of houses and energy infrastructure. The courses are also open for engineers
and lecturers who will offer trainings later on (train the trainer element). An additional course is
offered for managers and owner managers of small companies on project development and finance in the field of renewable energy systems, in order to strengthen the capacity in developing
bankable projects.
Short description of course contents:
“Solar thermal” training course: Solar thermal system designs (pumped and thermosiphon systems); types of collectors (materials, performance criteria); other components of a solar thermal
system (storage tank, piping, expansion vessels, control…); installation and maintenance; test procedures and quality requirements; system design of small and large-scale solar thermal systems
for residential applications; solar air-conditioning and cooling; solar heat for industrial applications;
practical training.
“Photovoltaic and mico-grid operation” training course: Photovoltaic system designs (gridconnected, micro-grid, stand-alone; PV modules); types of material and types of PV cells; other
components of a PV system (battery, grid, power inverter, ...); installation and maintenance; test
procedures and quality requirements; system design of small and large-scale systems for residential applications; practical training.
“CHP, bio-fuels, biogas and waste management” training course: Types and availability of biomass
for energy production (primary production, organic waste); principles of sustainable biomass use;
cultivation of plants for bio-fuel production; technical aspects of CHP; CHP plants as back-up systems in a micro-grid; fuels for CHP plants (biogas, bio-fuel); biogas from organic waste; installation
and maintenance; test procedures and quality requirements; practical training.
“Sustainable building” training course: Principles of sustainable construction in a hot and humid
climate; comfortable indoor climate; types of soil (characteristics and classification); use of natural
materials (e.g. bamboo, wood, rock; technical and ecological aspects); technical aspects of building with clay and other natural materials; construction and maintenance; quality requirements;
practical training.
All courses provide an overview about manufacturing possibilities, current research topics and future applications, and relevant European standards systems.
Training course for managers and owner managers with workshop elements: Financing sources
and service & sector innovation trends. The training course provides know-how needed for business activities in the field of renewable energy technologies and energy services: Sources of finance, e.g. GEF, EC, carbon trading schemes, requirements and conditions. During the workshop,
the trainer invites participants to present their particular existing or planned activities in the field of
renewable energy sources. Together with the trainer the group screens the activities, assesses
them, and develops an approach how to finance new activities or the enlargement of existing activities (technology and service sector). The courses address professionals with a relevant technical
and managerial background. It is the objective to assist participants in developing a project idea in
the field of renewable energy towards a bankable project.

7. Conclusions and outlook
Under the present market conditions, payback periods for investments in energy-self-sufficient
settlements for the rural and peri-urban poor are far beyond profitability in Nigeria. However, the
implementation of decentralised renewable energy systems offers a workable solution for the electrification of rural areas, taking into account the size of the country and urgent needs regarding
poverty alleviation, peace, and stability. Therefore, models of transition are demanded in order to
achieve economic viability of sustainable energy services in the long run. The SolarPowerHouse
concept offers a feasible model of transition, suggesting a RESCO, which will be financially viable
in the operation phase. Employees for operation and maintenance, and costs for replacement will
be paid from the income of the RESCO generated by collecting fees. The combination of domestic
and commercial customers generates a viable income, which is supplemented by revenues from

trainings and consulting projects. At present, investment grants are needed for the construction of
energy-self-sufficient settlements. Unfortunately, it is difficult to find funding schemes, which appreciate the holistic approach taken by the SolarPowerHouse concept. The concept does not only
provide a solution to energy supply but at the same time to regional economic development, poverty alleviation, peace and stability. The project plan is developed and the energy-self-sufficient
settlement is ready to be implemented, however, funding is not secured yet.
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Summary
The construction industry is recognised as a major contributor to global warming in terms of
construction processes and built environment energy consumption. To this end, commendable
initiatives  were  introduced  into  the  industry  so  as  to  minimise  the  industry’s contributions towards
climate change. However, though carbon emissions in developing countries are assumed to be
significantly lower than that of developed nations such as the USA, proactively engaging in
environmentally friendly construction processes, and use of materials sustainably remains a
challenge for developing countries.
Therefore, using South African construction as an example, the paper reports on impediments,
causes of the impediments, and possible solutions relative to climate change. Findings emanating
from the extensive review of related literature and a subsequent empirical study indicate that
technology, management processes, economic, political, and social factors constitute barriers to
engendering sustainability processes / procedures in the construction industry. Accordingly, in
order to facilitate and create adequate awareness relative to climate change issues, processes and
technologies must be modified to the needs of a society.
Keywords: Climate change, Construction, Sustainability, South Africa

3. Background
Sustainable   development,   which   can   be   defined   as   ‘development   which   meets   the   needs   of   the  
present   without   compromising   the   needs   of   the   future’,   became   the   centre   of   industrial   and  
academic discourse as a result of the impact of human societies on the global environment [1].
Through the use of environmental sustainability assessment methods such as the Building
Research Establishment Assessment Method (BREEAM) in the UK, developed countries are
setting standards for best practice [2]. However, the extent of sustainable construction practices in
developing countries cannot be said to be at par with that of developed countries.
For example, empirical research conducted in countries such as Malaysia, Peru, and The
Netherlands suggests that there are a number of barriers to the adoption, or rather implementation
of sustainable construction practices [3 4 5]. Notable barriers identified include unclear cost /
benefit analysis, lack of necessary knowledge; perceived economic / financial constraint; ignorance
about effects of unsustainable practices; lack of enforcement of existing legislation; lack of

appropriate government interventions; lack of urban and construction policy; existing construction
procedures / standards; lack of skilled manpower; and poor knowledge relative construction
materials.
In particular, du Plessis [6] contends that the lack of capacity in both the construction sector and in
government, an uncertain economic environment, lack of accurate data on which to base
decisions, poverty and the subsequent low urban investment, the lack of interest by stakeholders
in the issue of sustainability, and technological inertia and dependency due to entrenched colonial
codes and standards were identified as the main barriers to the realisation of sustainable
construction in developing countries. In spite of these barriers, prevailing climate change realities
indicate that sustainable construction practices should be driven to an appreciable level in
developing countries. A case in point is documented in a recent report titled ‘case study- the
construction   industry’s   path   towards   a   low   carbon   trajectory [7]. The report noted that barriers
relative to mindset and technology are working against green strategy proliferation in South African
construction. In particular, the perspectives of two major contractors presented in the report
suggest that sustainable construction barriers include the perception that contractors cannot
influence design; lack of capacity to pursue alternative sustainable construction methods /
materials; and risk averse tendency due to lack of enough money in the system because of the
recent global economic recession. As an illustration, the report noted that a significant barrier to the
use of local construction supply alternatives is the risk associated with new alternatives. In
particular, if a technology fails or a product turns out to be unreliable, it could imply failure of an
entire sustainability initiative.
Nevertheless, Warnock [8], Shen [9], Matar [10], and the Chartered Institute of Building (CIOB) [2],
contend that sustainable construction may be driven from the technical point of view through
aspects of sustainability such as:
management: overall management policy, commissioning site management, and procedural
issues;
energy use: operational energy and carbon dioxide issues;
health and well being: indoor and external issues affecting health and well being;
pollution: air and water pollution issues;
transport: transport-related CO2 and location-related factors;
land-use: greenfield and brown-field sites;
ecology: ecological value of conservation and enhancement of the site;
materials: environmental implication of building materials, including life-cycle impacts, and
water: consumption and water efficiency.
To be succinct, the principles of sustainable construction that apply to the entire project life cycle,
requires the buy-in of all project stakeholders [11]. These principles include the reduction of
resource consumption, reuse of resources, usage of recyclable resources, protection of nature,
elimination of toxics, and application of life-cycle costing as well as a focus on quality in project
undertakings [11].

4. The Research
The related literature surveyed led to an exploratory empirical study that was conducted among
Green Building Council-South Africa (GBCSA) accredited architects based in Gauteng province,
which is the economic hub of South Africa. The quantitative survey was used to elicit information
from the respondents through a structured questionnaire that was distributed through emails. Out
of the 44 e-mail addresses of the architects listed on the GBCSA website, 11 e-mails addressed
were not valid, so 33 architects can be deemed to have constituted the sample for the study. At the
end of the survey period (10 weeks), only 10 valid responses were received, which equates to a
response rate of 30.3%. It is notable that 90% of the respondents affirmed that they have
participated / or are participating in sustainable construction projects. This suggests that the
perceptions presented in this paper can be deemed to be based on experiences of architects
committed to sustainable construction.
Table  1  indicates  the  respondents’  perceptions  of  the  extent  to which aspects constitute barriers to
the adoption of sustainable construction practices in South African construction in terms of
percentage responses to a scale of 1 (minor) to 5 (major), and a mean score (MS) ranging
between 1.00 and 5.00. It notable that seventeen aspects have MSs above the midpoint score of
3.00, which indicates that in general, the respondents can be deemed to perceive these aspects to
constitute more of a major than a minor barrier to the adoption of sustainable construction
practices in South Africa.
However, a review of the respective MS ranges provides a more in depth perspective. MSs > 4.20
≤  5.00  indicate that the respondents can be deemed to perceive that unclear cost / benefit analysis
constitutes a barrier to sustainable construction between a near major extent to a major extent /
major  extent.  In  addition,  MSs  >  3.40  ≤  4.20  indicate that the respondents can be deemed to
perceive lack of necessary knowledge; perceived economic / financial constraint; ignorance about
effects of unsustainable practices; lack of enforcement of existing legislation; lack of appropriate
government interventions; lack of urban and construction policy; existing construction procedures /
standards; lack of skilled manpower; and poor knowledge relative construction materials to
constitute barriers to the adoption of sustainable construction between some extent to a near major
extent / near major extent.
MSs  >  2.60  ≤  3.40  indicate that the respondents can be deemed to perceive that lack of project
stakeholders’  buy-in; poor knowledge relative to construction methods; lack of industry
sustainability champion; perceived risk of failure; poor understanding of sustainability by
stakeholders; untested sustainable construction methods; lack of information relative to
sustainable construction; inadequate or unreliable sustainable materials; conflict with stated
specifications; resistance to change in the industry; conflict with stated design requirements;
procurement systems-competitive bidding; and lack of interest by clients can be deemed to
constitute barriers to the adoption of sustainable construction practices between a near minor
extent to some extent / some extent.
MSs  >  1.80  ≤  2.60  indicate that the respondents can be deemed to perceivepoor industry
awareness, poverty and low urban investment, lack of interest by contractors, lack of interest by

designers, and unfavourable site conditions to constitute barriers to the adoption of sustainable
construction between a minor extent to a near minor extent / a near minor extent.

Table 1 Barriers to the adoption of sustainable construction practices in South Africa
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0.0
0.0

1
0.0
0.0
0.0

2
0.0
10.0
10.0

3
0.0
0.0
10.0

4
22.2
50.0
30.0

5
77.8
40.0
50.0

4.78
4.20
4.20

1
2
3

0.0

10.0

0.0

20.0

20.0

50.0

4.00

4

0.0
0.0
10.0
0.0
0.0

0.0
0.0
0.0
10.0
10.0

0.0
10.0
10.0
10.0
10.0

40.0
30.0
30.0
20.0
30.0

30.0
20.0
20.0
30.0
20.0

30.0
40.0
30.0
30.0
30.0

3.90
3.90
3.78
3.60
3.50

5
6
7
8
9

0.0

10.0

20.0

20.0

10.0

40.0

3.50

10

10.0

10.0

10.0

20.0

40.0

10.0

3.33

11

0.0

11.1

11.1

44.4

0.0

33.3

3.33

12

0.0
0.0

20.0
10.0

0.0
10.0

30.0
40.0

30.0
30.0

20.0
10.0

3.30
3.20

13
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0.0

20.0

0.0

30.0

40.0

10.0

3.20

15

0.0

10.0

20.0

40.0

0.0

30.0

3.20

16

0.0

20.0

20.0

10.0

30.0

20.0

3.10

17

0.0

20.0

20.0

20.0

20.0

20.0

3.00

18

0.0
10.0
0.0
20.0
0.0
0.0
10.0
0.0
0.0
0.0

10.0
10.0
11.1
20.0
20.0
20.0
30.0
20.0
30.0
50.0

40.0
20.0
33.3
20.0
20.0
20.0
30.0
20.0
30.0
20.0

20.0
30.0
33.3
10.0
30.0
40.0
0.0
60.0
20.0
30.0

10.0
30.0
0.0
10.0
30.0
20.0
10.0
0.0
10.0
0.0

20.0
0.0
22.2
20.0
0.0
0.0
20.0
0.0
10.0
0.0

2.90
2.89
2.89
2.88
2.70
2.60
2.56
2.40
2.40
1.80

19
20
21
22
23
24
25
26
27
28

Unsure

Rank

Response (%)
MS

Barrier

Unclear cost / benefit analysis
Lack of necessary knowledge
Perceived economic / financial constraint
Ignorance about effects of unsustainable
practices
Lack of enforcement of existing legislation
Lack of appropriate government interventions
Lack of urban and construction policy
Existing construction procedures / standards
Lack of skilled manpower
Poor knowledge relative construction
materials
Lack  of  project  stakeholders’  buy-in
Poor knowledge relative to construction
methods
Lack of industry sustainability champion
Perceived risk of failure
Poor understanding of sustainability by
stakeholders
Untested sustainable construction methods
Lack of information relative to sustainable
construction
Inadequate or unreliable sustainable
materials
Conflict with stated specifications
Resistance to change in the industry
Conflict with stated design requirements
Procurement systems-competitive bidding
Lack of interest by clients
Poor industry awareness
Poverty and low urban investment
Lack of interest by contractors
Lack of interest by designers
Unfavourable Site conditions

Minor…………………….………………Major

Table  2  indicates  the  respondents’  perceptions  of  the  extent  to  which  listed  drivers  contribute  to the
adoption of sustainable construction practices in South African construction in terms of percentage
responses to a scale of 1 (minor) to 5 (major), and a MS ranging between 1.00 and 5.00. It is
notable that with the exception of one driver, all the drivers have MSs above the midpoint score of
3.00, which suggests that in general, the respondents can be deemed to perceive that these
drivers contribute more of a major than a minor extent to the adoption of sustainable construction
practices in South Africa.
MSs  >  4.20  ≤  5.00  indicate that the respondents can be deemed to perceive that drivers such as
water consumption efficiency, life-cycle impact of construction materials / products, and increased

awareness in the industry can be deemed to contribute between a near major extent to a major
extent / major extent to the adoption of sustainable construction practices in South Africa.
MSs  >  3.40  ≤  4.20  indicate that the respondents are of the opinion that drivers such as ecological
value of conservation, water pollution issues, ecological enhancement of sites, increased
education and training of stakeholders, brown-field sites (existing construction sites) land use,
operational energy use, overall management policy, site management procedural issues, health
and well being issues, transport related CO2 emissions, environmental implication of construction
materials, and greenfield sites (new construction sites) land use can be deemed to contribute
between some extent to a near major extent / a near major extent to the adoption of sustainable
construction practices in South African construction.
Table 2 Drivers of sustainable construction practices in South Africa

Rank

0.0

1
0.0

2
0.0

3
0.0

4
30.0

5
70.0

4.70

1

0.0

0.0

0.0

10.0

30.0

60.0

4.50

2

0.0
0.0
0.0
0.0

0.0
0.0
10.0
0.0

0.0
0.0
0.0
0.0

30.0
20.0
10.0
30.0

10.0
40.0
20.0
30.0

60.0
40.0
60.0
40.0

4.30
4.20
4.20
4.10

3
4
5
6

0.0

0.0

0.0

30.0

30.0

40.0

4.10

7

0.0

10.0

0.0

30.0

0.0

60.0

4.00

8

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
10.0
0.0

10.0
10.0
10.0
0.0
10.0

40.0
30.0
30.0
30.0
40.0

0.0
30.0
30.0
30.0
30.0

50.0
30.0
30.0
30.0
20.0

3.90
3.80
3.80
3.70
3.60

9
10
11
12
13

0.0

10.0

10.0

30.0

20.0

30.0

3.50

14

10.0

10.0

10.0

30.0

10.0

30.0

3.44

15

0.0
10.0
0.0

10.0
20.0
10.0

10.0
10.0
30.0

30.0
10.0
30.0

30.0
30.0
10.0

20.0
20.0
20.0

3.40
3.22
3.00

16
17
18

Unsure
Water consumption efficiency
Life-cycle impact of construction materials /
products
Increased awareness in the industry
Ecological value of conservation
Water pollution issues
Ecological enhancement of sites
Increased education and training of
stakeholders
Brown-field sites (existing construction sites)
land use
Operational energy use
Overall management policy
Site management procedural issues
Health and wellbeing issues
Transport related CO2 emissions
Environmental implication of construction
materials
Greenfield sites (new construction sites) land
use
Air pollution issues
Construction energy use
Carbon dioxide issues

Response (%)
Minor………….……….………………Major

MS

Drivers

MSs  >  2.60  ≤  3.40  indicate that the respondents can be deemed to perceive that drivers such as
air pollution issues, construction energy use, and carbon dioxide issues can be deemed to
contribute between a near minor extent to some extent / some extent to the adoption of
sustainable construction practices in South African construction.
Table  3  indicates  the  respondents’  perceptions  of  the  extent  to  which  notable  sustainable  
construction principles features in project delivery deliberations in South Africa in terms of
percentage responses to a scale of 1 (never) to 5 (always), and a MS ranging between 1.00 and
5.00. It notable that all the principles have MSs above the midpoint score of 3.00, which indicates
that the respondents can be deemed to perceive that these principles always feature in their
project delivery deliberations as opposed to never.

MSs  >  4.20  ≤  5.00  indicate that the respondents can be deemed to perceive that focus on quality
occurs between often to always / always in their project delivery deliberations in South Africa.
MSs  >  3.40  ≤  4.20  indicate that the respondents are of the opinion that principles such as reduce
resource consumption, apply life-cycle costing, reuse resources, protect nature, and use recyclable
resources occurs between sometimes to often / often in their project delivery deliberations in South
Africa.
Table 3 Extent to which sustainable construction features in project deliberations in South Africa
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0.0
0.0
0.0
0.0
0.0
0.0

1
0.0
0.0
0.0
0.0
0.0
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2
0.0
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3
12.5
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0.0
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10.0
30.0

4
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30.0
20.0
20.0
20.0
10.0
10.0

5
37.5
50.0
50.0
40.0
40.0
50.0
40.0

Rank

Focus on quality (quality)
Reduce resource consumption (reduce)
Apply life-cycle costing (economics)
Reuse resources (reuse)
Eliminate toxics (toxics)
Protect nature (nature)
Use recyclable resources (recycle)

Response (%)
Never  …………………………………  Always

MS

Unsure

Principles

4.25
4.20
3.90
3.80
3.70
3.70
3.60

1
2
3
4
5
6
7

While the structured questions provided responses to variables identifiable through the literature,
the general comments section of the research instrument provided the opportunity for respondents
to express their perceptions based on their experience in general. It is notable that all the
respondents that affirmed that they have participated in sustainable construction made general
comments (90%) that focused on South African construction. Selected comments include:
“One of the projects I am currently involved in has sustainable construction as a major goal.
The timeframe allowed for the development of the project as a whole (not to mention the
sustainable aspect) is far too short to result in meaningful change from the norm. The budget is
also very constrained in relation to achieving the goals set (again, not only with regards to the
sustainable aspect).”;;
“Green building is relative to what is spent and what value for money the interventions bring
and  who  obtains  the  benefit.  It’s  also  relative  to  spending  extra  funds  on  critical  issues - which
varies from project to project.”;;
“Professionals generally accept an ’all’ or ’nothing’ approach, in which case costs escalate that
make the project not viable and clients decide not to follow through.”;;
“The main problem is that investors do not want to spend extra money for sustainable products;
however in a long term period having sustainable development will reduce all operational lifecycle costing. Maybe there should be special financial support options for sustainable
developments while taking construction loans.”;;
“There are problems and a lack of systemic understanding in how the environment fits with
construction practice and building operations.”;;
“For designers, untested sustainable construction methods relate to difficulties associated with
finding local design solutions as applied in other countries; competitive bidding procurement
systems  lead  to  limited  funds  available  for  contractors  to  spend.  Everyone  has  ‘brought  in’  at  
this  stage  no  problem,  however  it’s  all  talk  and  actually  ‘the  doing’  is  the  problem.”;;

“There is lack of adequate training in all professions that are involved in project realisation. This
is linked to the poor professional fees drawn by most of the professionals in the industry. Very
few people have the time to put into training when they are under pressure by the clients to
work for relatively low sums. The result is very slow adoption of new systems / technologies i.e.
as new graduates with the requisite knowledge become available.”;;
“This is of course linked to the fact that the interest rates from banks are too high by a factor of
5 or 10 compared to the developing world, resulting in highly unfavourable (perceived or
otherwise) ROI for the investor. As it is, many developments are rushed and of poorer quality
because of the pressure on all parts of the industry.”;;
“Also the professions are not able to enforce fee scales since the government does not help.
The pressure on the industry is so great that if even a few instances are not caught, the system
fails. Compare this to the way lawyers charge.”;;
“Highly conservative and risk averse behaviour from clients and professionals. This is related to
the way contracts are drawn up and risk is allocated. This in turn is related to the way
professional and other insurance is managed and the nature of arbitration and similar dispute
resolution processes occur. I have been present where decisions were taken to use obsolete
technology simply because it was perceived that the newer product was not tested enough and
therefore posed risk to all concerned, though many of these products are well implemented
overseas.”,  and
“This in turn is related to the abysmal levels of skills in the lower levels of the industry. Not to
mention some of the higher levels. To implement innovative and possibly highly technical
solutions require already skilled labourers and foremen. Currently only very small sectors of the
industry are implementing these things.”

3. Conclusions
Though, limited by sample size, the results of the study nevertheless suggest that the major
barriers to sustainable construction / or development in South Africa are the perceived unclear cost
/ benefits analysis associated with the use of sustainable construction materials and methods,
perceived economic / financial constraints domiciled within the construction supply chain, lack of
necessary knowledge, and ignorance about the effects of unsustainable practices. The mere fact
that clients and other built environment practitioners are deemed to be risk averse also militate
against the adoption of new construction techniques, and by implication militate the rapid use of
sustainable construction materials and methods in South African construction.
Consequently, it is recommended that in order to increase the number of sustainable construction
projects in South Africa, all construction industry stakeholders must be enlightened about the
benefits of sustainability. They must be advised that sustainable construction is not a fad, rather it
is an imperative given recent climate change related issues making headlines in the media.
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Summary
The intention of this study was to investigate whether the promotion of a small-scale tile making
industry would be able compete with established “modern” alternatives, such as galvanised iron
sheeting. The study was instigated by the Asian Development Bank (ADB) and executed by FAO
and UNIDO, in conjunction with the Bandung Ceramics Research Institute. The project wasn’t
ultimately executed - so when it comes to actual implementation why are those ideas often lost?
Keywords: appropriate, technology, tiles, scaling-up

1. Introduction
As built environment practitioners and researchers many of us have been involved with promoting
sustainable construction technologies. Notwithstanding the existence of sound research material
and the many organisations globally concerned with promoting such programmes there are very
few examples of successful adoption and scaling up. What are the constraints to promoting these
programmes? These are partly economic reasons but more commonly there are administrative,
social and political explanations. These constraints are explored here by revisiting a case study for
promoting clay roof tiles for 6,500 settler families, undertaken in Indonesia in the 1970s.

2. Project Origin and Design
The provision of a minimum 'core' house was a standard provision in new settlements. The solution adopted was to use a traditional timber-framed and clad structure, with a corrugated 'galvanised-iron' (GI) roof. The use of tiled roofs, the traditional solution, had never been adopted. However an opportunity occurred when ADB requested the Indonesian Government to investigate if a
viable tile industry could be set up to supply a settlement programme. A field survey concluded that
the quality of clay would allow the manufacture of a full range of clay products, including crockery.
The opportunity existed for the setting up of a viable tile-making industry with a guaranteed market
in low-cost housing, providing an economic and comfortable form of roof construction and forming
the basis for improved rural housing conditions. The most realistic marketing policy to adopt was to
confine the initial project to one location, from which expansion could take place, assisted by an
extension and training programme. It would adopt a tile type of a minimum acceptable quality and
which could equally well be produced by 'medium', 'small' or 'tiny' scale kilns and which Javanese
and Balinese migrants would be most familiar. One of the main constraints on successful project
implementation was the apparent lack of skilled manpower in the province and a training
programme was needed, which could be later extended to local people and existing settlers. The
overall cost of this 3-year programme was estimated to be some US$275,000, including working
capital and training. The project was to be Government implemented then run as a co-operative.

3. Project Benefits
Employment opportunities: The establishment of a tile works would create a significant direct
employment (an annual production of 2.5 million tiles requiring around 130 persons) as well as
providing indirect labour opportunities for migrants and local people:
Construction costs: Clay tiles offer a cost-effective form of roof construction: more expensive
than thatch but 4-5 times longer life (20 years plus); less expensive than galvanised iron sheeting,
but again with a longer life. Although the cost of roofing in clay tiles was only slightly less than that
of GI its other advantages such as comfort and longer life would make it clearly preferable.
Internal comfort conditions: The roof is the most important element in tropical thermal design to
minimise heat stress. Traditional roof materials such as thatch and tiles are good insulators against
solar heat gain but thatch, although a climatically 'appropriate' material has only a short life (3-5
years) and is unlikely to be culturally acceptable in new development schemes. Tiles, however, do
not suffer from either of these disadvantages.
Appropriateness of the technology: The strongest argument in favour of clay tiles is in their use
of local resources and as the next step in better housing standards. Clay tiles enable the
occupants to easily and economically maintain their houses. They are not prone to the extensive
wind damage likely to occur with a zinc roof. Further extension of houses with clay tiled roofs is
simple, as the tiles may be easily re-used and roof shapes readily modified.
Case Study Outcome: The projected basic internal rate of return was 25.9%, which compared
very favourably with other industrial projects and is substantially above 12-14% typical of agricultural projects. The project offered a range of economic, social and technical benefits in situations of
demographic change: and a full and effective cost analysis was necessary in order to assess their
benefits. Eventually, the ADB did not find it possible to fund the tile-making project. However, the
arguments put forward for the project continue to be of interest in such situations.

4. Discussion: Lessons Learned
In revisiting any project a fundamental question is whether the premises on which the project was
developed were sound. In the case study instance it was not a trans-cultural technological transfer
and the technology was traditional and familiar, thus it is reasonable to assume that it is possible to
learn some valuable lessons for future projects. In some contexts the use of GI sheeting would be
seen as using a “modern” material, but it is not the case in Indonesia where clay roofing tiles are
seen as adopting a “normal” and familiar vernacular form of construction technology.
The main criteria applicable to choosing intermediate technology are: cheapness, small-scale,
employment creating, income generating and suitable for application in rural areas. The case study
project complied with all these criteria and they were not barriers to project implementation. What
was relevant to explaining why the project did not continue were two factors. First, donors are often
risk averse and to be viable the tile unit had to succeed within a loan period. Second, there is often
an over-consideration on building research and codes, with the assumption that if you were able to
show a good technical and financial justification then a project would continue to be supported. It
confirms the need to have other drivers (such as specialised agencies and NGOs) who are able to
promote projects (through funded pilot projects, diffusion of capacity building and effective
monitoring) and to ensure that government and donors are reminded to give preference to the use
of appropriate technology.

Promoting Sustainable Technology – What Have we Forgotten?
1. Introduction
As built environment practitioners and researchers many of us have been involved with promoting
sustainable construction technologies, typically improved wall construction methods and roof
coverings. Over the last five decades there have been many sound and cost effective applications
of appropriate technology; albeit at a small scale. The works of the architect Laurie Baker in India
is amongst the best-known examples. The purely technological aspects are generally well
researched and not a constraint to implementing programmes. What started as construction
technology research has often morphed into sustainable construction and energy conservation
promotion programmes. However, notwithstanding the existence of sound research material and
the many organisations globally concerned with promoting such programmes there are very few
examples of successful adoption and scaling up.
What are the constraints to promoting these programmes? These would seem to be partly economic reasons (sometimes by overselling the technology) but more commonly there are administrative, social and political explanations. These constraints are explored here by revisiting a case
study on promoting clay roof tiles that I undertook in Indonesia in the 1970s. The study was instigated by the Asian Development Bank (ADB) and executed by FAO and UNIDO, in conjunction
with the Bandung Ceramics Research Institute. The intention of the study was to investigate
whether the promotion of a small-scale tile making industry would be able compete with established “modern” alternatives, such as galvanised iron sheeting. The study encompassed the design
of low-cost housing, field investigations of raw materials, value chain analysis, and a detailed feasibility study. This paper looks at the lessons that can be learned from the case study.

2. Background
The justification for promotion of small-scale construction industries has been cogently argued by
Duccio Turin [1]; the essence of this argument is that construction accounts for a significant
proportion of gross capital formation and consequently can be of prime importance as a means of
promoting development, due to its strong forward and backward linkages to the other sectors of
the economy. Additionally, the substitution of imported items with those locally produced allows
large potential savings in scarce foreign exchange and the introduction of more appropriate
technology is likely to lead to environmental, aesthetic and construction cost advantages.
When it comes to actual implementation, why then are those ideas often lost? First, they are administratively difficult, both for donors and aid recipients, particularly if they involve more than one
governmental implementing agency - making the disbursement of funds complex and leading to
logistic difficulties with procurement procedures. In contrast, the more politically prestigious largescale projects have a lucid simplicity in the eyes of administrators. Second, they are often of low
capital value, requiring a direct infusion of aid to cover initial recurrent costs and have perhaps a
marginal economic return. Even if they succeed in achieving a satisfactory rate of return, they will
have to be ranked against other more attractive projects competing for finance. Exceptional conditions do however occur where difficulties are overcome and the parties involved agree about the
value and are willing to give complete support. Such a situation occurred in connection with the
design of a rural resettlement project and promotion of a tilemaking industry in Sulawesi, one of the
Indonesian outer-islands and this forms the basis for the summary case study described here.

3. Project Origin
The project had its roots in the provision of a minimum 'core' house, which was a normal feature of
settlement projects. Construction of these at a reasonable cost had taxed many people’s ingenuity.
The standard solution adopted was to use a traditional timber-framed and clad structure, with a
corrugated 'galvanised-iron' (GI) roof. The settlers who had expectations of improvement in their
housing conditions did not like the cheaper alternative of thatch roofing. The use of tiled roofs, the
traditional solution, which the Javanese settlers would find most familiar and acceptable, had never

been adopted. On other settlement islands, particularly on Sumatra, tiled roofs had been adopted,
but unfortunately no direct encouragement was given for the tiles to be produced locally and they
had to be imported from the nearest city. However, it was, at least, a step in the right direction.
The scheme located in the province of mainland South-East Sulawesi involved the initial
settlement of 6,500 families. There were a number of limitations on house design that had to be
overcome:
•

Highly underdeveloped construction and materials supply industries;

•

Rudimentary port facilities for the import of materials from other islands, and difficult road
conditions for internal transport;

•

Severe shortage of sawn timber, especially large sections;

•

Shortage of skilled labour, particularly carpenters; and

•

No tradition of tiled roofs. Indigenous housing in the province used sago-palm (rumbia) and
new buildings built by Government agencies used imported roofing materials - galvanised
iron (seng) from Java or wooden shingles (sirap) from Kalimantan.

The opportunity to establish whether a viable tile industry could be set up to supply the settlement
programme occurred when ADB requested the Indonesian Government to investigate alternative
appropriate forms of roofing materials - particularly clay tiles. A UNIDO Project INS/74/034
(Assistance to Industrial Development of Building Materials Manufacture) had already been
established and was working in the province, and the donor’s request was an ideal vehicle for the
continuation of UNIDO’s working arrangement with FAO [2].

4. Existing Production Facilities
The only tile kilns in operation in the province were two wood-fired small-scale open-top updraft
kilns set up by Javanese migrants using clay, extracted during land levelling operations on the
house plots, moulded using timber hand moulds. One kiln produced 2,000 tiles per firing and the
other 500 tiles per firing. As firewood had been collected free, the selling price of the tiles was very
low. The tiles, produced by seasonal work, were reasonably good and had already been used for
roofs for five years without any apparent deterioration.
A pilot tile manufacturing unit was established in 1973 by the provincial government, originally
planned to be used for demonstration purposes - but production had ceased at the time of the survey (1978). This unit consisted of two up-down-draft brick built kilns, each kiln had six firing chambers (wood-fired) and connected to a 12 metre high chimney. Clay preparation had been mechanised, using a horizontal type of diesel-motor driven extruder with a small top-mounted roller
crusher, The tiles were moulded using screw-type presses and with a range of moulds, making it
possible to manufacture several types of tile, including ridge tiles (output-1500 tiles per press per
day). The kilns were designed for a total annual production of around one half-million tiles -12,500
tiles per firing, at 20 firings per annum for each kiln. After the trial run, when tiles were fired to a
satisfactory standard, the firing temperature was reduced and a poor, porous quality of tile was
produced. A major factor contributing to the production of tiles of an unacceptable quality was the
lack of available skilled and experienced manpower. The design and construction of the kilns
themselves may also be a contributory factor - the kiln floors not necessarily allowing an acceptable temperature gradient to be achieved during firing. The pilot project was formed into a cooperative, but was not provided with any working capital for its operation. The poor quality tiles
produced by the kiln were used for demonstration purposes on a roof in Kendari, the provincial
capital - which subsequently leaked, creating adverse publicity. The pilot project could hardly hope
to survive producing poor quality, highly-priced tiles for the private market.

5. Design of the Case Study Project
5.1 Raw Materials
The field survey was not of a comprehensive nature, but made with the intention of finding suitable
clays to meet the immediate needs for tile manufacture. Sampling was confined to areas around
existing kilns facilities - eighteen samples were collected mainly on areas of alluvial deposits and
were taken with a 5 cm diameter, 1.3 metre length, hand auger. The samples were bagged in
polythene and taken by plane to the Bandung Ceramic Research Institute for detailed laboratory
testing. The testing followed Department of Industry and other standards [3] [4]. The range of tests
undertaken included the (a) mineralogy of the samples; (b) the drying behaviour of the samples;
and (c) firing behaviour of the samples at 850°, 900° and 950° Celsius.
From the analysis, it was concluded that the quality of clay at the existing Wawolemo pilot facility
would allow the manufacture of a full range of clay products, including crockery. The quality of the
clay at most other locations surveyed would not allow such flexibility in approach. From the test
results, clays in general were rather lean, causing a lower strength - thus needing a tile form with a
high strength quality and allowing a relatively high forming-shrinkage (up to 4%).
5.2 The Market for Clay Products
The market for clay products in the province had been limited largely by the lack of manpower
skilled and experienced in their manufacture and by a limited demand. With the expansion of
settlement in the province (19,000 new families over five years), an opportunity existed for the
setting up of a viable tile-making industry with a guaranteed market in low-cost housing, providing
an economic and comfortable form of roof construction and forming the basis for improved rural
housing conditions. A major part of the expansion was to occur around a new irrigation scheme,
near to the existing kilns, needing production of around two million tiles per annum over five years.
After this, and apart from serving further projects, the kilns could provide tiles to meet the needs of
the substantial population increase expected in the area.
Apart from new settlements, there was also a need for a further 21 million roofing tiles, over five
years, for other projects in the province. This was to include improvement and expansion of
houses in existing settlement areas, as very few houses remaining in an unaltered state after, say,
three years from the families moving in, as well as improvement of the housing standards of the
indigenous rural population, who because of the lack of suitable materials, largely concentrated on
improving the walls of their houses rather than the roofs, which had remained as thatch. It was also
anticipated that tiles would be needed for new private housing, possibly up to 20% of the market
demand, tiles for Government building programme of at least twenty public buildings a year and
domestic crockery, which at present is all imported into the province.
A broad estimate of the overall market demand, would be around 8 to 9 million a year, which
excluding transmigration housing was equivalent to seven tiles per capita - agreeing approximately
with that of the overall tile production in Java. Although the potential demand for roofing tiles in the
province was substantial, this was only likely to develop gradually - initially corning from Javanese
and Balinese migrants, who are familiar with living in houses with clay tile roofs. They formed a
substantial minority in the province, but were generally farmers with low incomes, only able to
afford cheaper types of tiles. The most realistic marketing policy to adopt was to confine the initial
project to one location, from which expansion could take place, assisted by an extension and
training programme. Tiled roofs would still have to compete with other materials well established in
the market (e.g. GI zinc sheeting and wooden shingles). This could only be successful if a
reasonable quality and price could be maintained – based on a well-managed project, backed up
with a high level of technical knowledge and management.

5.3 Choice of Manufacturing Process
The choice of suitable systems for the manufacture of clay tiles was dependent on a range of
factors, including taking account of the manufacture of tiles by the 'informal' sector. A common
approach meeting the needs of both formal and informal sectors was desirable in the interests of
promoting the expansion of tile manufacturing to the whole province. The limitations in skilled
manpower and the need for only a narrow range of reasonably priced products limited the choice
of production technology. As far as possible, it was to be labour-intensive, except where this would
prejudice the quality of the product or lead to 'bottlenecks' in the production process. The following
systems of production were suggested to meet these requirements:
(a) Winning of clay: Hand digging during the dry season (July-December), the clay being
'weathered' during the wet season for subsequent use. Hand loading and transport of the clay from
the pits to the kiln (a distance of 800-1200 metres) by ox and cart - the quantities of clay involved
would not justify the use of tipper trucks. Carrying of clay for preparation in wheelbarrows.
(b) Preparation: Puddling of clay by mechanical means would be desirable in order that a
consistent and reliable mix was obtained. A puddling pit, equipped with a mixing 'paddle' and
wheel, driven by an ox, would produce satisfactory results for small-scale kilns, could constrain the
production process and therefore a mechanical extruder would be more satisfactory.
(c) Forming and shaping: Semi-mechanical pressing of tiles, using screw or toggle press, would
not give any great advantages as the overall cost of production would be similar to that of
traditional hand-moulding, but it would involve continuous maintenance of the presses - an item
which had previously caused trouble at the Wawolemo pilot project. Hand moulding, involving a
lower level of skill and using wooden moulds, was therefore recommended.
(d) Kiln design: Kilns would need to be designed to maximise firing efficiency and to minimise heat
losses, incorporating design features recently developed at the Ceramics Research Institute [5].
For 'medium' size kilns a semi-continuous multi-chamber unit was recommended. For 'small' and
'tiny' kilns, improved updraft and down draft kiln units could be used.
(e) Firing: It was believed that the low cost of firewood in the province would continue to make it
the most economic fuel for firing purposes. Other fossil fuels were not available locally and would
involve high purchase and transport costs. Waste agricultural products (wood shavings, coffee and
rice husks, etc.) were in future likely to become possible alternative fuels.
5.4 Type and Quality of Tiles
Production and marketing factors have a direct influence on the decisions concerning the type and
quality of tiles produced. The former pilot project at Wawolemo was started on the assumption that
it would produce relatively high quality tiles, 80% of which would be used in government building
contracts. This demand did not materialise and any new proposals would have to be based on a
more reliable market prognosis. A more realistic approach would be to adopt a type of tile of a
minimum acceptable quality and which could equally well be produced by 'medium', 'small' or 'tiny'
scale kilns. A 'Palentong' type of tile, equivalent to second quality standard tiles, would meet
requirements as it is the type of tile which Javanese and Balinese migrants would be most familiar
- both in its small-scale production and in its use for housing. It is also relatively light (@1.5 kg. per
tile, against approximately 2 kg. for other types) and is highly suitable for roofing low-cost housing.
No additional timber for the main frame would be needed over that required for a structure roofed
in zinc sheeting, other than some extra rafters and battens. It is possible to form the tile with the
simplest types of timber hand moulds and fire them in any kind of kiln. After successful
manufacture of this type of tile at the Wawolemo tile unit, the project could then develop market for
other clay products, such as special tiles, pipes and crockery.

5.5 Manpower and Training
One of the main constraints on successful project implementation was the apparent lack of skilled
manpower in the province. The type of technology proposed would minimise this deficiency, but
skilled labour would still be needed, particularly in the firing stage and would increase if the
manufacture of more specialised tiles and other products such as crockery were undertaken. The
most practical solution would be if selected migrants were brought in to form a nucleus of skilled
labour to undertake the initial operation of the kilns, brought from an area in Java where there was
underemployment in the tile industry and low earnings. The programme assumed fifteen families
would be brought to Sulawesi, with all transport costs being paid, a house provided and a
subsistence allowance given for one year. The provision of land however would be limited to a
house plot of say 0.25 hectares. Training of the selected tile makers was to start before they left
Java and be continued on arrival, using the rehabilitated kilns and other facilities for demonstration.
A training programme was therefore needed, which could be later extended to local people and
existing settlers. Although mostly engaged in agriculture (50 to 60%), the occupation of migrants in
their place of origin was not exclusively farming - typically 15 to 20% were rural artisans, including
tile and brick makers. providing the basis for a diversified employment base to the settlements.
5.6 Project Recommendations and Costs
The basic approach recommended was to establish a 'core' facility at Wawolemo pilot facility,
which would meet immediate needs and could form the basis of an 'extension' programme which
would promote the expansion of tile manufacturing in the province. The immediate need for clay
tiles was estimated to be around 2 million per annum. The output from the existing pair of kilns of
Wawolemo, if rehabilitated, was estimated to be half million tiles per annum and thus a programme
of expansion up to a production level of 2.5 million tiles per annum was recommended.
The overall cost of this 3-year programme was estimated to be some US$275,000, of which
US$155,000 was capital expenditure, US$42,000 working capital, US$19,000 training and US$
34,000 establishment of the workforce (housing and transport). The balance was technical
assistance and contingencies. The direct foreign exchange element was minimal, as all machinery
was being manufactured in Indonesia. The main features of the programme were:
(a) Rehabilitation of the existing unit: which when a new kiln was built, could revert to manufacture
of specialised clay products, such as higher quality roof tiles, floor tiles and ceramic products.
(b) Construction of new semi-continuous kiln: a 7-chamber semi-continuous wood-fired kiln would
be constructed to meet the main demand for roof tiles - this type of kiln being more efficient in its
use of fuel than traditional types.
(c) Earthenware (crockery) unit: This would form the basis for crockery production, which would be
mainly of bowls, water jugs, and cups and saucers.
(d) Working capital: An important factor in achieving a successful manufacturing programme is in
the supply of adequate working capital. For tiles, sufficient working capital should be available for a
full three-month cycle of production, whilst an earthenware (crockery) unit would need working
capital over a six-month cycle of production.
5.7 Management
Three basic approaches were considered possible for management and running of a 'core' project.
It could be run entirely as private enterprise, which although the most appropriate in the long term,
would be difficult to implement as the present production unit was under government ownership. It
might be implemented by Government and the tile-making process (including management)

contracted-out on the basis of agreed quantities and quality of output and a fixed price for the tiles
supplied. Alternatively it might be implemented by Government, then run as a co-operative. This
approach seemed to offer the best solution as it could take full advantage of all the available
government institutions and would be a way in which additional capital and skilled labour could be
introduced into the province. The training programme was to operate under the supervision of a
technical service/market promotion centre - a device that had been successfully used in other parts
of Indonesia. The major drawbacks (producing tiles with the level of efficiency of a commercial
concern and at competitive prices) were problems that could only be successfully solved by
adequate remuneration to the manager and operatives. A production cost schedule was drawn-up
taking this into account.
5.8 Production Costs
The schedule estimated annual production costs of running a unit manufacturing 2.5 million roofing
tiles, included breakages, delivery and10% notional profit. The gross cost was equivalent to 25.5
Rp per tile delivered to site, rather high compared to Java and Sumatra, where it would be around
18-20 Rp per tile. However, this was reasonable given the high initial cost of establishing the industry and cost advantages resulting from adopting clay tiles for roofing settlers' houses.
5.9 Project Benefits
5.9.1 Employment opportunities
The establishment of a tile works would create a significant direct employment (an annual production of 2.5 million tiles requiring around 130 persons) as well as providing indirect labour opportunities for migrants and local people: in constructing the kilns; creating employment opportunities for
tilers and carpenters; acting as a stimulus for expanding the market, creating the need for more
kilns and providing further employment opportunities. Creating a tile-making industry would also
have linkages to other parts of the economy, such as collecting firewood, sales, etc.
5.9.2 Construction costs
Clay tiles generally offer the most cost-effective form of roof construction: more expensive than
thatch but with 4-5 times longer life (20 years plus); less expensive than galvanised iron sheeting,
but again with a longer life. This cost relationship generally holds for most parts of Indonesia.
Comparative roofing costs per square metre, including roof structure (trusses, purlins, rafters, etc.)
fixings and labour were estimated for Sulawesi as:
•

Clay tiles

Rp.1,325 (based on derived production costs)

•

28 BWG galvanised iron sheet

Rp.1,400

•

Wooden shingles

Rp.l,800

•

Thatch

Rp.750

Although the cost of roofing in clay tiles was only slightly less than that of galvanised iron sheeting
its other advantages such as comfort and longer life would make it clearly preferable.
5.9.3 Internal comfort conditions
The roof is the most important element in tropical thermal design and to minimise heat stress,
should be designed to prevent indoor temperatures being substantially greater than outside temperatures. An accepted standard is that the surface temperature should not exceed the air temperature by 4°C. Without the provision of a separate suspended ceiling, this cannot be achieved

with a galvanised iron roof - surface temperatures much higher than the air temperature commonly
result with such construction [6]. Traditional roof materials such as thatch and tiles are good insulators against solar heat gain but thatch, although a climatically 'appropriate' material, has only a
short life (3-5 years) and is unlikely to be culturally acceptable in new development schemes. Tiles,
however, do not suffer from either of these disadvantages and are the basis for the type of roof
construction with which the settlers from Java and Bali would be most familiar. Moreover, tiles do
not deteriorate significantly in their climatic performance during use while galvanised iron declines
rapidly (the internal surface temperature might increase by 5-7°C after 2-3 years of use).
5.9.4 Appropriateness of the technology
The strongest argument in favour of clay tiles is in their use of local resources and as the next step
in better housing standards. The contractual difficulties compared to that of using galvanised iron
are often largely exaggerated, as the tiles only require about ten extra man-days of labour per
house, including additional carpentry work. This would extend the contract length by about 10% - a
marginal increase when compared to the gestation period before any houses can be occupied.
Construction problems involved with zinc roofs are in any case under-rated, the light gauge of steel
(32 BWG) requiring extremely careful handling and fixing to obtain a reasonable life for the roof.
The use of clay tiles enables the occupants easily and economically to maintain their houses - as
only a few tiles are likely to be needed for such work at any one time and they will be locally
available. Because of its relatively heavy weight, a tiled roof is not prone to the extensive wind
damage likely to occur with a zinc roof (particularly because of its fragile fixing and the strong
suction effect felt on the leeward side of the low pitch roofs). If the tiled roof is damaged by wind,
repairs are easy and inexpensive, whilst for galvanised iron complete sheets are likely to be
ripped-off and need replacement. Further extension of houses with clay tiled roofs is simple, as the
tiles may be easily re-used and roof shapes readily modified.

6. Case Study Outcome
Eventually, the ADB did not find it possible to take up the tile-making project. However, the
arguments put forward - both for and against the project - continue to be of interest in such
situations. The main proposal was that the project could provide an additional economic benefit to
the Government. On this basis, the potential economic returns from the tile project, including the
capital and production costs, were estimated as follows:
Basic Internal Rate of Return

25.9%

Sensitivity Analysis (alternatives):
•

Excluding social infrastructure costs

32.9%

•

Production costs increased by 10%

18.6%

•

Project written-off during the period of the National Plan (five years)

18.4%

•

Project written-off over five years and also failed to make any profit

8.6%

These projected internal rates of return compared very favourably with those expected from other
industrial projects and would be substantially above those typical of agricultural projects, which
often have returns of 12-14%. In fact, if the tile project had been included in the loan package, the
cost of it would have been equivalent to an additional 0.2% on the overall loan value and would
have marginally improved the returns from the overall projects. Broadly, then, it may be concluded
that such proposals offered a range of economic, social and technical linkages in situations of
rapid demographic change: and a full and effective cost analysis was necessary in order to assess
their possible social and economic benefits.

7. Final Comments and Discussion: Lessons Learned
In revisiting any project a fundamental question to raise is whether the premises on which the
project was developed were sound. As Paul Oliver points out [7] good intentions (sometimes
“arrogant”) are not enough and unexpected consequences can occur if local cultures are ignored.
He also points out the conundrum that the lessons that can be learned “are unknowable until the
principles have become actions”. However in the case study instance this was not a trans-cultural
technological transfer undertaking and the technology was quite traditional and familiar, thus it is
reasonable to assume that it is possible to learn some valuable lessons for future projects.
Examining the effective demand for buildings and their components Stephen Groak [8] highlights
the issue of comfort and how it is a socially bound concept that may induce people to tolerate
uncomfortable conditions as a price worth paying in exchange for advancement in prestige and
status. In some contexts the use of GI sheeting would be seen as using a “modern” material, but is
not likely to be the case in Indonesia where using clay roofing tiles would be seen as simply
adopting a “normal” vernacular form of construction technology, familiar to both users and artisans.
Robin Spence [9] defines intermediate technology as an evolution of appropriate traditional
technology, but making a more efficient use of labour and applying modern scientific technology.
He also summarises the main criteria that are applicable to choosing intermediate technology:
cheapness, small-scale, employment creating, income generating and suitable for application in
rural areas. The case study project complies well with all these criteria and it is clear that they were
not the barrier to the project being implemented. Some slight doubt might arise with employment
generation as a new technology may displace existing artisans and traders, particularly those
unfamiliar with new tools and skills. However, this was not the case as GI is an imported material.
What is relevant to explaining why the project did not continue are two factors. First, donors are
often risk averse and to be viable the tile unit had to succeed within a maximum of a 5-year loan
period. Second, there is often an over-consideration on building research and codes, which was to
some degree true in the case study example – with the assumption that if you were able to show a
good technical and financial justification then a project would continue to be supported. It confirms
the need to have other drivers (such as specialised agencies and NGOs) who are able to promote
projects (through funded pilot projects, diffusion of capacity building and effective monitoring) and
to ensure that government and donors give preference to the use of the appropriate technology.
Using newly developed design tools, particularly value chain analysis and life cycle analysis, would
also reinforce the outcome of the project as they would have improved its socio-economic viability.
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Summary
“Ecoenvolventes” is about the development of building envelope solutions for tropical humid
climates involving passive control of thermal gains on their surfaces, allowing for better internal
conditions and thermal comfort without the use of thermal machines. Environmental principles,
design, and technological aspects are specifically defined based on the peculiar conditions (geoclimatic, technological, of biodiversity, economic and anthropic) present in the Colombian low
altitude regions, marked by constant high temperatures. Thermal and CFD simulations orient the
process of experimental verification in a permanent laboratory counting on partnerships and
available know-how.
Keywords: Building envelopes, passive facades, living walls, passive thermal comfort, climate
sensitive design, tropical sustainable architecture, green architecture.

1.

Introduction

The generous availability of resources and biodiversity, and climatic conditions where great part of
the average temperatures is between 24oC and 28oC, except for the Andean and inter-Andean
areas, characterizes the Colombian territory. Its location between the tropics and the variety of
edaphoclimatic conditions, reflected in a 10% -15% of the global biodiversity in an extension of
0.07% of the terrestrial surface, make available native natural resources that can be implemented
in situ in the constructions favoring the quality of life, and allowing for the aggregation of value with
modest and controlled environmental impacts.
The country is the third most populated within the subcontinent, with an economy mainly dedicated
to commerce and services, and a low industrialization. The construction industry is characterized
by the passive assimilation of foreign technologies and by a substantial do-nothing policy derived
from rents of position due to a market little selective favored by a strong population increase. The
residential sector constitutes the second one by energy consumption with 27,1% and the
construction with 4%. Although the CO2 emissions of the country correspond to 0,25% of the global
ones, in the projections for the year 2050 there is an increase in the annual average air
temperature between 1°C and 2°C, and a variation in precipitation levels between ± 15%.

According to Ortega et al (2010), even though Colombia contributes with 0,37% of contamination
GHG effect, is highly vulnerable in terms of climatic change.
As for governmental policies, the measures to reduce energy consumption and the environmental
impact generated by the exploitation of renewable energy sources are little significant in the
construction sector, even if recognizing that the Capital District, which accounts for 17% of the
country’s population, is developing a Sustainable Construction Code. Contrary to what has been
happening in high latitude countries, where climatic adversities have forced the development of
functional and technological solutions for the thermal control of living spaces, the reduction of
consumption and the increase of more efficient energies, in Colombia research on this field is still
at its very first stages.
A potentially rich context, though strongly unequal, lacking in binding norms and with little vocation
for research and innovation, that can describe the context where “Ecoenvolventes” is situated.

2.

Project aims

This project is oriented to the development of building envelopes able to improve the conditions of
thermal comfort in the spaces confined with a low environmental impact based on geo-climatic,
technological, economic and anthropic conditions particular of Colombia. The search for highly
effective passive thermal control of buildings in tropical climatic conditions has implied the
identification of technologies and designs that better allow for the passive control of internal
conditions, and which can be developed with the know-how of local companies. In this context, the
project has analyzed the extent to which it is possible to take advantage of natural resources
available in Colombia for the building envelope of low environmental impact.
The aforementioned aims to allow the access to improved habitat conditions to a wider range of
the population in terms of environmental respect, technology and controlled exploitation of native
resources.
With this purpose, the central activities of Ecoenvolventes are the simulation of the thermal and
fluid dynamic behavior of envelopes in a defined place, where experimental testing can be
accomplished, using design components, materials, species and technologies locally available
(within a 200 km radius from the site).
Therefore the project associates companies that, without experience in R+D+I, contribute with their
practical knowledge, instrumental and material resources: a software vendor company (Voxel), a
brick maker company (Helios), a gardening plant nursery (Jardineros S.A.) and a bamboo
processing industry (Induguadua) are supporting in the issue of technological transfer and product
development. To be able experimentally to verify the values resulting from the simulations allows to
define with greater certainty performance data that take part in life cycle assessment and thus to
define the impacts generated by the eco-envelopes. Also, depending on the forcefulness and the
reliability of these results, the development of an oriented architectural culture to sustainability and
a low environmental impact materiality could grow as an alternative to dominant models that are
substantially indifferent to the environment and to geo-climatic conditions.

3.

External environmental conditions

The experimental testing of the envelopes performance is taking place in Girardot, where the
climate is common to great part of the Colombian territory. Located to 292 m asl, Latitude 4,16 N
and Longitude 074,49 W, has an average temperature of 27,4oC (minimum: 24,0oC, maximum:
32,3oC), a relative average humidity of 80%, 821 mm of precipitations with raining 76 days and 213
hours/month of solar brightness. The peaks of maximum temperatures reach to 40,0oC, whereas
the minimum fall to 21,0oC. Generally, in 273 days/year (74,8%) temperature raises above 32oC.
Even without considering the urban heat island effect and the heat generated by the anthropic
activities, the thermal-hygrometric values surpass, except rare occasions - when more intense is

the regime of rains- the comfort range. The wind speed, with a tropical breeze character, is
substantially constant throughout the year varying from the 1,92 m/s to the 2,57 m/s.
The general thermal conditions vary in average from 24oC (at 6 to 7 in the morning) up to 32oC (at
3-5 P.M.); in order to verify the effectiveness of the proposed solutions the most unfavorable
thermal values are considered, which show more evidently the differences between external and
internal temperatures, and the most significant statistically average values.
With an annual average 4,575kWh/m2/day solar radiation, is evident that the sun is an agent who
takes part strongly in the thermal economy of the envelopes contributing in 4oC (in average) up to
11oC to the air temperature.

4.

General principles

To passively achieve thermal comfort, two principles are applied: the reduction of the
interior/exterior exchange in the day, specially in the afternoon when the temperatures are
excessive, and the maximum exchange in the hours of the night to refresh by means of dissipating
the heat accumulated by the internal surfaces; consequently the envelopes must be slightly
permeable to air flow in the warmest hours and very permeable in the freshest hours.
The solar thermal gains are limited reducing the exposed surfaces and using materials with high
specific heat. A primary envelope is complemented with a ventilated envelope of thin joints to
generate the chimney effect. In order to optimize the air flow, the windows have a frame with the
same depth of the envelope system with operable louvers in the top and inferior bounds to manage
the ventilation of surfaces and the quality of indoor air; the transparent surfaces are protected of
the solar radiation by means of movable external louvers that allow interior daylight illumination
and the air exchange in any configuration. The use of ventilated envelopes creates a chimney
effect that generates ascending air flows that dissipate during the day the heat of the exposed
surfaces to solar radiation. During night time and first hours of the day the temperature of inside
building spaces is decreased by means of natural ventilation reaching the same temperatures of
the outer air, lower than 26oC in the absence of wind and up to 29oC with winds of 1 m/s. [1]
The proposed envelope solutions are composed and defined by one inner surface (primary
envelope), built with conventional technologies using hollow clay block, with a 2,5cm thick external
continuous vegetable insulation and 1,5cm thick internal plaster.
The primary envelope has a dual behavior: during the day it takes advantage of his reduced
thermal transmission coefficient and its inertia to maintain an internal temperature inferior to the
external one; nevertheless the efficiency of the system is reduced by the ventilation needed to
maintain the indoor air quality and by the user’s heat released. In order to allow the interior/exterior
air exchange to achieve the nocturnal thermal dissipation, the designed openings are operated in
order to control the ventilation for people and/or to refresh the surfaces of floor and ceiling.

5.

Native resources

In warm climate, otherwise than roofs built with common construction materials, a vegetal roof
usually does not reach temperatures of more than 25oC [2]; natural green plants, besides working
as an additional layer of isolation increases the envelope’s thermal mass, protecting it from the
temperature variations and the atmospheric agents. The reduction of the thermal gains by means
of the envelope performance is essential in the economy of the project: the green plants envelope
contribute to the buildings’ protection, avoiding overheating of interior spaces and taking advantage
of the breeze to refresh and the increasing the environmental humidity due to the
evapotranspiration of the plants.
Its use also contributes in noise dissipating and capturing of particulate matter. Nevertheless,
working with live plant species implies a high level of uncertainty that can be substantially reduced
after a long term testing and experimentation. In spite of the ample diversity of plants found in
Colombia, many exogenous plants that are easy to reproduce propagate and maintain, are used in

gardening. The use of native species, in which its propagation is not well documented, researched
or studied, implies a greater delay in the investigation, but generates dynamics that will increase
the scientific knowledge providing local aggregated value.
From the green envelope systems, the green roof intensive and extensive solutions have been
analyzed; whereas for the facades or green walls, the following solutions are considered due to
design and disposition of the vegetal material: surfaces, vertical boxes, pockets and platforms.
For vertical boxes, species grasses,
ferns and vines that allow a great
vegetal covering in just a short time
and require little maintenance, are
being used in the propagation
studies. [3] Specifically the bamboo
Guadua Angustifolia Kunth, is used
among the species which can be
worked and are susceptible of
physical
and chemical processes,
Fig. 1 Green envelope systems for roofs and facades
and
other
vegetal
species
(Phylodendrum spp., Hipomoea
spp, Epipremun aureus, fulgida Epicia, Piliea sp, Lantyana sp., Caldium sp., Vincas sp.,
goodsefiana Dracaena, Potulacas sp.) have been analyzed aiming to use them in envelopes.
The reasons for the use of the first one are its extraordinary performances, the endemic character,
its diffused presence and the historical background in architecture and permanence in the
constructive culture. The second species grows spontaneously on the walls and roofs finding its
only survival needs on the support surface and the weather; its rusticity and capacity to absorb
CO2 are associated to the photosynthesis and not to the increase of the temperature of the surface
exposed to the solar radiation. Therefore they reduce the temperature and the heat island effect,
controlling the thermal oscillation by means of isolation and thermal inertia. Depending of the
orientation, species with greater tolerance to the luminosity are preferred limiting the use of
heliophytes in conditions of incident radiation 30%, and shade tolerance plants with radiation
<30%.
Wild or not extensively domesticated species sub utilized and not well known are considered as
promissory because of their environmental friendly and economical potentials. The knowledge or
this selection is provided by farmers, indigenous communities and results of scientific researches.
As local or native resources, the installed capacity for production of construction materials is also
considered. Specifically clay tiles and brick making industries. Clay tiles and bricks, although
artificial and with higher embodied energy, are long-lasting, with good hydrothermal behavior and
the diffused knowledge among the local community in its use as a construction material,
represents a viable alternative and of easy acceptance by the market.

6.
6.1.

Areas of study
Thermal performance

The quality of the permanence or living experience in confined spaces depends on two main
aspects: user’s comfort, especially in its thermal connotation, and indoor air quality. Only passive
solutions are implemented to control both aspects. The opaque surfaces of the external envelope
reduce the thermal charge on the building, protecting the interior from the direct solar irradiation
effects setting a resistance to the heat trespassing; at the same time eliminating the thermal
bridges and, over all, lagging and alleviating the heat waves.

The
importance
in
the
contribution
of
ventilated
envelopes to the achievement
of thermal comfort in warm
climate is clearly recognized by
analyzing their specific thermal
behavior. When exposed to
direct
sun
radiation,
the
surfaces of facades and roofs,
built
with
construction
materials, reach temperatures
above the ones of the external
air; different it is the condition
of the envelopes with green
plants that transform photons
into the energy needed for the
photosynthesis.
Although the use of clay,
bamboo guadua or green
plants on envelopes generate
different thermal curves, the
ventilation
air
space
compensates
the
possible
thermal gains maintaining the
temperature within values that,
Fig. 2 CFD – thermal simulation on July 21 12:00 h in the
at night can be lower than the
classroom UPC Building , Girardot.
external air temperature and
that at day time is above in up
to 5oC, in line with other
experimental results; in similar thermal conditions, Text = 29°C, surface temperature measurements
done on a hollow clay block ventilated facade surface show Tse = 39°C. [4]
This condition allows to obtain internal space temperatures significantly below the ones reached in
internal spaces with a conventional The bearing structure for the ventilated envelopes is
manufactured with laminated bamboo (guadua) and it can be applied to new and existing
constructions. The simulations have been realized on a cubical volume of 30 m3 with the same
dimensions of the permanent laboratory to be built in the current year; taking as a referent the most
common constructive system used in Girardot (brick facades, plaster on the interior surface of
facade walls, concrete slabs for floor and roof) and the internal thermal gains determined by the
presence of 1 person with moderate activity.
After a comparative analysis of 48 different cases, three models were identified revealing a
promissory performance, all with ventilated facades and roofs, of which the first components have
been carried out toward the end of 2010. With envelopes in clay hollow block of 12 cm and 24 cm
thick, the heat balance is very similar with variations in the thermal range: of 3,4oC to 1,9oC during
the warmest day and 0,5oC to 0,2oC during the day with average temperature. The three types to
experiment with are:
- Ventilated envelopes with added kaolin hollow flat brick tile, with light coloration (e.g. #29). With
respect to the conventional reference model, the simulations have demonstrated a thermal
improvement of up to 11,5oC in Tmax with 9 hours of thermal gap and an average of -5,1oC during
the hottest day.
- Green plants walls and roofs with native species of easy propagation and locally cultivated,
supported by bio-plastic boxes reinforced with mineralized vegetal fibers, (e.g. #19) the registred
thermal improvement is similar to the one of the brick: up to 11,5oC in Tmax, 9 hours of thermal gap
and an average -5oC during the hottest day.

- Bamboo panels laminated, immunized and preserved against the humidity and UV radiations.
There are in production two configurations: a flat surface and one with inclined blinds; with the first
solution (e.g. #48 with a clay cellular structure primary envelope) with thermal improvement of up
to 11,9oC in Tmax, 4÷6 hours of thermal gap and an average -5,5oC during the hottest day.
The three selected model solutions, even with different thermal curves, show an improvement of
the thermal comfort from the interior of 10oC in the warmest day and 5,8oC in 75% of the days.
In relation to the type of construction actually used, with only the facade and roof coating, the
internal temperature average-day is reduced 1,8-3,1oC in the warmest day (0,9÷1oC in the average
day) in static regime (without ventilation) is of 6,4÷6,8oC in the average day, in the most
unfavorable conditions. The differences in the maximum values are significant: 38oC v/s
27,1÷28,8oC in the warmest day and 32oC v/s 25,1÷25,7oC in the average day.
Additionally, simulations have been realized on a real
case revealing a considerable internal thermal
contribution: the classroom building in UPC Girardot,
with 20 students in each classroom during the day
and a 30% of crossed ventilation. It has been
observed a drop of temperature in up to 6.58°C when
implementing the ventilated facades and roofing, on
the third floor, under ceiling, therefore in the most
unfavorable thermal conditions, with respect to the
temperature in the classroom with the single existing
envelope surfaces (brick facades with plaster in both
faces and fibrocement corrugated roof sheet on steel
truss structure) 31.08oC v/s 37,62oC, values that
decrease in the lower floors, being in first floor of
29,62oC and 33,98oC. In the average day these
values fall of 5-6oC with resulting well comfort
conditions in internal spaces without air conditioning.
5.2.

Design

Concerning the design aspects and applications of
the research carried on, three different stages of
development can be defined, two of which have
already been finalised.
Fig. 3 UPC Classroom Building Rendering
with bamboo guadua ventilated envelope

The first stage implied a study of the state of the art
and further definition of the design problem. It
involved a wide literature review and the analysis of various facade configurations, placing
emphasis on those solutions of a local nature, and responding to the climatic conditions of our
particular interest at this stage, i.e., hot and humid. A number of designs were compiled and
sometimes 3D modelled, allowing for the production of summarised case studies.
Based on the information previously compiled, the second stage had to do with the development of
generic design model following our own particular assumptions, i.e., those given as results of the
present research. A general structure was proposed guided by three main determining factors:
functional, technological, and environmental. Each group had specific factors and was translated
into design possibilities by the changing parameters and their relative values, producing a
conceptual parametric structure.
Having defined and developed the conceptual structure, the third stage looks for the functional
implementation of such structure, whose expected outcome (still in development) is a parametric
definition (interactive model) that contemplate their particular performance in terms of the
previously defined determining factors.

6.3.

Impact

The life cycle assessment (LCA) of the product is defined according to the ISO 14.040 and ISO
14,044 standards. The impact evaluations have been realized on the reference model, usually
implemented in almost all of the constructions in Girardot: plastered or face brick facade and flat
roof in concrete or fibrocement. The highest performance models have been compared with the
referent construction and the Girardot climate in order to choose the best environmental and of
thermal comfort option. Secondary sources are used due to the lack of local information and
indicators in the field of life cycle assessment. These data is opportunely interpolated to have
relatively reliable referential values.
The evaluation of the impact has considered the damages to the resources, ecosystems and
human health, the carbon footprint, atmospheric acidification, the eutrophication of water bodies
and the consumed energy. The exposition of the product life cycle assessment for the project of
eco-envelope is oriented towards the identification of the combination of more advisable materials
for the construction of a
module, within the framework
of balance between thermal
comfort and environmental
impact.
Solutions that use fibrocement
have been discarded, which
report the highest values in
the
impact,
after
the
equivalent ones in concrete,
whereas the use of the wood
in structure represents 3,7
times less impact than the one
of steel structure. The impact
aimed
to
achieve
by
Ecoenvolventes is still smaller
with respect to the common
construction materials as a
result of the advantages of
using native species.
Fig. 3 UPC Classroom Building Rendering with biodiverse native
plants on bio-plastic trays and hollow clay block.

The values have been
calculated using like physical
referent a cube of 30 m3, with the same dimensions and specifications of the experimental station
in phase of accomplishment.
6.4.

Envelope-ecosystem connection

The vegetable envelope becomes a living element in the city, generating spaces for the ecological
connections and allowing the flows of birds in the city. With this purpose the list of possible species
is narrowed privileging those that constitute a favorable habitat for birds that feed themselves with
insects that live in the green envelope (e.g.: Carduelis sp, Spinus sp, Thraupis episcopus, Pitangus
sulphuratus). The climatic conditions of high temperatures throughout the year force to implant
species without leafs and shapes that can serve as water puddles in order to prevent the
establishment, proliferation and or the permanence of insects potentially harmful for humans. The
undertaken ways are referred to rustic species of good foliar development, low irrigation
demanding and that repel insects like mosquitoes.
6.5.

Night cooling

The natural air flow contribution is essential for the achievement of the energetic balance of
buildings where the external temperatures surpass the comfort threshold. The heat dispersion

caused by air flows, is directly proportional to the relative moisture content of the air: the
advantages in the use of natural ventilation are appraised mainly at night and at dawn, being also
useful to evacuate the overheated air in the afternoons. In the morning hours the nocturnal heat
dissipation helps to slow down the overheating of the confined spaces increasing the comfort.

7.

Conclusions

“Ecoenvolventes” has defined building envelope models for humid warm tropical climate under a
framework of great respect for the nature and ecosystems balance.
The implementation of ventilated facades and roofs has been simulated in both, a structurelaboratory, with primary envelope and of ad hoc coating, and in an existing construction with high
internal thermal contribution, superposing an additional ventilated envelope with hollow flat brick
tiles to the existing one. In both cases internal registered temperatures has been significantly
below than in the conventional constructive typology, inside or very next to the range of thermal
comfort.
These results allow passing to the experimental phase with system and attainable materials of low
environmental impact with technologies and resources available on site. Three solutions, all with
mechanicals fixings, and with laminated bamboo structure are at the moment under development:
one with traditional materials (Clay tile), a second one with surfaces and louvers of bamboo
guadua with low waste technology and a third one with biodiverse native plants on bio-plastic trays.
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Summary
This project is a retrofit design of the New Taipei City Sustainable Development Education Center
and the objective is to improve the indoor environmental quality with energy saving methods. The
current building performances are evaluated, and the problems leading to unsatisfactory
performances are identified. These problems include insufficient insulation, an uncontrollable
ventilation rate, a broken air conditioning system, and un-integrated artificial lighting and
daylighting systems. In order to solve the problems, improvement strategies are proposed, such as
double glazing windows, high reflective roof paint, an internal skylight shade, controllable
ventilation openings, and a system to integrate artificial lighting and daylighting. Numerical
simulation is made to evaluate the improvement strategies. When all the proposed strategies are
implemented, the total energy reduction reaches 32% while a satisfactory indoor environment is
maintained.
Keywords: sustainability, thermal comfort, indoor air quality, lighting, energy conservation

1. Introduction
Taiwan situates in the subtropical region, the climate is warm and humid. In short of indigenous
energy, Taiwan has to import 99% of the required energy [1]. For the past 20 years, the electricity
consumption of residential and service sectors has grown steadily from 27.89% to 37.03%, and the
electricity consumption per capita has grown 3 times [1]. It is found that Taiwanese households
consume 25% of electricity for summer cooling, and over 90% of the cooling load is due to heat
from outdoors [2]. For commercial buildings, 47% of the electricity goes to lighting and 30% goes
to cooling. Therefore, the effective energy saving approaches for subtropical buildings are to
improve the insulation level and to reduce lighting energy use by integrating daylighting with
artificial lighting.
The New Taipei City Sustainable Development Education Center (SDEC) [3], once a coffee shop,
is a two-story building located at the mouth of Tamchui River in the northern Taiwan (Fig. 1). The
building façade faces north and the floor area is about 500 m2. Currently this building is for public
education, particularly to school pupils, on sustainability issues. There are lobby, office, classroom,

and show room in SDEC. This building needs refurbishment due to overheat in summer, cold in
winter, and inadequate daylighting design.

Fig. 1 The frontal view (left) and rear view (right) of the Sustainable Development Education Center.

2. Objective
The objective of this study is to improve the indoor environment quality of SDEC with energy
conservative methods. The energy consumption level is measured by the Energy Usage Index
(EUI), and the design goal is to reduce the EUI by 30% compared to the current building
performance. Three aspects of the indoor environmental quality are investigated. They are thermal
comfort, indoor air quality, and lighting quality. ASHRAE Standard 55 is used for thermal comfort
assessment. In addition, a simplified comfort range, 22-26oC and RH less than 60%, is considered
in this study. For indoor air quality, ASHRAE Standard 62 is applied and the indoor CO2
concentration should be less than the outdoor concentration plus 700 ppm. The fresh air supply
should reach 15 CFM (25.5 m3/hr) per person. Finally the Chinese National Standard CNS12112 is
adopted for lighting quality evaluation.

3. Current Building Performance Evaluations
3.1

Thermal Comfort

The major complaints regarding the thermal environment of SDEC are hot summer and chilly
winter. The central air conditioning system has been broken and only a portion of the building was
air-conditioned with small individual air conditioners. In March 2011, temperature and humidity
sensors were installed at 16 spots in the building for long term observations. Fig. 2 and Fig. 3 show
the data obtained during 03/10/2011~03/19/2011, together with the weather information gathered
at Tamchui weather station about 2 kilometers away. A few points can be made according to the
data obtained so far. Firstly, the average indoor temperature is outside of the comfort range for
more than 90% of the working hours, meaning a very uncomfortable thermal environment.
Secondly, the indoor temperature responds quickly to the outdoor temperature, which may be an
indication that the building is not well insulated.
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Fig. 3 Relative Humidity measurement during
03/10/2011 00:00 ~ 03/19/2011 24:00

Before long term measurement results are available, Building Energy Simulation (BES) software,
DeST [4], is used to evaluate the thermal performance of the building. Figure 4 shows the
distribution of the average (of different rooms) base temperature (the indoor temperature without
any air conditioning) of SDEC. Since a large portion of the building doesn’t have any air
conditioning currently, the base temperature is a good representation of the actual indoor
temperature. For more than 80% of time, the base temperature is outside of the comfort range.
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Fig. 4 The base temperature distribution of SDEC
3.2

Indoor Air Quality

Three CO2 sensors were installed in SDEC, and some of the obtained data is shown in Fig. 5. The
results show that the CO2 concentration was significantly below the threshold (1090 ppm), which
indicates that the ventilation is sufficient for SDEC during its normal operations.

Fig. 5 CO2 measurement during 03/18/2011 ~ 03/19/2011
Computational Fluid Dynamics (CFD) simulation is made to roughly estimate the ventilation rate of
the building in different seasons based on the weather information from Tamchui weather station.
The simulation is made using commercial CFD software FLUENT [5]. The windows are assumed
to be fully open to evaluate the maximal ventilation capacity. Fig. 6 is an illustration of the air flow
pattern around the building, and Table 1 Shows the ventilation rates. The air change per hour is
greater than 3, and even with 90 persons in the building the average CO2 concentration is below
700 ppm. The simulation results also show that the ventilation capacity is sufficient for the building.

Table 1 Whole building ventilation rate estimated
using CFD simulation ( with 90 occupants
inside the building. )
Spring Summer Autumn Winter
Ventilation rate
3
(m /h)

9400

22600

25700

13700

Air change rate
(ACH)

3.4

8.1

9.2

4.9

Average indoor CO2
concentration (ppm)

630

490

480

550

3.3

Fig. 6 An illustration of the air flow
pattern around the building
based on CFD simulation.

Lighting Quality
E01

B01

D02

D01

(a) First floor sensor locations

(b) Second floor sensor locations

(c) Illuminance in the lobby

(d) Daylight factors in the lobby

(e) Daylight factors in the office
measured by sensor D01.

(f) Daylight factors in the office
measured by sensor D02.
Fig. 7 Locations of the illuminance sensors and the measurement results.

Lighting quality is evaluated in two spaces of SDEC: the two-story high lobby and the office on the
2nd floor. For the lobby, there is no need for artificial lighting during office hours. From the
measurement data collected from 03/18/2011 to 03/19/2011 under overcast weather conditions, it
has been found that the average daylight factor may reach 3.5% with more than 300 lx indoor
illuminance level before 3:00pm ( Fig. 7 (c) and (d) ). The high daylight factor value is contributed
by the two large pieces of window on the two opposite walls of the lobby. Similarly, the north side
and south side of the office are covered with glazes and the calculated daylight factor varies from
2.2%-3.5% ( Fig. 7 (e) and (f) ). The daylight factor decreases towards the south end of this space
due to the shading of the solar panels outside the south window.
3.4

Energy Consumption,

Because the air conditioning system is out of order currently, the power consumption data is not a
proper index of the building performance. BES simulation gives a rough estimation of the AC and
lighting EUI of about 140 kWh/m2yr assuming all systems are up and running when needed,

4. Problem Identification
Different aspects of the building are examined to identify the problems leading to unsatisfactory
performances.
4.1

Insulation

The building has a very high window to wall ratio as shown in Fig. 1, and all windows are single
glazing windows. They have an SHGC about 0.7 and a U value about 6. The resultant effect is
poor insulation for both radiative and conductive heat transfer. On the other hand, the roof consists
of a metal skin layer and a concrete structure about 0.3 m thick. Its U value is about 2.6 W/m2K.
And the roof is painted with a dark color and the reflectivity is estimated to be less than 0.4, leading
to high absorption of solar radiation and increasing the cooling loads. Moreover, the building has a
large skylight. Even though solar panels are installed on the skylight glazing, a large portion of
solar radiation still enters into the building, and the space right under the skylight can be as hot as
40oC in summer noon time.
4.2

Air conditioning

From Fig. 4 it is seen that the building environment is far from comfortable in winter and summer
without a working air conditioning system. SDEC was equipped with a central air conditioning
system. Compared to split air conditioners, a single central system is less flexible under different
operation conditions. Even with a small cooling load in a small part of the building, the whole
system needs to be turned on and operate inefficiently at a low partial load. A central AC system is
not an optimized solution for SDEC’s size and loading conditions. Now that the AC system is
damaged due to erosion, the AC redesign and replacement is included in this project.
4.3

Ventilation

It is shown previously that the indoor CO2 concentration is always below 700 ppm during normal
operation hours. The CFD simulation also shows the natural ventilation capacity is sufficient for the
building. On the other hand, there is a ventilation louver above the front doors which is always
open, and it may lead to too much ventilation in summer and winter, decreasing the thermal
comfort level and/or increasing the AC power consumption.
4.4

Lighting

Because of a large window to wall ratio, daylight is bountiful in the building. The major challenge
for the fenestration design is to reduce the solar heat gain without sacrificing the use of sunlight for

lighting. On the north side of the building, it is required to block the direct sunlight during
9:00~11:00am from 05/21 to 08/21. On the south side, the windows have to be shielded from the
direct sunlight from 05/21 to 10/21.

5. Design Improvement Strategies and Validations
Some design improvement strategies are proposed to resolve the problems identified previously.
BES and CFD simulation are made to evaluate and validate the strategies. Table 2 shows the
strategies and their corresponding effects on EUI. (Whether or not each strategy is adopted will
depend on return on investment analysis in the future.) More details are as the following.
Table 2 Improvement strategies and their effects on EUI
estimated by building energy simulation





5.1

Insulation

The first trial is to replace the single glazing windows (SHGC 0.74, U value 5.7 w/m2k) by double
glazing windows (SHGC 0.58, U value 3.1w/m2k) in BES simulation. After the modification, the AC
EUI drops 3.4 kWh/m2yr. Secondly, the roof is painted with high reflective paint and its reflectivity
changes from 0.40 to 0.85. The AC EUI drops 2.6 kWh/m2yr after the modification. Then a skylight
shade is installed and it is assumed to be open in winter (December, January, and February) for
warming the indoor environment, and shut in spring, summer, and autumn to prevent too much
heat from entering the building. After installing the shade, the AC EUI drops 3.4 kWh/m2yr.
5.2

Ventilation

In order to avoid too much ventilation in summer and winter, a controllable louver is to be installed
above the front door to replace the old one which is always open. One way to automatically control
the ventilation rate is to use CO2 sensors and window/louver actuators. In summer and winter, the
ventilation rate is controlled to fit the required amount of fresh air for the occupants based on

ASHRAE 62. In spring and autumn, when the outside temperature and humidity is within the
comfort range, the louver and the windows are opened to allow excessive amount of ventilation to
remove the heat and humidity created inside the building. After the controllable louver is installed,
the AC EUI drops 6.6 kWh/m2yr.
5.3

Air conditioning

Split type frequency conversion air conditioners are recommended to replace the existing central
AC system. It allows more flexibility for different cooling load distributions, and is expected to
operate in a more efficient loading range, and thus has a better average COP. A COP increase
from 3.2 to 3.5 will decrease the AC EUI by 6.3 kWh/m2yr.
5.4 Lighting
On the north side of the building, the window on the 2nd floor providing daylight to the lobby is
installed with a continuous horizontal shading panel, extruded by 1.4m from the window surface, at
the height of 3.4m from the floor (Fig. 8). Through numerical simulation, it is found that this design
can perfectly block the direct sunlight for the lobby during 9:00~11:00am from 05/21 to 08/21 and
maintain an indoor illuminance level of 150~250 lx. The same design is applied to the north
windows of the office on the 2nd floor. The shading panel is extruded by 0.9 m at the height of
2.1m from the floor (Fig. 8). The south windows of the office are treated with light-guide films (Fig.
9) on the upper part and with roller shade at the lower part. The light-guide film can guide daylight
to light up the ceiling and raise the indoor illuminance level by 25% (Fig. 10). The roller shade may
provide occupants with shading from 05/21 to 10/21. The electricity consumption of lighting can be
reduced by applying daylight sensor and dimming control to better integrate daylighting and
artificial lighting. With an integrated lighting improvement design, the lighting EUI is reduced by
22.6 kwh/m2yr, and the reduction in lighting heat emission also leads to a 1.5 kwh/m2yr reduction in
AC EUI.

Fig. 8 Horizontal shading panels.

Fig. 9 Light-guide films attached to
the windows

The illuminance at the south side
is increased by about 25%.
Distance from the north wall

Fig. 10 Illuminance distribution in the 2nd-floor office.

5.5 Resultant effects
When the above strategies are all implemented, the resultant effects are a 22.8kwh/m2yr reduction
in air conditioning EUI and a 22.6 kwh/m2yr reduction in lighting EUI. The combined EUI reduction
is about 32%. These reductions of energy consumption are achieved while the indoor environment
quality is maintained according to the criteria defined previously.

6. Conclusions
This project is the renovation of the Sustainable Development Education Center and the goal is to
improve the indoor environmental quality with energy saving methods. The major problems
identified by in-situ measurements and numerical simulations are an insufficient envelope
insulation system, an uncontrollable ventilation rate, a broken AC system, and unintegrated
artificial lighting and daylighting systems. To solve the problems, this study proposes to apply
double glazing windows, high reflective roof paint, an internal skylight shade, controllable
ventilation openings, an efficient AC system, and a system to integrate artificial lighting and
daylighting. With all the retrofits together, it is estimated that 22.8 kWh/m2yr can be reduced from
the air conditioning energy consumption, and 22.6 kWh/m2yr reduced from the lighting energy
consumption. The total energy reduction reaches 32% while a satisfactory indoor environment is
maintained.
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Summary
The Swedish National Board of Housing, Building and Planning has produced an updated description of the Swedish building stock, with input from surveys and questionnaires. Particular focus has
been on collecting data concerning damage on buildings, lack of maintenance and data for development of environmental quality objective a Good Built Environment. Approximately 1800 surveys
were carried out in statistically selected buildings. One part of the investigation was to find the extent of moisture damages and mould growth that may affect the indoor environment.
The results show that approximately 1/3 of the Swedish buildings have a moisture damage with
mould growth or bad odor with a possibility to affect the indoor environment. Moisture and mould
are much more common in single houses, and a comparison with a similar investigation 17 years
ago shows that moisture damages have increased.
Many moisture and mould damages are in ground constructions that are well known for their moisture problems, as elder slab on the ground, crawl spaces and cellars with additional insulation on
the inside. Mould in attics is very common both in old and new buildings, as well as moisture damages in new wooden framed walls with external thermal insulation with rendering.
This paper will include description of the used method from joint preparation of experts to analysis
of results. Samples of results as basis for discussion on the status of the buildings and the methods used, and conclusions on how to use the extensive data that is now available.
Keywords: Building, moisture, damp, mould, damage, description, survey, indoor, environment,
BETSI.

4. Introduction
4.1

Background

The Swedish National Board of Housing, Building and Planning has produced an updated description of the Swedish building stock, with input from surveys and questionnaires, called the BETSI
study. Particular the focus has been on collecting data concerning damage on buildings, lack of
maintenance and data for development of environmental quality objective a Good Built Environment. From the results of the BETSI study the goal was set to reduce the moisture damages by

half to the year 2020. Approximately 1800 surveys were carried out in statistically selected buildings. One part of the investigation was to find the extent of moisture damages and mould growth
that may affect the indoor environment. [1]
This paper shows the status and the change of moisture and mould damages in the Swedish building stock, during time and from that point of view the discussion is carried out. Results from
schools and nurseries are not included in this paper. [2]
4.2

Health problems

The WHO (World Health Organization) has stated in their brochure according to their guidelines
about  moisture  and  mould  that  “excessive  dampness and mould are a threat to health. Occupants
of damp and moldy buildings are at increased risk of experiencing health problems such as respiratory symptoms, respiratory infections, allergic rhinitis and asthma. [3]
4.3

The method

The method used in the BETSI study is based on ocular investigations, measurements and inquiries to families living in houses and apartments. The investigation method is described in the Sustainable building 2011 paper “Method to describe the technical characteristics of the existing buildings - A Swedish survey of 1800 buildings”.  [4]
One purpose with the investigation was to map out the extent of the moisture and mould damages
in the Swedish building stock from the aspect of inconvenience in the indoor environment. In Sweden it is common that the buildings are built with a heat insulated wooden frame construction.
Usually the moisture and mould attacks are hidden inside the construction or in crawl spaces and
in attics. Since it is not possible to observe these hidden damages with an ocular investigation a
protocol was prepared with questions about construction details, damages and bad smell in the
building. When locating and sorting out moisture damages a special definition was made for the
BETSI study. A moisture damage in the study means that moisture and mould may have an impact
on the indoor environment. Moisture damages with no meaning to the indoor environment are not
included in this study.
Following checkpoints were used for the definition:
- There was observed ocular visible mould growth and smell of mould or other bad smell
from moisture damages. In most of the crawl spaces, attics and indoor surfaces the moisture damages were possible to inspect.
- There was observed a bad smell of mould but no visible damages. Then the smell was assumed to be caused by a moisture damage. The description of the construction and drawings where used to detect any well known critical construction in the building that could be
assumed to be the source of the moisture damage. In some cases moisture measurements
were taken inside outer walls for indications of moisture damages.
The method was made for overlooking a very large number of houses for a statistical purpose.
Normally an investigation for solving an indoor health problem in a building has to be more precise.
4.4

Earlier investigations

In the year of 1991 a quite similar investigation called the ELIB study was made on the building
stock built up to 1989. There was also made ocular investigations of moisture damages in about
1100 single- and multifamily houses that were statistical selected. The results from the ELIB study
have been useful in comparing the change of moisture damages over time. [5]

5. Results
5.1

Moisture damages in buildings

The number of buildings with at least one moisture damage that may have an impact on the indoor
environment is displayed in Table 1.

Table 1: Buildings with at least one moisture damage with the possibility to affect the indoor
environment. The share of the buildings is representative for the total amount of buildings in the
same group.
Type of building Category
of year
Single family
-60
houses
61-75
76-85
86-95
96-05
All single family houses
Apartment
buildings

Number
(1000´th)
381 ± 134
213
± 72
84
± 34
33
± 15
7
±4
718 ± 157

-60
61-75
76-85
86-95
96-05
All apartment buildings

13
5
2

±7
±3
±1

22

Commercial buildings

11

Share
(%)
45
43
27
21
10
38

± 16
± 14
± 11
± 10
±5
±8
±9
±9
± 11
±3

±9

17
15
16
3
(3)
13

±4

23

±9

36

±7

All buildings
751 ± 159
( ) Uncertain value.
1) Share of building parts with a damage in the same category

±5

It is common with moisture damages in Swedish buildings, as displayed in Table 1. The result
gives no information about how serious the damages are or if they really affect the indoor
environment. The most damages are found in single family houses and about 1/3 of all buildings
have moisture damages with the possibility to affect the indoor environment.
The investigated building parts parts are the foundation, outer wall, roofs and attics, and also the
bathrooms are included as a part of the building.
In Table 2 it is displayed in which building parts the moisture damages are most frequent in the
Swedish building stock.

Table 2: Building parts with at least one moisture damage with the possibility to affect the indoor
environment.
Type of building part

Attics
Foundations

Category
of year
-75
76-05
Total
-75
76-05
Total

Outer walls
Bathrooms

Number of
buildings
(1000`th)
387
± 123
62
± 28
449
± 127
334
± 79
62
± 26
396
± 80
60
± 32

damages
risk of damages

**

1)

Share

(%)
26 ± 8
10 ± 5
21 ± 6
22 ± 5
10 ± 4
19 ± 4
3 ±2
2 ±2
16 ± 5

All buildings
953
± 160
** Uncertain value.
1) Share of building parts with a damage in the same category.

The results in Table 2 displays that moisture damages are very common in attics and foundations.
Recently there have been a lot of moisture damages in outer walls which are built with a wooden
framed construction combined with an unventilated facade plaster system, called the ETIC facade
system. Although these damages are quite serious, the number of buildings with this type of
damage are few compared to the whole building stock.
Observed moisture damages from bathrooms are few, but the bathrooms in need of renovation in
order to avoid moisture damages are about 16 percent of all bathrooms.
5.2

Well known problem constructions

In Table 2 it is displayed that the moisture problems in ground constructions are common in the old
categorie of buildings. Between the end of 1950s to the end of 1970s a large number of single- and
multifamily houses was built. In many of these houses new, previously unused, materials and
constructions where introduced. Especially in the single family houses constructions as the
concrete slab on the ground with heat insulation on top of the slab, cellars insulated on the inside,
and the crawl space foundation were common. In many cases these constructions were the reason
of moisture and mould problems. With the goal to solve indoor health problems the Swedish
government started a fund to finance the improvement of single family houses with moisture
damages. The fund was wound up in 2007.
The slab on the ground and the cellar constructions were improved in new houses during the
1980s.
Moisture damages in ground constructions are displayed in Table 3. In most houses the foundation
is made out of one type of construction, but in some houses two or three different types of
constructions were used, for example cellar combined with a crawl space.

Table 3: Mould and moisture problems in ground constructions.
Ground constructions
in single family houses

Category
of year

- cellars

– 75
76–05
total

-slab on the ground

–60
61–75
76–85
86–05
total

Crawl spaces

1)

Number of ground
constructions
(1000´th)
150 ± 55
**
155 ± 47

Share

(%)
20 ± 7
(6)
18 ± 5
(3)
15
7
0
8

–75
76–05
total

153 ± 76
45 ± 20
197 ± 75

± 14
±6
±0
±5

27 ± 13
24 ± 11
26 ± 9

( ), ** Uncertain value.
1)Share of damaged ground constructions in the same category.

The results in Table 3 shows that moisture damages are common in cellars up to the middle of the
1970s. In about 115 000 of these cellar the moisture damage is found in cellars with the heat
insulation applied on the inside of the cellar walls or on top of the concrete slab. The rest of the
moisture damages occurs from humid air and water suction through the cellar walls and floor.
5.3

New problem constructions

5.3.1 The ETIC wall system
In the end of the 1980s a new facade construction for insulated wooden frame walls was
introduced and it became very popular about ten years later. The facade system is made of facade
plaster applied on a heat insulation on the outside of a gypsum board on the wooden framed wall.
In most cases the facade plaster is quite thin and the wall is unventilated an undrained. The facade
system is called the ETIC wall system.
Moisture damages are usually found on the gypsum board and the wooden parts. In many of these
walls the ocular investigation was supplemented with an indicating measurement of the moisture
content in the gypsum board. The measurement was made with an electrical equipment for
measure moisture content in wood. A value between 15-19 percent of moisture content showed a
risk of damage and a vale above 19 percent showed damage. The credibility in these values had
been tested. [6]
Table 4: The ETIC wall system with the amount of buildings with moisture damages and with the
risk of a damage in the wall. The Table also show the amount of buildings with this type of wall
without a damage together with not investigated buildings.

Single family houses
Apartment buildings
Single family houses and
apartment buildings

Walls with no
damages and not
investigated walls
Number Share
(1000´th) (%)
<1
9

Walls with a risk of
moisture damages

Walls with a
moisture damage

Number Share
(1000´th) (%)
4
49

Number Share
(1000´th) (%)
3
42

<2

53

<1

25

<1

22

2

20

5

43

4

37

The values are showed without any confidence intervals

5.3.2 The attic
In the Swedish building stock about 88 percent of the buildings have a roof construction with an
attic and most of them where possible to inspect. In the other types of roofs the frame construction
was hidden and only visible damages on the surfaces was able to inspect.
Previously the attic was not associated with moisture problems but nowadays there is an ongoing
discussion about the risk of moisture problems in the connection with high heat insulation. The
results of moisture damages are displayed in the Table 5.
Table 5: Attics with a moisture damage
Type of building

Single family houses
Apartment buildings
Commercial buildings
All buildings

Attics with a moisture damage
Number
Share
(1000´th)
(%)
434 ± 125
23 ± 7
11
±5
7 ±3
4
±2
8 ±5
449 ± 127

21 ± 6

Table 5 shows that moisture damages are very common, especially in single family houses. In
about 15 percent of the attics there was mould or bad smell due to high relative humidity. The rest
of the moisture damages occurred from rain leakage.
5.4

Moisture damages in buildings during time

The ELIB study showed the statistical extent of moisture damages 1991 in buildings that was built
up to 1989. The BETSI study shows the statistical extent of moisture damages in buildings 17
years later. The results are displayed in figure 1,
The share of
Andel
moisture damages
fuktskadade
90%

80%
70%
60%
50%
40%
30%
20%
10%
0%
ELIB 1991
BETSI 2008
ELIB 1991
BETSI 2008
Småhus
ELIB Småhus
BETSI Flerbostadshus
Flerbostadshus
Single family houses
Apartment buildings
ELIB
BETSI
-40
41-60
61-75
76-88

Figure 1 Comparision between moisture damages in single- and multifamily houses 1991-92 and
2007-08. Moisture damages in bathrooms are not included.

6. Discussion
The results of the BETSI study shows that there are about 751 000 Swedish buildings, mostly
single family houses with moisture and mould damages that more or less can be harmful for the
occupants health. Many of these damages depends on bad construction design both on older and
new buildings. Although we have learned from earlier mistakes it seems that new products
sometimes can be insufficient in design and testing. There are still many houses from the 1970s
and older with moisture damages that have to be taking care of.
The attic and the crawl space foundation are constructions where mould growth seems to have
increased during the last decades in older single family houses, but also in attics in new houses.
The investigation have not given the answer why, but some hypothesis are the relatively warm
winter climate during the 1990s up to 2006. For attics there also have been a development of the
construction with increased heat insulation in new houses and additional heath insulation in
existing houses. The knowledge about mould and moisture problems have increased during the
last decades and the surveyors perhaps have more attention to mouldgrowth and bad odor
nowadays.
The conclusion is that moisture damages can be a threat against sustainable buildings due to
many older bad constructions still remains and new untested constructions are built, with the risk
that some of them gradually can lead to moisture damages and health problems In today´s houses.

7. References
[1]
[2]
[3]
[4]
[5]
[6]

BOVERKET, “Så mår våra hus - Redovisning av regeringsuppdrag beträffande byggnaders
tekniska utformning m.m”,   The Swedish National Board of Housing, Building and Planning,
Karlskrona, Sweden, 2009.
BOVERKET, ÅBERG O, THUNBORG J,  ”God bebyggd miljö – förslag till nytt delmål för fukt
och mögel – Resultat om byggnaders fuktskador från projektet BETSI”,   The Swedish
National Board of Housing, Building and Planning, Karlskrona, Sweden, 2011.
WHO,   ”Damp and mould Health risks, prevention and remedical actions”, WHO Europe,
Copenhagen, Denmark, 2009.
TOLSTOY N, “Method to describe the technical characteristics of the existing buildings - A
Swedish survey  of  1800  buildings”  Sustainable  Buildings  2011.
TOLSTOY N, BORGSTRÖM M, HÖGBERG H, NILSON J “Bostadsbeståndets   tekniska  
egenskaper - ELIB  rapport  nr  6” Forskningsrapport TN 29, SIB, Gävle, Sweden, 1993.
SAMUELSON I, JANZON A, ”Putsade   träregelväggar” SP rapport 2009:16, SP Technical
Research Institute of Sweden, Borås, Sweden 2009.

A new approach to energetic requalification of existing buildings: the
impact of the planning decisions on moisture content and behaviour

Professor Cristina Benedetti
Free University of Bozen, Faculty of Science and Technology, Italy
cristina.benedetti@unibz.it
Eng. Martina Demattio M.Sc.
Free University of Bozen, Faculty of Science and Technology, Italy
martina.demattio@libero.it
Research assistant Maria Teresa Girasoli
Free University of Bozen, Faculty of Science and Technology, Italy
mariateresa.girasoli@unibz.it
Research assistant Marianna Marchesi
Free University of Bozen, Faculty of Science and Technology, Italy
marianna.marchesi2@unibz.it
Research assistant Matteo Rondoni
Free University of Bozen, Faculty of Science and Technology, Italy
matteo.rondoni2@unibz.it

Summary
The impact of the planning decisions on moisture content and on behaviour of the building
components has to be taken into consideration when there are attempts to upgrade the thermal
performance of existing building to save energy. In this paper, insulation systems and technologies
are analysed and energetic problems and performances are identified in order to propose a critical
evaluation of the possible solutions. Special attention is paid to moisture and condensation
problems occurring as a consequence of retrofitting interventions. In this research an innovative
simulation method is used to perform realistic and detailed simulation of the hygrothermal
behaviour based on EN 15026:2008. The method allows evaluating of the real potential of interior
thermal insulation on existing building components under natural conditions (with reference to
building elements).
The research analyses the thermal efficiency and, particularly, the achievement of a suitable
surface temperature in correspondence of building critical points (building joints), after retrofitting
actions. An analysis-check method, based on UNI EN ISO 13788:2003, and static calculations,
based on UNI EN ISO 10211:2008, were applied to existing structures and to proposed solutions
of external and internal insulation. In the near future, the research plans to analyse the same
building joints through dynamic methods, according EN 15026:2008, and to compare the reached
outputs with the results of static evaluations. This comparison should highlight the possibility to
better the proposed solutions.
Keywords: energetic advancement; thermal bridge; compatibility, technical solutions and materials;
moisture transfer, condensation, hygrothermal behaviour.

1. Introduction
In the policies to reduce consumptions and emissions due to residential buildings, the energetic
improvement represents an important potential in the European background, particularly in the
Italian one: buildings constructed before the 70s represent in fact, in Italy, over 65% of the property,
with consumptions that nowadays cannot be considered acceptable in the EU panorama.
As in Italy constructions absorb almost 45% of the domestic energy demand, it is possible to
foresee important feedbacks in terms of energy saving if a methodical intervention on existing
buildings is implemented.
While in new constructions good energetic performance can be guaranteed by present rules,
methods and innovative materials, the possibilities of interventions in restoration are often limited
by the complexity of the problems. The designer has often to face the difficulty to find a feasible
and viable solution because of the historical constraints, structural situation and regulations in
force.
A good knowledge of technical features of existing building resources is necessary to improve their
energetic performances. For this purpose, a complete analysis of the problem should consist of:
- Investigation of the present building structures;
- Identification of energetic problems and performances;
- Critical evaluation of the potential solutions;
- Research of the possibilities of application of materials and technologies;
- Control of moisture transport, surface condensation and mould growth.
Special attention has to be paid to moisture and condensation problems likely to occur in the
retrofitting interventions. A detailed simulation of the hygrothermal behaviour is necessary in order
to propose a critical evaluation of the real possibilities of intervention, especially when interior
thermal insulation systems are applied.

2. Condition assessment of existing buildings
Within existing residential buildings, a significant sample of external walls has been selected to
analyse the constructive elements which are usually affected by heat loss.
The standard UNI/TS 11300 part 1 appendix B contains the Abacus of masonries in existing
buildings in Italy. Different typologies, based on this document, have been identified, such as
stonework (made by calcareous materials, available in the whole national territory), tuff-work
(popular in the southern part of Italy), brickwork, concrete wall.
With regard to building joints, on the basis of the statistical researches by ISTAT on existing
buildings, an analysis model was defined to study the Italian residential buildings. This model
analyses some widespread technological solutions which characterize the existing buildings,
elaborated in Architect Handbook in the 1960s, edited by National Research Centre (C.N.R.). The
research takes into consideration a building structure composed of a reinforced concrete structural
frame with wall cladding by brick blocks and masonry floor. This has been a widespread system in
Italy since the 2nd World War, for its low cost of realization.
2.1

Factors of deterioration in buildings

The factors of deterioration in constructions are environmental conditions, acting on building
components and leading to functional, structural and esthetical decay of the structure. Damages in
buildings are likely to be caused by mistakes occurring during the planning, construction or use
phase which can give origin to circumstances leading to deterioration (Fig. 1).
The first official Austrian report on damages in buildings („1. Österreichisches Bauschadensbericht
– Zusammenfassung”) particularly underlines that a major number of errors (38,5%) occurs during
the construction phase, due to mistakes in assembling, installing and executing the intervention.
Planning mistakes represent the second origin of deterioration of structures, corresponding to 20%
of the observed cases.

Fig. 1 Causes of deterioration in buildings
The Hannover Building Research Institute (Institut für Bauforschung e.V. Hannover) has published
a report dealing with the factors of deterioration. Among 275 existing buildings, 48% of damages
had occurred as a consequence of moisture (Fig. 2).

Fig. 2 Deterioration factors in buildings
It has to be taken into consideration that different kinds of moisture damages are likely to occur in
constructions: water entering due to failing waterproofing, wrong material choice, thermal bridges,
surface condensation, interstitial condensation, mould growth, capillary action.

3. Hygrothermal evaluation in buildings
3.1

Thermal evaluation

DPR 59/09 is the Italian law containing limits and requirements that have to be observed in
buildings when a retrofitting intervention is carried out.

Table 1 Thermal transmittance of external walls
Climate Zone
A
B
C
D
E
F

U limit
W/m2K
0,62
0,48
0,40
0,36
0,34
0,33

In this research nine different typologies of external walls has been analysed to evaluate their
thermal performances.
In case of complete or partial renovation of a building element the following evaluations have to be
considered:
- Thermal transmittance of external walls has to be smaller than the values in Table 1;
- Interstitial condensation must be limited to the quantity which can evaporate;
- Surface condensation should not take place;
- Heat store capacity of external walls has to be checked in all sites where mean monthly value of
solar irradiancy on horizontal plane during most irradiated month is greater than 290 W/m 2.
The thermal transmittance values must be respected, taking in consideration the “right thermal
bridges” or, as an alternative, the mean thermal transmittance of the wall plus the thermal bridge.
D.L. 311/2006 gives a definition of “right thermal bridge”: the thermal transmittance of the part of
the external wall corresponding to the thermal bridge has not to exceed than 15% thermal
transmittance of building element.
As an alternative, it is possible to take in consideration the increase of thermal dispersion caused
by the thermal bridge, evaluating the mean thermal transmittance, calculated through the linear
thermal transmittance of the thermal bridge and the thermal transmittance of the building element.
The surface mass of external walls must be higher than 230 kg/m 2 or, as an alternative, the
dynamic thermal transmittance has to be smaller than 0,12 W/m2K.

Fig. 3 Thermal transmittance values

3.2

Interstitial condensation evaluation

The examination of interstitial condensation is usually performed considering the amount of
condensed water developing in the building material due to vapour diffusion phenomena in the
construction element. The standard UNI EN ISO 13788:2003 considers a simplified model, the socalled Glaser method. In 1958 Helmut Glaser developed a basic, steady state graphic
methodology which allows evaluating the water vapour diffusion and the condensation potential
without computational instruments.
Nowadays this basic method is still widely used, but it presents some critical points, particularly
when we deal with upgrading of existing constructions. For the energetic refurbishment of an
external wall with interior insulation system, the Glaser method doesn’t allow to reach a high level
of energy efficiency of the building. Indeed for an insulation thickness higher than 6-8 cm, the
verification is not fulfilled and the planner has to take into consideration other possibilities.
Table 2 Comparison between UNI EN ISO 13788:2003 and UNI EN 15026:2008
Model

Climatic data

Moisture
transport

Condensation
period

Evaporation
period

UNI EN ISO
13788:2003

Steady state
model
Glaser

local medium
data

diffusion

12 monthly
calculations

12 monthly
calculations

UNI EN
15026:2008

Instationary
model

real measured
climatic data

diffusion and
capillarity

365 days x 24
hours

365 days x 24
hours

Among the different existing solutions the designer can decide either to decrease the thickness of
the insulation, or to use a vapour barrier. If the first solution isn’t viable due to the low level of
thermal transmittance, the second one can be even a worse alternative, because of the existing
difficulties in properly installing such a technical solution. If the vapour barrier is not perfectly
installed, very serious damages are likely to occur, leading to rapid deterioration of the building
element as a consequence of convection of humid air through the crevices in the vapour barrier.
In the last few years a new evaluation model has been introduced in order to examine the
interstitial condensation in building elements. Beyond the vapour diffusion, this model considers
other mechanisms of moisture transport in the materials, such as superficial diffusion and capillary
transport. In addition the model considers the dependence of the distribution of temperature and
moisture in time and space and the real boundary and initial condition of the element, like initial
moisture content, rain and solar radiation. This dynamic simulation model is described in the
standard UNI EN 15026:2008.
3.3

Surface condensation evaluation

D.P.R. 59/2009 (Italian law in force) impose to check the absence of surface condensation,
according UNI EN ISO 13788:2003, in case of partial or whole retrofitting of building envelope.
This technical standard describes a method for the static calculation to evaluate the critical surface
moisture in correspondence of building joints; it says that the monthly mean value of relative
humidity must be less than 80%, in internal surface areas of the building envelope.
This condition means that the temperature of the internal surface area of the wall, calculated
starting from the minimum saturation pressure of vapour, must not reach critical values, but it has
to be higher than the minimum value to avoid surface condensation phenomenon and mould
growth.
In particular, this condition has to be satisfied in the most critical points of the building envelope,
where, when thermal bridges exist, it’s possible to reach a very low temperature. The research
analyses both the building element and the joint.

4. Moisture transport in building elements
4.1

Water vapour diffusion

The main transport processes in materials are vapour diffusion and liquid capillarity. The direction
of these ways of moisture transport can be different. While vapour diffuses from the warm face of
the material to the cold one, the liquid transport takes place from the humid to the dry side of the
construction element. The diffusion flow can be described by means of the following equation:

where p is the air vapour pressure, δ0 the vapour diffusion coefficient in quiet air (δ0 = 2 x 10-10
kg/msPa) and μ the water vapour diffusion resistance of the building material.
The equation shows that air vapour pressure gradient is the potential factor that moves the vapour
molecules through the building element depending on the permeability property of the material.
During winter in standard conditions in buildings, the water vapour pressure is higher on the
interior side and the vapour diffuses outwards. The interstitial condensation due to this transport
process is described in the standard UNI EN ISO 13788:2003.
4.2

Capillary transport

When in a hygroscopic material a certain degree of relative humidity is reached (around 60%), a
further transport process takes place on the surface of the pores: liquid diffusion. An additional
process, occurring when the ultrahygroscopic field is exceeded and the pores are filled with water,
is liquid capillary conduction. This moisture transport is caused by the surface capillary forces on
the meniscus of the condensed water in the material pores and moves from the humid to the dry
material. It can be described by the following equation:

where Dw(ϕ) is the liquid transport coefficient, dependent on the relative humidity ϕ in the material.
If the directions of vapour diffusion and capillary conduction are opposite, the effect of the
capillarity can produce a positive consequence on the interstitial condensation. The water
condensing at the interface between existing wall and interior insulation can be conducted away by
the absorption tensions in the pores.
This is a very important fact to be taken into consideration when dealing with evaluation of
interstitial condensation, because it means that the amount of condensed water at the interface
estimated by the UNI EN ISO 13788:2003 could be overestimated.
The standard UNI EN 15026:2008 describes all these transport processes by means of a dynamic
model which can be used to determine the amount of water content in the construction element at
each step of the simulation.

5. Surface condensation in building joints
The decrease of internal surface temperature which appears when a thermal bridge exists causes
surface condensation phenomena.
This phenomenon depends on the internal surface temperature and the hygroscopic property of
the building material.
The surface condensation appears when the standard levels of indoor relative humidity is
associated with the surface temperature values near to dew point, and it determines the mould
growth and the material degradation. The mould growth represents an indoor air pollution source
and it causes some diseases. Furthermore, mould is responsible for aesthetic and functional
degradation of the buildings. The condensation on surface areas is more critical than energy loss,
because it affects the healthiness of indoor environment.

6. Solution assessment
In this analysis the results of the evaluation processed by means of UNI EN ISO 13788:2003 and
UNI EN 15026:2008 were compared, in order to understand differences, similarities and
applicability limits of the two assessment methodologies.
In renovations of building elements, different solutions have been considered: internal thermal
insulation, external thermal insulation and thermal insulation in cavity walls.
The thickness of thermal insulation that has to be applied is established by the limit of thermal
transmittance coefficient U that has to be reached and depends on the heat conductivity λ of the
insulation material.
When the insulation material is applied on the colder side of the wall, the solution is called external
wall insulation system (EWIS). This intervention determines not only energy saving, but also
provides a good protection to existing wall, it increases internal comfort and it reduces the risk of
mould growth.
Internal wall insulation system consists in installing a layer of insulation material on the warmer
side of the wall. This intervention is often used in case of refurbishment in historical buildings, but
presents some disadvantages. The correct solution of thermal bridges usually represents a hard
design challenge because of the complexity of the structural situation. Furthermore it is difficult to
properly execute the air tightness of the building envelope and this increases the risk of interstitial
condensation between insulation material and the existing wall.
In the analysis of the building joints, different solutions of internal and external insulation have
been evaluated. The thickness of insulating materials have been calculated depending on the local
climatic conditions, the law limits and the hygrothermal checks on the building elements, to assure
a right behavior.
The research compared both the proposed insulation solutions and evaluated the different
hygrothermal behaviour of the envelope. The designed solutions have been compared to the
existing situation in terms of energy saving, increase of the surface temperature and improvement
of the thermal comfort.
6.1

Boundary conditions

The hygrometric evaluations were performed by means of two simulation programs: Dämmwerk
2005, for the steady state method and WUFI (Wärme und Feuchte Instationär) of the FraunhoferInstituts für Bauphysik for the instationary simulation.
For the steady state calculation the internal condition of the building were set to Ti = 20 °C and
interior relative humidity ϕi for the use category 3, in accordance with EN ISO 13788:2003.
The dynamic simulation was performed using the hourly climatic data of the town of Bolzano,
including temperature, relative humidity, solar radiation, rain. The daily mean internal air
temperature and humidity was set for normal occupancy conditions in accordance with Annex A of
the standard UNI EN 15026:2008.
The thermal loss, located near the building joints and the internal surface temperature were
calculated through THERM, a software developed at Lawrence Berkeley National Laboratory
(LBNL). THERM is based on a finite difference calculation method to determine the thermal flow in
stationary boundary conditions.
The analysis was conducted locating the model in Bolzano-Bozen, (climate zone E, 2791 degree
days).
The building envelope was analysed from the thermal point of view, taking in consideration the
following air temperature and relative humidity values, according to the Italian law in force:
- outdoor conditions: lowest monthly mean air temperature in Bolzano-Bozen during january (equal
to 1,2 °C) and relative humidity equal to 55%;
- indoor conditions: air temperature equal to 20 °C and relative humidity equal to 65%, when
control systems for internal relative humidity are not installed;
- not-conditioned spaces: the same outdoor humidity values were selected and the air temperature
values were modified according to technical standard UNI/TS 11300-1 prescriptions;
- ground: in absence of Italian prescriptions, the German technical standard prescriptions were
applied (air temperature value was calculated as mean value between the air temperature values
registered during a year and relative humidity value was assumed equal to 100%).

6.2

Results and evaluations

The results of fifty-seven different cases were taken into account and calculated in order to
compare the methods described in the standards.
The Fig. 4 represents the comparison of the relative humidity profile of three different insulation
materials at the interface of an existing wall during the three years after installation of 10 cm of
internal insulation system. The materials taken into consideration are wood fibre, mineral foam and
expanded polystyrene foam (EPF).
It was observed that the retrofitting intervention carried out installing the internal wall insulation
system couldn’t fulfil the conditions of the UNI EN ISO 13788:2003. Simulating the intervention by
means of the Glaser method, the amount of condensed water at the interface between existing
substrate of the wall and applied insulating material was greater than 500 g/m 2.
On the contrary the evaluation of the same insulation solution performed by means of the
instationary simulation method had a different output. In the profile of Fig. 4 it is possible to
observe that in all the cases the amount of moisture in the material decreases after installing the
system and that no condensed water takes place at the interface.
It is interesting to observe the different behaviour of the insulation materials. Wood fibre and
mineral foam are hygroscopic materials with high permeability to vapour diffusion and have a very
high variability in water content during winter and summer, because they immediately react to the
changed boundary temperature and humidity conditions. The material in expanded polystyrene
foam has a much smoother trend because the higher permeability resistance of the EPF acts as a
vapour retarder on the vapour diffusion. During winter, when the vapour flow moves outwards a
smaller amount of vapour reaches the wall surface, while during summer the vapour flow towards
the interior side of the building is retarded and the wall has a lower capacity to dry out.

Fig. 4 Comparison of different internal insulation materials
The research takes in consideration eleven building joints; for each building joint two different
solutions were developed; the solution effectiveness was evaluated in terms of energy saving and
indoor comfort, with respect to law in force.
The result is the design of 35 detail forms. Each solution was verified through the described
methodology.
The analysis of the existing situation of the building joint related to a balcony is illustrated in Fig. 5,
both from technical and hygrothermal point of view. The internal and external insulation actions
were designed. The proposed solutions were developed with respect of the Italian law in force. In
correspondence of the thermal bridge, the thickness of the insulation materials were determined
avoiding mould phenomena and checked through static calculation, according to UNI EN ISO
13788. Sometimes the proposed action could not assure the achievement of the necessary
conditions to avoid mould risk. Dynamic calculations could better the insulating actions. This is the
way that research will take in the near future.

Fig. 5 Comparison of different insulation solutions in a building joint

7. Conclusions
The national Italian law obliges to carry out hygrothermal evaluations and controls when a building
intervention is planned. Until now the evaluation of interstitial condensation in building elements
has been carried out by means of the Glaser method, a model described by the standard UNI EN
ISO 13788:2003 and considering just the water vapour transport by diffusion. This model doesn’t
take into consideration neither the liquid capillary conduction, nor the absorption capacity of
hygroscopic materials, nor the real climatic conditions. This standard is widely diffused on national
level, but it seems to overrate the amount of water condensation, especially when an interior
insulation system solution is applied.
Recently an advanced evaluation model was introduced, based on the standard UNI EN
15026:2008. This dynamic simulation method proved to be suitable to correctly evaluate the
moisture transport processes in building material.
By means of the dynamic simulation methodology it was established that the Glaser method
overestimates the amount of water condensation when an internal wall insulation system is
designed for upgrading existing solid external walls. It was determined that in this case interstitial

condensation due to vapour diffusion doesn’t represent a risk of deterioration of the thermally
upgraded building element. On the other hand, risks of damages are very likely to occur when
thermal bridges are not accurately solved and when the air tightness of the building envelope is not
properly executed. In this case interstitial condensation due to moist air convection and surface
mould growth has a high probability to cause structural, functional and esthetical deterioration of
the building.
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Summary
The intermediate habitat is a distinct type of housing, located between the individual and collective
housing, which, taking over some of the advantages of the two, is distinguished by innovative
urban forms that can respond in a judicious way land economy, are characterized by a density hard
to be achieved with individual dwellings and use with maximum efficiency the natural space. It
provides the freedom to create urban areas flexible, open, and detached from the constraints of a
mechanical concept The intermediate habitat concept can be adopted particularly in the
development of ecological town-planning and architecture.
Keywords: Intermediate habitat, innovative urban forms, ecological design, town-planning,
efficiency

1. The intermediate habitat concept
Today, when the sustainable development challenges are more and more obvious, it is required the
development of some new urban residential forms, adapted to both the social needs and to the
individual expectations of citizens, whose operation will be less resource intensive and do not have
a negative impact on the environment. Thus, the main actors in the field of housing, public
authorities and developers, but equally and designers are in a position to resort to other types of
dwelling architecture, which include one that has developed over the past four decades as
“intermediate housing” and complexes of “intermediate habitat”. Intermediate habitat is a distinct
type of housing, located between the individual and collective housing, which, taking over some of
the advantages of the two (Fig.1), is distinguished by innovative urban forms that can respond in a
judicious way land economy, are characterized by a density hard to be achieved with individual
dwellings and use with maximum efficiency the natural space, keeping, however, unaltered its
valences or rebalancing them through intervention.
Also, the name of intermediate habitat suggests, generally, small dwelling units grouped in
ensembles with maximum height of four floors, with individual or collective access. Many of them
have a large private outdoor space, which, desirable, should receive a higher degree of optical
freedom. Common area of internal circulation are reduced (or are missing), which leads to their
more efficient management from an economical and safety point of view.
Intermediate habitat may be also defined by complexity and by ability to assemble and overlap the
dwellings in a combinatorial logic, aiming to achieve an acceptable average density and to loan as
many specific elements of individual housing [1]. The relationship with the natural habitat is much
more intimate, both in terms of adaptation and implant way, and of extension of the landscape
inside the intermediate ensemble.

2. Intermediate habitat and the urban tissue framing
The intermediate housing is basically a form of half collective housing, peculiar by its
characteristics related to its formal appearance, scale and spatial organization. It finds additional
development sources in the collective housing (from early forms characterized by very strong
economic limits, to the contemporary achievements of higher comfort and equipment level) and in
the individual dwelling (in the form of dense groups of coupled or row dwellings).
Another defining characteristic of this
type of habitat is the presence of a
transition spaces suite, with different
degree of interiority, between public and
private, between inside and outside,
which facilitates the micro community
sociability assertion.
The intermediate habitat provides the
freedom to create urban areas flexible,
open, and detached from the constraints
of a mechanical concept.
Its formal characteristic (volumes,
heights, existence of transitional spaces)
and the resulted mean density enable
the intermediate habitat to be easily
adapted to the urban context [2]. This
adaptability means that this solution is
appropriate for achieving the continuity of
urban tissue, in less dense areas, and
recommends it as a possible alternative
to the proliferation of pavilion residential,
and land lots with terrain anarchist use.
Fig. 1 Intermediate habitat attributes
In urban areas it can be used either
punctual, interstitial, in small or mean
ensembles, which could improve or solve a local de facto state, or on a larger scale, in new
operations of urban extension, respecting the rational limits of density and land economy [3].
The intermediate housing can be integrated in the traditional structure of the city, which is
demonstrated by its participation in many cases of rehabilitation and urban renewal.
In terms of resulted density, being placed between individual and collective, the intermediate
habitat is feasible urban product, the more interesting as its management and administration
seems to be simpler than other forms of housing. By studying various examples of achieved
intermediate dwellings, it was noticed that their density is close to 50 dwellings per hectare.
However, this figure is relative; it can vary in a range of 20-80 dwellings per hectare [4].
Rational land use, because of optimization of auto and pedestrian access and also of coherent
articulation of residential spaces with those of circulation and common use, explains why the
intermediate habitat can reach, in extreme cases, a high density of over 100 dwelling/ha, without
that those features, specific to individual dwelling, to be lost [5].
The intermediate dwelling is adapting to the estate market by offering a diversified marketing
without difficulties: from small areas of residential units developed on a level (hardly acceptable in
an urban context with an individual, pavilion solving), to large or very large duplex or triplex units
(rarely met, for economic reasons, in collective dwelling).
The intermediate habitat has as target, since the years of its outlining as a distinct type (’70), the
families with an insufficient income to purchase an individual house (which was the type that met

the housing aspirations of the great majority), but which wanted more spacious housing spaces
than those in collective dwellings and which offered the advantages of an individual dwelling but at
discounted prices (lower than those of the individual row dwellings). The intermediate dwelling was
addressed to some communities heterogeneous from a social point of view, or some
homogeneous communities (in terms of income, social position or age).
This type of habitat has attracted families from middle or upper class (couples with small children),
or on the contrary has addressed to those with lower incomes (intermediate social housing).

3. Evolution and achievements
Even since the beginning of the XIXth century and extending
throughout the XXth architects were concerned to design
dwellings with a higher standard of living but with lower costs
as much as possible.
Although the birth of intermediate housing can be proven
after the second half of the XIXth century, prior to this time
there were many examples having some characteristics of
the intermediate habitat with similarities regarding the
morphology and especially the social life type proper for this
dwelling model [1].
Similar characteristics with those of the intermediate habitat
are sometimes found at the residential unit level, but mainly
at the dwelling groups and overall composition level.
Solutions, often exceptional, proposed by architects during
this period, but updated adapted to contemporary
requirements, may show the directions of analysis and action
for an intermediate habitat.
Since the 60s of the XXth with the advent of critical attitude
towards the weaknesses of mass collective housing, the first
intermediate dwellings are emerging in a wide variety type
[6]: terraced dwellings on a flat terrain, aggregations in hilly
cluster, terraced dwellings in sloping land, models that
develop the concept of immeuble-villa or compact, dense
groups of individual dwellings (Fig.2).
The spread of these types of dwellings on other geographical
coordinates than the European ones (India, Japan,
Singapore, United States, Australia), on sites that develop
with the city similar relationships like the European
experience, emphasizes the quasi-general appreciation
enjoyed by the intermediate habitat.
In recent operations of intermediate habitat, developed on a
smaller scale compared to previous decades, efforts are
guided toward the development of the relationship between
the spaces of the intermediate habitat ensemble with the
Fig. 2 The first intermediate city’s public space, on one hand, and toward the relationship
habitat models: aggregations in between the dwelling group spaces and the common ones of
hilly cluster, terraced dwellings whole ensemble (green spaces, endowments, relaxation
in sloping land and on a flat spaces) on the other hand, and as well as on defining and
terrain - [7],[8] [9],[10]
specifying some transition spaces suite between inside and
outside, between public and private.
Today, the architectural and urban approach in the direction of realizing the concept of intermediate

habitat in its many morphological instances is better managed by all the involved factors. The
intermediate habitat is no more specific for a certain investment formula; it is extended in a very
large range: from social dwellings to luxury units, associated to different architectural programmes:
tourism, education, health.
Since the 90s, especially in France where there is already for two decades a practice for the
intermediate habitat production, it can be seen the growing interest for this dwelling model. This
fact can be proven by studies, researches and sociological surveys, pilot programs initiated by
central or local authorities, etc.
This confirms the success enjoyed by the intermediate habitat and the likelihood that it would
indeed become a viable alternative to mostly existing forms of housing in the contemporary city.
Urban issues, on which it can respond, made it present in the participants’ proposals in national
and international competitions (Europan competitions) dedicated to house building and housing.

4. Ecological dimension of the intermediate habitat
The intermediate habitat concept can be adopted particularly in the development of ecological
town-planning and architecture, as it can be proven by numerous intermediate bioclimatic housing
pilot projects carried out in practice. In fact, analyzing recent production of eco-buildings, it can be
noticed that most dwellings and assemblies achieved during last decades are very close to the
intermediate forms.
Among the architectural and town-planning features that allow the intermediate habitat to become
a optimum form for the sustainable and ecological development of the housing are:
- development of higher forms of urbanity and low height regime – enables harmonious insertion,
without violent contrasts in urban areas;
- association of intermediate dwellings compact groups in autonomous assemblies, characterized
by a relatively high density (to get a higher density becomes an important criterion in ecological
dwellings designing);
- presence of green spaces (semi-public spaces for common use and exterior private spaces,
terraces and gardens) with a role in balancing the micro-climate;
- reduced common circulation spaces; adopting this option in bioclimatic housing design reduces
energy dissipation get by a passive system and avoids the vicinity of some intermediate spaces
with very different thermal conditions;
- reduced joint movement, adopting this option in bioclimatic housing design reduces energy
dissipation and avoid passive system captured in the vicinity of the intermediate spaces with very
different thermal conditions. The circulation for dwellings located upstairs is achieved from the
outside space by means of stairs and other spatial systems attached to the building. They can act
as indoor protection system of interior spaces against excessive solar radiation, during strong
sunshine periods;
- centralization of parking spaces in the basement of buildings or in proximate areas (to avoid
some structural, spatial modelling and functional constraints, to reduce the needs for additional
heating of these areas),
- presence of green-house spaces, courtyards.
In addition to ecological principles directly applied to urban dwellings there are some other ways,
indirect, to reduce energy consumption.These include the density increasing [11] and distances
decreasing [12].
Among the factors that influence an ecological approach of the intermediate dwellings design there
are:
- the location of buildings on the site – determines the cardinal orientation of spaces, helping to
reduce the energy needs, to provide protection against prevailing winds and leads to the coherent
and sustained evolution of the site subjected to intervention.
- shape and spatial modelling of the dwelling, aggregation way of them (pavilion/compact, terraced)
and the composition at general level. In the bioclimatic design of intermediate housing, a special
attention is paid to the envelope shape, building volume, way of vertical development (compact or

terraced), solving of interior intermediate spaces, presence of green houses and courtyards,
covered or uncovered. The green building envelope, as a bioclimatic structure, is one that, by its
characteristics (ratio of full/empty, shape, constructive structure) does not allow the heat exchange
through the envelope elements. A compact plan has the quality to decrease the exterior walls
surfaces, and if the volume is close to a cubic one, the building shape would be optimum, from the
energy consumption point of view, in both hot and cold climate. A compact building may have a
high thermal efficiency and a limited lighting and ventilation potential. Conversely, a less compact
building may provide better natural lighting and ventilation at the expense of efficiency. A branched
plan shape offers advantages in the case of microclimate where there is a prevailing wind direction.
Buildings can be placed against the wind, so that the courts – alveoli formed by the conformation
of this type- will be protected against strong air currents. Another advantage of the branched or
pavilion bioclimatic solution, which offers various possibilities for spatial and functional solving, is
its ability to use solar radiation and the vegetation in order to maintain favourable microclimates in
different areas of the building/buildings.
- building materials used – the choice varies depending on the building, the location area where
the products to be put into work (to avoid possible excessive transport costs), geographical and
urban context, and their environmental impact. Natural materials are preferred (in terms of
embodied energy), recyclable materials with low emissions of carbon dioxide and thermally
efficient (with high thermal inertia).
The bioclimatic architecture principles can be applied especially to intermediate dwellings on flat
land or terraced, on sloped terrain.
The merged intermediate dwellings have their own quality – the fact that the facilities for each
functional area, including the common area, can be coupled and operated independently,
according to the energy demand and activity period.
In the case of temperate or cold climate areas, it is possible to use a winter garden – green house
coupled with common use spaces, whose role, in addition to the entertainment role of the
semiprivate space, is to oxygenate and maintain a balanced ratio of microclimate humidity
throughout the building.
The merged buildings in which are grouped the intermediate dwellings generally have a relatively
developed and compact volume. This form enables a system for collecting, processing and
utilization of solar energy (passive and active systems), or other non-conventional energy,
depending on environment/ geographical area of implant. Since the heat losses are due to 85% of
walls and windows, care for a bioclimatic design of housing must be accompanied by
complementary solutions at construction-architecture levels. This concern for thermal insulation of
the envelope elements must be correlated with the decrease of exterior walls surfaces.
For residential areas, it can be proposed also bioclimatic solutions: the presence of areas
developed in depth and the avoidance of inhabited rooms to be located at the building corners, the
interposition of buffer spaces, greenhouses, and intermediate spatial devices- vertical or horizontal
circulations, interior courtyards. In the designing activity, it will be followed up the orientation toward
the sun of living spaces, the best in this regard being S, SE, SW.
One such criterion, alongside the before mentioned one concerning the correct position relative to
the prevailing wind direction, involves special solutions for each site placement, resulting in the
use differential forms.
Using garden terraces in the specific forms for the intermediate habitat, with special reference to
the terraced houses, in their dual aspect, adapted to the land slope or artificial terraced through the
offset of floors height, offers advantages from many point of view: architectural and urban-planning,
psychological, and of significant importance, ecological.
Terraces and planted roofs improve the air quality, save energy, balance the microclimate of the
built environment. Among the environmental benefits get through the use of planted roofs, with a
favourable effect in improving the urban man-made environment, there are highlighted:

- reduction of ambient temperature and increasing the humidity level in the close proximity;
- reduction of existent pollutants in the atmosphere;
- absorption of rainwater pollutants;
- providing a niche habitat for a variety of fauna species.

Fig. 3 Intermediate habitat- strategies to reduce energy consumption
In formulating strategies to reduce energy consumption for groups of intermediate dwellings (Fig.3),
the design will focus on the following aspects:
- reducing heating needs using passive solar systems, by designing a efficient building envelope,
from the thermal insulation point of view, using triple-layer windows. Where it is appropriate, the
heat and hot water supplying can be achieved by the use of a thermal plant which runs on natural
fuel, like wooden wastes or biogas, energy consumption standards should lie close to 50 kWh / m²
per year and CO2 emissions, at around 6 kg CO2 / m² / year.
- rational designing of ordinary details, of walls, roofs, openings, in parallel with a best designing of
thermal insulation both for usual masonry systems and façade multilayer panels;
- getting electricity using photovoltaic systems integrated into the wall panels with a Southern
exposure;
- use of planted roofs contribute to the retention and rainwater collecting, which can be used for
garbage disposal or maintenance of green spaces, and also to the balancing the moisture
microclimate; also the planted roofs, depending on the configuration mode, can play the role of
thermal mass;
- spaces ventilation in a passive system, in double flux,
(Fig.4) for a natural elimination of excessive moisture from
some spaces (bathrooms, kitchens) [13]. The disposing of a
part of equipments in the technical floor, located under the
roof, allows shorter routs of housing facilities [14].
- natural ventilation of houses - double orientation (northsouth) of dwellings allows the entire house natural
ventilation based on temperature differences day / night;
- facilitation of thermal exchanges under the seasonal and
daily regime (diurnal-nocturnal) due to significant thermal
mass material embedded in the wall composition;
Fig. 4 The spaces ventilation in - obtaining a high solar gain - large window openings, facing
South;
double flux system
- use of more compact forms of buildings, the solutions will
pursue a compromise between compact geometric shape of
the building and housing optimal lighting, reducing the length of exterior walls by adopting a
compact compositional solutions, development in depth of rooms and the simultaneously use of
greenhouses or courtyards;
- solar protection - deep terraces and balconies reduce, during summer time, the risk of
overheating, by the greenhouse effect, the interior spaces; also the use of building - architecture
elements (brise soleil, conservatories) can bring an increased gain of energy, overall comfort of
living and architectural quality of dwellings;

- using ventilated roofs, to avoid the housing overheating by interposing the technical floor and
ventilated roof structure;
- passive heat transfer, using bituminous membrane coated panels exposed to sunlight, the heat is
transferred progressively to the indoor spaces overnight.

5. Conclusion
Ecological design of intermediate dwellings involves consecutive approach levels, under the same
imperative, but with priorities and issues that require differentiated solutions: at the ensemble level,
at the dwelling group and at the dwelling itself.
An ecological approach of the intermediate habitat issue should be preceded by the development
of some strategies for a sustainable development of housing which, in turn, require impact studies
concerning the dwellings location within the city and researches regarding the possibilities of
balancing the urban density; they will implicitly suggest the choice of optimal typologies and
morphologies in different contexts.
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Summary
During the last decades the intensification of the energy crisis led to an increased concern about
the building design and conception regarding the climate and site conditions, towards achieving a
better management and ensuring the optimal comfort parameters.
In order to obtain a higher building energy performance the first stages of the project are very
important, presenting numerous possible courses of action related to spatial and planimetric
conception, façades treatment, material use, constructive solutions and solar energy conversion
systems.
The present paper illustrates these courses of action for the elaboration of a few public buildings
projects (university, dormitories, library), focussing upon the analysis of the main principles of
sustainable development and their degree of compliance.
Keywords: sustainable development, sustainability criteria, building performance, comfort
parameters

1. Introduction
To begin with, we should mention that there are many definitions perfected over time for the
concept of sustainability and its derived components. Our research tries to focus mainly upon the
implications of the energy efficiency principle when discussing the incipient stages of an
architectural project. Sustainable development is a term mostly used to define the fine balance
between several objectives (environmental, economic and social) over the time and space
component. The current need in architectural design is for systems to be adaptive given changing
environmental or socio-economic circumstances. Therefore, architects, planners, engineers should
propose the design of flexible, robust systems capable of supporting social and economic changes
rather than following rigid spatial and temporal patterns [1].
The term universally acknowledged of sustainable system is used to define both natural systems
(the hydrologic cycle, the carbon cycle, etc.) and man-made models, focussing on agreed-upon
principles. Sustainable development planning is an integrated process, repeated over and over
again, in which internal components within the system and also external interactions between the
system in question (e.g., the urban water system) and other social systems (e.g., financial and
health systems) are considered [2].
When we discuss about the concept of sustainable development, it is helpful to decide on a clear
set of criteria, which can be used as a basis for decision making and education. These criteria act

as a platform for communication, policy and strategic planning.

2. Sustainability criteria of assessing a building’s energy performance
The most common environmental constraints that emerge at the beginning of any architectural
approach can be both natural (location, site and climate conditions, water constraints, etc.) and
artificial (social, cultural, economical, political, etc.). Considering as a starting point for our debate
the last decades’ energy crisis as a major complex constraint (it involves equally the
environmental component and the human factor), we could mention the growing need, amongst
the architects and planners, for a new set of principles and guidelines to follow.
Supporting this idea, the paper [3] makes a thorough classification of the existing criteria of
sustainable development in some world-wide accepted documents, with a direct focus upon the
necessary tools for making initial decisions for the project. The paper mentioned above presents a
study carried through in Florianopolis, Brazil and some of the main criteria of sustainability
established there take into account important references such as Agenda 21 (global and local),
Agenda 21 for the sustainable construction-CIB [4], ISO 14000 [5], the life cycle analysis concept,
the environmental legislation of Brazil and the environmental certification systems for buildings.
Also, the LEED® system [6] and the GB Tool [7] are used because in Brazil there is a lack of
certification systems and these two are the ones that are most known in Latin America.
The national sustainable criteria captured in Agenda 21 are related to the use of natural resources
and could be summarized in the following form: water (protection of oceans and all types of seas;
rational use and development of its livings resources; application of integrated criteria in the
development, handling and use of the water resources), land (integrated approach of the planning
and the management of the terrestrial resources; fragile ecosystem handling and management;
promotion of sustainable agricultural development), other natural resources (biological diversity
conservation and environmentally healthful handling of the biotechnology; the fight against
deforestation), atmosphere (protection of the atmosphere), residues (environmentally healthful
handling of toxic chemical substances, dangerous, solid or radioactive residues, including
prevention of illegal international traffic of toxic and dangerous products; questions related to
sewers), human settlements (promotion of the sustainable development of the human
settlements and integration between environment and development in the decisions making). The
local sustainable criteria taken into account in Agenda 21 for Florianopolis attempt to find ideal
parameters in order to respond to the main areas of interest: sustainable development for the
region, management of the natural resources and environment, planning guidelines and the
community, culture and citizenship, infrastructure and quality of life, generation of job and income.
The LEED® system is the most used program for environmental evaluation as a reference for
sustainability for constructions in Latin America, and is divided into a set of different categories
inter-related: sustainable site, water efficiency, internal air quality, energy and atmosphere,
materials and resources and process innovation.
The GB Tool, developed by GBC, allows the evaluation of new constructions or supports reforms of
any sort of building of four different types of occupation, according to a regional context
(consumption and generation of energy, urban and neighbouring context of the land in which the
project is going to be implanted). The information on the upcoming project should be related to:
architectural systems; technical systems and consumption of energy; areas of floor, wall; material;
management and operations of the construction; economic cost of the life cycle.
Following these characteristics, a comparison table was made after the classification into
categories based on similarities between the criteria within each one of the Brazilian Agenda 21,
LEED and GB Tool. Therefore, the resulting table allowed to identify the parameters that could help
the initial project phase and in which way they could offer direction lines for sustainable designs.
The five categories established, which contain all the concepts of the analysed documents and
important topics that have to be taken into consideration for sustainability, are:
a. The choice of a sustainable surrounding (choosing a place for the project based on
sustainability criteria; sustainable location of the project; priority to the pedestrian and

b. Natural resources (promotion of the rational use of water through the project; promotion of
energy efficiency in the building; avoid atmospheric emissions from equipments installed in
the building that affect the ozone layer; for reuse of buildings, promote planned use of
existing local structures as part of the new project and make the specification of materials
for the building based on sustainable criteria; promotion of recycling and recovery of
materials during the construction phase);
c. Internal environmental quality (maintenance of the internal air of the building free of
pollutants; promotion of natural ventilation in the building; design of the building that
achieves thermal comfort levels in accordance with the ones established for the bioclimatic
zones in Brazil; maximization of natural illumination and efficiency of the artificial
illumination in the building; promotion of a good performance of the building in relation with
noise and acoustics);
d. Project characteristics (promotion of flexibility and adaptability in the project for new users
and technical systems; process of design integrated and multidisciplinary; promotion of
maintenance of the building without the necessity of mechanical interventions, with a high
level of control by the occupants over the technical systems);
e. Social economic aspects (consideration of social aspects in the project decision making;
consideration of economical aspects for the project decisions; human settlements).
This study of sustainable criteria valid for the city of Florianopolis, Brazil, could be extrapolated at a
large international scale and used as a helping tool for architects, engineers and planners for their
work. We should also note that the certification systems for environmental evaluation of the
buildings can provide the guidelines for elaboration of projects.

3. Strategies for achieving high energy performance buildings
After the period of uncontrolled energy consumption in which the architecture liberated itself from
the energy constraints, nowadays the two components of the architecture – energy system are
again in dialogue. In this context, every aspect of the architectural design can be involved in some
way and made responsible for addressing energy issues involving the exigency – performance
concept and the regulations derived from it. The analysis of regulations in France, homeland of the
energy approach theory in constructions, is typical and can be extrapolated to the Western Europe.
The regulations of 1989 regarding the energy efficiency concern the final overall performance of a
building, expressed by the C coefficient (criterion for assessing the energy efficiency), whose
calculation requires a complete energy balance, expressed in theoretical consumption terms in
Kwh. For each type of building (housing or social - cultural) the reference value is calculated
depending on the location, number of levels, the inertia class, the degree of sunshine and other
features.
This kind of approach has the following consequences:
the achievement of a high level of energy performance is not subject to the reduction of
glazed surfaces;
oversizing of the windows, rationally oriented, is no longer needed;
the density of the building’s construction is no longer an essential requirement for
minimization of the heat losses;
The result is that in order to achieve the same energy performance, we can adopt different
strategies within the same framework of the imposed regulations: higher insulation of the exterior
surface of the building for both opaque and glazed surfaces; control of the space ventilation and air
circulation; special attention towards passive solar energy recovery systems; high-performance
plant and equipment; combining two or all four of the strategies mentioned above in an effort
reasonably assigned.
Compared to the valid regulations for Western countries, especially France, the Romanian
standards follow the guidelines of the first prescription for the energy performance, the key

differences consisting in:
the contributions from exploitation and the solar radiation are not taken into account in
calculation of the heat demand;
the yield and the efficiency of the heat installations do not affect the evaluation of the
energy performance;
the performance criterion specific to the Romanian standards is expressed in W/m3K,
representing the energy demand related to volume and temperature difference, unlike the
coefficient C expressed in kWh, which reflects the annual demand of energy under normal
conditions throughout the whole duration of the heating period.

4. Case study analysis
The means by which architectural design can assume the energy constraint factor are focused on
the following issues: volumetric design, passive solar energy recovery systems, thermal inertia,
upper part insulation of the opaque exterior shell, high energy performance external closures, the
use of buffer areas.
Our study includes three projects of public buildings (faculty, library and dormitory), all designed by
S.C. FORMA S.R.L., architect Constantin Lepadatu. The detailed results of the energy
performance survey for the three buildings analyzed are described thoroughly in Constantin
Lepadatu’s PhD research, finished in 1997.
4.1

University “Petre Andrei”, Iasi

Fig. 1. University Petre Andrei - Iasi. Perspective and ground floor plan
From a volumetric point of view, the target’s location in downtown imposed the necessity of
occupying a very small constructed land area. As a result, the volume of the building
developed with a compact vertical distribution of the functions. It is a good example of how
the energy constraint occurs at the interface with other design constraints, the latter acting
indirectly on the energy performance;
The façades with extended glazed surfaces are rationally oriented. The elements that
support the bioclimatic nature of the project are: the greenhouses on the southern façade

attached to amphitheatres, the curtain walls doubled by edge elements (which can work as
a Trombe wall type) attached to the eastern and western façades of the amphitheatres and
to the southern, eastern and western facades of the Aula. The greenhouse on the northern
façade of the building functions as a buffer zone, a thermal moderator between indoor and
outdoor;
The use of monolithic concrete floor, the vertical divisions of brick, the presence of planted
terraces and other items of this type, give the building a sufficient thermal inertia to be
classified amongst the class A buildings with high inertia. This is also, as an interface
element, the combination of energy constraints with safety and stability requirements, or
with those concerning the acoustic protection;
The opaque part of the external shell is designed as a ventilated façade, “double-peau”
system, with complex structure, consisting of 20 cm thick inside brick masonry, 10 cm thick
rigid mineral wool insulation placed at the exterior and ceramic panels mounted on the
structure of aluminum. The supporting skeleton of the ventilated façade is designed in order
to avoid pierced thermal bridges. Thus a thermal resistance exceeding the value of 3
m2K/W at level field is obtained;
The roof terrace or garden terrace (at height levels +5,40; +19,80; +27,00; +48,60) is also
highly insulated by providing a layer of 12 cm thick polystyrene. The floors above the
basement and above unheated spaces are insulated with blocks of b.c.a. mounted in molds;
The glass surfaces have aluminum closures made with thermal bridge break profiles. The
curtain walls attached to the southern, eastern and western façades are made with
Termosiv glass type, with adequate absorption and emissivity properties, and using opaque
b.c.a. elements for the parapet. The composition and treatment of the ventilated air layer
make the curtain walls able to function as “double-peau” walls or greenhouse walls;
The design of the spaces that embody both the greenhouse effect quality and act as a
buffer zone, is also an effective measure to increase energy efficiency. Such spaces are
provided on all the façades except the northern, where are located education functions that
require a visual relationship with the city due to the orientation towards the center of Iasi;
Using a mechanical ventilation system (controlled) contributes to a better management of
resources and also increases the energy performance of the building.
4.2

County library, Botosani

Fig. 2. County library - Botosani. Perspective and ground floor plan
In essence, the constructive solutions and measures to increase energy performance are similar to
those previously presented. Items that differ between the two projects would be:
From a volumetric point of view, the urban constraints had a powerful influence, the building

not being able to rise more than Ground floor + 4 levels, therefore the density factor is
diminished;
The exploitation of solar energy through greenhouses or walls (that can act as “doublepeau” or greenhouse walls), represents important free energy contributions, although in a
different structure, by comparison with the previously analyzed building. The curtain wall
facing west forced the designer to take additional protective measures against excessive
heating by using interior blinds, vertical mobile shading elements and vegetation;
The construction elements with high thermal inertia have the same important role towards
the exploitation of solar energy, as in the previous case. The difference is that this role is
not played only by monolithic concrete floors and interior partition walls, but also by the
outer walls of the façades. These walls, composed of increased thick masonry, with thermal
resistance close to 3 m2/KW are externally finished with artificial stone cladding, for plastic
architectural reasons;
With regard to the use of buffer areas that do not act as greenhouses, it should be noted
that, in this example, this type of spaces, located on the north façade, have been used with
role of thermal moderator (deposit of books, toilets, vertical circulations, etc.) in the most
appropriate way. These buffer zones were also located at the main and secondary entrance
and on the eastern façade, at some of the levels. The buffer areas that also act as
greenhouses are to be found on the southern, eastern and western façades of the building.
4.3

Dormitory, Iasi

Fig. 3. Dormitory - Iasi. Perspective, section, ground floor plan and current level plan
Compared with the above presented projects, in this case we can mention the following specific
issues for this building:
The volumetric compactness of the building is much reduced because the urban and
economic constraints have imposed a moderate vertical development (Ground floor + 4
levels / Ground floor + 5 levels);
The opaque vertical closures were designed with b.c.a. masonry blocks of 35 cm thickness
and the glass surfaces with aluminum closures;
The highly elongated configuration of the surface site on the east – west direction,
suggested that the architectural approach will position the functional areas towards north south. This led to additional efforts from the designer’s part to mitigate the negative effects

of north orientation by placing in this direction utility functions – household (kitchen and its
annexes, level offices and the housemaid’s room) or vertical circulations (stairs, elevators).
These buffer areas were supposed to function as thermal moderators, allowing to minimize
the number of living rooms irrationally oriented. For these rooms were taken additional
protective measures by placing windows with flowers with thermal buffer function.
For the three projects presented was used a combined strategy that involved using all means
within reach of the designer to achieve a good energy performance, without giving priority to one
strategy to the detriment of the others.
4.4

The energy performance of the previous analysed buildings

It was used as a performance criteria the G1 coefficient, recommended by “Standard for calculating
the global coefficient of thermal insulation for buildings with other purposes than residential”, noting
that for the estimation of this indicator have been considered solar inputs too.
To highlight the contribution of each measure taken in order to achieve a good energy performance,
was used a scale of six performance levels, considering both the overall energy performance and
the criteria adopted for the quantification of other measures (thermal resistance of the exterior
surfaces, ventilation rate, solar inputs).

Fig. 4. Energy performance for the analysed projects. Improvement strategies
The diagram in Fig. 4 shows the performances of the three analysed buildings, emphasizing the
following conclusions:
The energy performance as measured by G1 (the energy requirement to compensate for
heat losses for 1 m3 of built volume, caused by a difference in temperature of 1 C) has
close values for the library and university buildings, mostly because in both projects are
used similar constructive solutions and the focus on the passive solar recovery energy

systems is high;
for the dormitory building, the energy performance is lower because of the unfavorabale
orientation and of the reduced volumetric compactness of the building.
4.5

Conclusions

The conclusion that emerges from the application of four different strategies to increase energy
efficiency for the buildings presented, offers solid evidence that comparable levels of energy
performance can be achieved following different paths, which do not supress the architectural
design and in fact provide more possibilities of artistic expression.
4.6
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1. Introduction
Colombia is a developing country with a population of 44.7 million people, has a GDP of USD$432
billion, and construction activities represent the 6.5% [1], including construction of infrastructure,
residential, commercial and industrial projects. Other economic activities important for Colombian
economy include oil and gas, mining and agriculture. Colombian growth rate for 2010 was 4.3%[1],
which is in addition to the increasing housing demand due to the environmental disaster caused by
floods, an enormous pressure on the construction industry.
Considerable efforts to minimize the environmental impact caused by construction projects held in
South America have been implemented during the last decade. However, results vary between
regions, and even between cities in the same country. In Colombia, many construction companies
are dedicating substantial resources in order to enter satisfactorily into international markets, by
meeting their customers’ demands under sustainable conditions. Simultaneously, some
universities have a permanent interest in maintaining leading edge research groups focusing on
different environmental issues.
This growing interest refines the general concept of sustainable construction, and how it can be
part of the national building sector policy. The knowledge and perception that the public in general
and professionals, such as civil engineers and architects, have about sustainability in construction
projects will influence how the nation reacts to this relatively new trend.
The objective of this paper is to analyze sustainable construction in Colombia in terms of
establishing maturity levels for its main stakeholders. This study is based on literature review and a
survey conducted on people’s perception about sustainability. This paper first provides the reader
with some information about Colombia’s current situation in terms of sustainable construction, and
how different groups of construction related people embrace it. Then, some strengths, weaknesses,
efforts and challenges are identified and discussed. Finally, it concludes by formulating
recommendations for a strategy to make the “go green” transition faster, smoother, safer and more
inclusive.

2. Research methodology
This study has three components: First, an analysis of public documents about environmental,
social and economic sustainability policies of the built environment is provided. This aims to
present priorities and action plans for most organizations involved in sustainability, such as
government entities, construction companies, and research and promotion groups, among others.
Secondly, the paper presents results of a survey about how people in general perceive
sustainability. Construction supply chain involves civil society, whose perception about
sustainability dictates substantially what it is considered important to achieve and how to achieve it.

The survey led the authors to have a better understanding on some of the motivations that may be
influencing the attitude and commitment of some actors towards sustainability, and how their
approach might foster or trouble its implementation.
Third, it is observed that different sustainability-related actors have different maturation levels.
Through this study, the authors have decided to conceive the sustainability maturity path as a
seven-stage process in order to be able to allocate every actor at a particular phase. Actions
required for each actor to achieve the last stage, their strengths, and weaknesses, are the base of
the proposed recommendations. Local and international experiences were considered.

3. Chronology of events
Table 1 bellow describes a selection of most relevant events that have lead to sustainable construction progress in Colombia.
Table 1 Chronology of Events

Year

Event

1967

Initial studies for the urban renovation of the Sans Facon area in Bogota during
Virgilio Barco local administration.

1974

Code for Renewable Natural Resources, Decree 2811

1977

Proposals for projects on sustainable development by Ortega to Colciencias
and Central Mortgage Bank (BCH)

1978

Labor-habitat starts, as a group formed by supporters for better environmental
response of the building industry in the country.

1970s &1980s

Solar panels developed by “Centro Las Gaviotas” to offer hot water to the large
housing projects of the BCH. Prototypes for windmills and hydraulic artifacts
from the Mechanical Engineering Department at Universidad de los Andes.

1980s

Initial installations of solar panels in rural areas

1982

Creation of the Corona ProHabitat Award

1990

Gas Natural created (Company for Distribution of Natural Gas). Natural Gas is
created. New Legislation land policy, including the role of 'public space', is
created.

1991
1992

New Constitution in Colombia, that includes the Collective Right for a Clean
Environment
Ministry of Environment is created
Creation of the Public Space Workshop in Bogota

1992

Electricity shortages and blackouts due to drought and delays in the “Guavio”
Hydroelectric project construction

1993

Creation of CECODES (Colombian Business Association for Sustainable Development), as representative of the World Business Council for Sustainable
Development – WBCSD

1994

First WWTP for the Bogota River

1995

National Decree for the regulation and control of air quality

1997

Law 373: Efficient use and storage of water

1997

Bogota Transportation Master Plan

1997

Initial program at city wide scale for tree planting program by the Botanical
Garden (19000 trees) at Bogota

1998

Urban reconstruction promoting improvement of public space and mobility in
Bogota. Initial construction of 10 citywide bicycle paths.

1999

Launch of Transmilenio in Bogota (Public Transportation System)

2001

Law 697: Rational and efficient use of energy

2004

Startup of the Jepirachi windfarm in La Guajira

2005

IDEAM (National Institute for Hydrology, Weather and Environmental Studies)
publishes the Colombian Solar Radiation Atlas

2006

Resolution 627: Establishes national regulation for noise emission and environment noise

2008

Foundation of the Colombian Council for Sustainable Construction CCCS
“Macroproyectos” or Large-scale urban housing developments began to be
licensed providing room for new urban sustainability standards

2010

First LEED Certification for the Novartis Building project in Bogota. Registration
of 23 other projects for LEED certification, including business centers, sport
centers, schools, hospitals, free trade zones and hotels.

2010

Undergoing studies for the update of the Bogota Building Code of 1995, based
on sustainable construction methodologies

2010

RETILAP (A lighting regulation) comes into effect, considering modeling and
requirements for the use of natural and artificial light

2010

Undergoing studies for the creating of a Environmental Labeling by ICONTEC
(National Institute for Technical Standards)

2000s

Undergoing studies by various national and local entities for the development
of sustainable urban drainage systems. Rational and efficient use of electricity
and non-conventional sources, planning and control of city trees planting, urban policies on sustainable construction, sustainable housing guidelines.

1990s & 2000s

2011

2011

Numerous projects built in cities across the country and abroad with bioclimatic
applications, with consultancy and performance by Colombian professionals in
industrial, sports, convention centers, hotels, education, offices, supermarkets,
shopping centers
URE VIS technical code is being developed as a proposal for energy management and comfort in social housing
National Government divides former MAVDT Ministry into two separate offices:
Environment and Housing & Land planning
CAMACOL (Construction Colombian Chamber) signs an agreement with IFC
(International Finance Corporation) to assist institutions in the process of
strengthening the current legal frame and technical standards and supporting
building sector technically and commercially in the process of implementing
sustainability.

4. Actors for sustainability in Colombia
4.1

Public organizations

Colombia has governmental entities in charge of drafting plans and handbooks to help the nation
develop responsibly in different fields. In Bogotá, the City Environmental Office orientates the
sustainable use of natural resources and formulates environmental policies [2]. In relation to urban
planning and land use, the City Planning Office, leads the integral development of the capital
district considering territorial, economic, social, environmental and cultural policies [3]. The

National Planning Department records the characteristics of the country the Colombians would like
to have by 2019 [4]. This is done through a special document called “Ciudades Amables” (building
better cities) that explains the proposals on sustainable urban development, housing, water
management and mobility.
“Ciudades Amables” proposes several mechanisms to lead cities towards a more sustainable
development, and therefore offer a better well being to their inhabitants. This document presents
rapid growth as the main problem Colombian cities are facing [5]; it enunciates legislative tools like
the Law 388 (1997) which introduces some planning, financing and land management instruments
to intervene this issue and count with the collaboration of different stakeholders. The DNP
(National Planning Department) proposal is a high-density cities strategy [6], which is
recommended to be the best urban development pattern for the national case, given the fact that it
benefits goods and services supply [7]. Two of the main challenges to obtain this kind of
settlements are 1) density in cities with more than one thousand inhabitants should increase by
14% [6] and 2) should have mixed land use [8]. There is also the target to increase public spaces
in the urban areas, aiming to reach the 17% of new developed gross areas by 2019 [7].
Recently, the evaluation of the Bogotá Building Code (1995) revealed that sustainability was not
yet considered as an important component. According to the assessment group, the code revision
should consider the recommendations included in Table 2 [8].
The proposal of the Ministry of Environment, Housing and Land Development to create a
Colombian certification system for green buildings, demonstrates that the construction sector
considers sustainability as a priority. [10].
Table 2 Recommendations for the revised version of Bogota Building Code
Specialty
Architecture

Construction

Materials
Fixtures
Energy
Safety

Territory

Recommendation
Increase residential building (70% of the whole market)
Introduce regulation for social housing
Promote restoration
Support Urban renovation
Promote Urban densification
Improve industrial safety standards
Reduce impact on the environment (waste management)
Address efficiency, durability and adaptability.
Intervention and periodic evaluation of existing buildings
Introduce Regulation
Consideration of local native materials (rammed earth, soil-cement blocks, adobe)
Regulation update (due to new fixtures and equipment)
Introduce new systems (rainwater collection systems, solar panels)
Improve efficiency
Rating systems for domestic equipment
Include evacuation routes
Improve fire protection measures (passive and active)
Periodic evaluation and verification
Waste management
Implement good practices
Evacuation of toxic and waste water
Wildlife protection
Foster green roofs
Façades control
Emissions control

National and local public organizations have established objectives and policies, which are not
necessarily reflected on concrete plans. Attempts to regulate few environmental issues have been

carried out in an unarticulated way.
It has been recommended that urban planners and policy makers acknowledge the effects of
decisions about urban development have on the communities. Regulatory advances are coming at
national and local level. However, national level organizations should open the door for local
agencies to take a more active position. Governmental weaknesses and a lack of momentum have
been the most critical issues around formulating public policies, and it is affecting the efficiency
through which a sustainability regulatory frame is being conformed.
4.2

Private

Sustainability has emerged during the past years as a main issue in Colombia. Being a developing
country, there is great pressure on progress and productivity, but currently comes first the mandate
to take care of its natural resources. Many public, private and non-profit entities have been created
with the mission to introduce sustainable practices into different fields, and the construction sector
has not been the exception. The Colombian Green Building Council (Consejo Colombiano de
Construcción Sostenible - CCCS) has been involved in sustainable building training courses since
its foundation in 2008. Through talks, conferences and seminars a lot of construction related
groups have learned about international experiences and local challenges, among others [11].
Natural lighting and gray water reuse in building projects are not seen as something weird or
extravagant by architects or engineers anymore, though for some building clients it is still a
nonsense, even something ridiculous. Building and architecture firms have incorporated
sustainability elements and practices in some of their projects, and keep working on it.
It is important to mention that some buildings have been certified by green building rating systems
during the last couple of years, and many more are being evaluated. However, sustainable
practices are not yet considered in most of the construction projects.
An organizational diagram summarizing most relevant current public and private actors of
sustainability in Colombia is provided in Figure 1.

Figure 1 Public and Private actors of sustainability in Colombia

5. Surveys
A simple survey was designed in order to register how people perceived sustainable construction
and what is their knowledge about it. Most of the questions required to be answered in a 1 to 5
scale according to the importance or familiarity to the aspect at hand.

The sample size is 186 people and its composition is showed in Graphic 1.

Graphic 1 Survey sample composition
Civil engineering bachelor students were surveyed about different aspects and their perception of
sustainable construction. Forty six (46) Students in the program’s lasts semesters (out of a total 51)
were asked if they considered familiar the term “Sustainable Construction”. Of these, 46%
answered 4, being 5 the score for very familiar.
When asking bachelor students about elements related to sustainability in the construction sector,
the lowest percentages were the ones related to social aspects, such as training of construction
labour. Other aspects considered as not relevant, were air conditioning, heating and risk zones, as
seen in Graphic 2. Bogotá is a city with mild weather, where heating and air conditioning systems
are not commonly used, which may explain why the students did not consider them as important
issues. However, risk zones was expected to be considered as a main issue due to the recent
natural disasters caused by the raining season and land slides, that have catastrophic impacts on
communities due to the poor land policy and management in Colombia.

Graphic 2 Perception on the relationship between some topics and sustainability

Topics such as long-term savings were selected by 68% of the sample, as important for
sustainability in construction. Energy and water savings seemed to be the clearest characteristic of
sustainability in buildings.
It was found that 40% of the students considered as very important (5, in the rating scale) the need
of including sustainable construction as a mandatory course in the professional curriculum.
An external group to the university was surveyed too (a total of 140 people), and while 26% of the
bachelor students answered sustainability would influence their buying or renting facilities decision
by 80%, 31% of the external group answered 80% too. Primarily professional people with more
than 5 years of experience made up this external group. The reason for surveying this segment of
the population was including most people interested in acquiring residential, commercial or
industrial properties.
It was found that 91% of the people surveyed considered sustainability as a permanent change in
the building industry and not just a trend. Economic resources devoted to sustainability were
considered as an investment by 94% of the students and 91% of the external group.

6. Strengths, weaknesses and challenges
6.1

Strengths

Recent researches in universities and construction companies have been showing encouraging
results regarding new sustainable materials and construction systems, among others. Some
“developed world” technologies are becoming more approachable due to lower market prices.
Clients are starting to appreciate and ask for green elements in their buildings, such as green roofs
or gray water reutilization systems. Despite of these changes and achievements, there are still
major obstacles in the construction “go green” path.
Local analysis [4] concluded the main issues in the sustainability agenda include: 1. Assessing
water-resource consumption patterns. 2. Evaluating materials, equipment, construction techniques,
and transportation in terms of energy consumption. 3. Considering biological, health and welfare
issues. Actors of the building sector have shown to understand these concepts, and are concerned
about their implementation.

6.2

Weaknesses

As previously mentioned, the main problem Colombian cities have faced for decades is their rapid
and unplanned expansion [12]. Another concerning issues are processes of depopulation
processes of central zones and lack of quality public space [12]. These issues have been pushing
Bogotá’s boundaries outwards to the contiguous mountains and farming zones. In order to meet
local objectives regarding environmental issues, it is important to consider urban form during the
planning process. Construction companies play a key role in this dynamic. First, construction
projects, as they are conceived, should address environmental issues according to principles like
preservation of life, conservation of natural resources, efficiency on energy consumption, resilience,
reduction of greenhouse gas emissions, and support of socio economic development. Public
entities have the responsibility of promoting this approach. Moreover results cannot rely entirely on
public initiatives and management; the actual execution of a major portion of sustainability plans
bears on builders and developers.
Generally speaking, environmental policies in Environmental Management Systems (EMS) are
based on specific environmental performance criteria developed by the organizations themselves.
Hence, these criteria usually are vulnerable to trade-offs between the sustainability concepts and
advantages accruable to the organizations. MacDonald [13] observes that many organizations only

focus on the impacts from particular activities rather than identify the underlying principles behind
these impacts. This depicts how difficult it is to achieve sustainability through EMS alone [13].
Colombian companies like many other companies around the world are subject to meet financial
goals while improving their sustainability performance throughout comprehensive corporate
responsibility plans.
Another perceived weakness in the Colombian construction chain is the limited availability of
special equipment providers, such as solar panels and other relatively new devices and alternative
energy technologies in Colombia.
The fact that the “eco-trend” is entering the construction market successfully might become a
weakness in the long term. In the hurry of selling, some companies are offering as sustainable,
some products that are not; “greenwash” is happening openly. Though some entities are trying to
educate producers and consumers, the building industry is not exempt of this practice.

6.3

Challenges

One of the decisive factors to adopt sustainable practices is to train committed professionals who
are able to change the building sector, foster improvements in policies and educate clients. These
professionals should have knowledge about what sustainability really means, and how construction
projects can and should embrace it. Although there is a lot of interest around the relationship of
sustainability and construction, many professionals do not have a clear understanding of what it
means for the Colombian case, as seen on the survey results.
Berke believes that embracing a holistic vision of community building and committing to solutions
for the common good are the directions for planning in the twenty-first century [14]. Green
specifications should provide a conduit for translating the theory of sustainability into practice for
the supporters of sustainable development in the construction community [15]. In fact, building
sustainability provides a unique opportunity for technical and thus institutional and social
integration, fostering needs programming and participation as valuable requisites and by-products.
However, public initiatives at a national level legislation should not be the only mechanism for
reducing environmental impacts at regional scale. Many local governments and municipalities in
Colombia are addressing green house gas emissions reduction locally through building upgrades
and regional climate initiatives. For example, municipalities like Medellin, the second largest city in
the country, more specifically at the Valle de Aburrá area, show a remarkable example of the
extent to with local authorities can have a positive impact on local projects sustainable
performance. They are using the funds allocated by the municipality in small particular projects
tailored to meet local expectations with visible results. It is necessary to promote similar local
approaches due to the wide variety of climate, socio cultural and cultural conditions in Colombia.

7. Maturation stages for Implementing a Sustainability Management
system
At the process of embracing sustainability in the building sector locally an internationally, the
following stages were identified:
1.
2.
3.
4.
5.
6.
7.

An interest about sustainability is created
Sustainability is perceived as a necessity and its relevance is identified
Sustainability objectives and an action plan are established
Sustainability is set as a regulatory treat, subject to compliance
Sustainability requires continuous improvement
Certain sustainability performance results are mandatory
Innovation in sustainability is promoted

Figure 2 shows an overall scheme about sustainability current maturation stages, including the
most important actors in Colombia.

Figure 2 Stages of sustainability in the building sector
There have been some attempts for conforming a baseline about relevant sustainability topics by
private organizations. A baseline may assist the industry to define short and log term strategies.
However, it is clear that a full regulation stage at which sustainability practices are part of a
regulatory frame, has not been reached yet. Formulation of regulation, development, socialization,
testing and implementation, are still in the “to-do list” of Colombian construction sector. After a few
years it can be seen that the private sector has pulled the public sector, fostering the development
of new practices and processes where providers can be leaders too.
Although Figure 2 presents a lineal sequence, it is known that different stakeholders embrace
sustainability at diverse paces; some may try to develop two or more stages at the same time
(from 1 to 7). This shows the importance of an organized network that allows sharing learned
lessons among the main actors.

8. Recommendations
As registered by the survey, bachelor students consider sustainable construction as an important
field to study and as an emerging realm in the building sector. Universities play a key role to
educate future professionals and foster ethical commitment among them.
The first step needed to adopt sustainable practices and make the transition to a greener
construction, is to teach building professionals what sustainability in construction really involves.
This includes not just environmental and technological aspects, but economic and social aspects
too. All entities, public and private, should consider establish education divisions and programs
that promote good practices and lead events that motivate and educate decision makers of the
building industry. Nowadays, there are no substantial academic program offerings about
sustainability in construction and just some few and sporadic courses by some universities and
Non Governmental Organisations.
Currently, the main priority of the building sector should be establishing relevant metrics and actual
overall results for sustainability performance of every actor at every project life cycle stage. This
can be considered as a starting point for developing a preliminary baseline in sustainable
construction. International experiences suggest important aspects and elements to be considered
and evaluated, however local needs must be taken into account before adapting international
rating systems. Adoption of new policies oriented to give certain benefits to companies and
institutions that opt for greener solutions might increase the interest and foster this kind of
decisions among people.
Research and implementation efforts should be documented and, if possible, published by a single
organization avoiding redundancy between simultaneous projects. However, a group of studies
may be similar in object and methodology but different in results. All this raises the importance of
sharing the results, evaluations, and resources, given the current maturity level of most actors.

Some results are not published or made public, which makes even more difficult to establish the
national panorama. This can be a consequence of the lack of a unified Sustainability Knowledge
Management System (SKMS) or a strategy customized for the Colombian context aiming to
integrate different actors around their progresses or difficulties. Participants in the construction
supply chain commonly do not share their acquired knowledge. As they do not communicate
efficiently their aims and needs, this causes an unarticulated set of efforts to improve, with poor
results.
As suggested by Thomas, Kellogg and Erickson, human and social story behind knowledge must
be understood, before knowledge can be accurately represented [16]. This reinforces the
importance of understanding background context and motives of every actor within the supply
chain if knowledge wants to be transferred and applied at a convenient pace and depth. Malhotra,
for example, perceives knowledge in uncertain, rapidly changing environments as “a dynamic
process of ongoing reinterpretation of data, information and assumptions while proactively sensing
how decision-making process should adjust to future possibilities” [17], and Galliers and Newell
caution that “only personally contestable knowledge can lead to the creativity and innovation
greatly desired as strategic benefits from KM” [18]. If it is defined that the ultimate stage of a
Sustainability Maturation Process is the achievement of innovation across the building sector, a
Sustainability Knowledge System should be seriously considered.
Building sector should consider sustainability as an investment that can be repaid, therefore giving
it more relevance during the whole project life cycle. Clients are beginning to understand short and
long term benefits a sustainable edification holds. If projects are planned, designed and built with
sustainability in mind, the final product will be more appealing to clients, and hence easier to sell.

9. Conclusions & Acknowledgements
Through the information collected, the list of main actors of sustainability was compiled, including
its performance conditions. A maturation level for every actor was also determined. It is concluded
that every actor in Colombia involved in sustainable construction is located at a different stage. A
unified regulation, development, socialization, testing and implementation, are still in the “to-do list”
of Colombian construction sector.
Substantial efforts to develop new educational instruments capable of training the wide variety of
sustainability actors about sustainable construction and its implications through projects life cycle
are being made by public and private organizations. However, those initiatives and others like
implementing incentives are usually undertaken separately and do not address local sustainability
issues under a holistic approach. This lead the authors to conclude that an immediate need is the
creation of a common ground or base for educating actors in the supply chain, allowing the most
experienced to advance, and giving support to the inexperienced ones.
The first step for a Sustainability Knowledge Management System (SKMS), is having a single
organization that could integrate the knowledge generated by projects conducted by diverse
institutions on sustainable construction. This would allow the consolidation of good practices and a
learned lessons database in order for the Colombian sustainable construction to go forward.
Evidently, knowing environmental, economic and social characteristics of the local scene allows
developing more appropriate assessment criteria. However, in order to do that, Colombia should
build on Dutch lessons: “The government no longer regarded the construction industry and its
related actors as a target group of environmental policy but rather a partner to achieve
sustainability goals” [19].
The authors would like to thank the Department of Civil & Environmental Engineering and the
Faculty of Engineering at the Universidad de Los Andes for their continuous support.

10. References
[1] World Fact Book CIA, www.cia.gov
[2] Secretaría Distrital de Ambiente, www.secretariadeambiente.gov.co
[3] Secretaría Distrital de Planeación, www,sdp.gov.co
[4] Departamento Nacional de Planeación, Visión Colombia II Centenario: 2019, Colombia, 2005.
[5] Departamento Nacional de Planeación, “Construyendo Ciudades Amables”, Visión Colombia II
Centenario: 2019, Colombia, 2005, pp. 7.
[6] Departamento Nacional de Planeación, “Construyendo Ciudades Amables”, Visión Colombia II
Centenario: 2019, Colombia, 2005, pp. 20.
[7] Departamento Nacional de Planeación, “Construyendo Ciudades Amables”, Visión Colombia II
Centenario: 2019, Colombia, 2005, pp. 17.
[8] Departamento Nacional de Planeación, “Construyendo Ciudades Amables”, Visión Colombia II
Centenario: 2019, Colombia, 2005, pp. 21.
[9] Universidad de los Andes, “Convenio de Revisión Código de Construcción de Bogotá”,
Colombia, 2010.
[10] Ministerio de Ambiente Vivienda y Desarrollo Territorial, www.minambiente.gov.co
[11] Consejo Colombiano de Construcción Sostenible, www.cccs.org.co
[12] Departamento Nacional de Planeación, “Construyendo Ciudades Amables”, Visión Colombia
II Centenario: 2019, Colombia, 2005, pp. 9.
[13 ]MACDONALD, J.P.,. “Strategic sustainable development using the ISO 14001
Standard”. Journal of Cleaner Production 13, 631e643. 2005
[14]BERKE, P.R., “Does sustainable development offer a new direction for planning Challenges for
the twenty-first century?”. Journal of Planning Literature 17, 21e36. 2002
[15]LAM P,CHAN E,”Environmental management system vs green specifications:How do they
complement each other in the constrcution industry”, Journal of Environmental Management,
London,2011.
[16] THOMAS, J, KELLOGG, WA & ERICKSON, T., “The Knowledge Management Puzzle: Human
and Social Factors in Knowledge Management”, The IBM Systems Journal, vol. 40, no. 4, 2001.
[17] MALHOTRA Y., “Why Business Management Systems Fail’ in Handbook on Knowledge
Management” (Holsapple, CW, ed.), Springer-Verlag, Heidelberg. 2002
[18] GALLIERS RD., ”Back to the Future: From Knowledge Management to Data
Management”, Working Paper No. 92, Department of Information Systems, London School
of Economics and Political Science, UK. 2000.
[19] MELCHERT L., “The Dutch Sustainable Building Policy: a Model for Developing Countries?”,
Brazil, 2005.

A Case Study regarding the potential impact on Socio-Economic and
Property Development resulting from Road Transport
Corridors in Africa
Prof Dries Hauptfleisch
Department of Quantity
Surveying and
Construction
Management
University of the Free
State
South Africa
ach@ecospan.co.za

Dr Hendrik Marx
Department of Quantity
Surveying and
Construction
Management
University of the Free
State
South Africa
marxhj@ufs.ac.za

Summary
The development of road corridors are important, having extensive impacts, substantially wider
than the cost of the actual road construction. The resultant property and broader socio-economic
development is visible over a wide spectrum, but problematic to measure.
In order to evaluate these impacts it is necessary to analyse the theoretical basis of corridor development and to measure and evaluate the outcomes. This was undertaken by tracking the possible
development of corridors in Africa as a whole, and by specifically evaluating the outcomes of the
Maputo Development Corridor (MDC) that stretches over 590km form the economic heartland in
South Africa, to Maputo, the capital of Mozambique.
An extensive literature review was undertaken, covering the period from inception in 1996, to the
present. Quantified field studies were done and qualitative observations made.
The outcome of the study indicates general consensus that many development objectives have
been satisfied, whilst problems are encountered to establish extensive quantative data. It is relatively easy to determine impacts on traffic patterns, tourism, etc. However, it is very difficult to substantiate comprehensive socio-economic impacts, wealth creation and property development resulting directly from a corridor development. The so called “trickle down” effect is very evident, falling in the domain of “visual evidence and opinion” rather than hard quantative data. Whilst the cost
to establish a corridor is determinable, the resultant financial rewards in a wider context is difficult
to adjudicate.
Keywords: Cost of corridors, development corridor, nodal points, property development, socioeconomic development, spatial development initiatives.

2.

Introduction

In mid-2008 Trans African Concessions (Pty) Ltd (TRAC) requested a multi-disciplinary research
team of the University of the Free State and the Council for Scientific and Industrial Research
(CSIR), Built Environment Division to initiate a socio-economic impact study on the Maputo
Development Corridor (MDC) along the N4 toll road. TRAC is, since 5 May 1997, the
Concessionaire of the R3 Billion ($1=R7.50: April 2010) project to build, finance, operate, maintain
and expand the 590 km N4 toll road stretching from Pretoria in the Gauteng Province, in South
Africa, through the Mpumalanga Province to Maputo in Mozambique (Figure 1 refers). It runs
through some of the more industrialised and productive regions in Southern Africa, including
mining and agricultural areas and large concentrations of manufacturing, processing, mining and
smelting industries, which are located in the cities of Johannesburg and Pretoria on the western

end (nodal points) of the corridor (Nathan Associates Inc: 2008). The other nodal point is the city of
Maputo, which also contains the harbour port of Maputo on the east coast of Africa.
The MDC is presented as a case study regarding the probable impact on property and socialeconomic development.
The vision of the MDC is to rehabilitate the core infrastructure, i.e. road, port and dredging,
electricity and the border post within the corridor, through public private partnerships (PPPs),
thereby re-establishing key linkages and opening up inherent under and unutilised economic
development opportunities. Underlying the vision is the desire to see this initiative contributing to
other key policy areas – notably regional economic integration, international competitiveness and a
broadening of the ownership base in the economy of the corridor. In order to facilitate the
implementation of the project in partnership with the private sector, protocols were signed between
the Governments of South Africa and Mozambique (TRAC N4 Toll Road: online).
The Southern African Developing Community (SADC) is interested in the possible positive
outcomes of corridor development: “The SADC Secretariat intends to undertake a study to develop
the Corridor/SDI program as a development strategy to accelerate regional economic integration
and development. The success of this development is dependent on the cooperation and political
commitment of member states on the Corridor/SDI Program” (SABC News: Online 05/06/2007).
The objective of the National Physical Development Plan (RSA, 1975:17) was to link existing
metropolitan areas with identified or future growth poles by means of development axes. Geyer
(1986:163) found that some of these axes were not supported by secondary development centres
or were stretching over too long distances to make development realistically viable. The greater
the distances between centres, the stronger these secondary centres must be as a propelling force.
In some cases these so-called axes were not axes at all but rather finger developments with no
equilibrant pole at the other end. The development of a good road network which provides better
interaction with the hinterland in many cases led to the decline of economic activities in small
towns as the threshold “time” to bigger centres was changed. The Spatial Development Initiatives
(SDI’s) of the South African Government, conceived in 1995 by the Cabinet was an attempt to
improve investment in those areas where the greatest potential for growth exists (Jourdan,
1998:717). The MDC is a typical axis development between two big centres, taking economics into
consideration, as Maputo is the closest harbour to Gauteng. In the 1970s 40% of the export from
Gauteng went through this port, but this faded away due to socio-political reasons. (Jourdan,
1998:720). However, strong growth has subsequently been experienced, following new political
dispensations.
The analysis indicates that areas closer to the N4 corridor (axis) had higher growth than those
further removed. This is the case for total output as well as for several sectors. Gross Value Added
(GVA) per capita also indicated a similar situation – areas close to the road corridor had a higher
growth rate than those further removed.

2.

Delimitation of the study

Figure 1 provides an indication of the physical extent as geographically defined at the start of the
Maputo Corridor Project. The MDC is a major import/export route that connects the North-East
provinces of South Africa with the capital and main port of Mozambique. It serves Gauteng
(industrial heartland of South Africa), Swaziland and South-West Mozambique. Reference is also
made to the potential of other development corridors in Africa, more particularly Southern Africa.
The MDC is used as case study in this paper.

Figure 1: Geographical definition of the Maputo Development Corridor (MDC) (Source: Technical
team to the ICC, 1996)

3.

Research methodology

This paper revisits concepts related to corridors and their theoretical foundation. Some sectors and
components of socio economic development have been included as well as main activities that
occurred since the inception of the MDC. Although some studies investigated the impact of the
MDC it is clear that subsequent deductions are matters of interpretation. Some changes cannot
clearly be related to the MDC. There are clear deficiencies and constraints (example: the coverage
of Mozambique and Swaziland) currently. A literature comparison is made regarding the interim
perceived unsuccessful outcomes of the corridor, the present positive aspects, areas that may be
improved upon, and the viewpoints of a stakeholder forum. The focus of this study is mainly on the
road component of the corridor, whilst acknowledging that it is not possible to divorce it completely
from for instance the rail linkage.

4.

Property development

Throughout this research it was found that “property development” as an outcome of corridor
development is not isolated by researchers and other commentators. Although emphasis is often
placed on socio-economic development, the measurable outcomes are likewise poorly quantified
in specific terms. This also applies to other industries such as agriculture, mining, etc. There are
thus very little available regarding industries specifically. What is however abundantly available is
data regarding measurable outcomes in certain nodal/centre developments, such as increases in
harbour activities, freight movements through border posts, etc. A quantified data survey was
launched, with continuous pressure applied, to obtain specific quantified data regarding property
development. The limited results are reported in this paper. However, though there could be
subscribed to the view held by some researchers that “a corridor is a corridor”, it is clear from the
research reported in this paper that comprehensive “overall” impacts are abundantly clear. This is
described elsewhere as “trickle down” effects, acting as catalyst for each other. It appears as if
“tools” have not yet been developed to measure specific overall industry outcomes, other than
those very directly measurable, as stated above.

5.

Theoretical aspects of development corridors

Development corridors are difficult to define spatially as they are often based on the use of
transport infrastructure such as road or rail connections, though development corridors cannot be
restricted to the narrow band where such infrastructure is located. Its developmental linkages are
much broader than the area adjacent to the transport infrastructure. It is clear, from literature that
different approaches exist. For the purpose of this study it is important to consider the corridor as
originally envisaged and conceptualised. Geyer (1988:123) sees the development corridor or axis
as a dynamic phenomenon that evolves in different stages over time, which can be seen as a
concept to elevate an area to a certain level of development. Four stages are identified and shown
in Figure 2, namely:
•
•
•
•

The potential axis (A) or the development finger with the potential for the establishment of a
development centre at the other end (B);
The axis in an infant stage with a well established communication axis between two primary
centres (C);
The mature stage with the corridor or axis having one or more secondary centres in between
(D) and
The axis in its old age or dormant stage where an over-concentration on the axis may lead to
the development of agglomeration, diseconomies or polarization reversal (E).

Figure 2: The evolution of the Development Corridor (Geyer, 1988:123)
Geyer (1986:163) found that some of these axes were not supported by secondary development
centres or were stretching over too long distances to make development realistically viable. The
greater the distances between centres, the stronger these secondary centres must be as a
propelling force. In some cases these so-called axes were not axes at all but rather a finger
development with no equilibrant pole at the other end. The development of a good road network
which provides better interaction with the hinterland in many cases led to the decline of economic
activities in small towns as the threshold “time” to bigger centres was changed. An understanding
of economic forces is vital to any development planning as people and businesses will only locate
in areas where it is economical viable. The MDC could presently be rated as a Figure D corridor
development.

6.

Government initiatives: Spatial development initiatives

The regional Spatial Development Initiatives (SDIs) are projects identified on the basis of their
inherent unutilised economic potential. Their developmental objective is to create sustainable jobs
in these areas by identifying and facilitating new investment. The mechanism by which this is
achieved is focused, co-ordinated action at all levels of government and by all relevant line
functions within the spatially defined area, in order to remove blockages to investment. SDIs are a
key industrial policy committed to foster sustainable industrial development in areas where poverty
and unemployment is at its highest. This objective is carried out through the SDI, which focuses
high-level support in areas where social-economic conditions require concentrated government
assistance and where inherent economic potential exists (South Africa: 2007, online).
Primarily all the major projects in the SDI are based on a partnership between the public and
private sectors such as the MDC, and are set to provide opportunities for participation in sectors
such as agriculture, mining, tourism, environment, forestry, infrastructure and ports. The MDC was
expected to create more than 68 000 new jobs. A key component of this initiative is the move
towards international competitiveness, regional co-operation, and a more diversified ownership
base (South Africa Information/doing business/economic development: 2007, online).
Certain SDIs are also beyond the confines of the borders of a country where the economic
imperatives of the strategy dictate that the SDI includes part of a neighboring country. The MDC
between South Africa and Mozambique also affects Swaziland, Zimbabwe and Botswana.
In order to investigate the impacts resulting from a development corridor this report is thus further
structured to provide a “mid-term” overview, followed by an African continental perspective, MDC
nodal acknowledgement in future planning, and 2010 observations, supported by some empirical
data. The research findings are provided under conclusions.

7.

A “mid-term” overview

Söderbaum and Taylor (2003) compiled, with the aid of seven co-writers, a book, Regionalism and
uneven development in Southern Africa, providing an in depth analysis on the topic, concentrating
primarily on the MDC. The perspective that they hold provides an important balance sheet,
reflecting, albeit negatively, on the impact of the MDC. The following page referenced abstracts, in
some instances re-worded and/or abbreviated for this paper, bear relevance:
P6: The MDC is based on four key objectives:
1.
To rehabilitate the primary infrastructure network along the corridor, notably road, rail, port
and dredging, and border posts, with the participation of the private sector in order to have
minimum impact on the fiscus.
2.
To maximise investment in both the inherent potential of the corridor area and in the added
opportunities which infrastructure rehabilitation will create, including the provision of access
to global capital and facilitation of regional economic integration.
3.
To maximise social development, employment opportunities and increase the participation of
historically disadvantaged communities; and
4.
To ensure sustainability by developing policy, strategies and frameworks that ensures a
holistic, participatory and environmentally sustainable approach to development.
Concluding remarks by Söderbaum and Taylor (2003) summarize the outcomes as follows:
P107-108: The uneven development impulses reinforced by the MDC and the ineffectiveness of its
governance radically undermine the potentiality of the MDC as a “model” SDI for the rest of the
Southern African region. We are sceptical that such a spatially focused framework engineered, in
the main, by the private sector can stimulate genuine long-term and sustainable development. In a
region characterised by a labour surplus (albeit largely unskilled), highly capital intensive and “bigbang” development projects do not seem particularly apposite.
P108: In effect, the prevailing paradigm, which the MDC is founded upon, contains a very strong
emphasis on the notion that the state is inefficient and needs to be deregulated and made more
competent.

P108: It is this reconfigured posture that confirms that the MDC has seen the state in both
Mozambique and South Africa reduced to what can be seen as a transmission belt for capital,
neglecting in the main questions pertaining to social and participatory development.
P109: Building on general insights from critical international political economy, many of the
chapters in this volume draw attention to the reality that the political purpose behind the state’s
involvement has not been to promote development and public goods or needs, but has rather been
first and foremost to promote an enabling environment for the private sector.
P110: …, it is thus clear that the governance structures and the Public Private Partnership (PPP)
operating in the MDC have had a mainly negative effect on governance, democracy, ownership
and participation.
P110: As a matter of fact, the political support provided by the “political champions” and the
specially designed SDI methodology has not worked satisfactorily. The important thing here is that
despite concerns expressed by the private sector to government to take the MDC initiative more
seriously, the MDC has increasingly become characterised by a lack of political leadership in
South Africa.
P112: For sure, the MDC is officially held to be a development corridor, but in practice it is an
investment and “market guidance” initiative with the hope that it will create jobs and somehow lead
to “development”. In fact, certain leading government officials behind the MDC admit that the MDC
is not about development at all: it is to be understood as the Maputo Investment Corridor.
P113: In short, just because regional elites proclaim the MDC to be a “development corridor” does
not make it so.
P114: The “market” cannot be left to its own devices if development and empowerment within the
MDC (and indeed other SDIs) are to be realised.
P114: It is not good enough to predicate the micro-region simply around “growth” and “big-bang”
investment, and then simply hope that “trickle-down”, job creation and empowerment will occur.
P115: It is thus very unclear whether the spatially focused approach, driven by private investment,
will be able to trigger genuine “development” in the targeted areas. Indeed, the SDI strategy is a
highly capital intensive development strategy that may not be suitable for regional economies
whose main endowments are labour and natural raw resources.
The foregoing, overly negative perspective published in 2003, seven years after the launch of the
MDC in 1996, fails to acknowledge or fundamentally evaluate the real effect of the “trickle down”
impact. In fact, it also fails to recognize or provide guidance as to how the stated objectives 3 and
4 should be practically brought to fruition. Guidance is also not provided regarding how the desired
social development and employment resulting from the MDC is measured, or measurable. The
positive outcomes regarding key objectives 1 and 2 are evaluated, for thinly disguised reasons, by
Söderbaum and Taylor (2003) as negative, probably because 3 and 4 are emphasized as failures.

8.

African continent

Jourdan (2008: 20) reports as follows, further reflected in Figure 3: “An African Development
Corridor desk-top study was undertaken by the RSDIP 1 & Mintek (for NEPAD) in 2006 to
investigate the potential and status of continent-wide development corridors, examined in a
preliminary fashion the potential of DCs across Africa. It makes the case that Africa’s physical and
social infrastructure needs are so large that they cannot be met in any reasonable timeframe
without substantive contributions from the private sector.”
The Japan International Cooperation Agency (JICA) (2010:1-276) has prepared a comprehensive
study titled: Preparatory Survey for Southern Africa Integrated Regional Transport Programme.
This study was conducted to cover the region reportedly with the highest cross-border traffic in
Africa, covering the 8 most southern countries. Significant growth has taken place in this region
over the last decade, but was also negatively impacted on by the global financial crises of 2008.
The study confirms a substantial growth in Direct Foreign Investment (DFI) in the region since
2005. However, to ensure sustained development, the report identifies corridors as a key
requirement for growth. JICA (2010: ES-4) states: “The existing 18 corridors in the region connect
local mineral and agricultural resources with global markets. The study proposed re-defining the
1

RSDIP: Regional SDI Programme of the SA Department of Trade & Industry

role of regional economic and transport corridors according to growth scenarios (strategies),
building on the growth belt concept, which encompasses the integration of resources, value
creation, and global markets”. Constraints that are identified to achieve these objectives relate
strongly to border crossing delays, often for many days, maintenance of infrastructure, poor port
performance and taxation regimes. Solutions are offered to address these negative findings.
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Figure 3: Potential Resource-based African Sustainable Development Corridors
Figure 4 indicates the existing 18 corridors, for which in each case comprehensive trade
movement data is available. Some of the corridor positions are (probably) not geographically 100%
correct, but the overall presentation is acceptable for the purpose of this paper. From a socioeconomic perspective, comprehensive data is available for each of the countries regarding
demographics, scale of economic activity, governance and the business environment. From this a
corridor development priority programme has been created for Southern Africa. Social conditions
were further analysed per country in order to quantify population growth, governance standards,
economic activity, trade, investment and regional co-operation and integration.

9.

Extension of MDC: Nodal point acknowledgement

From The World Bank (Africa Region) Summary Report, the further extension of the MDC is
anchored in a “growth poles strategy” that supports the position in this paper that development
centres/nodal points/growth poles are key drivers of corridor development. Evidence indicates that
“a road is a road” that connects poles. Development tends to take place mostly in the nodes/poles,
with the axis benefitting socio-economic development, along the corridor in a catalytic fashion.
The World Bank Summary Report (2010: 4-21) reflects the above position, supporting the principle
of a nodes/poles analysis when assessing corridor development. The following page referenced
aspects of the report is indicative thereof. Noteworthy is the lack of specific “social upliftment”
strategies, silently supporting the view that private economic development is the driver of

development in general. “Social engineering” is not mooted in this report and it could therefore be
assumed that “social development” is regarded as an automatic “trickle down” beneficiary of
private sector-led economic growth initiatives.

Figure 4: Southern Africa Transport Corridors and Major Ports (JICA, 2010: 2-22)
P4: The objective of this study is to assist the Government of Mozambique in designing and
implementing growth pole strategies in selected subregions, based on current and proposed
programs and international experiences. The study focuses on subregions situated on the three
main development corridors: Beira, Maputo, and Nacala. These subregions were chosen based on
their concentration of private investments, opportunities for private sector-led growth, current
development challenges, and ongoing interventions, as well as their potential to demonstrate the
benefits of an integrated growth poles approach.
P4: The main goals of an integrated growth poles strategy for Mozambique are to promote private
sector-led growth and employment while maximizing the development outcomes for sustainable
and equitable growth, especially in underserved provinces. It consists of six pillars: (i) enhancing
sub national economic competitiveness through business environment reforms; (ii) nurturing and
developing local and indigenous enterprises by fostering linkages with large foreign investments;
(iii) strengthening local institutional capacity; (iv) upgrading urban infrastructure; (v) strengthening
economic governance; and (vi) improving management of the social and environmental impacts of
large investments.
P4: In terms of national development objectives, the growth poles strategy supports the
Government’s program for shared and equitable growth throughout the country. It addresses
critical development challenges at the subnational level and seeks to strengthen the
competitiveness of regions within the corridors. It also accelerates the outcomes of ongoing spatial
development initiatives (SDIs) through targeted interventions. The proposed growth poles strategy
in Mozambique will complement existing initiatives by the Government and its development
partners, including the World Bank, at the national and local levels. One of its main objectives is to

support local authorities in planning, coordinating, and finding synergies among the government,
donor, and private sector interventions in the context of decentralization. Where possible, the
growth poles strategy will build on lessons learned from local initiatives, and complement or scale
up those that support an overall local development strategy.
P4-5: Over the past decade, economic growth has been driven primarily by a number of large
investment projects in agriculture, infrastructure and mining, as well as by large inflows of overseas
development assistance (ODA). Megaprojects have helped stimulate economic growth but account
for less than 2 percent of urban private sector employment. The challenge is therefore to enhance
job creation and technology transfers associated with large productive investments. In 2007-2009,
the total value of investment projects authorized by Mozambique’s Investment Promotion Agency
(CPI) amounted to $14.9 billion. If a significant proportion of these projects are realized and well
managed, they would have the potential to transform the socioeconomic environment in
Mozambique and create many thousands of new jobs.

Figure 5: Development corridors and potential growth poles
The report emphasizes a variety of growth pole strategies, some specifically related to certain
provinces. The following steps are however proposed in regional Mozambique context:

P21: Build awareness and stakeholder consensus on a growth poles approach. To chart a
way forward, it is necessary to discuss the study’s preliminary findings and proposals with key
stakeholders in the national and provincial governments, the private sector, and the development
community. Key issues are to ensure that: (i) the growth poles strategy is integrated into the spatial
planning work being undertaken by COCEP; and that (ii) there is consensus among the key stakeholders, including the donor community, on the identification of potential growth poles and the implementation of the strategy.
Provide detailed identification of potential growth poles. A more detailed assessment of the
potential for growth pole development is needed.
Ensure Government ownership and leadership. Adoption of a growth poles strategy by the
Government of Mozambique will require high-level political commitment and support, possibly at
the level of the prime minister or presidency.

10. Observations 2010
An interview took place with the Chief Executive Officer, Brenda Horne (2010) of the Maputo
Corridor Logistics Initiative (MCLI) to obtain a perspective regarding the ensuing years since 2003,
thus observing the resultant outcomes up to 2010. The MCLI, a non-profit company was registered
to create a body where all stakeholders may contribute to develop the MDC in their collective best
interest. MCLI subscribes to the following mission: “To support the development of the Maputo
Corridor into a sustainable, highly efficient transportation route, creating an increasingly favourable
climate for investment and new opportunities for communities along the length and breadth of the
Corridor”. Figure 6 indicates the MCLI membership structure.
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Figure 6: MCLI International Membership
In pursuance of the above the following provides an overview of the MDC as perceived by the
MCLI presently, as was published as a MCLI Editorial in Export News, February 2009:
•
•
•

The Port of Maputo is only 590 kms by road from Gauteng and 581 kms by rail and presents
the shortest route to a port for South African exporters from the industrial heartland, Gauteng.
To date, the private sector has committed an estimated figure of well beyond US$5 billion
worth of investments in southern Mozambique and Mpumalanga.
Some US$70m has been invested in the priority works programme at the Port of Maputo
since April 2003, including dredging and marine operations, cargo handling, terminal and
warehousing functions as well as port planning and development. Before the end of 2004,
the port was working 24/7 in full compliance with the highest international security standards,
the first African port that is International Ship and Port Facility Security compliant.

•
•

•

•

Total tonnage handled through the port in 2008 was 7 591 000 tons; a 13.25% increase on
the previous year. The port had been confident of achieving 8 000 000 tons prior to the
dramatic slump in throughput in the last quarter of the year.
Trans Africa Concessions, (TRAC) a founding member of MCLI, has spent US$400m on the
rehabilitation and upgrading of the road from Gauteng to Maputo, with at least another
US$400m to be spent on the road over the balance of the 30 year concession. The fact that
this road has drastically reduced traveling time between the two countries has contributed
significantly to the increase of traffic and consequently to trade. TRAC has indicated that
traffic volumes have increased by between 5 and 7% per annum, with truck traffic increasing
by 10% per annum on this road.
By 2007 passenger transport between South Africa and Mozambique had increased by 80%
since the lifting of visa requirements between the two countries in April 2005. This
phenomenal increase has put pressure on the existing infrastructure at the
Lebombo/Ressano Garcia border post, which is being addressed in the planning and
implementation of a joint 24 hour one-stop border post scheduled for completion during early
2010.
The World Bank’s World Development report for 2007 listed Mozambique as the African
country with the highest economic growth levels, with an average of 6% between 1995 and
2005. Real GDP growth was 7% and 6,5% in 2007 and 2008 respectively.

The MCLI has received one of three prestigious awards in 2009: The New Partnership for Africa’s
Development (NEPAD) Transport Infrastructure Projects of Excellence Awards. MCLI’s
Mozambican Chairman, Dr Antonio Matos, was delighted with the recognition given to MCLI’s work,
stating: “The Maputo Corridor has been a catalyst for economic growth in the region through the
significant investment in infrastructure on the corridor and it is a great honour for MCLI. We are
delighted that the efforts of this public-private sector organisation are being recognised by
organisations such as NEPAD, and we believe that MCLI is a model for transport corridor
development in Africa and we share this award with all MCLI’s corridor partners.” The Chief
Executive Officer of MDC, Brenda Horne was also honoured for her contributions to develop the
MDC, having been nominated as South African (Shoprite Checkers) Business Woman of the Year,
2010.
The impact of the MDC infrastructure improvements during the past twelve years could be
summarized as follows:
•
•
•
•
•
•
•
•
•
•

11.

More than US$5billion invested in the Maputo Development Corridor
24 Hour Joint One Stop Border post (construction) in progress.
Increased road safety, at 5% pa traffic growth rate. Freight increases at 10% per annum.
Harbour concessions are in place and successfully managed by the private sector with a
further developments and investments underway and increases planned for infrastructure investment during the next 20 years.
Increased traffic in the Port of Maputo and its terminals (3 million tons in 1996, 8.3 million
tons in 2009 and a 20-year port master plan anticipating 48 million tons.
Increased shipping services and direct calls to the Far East introduced in 2009 have resulted
in the container terminal, realizing the highest ever container movement at the terminal of
103 000 TEU’s in 2009.
Increase in tourism & trade (South Africa/Mozambique).
Further investment in Port & terminals > US$750m.
Continued investment and trade into Mozambique and substantial economic growth of Cities/Towns along the MDC.
2008 TRAC Gross Value Added desktop study declares that areas in close proximately of
the transport corridor grew at higher rate than areas further removed.

Real time views regarding property development

A questionnaire was compiled to evaluate the views of MDC stakeholders in a Likert 5-point
scale format, during 2010. The questions were designed to address issues dealt with in this paper.
The resultant feedback was very disappointing as only six surveys were received by the time of

publishing this document. However, what could be construed as indicative from this opinion survey
are the following responses to selected questions (relevant to this paper), reflected in Table 1. The
respondents were requested to rank their evaluations on the 1 to 5 scale: 1=little, 5=very much.
Question 1:
General economic growth over the last 10 years in your region attributable to the MDC/N4corridor:
3.67
Question 5:
Will future upgrading of the MDC/N4-corridor stimulate new product development for industries?
4.00
Question 6:
Does the MDC/N4-corridor contribute to wealth creation in general in your region?
3.83
Question 7:
Does the MDC/N4-corridor contribute to job creation in your region?
3.67
Question 10:
To what extent has the MDC/N4-corridor specifically/directly caused real estate development
(properties, buildings) to take place in the following economic sectors (in order of perceived
importance):
1. Parastatals
2. Forestry
3. Agriculture
4. Mining
5. Education
6. Governmental
7. Manufacturing
8. Health care
9. Housing
10. Industrial
11. Commercial
12. Tourism
13. Maputo harbour

2.00
2.17
2.17
2.50
2.67
2.67
2.83
3.00
3.17
3.50
3.67
3.83
3.83

Question 12:
To what extent will the possible further development of corridors higher into Africa have on real
estate development in your region?
3.83
Question 13:
To what extent will the possible further development of corridors higher into Africa have on
infrastructure development in your region?
4.00
Table 1: Maputo Development Corridor Stakeholder Survey
From the data reflected in Table 1 it is clear hat the overall effect of corridor development strongly
supports socio-economic and property development.

12. Conclusions
From the data regarding Africa as continent, and more specifically Southern Africa, it is concluded
that the success of corridors as transport routes, and importantly, creators of general socioeconomic development, is undisputed. It could in fact be stated that without the successful
development, maintenance, border crossing improvement and optimal functioning of ports, socioeconomic development and regional trade growth and integration will be seriously compromised
for the entire region, and indeed Africa as continent. The MDC results confirm the above.
A noteworthy shortcoming in literature in general is the lack of quantification of benefits per capita.
Data tends to provide typical collective perspectives. Though the authors have attempted to collect
quantified data per questionnaire, in the mode of an opinion survey, the response to that was
marginal.
It is difficult to specifically adjudicate positive developments that emanate from the MDC into
detailed socio-economic segments. It is, except for very pronounced projects, also difficult to
ascribe property development to the MDC on a project basis, as most projects in the MDC axes
are dictated by the general growth resulting from the MDC. Local municipalities (especially those
on the N4 corridor) see the MDC as an important component in their planning and marketing. The
positive effects of the corridor are clearly there, and in many instances measurable, but very
difficult to quantify according to specific growth in specific sectors. It is rather in the style of a mass
movement, than individual events. Data could not be found or generated to determine the exact
contribution to, for instance, property development. Collectively the data supporting growth
resulting from the MDC is undisputed, physical development is there to observe, particularly
pronounced around nodes on the axes, and at terminal nodes. The results from this research
outline the positive outcomes emanating from corridor developments. It is clear that regional socioeconomic development, particularly in Africa, will benefit extensively from corridor developments. It
is difficult to foresee how such developments can take place in a sustainable fashion without it.
Southern Africa already displays excellent results in this regard. It is also concluded that the “trickle
down” effect of development corridors calls for further research, with particular focus on
quantification of the effect thereof on the different economic sectors.
It is noteworthy that The World Bank is in line with the “nodal point” perspectives supported by this
paper. It also appears as if they subscribe fully to private sector-led economic development, with
employment creation regarded as an automatic beneficiary, rather than the prime focus.
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Summary

Is there a planning approach conceivable that improves the quality of our urban and rural
environments in dealing with climate change? If so, radical changes in the way we plan for our
cities and landscapes are opportune. The reasons why are multiple:
• We observe an increase in climate extremes;
• Currently, we already have crossed boundaries of the Earth systems ‘safe operating space’,
according to Rockström and colleagues [1, 2];
• We increasingly need to deal with complex urban systems;
• We need to deal with uncertain and unpredictable climate change;
• We tend to decrease flexibility in our urban and rural systems while an increase is required;
• We tend to approach problems from a physical, measurable, technical–rational scientific
discourse while complex interactions and non-linearity are features of real life;
• We assume a probabilistic approach in dealing with climate change, tackling problems
associated with the central bandwidth of the bell-curve, leaving society unprepared for the
more extreme climate events, which can be found at the outer ends of these curves;
• And as a reaction to all this, most of our planning systems endeavours to solve problems
by fixing the one and only ‘best’ end-state for an area, planning for the average and
frequent instead of the worst case and unique, uncertain and unknown climate events. This
ignorance leads to an increase of the magnitude of disasters, whether they are climate
induced or not.
Planning needs to enhance the flexibility to deal with uncertain futures, it needs to learn form
complex adaptive systems theory and it needs to shift its focus from finding the best solution
towards starting a process towards a safe and adjustable future. New planning concept needs to
be put in practice, which we call Swarm Planning, and approach unifying both sides of climate
change and increases the flexibility in spatial systems in two ways: makes adjustments over time
more easy and starts autonomous developments towards increased resilience.
Recent extreme weather events, such as bushfires near Perth and in Victoria, floods in Brisbane
and Victoria, a cyclone in Queensland, heat-waves in Europe and Russia and hurricanes in the
Caribbean and the US can be seen as signals not only of a changing climate but also as a ‘climate
by surprise’. Several research papers have underpinned this shift to more extreme risks and
weather events caused by human actions and activities [3, 4, 5, 6]. The model presented by
Rockström et al [1, 2] offers a catchy and visualised insight in the boundaries of the Earth system
we should stay within. However, this model is presented as a biophysical, linear system, not yet
including social interactions and spatial transformations. This paper focuses on the contribution
spatial design and planning may deliver in order to shape a future system, capable of dealing with
one of the boundaries: climate change. Current approaches related to climate adaptation rely

heavily on ‘probability’ or ‘expert’ assessments of the likely type, extent and frequency of negative
impacts. They seek to maintain or incrementally adjust the existing to the risk landscape of climate
change. These assessments of adaptation needs rely heavily on climate impact models that define
a set ‘bandwidth’ or ‘bell-curve’ of negative possibilities. Decisions in the spatial domain focus on
the risks deemed ‘most likely’ (in the middle of the bell-curve). This approach ensures spatial
configurations remain under-prepared for more extreme, unpredictable events. As long-term
strategists [7] encountered in the mid 1900’s, a probability-based approach can prove counterproductive when a fundamentally new risk-landscape appears. New methods are needed to
assess and transform the spatial order that can foster climate adaptation. These new approaches
leave room for uncertainty in the spatial design outcomes, exactly the way climate change appears
to us.
Thus, in dealing with increasingly extreme weather events, related to climate change two elements
are crucial: increase the flexibility in our urban and rural spatial systems to better deal with these
extremes and reduce global warming in order to minimise the number of weather extremes,
consequently requiring less spatial flexibility. Both sides of climate change can be dealt with using
spatial designs. However, the character of the designs needs to be different from current design
practice. Foley [8, 9] distinguishes two planning types, technocratic (Unitary) and ‘sociocratic’
(Adaptive) in which the former tends to fixate future spatial order and the latter offers larger
flexibility and room for processes to emerge. Most of current planning practice belongs to the
‘Unitary’ school, planning for a fixed and desirable future. Because climate change is seen as a
wicked [10] problem [11, 12], which changes over time and for which the ‘one solution that solves
all’ is not available, current planning approached tend to fail in incorporating climate change issues.
An adjusted ‘Adaptive’ planning approach is required in which flexibility and dealing with
uncertainties are central. In this approach the spatial system is seen as being a complex adaptive
system, making it possible to make adjustments in the system over time, enhance emergent
patterns or allow for self-organisation [13]. Because of the fact that different spatial elements are
linked to different time-dimensions or rhythms, the existing layer theory [14] is extended to five
layers, each with their own pace of change [13]. This approach, Swarm Planning [15, 16, 17, 18,
19, 20, 21] defines the spatial elements linked with the five time-dimensional layers and turns them
in a step-by-step methodology for ‘Adaptive’ spatial planning. As the five steps the following are
defined: analyse the importance and intensity of networks in the area (1), articulate, based on this
analysis, the strategic points of intervention (the so-called focal points) in the network (2), mark the
area around these points as unplanned or emergent (3), define the areas with highest potentials
for producing resources, i.e. water, energy, food (4) and let intense occupation patterns emerge in
core areas of high identity (5). This methodology is tested in several pilot designs, specifically
aiming to deal with climate change. New landscapes, in the form of iconic designs are presented
and are described in the paper: the Floodable Landscape where an eventual future flood is
anticipated in the design, the Zero-Fossil Region where the design provides a spatial framework
for a complete renewable energy supply and the Net Carbon Capture Landscape, in which
adaptation and mitigation strategies are designed leading to capturing of more carbon than emitted.
These examples illustrate that the two sides of climate change, adaptation and mitigation, can be
unified into integrated future visions. These visions function as the imaginable and desirable future.
Formulating and drawing this vision enhances the start of a spatial transformation, which is
constantly adjusted over time if changes in the environment require so. This process, which can be
described as a slow-pace transition [22], offers the opportunity for inhabitants to anticipate and
become more aware of future changes.
Keywords: swarm planning, climate adaptation, climate mitigation, spatial design, transition

1. Introduction
In recent years many parts of the Globe had to deal with weather extremes. To name the following
cities or regions: New Orleans, Paris, Victoria, Brisbane, Cairns, Moscow, Cancun, Pakistan, Perth;
representing hurricanes, heat waves, floods, cyclones and bushfires. All these events were supposed to have happened linked with or due to global warming. The events are in line with the expectations drawn by the IPCC in 2007 [23]. However, elaborating on Chris Bergs opinion article in
The Age [24]: according to data from the International Disaster Database the average amount of
people dying as a result of an extreme weather event dropped from 240/million in 1920 to 3/million
in the last decade [25]. The reduction in the risk of death from droughts and floods dropped by respectively 99,9% and 89% over the last century. It may be concluded that humankind is getting
better at managing and surviving extreme weather events. Nevertheless, there is reason for concern as the number of extreme events, reported as disasters, increased steadily over the last century, with a slight drop over the last decade [25]. Despite the fact that the number of extremes
seems to increase, humankind is improving in dealing with the impacts of them. This emphasises
that our efforts in reducing climate induced weather events are less successful and au contrary our
ability to adapt our systems to these events prove to be very successful. In this perspective, it may
seem odd that global investments in mitigation outpace the adaptation budgets by far. As the
Dutch world famous former soccer player Johan Cruijff used to say: “getting better in what you’re
good at makes you an excellent player, it gives you a unique advantage in the field” and free translated to climate change science: it may not be a bad idea to improve our capabilities in adapting
our communities to forthcoming weather events. Because we’re already good at it!
What does this imply? Adaptation of ecosystems, social systems and spatial systems must be our
main goal; humankind is already good at these adaptations, but improvements in the way we adapt
are necessary. All three systems are crucial and are interrelated to each other. Much research is
carried out in the field of eco- or biophysical- systems and to a lesser extent socio-ecological systems. So far, research in the spatial systems domain does not yet substantially include adaptation.
This paper focuses on the way spatial systems can contribute to adaptation and explores the way
spatial planning and design practices can be improved in order to incorporate climate adaptation. It
firstly reviews the Earth systems boundaries as defined by Rockström and colleagues [1, 2], before
emphasising the potential of spatial planning in increasing the way we adapt, introducing a new
planning methodology, Swarm Planning, which will be further clarified through illumination of several pilot designs, which were developed in the Netherlands.

2. Safe operating space
The concept of a ‘safe operating space’ as presented by Rockström and colleagues [1, 2] is appealing and the visualisation (figure 1) makes the concept accessible for the larger public. Nine
‘planetary boundaries’ are defined, which are tightly coupled and are not to be crossed if humankind wants to stay within a safe operation space. In their article seven out of nine boundaries are
quantitatively determined and three of them are already crossed. The nine boundaries are all biophysical or biogeochemical. The two boundaries that remain to be determined are related to global
anthropogenic change. As the authors refer, their concept is the first attempt to get grip of Earth
system boundaries and this is in itself a valuable effort. Some of the values they determine are the
first guesses. The focus on biophysical boundaries and the attempt to quantify all boundaries however leaves room for extension and improvement. Socio-political interactions as well as interventions in the spatial systems are yet to contribute to the concept. Because research on socioecological systems is well underway [26, 27, 28, 29] this paper focuses on the potential added
value spatial systems may encounter.

Fig 1. Safe operating space for humankind [1]

3. Deemed to fail?

The concept of a safe operation space for humankind as explored before leans on the premise that
boundaries can be determined in a quantitative way. This premise is based on the assumption that
measurable, biophysical problems can be solved in a technocratic and linear way. A fixed number,
representing the boundary not to be crossed implies a way of thinking in which problems do not
change over time and are seen as tame [30]. It relates to current approaches relying heavily on
‘probability’ or ‘expert’ assessments of the likely type, extent and frequency of negative impacts.
These assessments rely heavily on models that define a set ‘bandwidth’ or ‘bell-curve’ of negative
possibilities. Decisions focus on the risks deemed ‘most likely’ (in the middle of the bell-curve).
This approach ensures society remain under-prepared for more extreme, unpredictable events,
such as appearing under climate change. As long-term strategists [7] encountered in the mid
1900’s, a probability-based approach can prove counter-productive when a fundamentally new
risk-landscape appears. One of the determined boundaries, climate change, is seen as a wicked
[10] problem [11, 12], appearing to us as such a fundamentally new risk landscape, potentially

operating at the margins of the bell-curve instead of in the centre. In dealing with these unlikely but
high impact ‘away from the average’ events a statistics based approach is deemed to fail. The
‘best guess’, which tends to be located at the centre of the curve where probability is highest, is
farthest from the most risky events. An approach as proposed in Rockströms concept is therefore
addressing seemingly accurate quantifications for problems that may develop outside the scope
taken into account. If humankind wants to continue to increase the level of adaptation and
managing of disastrous risks new methods are needed. These new approaches need to leave
room for uncertainty in the outcomes, exactly the way climate change appears to us.

4. Can Spatial Planning help?
Current spatial planning is often practiced as a technical-rational exercise, in which a spatial problem is defined quantitatively. This tame approach of the problem leads to solutions that meet the
demand and are inflexible in dealing with uncertainties or unknown futures. Both Friedmann [31]
and Foley [8, 9] position an opposite planning approach to the rationale: Adaptive planning as the
opposite of Unitary (Foley) or Allocative (Friedmann) planning aims for a system change for a certain specific reason. Climate change adaptation may well function as such a reason. In adaptive
planning approaches transformations of current systems are encouraged and new system are
stimulated to emerge. The final outcome is unclear at the beginning, but the goal is set from the
start. Adaptive planning, which potentially overcomes the problems of a probabilistic and quantitative approach because it allows for new elements, which are occurring outside the centre of highest probability, to become part of the spatial process. This approach takes the time-factor into account in a way that it opens the possibility of system change over time to occur. However it does
not explicitly define the time dynamics, i.e. what is the rhythm of change for different spatial elements. The Layer-theory, developed in the Netherlands [14] is supportive here, because it clearly
defines which spatial elements belong to which paces of change: the time rhythm for the underground (soil and water system) is centuries, for networks of transport, energy and ecology 100
years and for human occupation a generation 20-50 years). Despite the fact that different rhythms
are determined in the theory, it still emphasises spatial elements as relatively unchangeable or
static. The combination of Adaptive planning and the Layer theory however opens the way to a
new planning paradigm, which is capable of dealing with uncertainties and change.

5. Swarm Planning; new methodology of the ‘unplanning’
In order to connect Adaptive planning, in which unknown changes form the future spatial system
with the Layer theory, which defines the time-dimensions of specific spatial elements to change,
spatial systems are defined as a complex adaptive systems, as already has been demonstrated for
system Earth [32, 33] and, using the metaphor of the Fractal City, for randomly whatever part of
this system [34] as well as for cities [35, 34, 36]. Moreover, complex systems science is increasingly seen as a theory to base spatial planning on [37, 38].
In order to determine the spatial elements, or features of the spatial system, that are crucial to develop a region capable of adjusting itself if circumstances change, the properties of complex adaptive systems [39, 40, 41, 42, 43, 44], adaptive capacity, self-organisation, emergence, a large ‘pool’
of elements and the number of interactions, are spatially translated [45]. The following spatial
characteristics are defined:
1. Number and importance of networks: If a large ‘pool’ of elements is available and numerous
interactions take place both the quantity as the quality of connections (the connectivity) increases. Translated spatially, the importance and number of networks and network nodes
is an important factor in determining the systems property to adapt;
2. Starting/focal points: Interactions in the networks, if intense and numerous, will enforce
‘jumps’ and the occurrence of tipping points, starting a process of jets patronising the network from these starting points. The spatial location of these points, focal points, determine

where developments are likely to start, i.e. where a process of adaptation will find its founding base;
3. Create ‘free’ space; In order to allow for collective patterns to emerge or self-organise there
needs to be room for development of functions and spaces without any fixtures beforehand.
If areas are kept free from a certain determined spatial function and can be filled in at a
later stage, under influence of unforeseen or unpredictable changes, the spatial system is
better equipped to adjust itself;
4. Natural resources: Adaptive capacity is also enlarged if a balance between supply and demand in a certain area is arranged and if there is (over-) capacity to store supplies. The
spatial dimension to allocate space for natural resources, producing clean water, energy
and food is essential;
5. Mix of functions: The adaptive capacity can be increased through diversity, flexibility and
heterogeneity. In a spatial sense an elevated mix of functions in a certain area increases
flexibility, diversity and heterogeneity, providing an increased adaptive capacity of the area;
6. Mosaic in city/landscape: besides a functional mix, spatial diversity and heterogeneity in the
city and landscape enhances adaptive capacity. Reconfiguration of existing function into a
mosaic of spatial diverse elements supports the potentials to adapt;
7. Change in land use, human activities: If tipping points are occurring, most likely in focal
points and developments emerge from those locations onwards and patronising the system,
this will lead to changes in land use and human behaviour and activities.
These spatial characteristics each have their own time-rhythm, which allows them to be connected
to a specific layer. The original layer theory, consisting of three (static) layers is adjusted to five
(figure 2) in order to be able to include dynamic features of complex adaptive systems. Mix, mosaic
and change all related to occupation patterns, while the other spatial characteristics are connected
to separate layers for each (figure 3). Besides connecting the spatial properties to the five layers,
these new five layers can also be used as a planning method, which can be used to design an
area anticipating climate change and/or extreme weather events.

Fig. 2 Adjusted layer theory to five layers

Fig 3. Spatial elements linked with five new layers
If these five layers are used in a step-by-step planning method, a design is constructed, which contains the properties of a complex adaptive system and thus demonstrates its characteristics, such
as self-organisation, emergence and adaptive capacity.
The first step determines the most intense and most important networks. Bundles of networks
which consist of one or more (inter-)national connections are declared important and represented
on the map of the first layer (figure 4).
The second map shows the focal points; points where many and multiple types (water, transport,
energy) of networks form an intense node. These points represent the highest connectivity and are
likely to be the starting points of emerging change and adaptation. These points are the most intense locations of the networks, where the most interactions, of potentially different types may take
place. This high intensity places are the ones where the chance on innovations and new concepts
is highest and where the potential to adapt and to be agile to changes is easiest [46, 47].
The third layer represents free space. The space around focal points remains unplanned in order
to not restrict unexpected developments. It gives the area the flexibility to adjust if circumstances
change unforeseen.
In layer four the areas that are most suitable to store and supply resources are located. The space
required to produce food and energy, to store surpluses of rainwater and to supply drinking water
is arranged according the most suitable conditions in the landscape. In order to increase adaptability in the landscape these functions are not to be separated as monocultures, but appear as a
mosaic of functions.
The final fifth layer represents emergent occupation patterns, based on the configuration derived
from the first four layers. Specific parts of cities and landscapes, namely where intensity is high (in
or near focal points) and where historic landmarks appear in the landscape causing identity to
connect with, are the places where spontaneous innovations are most likely to emerge. A specific
feature in the emergent occupation layer is the introduction of a coastal defence system, which

provides safety under threat of storm surges and sea level rise.
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Fig. 4 Five layers determining an adaptive design for Groningen province [45]
The methodology described here illustrates the development of a region preparing for future climate change by making use of the properties of complex adaptive systems. It combines emergent
characteristics with safeguarding of essential values, such as natural resources. The design resembles the balance between securing and protecting the area for future disasters and the need to
stay flexible in advancing future uncertainties. Both are required to anticipate uncertainty in the
future in the face of climate change. However, the methodology emphasises a primary role for
networks and the emergent characteristics. This implies agility and ‘unplanning’ in decisions regarding the spatial organisation of the area. The extent to which unplanning is practiced depends
on the specific spatial context, but will be connected to and spatially organised around the most
important and intense nodes, the focal points. These are crucial in starting emergent developments
and need to be flexible in adjusting developments if circumstances change. Therefore it is essential that the unplanned area around these point are ‘filled’ at a certain moment, they are ‘erased’
once the external change has been dealt with. Rephrasing this in an example: if there is a need for
shelter due to a flood, heat stress or drought, these unplanned areas can be temporarily used as

places to live. Once the stress factor is gone, the unplanned area can return to its unplanned
(empty) status in the expectation of new climate stresses.

6. Best practices in Swarm Planning
The swarm planning methodology has been used and tested in several pilot designs. Three of
them will be discussed and reviewed here: the Floodable Landscape, The Zero-Fossil region and
the Net Carbon Capture Landscape.
6.1 Floodable Landscape
In the current discourse in dealing with coastal defences for sea level rise and storm surges, the
safety level is increased through the strengthening and heightening of protecting structures, such
as levees and dikes. Fast and accelerated sea level rise as predicted by Hansen and others [48,
49, 50, 51, 52, 53, 54] give reason to concerns over the capability of defences to withstand extreme circumstances at all times. Eventually, even the strongest dike will breech. The consequence of this belief in defending the values behind an increasingly stronger dike is that once it
breeches these values are highly vulnerable for the effects and a huge disaster destroys most of
the values, such as properties, productive land or human life.
Given the uncertain pace of sea level rise and the moment a dike eventually will breech, the question can be raised if alternative designs may potentially be better equipped for decreasing the impact of sea level rise and storm surges. The Swarm Planning method is used here to increase preparedness and anticipate future changes.
The crucial factor in this design [18] is the changed viewpoint from which the problem is approached. Instead of trying to increase the protecting level through strengthening structures, an
advanced crucial intervention is proposed. Instead of keeping water out, it is let in at a very slow
pace and in a very well predictable way. A hole in the coastal defence allows water to enter the
hinterland and the level will rise as sea level rise increases. If this intervention is related to the
Swarm Planning methodology of the five distinct layers, the analysis of networks in the area (layer
1) determines the most crucial and also most vulnerable or weak node in the coastal defence.
Here (the white dot in the maps, figure 5), the focal point (layer 2) is found from where developments emerge. The unplanned area (layer 3) is defined by the space needed for water at different
levels of sea level rise (0,3 m, 0,6 m, 0,9 m and 1,2 m, see figure 5), also determining where it is
safe to live and where adaptation is required. Natural resources (layer 4) are found outside the
floodable area and emerging occupation patterns (layer 5) are located on the edge between the
floodable landscape and higher and dryer places. This twilight zone will face wet circumstances
only if sea level rises 1,2 metre, but the buildings are already built in a way that they can withstand
or even profit from being in the middle of sea water, being made floating, amphibious or waterproof.
The advantages of this design are that impacts as result of a big disaster are prevented, because
the water is already allowed in the hinterland and used as an ally and not as an enemy. Because
of the fact that accurately can be predicted where the water will flow, people, buildings and organisation are very well capable of adapting at a very early stage. The water will bring gradually changes and benefits. At first, in the unplanned areas brackish conditions emerge, allowing ecological
conditions to enrich. Secondly and at a later stage all new buildings face water in their environment,
a real estate asset of great value. Probably the biggest advantage is that due to the slow pace of
entering seawater a disaster never happens, but it is tamed to a gradually changing wet environment, which makes the area inherent safe.

Fig 5. Swarm planning for a floodable landscape [18]
6.2 Zero-Fossil Region
Current debate regarding greenhouse gas emissions focuses on emission reduction targets
through carbon taxing, carbon trading schemes or energy saving. ‘Sustainable’ pathways are de-

veloped how to reach these targets, which are in the order of magnitude of 20% by 2020 at the
max [55, 56]. The consequence of this approach is that the targets in themselves begin to function
as end-goals and are limiting thinking beyond them. The other element of these targets is that they
can be perceived as abstract goals at global or national levels and implementation on a concrete
scale is difficult to achieve or imagine. These targets tend to end in policy documents, which are
assessed on a yearly basis and are reported in the political arena.
However, in many parts of the world initiatives are taken to develop strategies that formulate ambitions that are more ambitious: zero emissions, low carbon, living without oil and others [57, 58, 59,
60, 61]. Most of these strategies however do not transform their content into concrete spatial designs. One of the early examples to perform in such a way is the design for Groningen province in
the Netherlands (figure 6), demonstrating the spatial possibilities to become a Zero-Fossil region
[62].

Fig. 6 Design for Groningen without the use of fossil energy [62]
The design and the underlying calculations were collaboratively developed in an intense seminar
week in which international scientists and policy-makers jointly worked together in the so-called
INCREASE II-seminar to design the region in a way that no fossil resources were needed to operate the region. The key element in this proposal was the shift from calculating carbon emissions
towards calculating the local renewable energy potentials and use them a starting point for the

spatial design. The Swarm Planning method is used to analyse the networks (layer 1) and define
those crucial points (layer 2) in the networks where sustainable energy options can be started best,
such as the places where the highest level of geothermal energy is found in the soil, osmosis and
wave plant can be situated best and where an integrated solar, wind and greenhouse landscape
can be started. Unplanned space (layer 3) is subsequently used to fill with energy production and
combined with food and water supply. Besides these a large ecological reserve is located in the
eastern part of the region, making use of historically available peat conditions (layer 4), more than
enough to serve the area. In the last stage emergent occupation patterns were introduced, like
small-scale cooperatives, which jointly produce energy, clean water and food for their own usage
or integrated aquaculture and living areas, using the heat locally available (layer 5).
The advantages of this design are that it provides the area completely with zero carbon energy, in
itself a valuable contribution. Moreover, the integration with water supply and food production allows the region to become independent from other energy or other supply delivering areas. The
region contains the capacity to produce even more than needed to fulfil own demands and makes
it possible to export food and energy. The biggest advantage however is the contribution the region
is able to give to moderating global warming and the example it provides to be for other regions
across the world.
6.3 Net Carbon Capture Landscape.
On a global level the debate between developed and developing countries about pursuing the
same living standards by developing countries, with a probable contribution of greenhouse gas
emissions by these countries as a result is a question of fundamental equity. Reverse equity is not
discussed very often. Reverse equity can be defined as the bonus contribution developed countries can deliver in order to allow for developing countries to gain welfare in a sustainable way. This
bonus contribution tops the current standard of many cities and regions in the developed world to
become carbon neutral. Therefore the aim of the Net Carbon Capture design is to capture more
Carbon than is emitted in the region.
The crucial shift in thinking here is the change of mindset from achieving neutrality towards a potentially unlimited carbon capture. In the design for the Peat Colonies, a part of the Northern
Netherlands, this aim is spatially visualised [63]. In the designs Climate Change Mitigation (providing energy without emitting carbon) and Adaptation (adjust the area spatially to the expected
changes in climate) are unified.
The designs are conceived along the Swarm Planning methodology. The first layer of analysing
the networks clarifies the richness and intensity of energy, water and ecological networks.. Based
on this analysis the major strategic points (layer 2) can be determined. In this step a fundamental
choice imposes itself: are these focal point used as the starting points of centrally organised production units or are they seen as the cores of self sufficient entities encapsulated in the landscape.
Depending the choice two entirely different spatial models are derived (figure 7): the Lonelycolonymodel, in which decentralised and small-scale units provide themselves with the necessary energy,
water and food or the Peatropolis-model in which the nodes are the starting point for extended
development to produce and export electricity, biofuel, food and clean water. As the first model
leans towards becoming autonomous and ‘neutral’ in the use of resources, the latter model implies
to provide sustainable goods for other societies. This exemplifies the function of reversed equity in
delivering carbon neutral products to societies who else would have used fossil resources. Both
models include unplanned space (layer 3); the Lonelycolony-model just leaves room open for
eventual needs of the small communities and the Peatropolis opens the surrounding areas to occupy for the production of surpluses of energy, water and food. The fourth layer of natural resources consist of the introduction of a robust ecological and water system, necessary to adapt to
changing precipitation patterns and required storage of valuable fresh water, but it also provides
the space to extend forests for biomass production. The emergent occupation patterns (layer 5)
differ for each of the models: coherent, but small core villages or efficient production strips along
waterways.
The key advantages of the design lie in the integration of adaptation and mitigation strategies. The
local production of valuable resources, such as energy and water demands adjustments in the
agricultural, water and ecological structures in the area; adjustments that are also required and
valued in the light of necessary adaptations to upcoming climate change. In this sense is creating
space for forests, agriculture, canals and lakes both a spatial mitigation and adaptation strategy.

Moreover, especially the Peatropolis design model illustrates the potential developed countries
have to achieve more than their equivalent part in reducing global warming and this can be seen
as a relief for developing countries struggling with tightened tensions between achieving higher
living standards and minimising their contributions to global warming.

Fig. 7 Two spatial models for the Net Carbon Capture Landscape: Lonelycolony (left) and
Peatropolis (right) [63]

7. Conclusion and discussion

The definition of a safe operating space for humankind by mainly biophysical and measurable
boundaries gives first insights in the limits the Earths system is facing. The fact that, according to
Rockström and colleagues we have already crossed three of those boundaries may be interpreted
even more alarming if the draft paper of Hansen and Sato [64] is taken into consideration. In this
paper the Earth’ threshold of jumping out of the Holocene ‘comfort zone’, is, based on paleoclimatic data, already reached by a warming with one centigrade instead of the to date assumed two.
Attempts of humankind to ‘control’ the Earth system by measuring and predicting and staying
within these thresholds may in itself be worthwhile, it can also be seen, as we argued in this paper,
as only one piece of the cake, We argue that the complexity and unexpected future changes in
social and spatial systems may well have adverse or accelerating effects.
The way our current patterns of thinking unfold limits innovations and breakthroughs and it can be
estimated that current practice only accelerates biophysical effects. Current spatial planning and
design practices tend to repeat former practices, thus giving solutions for the problems of the past.
This may well function in a context with looks and is similar o the past, but proves contraproductive if problems are new and complex. Our current patterns of thinking tend to limit
ourselves to carbon objectives instead of exploring the available potentials of renewables, it
captures our solutions in well protected silos of respectively mitigation or adaptation instead of a
search for integrating the two through spatial designs.
A turn around in our thinking is required. We need to end solving problems, but set our minds to

the future we desire. In order to be able to do so climate risks need to transform in weather
elements, which can serve as a starting point for our desired future. Instead of thinking about the
flood as a hazard, this water is the source of life, a heat wave is potential sustainable energy
harvest instead of being treated by aircons and heavy rain is the long term source for dealing with
droughts instead of a flash flood that burdens our cities. Climate elements perceived in this way
are an inspiration for enhanced landscape design, which are capable of shaping our future
societies, because the use of these elements contribute to an improved living environment and add
to the quality of life.
In dealing with our Planets boundaries the technical rational approach alone is not sufficient.
Enabling social processes to increase resilience in society needs to be actively researched and
implemented. Moreover, the opportunities of the spatial domain are underestimated and deserve a
larger role to play. However, in order to be able to play this role, the current design approaches
used in practice need to shift. Innovations in design theory are essential to fulfil these expectations.
The current spatial planning system is constraint by s rusty socio-political environment, in which
incentives for change are consequently sidelined in long deliberations and political compromises.
Planning practice as it is closely linked to decision-making follows in these footsteps and is unable
to enforce required new approaches as it is stuck in the existing framework of well known habits
and old and not outspoken agreements, dating back from a time when the complexity and
fundamental uncertainty we face today was unknown.
A new planning methodology as presented in this paper offers the potential to overcome historic
constraints. Swarm Planning, as illustrated by the examples in this paper, is able to deliver designs,
which unify strategies to mitigate and adapt to future climate change through start the process not
from the problem but the opportunity side. The methodology, in which the five layers offer a
structured way of conceiving designs, leaves room for the unplanned, while giving direction and
starting emerging processes from the most intense nodes in an area. The attractiveness of the
designs, which represent a desired future, function literally as attractors, which enhance the
emergence of processes towards the desired future. The method provides the openness and
adjustability required to deal with fundamental uncertain and surprising circumstances, but it also is
capable of preserving the core values in the area.
The main assignment ahead of us lies in the implementation of the methodology in the day-to-day
unruly practice. There is a need to connect the methodology with biophysical and socio-ecological
research already being carried out and link it with a substantial number of planning process cases
across the world in order to be able to review the methodology in fundamental different sociopolitical contexts.
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Summary
In recent years, developed countries have taken steps to curb the rapid increase of energy
consumption.   We   draw   on   research   in   progress   about   the   factors   promoting   success   in   “green”  
buildings in the US and Japan, guided by contact with conditions in Cambodia, to identify a number
of structural features which may be important in adapting programs for energy efficiency in
buildings to Southeast Asia. Such measures as energy services companies and trade association
programming are possible even when government capacity is very low; if a legislative framework
exists,   but   funding   and   public   awareness   are   low,   government   “green   purchasing”   and  
public/private energy saving alliances may be possible; if public awareness rises before funding or
framework exist, citizen information activism can enable progress in energy saving. Transfer of
such approaches requires careful, thorough adaptation to local economic and cultural conditions.
Keywords: market transformation, energy consumption, curbing measures, private sector,
technical improvements, public awareness

1. Introduction
In recent years, developed countries have taken steps to curb the increase of energy consumption.
In the buildings sector, energy codes, incentive programs, information programs, and the like have
appeared with public and private sector support and have achieved a degree of success.
Understandably, the Southeast Asian emerging nations have not seen similar levels of energy
saving activity so far. Their rapid economic development, however, is quickly bringing them into the
circle of energy-intensive economies, and energy efficiency is becoming relevant, with its double
benefits of reduced operating costs and reduced impacts on climate and other aspects of the
environment.
What suggestions for Southeast Asia arise from the experience of developed countries in
conceiving, designing, and implementing energy efficiency programs? In the present paper, we
draw on research in progress  about  the  factors  promoting  success  in  “green”  buildings  in  the  US  
and Japan, guided by contact with conditions in Cambodia, to identify a number of structural
features which may be important in adapting programs for energy efficiency in buildings to
Southeast Asia.

2. Considerations of energy saving in emerging economies
2.1

Case study in Cambodia

The advanced industrial economies have accumulated several decades of experience in
attempting to save energy. Yet efforts to transfer that experience to the emerging economies of
Southeast Asia must be approached with caution. Program success is a function of conditions as
much as of concept, so attention must go to matching concepts with necessary conditions. A small
set of interviews and background study on Cambodia served to guide the selection of possibly
transferable concepts and models from the US and Japan. The capital, Phnom Penh, a typical
Southeast Asian city, and a tourist city, Siem Reap, were chosen as representative sites, and a
series of 10 interviews were conducted there in July and September 2010 with practicing architects,
university lecturers in architecture, and development agency staff. Interview questions concerned
building-related laws, government offices and programs, education of professionals, and building
practices; because the interview purpose was purely exploratory, the format was open-ended to
allow free responses from interviewees.
The interviews indicated a number of characteristics of present-day building in Cambodia. While
more expert knowledge might shift or sharpen the following, we believe it reliable enough to guide
our discussion of possible program transfer.
The   domestic   conflicts   of   the   1970’s   and   the   1980’s   destroyed   a   good   deal of economic
infrastructure, causing unstable political situations for many years. Today, Cambodia has gradually
recovered from its domestic conflicts and has demonstrated notable economic growth. Joining
ASEAN and the WTO has made it a member of the global economic community. In 2009, Angkor
Palace Resort & Spa received the ASEAN Green Hotel Standard Award, gearing the hotel industry
towards energy efficiency, yet its effect is still weak.
Currently, there are no national codes governing buildings. The government is in the process of
formulating a building code by reference to building standards in developed nations. Local
regulations, about such things as distance from neighboring buildings, height, and plot coverage
are ambiguous, and vary from case to case. Many of the regulations and laws are not enforced in
Phnom Penh due to the lack of an implementing agency. On the other hand, the Apsara Authority,
in charge of protecting the World Heritage site of Angkor Wat, for which Siem Reap is the gateway
city, has been successful in controlling development and enforcing regulations in Siem Reap.
Formal education and information on buildings and energy is limited. There is no national
curriculum ensuring coverage of relevant topics for architects or engineers, and few universities
have classes on environmental issues. Professionals educated abroad are teaching whatever they
have learned the way that they have learned. Therefore, each university indeed each individual
lecturer is teaching different content, creating dispersion in levels and knowledge of graduates.
Most design firms work both on high-rise buildings and on detached houses, thus there is no
specific market for residential and commercial buildings. Today, many high-rise buildings are being
built by Korean and Chinese companies, which have caused issues relating to responsibilities in
case of fault. Meanwhile, the most common way of constructing residential buildings is for owners
to  build  for  themselves,  where  they  hire  a  “permit  passing  agent”  to  pass  the  paperwork.
For electric power, which is highly relevant to the operation of buildings, the independent power
producers (IPPs) of the private sector have emerged as an important provider in Cambodia,
alongside the government-owned national electricity company, the Eléctricité du Cambodge (EDC).
EDC supplies around 10% of the total population, most of which are located in Phnom Penh; the
rest are supplied by over 600 private producers. Though the demand for electricity has risen over
the past few years, high tariffs and reliability are two conditions that require attention. The
electricity cost is one of the highest in the world, similar to that of Japan with 17-24 cents per kWh
in the urban areas and rises as high as 90 cents per kWh in rural areas.

2.2

Difficulty in Transferring Measures from Developed Nations

In considering transfer of energy saving approaches to Southeast Asia from developed nations,
three categories of major difficulty stand out, even in such a cursory survey of a single country.
1) Government funding
Cambodia is facing financial difficulty and relies on grant-in aid. The  government’s  highest  priority  
is direct economic development, compared to which energy efficiency seems to promise only
indirect benefits. Many energy saving measures require capital investment. Even if running costs
are dramatically lower, initial capital may be out of reach, and there can be intense competition
between government sectors, in both economic and political terms, for any capital that is available.
2) Lack of legislative framework and administrative resources
Pursuit of broad public purposes is hindered by patterns of conflicting or gap-filled regulation, as
well as by lack of transparency, trained and capable personnel, and even-handed administration.
Parallel issues in the private sector can prevent pursuit of valuable projects from that side, as well.
3) Low public awareness and information
The absence of environmental or energy information from school and university curricula and
general lack of other modes of informing the general public or active individuals drastically hinders
the spread of good practices.
To some degree, capital projects go forward in both public and private sectors; some
administrations, like the Apsara Authority, are relatively effective; the country does possess
universities, trade associations, and development offices which provide certain kinds of information.

3. Relevant Energy Saving Experience in Developed Economies
3.1

Background

Tokyo (Japan) and Seattle (USA) were chosen as case situations for energy saving measures in
the buildings sector of developed nations. The contexts, development, order of implementation and
critical factors needed for each measure were examined through interviews of stakeholders, review
of relevant codes and other frameworks, and survey of program histories and assessments.
3.2

Energy Saving Measures in Tokyo

3.2.1 Aspects of energy saving in Japan, 1973-2000
One of the differences between the US and Japan is the matter of available resources. Prior to the
1960s, the US could self-support in oil while Japan constantly had to rely on imports. Japan had
sufficient coal, however as demand shifted from coal to oil, foreign dependence on energy grew
strong. At the time of the oil crisis in 1973, oil comprised 78% of total primary energy, which was
higher   than   other   developed   nations.   On   the   other   hand,   America’s   oil   reliance   during   the   same  
period was 47%, of which 31% was covered by domestic production.
During the oil crisis, Japan instituted a wide range of emergency policies consisting of national
campaigns   such   as   “Saving   oil   and   other   resource   usage   in   public   agencies”,   “Optimization   of  
indoor   temperature”   (a   campaign   which   continues   today),   “Promotion   of   the   5   day   work   week  
system”,   and   industrial sector campaigns such as “Instructing   10%   consumption reduction
(reinforced   to   15%   in   1974)”,   “Regulation   on   large   power   usage”,   and   “Shortening      late-night TV
and   billboards”.   After   experiencing   the   oil   crisis,   Japan   set   the   promotion   of   energy   efficiency   as  
one of the important national tasks.
3.2.2 Development of the Energy Efficiency Law
The Energy Efficiency Law was enacted in 1979 with the aim of making energy usage efficient by
providing framework regulation and demanding voluntary efforts from the industrial sector. The

main points are designation of energy control designated factories which must undertake certain
initiatives   towards   energy   efficiency,   establishment   of   the   role   of   “qualified   energy   manager”   who  
plans and enforces countermeasures, and requirements to prepare energy efficiency related midterm plan and periodic reports. The Energy Efficiency Law does not regulate the total usage of
energy, but calls for improvements in the energy consumption rate per unit of product, a framework
considering economic development. In the event, efficiency has improved greatly in Japan, but
total energy consumption has also been increasing.
A feature   of   Japan’s   energy   efficiency   policy   emphasizes  voluntary   initiatives  of   industrial   sectors  
through subsidies on installing equipment and development of human resources. Under the
government’s   active   financial   policy,   measures   carried   out   together   by   the   public   and   private  
sectors improved the energy consumption efficiency rate by more than 30% since the oil crisis, but
the  government’s  present  serious  financial  state,  decrease  in  equipment’s  improvements  of  energy  
efficiency, and change in fundamental social conditions now calls for a transformation in policies.
3.2.3 Top Runner Approach
The Top Runner Approach is a way of setting the energy efficiency standard of equipment in the
Energy Efficiency Law. It aims to shift the energy consumption rate of equipment to the highest
standards (Top Runner Standard) present in the commercial market within a fixed period (around 4
to 8 years). Those products that cannot meet the standards receive warning, and if improvements
are not  made,  the  product’s  name  is  announced  and  a  fine  is  imposed.
At first, the industrial sector was sceptical about a system using market principles. However, since
1996, efficiencies of subject equipment have improved remarkably, substantiating its effectiveness.
For example, the average COP of residential air-conditioners were around 3 in 1990, whereas it
increased to 4.5 in 2002 and the COP of the Top Runner air-conditioner is in excess of 6 today.
3.2.4 Market transformation and energy saving in Tokyo
Tokyo has led the country in requiring the submission of Building Environmental Plans for new and
reconstructed buildings over 10,000m2 in 2002 and promoting voluntary initiatives by building
owners by announcing their contents. In 2010, the coverage was expanded to buildings over
5,000m2. For apartment houses in particular, information is provided to purchasers by labelling five
performance dimensions with 3 stars based on the Building Environmental Plan—insulation
performance of buildings, solar power and heat, long life of buildings, greening (i.e. plantings) and
energy efficiency of equipment. Furthermore, buildings over 10,000m2 are now obliged to provide
an energy efficiency performance evaluation sheet when selling or renting, and the government
has given support to make environmentally friendly buildings gain recognition in the market.
Tokyo has amended the Tokyo Metropolitan Ordinance on Environmental Preservation and
implemented   the   “Mandatory   reduction in overall greenhouse gas emission and emission trading
program”.  It is the first of its kind in Japan, and has its origin to the cap and trade program of the
EU.   Tokyo’s   program   has   included   office   buildings   as   subjects   and   is   the   world’s   first   urban cap
and trade program. Offices using more than 1500kl of crude oil equivalent energy per year are
obliged to reduce 17% consumption between the years 2010 to 2019 with respect to the average
energy consumption of the past 3 years. Exemptions for buildings which implement advanced
measures, verification of the effect, certification of credits, and support for small and mid-sized
offices are just examples of the advanced system design and numerous professionals necessary.
3.2.5 Operation of CASBEE
CASBEE is Japan’s  building  evaluation  tool. Unveiled to the public in 2003, the program evaluates
building’s  environmental  measures  according  to  a  five-grade system—S, A+, A, B and C. Originally,
it was only for new buildings but has been broadened to include rating of existing, planned, or
detached buildings as well as urban planning.
CASBEE evaluation is not required and is limited to supporting voluntary initiatives of the target

entities, whether private or public. Prior to CASBEE, a guideline relating to new and reconstruction
of   building   called   “Green   Office   Building”   was   provided,   but   being   voluntary,   it   was   only   actively  
promoted as a model for other buildings. After the introduction of CASBEE, a few examples of
setting a minimum CASBEE as a condition can be seen in design bids, but it is not yet mandatory.
On the other hand, local governments have developed evaluation tools of their own by adopting
CASBEE and have started to require submission of the evaluation and results for new buildings.
Currently, 23 local governments are taking part. The program mainly aims to develop the market
through stimulating target entities and providing information, but building coverage is still limited
and the effectiveness of the program will require further observation.
3.3

Energy Saving Measures in Seattle

3.3.1 Aspects of energy saving in the U.S., 1973-2000
The   OPEC   embargoes   of   the   1970’s   were   a   true   shock   to   the   United   States,   however, the
development  of  policy  and  practice  in  the  buildings  sector  since  the  1970’s  has  not  been shaped
by oil as much as by electricity. Large central generating plants had been the unquestioned
approach  to  electric  power  for  at  least  half  a  century,  but  the  1970’s  saw  a  rapidly  growing  national  
awareness of their large environmental costs. This was supported by the rise of the concept that
energy saving could produce the same effects as new energy supply.
The building sector has seen slower progress than many others. By  the  early  1990’s  it  was  clear  
that numerous opportunities for short paybacks and/or high returns were not being exploited or
only in very partial ways. The US building sector indeed has a market, in fact several, according to
the type of building and ownership involved, but all of these markets are shaped by habits,
reputations, loyalties, consensus understandings of risk and quality, and unbalanced divisions of
costs and returns, as much as by unambiguous calculation. Each project boils its information into a
“pro  forma”,   or   balance  sheet   of   cold   numbers.  But   what   numbers  get   entered and how they are
generated are all results of a complex social network of knowledge, perception, and relationship,
as well as of hard costs of materials and production.
Growing  understanding  of  this  kind  during  the  1990’s  led  to  the  concept  of  “market  transformation.”      
This refers to initiatives that attempt not just to introduce a new element to a market, but to change
the  complex  network  itself.  The  building  sector’s  LEED  standard  for  commercial  buildings  (LEED  is  
short for Leadership in Energy & Environmental Design) is at the center of just such a success
story. The standard itself grew out of an extended consensus-building process involving architects,
builders, owners, and private, non-profit and public technical experts. This put it in close touch with
the evolving concerns, constraints and interests of each stakeholder group, and helped keep the
standard’s   provisions   in   good   relation   to   feasibility.   A   two-year pilot period (1998-2000), solidified
the good base already formed, and stimulated a proliferation of training programs for architects,
engineers  and  others  to  become  familiar  with  the  standard’s  structure  and  details.
3.3.2 Market transformation and energy saving in Seattle
Seattle, a mid-sized city (560,000 in 2000; surrounding metropolitan area 1.1 million more) and its
state (Washington) were already well engaged by 1998 in energy saving activities, in ways that
reveal market transformation at work even before that phrase became current. For example,
Washington State in 1986 adopted a set of Model Conservation Standards as statewide energy
saving requirements for newly constructed buildings. Most noteworthy, it came at a time when the
Model Conservation Standards had been widely discussed, and were already embodied in 40-50%
of new buildings in the state. In other words, the code followed practice, rather than leading it.
Another  important  thread  in  Seattle’s  history  could  be  called  “citizen  information  activism,”  typified  
by Sustainable Seattle, an influential NGO founded in 1991 by six Seattle residents. They included
a writer, a YMCA employee, a Seattle city planner, the editor of an environmental magazine, and
two professional mediators. None were representing their employers; all were acting as citizens.
They were responding to a heightened public awareness of sustainability as a pressing issue, and

they were energized by the idea that measuring a set of numeric indicators of selected aspects of
sustainability would dramatize the issue for the public and increase public pressure for action.
Sustainable  Seattle’s  first  report,  covering  20  indicators,  was  published  in  1993,  received  national  
and international attention, and led to two further reports during the 1990s. Even more important,
the   organization’s   board,   civic   panel,   and   consultative meetings reached widely across   Seattle’s  
influential groups. From such involvement grew the political base for later policy and practice steps
by city government. The indicator movement in Seattle during the mid-1990s was one important
factor supporting  the  city’s  market  transformation  programs  of  1999  and  beyond.
3.3.3 Seattle’s  LEED  Silver  policy
Seattle’s  city  government  found  itself  with  rising  demand  for  city  services  and  rising  tax  revenues  
for a substantial building program of its own in the 1998-2003 period, which Seattle faced a
buoyant economy. This large building program gave Seattle city government the market leverage
of a major purchaser of design and construction. In 2000, the city council adopted a policy that all
new city buildings above 465m2 should meet the Silver level of the LEED rating system.
It offered direct reward to firms with the requisite expertise or willingness to acquire it; and
penalized firms which lagged. It had industry-wide effects without the political or administrative
burdens of imposing a new kind of regulation on the whole industry. These effects went beyond
capacity building to include rapid diffusion of relevant information about energy saving practices.
Seattle’s  LEED  policy  was  a  bold  step,  given  the  scale  of  contemplated spending and the fact that
the rating system was still in pilot form. Despite start-up difficulties, a five-year review of progress
in 2005 was able to list 19 completed projects, of which 12 met the LEED lowest level or better..
City government moved to support these changes with an incentive program which provided
technical assistance from city staff and a modest cash contribution ($15,000-20,000 per project)
toward additional design and consulting fees.
3.3.4 Funding of energy saving in Seattle
The growth of energy saving efforts out of controversies in electric power brought with it a source
of   funds   for   marketing,   training,   and   incentive   programs.   Electric   supply   in   Seattle’s   region,   the  
Pacific Northwest, is a complex mixture of national, private and city government systems, but all
providers  had  been  subject  to  the  same  pressures  in  the  1980’s  to  explore  possibilities  for  energy  
saving. Because of the dispersed nature of energy saving actions, information and training
programs were the natural direction of development.
The  bulk  of  programming  fell  under  the  heading  of  “demand-side  management”  (DSM).  This  covers  
a variety of efforts to upgrade insulation, lighting efficiency, and the like. The aim is to achieve
quick results at low cost. Seattle’s   main   provider,   the   publicly   owned   City   Light   company,   has  
staged DSM programming continuously since 1982. City Light estimates that such programs
reduced electric loads in 2007 by 11%; this amount is typical of present performance. There is
direct consumer benefit from reduced loads—$64 million in savings on Seattle electric bills in 2007.
3.3.5 Energy Efficiency Alliance
In 1996 they also joined together, in company with some local governments, non-profit
organizations, and building sector businesses, to form a new, differently directed body, the
Northwest   Energy   Efficiency   Alliance   (NEEA).   NEEA’s   role   is   to   identify   and   support   specific  
initiatives for market transformation toward energy saving in electricity. NEEA functions as a
promoter and broker, not a provider of energy services. After its staff analyse electricity use data for
energy saving opportunities, usually in tightly defined submarkets, such as windows, boiler
operations, or commercial lighting, NEEA issues Requests For Proposals by regional businesses
to carry out suitable interventions in the given submarkets.
To put this understanding into practice, several obstacles needed to be overcome. Regulators

needed to agree that expenses for energy saving would be legitimate and allowable in setting
electric rates. Electric companies needed to agree that all would participate, since many of the
relevant markets crossed service area boundaries. Finally, programs would need frequent and
detailed evaluation, to satisfy funders about their quality, though evaluation of NEEA as a whole
would not rest on a single project, but on a multi-year assessment of measurable, sustained
market transformations in a variety of submarkets.
With these arrangements in place, NEEA has received very steady funding, totaling about $20
million each year since 1997. Once the principle is established that power companies will
contribute a small flow of funds to energy efficiency, a well-run company is fully capable of offering
such programs. The advantage of the alliance form is in pooling the contributions of multiple
companies into larger programs, and in reducing the difficulty of mixed motivations experienced in
companies that are trying to be both producers and savers of energy.

4. Discussion of adaptable programs
4.1

Patterns in the Implementation of Energy Saving Measures

A strong lesson from the preceding histories is that energy saving is not an automatic outcome of
economic development. Even when cost reduction incentives are strong and saving measures
inexpensive, businesses and individuals can fail to perceive this, or be unwilling to act.
A second, closely following lesson is that public and private actions are intimately entwined in the
generation of effective energy saving in advanced economies. In trying to improve  society’s  modes  
of action, it is natural to look first to government actions. But other actors—businesses, lobbying
groups, non-governmental   organizations   (NGO’s)—may play useful roles. To achieve significant
energy saving, a nation must see parallel and complementary effort by government, business, and
non-government organizations.
While this need for multiple streams of effort complicates the picture in perhaps discouraging ways,
energy saving history also indicates that multiplicity reduces the threat of bottlenecks. If one
stream of effort is blocked, advance can continue in others.
This paper now turns to a discussion of how Southeast Asia might benefit from what advanced
economies have learned over the years since 1973.
4.2

Dealing with obstacles to energy saving in emerging economies

Section 2.1 listed three categories of major obstacle to energy saving in a country like Cambodia—
lack of government funding, absence of regulatory framework and capacity, and low public
awareness. We do not attempt an exhaustive discussion, but rather highlight several possible
combinations of factors and the kinds of program that might do well in them.
Case 1—all three obstacles strongly present: In relation to energy use in buildings, this is the
presenting situation in most of Cambodia. Building owners and users have low motivation to
consider energy saving measures, because they have little awareness of them or their possible
benefits. Government is in little position to initiate information programs, much less back them up
with subsidies for equipment changes or technical assistance, both because funds are short, this
use has low priority, and capacity to administer programs is very limited.
The private sector can be a source of initiative, and to some extent in Cambodia, it already is. The
key fact is that the private sector is far from monolithic. It is made up of many sub-sectors, some of
which may have revenues and staff expertise at scales which allow some programming to occur.
The tourist industry, for example, is a major presence in certain parts of Cambodia. It has a stake in
appearing   up   to   date   to   outside   audiences,   whose   values   increasingly   include   “green”  
considerations. Several major hotels in Siem Reap already maintain web-based reservation
systems, use refrigeration and extensive air conditioning systems, and have received awards
under the Association of Southeast Asian Nations (ASEAN) Green Hotel standards program.

Trade associations are potentially important in spreading information. In the tourism industry, the
Cambodian Association of Travel Agents (CATA) issues a newsletter and runs training programs.
The Garment Manufacturers Association of Cambodia (GMAC) functions similarly in its industry,
and in fact the formation of trade associations, funded by member dues, is usual in all segments of
the private sector. Energy saving is rarely a primary focus for such groups, nor are all groups
necessarily receptive, but they do represent a channel for information which does not depend on
government funding or administrative capacity.
When it comes to technical improvements, especially when expertise is scarce, the energy service
company (ESCO) is a proven business form. ESCOs are private-sector entities which offer energy
improvements to their clients which are paid for incrementally out of cash savings from reduced
energy use. ESCOs typically arrange financing and offer performance guarantees, thus greatly
reducing risk and administrative burden for energy-using businesses. While ESCOs in advanced
economies deploy complex accounting, management, monitoring, and accountability schemes,
the core idea of this business form is available for any scale, and economic viability may indeed be
greater   in  situations   like   Cambodia’s,   where  reducing   high   energy   costs can be helpful in market
niches where low total costs of production are crucial.
Case 2—fundamental regulatory framework and resource exists, but government funds and public
information are lacking: It may happen that a central, regional, or city government asserts a degree
of energy-saving authority in the form of regulations, and assembles an adequate basic staff for
overseeing them. Even in the absence of money for major outreach or enforcement programs,
such a government can now initiate actions of its own.
The Green Public Building program in Japan is an example. Since the program was voluntary and
restricted to public buildings, it did not require extensive funding or numerous professionals.
Moreover, it functioned as a model for other buildings to consider, and worked well to promote
environmental  awareness  in  other  buildings.  Seattle’s  LEED  Silver  policy  is  a  similar  example.  The  
policy   was   formulated   by   a   small   committee   of   city   staff.   Since   it   affected   only   the   city’s   own  
purchasing, it could be administered  (and  was)  by  the  same  small  group.  The  policy’s  success  was  
definitely  favored  by  Seattle  government’s  extensive  building  program  at  the  time,  and  by  the  interdepartmental nature of the relevant committee (the Green Building Team). But these were not
make-or-break preconditions; the policy made a strong statement about the direction of
government action, without the need for special funding, since it applied to spending already
planned.
The energy saving alliance is another organizational form that can exert good leverage out of a
small framework. Recall that NEEA neither generates its own funds, nor operates its own programs.
Rather, it receives funds from electric companies and offers contracts to private and non-profit
implementing companies. In this case, the framework is the laws, contract, or negotiated
agreements which establish the flow of a small portion of electric company revenue to the alliance,
and the modest resource of expertise and administration resides more in the alliance than in
government itself.
Case 3—improved public information, but no government framework or funds for energy saving:
This case might arise out of the kinds of non-governmental activity mentioned in Case 1, or from
the unprogrammed spread of public concern about some major energy-related issue, such as sea
level rise, pollution from coal-fired power plants, or even the high cost of electricity itself. Either
way, resulting public awareness is likely to be relatively narrow in focus, a spotlight rather than
general illumination.
Since by assumption government is not able to initiate meaningful action in this case, the lead
must come from some businesses or NGOs which identify links between the area of public
awareness   and   their   organization’s   agenda.   This   was the situation from which the Sustainable
Seattle organization arose in the 1990s. As outlined above, the specific issue of public concern at
that time, sustainability, may not be the one that sparks action in other settings. However, this part
of Seattle’s   history   shows   that   meaningful   movement   on   public   issues   can   originate   and   grow  
outside of government, indeed in situations where government is unable to act.

The Top Runner Approach, or a similar program arranged to fit national circumstances is another
possibility in this case. This program does not require much government funds and moreover, the
subject of the program is limited to equipment manufacturers and housing suppliers. Equipment
such as air-conditioners in developing nations is mostly imported; therefore affected manufacturers
will be foreign.

5. Discussion
Developing cities in Southeast Asia need not adopt energy saving measures in the same
chronological order as the developed cities considered here. Certain later initiatives in Seattle and
Tokyo, growing from experience acquired over time, can perhaps be useful in a Southeast Asian
city at an earlier stage of development. For example, some measures can be taken before
fundamental legislative regulations are established. Considering the current stage of Cambodia,
Phnom Penh would likely fall in this category (Case 1). Many of the non-legislative measures,
represented by such measures as Energy Service Commercial Business and trade association
programming, are easy to transfer and are likely to have immediate effect for it improves the
standards of living whilst reducing the electricity fee spend on energy.
Furthermore, cities do not need to wait for the government to have enough budgets devoted to
energy conservation before taking actions on policies. Siem Reap has the Apsara Authority, which
has relatively strong influence on administrative matters. A fundamental legislative framework is
thereby present, therefore the city would fall under Case 2. Additional options, such as a green
purchasing policy or an energy saving alliance, become possible.
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Summary
In this study, we developed a macro model to forecast the residential CO2 emissions of three
Chinese cities—Beijing, Shanghai, and Hong Kong. We also compared the possible measures for
reducing CO2 emissions to determine which was the most effective. We were able to model global
warming countermeasures for the Chinese residential sector, and found that reducing CO2
emissions by 60% from the business-as-usual scenario is an achievable goal. The outputs of the
model will support decision makers in setting appropriate CO2 emission reduction goals.
Keywords: China, CO2 emissions, residential building, forecasting

1. Introduction
In recent years the economy of China has developed rapidly, and with the improvement of living
standards, energy consumption and CO2 emissions have increased significantly. In addition, from
2000 to 2005, residential gross floor area in Chinese urban areas increased 2.4-fold, from 4.41
billion m2 to 10.77 billion m2, while floor area per capita increased 1.3-fold from 20.3 m2 to 26.1m2.
The ownership of domestic appliances has also increased rapidly in urban areas of China. A large
proportion of urban households now has fans, refrigerators, washing machines, and color
televisions. The surge in ownership of these and other durable goods has increased energy
consumption sharply. According to some estimates, space heating consumes more than 80
percent of the total building energy use in China [1]. In northern urban areas, space heating is
supplied by district heating systems. Individual units are not metered for space heating use, and in
many cases the residents of large residential complexes cannot adjust their own usage. In most of
the district heating areas, the heating cost is billed based on the floor area of the unit. This system
undermines the incentive to conserve energy and causes massive amounts of energy to be wasted.
All the evidence above indicate that with a developing economy, the pursuit of convenience,
comfort, and new home appliances may increase residential energy consumption and greenhouse
gas emissions. Therefore, it is necessary to implement various energy conservation measures.
Several recent studies have investigated Chinese residential energy consumption. Reports on
residential energy consumption are published by the Institute of Building Environment and
Equipment Engineering of Tsinghua University every year. Professor Y. Tonooka of Saitama
University has proposed to investigate the growth of home appliance use in Shanghai [2]. Also,
Professor H. Yoshino of Tohoku University has led a field study that provided metered data on

residential energy consumptions in nine Chinese cities [3]. However, we do not have a clear vision
of future growth in energy consumption and lack tools for evaluating the impact of energy saving
measures.
In this study, we first investigated the environmental performance of Chinese residential buildings
in three climatic regions. Then, in order to quantify the sustainability of urban residential buildings,
we chose Chinese urban apartments as targets for CO2 emissions forecasting. This forecast was
made with consideration of lifestyle changes and global warming countermeasures. The forecast is
intended to support decision makers in establishing reasonable targets for CO2 emissions
reductions.
In this paper, we present the 2050 CO2 emissions forecast from a macro model. We focus
specifically on urban apartments in 1) a cold region (Beijing), 2) a temperate region with hot
summers and cold winters (Shanghai), and 3) a subtropical region with hot summers and warm
winters (Hong Kong).

2. METHODOLOGY
2.1

Overview of macro model

The macro model used in this research has been modified from the “Estimation Macro-model for
Residential Energy Consumption” [4]. Figure 1 shows the flow chart for calculating the annual CO2
emissions of residential buildings. For each year, this simulation model estimates the changes in
energy consumption depending on family type, end-use, and energy source. The estimation
methods are described below.

Fig. 1. Flow chart for the residential sector macro model.
Space heating/cooling: Annual load per household calculated by a multiple regression equation for
heating and cooling load. The annual total load for each city was calculated by multiplying the
number of households by family type.
Domestic hot water supply: The total load of each city was calculated from the frequency of hot
water use, household numbers, and average temperature of tap water for each month.
Furthermore, energy consumption was calculated from the ratio of owned equipment and average
coefficient of performance (COP) for each fuel type.
Other electrical appliances: Energy consumption was calculated as the product of cumulative
energy consumption per day per household and family type, the number of households and days in

each month. By totaling the results for the three end-uses calculated above and multiplying by the
CO2 intensities of electricity for each energy source, we calculated the annual total CO2 emissions.
2.2

Projection Scenarios

There are two scenarios in this study, one for residential measures and another for electrical
measures. Under the residential scenario, by considering China’s social conditions and the
lifestyles of citizens, we suggest global warming countermeasures that involve behavioral change
and equipment improvement. All the countermeasures are listed in Table 1.
Table 1 Prediction settings in the macro model
Scenario

Behavioral Change

Equipment
Improvement

Measure
Regulation of room air temperature
(heating: STD -2 °C; cooling: STD +1°C)
Regulation of space heating and cooling
operation time (STD×0.75)
Reduction of hot water supply temperature
(STD +1°C)
Reduction of hot water use
Using cold water during summer
Unplugging electrical equipment when not in
use
Only washing clothes when there is a large
load
Washing clothes using fast cycle
Closing the lid of warm-water cleaning toilet
seats
Adjusting the temperature setting of warmwater cleaning toilet seats
Old air conditioners replaced by energyefficient models

Implementation Rate (by
2050)

Implemented by 50% of all
households

Increase of COP: heating
from 3.0 to 8.0; cooling from
4.0 to 8.0
Enhancement of thermal insulation level
All
houses
meet
new
standard
Water heaters replaced by heat pumps
Increase of COP: 3.0 to 6.0
Use of water-saving shower heads
Implemented by 50% of all
households
Kerosene water heaters replaced by heat Electrification rate increases
pump models
2.5% every 5 years
Replacement of incandescent bulbs with Implemented by 50% of all
compact fluorescent lamps
households
Accelerating the replacement of regular Reduction
of
power
appliances with eco-appliances
consumption: 70% reduction
for
refrigerators,
75%
reduction for TVs (compared
with 2005 level)

As for electrical measures, electric utilities are assumed to take steps toward global warming
mitigation. The CO2 intensity of electricity in China was 1.04 kg-CO2/kWh in 1990 [5], which we use
as the baseline figure (100%). Data from the National Development and Reform Commission
(NDRC) of China is used in the NDRC scenario [5]. According to NDRC, the emissions rate will
decrease to 80% of the baseline amount by 2030. The Ministry of Economy, Trade and Industry
(METI) of Japan has proposed another scenario where the rate of reduction in the CO2 intensity of
electricity will be even larger, reaching 40% of the baseline amount by 2050 [6].

The CO2 intensity of electricity in Hong Kong was 0.57 kg-CO2/kWh in 1990. Unfortunately, we
could not find any official mitigation plan in Hong Kong; thus, we used two reduction cases, both
proposed by the Ministry of Economy, Trade, and Industry of Japan.
2.3

Model Parameters

The present model is based on a macro model that was used to calculate the national residential
CO2 emissions in Japan. For the case of Shanghai, we changed the entire calculation database.
The parameters that were set include the number of households, household size, average gross
floor area, and several other items pertaining to households. The data are taken either from official
statistics or are based on the Chinese government development plan.
There were several parameters for which we could not find a source. For those settings, we refer
to data on Japanese cities instead. Specifically, Iwate is a proxy for Beijing, Fukuoka for Shanghai,
and Okinawa for Hong Kong. Each pair of cities shares a similar latitude and climate. Currently, we
are looking for more reliable resources in order to improve the parameter settings.

3. RESULTS
We first compared estimation results with the government’s statistics to verify the reliability of the
macro model. In the years 1990, 2000, and 2005, the total annual energy consumption estimated
by the macro model was very close to the government’s statistics, which suggests that this model
is reliable. Figure 2 shows the estimation results for the three cities.
3.1

CO2 Emission Changes in Beijing

In the business-as-usual scenario, by 2050 CO2 emissions showed a 4-fold increase above the
1990 level. With residential measures implemented, behavioral changes gave an 8% reduction in
CO2 emissions compared with the business-as-usual scenario by 2050. Equipment improvement
reduced emissions another 30% for a total benefit from residential measures of 38%.
Although the reduction from residential measures was large, it did not reach the goal of 60%. Thus,
lowering CO2 intensity is also likely to be important. When we combined residential measures with
the NDRC scenario the total emissions reductions reached 40%. Residential measures combined
with the METI scenario reduced emissions by 58%.
3.2

CO2 Emission Changes in Shanghai

Similarly to Beijing, the business-as-usual scenario saw a 2.7-fold increase above 1990 CO2
emissions by 2050. Under the scenario with implementation of residential measures, behavioral
changes caused a 6% reduction in CO2 emissions compared with the business-as-usual scenario
by 2050. Equipment improvement contributed another 18% reduction, which increased the total
benefit of residential measures to 24%.
When we combined residential measures with the NDRC scenario, the total reduction in emissions
reached 40%. Residential measures combined with the METI scenario reduced emissions by 65%.
3.3

CO2 Emission Changes in Hong Kong

Under the business-as-usual scenario, emissions increased by about 80% from 1990 to 2050. With
residential measures implemented, behavioral changes produced a 5% reduction in CO2 emissions
compared with the business-as-usual scenario by 2050. Equipment improvement contributed an
additional 18% reduction, which resulted in a total reduction of 23% through residential measures.
When we combined residential measures with the METI scenario, the reduction increased to 63%.

Fig. 2. Projected CO2 emissions for residential buildings (BC, behavioral change; EI, equipment
improvement; BaU, business-as-usual).

Fig. 3. Projected CO2 reduction under the “behavioral change + equipment improvement” scenario
by energy source.

4. DISCUSSION
We analyzed the breakdown of CO2 reductions to see which measure could bring the largest
emissions reduction. The relatively effective measures appeared to be different in the three climate
area.
Beijing, with a cold climate, has district heating systems for residential buildings. Owing to low
existing insulation levels, equipment improvement, particularly enhancement of thermal insulation
level, made the greatest contribution to reducing CO2 emissions.
On the other hand, in Shanghai, with hot summers and cold winters, measures related to heating
were less effective than in Beijing. Improvements to hot water supply and refrigerators, on the
other hand, were highly effective. We believe that adoption of heat pump water heaters and
efficient refrigerators will effectively reduce CO2 emissions in the future.
For Hong Kong, with hot summers and warm winters, improving the hot water supply had the
greatest effect. Increasing the COP of water heaters may be the best way to reduce CO2
emissions in Hong Kong.
We also looked into the CO2 reduction for each energy source. Figure 3 shows the breakdown of
CO2 reductions from oil, liquefied petroleum gas, natural gas, and electricity under the “behavioral
change + equipment improvement” scenario. In Beijing, where space heating units are widely used,
CO2 reductions mainly came from reduced consumption of electricity and oil. In the other two cities,
where most of the end-uses, including cooling systems (air conditioning), rely on electricity as the
energy source, electricity savings constituted a large percentage of the forecasted CO2 reduction.
In general, the potential for emissions reductions was greater from equipment improvements than
behavioral changes. There are two main reasons for this. First, the current residential energy
consumption per capita in China is still much less than that in developed countries. Chinese
citizens already adhere to a low-energy lifestyle due to their limited incomes. Second, the energy
efficiency of existing residential buildings and electrical appliances has vast potential to be
improved. Especially in cold areas, a large amount of heating loss occurs because of poor building
performance. Cost-effectively retrofitting buildings with improved insulation and improving building
envelop performance are highly recommended in areas with district heating systems.
During the first 10 to 20 years, equipment improvements appear to be more effective. In the long
run, however, maintaining a sustainable lifestyle is also essential. As we explained in the
Introduction, energy demand will increase rapidly along with China’s economy growth. Without
behavioral changes, people will soon leave behind the traditional economical lifestyle and the
spread of energy efficient technologies will then cause a rebound effect. From a long-term
perspective, it is important to raise public awareness of the personal consequences of the energy
crisis, as well as to establish a social norm of energy conservation.
The projections in this research are theoretical. There is no evidence showing that all the
suggested energy saving measures could be fully implemented as described in the projected
scenarios. However, we hope the results of this research will help decision makers as they look for
solutions to achieve CO2 emission reduction goals in the future.
For the model parameters, we generally relied on the literature and official statistics. In future
research, we plan to conduct local surveys and field measurements in Chinese cities. Such efforts
are expected to improve the accuracy and reliability of the projection model.
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Summary
Since the Homeostasis in its essence, it‘s about action and reaction, an “homeostatic” architecture
needs a deep understanding of the climate conditions, such as, temperature, sunlight, air quality,
precipitation among others. Therefore the homeostasis in the architectural world requires an
architecture that is able to produce the dynamic equilibrium, because the environment in which we
live is constantly changing.
It also calls for a change in the way we build, in order to minimize the impacts that the building
sector has on the climate change scenario. In this sense, an analysis into the mechanisms and
functioning of key aspects of homeostasis is studied, using the human body as model.
Keywords: Adaptability, Climate Change, Homeostatic Architecture.

1. Introduction
When it comes to long-term changes in weather pattern, we are dealing with Climate Change and
recent studies indicate that such changes have been occurring globally and will continue to occur
in the future, mostly due to human interference in the environment over the past decades.
Therefore, climate change has become one of the biggest challenges society faces in the future. It
is believed that even if mitigation measures are implemented, these changes will continue to occur
making the adaptation a necessity for countries around the world.
In this matter, the building sector it is responsible for 48% of total energy consumption associated
to greenhouse gases in U.S.A. [1]. In Europe the total energy consumption associated to
greenhouse gases is about 40% [2].
Therefore it is necessary to reduce the energy consumption of buildings, associated to GHG
emissions. This is possible through the development of projects that replace fossil energy sources
used by renewable energy sources. In this context, the case study here presented, developed
under homeostasis principles will contribute to minimize, or at least to not increase the GHG
emissions, since it is a 100% energy efficient proposal.

2. Homeostatic architecture
Homeostasis it’s a word from Greek where homeo = similar or equal, stasis = static. It’s used to
describe the ability that an organism has to adjust its internal environment, maintaining it stable,
when exposed to external actions. This capacity that the living organisms have consists of a set of
active processes which origins the so called “dynamic equilibrium”.

The human body has a homeostatic
control system that regulates all the
body variables. The system is
composed by a Receptor, a Control
center and an Effector [3]. Therefore, a
homeostatic building should have, a
homeostatic control system that
controls its variables which are:
Temperature, Ventilation, Energy and
Water (fig. 1).

Fig. 1 Functioning scheme of homeostatic building

The regulation of these variables
works as follows (fig. 2):
- The system has an optimum
value for the variable, in other words, a
set point;
- When changes occur in the
variable in question, that stimulus will
be detected by the system receptor;
- The receptor after detecting the
stimulus sends information to the
control center;
- After the input of information in
the control center, follows the output of
information to the effector;
- The effector, in turn, responds
by
returning
the
variable
to
homeostasis.

Fig. 2 Homeostatic Control System
2.1

How would be an architecture that
could regulate its internal environment
due to the changes that constantly
occur outside? What are the
advantages of architecture of this
level? The purpose of this paper is to
present a case study of this type of
architecture
developed
under
homeostatic architecture concepts
trying to reduce the effects of climate
change.

Analogy: Human Body – Building

An analogy between the human body and the building was established in order to better
understand how homeostasis could be applied to architecture [4], [5].
The analogy was divided in 5 parts, all related to homeostasis in the human body:
-

Homeostatic control system;
Temperature;
Energy;
Ventilation;
Water.

2.1.1 Homeostatic Control System
Analysis of the functions of Homeostatic Control System (table 1):
Table 1 Analogy between the Human Body and Building - Homeostatic Control System
HOMEOSTATIC CONTROL SYSTEM
Human Body

Building

Brain

Computers/Software

Hypothalamus

Controller

Nerves

Sensors

hypothalamus.

- The brain is the centre
of the nervous system;
- The hypothalamus is a
constituent of the brain and its
function is to control the
vegetative functions of the
body.
- The nerves function is
to send information to the

2.1.2 Temperature
Analysis of the functions of the variable temperature (table 2):
Table 2 Analogy between the Human Body and Building - Variable temperature
TEMPERATURE
Human Body

Building

Heart

Heatpump air/water

Blood

Water

Blood vessels

Pipes

Skin
internal organs.

Walls, Roof, Doors and Windows

- The heart function is to
pump blood;
- The blood circulates
through the blood vessels;
- The blood vessels
regulate the intensity of heat
loss from the blood through
the skin via vasoconstriction
and vasodilatation;
- The skin protects the

2.1.3 Energy
Analysis of the functions of the variable energy (table 3):
Table 3 Analogy between the Human Body and Building - Variable Energy
ENERGY
Human Body

Building

Nutrients

Sunlight

Cells

Photovoltaic panels
Accumulator and Phase Change
Materials

Fat and Glycogen
2.1.4 Ventilation

Analysis of the functions of the variable ventilation (table 4):

- The
nutrients
are
extracted from the food
ingested;
- The cells absorb the
nutrients and turns it into
energy;
- The energy stored in
the body is in form of fat or
glycogen.

Table 4 Analogy between the Human Body and Building - Variable Ventilation
VENTILATION
Human Body
Mouth and Nose
Alveoli

Building
Doors and Windows – Natural
ventilation
Distributors pipes – Forced
ventilation

- The mouth and nose
allow the entry and exit of air;
- The
alveoli
allow
oxygen diffusion into the
pulmonary blood and carbon
dioxide out of the pulmonary
blood;

2.1.5 Water
Analysis of the functions of the variable water (table 5):
Table 5 Analogy between the Human Body and Building - Variable Water
- The
kidneys
are
mainly responsible for the
plasma filtering and to remove
Human Body
Building
unwanted substances through
Kidneys
Filter feeders
urine
and
return
the
necessary to the blood;
Stomach
Reservoir Input
- The stomach has the
Bladder
Reservoir Output
job of storing food and their
subsequent transformation into substances that are then absorbed by the cells.
- The bladder stores urine produced by the kidneys which is subsequently expelled from the
body.
WATER

3. Case Study
Based on the concept of homeostasis and the analogy drawn between the human body and the
building, was developed a prototype of a homeostatic building (fig. 3), composed by a set of
systems linked to the variables (temperature, ventilation, energy and water), which together
regulate the internal environment of the building [6].
3.1 Characterization
of
systems implemented in the
prototype
3.1.1 Homeostatic
System

Control

The
homeostatic
control
system is responsible for
regulating the "metabolism" of
the prototype by adjusting all
variables.
With the use of technology, all
data of the variables of the
prototype can be controlled.
Thus, the "brain" of the
prototype
(computer
/
software) receives the data
recorded by a set of sensors
about:
Fig. 3 The Homeostatic Building Prototype

Temperature variations;

Air quality;
Consumption / production / storage of energy and water;
3.1.2 Temperature
The ideal body temperature is 37 º C thus to regulate the temperature inside the building is
necessary to define in the homeostatic control system the ideal temperature, for example 22 º C.
Therefore when occur variations in this value, the system activates the negative feedback
mechanism that returns the variable to its optimal value. Since the variable is temperature
returning to the ideal value means raising or lowering the temperature according to season.
The regulation of the temperature in the prototype is made by three ways. First, by radiation
through a set of pipes those in an analogy to the human body represent the blood vessels. The
pipes are oriented in the east-west axis, embedded in the walls of the facade, east, west, roofing
and slab. Through a heat pump air-water, which represents the heart, cold / hot water is distributed
through the pipes heating / cooling the housing depending on the season. The configuration of the
tubes is also based on the distribution of the veins of a leaf in order to provide a better distribution
of water throughout the building. Second, by conduction / convection through the convection air
system using photovoltaic panels on the south facade of the building. The system consists of a
space posterior to photovoltaic panels and two holes top and bottom, which are controlled
manually. In winter, to warm the interior space the user can open the two holes, allowing a
continuous circulation of air between the inner and posterior space of the panels. In summer, two
situations may occur:
All the heat produced in the photovoltaic panels, is directly expelled to the outside;
All the heat produced inside the building is expelled to the outside.
In mid-season the system works by pre-heating fresh air that is heated in the space posterior to the
panels, and introduced into the building. And third, the temperature is regulated by evaporation
through a reflecting pool located on the south side of the building in order to cool the façade
through the evaporation of water.
3.1.3 Energy
The regulation of energy in the building is performed using the following expression:
Energy Consumption = Energy Production
(Heat + work + energy storage)
Therefore the amount of energy consumed by the building shall be equal to the amount produced.
Energy production is accomplished through photovoltaic panels that cover the entire roof of the
building and partially the south facade and the total electricity produced it is used for:
Domestic uses;
Storage.
As a way to save the energy produced, the homeostatic control system of the building records the
total amount produced, and the user can establish a hierarchical system for equipment.
3.1.4 Ventilation
The renewal of the air inside the building is done through natural cross-ventilation system in the
south-north direction, and by forced ventilation system with heat recovery.
3.1.5 Water
The regulation of water in the building is accomplished through two processes:
Control of waste - through reservoirs which collect the waste which is then filtered and
reused in the building;
Utilization of rainwater - collected in tanks and then filtered and used in the building.

The heating of domestic water in the building is done through the recovery, by the heat pump, of
the energy contained in the air that is expelled from the building as heat. The technology can
recover the energy in the air, as heat, and use it to heat water.
The homeostatic control system records the amount of water collected and consumed, and as well
as in the human body, there must be a balance between the amount of input and output of water.
Another aspect also related to the variable of water is the behaviour of the prototype in situations of
flooding. Therefore, was developed a system that allows the building to follow the rising level of
water at a maximum height of 3.5 m. The combination of metallic structure, SIP panels (Structural
Insulated Panels), structural and lightweight concrete slab with a core of expanded polystyrene, the
latter being the key to the system, resulted in a lightweight and durable construction. So through
eight pillars spread over the prototype, the building can rise and fall as the water level.
3.2

Prototype metabolism

The metabolism of the prototype will be presented by the following diagrams explaining the
operation of the building during the following seasons:
Winter - day / Winter - night;
Summer - day / Summer - night;
Spring and Autumn - day / Spring and Autumn - night.
3.2.1 Winter – day / Winter – night
In winter, during the day the building is heated by the system of "veins" with the distribution of hot
water, and by forced ventilation with heat recovery.
The interior walls are lined with phase change material that absorbs and stores heat radiation
during the day and releases it at night (fig.4).
At night the system of veins is inactive, while the ventilation system is active. The ventilation
system provides fresh air that is preheated before entering the prototype, and also expels out the
stale air from inside the building. This ventilation process occurs both day and night (fig. 5)

Fig. 4 Scheme of metabolism of the prototype Fig. 5 Scheme of metabolism of the prototype
during the day in winter
during the night in winter
3.2.2 Summer - day / Summer – night
In the summer during the day, the building is cooled by the system of veins, with the distribution of
cold water, and also through the ventilation system with heat recovery.

The fresh air supplied by the forced ventilation system is pre-cooled before entering the building,
and all the stale air from inside the building is expelled out through the system.
The phase change material applied on the interior walls absorbs and stores heat radiation during
the day (fig. 6).
During the night both, the veins system and the ventilation system, stays inactive. Therefore, at
night only natural ventilation is used to cool the building.
Also all the heat stored by the walls, are released at night (fig. 7).
3.2.3 Autumn and spring - day / Autumn and spring - night.

Fig. 6 Scheme of metabolism of the prototype Fig. 7 Scheme of metabolism of the prototype
during the day in summer
during the night in summer
In mid-season, during the day the veins systems and the forced ventilation system stays inactive
and only natural ventilation is used to regulate the internal temperature of the building (fig. 8).
The walls absorb and store the excess of heat radiation during the day, and all the heat radiation
stored is released at night, when the temperature drops.
At night, the forced ventilation system is the only one running (fig. 9).

Fig. 8 Scheme of metabolism of the prototype Fig. 9 Scheme of metabolism of the prototype
during the day in autumn/spring
during the night in autumn/spring

The constructive solution of the prototype resulted in a lightweight and rugged construction capable
of reacting to outside stimulus and above all 100% energy efficient.

4. Conclusion
This research had two main focuses: homeostasis in architecture, and climate change. The aim
was to create a prototypical design solution based on the concept of homeostasis in the human
body in order to minimize the effects of climate change. It is hoped that the research work carried
out will create new ways in order to enhance our understanding regarding the effects of climate
change on buildings and also contribute for a change in the way we built enabling replacement of
old practices with new ones.
4.1
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Summary
In developing countries many environmental issues are related to the social and economical
conditions of the population. The social inequalities, the rapid urbanization of the cities have been
responsible for the emergence of the informal settlements. Informal settlements are a typical
phenomenon from developing countries where its inhabitants live in precarious conditions, without
the basic infrastructure needed to satisfy the basic human needs. Many of these settlements have
no water supply or sewerage, throwing the domestic garbage into water, contaminating the rivers,
and soil, compromising the drainage as well as generating other environmental impacts. In recent
years the Brazilian housing policy has changed its attitude towards informal settlements. Unlike
previous policies that tried to eradicate slums through its destruction, municipal governments, state
and national government have been adopting a process known as slum upgrading. This new way
of looking at the informal settlement aims to improve the slums in order to provide to the
inhabitants basic urban infrastructure - running water, drainage, sewerage and electricity. The
context of upgraded slums is quite different from a corporate building but in cities of developing
countries both can share the same neighborhood and both have the right to be sustainable. This
paper aims to discuss some issues related to the concept of sustainability applied to slums
upgrading. The authors have researched urban, sustainable and environmental indicators that are
already a feature of national and international practice and conclude by outlining a scheme
incorporating the most suitable guidelines that could well provide a sustainable basis for the slums
upgrading
Keywords: slum upgrading, sustainable, environmental indicators, habitation in developing
countries

1. Introduction
Cities have for long been viewed as problematic areas from the environmental point of view, given
that they continue to attract increasingly large numbers of inhabitants, thus generating negative
impacts on the natural environment. This negative situation can basically be traced to the
following: (a) an increase in land occupation resulting from the phenomenon of urban sprawl; (b)
the use of natural materials to build cities, such as sand, stone, timber, concrete and steel; (c) the
consumption of energy and materials to sustain the operation of the cities; and (d) the production
of wastes such as greenhouse gases, garbage and sewage.
In developing countries the above are compounded by rapid city growth and by the shortage of
resources needed to properly manage this situation. Informal settlements have tended to
mushroom as a result, frequently as a direct outcome of urban planning deficiencies. Areas that
are undervalued and rejected by the real estate market or those that are unsuitable for building,
such as areas at risk from flooding and landslides, end up by being occupied by low-income
segments of the population with insufficient funds to rent or purchase a minimally habitable
property.[1]
Cities have thus become the scenarios for two very different co-existing realities: on the one hand,
the ‘formal’ city conforming to legal guidelines and enjoying standard urban infrastructure and
services, and on the other, the ‘informal’ city built by the residents themselves in precarious areas
with no access to infrastructure, services or shops, and which is often not even acknowledged as
being part of the city proper.

2. A different approach to informal settlements
For many years public policies focused on efforts to eradicate slums and transfer their populations
to social housing complexes. Given the need to render social housing financially viable the units
were often located in low-cost areas increasingly remote from the city centres and where services,
shopping facilities and transport were in short supply.
These policies were doomed to failure since many of the relocated residents in such buildings
were dissatisfied and in many cases abandoned their new homes to move back to slum areas
closer to the city centre. A further disadvantage of the outlying social housing estates was that the
public authorities were forced to employ their scarce resources to supply infrastructure and a range
of services - including transport to ensure access to such places. In view of the failure of these
relocation policies local governments gradually came to accept that the most effective solution for
resolving the housing shortage problem, as well as the negative environmental impacts caused by
informal settlements, would be to upgrade these settlements. [2]
The term "slum upgrading" is open to broad interpretation. It can be applied to any intervention in
an urban settlement that results in the improved quality of life of its inhabitants. Slum upgrading
can range from the installation of basic infrastructure and improvements to streets, access-ways
and upgrading dwelling units, to providing basic services such as garbage collection, health and
education amenities. In recent years new items have been incorporated into the slum upgrading
programs such as environmental education, land tenure regularization, income generation and
suppressing crime and lawlessness.[3]

3. The slum upgrading process in Brazil
Most big cities in Brazil, such as São Paulo, Rio de Janeiro, Belo Horizonte, Salvador and many
others, have presented a strong and continuous growth in the population living in informal
settlements. In São Paulo, for instance, while the growth rate of the city is under 1%, in the
surroundings and suburbs of the metropolitan area the growth is of nearly 4%. [4]

This continuous growth has increased the housing deficit. According to du Plessis [5] this is a
typical phenomenon of developing countries: “Self-construction in peripheral areas or high-risk
areas such as steep slopes or flood plains has seen the creation of the ‘illegal’ city’”. These
informal, self-constructed settlements are the main source of housing production in Brazil.
The government has realized that it is not possible to build all the units necessary to attend the
housing deficit and that it is useless effort to try to eradicate self-production by demolishing houses
in degraded areas and sending the population to housing schemes in the periphery of cities,
regions that are far from most employment places.
Since then, the approach to the problem of informal settlements is currently undergoing change:
governments now realize that the settlements need to be incorporated as an integral part of the
cities and that the regularization of informal settlements is a way of helping to resolve the overall
housing deficit [6]
The slum upgrading process in Brazil has grown and evolved as governments and technical staffs
have succeeded in accumulating experience of upgrading informal yet highly complex settlements.
Four programs have been developed in the main Metropolitan Regions of Brazil as follows:.
In the case of the Metropolitan Area of São Paulo, the Guarapiranga program aimed principally to
recover and improve the quality of water supplied from the various springs around the city. . . This
water was contaminated by the enormous amount of sewage flowing into the reservoir from the
slum areas built on its banks . In order to undertake the environmental recovery of the water
catchment area it was necessary to develop a multidisciplinary approach to deal with the various
problems caused by water contamination and sewage disposal, by constructing adequate
infrastructure for the existing slum areas around the reservoir. O.. As for urban rehabilitation, the
main objective was to upgrade around 139 slums in the São Paulo municipal area and a further 29
in three neighbouring municipalities. [7]
In Salvador, the Ribeira Azul program was also targeted principally at improving the environmental
and sanitary quality of the water of the Baía de Todos os Santos, which is the recipient of a vast
number of rogue drainage and sewage systems, many of which originate in the slums located
around the bay. The program embraces a number of different actions including infrastructure and
environmental recovery works, the construction of new houses, human development projects, etc.
In Rio de Janeiro, in the initial phase of the Favela-Bairro program in the 1990s, it was estimated
that around 1200 informal settlements occupied approximately 10%of the built-up ara of the city
andwas home to roughly 1.4 million people. The majority of these settlements were located in risk
areas, either on steep slopes or in areas subject to frequent flooding . The urban situation was
even more precarious given that only between 25% and 30% of the informal settlements benefited
from normal urban infrastructure services such as sewerage networks, drinking water, public
lighting or regular garbage collection. The Favel-Bairro program aimed to transform the slums into
conventional city neighbourhoods by installing sanitary and drainage infrastructure and ensuring
that the access routes and streets of the informal settlements were connected to ordinary
neighbouring áreas, with a view to ending the relative isolation of the slum settlements and
integrating them properly into the conventional urban fabric of the city . D Communities were
chosen with between 500 and 2,500 housing units where some type of work had already been
undertaken and where the level of intervention would not, as a result, be too complex. [8]
In Belo Horizonte, the program aimed to construct housing units and improve existing ones. The
priority in that city was to deal with truly precarious and insalubrious risk areas occupied by families
with the very lowest incomes.

4. The sustainability in slum upgrading guidelines
A number of initiatives and practices have nevertheless been developed aimed at improving the
quality of life as well as remedying and avoiding further environmental damage in large cities.
Some indicators have been developed to measure the effectiveness of the upgrading work and the
local government created some programmes to improve the condition of informal settlements:
Favela Bairro in Rio de Janeiro and Lote Legal in São Paulo are some examples of this.
As stated above, developing countries present a range of complex problems related to the natural
and built environment, mainly due to the rapid urbanization process proceeding with no proper
planning by governments. In the city of São Paulo, informal settlements occupy large numbers of
preservation areas (eg: around the Guarapiranga reservoir which provides drinking water for the
city) and a myriad of risk areas such as housing erected on dangerously steep slopes.
Abiko & Almeida [9] proposed an indicator designed to measure the health and sanitation
conditions endured by informal squatter colonies.
This evolved into the ESI/S, based on the 14 indicators of public health and sanitation, socioeconomic and water resource developed by the Sanitation Council of São Paulo. These indicators
include: water and electricity supply, sewerage, drainage, streets and traffic, public lighting, street
sweeping and garbage collection, public spaces (parks, squares etc), geological safety,
demographic density, land regularization, income generation and education.
The main aim of ESI/S was to analyze squatter conditions before and after settlement upgrading,
particularly with regard to intervention effectiveness.
The slum upgrading programs, in addition to providing minimum living conditions , also conform to
a set of guidelines which inter-alia include many of the urban sustainability guidelines publicised
by movements such as New Urbanism, Smart Growth etc. These guidelines aim to address some
of the following:

1
2

International Indicators
Proximity of site to public
transportation

Slum Upgrading Guidelines
Integrate the settlement’s transport system with the existing
system and with local or nearby links/streets/ sidewalks

Proximity to public recreation
areas and facilities

Promote the landscape potential near to the project for recreation
and leisure

3

Redevelopment Site

4

Vulnerability of landslide

5
6

Contaminated Brownfield’s
Redevelopment
Availability of potable water
treatment system

7

Ecological Value of Site

8

Wetland & Water Body
Protection

Effect remedial work on site contamination so that the responsible
public authority can approve the protective measures and/or
clean-up as effective, safe and appropriate for future use and
control the water quality of reservoirs and water courses over the
long-term
Eliminate risk areas with slope stabilization and drainage
structures
Recuperate the reservoir water
Provide a new water and sewer infrastructure and ensure that
both are connected to the public network.
Design an environmental preservation system to conserve or
recuperate wetlands through reforestation with native species
Conserve water bodies and wetlands by planting with native
species to avoid new informal settlements

9

Erosion & Sedimentation
Control

Treat watercourses and design a sediment and erosion control
plan. Avoid land movement
Design a sediment and erosion control plan specific to the entire
project and complying with local erosion and sedimentation
control standards and norms.
Provide services and equipments close to the project in order to
satisfy local demand for services
Maintain stormwater volume and water pollution rates. Provide
adequate drainage for developed areas in order to minimize
pollution outcomes of watercourses
Avoid urban sprawl
Make efforts to secure input to the proposed project during the
pre-conceptual design stage. Host an open community meeting
during the conceptual design phase to request input to the
proposed project. Work directly with community associations
and/or other social community networks. Advertise public
meetings aimed at generating public comment on project design.
Maximum walking distance between home and street not to
exceed 70m
Analysis undertaken of local and regional historical patterns of
neighborhood development and building design. Attention paid to
drainage systems, transport facilities, water and sewer
infrastructure and availability of natural sunlight.

10

Reduction of Surface Runoff

11

Development density

12

Community Outreach and
Involvement

13

Encouragement of walking

14

Applying Regional Precedents in
Urbanism and Architecture

15

Access for physically
handicapped persons

NBR 9050 - Brazilian regulation to accessibility

16

Infrastructure Energy Efficiency

All dwellings to be supplied with energy to comply with local
energy supplier requirements

17

Support for local economy

Promote economic activities among the local population
compatible with environmental preservation

18

Construction waste
management

Recycle and/or salvage construction, demolition and other waste
generated by land clearance, infrastructure development and
construction of public or common buildings

19

Collection and recycling of solid
waste in the community or
project

Recycle and/or salvage construction, demolition and land clearing
waste generated through infrastructure development and
construction of public or common amenities

Some of the slum upgrading guidelines are specific to Brazilian reality, like the social assistance,
and the kind of urban design. Although more will have to be done to reach high levels of
performance, the fact that a local program has correspondence to some international indicators
from sustainable areas is, nevertheless, an encouraging start.
In the four Slum Upgrading Programs it was possible to detect improvements in the quality of life
both of the people living in the intervention area is as well as in the city as a whole, mainly in the
cases of São Paulo and Salvador, where a significant environmental component was involved.

5. Final considerations
In the case of developing countries there is a completely different reality, dominated by
contradictions and a high level of inequity, on the one hand there is a wealthy elite that has the
consumption patterns of the elite of developed countries and on the other hand, the majority of the
population lives in poverty [5]
Hence, there is a great gap between informal settlements and sustainable guidelines. While
sustainable assessment methods try to improve the environmental performance of built

environments, informal settlements do not have even their basic needs fulfilled, such as water or
sewage.
It can be affirmed that slum upgrading has contributed to making Brazil´s cities more sustainable.
However, much work remains to be done. Regardless of the immediate improvements flowing from
the various programs what is needed is a policy designed to underpin and maintain the various
interventions so that the systems, materials and solutions that have been deployed are absorbed
by the resident populations of the intervened areas, so that local people are able to provide
continuity to the programs without depending totally on the public authorities. In tandem with the
engineering work, what is needed is to press ahead with social and community work aimed at
enhancing the awareness of the beneficiaries of the interventions in their new capacity as
members of the conventional, ‘formal’ city.
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Summary
The process of rapid urbanization in developing countries has produced divided cities where the
formal and informal live side by side. Informal settlements have become complex forms, where the
social and environmental problems are major challenges for the government and the population for
decades, in order to find ways to include them in the urban environment of the formal city, and to
improve the quality of life of its inhabitants and minimize environmental impacts caused by the land
occupation without infrastructure. In relation to urban systems, accessibility, mobility and transport
system and the storm water drainage subsystem directly impact on the environment and quality of
life of residents, especially in environmental preservation areas. However, as slums are very
specific and complex systems, the slum upgrading project should be aware of the location
characteristics, observing certain principles related to minimum conditions for the implantation of
urban systems. Based on cases of slum upgrading in environmental protected areas, this paper
aims to analyze the solutions encountered at implementing the urban infrastructure of drainage
and road system in slums, examining the techniques employed and finding innovative solutions
implemented by the interaction between the technicians with the local community. The results
show the benefits that the urban upgrading process of informal settlements can provide to the
environment and to the slum dwellers, if properly planned and performed.
Keywords: slum upgrading, road system, urban drainage, recovery of degraded human
settlements, sustainability

1. Introduction
When there is a concern, particularly from the government, on improving the life conditions of
marginalized groups living in slums, tenements and squatter settlements, there are several
solutions to this urban problematic. From forced removal of slum dwellers and self-construction
programs to the different approaches to the improvement of infrastructure in slums – known as
slum upgrading – the alternatives are many, but not always appropriate to the circumstances of
each settlement. In this paper, a discussion will be made on the slum upgrading, a process a
process through which informally settled areas are gradually improved, formalized and
incorporated into the city itself, extending access to land, urban services and citizenship to the
slum dwellers [1], since the dwellings are not located in a risk area, such as hillsides, near streams
and other high-risk situations. It offers to slum dwellers services that can cover both the
infrastructure – water supply, sewerage, drainage, roads, etc. – and the education, land tenure or
reduction of crime. Surveys have indicated a high level of demand and strong support for urban
upgrading from the local government in many countries, which are taking greater responsibility f or
the provision of municipal services [2].
Any policy that seeks to improve social conditions of slums through sustainable development will
inevitably address the economic and environmental issue as well. Balancing all three dimensions
of sustainability is fundamental to the success of an upgrading project, which must be addressed in
a holistic manner; when it comes to the slums, however, there is an even worse position because
of the fragility of the communities involved. So fragile that, due to improvement works originated
from urbanization, the value of houses and land can increase and thereby cause a removal of
these populations, feeding the process of favelization (i.e. slum formation) and leading to
undesirable social and environmental costs. Slums are present in all cities, but once acknowledged
they can become meaningful parts of a whole city. By recognizing and using nature's tools
properly, a slum upgrading project strengthens the people's rights to have the basic necessity for
human dignity: a home in their communities [3]

2. Bringing the city into the slums
The slum upgrading is not a new solution to the housing problem, as well as precarious
settlements are not recent in the history of cities in the developing world. The favelization, creating
divided cities in which marginalization, removals and indifference to basic needs dominate the
scenario of slum populations, exposed, as has been said, the fragility of the interaction of these
communities with the formal city. This hampers the sustainability outlook in a slum upgrading
project and its positive externalities beyond the technical issues faced in its planning and
execution.
Another problem lies in understanding the forms of occupation of these settlements, such as
technology used in project design and implementation of infrastructure. As environmental
conditions in slums are often quite different from those found in the formal city, projects that relate
to its upgrading must be treated carefully; in addition, the construction for the population with lower
income imposes serious limitations on resources. If, when establishing criteria for slum upgrading,
these limitations are not considered, it runs the risk of developing projects dissociated from reality,
compromising its sustainability and therefore its continuation.
Several projects arise when there is this intention of incorporating the irregular city into the formal
city through urban upgrading, from the villas miserias of Buenos Aires to the gecekondus of
Istanbul – and even between the favelas of Rio de Janeiro and São Paulo. It is necessary an
extensive discussion about the improvement of slum upgrading projects. Through projects that
seek to bring an adequate infrastructure to precarious settlements, which would include the access
and use of environmentally sound technologies in the slum and reduce the demand for mobility

and transport, for example, it could produce significant energy savings and contribute to
sustainable development in the region in which the community involved is inserted.
Given the complexity of the forms of occupation of slums and their ways of upgrading. in this article
a greater focus will be taken on the road system and drainage. Of all infrastructure network
systems – roads, drainage, energy and communications – the road system is the most delicate,
deserving more careful studies because it is the subsystem that is more associated to users,
occupies a significant portion of the city area and is the most expensive set of urban systems,
since it normally covers more than half the cost of urban upgrading [4]. In the formal city, the set of
traffic routes is complemented by a network of storm drainage; in slums, this relationship is even
closer, since the absence of an adequate pre-existing drainage system turns the roads of the
community into exclusive systems that transport, at the same time, people and fluids. Thus, it
becomes imperative to do a joint study of road and drainage systems, so interconnected and
essential to the communities that will be upgraded.

3. The sustainability on Slum Upgrading
The particularly large urban agglomerations are major contributors to
environmental degradation and resource depletion. The slums, due
to lack of basic infrastructure, also cause severe impacts on the
environment, even the smaller ones, damaging the water quality of
the soil and the water springs, and debilitating the regions where
they are. Through urban upgrading, whose approach involves all
urban functions, such as land use, construction, water supply,
transportation and recreation, these undesirable environmental
implications can be addressed and reversed.
These human settlements can be managed in an orderly and
equitable manner through participatory and resource-conscious
planning and management, together with the improvement of living
conditions [5]. Sustainable development must balance the economic,
environmental and social needs of the communities, which should be
addressed in the planning design process in a holistic manner.
The slum is a complex system in which everything is connected to
everything, not unlike any other urban center and its interaction with
the environment. By bringing aspects of the city to slum settlements,
urban upgrading of slums modifies not only the environmental
process, but also the social through technology.
3.1

Fig. 1 creek in a valley
bottom of a favela in São
Paulo [6]

The road system

The urban road network is the element that articulates the activities that take place in the
community and thus is a constant focus of conflict. These conflicts cannot be avoided, because
these positions involve both the traffic of pedestrians and vehicles, access to buildings, parking,
local trade (trade fairs, stalls, etc.) and leisure, social life, the implementation of public
infrastructure and the natural spacing between buildings. The rapid traffic of vehicles is at odds
with the leisure activities, with the movement of pedestrians, with parking, and even with access to
buildings. The traffic of service vehicles and public transportation conflicts with the traffic of
passenger vehicles. It is possible to evaluate the difficulty of equating it, ensuring to attend such
diverse functions. By  today’s  standards,  the  increasing need to move within the cities takes care of
ensuring areas where the road network will continue and flow into the city center, or sub centers.
Therefore, not only the geometric design of streets is important, but also their condition [7]. In the
process of informal occupation of slums, the streets and alleys which resulted from this process

are too narrow and do not obey the urban layout of the formal city. Thus, in slum upgrading, in
which it is desirable to achieve the smallest number of removals, it must be sought to maintain the
road network layout to set the local road system, even in highly populated slums.
In order to ensure proper access, the existence of adequate access roads must be verified, in
relation to both trafficability and size. The requirements regarding the size of the roads should be
treated with greater care, because the exaggeration of the road width obliges to make large
movements of earth and increases the risk of geotechnical accidents in high natural slopes.
Moreover, the narrowness of the roads becomes problematic when it does not allow the access of
larges vehicles (garbage trucks, the maintenance of urban infrastructure systems, transportation of
construction material or change, ambulance, fire brigade, etc.). It also creates an unhealthy
climate, by not allowing sunlight and ventilation into the houses. Narrow alleys restrict the quality of
the built environment, but the requirement of minimum width of the roads does not guarantee the
quality of the projects as well.
To undertake the functions for which the road was designed, some of these functions should be
preferred. If a street has the access to buildings, recreation and pedestrian circulation as main
roles, geometric patterns are needed to prevent high speed traffic [8]. It is expected of the designer
a good judgment that, in addition to fulfilling the functions for pedestrians and vehicles, leisure,
social interaction, deployment of infrastructure and technical standards that ensure safety, quality
and functionality, relates the geometric dimensions of the roads also from discussions with the
community, who will manifest their wills about the road network that will articulate the community
activities.
Through community engagement and participation, the community development and social
cohesion are enhanced. Transforming a slum into a sustainable community can only be achieved
through working with people. Engaging the community is an important step in enhancing
community development during the planning and design stages, in which slum dwellers,
academics, concern groups, schools and non-governmental organizations (NGOs) can be briefed
on the constraints and opportunities of the project in a series of facilitated workshops. The
workshops help them to understand the concerns and aspirations of their built environment [9].
3.2

The drainage system

The storm drainage system is closely linked to the road system. The implementation of the urban
road system leads to clear concentration of storm water. Even in non-urbanized slums, streets and
alleys formed by the process of informal occupation cause the rainwater to concentrate in the ways
of the road network. Thus, the drainage network has a key role to ensure traffic flow and prevent
erosion and flooding. From the resulting soil impermeabilization by paving the roads of the slum,
the flow velocity and the amount of non- infiltrated stormwater increase, causing major concerns
about the sustainability of the built environment after the works of urbanization. In addition, most of
the world's slums are located in tropical countries (where rainfall is high), and on land unsuitable
for habitation, such as the valleys and steeply sloping terrain.
Drainage systems in developing countries have generally evolved from natural systems passing
through significant changes as land uses change from low-density village settlements to gradually
increasing higher densities of urban populations, like the urban slums. The main feature that most
squatter settlements have in common is that the land is usually low-lying and even tidal. Drainage
is normally non-existing, roads are built above the level of the housing land, (houses then being
built with raised timber floors), and occupiers fill their land with solid waste and other fill materials
as they become available. The whole reclamation procedure can take many years, depending on
the country, on the community to be upgraded, and on the procedure adopted. The methods vary a
lot, and both large machines and the only the road system can be used to solve the various
problems related to the drainage in slums.

The drainage systems must be planned in relation to the total urban system – not only for the
community –, and must be integrated with other elements of the urban infrastructure, such as
roads, buildings, etc. Being greatly influenced by local environment planning processes, analyses
of these systems in slums should be based on measured or observed real system behavior, and
not on reasonable  or  “logical”  assumptions,  which  are  inferior  to  hard  evidence.  
The design and construction of new roads should be fully integrated with the drainage need of the
urban area. This results in better roads, better drainage, and minimization of flood hazards during
major storms.
The good of the community, expressed through a concern for adequacy, safety and economy, is
the basis for determining the type performance, standard and scale of drainage works. Designers
must strike a balance between the objectives of providing a high standard of performance and of
minimizing costs, and they should be influenced by professional considerations such as ethics,
standardization and innovation. A drainage system should be designed and operated to maximize
benefits to the community. What arrangements have been made for access during construction? A
detailed health impact statement of the project has been prepared? Does the project create any
new health hazards, including during the construction phase? What arrangements have been
made for selling new plots to the urban poor (can they afford then)? Do the urban poor need
special help to participate in, or benefit from, the project? What legal safeguards have been
incorporated into the project to protect the poor? Does the project require any houses or other
buildings to be demolished? (If so, what arrangements have been made for relocation? Are the
acceptable to those households to be relocated?). As an important part of a slum upgrading
program, the design of the drainage project brings as many questions as the project as a whole.
Reference to these basic principles is helpful in resolving uncertainties arising in design
management of these systems [10].
Any landform includes a natural drainage system and planning and development of new areas
should be in harmony with this system to preserve it in its natural state as far as possible. New
development proposals should take account of both possible flood hazards in the whole system
and the possibility of upstream development, erosion hazards and runoff reduction as an objective.
So, the concentration of rainwater should be carefully considered, i.e. urban planning should be in
accordance not only with the environmental characteristics of the place, but also with the social
conditions and the economic capabilities.
3.3

Non-paved roads and drainage system

It is interesting to note the possibility of dispensing paving works, due to its high cost. Although
usually associated to the image of a total lack of additional works of urbanization, the "dirt roads"
have technical criteria that constitute an important topic of planning regulation of upgraded slums.
Without being paved, examples of streets that have been indeed urbanized are relatively rare. The
routes with limited circulation, relatively low slope, and the essentially local roads can be
dispensed from paving, since paved sidewalks and trees are provided (in order to ensure good
conditions for movement of pedestrians), and the primary treatment of the road is provided,
besides a drainage system which prevents erosion and ensures traffic flow, even during periods of
rain. It is necessary an integrated solution of the primary treatment of road, paved sidewalks (not
forgetting the trees), and drainage of ground and stormwater run-off. Is it possible to break the
negative image of unpaved road through judicious implementation of works, with relatively low
costs, if compared to the cost of paving.
The economic aspect cannot be promoted, however, instead of the quality of work and of the built
environment, by dispensing paving of all street and alleys of the slum road network. There are
situations where paving becomes indispensable, like when there is heavy traffic of buses and
trucks, high speed traffic and in steep or poorly drained roads. The implementation of unpaved

roads must be subject to implementation of the drainage works, primary treatment, and sidewalk
paving.
Moreover, the technical criteria for the project design of
the drainage system for paved roads cannot be simply
transferred. In order not to damage the drainage
system in a short space of time, some specific care
should be necessarily taken: provide easy access for
cleaning and maintenance of the network, which is
more subject to soil deposition (the implementation of
buried pipes must be avoided); all roads should have
covered drainage channel (or gutter); ensure special
protection along the gutter, preventing the formation of
grooves on it (see image beside); implement channels
which are compatible with the sidewalks and devices
that lead the water along the route until the drainage
system, thus avoiding the eventual formation of the
groove; the coating of the channels could be done with
Fig. 2 Protection along the curb, to
grass, cement, stones accumulated by hand and other
prevent erosion [11].
alternatives to the concrete, aiming not only reduced
costs but also the employment of local workmanship
and preventing the further soil impermeabilization.

4. Case Study: the community Jardim Esmeralda, São Paulo
The community Jardim Esmeralda is located on the
right bank of the Guarapiranga dam, south side of
São Paulo. It went through a slum upgrading
process  in  the  late  ‘90s,  as  part  of  the  “Pollution  and  
Water   Quality   Control   Project”,   financed   by   the  
World   Bank.   Better   known   as   “Guarapiranga  
Program”,   The Project had two specific objectives:
the development of institutional capabilities to
manage the basin in an environmentally sustainable
manner, and the improvement of the quality of life of
the 550,000 inhabitants of the Guarapiranga basin,
especially those living in slums and illegal
settlements, through sanitation infrastructure
Fig. 3 Overview of Jardim Esmeralda [12]
(sewers, solid waste collection and disposal, and
drainage). Given the inability of solving the environmental problem without addressing also the
social and economic issue, it started an extensive process in this region, which will be discussed
below.
The area of the Jardim Esmeralda community began to be occupied in 1967, basically structured
by the presence of the Iporanga creek. The population was then consolidated, and the buildings
became predominantly of masonry, which shows the situation of the dwellers, who stayed in this
area (the slums of temporary occupation are mainly characterized by the presence of wooden
houses and made of another improvised materials). The slum is characteristic of irregular
occupation on the banks of streams, and has no sewage system, two typical characteristics of the
slums of São Paulo at the time of urbanization (49.2% and 84.6%, respectively) [13]. In Jardim
Esmeralda, the problem was further aggravated by the presence of the creek, which received the
sewage from the slum, together with the garbage that was thrown at their banks.
To solve this and many other situations found in areas upgraded by the program, not always the
conventional solution was the most appropriate because, besides being quite distinct regions of

the formal city (valley bottom, hillside area, contaminated soil, etc.), it was aimed to relocate the
least possible of families, as well as to ensure that the implementation of infrastructure in the slum
was technically and economically feasible, and that the conditions of operation and maintenance of
networks would provide a lifetime similar to the networks implemented in normal urban
settlements. A new term of reference for projects was developed, linking the different variables that
compose the agenda of intervention in slums.
The works at Jardim Esmeralda were performed between July 1996 and May 1998. 4,113m² of
paved roads were implemented, together with 252m of stormwater network, 801m of curbs, as well
as water and sewage network, sidewalks, retaining wall and the open channel of the Iporanga
creek, benefiting 517 inhabitants of the community [14].
4.1

Road system

The urban layout of the road system predicted an adaptation of the road system for the
pedestrians, and only a part of the vehicle traffic on the banks of the creek, with paved roads. The
Iporanga creek, which was incorporated into an open channel drainage project, structures the
central axis of circulation in the slum, rising as a major element in the landscape. The banks of the
Iporanga were restricted to pedestrian use at its greatest extent, with only one street to vehicle
traffic. The rest of the circulation system is formed by internal pedestrian alleys that provide access
to housing, and streets that flank the slum in its boundary lines with the surroundings. Despite the
apparent loss of mobility, the urban design of the favela central area, which restricted the use of
cars within the slum, made a connection between the main square (along the creek) and the
streets outside through short and straight alleys, creating a comfortable living space, being close
by foot to bus stops, points of garbage collection and public telephone.
This road layout however damaged the residents of the central area of Jardim Esmeralda, which
have the pedestrian alleys as the only access to their homes. For 64.8% of residents, getting home
became easier, and for 24.1% it remained unchanged. For 65.4% of the residents, space for
children to play got better after the slum upgrading program, and got worse for 15.4% [15]. These
areas concern the alleys where children can play without risk of contamination because the sewers
do not go on the surface of road anymore. Residents who stated that, with the program, the spaces
have worsened after the works justified their answer by explaining that, with the paving of streets
and alleys and the construction of the square, the movement of cars had increased and there was
also an intensification of the use and trade of drugs, which involved mainly teenagers and young
people in the slum and surrounding regions. It is verified that, when the access is solved, the
leisure system is harmed, since in the slums, the streets and alleys are commonly used for
children to play.
There is a gradual integration with the adjacent neighborhoods. In general, there is continuity of
the systems of roads, connecting slum and neighborhood, where similar characteristics are found
in buildings of both places, and community facilities are used by both slum dwellers and
neighborhood residents.
It had been scheduled a wide action in the slum upgrading project, in which would be promoted
participatory activities of environmental education in all districts and slums of the Guarapiranga
program, with foresight of afforestation and gardening. These activities were first being postponed,
then simply removed of the budget, what was approved by the World Bank [16]. The correct
treatment of urban design allowed, however, that this environment – consisted of alleys, streets
and squares –, had places of breathe and ventilation, although there was no green areas, which
would produce a pleasing effect with respect to the micro-climate and humidity.
The flexibilization of the criteria for width of streets arose from discussions with the Sanitation
Company of São Paulo (Sabesp), the company responsible for the implementation and
maintenance of water mains and sewers. Initially, Sabesp required a minimum of four meters in

width for the passage of any public sewage system, due to the access of mechanical maintenance,
desirable because of the operation of established networks. Noting the configuration of the slums
and given the capacity of mechanical equipment for cleaning, widths of up to 1.20 m alleys were
admitted for networks implemented, provided that the manholes needed for cleaning the pipes had
access via vehicles with four meters wide [17]. This adaptation of the sanitation company to the
reality of the favela and its upgrading program was extremely important, because it showed the
company’s   concern   to   address the demands of the community, without reducing the quality of
service, due to technical difficulties imposed by different environments from the formal city.
The alleys are two meters wide and paved with concrete, the streets are four meters wide, paved
with flexible asphalt. Both the pavements were waterproof. Paving with concrete is cheaper to
build, what would be an appropriate solution also to the streets of the community. However, it
could have been used a more permeable pavement, as the cobblestones that, besides increasing
the infiltration of rainwater and slowing stormwater runoff, encourages the use of local
workmanship , because it is easy to implemented.
4.2

Drainage

The drainage in Jardim Esmeralda accounted for 41.9% of the cost of the upgrading works
(excluding the housing units), almost four times the figure for the road and earthworks [18].
Uncommon, but this can be justified by the Iporanga open channel project. The open channel
stream with lateral pathway to pedestrian, and closed gallery only in parts required by the road
system, is an example of adoption of unconventional technology in implementation of the drainage
system. The area of the slum was characterized by the presence from the basin of the stream with
the community, which featured a picture of intense land use with different patterns of housing and
high levels of impermeabilization.
The almost total occupation of the banks of the creek restricted the flow section, and this stream
already  didn’t  have  the  adequate  capacity  for  the  transport  of  heavy  rains  in  the  region. This flow
condition was aggravated by the amount of debris, rubble and trash thrown into the creek by the
local population, which had no access to garbage collection service. The proposal adopted was
using closed concrete gallery in places where the availability of space in the slum did not allow the
combination of the channel with the suggested road system. At central area of the favela, the
solution adopted was the open channel with pedestrian pathways beside. Due to the strong slope
of the site, stair-step grading set in concrete was done against soil erosion, and also to decrease
stormwater flow velocity. Whenever possible, technically and economically, the drainage would be
conducted parallel with the creek, avoiding partial release, thus diminishing the gallery section. It is
noteworthy that the solution to consolidate an open channel is quite positive, compared to
solutions channeling the creek underground. By that, it was achieved an appreciation of the area
along the creek as a qualified area, a good option for circulation of pedestrians and some points of
leisure with parks.
The cleaning routine of the river, however, is precarious. A systematic maintenance by the city
administration is missing, which affects the proper functioning of the drainage system introduced.
For 84.7% of residents, the street or alley where he lives never floods, 10.2% of slum dwellers
rarely suffer floods and for 5.1% their street or alley flood often [19].

5. Considerations and challenges
The  way  to  sustainability  in  slum  upgrading  had  advanced  greatly  in  recent  years,  but  there’s  still  a  
lot in order to develop determinant guidelines for slums around the world. Slum upgrading
improves the quality of life of slum dwellers, mitigates the environmental impacts caused by illegal
occupants, integrates the community to the city and brings many other social, environmental and
economic benefits. But its poor implementation can bring many disadvantages, bringing negative
aspects of cities, such as soil impermeabilization through the unnecessary or exaggerated paving,
and disrespect to the environment in which it is located. A slum upgrading program must regard the
slums not as resource-draining liabilities but as opportunities to make sustainable changes to the

city as a whole. There is already technology available to obtain fresh water from sea water,
produce fuel from garbage and to generate electricity from solar energy, but they are far from
sufficient to supply the needs of over one billion people who call urban slums their homes [20].
Several studies will be necessary for achieving sustainability not only in the slums, but in most
cities of the developing world, which still have basic questions as congenital problems e.g. water
supply and housing. As the slum has to acquire the existing infrastructure in the city, cities have
much to learn from the slums. Slums are complex organic entity, just like the cities are.
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Summary
Structures with wide irregular domed roofs are difficult to design to wind and snow action, the
designer facing the lack of information regarding more detailed provisions for the design against
these actions in the current codes for practice. A sustainable development of cities starts with a
realistic evaluation of the future behaviour of the urban ensemble under the siege of extreme
weather manifestations.
The paper presents a research program developed in the present days in the Atmospheric
Boundary Layer of the Faculty of Construction and Building Services, Technical University
“Gheorghe Asachi”  from  Iasi.
The model of a domed low rise ratio roof was studied for wind and snow effects in atmospheric
boundary layer. The building sustaining the roof and all the neighbouring constructions were
modelled at a 1:300 scale and tests were run for several wind directions. Snow deposit and drift
were studied and the depth of the snow mantle on the roof was arrayed and measured in order to
analyze the shape coefficients.
In the final stage of the experiments the analysis developed aims to encompass several aspects,
from the accuracy of the modelled phenomenon to obtaining more accurate information about the
snow drifted deposit for the benefit of a safety structural design.
Keywords: boundary layer wind tunnel, wind pressure and snow drifted deposit on domed roofs

1. Introduction
Romania is facing, like all European countries abrupt climatic changing and although familiar with
severe continental winter weather, unusual snow storms with heavy snow deposits ever more often
draw the attention of the design engineers because of the increased safety limits imposed for the
security in exploitation of all kind of structures. Increasing the safety limits must not be only a
responsible act but also optimise the solutions for design and in this respect the codes for practice
give as much assistance that they are prepared to. Any structural designer knows that there are
situations and structures for which there might not be enough information for their design against
the effects of unusual wind and snow actions. In these cases experimental studies are the only
able to offer a clear view on the phenomenon and its impact on the future structure.
Studies in atmospheric boundary layer wind tunnels are very appreciated for the extensive data
that they provide, helping both the designers and the researchers to understand the effects of
these unexpected actions upon the antropic space.

The manifestations of wind action in bursts and heavy snow, known as blizzard upon the structures
of any kind are difficult to study and describe at natural scale and even more to simulate in
laboratory.
Snow simulation is still a daring endeavour, as its density varies widely, depending on temperature,
air pressure and wind speed which transports it but the usual studies in wind tunnel cannot
reproduce the chemical-physical mechanisms responsible for these modifications. The
concentration on the identification of the type and proportion of particles of snow drops that are
transported by wind on the surface of the buildings is then very important for a correct estimation of
the snow deposit.
A wide and various number of studies were dedicated for these complex phenomena in the last
more that 40 years and the variety of approaches show themselves the almost discouraging
number of impediments in the simulation in the laboratory. In order to obtain step by step results,
priority simulation criteria must be imposed, considering the specific effect that is currently studied.
The study presented herein gives a helping hand to the structural engineer interested in both the
shape of the snow agglomerations on the roof and on the estimation of their depth, having in mind
previous severe accidents due to exceptional snow falls (crash of the domed roof of the National
Expo Center in Bucharest in 1963 where from measurements it was found that locally, the snow
deposits exceeded 2…3  m  even more than 3.5 m height).
Wind increases the density of the snow and hardens the cohesion between particles, remodeling
the shape and the distributions of the deposits on the roof. Wind creates distinct areas on the snow
deposits, the particles being transported on the surface of the roof from points characterized by
increased turbulence. The dynamics of local vectors of the gradients of wind instantaneous speed
are responsible of both transportation and deposits of the snow.
A critical wind speed of 10 km/h at 20 cm above the ground would in general determine snow
transportation, the volume of the snow transported increasing cubic with the wind speed. Wind
may produce blizzards at speeds exceeding 6....10 m/s and over15 m/s it is reported that snow
concentration in transport exceeds 5g/minute x cm2 [1].
In Romania maximum wind speeds in blizzards are in general    24  m/s…30 m/s, but most likely, the
mean speed of wind in blizzard is between 11 m/s and 17 m/s, important snow agglomerations
being observed from 6 m/s up, on periods of about 2...4 hours.

2. Experimental studies in wind tunnel
2.1

The object for study

The studies upon wind action and snow drift presented here find their opportunity in the unusual
large dimensions and irregular shape of a domed roof covering a complex of buildings and a plaza
situated in the middle of an important urban centre in Iasi, a big city of Romania. The roof of about
100 m diameter is placed lower that the surrounding very high buildings, at about 20 m and the
whole area has a pronounced variation of the ground level. The roof angle of inclination is under
300 and radial northern lights trace concentric circles placed at uneven intervals on its surface. The
height of these vertical northern lights is 1.05 m [7].
Neither the codes for snow loads [2] nor those for wind loads [3] are able to offer the
correspondent values for a safety design of this roof so these atypical situations must be studied in
a wind tunnel.
The atmospheric boundary layer wind tunnel SECO 2 is with open circuit, a transversal cross
section of 1.4 m x 1.4 m and its experimental length is 8.8 m. The maximum speed developed may
be 18 m/s  but  in  usual  cases  the  model  of  the  gradient  speed  reaches  9…10  m/s  at  the  top  part  of  
the tunnel. The building and a sufficiently large area surrounding it were modeled at 1:300 scale
and placed on the turntable.
The local dynamic wind speed is measured with hot wire anemometry system IFA300, (T.S.I., SUA)
and the wind dynamic local pressures are measured at pressure taps on the surface of the model
of the building and transformed in electric signals which are captured by a ZOC 17 (Zero Calibrate
and Operate) pressure module (SCANIVALVE S.U.A.) and transferred to a acquisition board NIDAQ, National Instruments, S. U. A. Specific software processes data obtained via measurements.

2.2

Simulation of the wind action in the atmospheric boundary layer

The accuracy of the information obtained via experiments is obtained only if the model of the wind
flow in the boundary layer and the geometry are scaled to the prototype. A boundary layer specific
for the urban environmental conditions was artificially developed in the tunnel and the
characteristics of the simulated turbulent flow are shown (the profile on the height of mean
longitudinal wind speed, turbulence intensity, standard deviation) in figure 1.

a.

b.

c.

Fig.1. Dynamic characteristics of the turbulence of the urban boundary layer: a.-mean wind
speed; b.-standard deviation, c.- turbulence intensity
At the reference height of the model (height of the roof), the turbulence intensity  u / u z (%), is
about 20%...24%, specific for the urban area and the mean wind speed has a power law coefficient
α=0,33 (the speed at the top of the ceiling in tunnel was fixed around 9m/s). A blockage area of
5...10%, in the tunnel cross section was set and verified not to be exceeded by the dimensions of
the model in the transversal section (100...200 cm2).
2.3. Acquisition of local dynamic pressures
A number of 125 pressure taps were placed on the cupola, mainly along radial directions. In the
figure 2 left, the distribution of the wind pressure taps may be observed on the model and in the
right side pressure taps on a sector of the roof extracted for the further analyses. The pressure
taps correspond to those for which the mean values of wind pressure are presented in graphs from
figure 3 a and b. The model was studied in 12 wind attack angles each with a 30 0 increment. The
values of the local instantaneous pressure are registered for a 1 minute with a frequency of 1000
Hz, a number of 60.000 samples per pressure tap resulting. The time scale sets a 1 minute in the
tunnel equivalent with 30 minute in nature. The frequency at natural scale is then 2 sec/value of
dynamic pressure.
The analysis of all the mean values of the pressure coefficients showed that regardless of the wind
direction they are negative, the roof being under general suction forces, explained by the low
inclination and the presence of sharp edges of the northern lights which did not allow to the flow to
reattach to the surface.
In the same time, from the observations it resulted also that in the cases when the flow acts first on
another building big  enough,  the  roof  is  “sheltered  “,  the  wake  generating  low  effects  of  delta  wings  
locally increasing the suction.
Still, the most important observation is that the bigger values of mean and extreme values of
pressure negative coefficients are not in centre of the roof and not at the edges, but in between,
where the angle of inclination changes and the skylights are more numerous, the same place
where the drifted snow is expected to deposit most.
In the graphs, the variation of the mean pressure coefficients with the wind attack angle is
presented, in 2 groups of six angles each. The points in which the local values are presented are
placed radial, starting from the centre of cupola (the position and identification of the pressure taps
are presented in figure 2 (right).

Fig. 2. View of the model of the building with the domed roof for the wind attack
angle 1  00 (N) (left) and the position of the pressure taps on the analysed sector (right) [7]

Fig. 3. a Variation of the mean negative pressure coefficients with the wind attack angle
  00 ,300 ,600 ,900 ,1200 ,1500 , on the pressure taps 4, 5, 6, 117, 11, 119, 120, 39, 42

Fig. 3 b Variation of the mean negative pressure coefficients with the wind attack angle
  1800 , 2100 , 2400 , 2700 ,3000 ,3300 , on the pressure taps 4, 5, 6, 117, 11, 119, 120, 39, 42

3.

Study of the snow drifted on the curved roof

3.1 Simulation of the snow drifts in the atmospheric boundary layer wind tunnel
Simulation of snow drifted deposits with glass micro-balls used as reflecting material in road
marking signs is satisfying. Snow is a granular material in dispersion with various densities,
corresponding to air humidity, temperature and wind speed and these shifting values are stressing
the design engineer. The snow particle diameter varies from 0.1 mm at 0 0 C to 0.005 mm at very
low temperatures and under the erosion effect of wind blow. Under the effect of sun heating, when
inclination angle is under 500, snow melts at the surface in a very tough layer, resisting for a longer
period. From the total mass of snow, more than 80% is formed by the particles transported in
blizzard, responsible of snow drifted deposits.
Simulation of the snow agglomeration on roofs must respect some basic criteria, one being the
match of the geometric shape. Other important simulation criteria of the transportation rate and
volume refer to Jensen criteria of roughness, Reynolds number, Froude number, time, length and
density scales between the prototype and the model.
In the case studied, the particles that simulate the snow are heavy and studies showed up to now
that with the exception of Froude number, the other criteria are respected once the wind flow in the
tunnel is scale modeled [4]. Froude number is almost impossible to be respected because of the
necessity that wind speed has a threshold which must be exceeded in order to move the particles
of the simulating material. Some authors consider that this number may be reduced as long as the
particles trajectories are far smaller that the dimensions of the physical models, so a realistic snow
drift simulation must be on larger geometric scales. The scale of simulation of this study remained
1:300 because of the restriction imposed by the cross section of the wind tunnel and because of
the necessity of preservation of all the respected criteria of wind flow simulation.
3.2 Experimental conditions
The simulation of snow drift in the Laboratory of Aerodynamics is made with the help of a remote
controlled equipment able to release a flux under control of granulated material that simulates the
snow particles of snow (figure 4). The equipment is placed in the tunnel normally to the air flow and
in front of the turntable, and the particles of simulated snow are dragged by the speed of the wind,
reproducing the trajectory of the natural snow drops.

Fig. 4. Equipment used for the physical model of the snow blowing (left). Model of the roof and
surroundings with snowdrift (right)
The loose material used for the snow simulation is a combination of granulations of glass balls with
diameters  of  0.2…0.6  mm about 90% of its quantity and with a density P = 1.4 g/cm3 .
The wind speed during the experiment was set considering studies priori developed in the same
tunnel with the same granular material [1], during these experiments the registered values at the

top of the tunnel section were about 6 m/s. In order to obtain a saturation of the deposits of the
blowing particles and a reference scaled period of time, the tests were run with the same quantity
of material and lasted the same, each time about 5 minutes (minimum 8 hours at natural scale).
A preliminary experimental stage was developed for the determination of the depth of the deposit
on the ground, with no obstacles. The conditions of testing were set identically with the general
conditions: the same wind speed and the same period of time (same quantity of material). The
surface on which the particles simulating the blowing snow were transported is a flat polystyrene,
the same material used to model the roof marked with 17 markers placed at 3 cm one from the
other, covering a surface of more than 10 cm2 (about 10% of the surface of the roof in plane).
During the experiment the averaged longitudinal component of the wind speed was measured,
u z  in two points in the middle of the flow, on the height of the tunnel; one height z1 was defined
in accordance with the roughness length z 0 and the other z 2 is the reference height, which is the
height of the curved roof of the model, at 7.4 cm from the floor. The measured values of the wind
speed in these two points   were   1.6…1.8   m/s   at   the   reference   height   and   1.1…1.3   m/s   on   the  
height of the aerodynamic roughness.
The roughness length or the aerodynamic roughness is a constant used in the logarithmic law of
the wind speed profile and in urban texture is about 0.5…1 m. As the measurement takes into
account the thickness of the polystyrene plate, of 2.2 cm, the height was scaled to 2.5 cm.
Based on the velocities determined for z1  2.5 cm and z 2  7.4 cm, the relationship (1) for the
determination of z 0 was used and (2) for the friction velocity:

 u z 2  ln z1   u z1  ln z 2  

z 0  exp
u z 2   u z1 



(1)

Fig. 5. Drifted particles deposited on a flat surface (left); array of markers in the layer of
glass balls (right). Left- Pitot tube placed at the 2.5 cm from the ground floor and the wind
speed transducer which collects instantaneous values and processes data online

u*  u  z 

k
ln z z 0 

(2)

In the relationship (2) k is   the   roughness   factor,   which   for   urban   terrain   is   0.22…023.The result
from (1) gives a good match because for z 0 a value of 0.2cm shows that the value in nature is 60
cm, that is a standard value; the result from (2) gives a value  of  0.1…0.11  m/s,  which  is  situated  in  
the interval  of  0…0.9  m/s reported in literature [5],  for  wind  speeds  of  1…20  m/s.
The ratio:

u z 2 
1.6

1
u  z1  0.1...0.11

(3)

respects the criteria of simulation of the particles in the saltation mode in the absence of any other
factors of pressure, temperature and humidity of the air, that is the ratio between the particle drift
speed and the threshold friction velocity must be bigger than 1 [6]:

Uf
u*t

1

(4)

4. Results
4.1

Data obtained from measurements

The tests were run in concordance with 5 observed situations, when wind action generates the
possibility of a more consistent deposit of snow on the roof. In the figure below a pattern is
presented of the drifted snow deposit on parts of the roof.
In order to evaluate the snow deposits, markers were placed on the roof in the close vicinity of the
pressure taps and at the base of the northern lights, in order to obtain the depth of the deposit fight
in their front. Markers were read at the end of each measurement giving sets of values of the
deposit of the glass micro-balls (figure 6).

Fig.6. Measurements read on markers (in mm) with a magnifying glass: left- for the wind attack
angle  = 600; right- for the wind attack angle  = 900
4.2

Data analysis

In order to use the data obtained via measurements in the evaluation of the snow drifted deposits
on the roof we tried to find a method for validation of these values. First, a sector of the roof was
chosen, which put itself in evidence during the whole research program as being strongly affected
by wind action and snow deposits. The depths of the snow deposit read on markers presented in
figure 7 were processed for the particular sector of cupola.

Table 1. Coefficient μ of variation of the snow deposit on the cupola
Wind attack angle
600
900

Mean value, x
6.153846
6.692308

Standard deviation, s
2.303843
2.175033

The coefficients of variation between the deposit on the roof and the deposit on the ground were
determined for the sector of cupola:

i 

xi
Sd

(5)

where:
-  i - coefficient of variation of the depth of the snow deposit;
- x i - measured depth on the markers;
- S d - averaged value of the depth of the layer on the ground.
Table 2. Coefficient μ of variation of the snow deposit on the cupola
µ(60º)

Pressure tap
5
6
118
120
85
87
90
92
104
105
107
38
42

µ(90º)

 mean  1.0567; r.m.s  0.3956

 mean  1.1492; r.m.s  0.3735

0.858586
1.030303
1.717172
1.030303
0.858586
1.030303
1.373737
0.858586
1.373737
1.717172
0.858586
0.686869
0.343434

0.686869
1.030303
1.373737
0.858586
1.20202
1.545455
1.717172
1.030303
1.373737
1.717172
0.686869
1.030303
0.686869

An approach based on statistical interpretation of data is used afterwards, in order to give more
information about a representative mean value of the deposit of the drifted snow; the comparison
between the representative mean values of the snow deposits  on the roof and on the ground.
The   mean   values   were   determined   using   the   Student’t   distribution, based on similar analysis in
other studies. The estimation of a mean value is based on the variable t determined for 95%
reliability and for a number of freedom degrees, which are the number of measurements on the
sector of cupola (13 points) and on the ground (17 points), so:

t

x 
s

(6)

N
where :

t - Student  ‘t variable;

x - mean of the sampled values x1,x2,xi…xn : x 

N

x
i 1

N

i

(7)

2

1 N
s - standard deviation (root mean square) : s 
  xi  x 
N  1 i 1
N - the number of samples, in this case the number of measurements on the roof sector;
2

(8)

 - estimated mean value of the snow deposit.
The relationship (6) is used to determine the estimated mean values of the snow deposit on the
sector of the roof presented in table 1 and the estimated mean values of the deposit on the ground.
The variable t was determined for a 95% reliability percentage. The values are presented in table 3.
Table 3. Values of t variable and of the expected mean depth of the snow deposit
On the cupola
(Wind attack angle)
On the ground

5

600
900

t 0,05,13  2.145
t 0,05,17  2.11

  4.783 mm
  5.3983 mm
  5.1952 mm

Conclusions

5.1 Discussions
The study was dedicated to the snow drift on the cupola in the presence of wind. A vertical section
through the roof reveals a number of multi span roof sheds; for the sector of cupola that was
analyzed, a radius of 96 m is formed of radial stripes of variable widths: from 4.39 m the lowest to
14.46 m the upper stripe, the diameter of the central circle being 14.47 m (fig 3). Every stripe is
divided in two, one following the general inclination of the cupola; the other follows the ridge of the
northern light, generating a valley of variable widths, responsible for snow agglomerations with, or
without wind action.
The general inclination of the roof being 13.4 0, first conclusion is that the maximum coefficients of
un-uniformity of the snow deposit presented in table 2 match the recommended values for the
shape coefficient 2 from the code for design [2], in the case of roofs with angles of inclination
under 300 (the case of snow being a variable action in the design to ultimate limit states).
Considering the situations of a totally uneven snow deposit, the recommendations in [3][8] even if
not very appropriate for the roof studied, leave to the structural engineer the decision to adopt a
minimum value from several geometric ratios concerning the dimensions of local irregularities on
the roof. The local irregularities are determined by the presence of the northern lights, the 1.05 m
height windows being vertically placed at the limits of the concentric stripes; an evaluation at this
level based on the specifications referred to, give an important conclusion that it might happen the
situations when the northern lights will be snowed up, the snow deposit literally reaching 2..3 times
the height of the vertical window and this is the case observed already during the experiments.
The attempts made for statistic interpretations of the deposits on the roof bore in mind the fact that
the data are random and that they may be either not representative to a certain degree and in the
same time affected by a lack of precision in the simulation. Still, it is rather spectacular and
encouraging finding that  the  Student’t  distribution  gave  expected  values of the mean of the snow
drifted deposit that may be compared in between. The mean expected value of the depth of the
deposit on the flat plate of polystyrene placed at the limit or aerodynamic roughness is 5.19 mm
between the values obtained on the roof, 4.8 mm for 600 and 5.4 mm for 900 wind angle attack; the
differences may be tributary to the inclination of the roof, which generally diminishes the height of
the deposit but on the other hand, the variation of the local geometry of this roof is the reason of
the agglomerated deposits.
The wind simulation and afterwards processed data [7] gives credit to a good simulation of the
boundary layer so the local turbulence is supposed to be the reason of the variable values of the
deposits on the roof. The explanation is that, even the mean values are almost entirely of suction,
the   maximum  fluctuating   values  of   the   local   coefficients  are   in   the   rage   of  about   (2.0…2.5  and   3.5…3.0).  Local burst may increase or decrease the deposit in the valleys between northern lights.
It is important not to forget that, from all data registered, the analysis uses the worst of the
situations, considering the environment and the wind attack angle.

5.2 Final remarks
The series of experiments described help to a better understanding of the way the material used to
simulate the snow drift works and the key role played by all the factors implied in the simulation.
Modelling in wind tunnel at reduced scale the structure and its surroundings gave better idea about
the influence exerted by the other buildings and by the irregularities of the terrain on the studied
roof and helped decide upon the worst situations the designer should take into account.
The interpretation of the results although probably at this stage does not take into account many
other simulation aspects and limits, shows that this is a good direction for the study of snow action
on buildings in our laboratory. Further analyses will enhance the accuracy of these experiments.
The design to the combination of wind and snow action of this roof must take into account all the
situations imposed by the codes for practice but also observed in laboratory, because only there
the simulation took into account all the factors of influence.
It is ever more obvious that the designing engineer must nowadays cooperate with the researchers
for a better understanding the complex phenomena that affects the service life of our urban habitat
and provide the necessary security of their exploitation.
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Summary
China is the fastest developing part of the world. The speed of urbanization is so high, that China
can build entire cities in only few years, so China may be the first country in the world to build a
real eco-city. Eriksson Architects Ltd has during the last few years been involved in three different
eco-city projects which are all different by both size and character. These three projects combine
nearly all kinds of factors that make cities more ecological. They also make a good example of
what kind of possibilities a Finnish architectural office can have in the international eco-design
business.
Keywords: eco-city, urban design, urbanization, ecology, sustainable development

1. Introduction
In the beginning of 2008 Eriksson Architects Ltd together with Professor Eero Paloheimo was
invited to take part in international competition for the Sino-Singapore Eco-City in Tianjin. The
competition was done together with Tianjin Urban Planning Design Institute. The task was to
design an eco-city for 350 000 people, that is connected to centre of Tianjin by a fast train
connection.
In the end of 2009 Eriksson Architects were invited by the Kunming Urban Planning Design
Institute to change the existing Master Plan for the Chenggong New City Area south of the centre
of Kunming, in the inner south part of China. During the work the whole concept was changed
towards an ecological city for 950 000 people. The work is continued on by the Chinese part.
In beginning of 2010 Eero Paloheimo’s company Eero Paloheimo Eco-City Ltd (EPEC) together
with Eriksson Architects Ltd was invited to make concept plan for a new Eco-City in the Mentougou
area close to Beijing. The design area is a narrow valley area that contains nine research institutes
and housing for some 50 000 people that are mostly working in the research institutes. The
concept plan was called MenTouGou Eco-Valley. The idea was to create a city with cleantechnology research institutes, which also take care of building the entire city. The research
institutes are the economic and spiritual core of the city. The area has not only the possibility to
combine Chinese and Western science but above all to combine the different sectors of clean
technology and develop their mutual influence and benefits to each others. The concept plan was
approved and the plan is currently developed in master plan level.
These three projects combine all kinds of factors that make cities more ecological. On technical
level calculations has been done about how all the energy needed can be produced by renewable
energy and how the city can be self sufficient of clean water. Apart from technical planning has
been carefully thought the ecological lifestyle of inhabitants - closeness of services and jobs to

minimize circulation.

2. Project descriptions
2.1

Tianjin

2.1.1 Location & existing habitat
The 34,2 km² site is located 45 km East of Tianjin city centre, approximately 35 km from the Bin
Hai International Airport. The area is mostly used for fisheries and has had some permanent
habitations that have now mostly been phased out. The site is relatively flat lying approximately 3-7
meters above the nearby Bohai Sea. The site borders Ji Canal in the west, a part of the canal has
been straightened out and the old part forms a shortened river that encapsulates a land area which
has become an island (Yi Ren Island). The eastern part of the island has been developed into a
golf course and in the west there is a large artificial lake bed. In the north one can find old villages
and a factory area. The southern part has one fishing village, Qing Tuo Zi, which has been
destined to be turned into a traditional feature in the new city. The ground is dotted with various
size shrimp ponds and saltern ponds.
2.1.2 Main eco-features
The site was used for mainly fisheries and salt eradication in saltern ponds, a small factory area is
situated in north. These ponds lie in the southern part of the site and have been unused for some
time. Because of these activities and the closeness to Bohai Sea (500 meters) the ground has a
high level of salt which makes the site unsuitable for agricultural production, thus giving an
ecological reason to turn the area into a city structure. The new eco-city, Crystal Lake, uses Green
network to create a lush and green environment suitable for living and working. One principle of
Green network is to move all car parking areas underground and cover them with parks and
gardens.
Smart water management means using less water in a sustainable manner and at the same time
using less energy. Heavy utilization of the public transportation system is a key ingredient to control
the amount of car traffic occurring inside the city boundaries. The underground light rail network
connects city’s various centers together and at the same time to the larger Tianjin metropolitan
area. An extensive trolley bus network system supplements the light rail network. Crystal Lake
uses Led street lights; this not only saves energy but directs the light much better in designed
directions than normal lights do. Crystal Lake uses underground waste transportation management
which can separate the waste according to uses, reduces waste truck traffic; this eliminates
requirements for trash areas for each building and is more hygienic in the urban environment.
Below there's a list of the most important ecological features:
1. Building a new city on unproductive land, other land resources can be preserved for other
functions like food production. Restoring this large area will increase natural green areas and thus
reduce carbon emissions.
2. Enabling all car parking in underground parking facilities and covering them with parkland. The
city requires approximately 180 000 parking spaces, these would cover more than 5,4 km², this is
15,7% of the total area, now free to use for green parks, gardens, yards, terraces and other living
space.
3. Creating a huge conservation area from existing wetlands and adding new areas to it.
4. Gradually cleaning the old Ji canal and other water bodies in the design area. This is possible by
creating a closed water circulation system with natural purification in artificial wetlands throughout
the city. Eventually these areas can be used for food production like fisheries and recreational
purposes benefiting the inhabitants.
5. Making efficient public transportation system a chief priority. This reduces the need for personal
vehicle traffic.
6. Creating eco corridors, the eco-valley and a system where city blocks have no car traffic inside
the blocks. This creates a Green network extending to every part in the city.

7. Composing environmental art out of wind generators, solar panels and other energy producers.
Along the express way on the east border of the city there will be a long line of colourful artistic
wind turbine poles that produce energy at the same time as they work as main light poles for the
street. Along the whole way the colours and lights change, making it the longest environmental art
work in the world, a colourful city boundary while producing energy. As a main principle all
plantations have to serve an ecologically sound purpose; thus all landscape art will be the art of an
eco-city. Water fountains are located in the river adding oxygen in the water which helps to
cleaning of the water. The energy for these fountains is generated by the wind generators. The
water fountains can also be built so high and efficient that they create clean, artificial mist that
spreads over large areas, giving moist to the dry air and binding dust clouds and particles.
8. Designing buildings to produce energy. This is achieved by covering roofs and walls with next
generation solar cells and heat exchangers and designing buildings themselves to be wind
generators. Building facades can also be covered with vertical gardens.
!

2.1.3 Eco cells
The Eco-cell is a 400 x 400 meters city block where the centre of the block is reserved for green
landscaping and pedestrian use. There is no car traffic inside the eco-cell to interfere with
pedestrians. Around the eco-cell edges there's a 15 metres wide setback between street and
buildings.
Parking inside an eco-cell is arranged under a deck on four sides. The green belt separates
residential areas from traffic noise and pollution. Underneath the residential areas are parking
zones for all inhabitants, visitors and workers alike. The residential zone has semi-private court
yards designed to serve the individual buildings. In the middle of the eco-cell there's a service area
for public facilities like kindergarten and schools. Next to them is a small area reserved for
commercial functions. Here one can locate grocery stores and other small businesses providing
everyday necessities. Inside the eco-cell buildings are generally lower in the center and gradually
increase in height with the tallest buildings on the northern side; this way shadows fall on the
streets and not in the centre of the eco-cell. All other areas are allocated to the green zone,
meaning parks and garden areas. Here are small ponds to gather and filter rainwater etc. Water
from these ponds is directed towards the old Ji canal and eventual purification process. Slow traffic
is situated within the green zone. These parklands and paths cross roads on wide decks that have
vegetation on them so that the parklands continue from one eco-cell to another.
2.1.4 Eco-valley
The Eco-valley is a public park that runs through the site from north to south, underneath this park
runs a light rail system with eight stops along the way. These stops are located at the eco-districts
centres and special interest areas. The Eco-valley forms an urban spine providing uninterrupted
pedestrian walkways through the city. It runs in the middle of the eco-cells with residential,
commercial, public or business areas on both sides. These areas vary in density and building
heights, as it passes through the districts it responds to these changing urban conditions by having
different spaces, functions, facilities organized on various themes that connect all the districts
together. It’s a place for relaxation, hobbies, community building and performing arts. Connections
through and in the eco-valley are vitally important for the slow traffic.

!

2.2

Chenggong New City Area

2.2.1 Location & existing habitat
In the end of 2009 Eriksson Architects Ltd were invited by the Kunming Urban Planning Design
Institute to change the existing master plan for the Chenggong New City Area south of the centre
of Kunming, in the inner south part of China. Kunming is a beautiful city with a heavenly climate.
The Capital Kunming City has a "Spring City -reputation all year round. It is a popular city for
tourists. It has been hailed as “The Oriental Geneva." The new city of Chenggong is situated 18.2
kilometres from the capital along the North-South metro and 13.6 kilometres along the East-West

metro. The distance to the shore is about 16 kilometres. The new city has an area of approximately
160 square kilometres. The area is located between the flat terrain and behind the hills in the east.
The Dianhi Lake is surrounded by mountains on three sides. Only the shoreline is open.
2.2.2 Main eco-features
The preferred strategy of the concept is to correct ecological protection in order to create a
harmonic relation between the Chenggong city and the surrounding regions. The new plan is a net
shaped design based on the existing plan, with a goal to create the west into four flower shaped
districts. In order to unite the east and the west areas there will be built some flower shaped parks
and roads in the east also. A highway divides the city into two parts.
Three wide bridges connect the four flower area centres and east area centres. There are high
building areas on both side of them, for instance office buildings, museums and art centres. These
three bridges are the main axes of the city and the buildings will also be situated on the bridges to
connect both sides of the highway. There are also eco corridors following the three rivers. They
form a good connection between the east and west areas.
The overall plan of seven functional groups of the structure, in about 3000 m x 2000 m scale
control, is divided into nine ecological zones. Each center has its own ecological zone which
includes 3-5 neighborhoods, ranging in 1000 m x 800 m blocks. It’s the construction of complete
supporting public facilities.
An Eco-cell is a 400 m x 400 m block. The neighborhood center will be reserved for green
landscapes and pedestrian use; there are no vehicles in the ecological cells. Eco-cells are around
the edge of a 15 m - 30 m green and tree-lined street between buildings.
A tram line is connecting all neighbourhoods and each cell in maximum of 500 metres distance.
There is a transfer centre to connect rail network and light rail networks, which makes the public
transportation system efficient and reduces vehicle traffic.
In the design area, there is a closed water circulation system, which gradually cleans up the
polluted water of the area. Eventually, these waters can be used for fish farming and other food
production, or for leisure facilities. The polluted wetland is cleaned up and made as a part of the
recreational network.

Figure 1. Aerial view from Chenggong new district.

2.3

Mentougou Eco Valley

2.3.1 Location & existing habitat
The planning area is located about 30 km west from the centre of Beijing in the Miaofeng mountain
area. The area is very mountainous and there is an ecological buffer zone between Beijing urban
area and the design area. The mountains are protecting the area from traffic noise and pollution,
so it’s a piece of calm nature close to a huge metropolis. The Miaofeng mountain area consists of
17 villages in which there are all together approximately 10 000 inhabitants. In most of the villages
people live very modest and simple life in traditional 1-storey buildings which are built very densely.
Most of the people don’t own a car and they produce part of the food themselves and live quite an
ecological life.
In the valley people grow roses that they use for making tea and food as well and there is an area
called cherry valley where they grow cherries and sell them to tourists. These are all major parts of
the area’s history and all these functions are maintained so that the area’s history is respected.
This is also a feature of the future eco-tourism of the area. In the planning area there has been
mining activity because the soil consists of limestone. There are however plans to give up this
mining activity so vast areas are free for other purposes. These areas now consist ruined nature
which makes it ecological to use them either for buildings or renewable energy production.
2.3.2 Main eco-features
The Mentougou Eco-Valley is a city that combines modern science and innovation with an environmentally friendly and eco-efficient urban living. From land use to construction and traffic, from
recycling to water management and scientific research institutes, the Eco-Valley respects the
environment and minimizes its ecological footprint in its entire function. The Master Plan lays out
the key elements in the future eco-valley and highlights the combination of Chinese tradition with
latest international innovations for environmentally friendly urban planning. The Master Plan begins
by laying out the general ecological principles in land use and planning, with a special emphasis on
housing and services.
The Mentougou Eco-Valley is unique among so called eco cities, as it strives towards a comprehensive minimization of environmental impacts while maintaining an economic growth based on
high technology and scientific innovations. In fact, the Master Plan process of the Mentougou EcoValley has learned from both the successes and failures of other eco city developments, such as
Huangbaiyu, Masdar and Dong Tan. First, it avoids the mismatch between housing supply and
demand witnessed in the Huangbaiy eco-city simply because the housing construction at the end
is led by Chinese and international companies specifically engaged in settling in the area.
At the same time, the Mentougou Eco-Valley maintains the good principles of full nutrient recycling,
which was the cornerstone of the Huangbaiy eco-city. Second, the Mentougou Eco-Valley not only
concentrates on carbon neutrality, as does for instance the Masdar eco-city in Abu Dhabi. The EcoValley will be capable of producing all of its water, circulating biological nutrients back into the
natural circulation, and boosting local agriculture so as to meet the nutritional needs of the EcoValley. The good lesson of Masdar, however, is the introduction of research centers and university
departments in the eco-city. This is not only included in the Mentougou Eco-Valley: it is in fact the
core of the whole Eco-Valley concept. Third, the Mentougou Eco-Valley acknowledges the
difficulties faced by the promising Dong Tan eco-city: lack of local involvement and ubiquitous
funding issues. The Mentougou Eco-Valley will be constructed in close co-operation with local
operators in Mentougou.
The Miaofengshan area, the research institutes will be occupied by both Chinese and international
companies and organizations. What is more, the funding of the Eco-Valley is based on a comprehensive and transparent funding scheme, which minimizes the risks related to the actual implementation of the Eco-Valley. As in Dong Tan, however, the Mentougou Eco-Valley uses the good
principles of minimizing its total environmental footprint down to one third of a typical city of similar
size.

The basic concept of the city is a pearl necklace like structure that goes through the valley very
narrowly so that all places are connected to each other by a central park chain. Between the
institutes and housing there is space left for nature so that built area doesn’t harm the ecological
balance of the area. There is a clear hierarchy that the research institutes are placed on the
western side of the valley so that they are facing morning sun light and on the other side are
residential areas for people, most of them working in those research institutes.
The main principle in the land use design is that this is a city of short distances. The idea is that all
people would have everyday services by walking distance from home. This means that people
have kindergarten, park, grocery store, small clinic and tram stop within less than 250 meters from
home. This means that the city structure is fairly dense and the service units need to be quite small.
Further all the remaining services need to be well reached by public transportation.

Figure 2. Research institutes from left: Water, Eco-food and Construction.
The city has six districts and between them there are ecological corridors that also function as
evacuation routes of the city. The central district is placed in the node of the valley and huge
mining area which will be turned into a residential area. Old mining places are very suitable for
housing because they are quite well protected from cold winds and therefore there is a good
microclimate. Chinese people are very used to living in dense environment, and in sloppy terrain
the houses can be integrated to the slopes so that the scale feels smaller than in flat terrain.
Most of the nature will remain untouched thanks to a tight and dense city structure. The city is
divided to districts in order to have green axes to the central park. This is important for the natural
balance of the area and for the runoff water coming down from the mountains. There are also
green axes going through the building blocks. The existing food production areas in the northern
and southern parts are retained as well as the old terraced farming place in the middle of the city.
The main light traffic route of the city goes along the bottom of the valley in city’s ecological corridor.
There is a separate biking route which goes more directly and a separate line for walking and
jogging that makes loops inside the park and goes beside small service units of the park.
Secondary light traffic routes go in the slopes through building blocks and from these light traffic
routes people can see great views to opposite side of the valley. Slopes are very steep at some
points and in those places the untrammelled light traffic is taken care by diagonal lifts that start
from the bottom of the valley.
The city underlines it’s ecology by forbidding gasoline vehicles inside city area. There are three
road entrances to the city and all those places have a parking house built inside the ground and
there is also a renting point for electric cars. Of course the easiest way to continue travelling from
the parking cave is by a fast tram that reaches all places fastest inside the city.
The existing road in the area is widened into a main road that goes in the valley next to the park.
New car roads are built to the slopes that serve mainly as fire rescue and maintenance roads, but
also include entrances to underground parking facilities. Road connections going across the main

park are minimized, which makes it easier to travel from place to another by public transportation
or by bike or foot.

Figure 3. Aerial view from Mentougou eco-valley.

3. Conclusions
It has been said that environmental problems are solved in the cities. The next 50 years will
witness 80 % urbanization levels throughout the world which means there is a clear need for ecocity projects.
China is the fastest developing part of the world. The speed of urbanization is so rapid, that China
can build entire cities in only few years, so China may be the first country in the world to build a
real eco-city. Eriksson Architects Ltd has during the last few years been involved in these three
eco-city projects which are all different by both size and character. The three projects combine all
kinds of factors that make cities more ecological. They also make a good example of what kind of
possibilities a Finnish architectural office can have in the international eco-design business.
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Summary
The main purpose of this research is the effect of vegetation in urban microclimate conditions, under the premise that the presence of vegetation influences the microclimate and its surroundings.
Considering different forms of green space distribution, one could quantify the intensity and the
spatial distribution for the microclimate effects by a vegetated area. The modifications for air temperature and the surface temperature at the level of the pedestrians were analyzed based on
energy balance and computer models.
Parametric simulations on ENVI-met were carried out to investigate the effect of green areas distribution (linear forms, large mass of vegetation and small groups of trees) and were compared
with on-site measurement data. The simulation results showed the impact of urban vegetation for
climatic aspects.
The outputs indicated that the vegetation effect is local and do not have a significant influence
beyond the limits of the green area at pedestrian level. Regarding to the intensity of vegetation
effect, the average difference between air temperature under the trees and above the streets is
1.5ºC, while shadowing of a dense tree (LAI=10) showed an average difference of 23ºC for superficial temperatures between green spaces and the street.
This result pointed out that green area is an important strategy to mitigate the heat island effect in
cities, as it can prevent asphalt and concrete from heating and releasing long wave radiation during night time.
Keywords: urban vegetation, urban microclimate, ENVI-met.

1. Introduction
Urban structure, building envelope and materials have a direct influence in the atmospheric conditions near the ground [1]. These urban transformations result in an increasing air temperature,
causing the urban heat island effect in cities which is defined as the measurable temperature difference between adjacent urban and rural regions [2].
Vegetation is an important design element in improving urban microclimate and outdoor thermal
comfort in urban spaces in hot climates [3]. Due to urbanization, however, vegetation is scarce in
many tropical cities. There has often been a tendency to replace natural vegetation and permeable
soils with impervious surfaces such as asphalt and concrete, which leads to more sensible than
latent heat flux [4].

The reduction of green areas contributes to the intensity of urban heat island effect as it influences
the mechanisms for controlling the air temperature in cities: shading, retention of pollution particles,
wind direction, evapotranspiration process. Vegetation mitigates the heat island not by cooling the
air, but by warming the air less [5]. Green areas reduces air temperature by direct shading of surfaces as well as moderating solar heat gain through evapotranspitration of the plants, which combines the evaporation of cropped soils and transpiration of the leaves, reducing the air temperature
and creating the oasis effect [6].
The lack of green areas is caused by the increasing of impervious areas and building constructions
and illegal occupations of "favelas"(slums) in public spaces. That fact resulted in considerable
changes in the microclimate of metropolitan areas. According to the Environmental Agency Atlas
[7], in SÄo Paulo, the reduction of green areas has caused various problems such as flooding,
which happen in more than 400 points in the city, thermal discomfort in central areas, air pollution
and the heat island effect.
In this sense, it is necessary to carry on predictive studies, which could quantify the effect of urban
vegetation on these specific local microclimates as a way to support landscape and urban planning
decisions.

2. Methodology
2.1

Area of Study

SÄo Paulo is a sprawling South American megacity which metropolitan area houses almost 19
million inhabitants, distributed in an area of 8051km2. Based on reports from the Environmental
Agency [7], SÄo Paulo’s economy represents 31% of the national Gross Domestic Product (GDP).
However, this economic development has led to a significant degradation of the urban environment, a common situation in many large cities in developing countries.
Today SÄo Paulo is characterised by a heterogeneous urban structure, which has been caused by
the rapid growth of the city during the last century. One of the effects of this growth is the social
conflict of high-rise office towers close to poor informal settlements (favelas). According to the architect Oscar Niemeyer, “The first lesson SÄo Paulo offers is that no city should grow so arbitrarily”
and “the second lesson of SÄo Paulo is that its people, and the people of cities in poor countries
elsewhere, should have the right to a habitat that is more graceful” [8].
For decades, downtown has suffered a continuous degradation process and has gradually been
abandoned by its residents. The metropolitan area of SÄo Paulo experiences simultaneously
massive urban sprawl in its peripheries and population decrease in its central parts (the population
of the central borough of RepÑblica diminished by 28% between 1980 and 1999). Now the average
density in the city centre is approximately only 64 inhab/ha [7] in spite of a high built density.
The Environmental Atlas of SÄo Paulo [7] includes a map showing surface temperatures in the city
of SÄo Paulo. The highest temperatures were found in the central area without green areas and
the lowest in urban parks. Similar temperature patterns were found by Duarte and Souza [9].
The central area of SÄo Paulo is formed by the Old Town (SÜ), the New Town (RepÑblica) and
another 10 boroughs [10]. In the downtown area, there are seven urban parks. This study focuses
on the area of Luz, which is situated in the city centre.
2.2

Field Measurement in São Paulo Downtown

Climate monitoring was carried out on 19th of December 2006 in the area of Luz. This day can be
considered a typical hot summer day. The main goal of these measurements was to create an initial database for air temperature, relative humidity, solar radiation, surface temperature, wind direc-

tion and speed for the summer period. Researchers from the Laboratory of Environment and Energy Studies – LABAUT, from the Faculty of Architecture and Urban Planning at the University of
Sao Paulo have collaborated in the measurements as part of a major ongoing study that considered ventilation, urban noise, thermal comfort and green areas.
Three main types of urban spaces were defined for the measurements: a park, an urban canyon
and an open air square. These three areas were chosen considering the main characteristics of
the site and its surroundings (Fig. 1). The particular interest was to compare the effect of vegetation in the park with the other two situations. The sky view factor of the three sites varies considerably (Fig. 2).

Figure 1: Location of the three measurement points in Luz borough.
Source: Google Earth. May 2007.

(1)

(2)

(3)

Figure 2: Hemispheric pictures of the sky view taken with a Nikon 4500 equipped with a 180à fish eye lens
for park (1), canyon (2) and open square (3). Source: LABAUT

The canyon is located in a dense area with 5-10 storeys high commercial buildings. The street has
an intense flux of vehicles and pedestrians attracted by the local commerce of electro-electronics
devices. The average block size in Luz is 60m by 100m. The street canyon has an average width
of 12m and the building height is on average 26m (corresponding to eight-storey buildings) which
gives a height to width ratio (H/W) of 0.5. There are very few trees in the street due to narrow
sidewalks and problems with aerial electric cables and telephone lines. The open square, which
has white stone paving is more exposed to direct solar radiation than the other sites due to the lack
of vegetation and shading.

Three meteorological stations (Huger WM 918 and 968, as well as ELE MM900) were used to
measure air temperature, humidity and wind speed simultaneously at 1.10m height at the three
locations. All measurements were recorded on data loggers every ten minutes between 7:00 and
19:00 local daylight saving time.
On the square, additionally global solar radiation was measured with a pyranometer. Surface temperatures of various construction materials and natural surfaces were measured at the square using an infrared thermometer TFA 31.1108. Besides the measurements, interviews with pedestrians
regarding their thermal comfort sensation and their opinion on benefits and problems with vegetation in the city were carried out.
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The results, which are shown at Local Time (in this case equal to daylight saving time), gave important information about the microclimatic differences among the three urban sites. The ambient
air temperature profiles show that the cooling effect of the park is on average 2ºC compared to the
open square with peaks up to 6ºC. Compared to the canyon, the air temperature of the park is
about 2.5ºC lower around noon. The relative humidity was about 10% higher in the park than in the
other two sites (Fig. 3). The absolute humidity (g/m³) is also higher in the park. The lower temperature and higher humidity in the park is due to shading and evapotranspiration.
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Gráfico 1: Comparativo das temperaturas do ar obtidas na primeira etapa de medição (em ºC).
Figure 3: a) Results of air temperature distribution for the park, the canyon and the open square. b) Results
of relative and absolute humidity distribution for the park, the open square and the canyon.

2.3

ENVI-met Parametric Simulations without Vegetation

The micro scale model ENVI-met [11] was chosen for this study due to its advanced approach on
plant-atmosphere interactions in cities. The numerical model simulates aerodynamics, thermodynamics and the radiation balance in complex urban structures with resolutions between 0.5m and
10.0m according to the position of the sun, urban geometry, vegetation, soil and various construction materials by solving thermodynamic and plant physiological equations.
The model calculates the energy balance for long and short waves, considering total radiation, air
fluxes, air temperature, humidity, local turbulence, reflection from buildings and vegetation. It also
determines the superficial temperature (pavement and building envelope), water exchange, soil
temperature and biometeorological parameters such as Effective Temperature and Predicted
Mean Vote - PMV [12].
Preliminary studies were done considering field measurements data for the initial simulations in
ENVI-met. These parametric studies were important to investigate the model main variables and
verify the influence for each parameter in the input data. Before inserting the green areas, it was
fundamental to adjust the model values to the same climatic conditions for São Paulo. After the
calibration process similar daily temperature and humidity curves were achieved. The comparison
between measured and simulated air temperature is shown in Fig. 4.
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Figure 3: Comparison between measured and simulated air temperature for the existing street canyon.

2.4

ENVI-met Parametric Simulations with Vegetation

A vegetation data basis was created based on previous data survey that pointed out the main tree
species used in the city and their canopy characteristics quantified by Leaf Area Density – LAD.
This parameter is defined as the total one-sided leaf area (mâ) per unit layer volume (mä) in each
horizontal layer of the tree crown. In this research, LAD values were calculated based on the Peper and McPherson [13] methodology that uses photographic images to determinate the leaf density.
In these studies, a dense tree canopy (T4) was chosen for ENVI-met. The leaf area indices (LAI)
for T4 was 10 mâ/mâ and the tree type was 10m high and its leaf density started 3m above the
ground to avoid obstruction for wind flux at the pedestrians’ level. The parametric tree model had
ellipsoid leaf area distributions with maximum Leaf Area Densities (LAD) located in the middle of
the crowns (Fig. 5).

Figure 4: LAD (Leaf Area Density) (mâ/mä) in 10 layers of the tree models T4.

The input data for the simulations are shown in Table 1 and it is based on the results obtained in
the parametric studies without vegetation
Table 1: Input configuration data applied in the ENVI-met simulations.
Start Simulation at day
Wind Speed in 10m ab. Ground [m/s]
Wind Direction (0:N/ 90:E/ 180:S/ 270:W)

18.12.2006
0.8
170

Initial Temperature Atmosphere [K]
Specific Humidity in 2500m [g Water/ kg air]

297
9

Relativ Humidity in 2m [%]

70

Initial Temperature Upper Layer (0-20cm) [K]
Initial Humidity Upper Layer (0-20cm) [%]

295
50

Firstly a Base Case model was created without vegetation and the input area domain was formed
by 9 blocks with 9.600m2 each, 0.66 for plot ratio and buidings with 24m high in a perimetral shape.
Based on this form, another four different scenarios were defined varying the green area distribution: Scenario 1 with a central park occupying one entire block; Scenario 2 presents a park in a
linear form with a stream in the middle, occupying three blocks; Scenario 3 with small pocket parks
in every block and Scenario 4 with trees only in the sidewalks.

Base Case

Scenario 1

Scenario 3

Scenario 2

Scenario 4

The air temperature results were simulated for December 19TH at 2p.m. All results are shown at
Local Time, which in our case is equal to daylight saving time (summer time) that is local time +1 h.

Base Case

Scenario 1

Scenario 2
Legend

Scenario 3

Scenario 4

Regarding superficial temperatures the following results were obtained:

Base Case

Scenario 1

Scenario 2
Legend

Scenario 3

Scenario 4

3. Analysis of Results
Comparing the Base Case to the scenarios with green areas we observe that vegetation reduced
up to 1.5ºC the air temperature. Over paved areas the simulations showed an average air
temperature of 27.5ºC at 14h and 26.8ºC for concrete.
The lower air temperature occurred in the Scenario 2, where the linear form of the park contributed
to wind channeling and removed part of the storaged heat. The average air temperature in this
case was around 25ºC and absolute humidity was approximately 15g/m3.
The results for superficial temperature indicated that trees have a significant impact by lowering
the surface temperature by up to 29ºC. The tree canopy blocks part of the direct solar radiation
and avoid the rapidly surface warming up. In the street, the superficial temperature varies from
55ºC to 58ºC, while in the green areas, it goes between 28,5ºC and 31ºC.

4. Final Considerations
According to Givoni [14], large urban parks often have an important role in establishing the image
of a city and in providing areas for large gatherings and social activities. From the climatic aspect it
should be noted that the range of the effect of parks, even very large ones, on the climatic conditions within the surrounding built-up areas is rather limited at pedestrian level. Santamouris [15]
measured green areas in the city of Athens, Greece and the results indicated that the variation
between the air temperature inside and outside a park was up to 3 ºC. Bruse [16] studied the effect
of a green park in Melborne, Australia using ENVI-met model to simulate the air temperature in the
green area and demonstrated that the difference was up to 2 ºC.
In this research, based on microclimatic measures at pedestrian level and energy balance models,
particularly ENVI-met, the impacts of vegetation were simulated, aiming to determine the intensity
and the spatial distribution of those impacts in the surroundings over the reduction of air tempera-

ture and surface temperature and over the increase of air humidity, testing different arrangements
(linear park, pocket park, etc) in a case study in SÄo Paulo downtown, Brazil.
Concerning the intensity of the effect, the average difference among air temperatures inside the
green areas and the surrounding streets is about 1.5ÖC. For surface temperatures, the dense tree
shading (LAI=10) has shown average differences of 23ÖC under the canopy. In that sense, green
areas can be an important strategy to mitigate the urban heat island in cities due to the shading
and evapotranspiration process.
Regarding the spacial distribution of vegetation, results show that the effect is very local, and the
influence of green areas doesn’t go very far from the green borders at pedestrian level. Measurements in Luz area showed that the effect for air temperature can be felt under the canopy and approximately 2m away from the canopy. This result indicates that green areas should be better distributed in small groups of trees than a large park.
The effect of tree canopy shadow has also a great potential to ameliorate the microclimate and
mitigate heat stress in a hot humid climate. On the other hand the shade efficiency of trees will
depend on the type of plants and the amount of leaf density. Because of this parameters such as
Leaf Area Index and Leaf Area Density are fundamental to improve the positive impact of
vegetation, considering the plant local influence.
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Summary
As one of the developing countries with the fastest speed of urbanization in the world, Chinese
urban construction is facing the huge challenge to respond to climate change today. As the most
populous developing country in the world, China must take the path of low-carbon construction for
cities responding to climate change impacts. This paper analyzes the closely connection between
urbanization and responding to climate change in China, discusses basic strategies and key areas
for urban construction responding to climate change, introduces the author and his research
team’s   research   project   of   urban   low-carbon development and responding to climate change
planning technologies. The paper also discusses the actions and characteristics of urban lowcarbon construction and presents the research progress of low-carbon technologies for urban
construction in China, which include the demand for urban construction low-carbon technologies,
the system of low-carbon technology for urban construction, and the research process of planning
technologies of city responding to climate change etc.
Keywords: Responding to climate change; City; Low-carbon construction; Action; China

1. Chinese Urbanization and Responding to Climate Change Impacts
China is the largest carbon emission country in the world although its per capita carbon emission
level is far below the major developed countries (United States 23.5 tons, Canada 22.6 tons, Japan
10.5 tons, China 5.5 tons) [1]. At the United Nations Climate Change Conference in Copenhagen
in 2009, Chinese Government has set clearly the target of carbon emission reduction that China
promise the carbon dioxide emissions per GDP will decline by 40-45% at 2020 compared with that
in 2005 [2].
China has drawn up the state plan to respond global climate change. Chinese Government puts
forward the development strategy of "Green development, establishing the resource-saving and
environment-friendly society", and formally puts the strategy of "Responding to global climate
change actively" in China's next five-year development plan (2011-2015). The main measures
include control the greenhouse gas emissions, enhance the ability to adapt to climate change, and
develop the extensive international cooperation [3].
As the social and economic center of human activity, city has an amount of emissions of
greenhouse gases 75%  of  the  world’s  approximately.

City is the main part of the national social and economic development in China. In 2009, 287 cities
of the middle and big scale in China, whose population just take 28.6% of the total population of
the country, contributed the gross domestic product (GDP) up to 20772.85 billion yuan (RMB), it
takes 61.94% of GDP of the county [4].
In  2006,  according  to  “Report  of  Chinese  Energy  and  Carbon  Emissions  by  2050”,  above  287  cities  
had consumed 1.36 billion tons of standard coal  which  was  55.5%  of  country’s  consumption,  and  
had   0.29   billion   tons   emissions   of   carbon   dioxide   which   was   54.8%   of   country’s   consumption.  
Moreover,  The  GDP  top  100  cities  in  China,  which  contributed  67.4%  of  whole  country’s  GDP,  had  
41% of the whole country’s  carbon  dioxide  emissions.  Now,  China's  Cities  have  become  the  main  
body in energy consumption and carbon emissions.
China’s  urbanization  is  facing  the  huge  challenge  to  respond  to  climate  change  today.  China  has  
the biggest urban population in the world. The amount of Chinese urban population had come up
to 621.86 million in 2009. China is one of the developing countries with the fastest speed of
urbanization  in  the  world.  In  2010,  China’s  urbanization  rate  was  47.5%,  and  will  come  up  to  5658% expected by 2020.
With the increase of the urban population and the level of urbanization, the urban emissions of
greenhouse gases will contribute more and more. Urban low-carbon development strategies are
particularly  important  in  today’s  China.
China's urbanization trend is shown in Figure 1.
China’s  "Two  horizontal  and  three  vertical"  urbanization  development  pattern  in  the  next  five-years
(2011-2015) is shown in Figure 2.

Fig. 1 Urbanization Rate in China (1949-2020)

Fig. 2 "Two horizontal and three vertical" urbanization development pattern (2011-2015)
Basic strategies for responding to climate changes in urban construction includes two aspects: (1)
Mitigation, that is, with the comprehensive measures of planning, construction and management,
as far as possible to reduce emissions of greenhouse gas due to construction and using activities
in city; (2) Adaptation, that is, through taking various targeted adjustment measures actively, to
reduce harm and negative influences due to climate changes as far as possible in city, and to
establish the new sustainable development mechanism of urban construction to adapt the
evolution trend of local climate changes.
Focused on the energy consumption of construction and transportation, the urban construction and
development needs to realize the low-carbonation urgently. In building field, there are 17 billion
square meters existing buildings which are increasing at the speed of 1 billion square meters per
year at China. In transportation field, the possession quantity of mobile vehicles increases rapidly,
the number of vehicles had been over 180 million by June, 2009 at China. Based on the relative
prediction, the percentage of building energy consumption will increase from 16% to 25-27% by
2020. And the percentage of transportation energy consumption will increase from 11% to 16-17%.
Most of the increasing energy consumption will be produced in cities.
Actions of low-carbon construction for cities responding to climate change impacts in China is a
huge comprehensive and systematic project, which can be divided into two types of action, one is
demonstration action of urban low-carbon construction and another is technology research action.

2. Demonstration Action of Urban Low-carbon Construction
2.1

Actions at the National Level

Chinese government has made the sustainable development as the basic state policy，the actions
for responding to climate change impacts are strengthening step by step. Table 1 shows the
evolution of lead agencies of Chinese government on climate change at different period. Figure 3
shows the governmental investment in environmental pollution control has made on increasing in
China. Figure 4 shows that the proportion of the National Nature Reserves in the total territory of
China has raised continually.
Table 1 Evolution of Lead Agencies of Chinese Government on Climate Change
Period
Before 1998
1998-2007

Lead agency on climate change in China
China Meteorological Bureau: support for the secretary of national climate
change coordination group
National Development and Reform Commission: support for the secretary of
national climate change coordination group

2007-present

State Council: established the national leading group for climate change
Development and Reform Commission: add the climate change division
Ministry of Foreign Affairs: appoint the ambassador on climate change

Fig. 3 Governmental investments in pollution control during 1991-2004

Fig. 4 Proportion of National Nature Reserves in the total territory of China
Urban low-carbon construction is one of the main actions responding to climate change in China.
In 2009, Chinese   government   announced   “China’s   Policies   and   Actions   for   Addressing   Climate  
Change”,   which   viewed   building   energy   conservation,   green   transportation,   green   lights   as  
important actions for national responding to climate change.
In 2010, Chinese government launched the construction demonstration of low-carbon provinces
and low-carbon cities, including five provinces (Guangdong, Liaoning, Hubei, Shanxi, Yunnan) and
eight cities (Tianjin, Chongqing, Shenzhen, Xiamen, Hangzhou, Nanchang, Guiyang, Baoding).
Through research on low-carbon development planning, establish system of low-carbon industry,
promote low-carbon green lifestyle and consumption patterns, to contribute to the global
responding to climate change. This demonstration of low-carbon construction is a very important
action taken to responding climate change of China.
2.2

Actions at the Local Level

China National Sustainable Communities (CNSC) is the pilot and the demonstration for local
actions to response climate change and the main actors to implement low-carbon construction at
the local lever. By 2010, there are 120 CNSC which distribute the 33 provinces and 120 cities at
China. Figure 5 shows the geographical distribution of CNSC.

Figure 5 Geographical distribution of China National Sustainable Communities
Since 2007, many communities of CNSC have launched the distinctive demonstration on urban
low-carbon construction and responding to climate change according to their different regional
characteristics. For instance, seven cities of CNSC of Hubei   province   take   “energy-saving &
environmental-friendly, low-carbon   communities   construction”   as   their   demonstration   theme;;   five  
cities   of   CNSC   of   Guangdong   province   take   “low-carbon cities with post-industry”   as   their  
demonstration theme; three cities   of   CNSC   of   Hunan   province   take  “water   resource   protection   in  
city  areas”  as  their  demonstration  theme;;  and  six  cities  of  CNSC  of  Henan  province  take  “recycling  
economy and low-carbon   society   in   small   towns”   as   their   demonstration   theme.   From   2010,  
eighteen cities of CNSC, including Shanghai, Qingdao, Wuhan, Chengdu, Ordos etc., have taken
the   demonstration   actions   on   “Cities   of   Low-carbon Development Planning of Key Technology
Research  and  Demonstration”.
Taking Shanghai city as an example, the municipal government will invest to build the first eco-city
in China at Chongming Island. In this eco-city, renewable energy, natural rainfall and kitchen waste
transforming fuel will be used to maintain the operation of eco-city. Residents of city will drive less
as far as possible, and walk or ride bicycles at daily. Figure 6 shows the construction view of ecocity at Shanghai.

Figure 6 Construction view of Chongming Island, Shanghai city

3. Research Action of Urban Low-carbon Construction Technologies
3.1

Technology Demand for Urban Low-carbon Construction Action

Urban low-carbon construction action faces seven problems and needs related technologies: (1)
Urban low-carbon construction lacks of the key technology of planning; (2) Urban construction of
carbon emissions lacks effective contained means; (3) Traditional urban water system lacks of
integrated technology which can satisfy the demand for carbon reduction, economical efficiency
and practicability simultaneously; (4) Urban living garbage disposal system in carbon emissions
lacks of integrated and control technology system; (5) Urban protection and promotion of carbon
collection lack of key integrated technology; (6) Urban low-carbon energy system lacks of key
integrated technology to raise its efficiency; (7) City lacks of scientific methods and techniques for
carbon emissions monitoring and compiled list of carbon emissions.
3.2

Technology System of Urban Low-carbon Construction Action

Based on the background of rapid development of urbanization, industrialization and motorization,
the Ministry of Science and Technology of China has organized 18 leading universities and
research institutions, including Tsinghua university, Tongji university, Huazhong university of
science and technology (HUST), Chinese Academy of Sciences, Chinese Academy of Social
Sciences  etc.,  jointly  carried  out  a  “Cities  of  Low-carbon Development Planning of Key Technology
Research   and   Demonstration”   project   since   2011.   The   project   aims   are   to   build   the   new  
technologies system of urban low-carbon construction which suited to China's conditions and to
meet the urgent technical needs for cities responding to climate change actions.
The project takes promoting urban low-carbon development for target, around city planning,
building, environment, energy, water resources, solid waste, methodology of assessment and
monitoring, carries out common key technology research and integrated demonstration of urban
low-carbon development, provides technical support for actions of China's positive response to
global climate change, resource-saving and environment-friendly city construction.
Technology system of urban low-carbon construction is composed of 7 key technologies: (1) Key
technology of the development planning for urban low-carbon construction; (2) Key technology of
the standard and measurement of building carbon emission and the low-carbon building design; (3)
Key technology of the carbon emission decrease for urban water system; (4) Key technology of the
low-carbon for urban garbage disposal system; (5) Key technology of the urban carbon sink
protection and promotion; (6) Key technology of the energy efficiency improvement for low-carbon
city; (7) key technology of the carbon emissions monitoring and compiled list of carbon emissions.
Moreover, the paper will take the sub-technology  of  “planning  technologies  of  cities  responding  to  
climate  change”  which  belong  to  key  technology  (1)  as  example  to  describe  detailed.
3.3

Planning Technologies of Actions for Cities Responding to Climate Change

This research program is taken by our research team from HUST. The object is to set up the first
urban planning technology responding to climate change at China. Research achievements will be
practical applied in actions by some cities of CNSC. Main research contents include three parts.
(1) Urban low-carbon development mode and construction mechanism. This research field will
comparatively analyze the practice and development mode international urban low-carbon
construction, study the key influence factors of urban industrial development orientation, spatial
structure and form, traffic network, landscape ecological pattern etc., and propose the mode and
mechanism urban of low-carbon construction development.
(2) Evaluation technologies of urban low-carbon construction. This research field will take
“industry, building and transportation” as main subjects of urban carbon emissions, establish the
evaluation method of urban carbon emissions, structure the evaluation technology system of urban
low-carbon development, and set up the key performance indicators of low-carbon construction.

(3) Planning technologies of cities responding to climate change. This research field will study the
master plan techniques of carbon emissions decrease, and put forward the technical guidelines of
urban master plan to response city climate change.
Our research team has participated deeply in actions of low-carbon construction for cities
responding   to   climate   deeply,   and   taken   the   program   of   “Technologies   Research   for   National  
Nature Reserve  on  Climate  Change”  fund  by  China  National  Basic  Research  Program.  
Prof. Wang, the first author of this paper, has been invited by UN-HABITAT   to   attend   “Cities  
Responding  to  Climate  Change  Impacts  (CCCI):  CCCI  Regional  Partners  Meeting  Asia/Pacific”  on
behalf   of   the   Chinese   side,   which   was   held   in   Changwon,   Korea   (2010,   9),   also   attend   “UNHABITAT Expert Group Meeting: Technical Cooperation for Sustainable Environmental
Development in the Asia-Pacific   Region”,   which   was   held   in   Tokyo,   Japan   (2010,   10),   and
introduced  China’s  development  of  CCCI.  Moreover,  he  also  attended  World  Sustainable  Building  
Conference held in Tokyo, Japan (2005) and in Melbourne, Australia (2008), and made the
research presentations [5-6].

4. Conclusion
Cities are the main carriers to response to climate change. With the rapid urbanization, China must
take the development strategy of urban low-carbon construction. China has actively carried out the
actions of urban low-carbon construction for cities responding to climate change impacts. At
present, it’s urgent to provide urban low-carbon construction technology. Moreover, China's actions
of urban low-carbon construction have certain reference significance for other developing countries.
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Summary
The evaluation of planning is a complex and though exercise but, in the context of sustainable
development, has become a relevant and necessary. It is important to develop methodologies that
allow efficiency gains in the planning process and a timely evaluation of its activity in order to
accomplish its objectives and ensure that those same objectives are framed in the principles of
sustainable development.
In  this  context  planning’s  evaluation  procedure  is  something  that  satisfies  the  need  to  assure  the  
quality its actions and the optimization of the means applied to its process. In the framework of
sustainability that one wants applied to all vectors of human activity the evaluation of municipal
plans assumes preponderance in light of the scarcity of resources and the irreversibility of territorial
actions. Equally, climate change and demographic growth have introduced, into the planning
process,, the need to anticipate their consequences.
Today, the objective is that territorial actions no longer have a purely casuistic origin and becomes
structured allowing it to respond to the real needs of communities (habitation, education, culture,
environment, citizenship, social dynamics, demographics and others) ensuring that, progressively,
their quality of life improves.
In order to achieve these goals, territorial planning, through its role in supporting human activities
needs to construct an operational tool that allows it to continue supporting the development of
societies and simultaneously bringing that process into the framework of sustainability. [1]
Land occupation is a process in constant mutation, it is therefore important to evaluate this process
and its contribution to the degradation of the ecological carrying capacity of the territory as well as
whether or not territorial development and planning have become socially acceptable, politically
and economically viable and most importantly, technically feasible [2]. All these factors are
essential and must be considered within a new model and applied to the evaluation of
sustainability in a municipal plan.

However, the evaluation and monitoring of the performance of sustainable strategies
implementation in the territory through the municipal plan should anticipate the action plans that
will be executed and whether or not they are framed within the defined principles [3]. This model,
through simulation and anticipation of its effects will allow a better understating of its strategies and
the need to reform them and their action lines, defined to make the plan more sustainable.
The adoption of the proposed model aims to guarantee its applicability to municipal plans, assuring
a balance of the various components of sustainable development – social, environmental,
economic and institutional while making the planning process more robust, in its action, due to
wide scope of areas worked.
In order to understand, preview and evaluate the impact of the implementation of any strategy at
the municipal level it is fundamental to fully characterize the territory and all elements that it
includes and then evaluate if the territorial model does not exceed the carrying capacity, with help
from Carrying-Capacity-Analysis (CCA), Pressure-State-Response (PSR) and Driving-ForcePressure-State-Impact-Response (DPSIR) techniques, among others. It will be through the
conjugation of all these techniques that previews and simulations of the territorial dynamics
resulting from the implementation of a municipal plan can be obtained, thus enabling the correction
and modification of the original plan.
The last step of the proposed model is the evaluation of the sustainability in the municipal plan,
through a variety of indicators of urban sustainability. The aggregation of several indicators
produces indexes of municipal performance.
This model fills a gap in the evaluation of sustainability in plans in general and of municipal plans
specifically.
The lack of a model to treat this problem is proof of the difficulty that the planning process has in
anticipating future dynamics, this problem exacerbates the need for a new model.
Through this study it is concluded that, by the adoption of a better model of evaluating
sustainability in the implementation phase of a municipal plan, it is possible to evaluate the
efficiency of the planning process itself and, by anticipation, underline the need to reformulate
strategies or action vectors of the plan itself, to guarantee the adequacy of the process of
sustainable development of the territory.

Keywords: Sustainability; Assessment; Implementation; Urban Developments; Municipal Planning;
Indicators;

1. Introduction.
The  concept  of  sustainable  development  is  able  to  frame  diverse  interpretation,  though  these  don’t  
pervert its range. The most widely diffused definition emanates from the Bruntland Commission
report. This report defines sustainable development asa process that  “attends  to  the  needs  of  the  
present  without  compromising  the  ability  of  future  generations  to  satisfy  their  own  needs”. [4]
In 2004 the European Commission published a communication that alerts to the need to achieve a
sustainable framework in cities. Through this action the EU promoted a series of policies relevant
to this objective. The main areas of policy where: sustainable urban management, transportation,
construction and conception. Moreover, after the approval of the Strategy on Urban Environment in
January 2006 a challenge has arisen in Europe, a challenge to identify the instruments and tools
that will enable a better quality a higher sustainability of the urban environment and to create a
homogenous framework of sustainable urban development for the whole of Europe.
Most cities are faced with common environmental problems: bad air quality, traffic congestion,
noise, low quality urban areas, abandoned sites, urban dispersion, effluent production and
greenhouse gas emissions.[5]
The cause of most problems arise from the changes in the development model of societies, the
lifestyle of its population (growing dependency on automobiles, intensive use of natural resources),
demographic growth, all factors that must be taken into account when building solutions for
municipal plans. These solutions must be directed towards the future and must comprise all
aspects connected with the prevention of natural and technological risks, in this the forecast of the
impacts of climate change territorially are extremely important.[6].
The environmental problems of cities are particularly complex in so far as their causes are
interlinked with the globalization phenomenon. Local initiatives that aim to resolve these problems
may, inadvertently, collide with other national or regional policies. For this reason the process of
evaluating and previewing policies and their effect becomes of great importance.
One   of   the   most   common   problems   that   affect   the   accomplishment   of   a   territory’s   sustainable  
development is the  reflex  that  the  evaluation  of  a  plan’s  sustainability  causes  in  the  involved  actors,  
particularly politicians. Other problems include: miscommunication between interested parties, lack
of examples and references and, most importantly, the lack of studies and analysis that show the
benefits of territorial sustainability [7].
Municipal plans, as documents that regulated planning in the municipality, have a responsibility to
cope and deal with the preeminent issues (current and future) that affect urban growth, such as
land use and the adoption and application of policies for development.
These plans must assume, in their structure, a new methodology, oriented to fulfill all strategies
whether regional, national or trans-national, so as to enhance the level of global sustainability and,
simultaneously, improve the quality of life of its communities. The elaboration of a municipal plan
must be based on a strategy for sustainable development for the municipality in which various local
policies must be considered and integrated in a coherent fashion, establishing regular partnerships
and creating consensus between the various local actors.
One of the key factors in the making of a sustainable municipal plan is its ability to determine
strategies that span all of the urban systems, from infrastructure to morphology. Another crucial
factor is the possibility of evaluating the real necessities of the urban agglomerates and translate
them into goals. The definition of strategies must take into account how, both individually and
institutionally, the needs of the communities will be resolved, both in the long and short term.

These needs are varied and include: work, health, education, mobility, safety, public spaces, food
security, and basic sanitation.
Planning land use, growth and development of a municipality is and activity central to loval
governments as i tis through it that they seek to determined the needs and provide the adequate
responses. Effective planning allows the prediction and assurance of when, where and how the
municipality will develop, according to the objectives set out by the municipality itself and its local
population [8].
Of all the principles of regional and urban sustainability, applicable to the development of municipal
plans, the most relevant are those who allow [9]:










The creation of a vision for the municipality based on sustainability, intergenerational,
social, economic and political equity.
The promotion of social equity – Access to all Basic services at a fair price
A sustainable local economy, through the adaptation of local needs and abilities to its
economy without the destruction of non-renewable resources.
The possibility  of  reducing  the  community’s  overall  ecological  footprint.
To recognize and develop the features unique to the municipality, including human and
cultural values, history and natural systems.
Maintaining the local heritage intact, through preservation and protection, thus safeguarding
the cultural and arquitectonic identity, and maintaining the unique character of local public
spaces.
The enablement of the population and incentivize their participation in the design process
and decision making steps.
The promotion of sustainable production and consumption, through the use of adequate
environmentally friendly technologies that effectively manage supply and demand.
The continuous improvement, based on transparence, responsibility and overall good
governance.

Another author, [1] enumerates the following principles and parameters that should be included to
the planning process:








Sustainable use of natural resources
Reduction of waste and consumption
Preservation of natural, economic and cultural diversity establishing equitable relations
between them
Promotion of local jobs and economy
Promotion of renewable energy
Involvement of local population in the planning process
Propagation of information pertaining to the predicted and verified development throughout
the process

However, to achieve this goal it becomes necessary to develop a model to evaluate the
sustainability of a municipal plan as no tool exists that can accomplish it.

2. Model of evaluating a municipal plan.
Territorial development is a process in constant mutation, therefore i tis paramount that this
development is evaluated to ascertain if it does not   contribute   to   the   exceeding   of   the   territory’s  
carrying capacity. It is also important that planning and territorial development become socially
acceptable, politically and economically viable and technically feasible [2]. All these factors are
essential as most be considered in the model applied during the evaluation of sustainable in the
municipal plan.

The inclusion of the concept of sustainability in the municipal plan guarantees that the process of
community development, their activities and territory, will be processed in a balanced manner
inserted in a framework of efficient resource management [1].
Also, the evaluation and monitoring of the implementation of sustainable strategies defined in the
municipal plan should foresee if the actions to be developed actually meet the sustainability
principles defined in it [3]. This model, through simulation and preview of its effect will allow a
further comprehension of the need to reformulate strategies or actions in order to make the plan
more sustainable in its proposed effects.
The proposed evaluation model aims to guarantee the equilibrium between the different
components of sustainable development (social, environmental, economic and institutional) and
ensures that the planning process becomes more robust and efficient in its action, especially due
the broad range of themes analyzed.
An evaluation   of   a   plan’s   sustainability will lead to a series of advantages both significant and
important, these come from the process itself and can be seen and scrutinized on different levels
such as:






Control and reduction of natural, non-renewable resources.
Increasing the efficiency of urban systems
Reduction of greenhouse gas emissions and overall dysfunction of informal urban
processes
The enduring use of the possibilities and potential that the territory provides.
Effective increase on the quality of life.

The proposed evaluation model mainly focuses on three components that are fundamental to the
elaboration of a municipal plan




Sustainability strategies
Natural and human territorial balance
Territorial Dynamics of development

The strategy and lines of action defined for the municipal territory are the starting point to the
structuring of the municipal plan and, therefore, correspond to the initial phase of the proposed
model. It is of extreme importance analyzing and evaluating these strategies and their respective
lines of action so as to not compromise the sustainability in the territory and municipal
communities.
In order to comprehend, preview and evaluate the impact of the implementation of municipal
strategies it is fundamental to elaborate a complete characterization of the municipally, physically,
culturally, economically and institutionally, only by doing this one can develop a correct analysis of
the territory and it communities and, more importantly, the effects of said strategies on them.
Subsequent to this phase it is necessary to evaluate whether the defined planning model will
exceed   the   territory’s   carrying   capacity.   This   is   achieved   through   techniques   such   as   the  
Evaluation of Carrying Capacity (ECC), Pressure-State-Response (PSR) and Drivers-PressureState-Impact-Response (DPSIR). It is through these techniques that the consequences of a plan
can be foreseen and previewed, this will enable the introduction of modification to that plan.
The last stage in the evaluation model is the evaluation in itself. It is constructed with indicators of
urban sustainability these will allow the continuous monitoring and evaluation of the various
parameters and components of a municipality. These indicators can further be aggregated into
indices of general performance.

This model tries to ensure that in municipal planning a real evaluation of sustainability occurs.
There is no existing model that deals with this issue, this is because the planning process has
great difficulty in previewing its own dynamics.
The development of the theoretical model, in light of the dimension and scope of the problem is
based on a simple methodological structure (figure 1), this structure combines different techniques
and allows the construction of sustainability indicators.

Figure 1 – Implementation of sustainability in municipal plans, evaluation model

3. Process of evaluating the sustainability of a municipal plan.
After the presentation of the model this paper will now further detail each phase of the process.
3.1. Strategies, Characterization and SWOT analysis.
As previously stated, strategies for municipal development and their lines of action are a basic
component of municipal plans since they influence decision making. Also the making of a
municipal plan is not possible without the correct and rigorous characterization of the territory. The
more detailed and complete this phase the better and more effective the municipal plan.

It is this information that enables the effective construction of a municipal plan, a plan that includes
sustainability in an effective manner, based on a strategy for sustainable development for the
whole municipality allowing, in coherent fashion, the satisfaction of the real needs of its inhabitants.
A correct territory characterization should contemplate the physical, social, economic and
institutional dimensions of the municipality. Physical characterization should focus on two parts,
abiotic and biotic systems. The characterization of the abiotic system should study the altimetry,
hypsometry, slopes, aspect, geology, hydrology, soil, land use, air quality, risks and climatology
(wind, precipitation, solar radiation, etc.) of the territory. The biotic system analysis should focus on
vegetation analysis, natural and semi-natural as well as important areas to preserve (fauna and
flora).
In the social and economic characterization elements as: demography, spatial distribution,
heritage, jobs, education, housing, public services and infrastructure, mobility and economic
activity should be studied and analyzed.
Lastly, the study of the institutional framework, all restrictions should be observed, whether
pertaining to protected areas or any other public requirement.
Upon completion of this phase conditions are met to begin the elaboration of a SWOT analysis that
relates the intrinsic features of the territory with the strategies adopted. This type of analysis
enables the quick understanding of these relations their relative urgency and feasibility (Table1).
Table 1 –SWOT Analysis
Present – Internal Factors
Strong Points
What are the qualities and advantages of
this territory?
What is functioning adequately?

Weak Points
What are the problems of the territory and
how can they be improved?
What’s  wrong?

Future – External Factors
Opportunities
What are the favourable tendencies?
What opoortunities arise from these
tendencies?

Threats
What future dificulties? How does our
competiton evolve? Are there any
contextual changes that may change the
analysis?

3.2. Evaluation of carrying capacity and PSR/DPSIR methods as support techniques of
evaluation of a sustainable model
With the strategies for the municipal territory defined and delineated it is paramount that the new
plan has incorporated in itself the principles of sustainability. The plan must adequate itself to the
carrying capacity of the territory and accommodate the pressures resulting from its proposal.
The verification of the accommodation of these pressures is done through various techniques:
carrying capacity, ecological footprint, PSR and DPSIR. These techniques were selected because
of their adequacy to scenarios of implementation of human dynamics over and environment.
The evaluation of carrying capacity has the objective of determining the availability of natural
resources and their limit within in a durable and sustainable use. Generally this technique
determines the ability of the natural environment of supporting various human activities and
demographic growth without incurring in significant damages to itself [8].

The evaluation of the carrying capacity encompasses four different components: physical load,
environmental load, economic load and social load. The first corresponds to the maximum number
of units (people, cars) that can occupy a determined area. The environmental load pertains to the
maximum load an ecosystem may endure without any loss of productivity or value. Economic load
is related to the maximum use of a given resource by various economic activities. The social
component verifies the point at which the experience is degraded by more demographic growth.
The use of this technique is therefore very important in the elaboration of a municipal plan. It is
prior to the definition of density factors as they will influence, directly, the existence of natural and
permeable areas within the plan. However, this entails that the characterization phase must be
very precise to diminish the risk of applying wrong density factors to important natural areas.
The SWOT method is used with the current evaluation method so that the next phases will always
be  aware  of  the  territory’s  features.  
The other techniques in this model are PSR and DPSIR [9] [10] both are tools that enable us,
through gathering of information (quantitative, qualitative), to adequately describe the quality of the
urban environment and its changes. This will help decision makers as they preview possible
consequences that may arise from less correct and coherent decisions.
Through the PSR method it is possible to analyze which human activities are exerting pressures on
the environment (pollution, land use change). It is also possible to evaluate the change in the state
of the urban environment caused by these same pressures (water courses, pollution, etc.). Society,
through its institutions, should be able to respond effectively to changes in the state of the
environment through correct policy [10]. Such response is possible through this method and it is
also possible to introduce changes in a plan by anticipation.
In a broader sense, the stages that compose the structure of these different methods comprise an
holistic process that includes the perception of the problem and the formulation of policies, as well
as the accompaniment and evaluation of them.
Analyzing this first method it is important to accentuate the pressured that human activities cause
on the environment which can be a result of several factors such as: demographic growth,
pollution, high consumption or percentage of land occupied. This analysis, when translated into
quantifiable parameters, gives us a clear picture of the effects that territorial dynamics have on the
environment. Thus, and focusing on the evaluating of the urban environment, it is the result of the
analyzed pressures a degrading of the overall quality of the urban environment, conditioning future
use. Lastly, the response stage defines the solutions that society finds to the negative impacts
cause by pressures [11]. These responses should include regulatory frameworks, management
changes, better dissemination of environmental information, etc.
In this method relationships between driving forces (economic and social activities), such as
industry and transportation that produce pressures on the environment, pollution or waste
production, that contribute to changing the state of the environment are analyzed. This method
also studies the impact various factors resulting from pressures and environmental change have
on human health. Society will then respond with various measures and policies, like regulations,
taxes, information etc which can be directed to any part of the system [12]. These measures and
policies will serve to redirect the guidelines of a plan. The societal responses to environmental
pressures are also evaluated in this method as these responses may affect the driving forces and
their impacts. [13]
These methods, when applied in a methodology capable of evaluating the sustainability of the
implementation of territorial models, are an important asset in the quest for sustainable
development.

The result that is achievable through the application of these methods, integrated in na evaluation
model, is that is all policies regarding the territory are made more coherent, potent, informed and
conscious of their future impact.
The ecological footprint method aims to strengthen the certainty of prediction of possible impacts of
the implementation of territorial dynamics and their conformity with the result obtained in the
SWOT analysis.
This technique will point out the overload  that  a  plan’s  proposal  may  bring  through  zoning,  activities  
and other factors. This, in conjunction with the carrying capacity analysis described earlier will
assess the effects of the plan and possibly change its proposals.
3.3. Territorial Dynamics – Simulation and Preview of the proposal and the validation of a
model.
The analysis of territorial dynamics is extremely important in determining the future of those
territories, making paramount the need to preview the results of their implementation. The
evaluation process of territorial dynamics that result from the actions defined in the municipal
plan’s  strategies  is  of  difficult  quantification  because  of  the  many  parameters  involved.
However, the possibility of simulating and previewing the possible territorial dynamics that will
occur in a given municipality will enable us to validate the proposed model or reconfigure it.
This action will utilize scenario creation tools, computer simulation tools and, jointly, quick
evaluation tools that will draw on comparisons and measurements. These tools can be
implemented as long as they are articulated with sustainable development indicators.
The graphical evaluation of land use change (in percentage), the change in infrastructure, the
number of public facilities, the creation of new industrial and commercial activities will help in easily
identifying the territorial dynamics and frame them in the scope of sustainability.
The evaluation of all links between all factors will enable us to verify if, globally, the decisions taken
will actually respond to the pressures that bind the municipality guaranteeing a clear and objective
response, contributing to an effective and sustainable evaluation of the territorial model.

3.4. Indicator System of evaluation of sustainability and communication of sustainability
performance in a municipal plan.
The penultimate step in this model corresponds to the evaluation of the constructed territorial
model. This evaluation will be done suing a set of indicators of urban sustainability developed
specifically for this purpose.
The development of this action will validate and assess the level of depth of inclusion of the
principles of sustainability in the municipal plan.
It is fundamental that the evaluation of the sustainability of a municipal plan occurs in its
elaboration/revision process, so that, when it is being implemented, and its regulations, they
already contain measures that minimize risk. This system of indicators allows the assessment of
environmental, social. Economic and institutional conditions in a specific moment through
estimates and, through relations between indicators, predict future changes caused by the plans
implementation.
Thus, in an initial phase, the evaluation of sustainability will use information drawn from history
(when available) and analyze the current territorial status which will be part of the characterization
report. In the proposal phase the strategies and programming for territorial development are
evaluated, the evaluation will draw on the plans report and its main drawings.

This is the most important phase in the evaluation process of new plans when its structure of land
use is questioned as well as its density zoning and its proposed load on the territory.
In strategic programming the plan will have to be articulated with the ability of the territory to
respond to the dynamics it provokes and to the way that actions relate between themselves. All
areas of expansion will be subject to the same scrutiny.
In the monitoring stage all changes observed will be evaluated according to the need to change the
plans management or reformulate it entirely.
This model uses a system of indicators as a way to monitor complex systems that society deemed
important, due to the negative effects their degradation may produce. Through these indicators and
gathered information (qualitative and quantitative) positive and negative variations will be observed
giving the decision makers more depth of knowledge to propose the necessary corrective
measures.
A system of indicators of this magnitude must be divided into: parameters, indicators and indexes
(when the number of parameters is large). A parameter is a measure that can be evaluated
quantitavely and qualitatively and is relevant to the various factors of sustainability. Indicators are
composed by groups of selected parameters. An index is an aggregation of indicators that through
“weighting”  methods  give  us  a  final  picture  of  the  evaluation  [10]. Generally indicators and indexes
are simplifications designed to improve communication.
Indicators are relatively robust tools of evaluation as they are able to measure changes in all
dimensions of sustainable development. The information they provide is synthesized and coherent
and, if all criteria of objectivity are met, provide us with a clear picture of the state of a municipal
plans implementation of sustainable principles. This system will therefore contribute to the effective
management of strategies at the moment of implementation. The system of indicators should be
built with the participation of all actors to make it as complete as possible.
The system of sustainability evaluation and monitoring of municipal plans will contribute towards
guaranteeing the efficiency of its strategies at the moment of implementation

4. Conclusions.
The uncertainty of climate change and its effects, demographic growth, resource depletion and the
irreversibility of some territorial actions, derived from municipal planning, have imposed that,
through the evaluation process we can anticipate and evaluate the consequences of the decisionmaking process in the elaboration of those plans. These actions need to framed in the
sustainability framework.
Through this study we conclude that, through the adoption of the model to evaluate sustainability,
in the implementation phase of the municipal plan, it is possible to underline the need to
reformulate strategies and lines of action, so as to assure the process of sustainable development
of society in its territory.
The proposed model allows the pointing out of the manner in which territorial dynamics resulting
from the implementation of the municipal have affected the territory and whether or not they can be
maintained in a durable and harmonious fashion.
The Model also allows the evaluation and monitoring of the principles of sustainability in a
municipal plan, through a system of indicators allowing a clear and comprehensive analysis of the
level of performance of the municipality as well as the need, or not, to perform actions on its
revision both in the strategic department and its regulations.
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Summary
In societies with a mature building stock (such as Western Europe), choice of methods for
renovation of existing buildings will be key to sustainable development. An important goal in such
renovation, which has received significant focus in recent years, is to increase the end-use energyefficiency of the renovated buildings. In such renovations, there is understandably focus on
reduced bought energy demand, reduced life-cycle costs (LCC) and reduced Greenhouse gas
(GHG) emissions arising from energy use. In this paper multiple case studies are used to analyse
the contribution of renovation packages drawn up with the goal of increasing end-use energy
efficiency to a broader range of sustainability aspects. In each case study a multi-family building
representing a typologically significant class in the Swedish building stock is considered. For each
building a base case and 2 renovation packages with higher initial investment requirement and
higher energy-efficiency are defined. The base case and renovation packages are analysed
according to LCC, GHG emissions due to bought energy and 14 indicators from the Swedish
environmental rating tool Environmentally Rated Building (ERB). In this way aspects related to
energy (e.g. bought energy demand, non-renewable energy demand), indoor environmental
quality, IEQ (noise, indoor air quality, thermal climate, daylight and moisture) and embedded
hazardous materials are analysed simultaneously for proposed renovation packages in a
systematic and consistent manner. Taken together, the case studies show that whilst there is
potential to increase end-use energy efficiency in the Swedish building stock with renovation
packages that have lower LCC than lower-efficiency packages, energy-efficiency packages with
relatively higher marginal investments seem to have higher LCC than lower-efficiency packages.
Evaluation of measures with ERB indicators is important both to show IEQ advantages of
packages (as a possible added value) through positive changes in indicator values and also to
show where packages need to be amended to avoid negative consequences of renovation.
Keywords: Existing multi-family buildings, renovation, Sustainability, buildings, LCC, indoor
environment, energy

5. Introduction
The starting point for this paper is that buildings are a key front in the transition to sustainable
development. In the economic dimension, Pearce shows that buildings constitute around one third
of the total stock of manufactured capital [1].
Meanwhile, Toller, et al. has shown that construction and operation of buildings is responsible for

28 % of Sweden’s total primary energy demand [2]. The Swedish environmental quality objectives
have as a goal to reduce energy consumption by 50 % per unit heated area in the built
environment in 2050 compared with 1995 [3]. In order to achieve this goal, increasing energy
efficiency in existing buildings is very important.
Kohler has shown not only that buildings are key elements in social aspects of sustainability, but
also that from a mass-flow, embodied energy and global cost point of view, renovation of obsolete
building elements approximately every 30 years is preferable compared with demolition and newbuild or renovation strategies with a longer periodicity [4].
In light of these conclusions, the aim of this paper is to evaluate from a sustainability point of view
different renovation packages drawn up with the aim of increasing end-use energy efficiency for 3
typologically significant Swedish multi-family buildings. This work has been carried out as part of
MECOREN – Methods and concepts for sustainable renovation, a Nordic collaboration project,
funded on the Swedish side by the Swedish Research Council for Environment, Agricultural
Sciences and Spatial Planning (FORMAS) and The Development Fund of the Swedish
Construction Industry (SBUF). We are grateful also to the building owners who have given us the
possibility to analyse their buildings in this paper.

6. Methodology
6.1

Renovation Packages for Multi-family Buildings

The three multifamily buildings on which the case studies are carried are all located in the County
of Stockholm. The first is a terrace of 5 row houses built in 1973, the second an apartment building
from 1973 and the third an apartment building from 1963. Though differing in some ways, both
apartment buildings are typical for the industrialised production methods that started to be used in
Sweden for apartment buildings from the early 1960’s and onwards and that typify Swedish million
program apartment buildings. Meanwhile the row houses are typical of Swedish small homes from
the 1960’s onwards with load bearing stud walls, mineral wool insulation and mechanical exhaust
air ventilation.
Table 2: Technical description of 1973 row houses for all packages.
Base case
Windows
Roof/attic
External walls
Foundation
Ventilation
Heating
Hot water

2

Existing wooden 2-pane windows from 1973. U-value 2.9 W/m , K.
2
120 mm mineral wool on wooden ceiling. U-value 0.27 W/m , K.
2
Stud walls with 95 mm mineral wool, wooden facade. U-value 0.31 W/m , K.
Concrete slab.
Mechanical exhaust (per unit) with separate cooker hood fans (per unit).
Electric resistance heating.
Electric resistance heater, single lever, standard flow.

For the medium investment package, the following changes are made:
1. New 3-pane windows with aluminium cladding, argon filling, 2 low emission coatings
2
U-value 1.1 W/m , K and external awnings for shading (where relevant).
2
2. 380 mm mineral wool is added to attic insulation for new U-value of 0.07 W/m , K.
3. Mechanical balanced ventilation with rotating heat exchanger (per unit) and separate cooker hood fans are
installed.
In addition to the measures for the medium investment package, the high investment package involves insu2
lation of external walls with 400 mm extra mineral wool for a total U-value of 0.09 W/m , K.

For each building, 3 renovation cases were described:
1. A base case, where the minimum level of investment required to maintain the present
function of the building with the present energy usage is assumed.

2. A medium investment package, including measures intended to yield a reasonable increase
in energy efficiency for a level of initial investment that is somewhat higher than in the base
case.
3. A high investment package, where measures for each building are included that are
intended to yield greater increase in energy efficiency than for the medium case for a
correspondingly higher level of initial investment.
The specific packages for each building were also drawn up with respect to what sort of measures
were considered appropriate in light of the buildings’ current technical status. The technical
features of the base case and renovation packages are described in tables 1 to 3.
Table 3: Technical description of 1973 apartment building for all packages
Base case
Windows
Roof/attic
External walls
Foundation
Ventilation
Heating
Hot water

2

Existing 2- pane wooden windows with aluminium cladding. U-value 2.9 W/m , K.
2
150 mm furnace ash with 300 mm mineral wool. U-value 0.09 W/m , K.
2
250 mm aerated concrete, stucco facade. U-value 0.46 W/m , K.
Cellar on concrete slab.
Exhaust air fans with constant speed motors.
District heating, water-based secondary circuit. Radiators with regular valves.
Single lever fixtures with standard flow. Hot water costs are included in rent.

For the medium investment package, the following changes are made:
1. Exhaust air fans are fitted with variable speed drives (VSD), to compensate for static pressure differences
between winter and summer. 2. Radiators are fitted with thermostatic valves. 3. All fixtures are fitted with lowflow nozzles. 4. Hot water is measured and billed separately per apartment.
In addition to the measures for the medium investment package, the high investment package involves:
1. Installation of central balanced mechanical ventilation with rotating heat exchanger (in this case instead of
the VSDs above).
2
2. 200 mm mineral wool is added externally to outer walls for final U-value of 0.13 W/m , K.
3. Inside pane of existing windows is replaced with argon-filled insulating glass unit with low emission coating
2
for total U-value of 1.5 W/m , K.

Table 4: Technical description of 1963 apartment building for all packages.
Base case
Windows
Roof/attic
External walls
Foundation
Ventilation
Heating
Hot water

2

3-pane wooden windows with aluminium cladding. U-value 2.3 W/m , K.
2
150 mm furnace ash with 300 mm rock wool. 0.09 W/m , K
2
250 mm aerated concrete, stucco facade. 0.46 W/m , K.
Cellar on concrete slab.
Mechanical exhaust air with VSDs, for static pressure compensation.
District heating, water-based secondary circuit. Radiators with thermostatic valves, and
weather forecast control.
Single lever, low flow fixtures. Hot water costs included in rent.

For the medium investment package, the following changes are made: 1. New windows with aluminium cladding, 3-pane insulating glass unit with argon filling and 2 low emission coatings are installed for a total U2
value of 1.1 W/m , K.
In addition to the measures for the medium investment package, the high investment package involves: 1.
2
Addition of 200 mm mineral wool to external walls for total U-value 0.13 W/m , K. 2. Balanced mechanical
ventilation with rotating heat exchanger.

6.2

LCC Analysis

In each case, the packages and base cases are compared economically using LCC and the net
present cost for each. The period of analysis for each LCC is chosen to be 50 years, since this is
considered a reasonable time over which cash-flows will be of interest for decision makers now.
The calculations have been carried out exclusive of the general rate of inflation, and where specific
inflation rates for the prices of specific commodities have been assumed, these have been
adjusted for an assumed general rate of inflation over the period of analysis of 1.2 % (based on our
analysis of the Swedish consumer price index in [5]).
Selection of an appropriate discount rate can be done in many different ways. In this case a real
discount rate for the calculation of 5 % is used. We assume that this assumption is realistic for a
long-term actor (such as the building owners in our case studies) based on our analysis of the long
term nominal interest rate for 10-year Swedish government bonds [6].
Costs included in the calculation are investment costs in year 1 required to establish the function
described in tables 1 to 3, as well as operation, maintenance and re-investment costs required to
maintain this function over the period of analysis. Also included are the total energy costs for each
respective building for space heating, domestic hot water and property electricity (i.e. electricity for
vital building functions such as ventilation, lighting in communal areas as well as energy in
communal laundries where they exist). All costs are used exclusive of value-added tax. End-of-life
costs for separate elements are included in re-investment costs during the period of analysis. It is
assumed that no end-of-life cost is incurred at the end of the period-of-analysis since the buildings
themselves will be assumed not to have reached the end of their respective technical lifetimes at
this point.
Table 5: Input data for costs and real rates of increase for LCC.
Input data category
Electricity price
Real electricity price increase
District heating price
Real district heating price increase
Real price increase for renovation and maintenance (parts and labour)

Value and reference
0.96 SEK/kWh [9]
2.5 %/year [9]
0.64 SEK/kWh [9]
1.4 %/year [9]
1.0 %/year [11]

Costs for building measures are based on industry standard references such as [7], [8] and [9]. In
the case of the 1963 apartment building, investment costs were also based on a consulting report
based on results of a building inspection. Technical lifetimes for specific elements are based on [8]
and [10]. Specific prices for commodities and their real rates of increase are shown in Table 5.
6.3

Energy usage

Space heating requirement for the buildings and each package were calculated using a simulation
model of each building in IDA Indoor Climate and Energy [14]. Results from the modelling of the
base case for each building were checked for accuracy against the measured energy use for the
building.
Domestic hot water consumption and property electricity use in the base case for each building
were taken from measured energy use and the EU-mandated energy declaration for the building.
Changes in domestic hot water consumption due to specific measures were calculated using
information from [12] and [13]. Changes in property electricity use due to changes to the ventilation
systems were based on analysis of the specific fan powers for different kinds of systems, see e.g.
[13]. Household electricity usage for the buildings was based on the suggested estimates in [16].
6.4

Environmental rating of packages

Sustainability rating of the buildings for all 3 renovation packages are carried out by evaluating the
14 indicators for the new Swedish rating tool Environmentally Rated Building (Swedish:

Miljöbyggnad), ERB, according to the methods described in [16] and [17]. Information required for
evaluation of the indicators was collected from drawings, EU energy declarations, mandatory
ventilation inspection reports and on-site visits and measurements.
Each indicator for each building and package was rated according to ERB’s rating scheme: Gold
(best), silver, bronze or classified (does not meet the requirements for bronze). Indicator grades
were aggregated according to ERB’s aggregation method into 10 aspects, further aggregation into
3 areas (energy, indoor environmental quality and hazardous materials) and finally aggregation for
an overall rating (also gold, silver, bronze or classified).
Table 6: Summary of assessment methods for ERB. See [16] and [17] for a complete description of
methods.
Indicator
1. Bought energy

Rating method
The energy use for space heating, domestic hot water and property electricity as
a ratio of the living area (Swedish: boarea, BOA) is calculated.

2. Heat loss factor
3. Solar heat charge
factor

The heating power at dimensioning outdoor temperature is calculated in W/m of
heated space.
Solar radiation incident in representative rooms in representative conditions is
2
calculated in W/m .

4. Proportion of energy
sources

Proportions of environmentally certified renewable energy, non-environmentally
certified renewable energy and non-renewable energy are calculated.

5. Noise rating

An on-site listening test is carried out. For gold rating questionnaire results are
taken into account.

6. Radon concentration

Results of long-term approved measurements are used.

7. Ventilation

Approved ventilation inspection and questionnaire results are used. For gold
rating questionnaire results are taken into account.

8. Nitrogen dioxide in
indoor air

Survey of risk for high nitrogen dioxide concentration is carried out and if
necessary measured.

9. Moisture

Presence of moisture damaged elements or not is established by approved
survey. For gold rating questionnaire results are taken into account.

10. Thermal climate in
winter

A factor based on heat loss from windows as a proportion of room size for
representative rooms is calculated. For gold rating questionnaire results are taken
into account.

11. Thermal climate in
summer

A factor based on solar heat gain from windows as a proportion of room size for
representative rooms is calculated. For gold rating questionnaire results are taken
into account.

12. Daylighting

A factor based on relative size of windows to respective rooms for representative
rooms is calculated. For gold rating questionnaire results are taken into account.

13. Legionella risk in
water

Rating based on outgoing hot water temperature, and measurement of hot and
cold water at representative locations.

14. Presence of
Hazardous materials.

Building is surveyed for presence of hazardous materials (PCB, asbestos, ozone
depleting materials, impregnated wood).

2

Aggregation is described in greater detail in [16] and [17]. It was not possible during the work to
carry out resident questionnaires that is required for a gold rating in some indicators.
Changes in GHG emissions due to energy use in kg CO2-e were calculated for all packages using
specific emission values for electricity and district heating from [15].

7. Results
Tables 6 to 8 show the results of the ERB indicator ratings. Unsurprisingly, all packages yield
improvements to the ERB indicator 2 (heat loss), indicator 1 (bought energy) and (with one
exception, where there was no change) indicator 10 (thermal climate in winter).
The proposed measures also affected other indicators both positively and negatively. With respect
to indicator 11 (thermal climate in summer) and indicator 3 (solar heat charge), positive changes
are seen for both the 1973 row houses and the high investment package for the 1973 apartment
buildings. This is due to the fact that the fenestration solutions gave increased protection from the
sun. In the case of the 1973 row houses, external awnings are installed on relevant south-facing
windows, whilst for the 1973 apartment buildings the solar shading by the windows is increased by
the addition of the insulating glass unit. This measure should be contrasted with the medium
investment package for the 1963 apartment buildings where the desire to have windows with low
U-value (1.1 W/m2, K) led to the choice of 3-pane windows with a single 3-paned insulating glass
unit that did not allow for venetian blinds between the panes, as in the base case. As a result of
this the solar heat gain in the building is judged to increase according to indicators 3 and 11 since
solar shading is assumed to be internal. One way to reduce the heat gain at the same time as
taking advantage of the low U-value of the windows would be to install external awnings as was
the case for the 1973 row houses.
Table 7: ERB ratings for 1973 Row-houses. In each category, indicators are presented according
to following format: Numerical value for indicator (if appropriate), rating for indicator according to
ERB, change in indicator value compared to base case. Rating symbols as follows: C – Classified,
B – Bronze, S – Silver, G – Gold. (+) and (-) indicate positive and negative changes respectively in
indicator values (not ratings) compared to base case, and (+)(+) and (-)(-) indicate positive and
negative changes in indicator values (not ratings) respectively compared to base and medium
cases. Please see [16] and [17] for rating and indicator calculation methods.

2

1. Bought energy (kWh/m )
2
2. Heat loss factor (W/m )
2
3. Solar heat charge (W/m )
4. Energy sources proportion
5. Noise rating (see caption note)
3
6. Radon concentration (Bq/m )
7. Ventilation
8. Nitrogen dioxide in indoor air
9. Moisture (see caption note)
2
10. Thermal climate, winter (W/m , K)
11. Thermal climate in summer (-)
12. Daylighting (-)
13. Legionella risk in water
14. Hazardous substances
Aggregated area scores
Energy (indicators 1 - 4)
Indoor Environment (indicators 5 - 13)
Hazardous materials (indicator 14)
TOTAL SCORE

Base Case
Medium investment
High investment
146, B
86, S, (+)
81.6, S, (+)(+)
75, C
49, B, (+)
44, S, (+)(+)
47.3, C
20.5, S, (+)
20.5, S, (+)
45% non-renewable, B
No change, B
No change, B
S
B, (-)
As for medium, B, (-)
196, B
196, B
196, B
S
No change, S
No change, S
G
No change, G
No change, G
C
No change, C
No change, C
0.88, C
0.34, S, (+)
0.34, S, (+)
0.06, C
0.026, S, (+)
0.026, S, (+)
0.24, S
0.24, S
0.24, S
S
No change, S
No change, S
B
No change, B
No change, B
B
B
B
B

B
B
B
B

S, (+)
B
B
B

It has been assumed for both apartment buildings that the proposed packages would not affect the
noise level in the buildings. However, in the case of the 1973 row houses, it was possible to visit
similar row houses where a pilot renovation with balanced ventilation had been carried out. The
listening test in these renovated houses showed a not insignificant increase in noise due to the
flow of ventilation air in some rooms, such as the upstairs bedrooms (even with the presence of
sound attenuation units between the fans and the air distribution system) and therefore there is

judged to be a negative change in this indicator due to the installation of the balanced ventilation
system (Table 7).
The renovation measures have caused a negative change in indicator 4 (energy sources
proportion) for the 1973 apartment buildings.
Table 8: ERB ratings for 1973 apartment building. See Table 7 caption for explanation.
Base Case
Medium investment
High investment
1. Bought energy (kWh/m )
213, C
174, C, (+)
110.3, S, (+)(+)
2
2. Heat loss factor (W/m )
44, S
44, S
25, G, (+)
2
3. Solar heat charge (W/m )
28, S
28, S
15, G, (+)
4. Energy sources proportion
Non-renewable 21.5 %,
Non-renewable
Non-renewable 27.1 %,
S
22.2 %, S, (-)
B, (-)(-)
S
No change, S
No change, S
5. Noise class
3
6. Radon concentration (Bq/m )
327, C
327, C
327, C
7. Ventilation
S
No change, S
No change, S
8. Nitrogen dioxide in indoor air
G
No change, G
No change, G
9. Moisture
C
No change, C
No change, C
2
10. Thermal climate, winter (W/m , K)
0.55, C
0.55, C
0.22, S, (+)
11. Thermal climate in summer (-)
0.035, S
0.035, S
0.018, S, (+)
12. Daylighting (-)
0.12, B
0.12, B
0.12, B
13. Legionella risk in water
S
No change, S
No change, S
14. Hazardous substances
C
No change, C
No change, C
Aggregated area scores
Energy (indicators 1 - 4)
B
B
S, (+)
Indoor Environment (indicators 5 - 13)
B
B
B
Hazardous materials (indicator 14)
C
C
C
TOTAL SCORE
C
C
C
2

Table 9: ERB ratings for 1963 apartment building. See Table 7 caption for explanation.
Base Case
2

1. Bought energy (kWh/m )
2
2. Heat loss factor (W/m )
2
3. Solar heat charge (W/m )
4. Energy sources proportion
5. Noise class
3
6. Radon concentration (Bq/m )
7. Ventilation
8. Nitrogen dioxide in indoor air
9. Moisture
2
10. Thermal climate, winter (W/m , K)
11. Thermal climate in summer (-)
12. Daylighting (-)
13. Legionella risk in water
14. Hazardous substances
Aggregated area scores
Energy (indicators 1 - 4)
Indoor Environment (indicators 5 - 13)
Hazardous materials (indicator 14)
TOTAL SCORE

140, B
37, S
52, C
Non-renewable
31 %, B
S
300, C
S
G
C
0.34, B
0.066, C
0.14, B
S
B
B
B
B
B

Medium
investment
127.5, S, (+)
33, S, (+)
56, C, (-)
No change, 31 %, B

High investment

No change, S
300, C
No change, S
No change, G
No change, C
0.13, S, (+)
0.07, C, (-)
0.14, B
No change, S
No change, B

67.5, G, (+)(+)
22, G, (+)
56, C, (-)
Non-renewable 28.6 %,
B, (+)
No change, S
300, C
No change, S
No change, G
Facade renovated, B, (+)
0.13, S, (+)
0.07, C, (-)
0.14, B
No change, S
No change, B

B
B
B
B

B
B
B
B

This is due to the fact that the proposed measures decrease demand for district heating more than
they decrease demand for electricity. District heating (on the relevant district heating grid) has a
higher proportion of renewable energy than standard Nordic grid electricity assumed in this case.
Therefore the decrease in district heating demand due to the measures causes an increase in the
proportion of electricity and therefore non-renewable energy, and the corresponding negative
changes in the value of indicator 4 in ERB system in Table 8.
The measures in the proposed packages are not intended to address the aspects covered by
indicators 6, 8, 12, 13 and 14 (radon, nitrogen dioxide in indoor air, daylighting, legionella risk and
hazardous substances) and it is assumed that these do not change as a result of the measures. In
general, it is assumed that there is no change in indicator 9, for moisture, except in renovation of
the facade of the 1963 apartment building, where it is assumed that the observed damage to the
facade is remediated by the high investment renovation package.
The ERB results for base cases also show other areas where buildings need to be improved to
achieve higher ratings for ERB areas and a higher overall ERB rating. For the 1973 row houses, it
is important that the observed moisture damage is remediated; for the 1973 rental apartment
building, the high radon concentration, observed moisture damage and presence of hazardous
substances need to be addressed, whilst for the 1963 apartment buildings; the high radon
concentrations and the solar gain in apartments should be focussed on.
As shown in Table 10, the LCC for the medium package for the 1973 apartment building is
significantly lower than the base case. For all other cases, the LCCs for the packages compared to
the base case are higher by between 5 and 26 %. This is due to the fact that the current energy
usage in the 1973 apartments is relatively high (compare the 1963 apartment building), and the
appropriate measures for the medium package there (Table 3) have low investment costs
compared to all other packages. One way of expressing this difference in a simple quantitative way
is that for the medium package in the 1973 apartment building, the simple pay-back time for the
initial marginal investment to achieve the increased energy efficiency is between 1 and 2 years.
Meanwhile, for all the other packages, pay-back time calculated in the same way is between 28
and 45 years. The effect of marginally higher re-investments and the discounted value of the future
energy savings contribute to the ultimately higher LCCs in these other cases. The results may also
be explained by a theory of diminishing marginal returns – initial increases in energy efficiency may
be achieved with low marginal investment, whilst further decreases require increased marginal
investments that ultimately are not profitable.
One way of effectively reducing the marginal investment for increased energy efficiency may be to
implement energy efficiency measures in combination with measures that are otherwise required to
maintain the function of the building (such as adding external insulation at the same time as
renovating the facade). Furthermore the scope of the LCC applied could be extended to take into
account other possible changes in cash-flows that may occur as a result of renovations for energy
efficiency such as the possibility to increase rent after renovation. As shown in tables 6 to 8, some
renovation packages also led to improvements in the IEQ indicators of ERB, which may be one
way to show added value from the renovation beyond energy-economic aspects. For this to be the
case it would need to be ensured that through renovation negative changes (such as the noise
rating in the case of the row houses) be avoided.
Table 10 also shows GHG emissions per unit living space for each building and package. It is
interesting to note that the medium package reduces emissions for the 1973 apartment building to
17.4 kg CO2-e/ m2 (BOA), an amount close to the base case GHG emissions for the 1963
apartment building at 16 kg CO2-e/ m2 (BOA). Furthermore, none of the packages for the
apartment buildings can reduce emissions below these levels with a lower LCC. It is an interesting
topic for future research whether there is some common threshold value for GHG emissions per
unit living space below which profitable energy efficiency measures cannot reach. Emissions are
also affected by energy source, which may also be an interesting alternative focus in such a study.

Table 10: Energy usage, GHG emissions from energy and LCC for all buildings and measures.

1973 Row house
base
Total energy use according to
ERB kWh/m2 (BOA), year. (not
including household electricity)

146.6

Specific energy relative to base

med

high

86.5

81.5

59%

56%

1973 apartment
building
base

220.2

med

high

173.8

110.6

79%

50%

1963 apartment
building
base

140.1

med

high

128.3

67.7

92%

48%

GHG emissions from energy,
ton CO2-e/year

6.0

3.5

3.3

52

42

29

166

153

78

GHG emissions from energy
usage,
2
kg CO2-e/m (BOA), year

12.5

7.4

6.9

21.5

17.4

11.8

16.0

14.7

7.5

59%

56%

81%

55%

92%

47%

2.08

2.41

7.9

10.5

30.1

36.2

108%

125%

84%

111%

105%

126%

GHG emissions relative to base
LCC, net present cost
in 2010 MSEK
LCC relative to base case

1.93

9.5

28.7

That specific GHG emissions are lower for the 1973 row houses is due largely to the fact that a
much higher proportion of the heated space is counted as living space than in the apartment
buildings where energy is used in heated space (such as corridors, staircases and cellars) that is
not counted in the living space. A fairer specific measurement that may also be more relevant for
sustainability assessment could be GHG emissions per resident. It should also be noted that from
a GHG point-of-view, Nordic grid electricity has relatively low specific emissions due to the
abundance of hydropower but also of nuclear power in the system.

8. Conclusions
This paper shows that it is possible for renovation packages drawn up with the aim of increasing
energy efficiency to have lower LCC than packages with higher energy usage and lower
investment costs. However for packages where larger initial investments are required, the financial
savings due to reduced energy usage do not outweigh the cost of the higher investments and yield
lower LCC. A diminishing marginal return on investments in energy efficiency is suggested.
The work has also shown that environmental rating tools in general, and the Swedish tool
Environmentally Rated Building specifically, can be valuable for making visible in a systematic and
consistent way the positive and negative effects that renovation packages for increased energy
efficiency can have, particularly in the area of indoor environmental quality. Where effects are
positive such analysis can be useful in demonstrating advantages of the renovation package in
question that are not otherwise taken into account by the LCC, and where effects of packages are
negative, the analysis is useful in identifying specific areas where packages may be adapted to
counteract the observed negative changes.
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Summary
The role of sustainable and energy efficient buildings has been becoming crucial for the
construction and real estate economy. Nevertheless, the proportion of sustainable and energy
efficient properties in the German real estate market is still low. Prerequisite for increasing the
attractiveness of investments in sustainable properties is the awareness regarding the effect of
sustainability issues on property value. Moreover, considering value-relevant sustainability issues,
which provide further information about long-term developments and their consequences when
assessing property value, can reduce the lack of transparency. On this account, a sustainability
indicator for the assessment of German office buildings is being developed. Based on the Swiss
indicator ESI, five groups of sustainability attributes are identified: Flexibility and adaptability for
third party use, energy and water dependency, accessibility and mobility, security as well as health
and comfort. They are verified by experts from practice and research and are currently being
tested on pilot projects. The sustainability indicator, measuring the risk of a property depreciating
value or the opportunity of gaining value, may be employed in the valuation with the German
income capitalization approach and the discounted cash flow method. Sustainability aspects which
are either not or only insufficiently taken into account are thus integrated into the assessment that
results in more transparent evaluations.
Keywords: economic sustainability indicator; sustainability attributes; property value.

1. Introduction
1.1

Background and challenges

The interest in sustainable and energy efficient buildings has been increased over the last years
due to global changes with regard to ecological, economic, political and social issues.
Nevertheless, awareness regarding the effect of sustainability issues on property value in the
German real estate market is still limited. Against this background, the effects of currently emerging
long-term developments such as global climate change, ageing society or rising energy prices are
not or only insufficiently taken into account in common property valuation methods employed
currently, even though they may significantly affect the long-term value of a property.
However, recent research findings revealed sustainable properties that can handle long-term
changes of exogenous framework conditions will be marketable and maintain their value in the
future. Empirical studies confirm that sustainable properties can achieve price premiums on rental
and sales prices as well as higher occupancy rates in certain markets, even though the results of
these empirical studies vary [1, 2]. Most of the studies, e.g. Eichholtz et al. (2009) or Fuerst and
McAllister (2009), are based on data of the CoStar dataset and compare Energy Star- or LEEDcertified commercial properties with non-certified ones in the US market. An analysis of Energy
Star-certified properties shows higher rental prices of ‘green’-labeling properties by about 3% more

per square meter and sales price premiums of 16% in comparison with non-green properties [2].
Further analysis has revealed rental differentials of 7-9% for Energy Star and 15-17% for LEED as
well as sales price premiums of $130 per square foot for LEED and $30 per square foot for Energy
Star [3]. A study investigating the effect of eco-certification on rental and sale prices of office
properties even indicates higher premiums up to 6% rental price premiums (LEED and Energy Star)
and up to 31 % (Energy Star) resp. 35% (LEED) sales price premiums for green labeling properties
[4]. Due to different national standards, it is impossible to simply transfer the results to the German
market. However, for the Swiss real estate market, which is more comparable to the German
market, a study shows that Minergie-certified freehold apartments can generate a premium of 3.5%
and single-family houses a premium of 7% on sales prices within the last ten years [5]. Moreover,
surveys examining willingness to pay in German-speaking countries resp. on the German market
suggest that sustainable properties can achieve greater rental prices of 4.5% on average resp. up
to 10.5% [6, 7].
Nevertheless, the implementation of higher building standards covering sustainability issues
progresses slowly and the proportion of sustainable properties in the German real estate market is
still low [8]. In order to motivate investors to invest in sustainability, it is indispensable to point out
the economic advantages of sustainability and their impact on property value in a long-term.
Though, currently a method for measuring sustainability attributes in German real estate does not
exist. A further challenge is the lack of transparency: Improved transparency of data can result in
more target-oriented assessment results. But a limited database as well as insufficient
comparability and knowledge about the quantitative influence of property´s value-relevant
sustainability attributes on property value impede the consideration of sustainability issues in
property valuation at present. Considering this, it is vital to define sustainability attributes of
properties from a financial point of view and then to quantify their financial value for a transparent
integration into common property valuation methodologies. The basis of the sustainability attributes
consists of a holistic view of the three dimensions of sustainability: environment, economy and
society [9]. From a financial perspective, the economic dimension is at the foreground; thus the
focus is on the long-term economic success of a property which is the long-term performance.
1.2

Objectives

The aim of this study is set to develop a sustainability indicator that supplements the German
income capitalization approach and the discounted cash flow (DCF) method by value-relevant data
of property´s sustainability attributes: The German Economic Sustainability Indicator (ESI
Germany). The development of this indicator is based on an existing sustainability indicator, the
so-called CCRS Economic Sustainability Indicator (ESI Switzerland) for the Swiss real estate
market [10]. On the occasion of different national standards, restrictions, market behaviors and
employed methodologies, the object of investigation is narrowed to the valuation of German office
buildings. The sustainability indicator shall measure the risk or the opportunity of a property due to
changes in long-term developments to depreciate or gain in value. It is then integrated into the
valuation with the German income capitalization approach and the DCF method. Thus, the longterm value of a property can be measured and assessed more transparently by including and
integrating further information of value-related sustainability attributes of a property.
Since the German income capitalization approach and the DCF method are common and accepted
property valuation methods employed for the assessment of German office buildings, it seems not
necessary to develop a new valuation methodology. Instead, the lack of transparency shall be
reduced by supplementing existing methodologies with further information. In particular, this
information results from new requirements towards properties due to long-term developments of
exogenous framework conditions. Thus, this paper focuses on the identification of the
consequences of these developments, which is the definition and operationalization of valuerelated sustainability attributes of commercial properties in Germany.

2. Approach and methodology
2.1

ESI Switzerland

The Swiss sustainability indicator ESI consists of five groups of value-related sustainability
features: Flexibility and polyvalence, energy and water dependency, accessibility and mobility,
security, and health and comfort [10, 11]. These sustainability features identify the risk of loss or
the chance to gain in value due to future developments. As an indicator for future-oriented property
risk, the ESI-adjustment of the property value is undertaken by integrating the weighted
sustainability features of ESI Switzerland as risk premium into the discount rate of DCF valuations
[12, 13]. This indicator was developed based on national data and is therefore only applicable to
the Swiss real estate market. It forms the basis for the development of ESI Germany, which is
developed with the participation of experts from practice and research.
2.2

Approach and methodology

Initially, various scenarios of ecological, economic, political and social framework conditions are
identified and analyzed. The study exclusively addresses to assess the exogenous framework
conditions where the development of the condition affects the value of a property and the trend is
clear. The clear direction allows forecasts of the effect on the value of property: It can be assumed
that these changes can result in different requirements for properties and, account on this, effect
the property value. Furthermore, they will give evidence of the risk of a property depreciating value
or the opportunity of gaining value due to these developments.
Subsequent, the value-related sustainability attributes of a property are derived from the qualitative
long-term changes in relevant exogenous framework conditions. This is based on an observation
period of 40 years. Long-term changes of exogenous framework conditions can result in qualitative
or quantitative changes. Quantitative changes result in changes of the number in supply or
demand whereas qualitative changes arouse a shift in supply or demand towards properties with
destined property attributes. It can be assumed that these property attributes gain in importance in
the future as well and resulting a higher or at least constant property value. For instance, in
consequence of the demographic change it can be assumed that the population structure and the
number of working population will change in the long-term. On this account, it can be assumed that
enhanced flexibility and adaptability of a property will attach greater importance in the future.
Finally, the identified value-related sustainability attributes are operationalized. This includes the
definition and coding of partial indicators in consideration of the German standards and laws. For
example, the group “flexibility and adaptability for third party use” can be assessed by sustainability
partial indicators such as flexibility of the constructional design and building services, floor height,
accessibility of the property etc.
Accompanying the development of the sustainability indicator, practical tests are conducted to
assess it on properties. Therefore, the project partners, experts from practice, test the identified
sustainability attributes on properties in their portfolio by the means of property documents,
interview with the facility manager and property inspections. This approach enables a continuous
optimization of the indicator as well as a review of the indicator’s application on its plausibility,
practicability and transparency.

3. Results
3.1

Long-term developments with an effect on property value and derivation of sustainability attributes

Within the scope of the assumption that long-term developments of exogenous framework
conditions with a clear direction result in different requirements for properties and therefore affect
the value of a property, various scenarios such as following scenarios are identified and analyzed:

- Economy: GDP, number of working population, unemployment rate, construction price
indices, new technologies etc.
- Politics: Rent law, scope of rent price formation, intensification of laws regarding energy
efficiency etc.
- Society: Population development, old age dependency ratio, health awareness, quantity and
attractiveness of public transport etc.
- Environment and energy: global warming, greenhouse effect, risk of natural hazards, new
construction materials, water charges, prices of fossil energy sources and electricity etc.
Out of these scenarios of ecological, economic, political and social framework conditions, only a
limited number with a clear trend which allows assumptions about the effect on the property value
is taken into account. Derived from the selected exogenous framework conditions that can have an
effect on the property value, five groups of value-related sustainability attributes are identified as
presented in Table 1. For the derivation of the value-related sustainability attributes, only those
framework conditions are relevant which long-term developments induce qualitative changes.
Qualitative changes lead to a shift in supply or demand towards properties with other attributes.
Thus, it can be assumed that they indicate which property attributes will increase in importance in
the future.

Table 1 Sustainability attributes from a financial point of view
Exogenous framework conditions

Sustainability attributes

Decreasing number of working population;
increasing proportion old age population;
decrease in population; decreasing
number of building land reserves

Flexibility and adaptability for third party use

Intensification of laws regarding energy
efficiency; global warming; increasing
prices of fossil energy sources; increasing
prices of electricity; increasing water
charges

Energy and water dependency
- Energy demand and production
- Water use and sewage disposal

Decreasing number of working population;
increasing proportion old age population;
decrease in population; increase in
attractiveness of motorized private
transport; decrease in attractiveness of
public
transport;
global
warming;
increasing prices of fossil energy sources;
increasing prices of electricity

Accessibility and mobility
- Public transport
- Pedestrians and non-motorized vehicles

Increasing need for security

Safety and security
- Location regarding natural hazards
- Building safety and security measures

Increase in health consciousness; global
warming; increasing prices of fossil
energy sources; increasing prices of
electricity

Health and comfort
- Indoor air quality
- Noise
- Daylight
- Contaminations

- Flexibility of use
- Adaptability to users

Table 2 Partial indicators of ESI Germany
Sustainability
attributes
Flexibility and
adaptability for
third party use

Partial indicators
1 Flexibility of construction design

Sub-indicators
Convertibility, adaptability and
possibility for dismantling of
construction design
Flexibility layout (supporting
structure, grid, space
arrangement)

2 Expandability
3 Storey height
4 Flexibility of building services
(wiring / pipes / ducts)

Energy and water
dependency

Accessibility of building services
Reserve capacity of building
services

5 Accessibility of the property
(exterior)

Manageable differences in height

6 Accessibility within the property
(interior)

Low-barrier accessibility

7 Low-barrier toilets
8 Energetic quality(energy
demand)
9 Energy sources

Accessibility and
mobility

Horizontal and vertical
expandability

10
11
12
13
14

Water consumption
Sewage disposal
Accessibility of public transport
Frequency of public transport
Accessibility local / regional
centre and recreation area

15 Bicycle parking area
Safety and security 16 Location regarding natural
hazards
17 Building safety and security
measures
Health and comfort 18 Indoor air quality
19 Noise pollution / indoor acoustic
20 Noise protection
21 Daylight
22 Individual adjustability of
workplace environment
23 Contaminations

Energetic quality of building skin
Energetic quality of heating
engineering
Proportion of renewable primary
energy
Water-saving furnishing
Rain water disposal

Risk of storm, flood, landslides
etc.
Illumination / exposure
Fire protection
IDA (Indoor Air) Calculation
Airborne sound, footfall sound,
sound of building services etc.

Influence of users
Contaminated sites
Radiation
Harmful building products

3.2

Operationalization of the value-related sustainability attributes

As a next step, partial indicators are determined after the definition of the following five groups of
sustainability attributes:
- Flexibility and adaptability for third party use
- Energy and water dependency
- Accessibility and mobility
- Security
- Health and comfort.
The partial indicators and their sub-indicators, which are shown in Table 2, are defined and
assessed under consideration of its plausibility, practicability and data availability. Hence, the
results are a compromise of accurate research findings as well as the knowledge and experience
of experts from practice and research and outcomes of the practical tests.
For assessing and coding the partial indicators and sub-indicators, an advantageous (most
sustainable) characteristic, average characteristic and disadvantageous (least sustainable)
characteristic are determined. On the example of the group “flexibility and adaptability for third
party use” and its partial indicator “flexibility of the constructional design”, the assessment and
coding can be done as follows:
- 10 (advantageous)
= Flexible space arrangement / separate structural system
5 (average)
= Adaptable space arrangement with constructional measures
0 (disadvantageous) = Fixed space arrangement / not variable.
Other partial indicators and sub-indicators are assessed and coded in a similar manner.

4. Conclusion
4.1

Opportunities and limitations

This study presents an attempt to reduce the lack of transparency in property valuation by
providing evidence of value-related sustainability attributes in German real estate. The valuerelated sustainability attributes are derived from long-term developments of exogenous framework
conditions such as the demographic change or rising energy prices. This further information
provides not only more transparency, it also measures the risk of a property depreciating value or
the opportunity of gaining value due to these long-term developments. However, as a matter of fact,
valuations are estimations based on experience, assumptions and comparisons in which
uncertainties and the possibilities of errors still remain.
In general, the sustainability indicator can be applied to other countries as well, but it should be
adjusted to the national standards. In addition, the partial indicators of ESI Germany are restricted
to the valuation of office buildings. The indicator might be modified for other types of use such as
retail and residential properties.
4.2

Outlook

In further research within this study, the weighting of the sustainability attributes and partial
indicators as well as the definition of the sustainability indicators integration into the valuation
methodologies will be determined. As final result, a list of weighted sustainability attributes and
partial indicators is expected. This forms the sustainability indicator, ESI Germany, and can be
used by property evaluators, investors, owners etc. when assessing the property value with the
German income capitalization approach and the DCF method.
By the means of this study, sustainability issues which are either not or only insufficiently taken into
account, can be thus regarded and integrated into the assessment that results in more transparent
evaluations in practice.
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Summary
Life Cycle Assessment (LCA) offers a viable way  of  evaluating  a  building’s  environmental  impact  
throughout all life phases (construction, use/occupation and deconstruction). However, LCAs of
buildings still need to be well-established so that in the future, architects and planners will already
be able to conduct them at early design stages. The evaluation of residential buildings, which for
instance in Switzerland contribute about 88% to the overall Swiss building stock [1], will be especially important in the future in order to minimize environmental impacts. The Chair of Sustainable
Construction at ETH Zurich is conducting a major research study on how to assure comparability,
reliability and simplification of LCAs on residential buildings in the future. In a representative study,
up to 100 residential apartment buildings are analyzed. The aim of this study is to integrate complexity in LCA by means of identifying those building parameters (e.g. construction materials and
components, heating energy, etc.) most relevant for LCAs in typical apartment buildings in terms of
their environmental impacts, while also considering economic aspects. In this instance, only Swiss
buildings are examined, however, the methodology is generally applicable. Based on this analysis,
a concept for a “light”  standardized LCA tool for Swiss residential apartment buildings will be developed which enables architects and planners to easily evaluate the environmental impacts of a
building right from the beginning of the design process. This paper introduces the methodological
approach applied in the ETH research project “Life  Cycle  Assessment  of  Infrastructure - Buildings”.
Keywords: Life Cycle Assessment, comparative LCA tool, apartment buildings

1. Introduction
Currently, the extensive procedure of LCA for residential buildings proves to be a very complicated
matter for most architects and planners. In Switzerland for example, annually 14 000 to 17 000
new residential buildings have been erected between the years 2004 and 2009, [2] – however,
LCAs have been conducted for only very few of them - the majority of them as part of scientific
studies at universities. The very fact that LCA - as it is regulated in the ISO standards 14040 [3]
and 14044 [4] - calls for detailed knowledge on how to deal with inventory data, system boundaries,
allocation procedures and sensitivities, tends to quickly overstrain non-experts. Moreover, the
abundance of varying or sometimes even contradictory information and recommendations, as
communicated through the many existing studies in the field of LCA on buildings from different
countries (see [5] and [6] for further information on these studies), is confusing. LCA studies on
buildings conducted in recent years lack comparability, as they usually work individually with different inventory data or varied scopes and system boundaries. Also, they typically analyze only a
limited number of buildings, so that a generalization of the results is problematic (see chapter
2.3.1). Another problem for non-experts in the LCA field is the challenge of interpreting the life cy-

cle impact assessment results, as these are wrapped in abstract environmental indicators and impact categories which are hardly tangible.
To promote a broad application of comparative LCAs in the building industry in the near future, it is
crucial to provide architects and planners with a standardized accounting tool so as to make comparative LCAs manageable for them. This tool, while simple in its application, must reliably attest to
the environmental impact of a building over its entire lifetime while also taking into account cost
aspects. The main challenges in the design of this LCA tool are thus, firstly to create an empirically
solid base for the standardization of the LCA procedure for buildings so as to ensure comparability
of the results, and secondly to achieve simplification in the LCA procedure while determining the
environmental impacts of a building with a definite direction. This paper introduces a methodological approach to address these main challenges.
1.1

LCA procedure

The LCA procedure comprises four consecutive steps (according to ISO 14040 [3] and 14044 [4]).
1.1.1 Goal and scope definition
At the beginning, the goal and scope of the study is defined in order to determine where the system boundaries for the LCA are to be set and to elicit which product shall be analyzed and what
processes shall be included in the LCA study. During this first step, the functional unit has to be
determined. This is the unit to which all inputs and outputs of the inventory analysis and impact
assessment results refer.
1.1.2 Life cycle inventory analysis (LCI)
The following step is the life cycle inventory analysis (LCI), where a life cycle model is created,
which includes all relevant inputs (raw materials, energy) and outputs (solid waste, emissions) for
the studied product. For all in- and outputs, appropriate inventory data needs to be procured. Usually the life cycle model depicts the entire life cycle of a product, from manufacture to disposal.
Consequently, a long list of all in- and output streams is the result. Since an interpretation of that
list in terms of identifying the environmental impact of the product is rather difficult, a further step is
required.
1.1.3 Life cycle impact assessment (LCIA)
Classification and characterization of the LCI results designate the life cycle impact assessment
(LCIA). In this step, the in- and output results from the LCI phase are sorted and assigned to environmental impact categories such as Global warming potential, Ozone depletion, Human toxicity,
Eco-toxicity, Photochemical reaction, Acidification, Eutrophication, Resource depletion and Land
use. There are also varying environmental impact assessment methods (e.g. Eco Indicator 99 [7],
ReCiPe [8] and Ecological Scarcity [9]), which perform a weighting of the individual environmental
impact categories.
1.1.4 Life cycle interpretation
In the interpretation step of the LCA, the results are then analyzed and documented.

2. Research project “LCA  of Infrastructure – Buildings”
2.1

Background

The research project “LCA   of Infrastructure – Buildings”   is   being   conducted   at the Chair of
Sustainable Construction at ETH Zurich in collaboration with a group of leading experts in the

Swiss LCA field, as well as with architects and construction practitioners, in order to ensure the
accuracy of the output results.
This research project was initiated out of the need for a standardized, easy to apply LCA tool for
comparative ecological and economic life cycle assessment of residential apartment buildings. In
Switzerland, there are already free tools available that help architects and planners assessing the
environmental impact of building materials [10] and building elements [11]. However, in order to
correctly model a whole building LCA, profound expert skills are still needed. To enable architects
and planners to easily conduct comparative LCA on residential buildings in the future, it is therefore
necessary to provide them with a tool that is simple in its application and yet reliable in its results.
2.2

Aim and Objectives

The aim of this research project is to integrate complexity in building LCA. This is to be achieved
by developing a   concept   for   a   “light”   standardized   tool   for   comparative   LCA   of new residential
apartment buildings, based on the identification of typical reference buildings. It is suggested that
with this tool, only those parameters (e.g. construction materials and components, heating energy,
etc.) most relevant in terms of the overall environmental impact of a “typical” apartment building
over its entire lifetime (from construction through use/occupation to deconstruction) shall be taken
into account. Using only the most relevant building parameters for a building LCA is anticipated to
be adequate for concluding reliable LCA results. This project will determine the accuracy of this
assumption.
As there is no reliable empirical basis yet to ascertain which ones are typical apartment buildings
and, consequently, which building parameters are of particular relevance in relation to the
environmental impact of a typical apartment building over its entire lifetime, the main objective of
this research project is to generate statistically valid results by collecting consistent data on a
sample of up to 100 newly built (as of 2006) buildings. In this case, only Swiss apartment buildings
are analyzed. For this purpose, a method for consistent data acquisition has to be generated. The
collected set of data is then used to statistically identify typical Swiss apartment buildings. For
these typical buildings, the environmentally most influential parameters are to be identified in a
comparative LCA. Additionally, in order to enable an artless communication of LCA results in the
near future, the project aims at integrating complexity by identifying those environmental impact
indicators most meaningful and understandable for the assessment of new Swiss apartment
buildings.
2.3

Methodology

The methodological approach leading to the design of a simplified comparative Life Cycle
Assessment tool for buildings is illustrated in Fig. 1. and composed of the following steps:
-

Literature review on existing comparative LCA studies for newly built apartment buildings in
Europe -> compilation of a list of all possible building parameters as used in existing LCA
studies.
Design of an html-userform and the necessary infrastructure (project website, MySQLdatabase) for consistent online data collection on new Swiss apartment buildings as of
2006.
Data collection (acquisition of suitable building projects).
Statistical Cluster Analysis -> clustering of the buildings into groups and identification of
“typical”  new  Swiss  apartment buildings from the sample.
Comparative LCA for the representative building examples -> identification of the most
relevant building parameters and impact indicators involved.
Analysis of the results, conclusions -> design of a concept for a “light”  standardized  tool  for  
comparative LCA of new residential apartment buildings in Switzerland.

This methodology can be generally applied to any kind of building type in any country. In this study
it is exemplarily applied to newly built apartment buildings in Switzerland.

2.3.1 Literature review
The intention of conducting a literature review on existing comparative Life Cycle Assessments for
apartment buildings within Europe was to clarify the state of the art methods and findings in the
field. As this research project aims particularly at comparing a larger sample of buildings, only
existing LCA studies with a sample of at least four newly built apartment buildings were taken into
consideration for comparison. Additionally, only studies which have been carried out since the year
2000 were selected, so that they represent the state of the art in building LCA for each of the
involved European countries. These constraints limited the number of suitable studies significantly.

Fig. 1 Methodological approach

LCA study
Parameters

Author
Year
Functional Unit

Life Cycle Inventory data

Energy Use and
Environmental
Impact of New
Residential
Buildings [12]

Life Cycle
Assessment of
21 buildings
[13]

Environmental
Improvement
Potentials of
Residential
Buildings [14]

Zur Bewertung
der umweltbezogenen
Qualität von
Gebäuden [15]

K. Adalberth

C. Matasci

A. Passer

2000

2006

F. Nemry, A.
Uihlein
2008

1 m²
of usable floor
area

1 m²
of gross
building area
(BruttoGrundfläche,
BGF)

‘use’  of  1  m²  
living area over
the period of one
year

1 m²
of net building
area (NettoGrundfläche,
NGF)

LCA Tool of the
Danish Building
Research
Institute, using
various
inventory
datasets from
different sources

Ecoinvent
database
(v. 1.1
and v. 1.2)
with unitary
inventory
datasets

GaBi 4 database
[LBP & PE 2007]

Ecoinvent
database
(v. 2.1)
with unitary
inventory
datasets

Sweden
Residential: new
apartment buildings (all built in
1996)
4

Germany
Residential: new
apartment
buildings (built
in 1989 - 1995)
4

EU
Residential: new
apartment buildings (built since
2006)
8

Austria
Residential: new
apartmernt
buildings (built in
2004 and 2008)
5

6, 8, 16, 15

16, 15, 6, 9

-

massive or
lightweight
constructions

massive
constructions

massive or
lightweight constructions

10, 12, 12, 17,
15
massive or
lightweight constructions

50 years

80 years

40 years

80 years

2010

General building information
Building location
Type of building

Number of
buildings
Number of
accommodation units
Type of construction

Building life span

Table 1 Literature review: Comparison of existing LCA studies
The aim of the literature review was to identify similarities and differences in the building
parameters that were analyzed, so as to compile a preferably complete list of possible parameters
for consistent data gathering (see table 2). Also, variations in system boundaries, functional units
and in the use of environmental impact indicators were compared, alongside with the findings and
results of the studies. Table 1 gives an overview on the LCA studies selected for comparison. Not
only do all of them apply different functional units, but they also choose different goals and scopes
for their analysis. Adalberth [12] aims at identifying the life cycle phase with the highest
environmental impact, in due consideration of different building constructions and energy mixes,

while Matasci [13] analyses and compares a set of buildings to assess which life phases and
factors   require   particular   consideration   for   reducing   the   buildings’   environmental   impact.   Nemry  
and Uihlein [14] focus on the analysis of the environmental improvement potentials of residential
buildings in the EU-25 countries and Passer [15] works on the identification of the most relevant
building criteria (e.g. operation, construction works) for LCAs of apartment buildings. Although the
studies work with different inventory databases, investigate varying material and energy flows and
use varied environmental impact categories and indicators for the LCA, there are certain
similarities in the results. All four studies come to the conclusion that for their set of buildings the
occupation phase accounts for the highest environmental impacts, followed by the construction
phase. However, Adalberth discovered no significant difference in the results when comparing
massive and lightweight structures, while Nemry and Uihlein suggest a substitution of products like
concrete, reinforced concrete and brick with wood products for improvements in the LCA results.
Nemry and Uihlein also detect that for the construction phase, exterior walls, basement and floors
play an important role in terms of total primary energy (PE), while in the use phase, heating energy
has the highest influence on total PE and environmental impact categories. Passer discovered that
with improved building energy standards, the influence of the occupation phase decreases while
the importance of the construction phase increases for both massive and lightweight structures.

Building construction phase

Transport
Preparatory work
Building envelope
Building installations

Transport of materials to the building site
Excavation, basement and foundation
Floors and ceilings, outer and inner walls, roofs,
windows and outer doors
Heating, ventilation, electrical and sanitary installations

Building use/operation phase

Energy demand
Refurbishment

Energy for heating
Energy for mechanical ventilation
Electricity for lighting and household appliances
Replacement of building materials / elements

Building deconstruction phase, End of Life

Transport
Disposal

Transport of materials to the disposal facility
Demolition waste management
Refurbishment waste management

Table 2 Literature review: List of possible building parameters as used in existing LCA studies
The list of all building parameters used in at least one of the studies is shown in table 2. For the
research  project  “LCA  of  Infrastructures  – Buildings”, all of these parameters will be included in the
LCA in order to depict the buildings as detailed as possible. This approach allows for generating a
broad basis for the identification of the most relevant building parameters.
2.3.2 Userform and data collection infrastructure
For the collection of building data for this study, architects and planners get access to an online

html userform for filling in the required information on each building. The userform inquires about
the LCA parameters, as shown in table 2, as well as general building information which is suitable
to enable classification and clustering of the buildings. Furthermore, information on production
costs is demanded. The project information gathered through the userform is structured as follows:
- General building information
- Building energy demand (following the Swiss norm SIA 318/1)
- Construction - Preparatory work
- Construction - Building elements
- Building installations
The online userform can be accessed via the project website (http://www.lca-building.ethz.ch) and
is directly connected to a MySQL database. Any information that is entered in the userform is
automatically saved to this database.
2.3.3 Data collection
The effective data collection is an important prerequisite for the success of this research study,
which aims at establishing a broad empirical data base. Several measures are undertaken in order
to promote the idea to Swiss architects and planners, and to encourage them to take part in the
survey by means of participating in the data collection process and providing the necessary
building data of suitable projects (personal contact and correspondence as well as advertising in
architecture journals). Detailed data on up to 100 apartment buildings must be collected.
Uncertainties that might arise during this third-party data collection process are avoided through a
quality check by the researchers, identifying major errors and having them revised instantaneously.
The list of all participating architects and planners is published on the project website
(http://www.lca-building.ethz.ch).
2.3.4 Identification  of  “typical”  new  Swiss  apartment  buildings
In order to identify “typical”   examples   for   new   Swiss   apartment buildings from the sample,
statistical cluster analysis is applied. The aim of this analysis is to distinguish a limited number of
divers building groups (cluster) within the sample, each of which consist of buildings that share a
certain similarity in their attributes (variables) while, concurrently, each of the building groups
exhibits a maximum diversity from the others. Following this procedure provides an insight into the
complex interrelation between the buildings regarding a given set of attributes. In the next step,
representative buildings for each of the building clusters are identified. The result is a small number
of building examples, each of which typify one sort of a “typical”  new  Swiss  apartment  building.
2.3.5 Comparative Life Cycle Assessment of typical new Swiss apartment buildings
After having identified the typical examples for new Swiss apartment buildings, a comparative LCA
for all of these typical examples is conducted in accordance with ISO 14040 and 14044. In order to
generate comparable results for the examined buildings, the system boundary has to be identical
for all buildings. Fig. 2 shows one possible scenario for the LCA system boundary, covering the
construction phase as well as the use/operation and deconstruction phase of the building. The
included processes comply with the processes identified through the literature review (see table 2).
Not included in the list of objects of investigation are actual working processes, for example
construction and maintenance works, cleaning services and demolition works. The functional unit
chosen for this LCA is the energy reference area. Different scenarios are assessed, e.g. for varying
building lifetimes. The inventory data used for the LCA originates from the latest version of the
internationally renowned Swiss Ecoinvent database (updates for the material processes for
concrete, and timber products are currently in progress) [16]. The environmental impact categories
used for the life cycle impact assessment are determined and supplemented by different
environmental impact assessment methods such as Eco Indicator 99 [7], ReCiPe [8] and
Ecological Scarcity [9]. Additionally, the Cumulative Energy Demand, as issued by Ecoinvent [17],
and the Cumulative Exergy Demand (CExD) is calculated. The comparative LCA aims at depicting
which building parameters are most influential in terms of their environmental impact, under due
consideration of different environmental impact indicators and methods.

Fig. 2 System boundary for LCA on new Swiss apartment buildings
2.3.6 Analysis of the results
After analyzing the LCA results, a concept for a “light” standardized LCA tool for Swiss architects
and planners is developed, which allows for an easy assessment of the environmental impact of
new apartment buildings in Switzerland. For this purpose, the results of each of the typical
apartment buildings identified in the course of the research project are considered. The analysis
will prove if, by considering only the most relevant building parameters, reliable LCA results can be
determined. Additionally, environmental impact indicators and methods are analyzed in order to
identify those most suitable for a simplified LCA tool.

3. Discussion, Conclusions and Acknowledgements
The light standardized LCA tool will be beneficial in future architecture competitions and in the
early design and planning stages for Swiss apartment buildings. Against the background of the
current political discussions in Switzerland, as well as on the European level (see [18] and the
Annex 49 Project), concerning the different objectives of zero energy versus zero emission
architecture, this research project could derive significant results in regard to construction methods
and materials for Swiss apartment buildings. It is anticipated that the use of the latest version of the
Ecoinvent LCI datasets might account for slightly different results concerning the building
construction compared to the results of the existing LCA studies which used older versions of this
database, due to the actualization of data for concrete and timber products. Concerning the use of
LCIA indicators and methods, any correlation in the results of two or more environmental impact

indicators or methods leads to the assumption that there is no advantage gained from applying all
of them at the early design and planning stages. Consequently, the most suitable ones will be
chosen. The methodology applied in this research study could lead the way to similar studies in
other countries which also need to identify the most relevant building parameters in their individual
context of building culture, materials and technology. Identifying analogies and disparities for
different countries might be of interest for future research.
We would like to thank Holcim as well as the Swiss Central Office for Building Rationalisation CRB
for their support and all contributing architects and planners for their co-operation in this research
project.
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Summary
Design construction, operation and management of housing have substantial impact on
sustainable development. Hence systems for defining and assessing sustainability in housing exist
in many countries already. These tend to concentrate on environmental and health aspects, i.e. the
environmental dimension of sustainability. Often they take on the perspectives of builders and
developers. Often qualitative assessment criteria are being used in order to define and assess
specific qualities of buildings.
In many countries these existing systems face further development (compare also Haapio et al,
2008 [1]), other countries are only beginning to establish and introduce sustainability assessments
for housing. In the following this paper aims to support such processes by sharing the experiences
made in Germany.
Alongside single family houses and two-family houses, blocks of flats provide a substantial share
of the German housing stock. The latter are often commissioned and managed by professional
housing providers. These have specific targets and requirements that have to be taken into
account when developing any sustainability assessment system. It is therefore important that such
companies are directly involved in the development process. This paper covers the process of
developing a sustainability assessment system for blocks of flats with the involvement of relevant
representatives of the German housing industry. It also covers the risks and opportunities of such
systems from the point of view of the housing sector as well as possible uses for the assessment
results within a housing company. At the same time connections to national sustainability policies
and the range of assessment criteria are being shown. The paper will demonstrate how
sustainability assessment systems can deal with issues regarding the building location, issues
regarding functionality of the building as well as those relating to economic sustainability.
Furthermore it will show how greater inclusion of LCA and LCC into assessment criteria can be
brought about.

Keywords: housing, assessment system, stakeholders, targets, sustainability indicators, set of
indicators

1. Introduction and Objectives
When putting sustainability principles into practise, housing plays a particularly important role, as
the construction, operation and management of housing are inextricably linked to the provision of
essential needs of society. The way housing is designed influences the way people live and
interact and moreover it has impacts on health, wellbeing as well as security of the occupants. At
an elemental level housing fulfils the need for shelter and privacy, but it also plays a role in selffulfilment and defining social status of occupants. Satisfying fundamental needs while at the same
time meeting environmental and social targets during planning, construction and operation of
buildings, and while also ensuring affordability and economic viability are all part of sustainable
development.
It is therefore only appropriate to define the contribution that housing can make to sustainable
development, to analyse it and to assess it.
Most countries with established sustainability assessment systems also have system variations for
housing. Useful analyses and comparisons have been undertaken by Liu et al (2010) [2] and
others. Examples of key systems are given in the table, which is however not exhaustive.

Table 1: Existing assessment systems for housing
Name
LEED (Leed for Homes)

Country
North-America +
internationally

Green Star („Multi-unit-Residential“)

Australia

CASBEE

Japan

Weblink
http://www.usgbc.org/DisplayPage.aspx?CMSPageID=147
http://www.gbca.org.au/green-star/
http://www.ibec.or.jp/CASBEE/english/overviewE.htm
http://www.risn.org.cn/Norm/xxbz/ShowCalib1.aspx?CalibI
D=60043&IsEdit=False
http://www.communities.gov.uk/planningandbuilding/buildin
gregulations/legislation/codesustainable/

Green Building Evaluation Standard

China

Code for Sustainable Homes

UK

Minergie

Switzerland

http://www.minergie.ch/

TQB

Austria

www.oegnb.net

HQE (La certification NF Logement
Démarche HQE®)

France

http://www.qualitel.org/

Often such efforts are closely linked to national grant and support programmes for new housing.
The development and application of assessment and certification systems serve several purposes.
On the one hand the stakeholders involved such house builders, developers, housing associations
etc. can be influenced. On the other hand, such systems serve in some countries as a tool for
politicians and or grant providers to assess the future-proofing / future viability of new housing and
its compatibility with political objectives.
The development and implementation of assessment and certification systems for housing have to
take account of the specific characteristics of housing. These are for example:
-

the importance of the social aspects of housing as part of social sustainability
the structure of ownership of housing with individual owner occupiers on the one hand and
professional landlords with large portfolios on the other
the role of the home as a focal point and safe haven for occupants

Despite a multitude of existing sustainability assessment systems on the international market, the
need for further development and the exchange of experiences persist for various reasons:

-

Many countries still do not yet have their own systems that are tailored to national and
regional issues and would like to develop suitable systems.
Existing systems also still do not always reflect national and regional issues or the state of
art of international standardisation.
Available systems do not always match the specific aims, objectives and interests of
particular stakeholders such as small house builders, developers or landlords.
Available systems do not always address the specific characteristics of particular building
types (such as for example single family houses or blocks of flats).
Many available systems originally mainly focused on environmental and health related
issues and used a “bottom up” approach, these now face a fundamental overhaul in order
to encompass the full complexity of sustainability that goes together with a “top down”
approach, as propagated in current scientific research efforts.

Starting from the results of a research project supported by the German Ministry for Transport,
Building and Urban Development (BMVBS) and the Federal Institute for Research on Building,
Urban Affairs and Spatial Development (BBSR) this paper provides recommendations and
suggestions for the development of sustainability assessment systems, which concentrate on
multi-unit dwellings and the interests of large housing companies. The process of involving
interested stakeholders is being addressed as well as certain methodological issues of the
development process.

2. Background
Initially the German situation and point of departure will be explained. Compiling this information
can be seen as an exemplary necessary step in system development.

2.1

Political Targets and National Strategic Indicators

The sustainability principles for the construction and housing sector had already been defined by a
seminal study by the government, the so called “Enquete Commission on the protection of man
and environment” [3] in the late nineteen-nineties, stating the following principles and goals:
Social dimension of sustainability in housing:
- Safeguarding availability and affordability of housing
- Creating a positive, healthy and integrative social environment
- Increasing home ownership, decoupling homeownership from increased landuse
- Creating/ safeguarding jobs
Economic dimension of sustainability in housing:
- Minimisation of life cycle costs of buildings
- reduction in costs for refurbishment and conservation in comparison to new-build
- optimisation of expenditure on technical and social infrastructure
- reduction of expenditure on subsidies
Environmental dimension of sustainability in housing:
- reduction of land use, sprawl and soil sealing
- resource preservation
- avoiding harmful substances in buildings and in the environment
- Reducing CO2 emissions from buildings
Furthermore Germany has a sustainability strategy, which comprises the key principles of
intergenerational justice, quality of life, social cohesion and international responsibility which also
reflect on construction and housing. This strategy contains a number of indicators and goals, as
stated in Table 2. In so far the work presented here presents an example of how sustainability
assessment systems can be aligned with national targets and indicators.

Table 2: Topics and goals for sustainable development in Germany [4]
Topic

goal

Resource protection

using resources economically and efficiently

Climate change mitigation

reducing greenhouse gases

Renewable energy

strengthening a sustainable energy supply

Land use

sustainable use of land

Biodiversity

Air quality

preserving species – protecting habitats
creating favourable investment conditions – securing
longterm prosperity
raising economic output by environmentally and socially
compatible means
ensuring a healthy environment

Crime

increasing personal security

Providing for future economic stability
Economic prosperity

2.2

Drivers

In addition to the political aims mentioned above and resulting targets for resource preservation
and climate change adaptation and mitigation, the German housing industry sees the following
drivers for sustainability assessments:
-

2.3

Corporate social responsibility and the desire to have greater quality control increase in
importance in the housing sector.
In order to move from price-focussed competition to quality focused competition
sustainability certification can play a role as an indicator for quality.
The housing industry sees a need for tools and checklists that support a target definition
process as well as the design and construction process.
There is some evidence emerging of an increased interest in sustainability related data and
certification by banks and finance institutions. German property surveyors have integrated
energy efficiency as part of valuation criteria already.

Housing Market and Stakeholders in Germany

Table 3: Ownership structure of German housing market [7]
Owners
professional landlords - housing co-operative
professional landlords communal
Public sector housing providers
professional landlords - privat housing companies
professional landlords - churches and charities
private landlords - in single family houses / duplex houses
private landlords - flats
Owner-occupiers – in single family houses / duplex houses
Owner-occupiers - flats
Total

number of
dwelling units
2’217’000
2’434’000
206’000
4’059’000
301’000
5’421’000
9’089’000
12’812’000
3’081’000
39’617’000

percentage
5,6%
6,1%
0,5%
10,2%
0,8%
13,7%
22,9%
32,3%
7,8%
100%

Certain characteristics of the German housing market set it apart from its European neighbours

and require a tailored approach for sustainability assessments. With 43% [5] home ownership
levels are comparatively low in Germany. Therefore the rental market plays a more important role
in Germany than in some other EU-countries. The rental market is dominated by smaller private
landlords, while large professional landlords and housing companies, which tend to be better
organise still make up a substantial share of around 40% of the rental market. An exact break
down is given in Table 3 above.
According to recent research by BBSR a requirement of altogether 2,9 million dwellings has been
predicted for Germany for the next 15 years [6]. This means an average in the region of 200 000
new dwellings per year. Of these over a third will be in blocks of flats.

2.4

Systems for the Assessment of Housing

The development and implementation of tools for the specification and assessment of housing is
not new, though none of the previous systems have had great market penetration or are as
comprehensive as a sustainability assessment system needs to be. Two such systems, that do
cover a range of aspects relevant to sustainability and which were investigated in the early stages
of the project, namely “Wohnwertbarometer” [8] and “Geprüfte Lebensqualität in Siedlungen”
(tested neighbourhood quality) by TÜV Rheinland [9] were both developed for very specific
housing companies and tailored to their specific needs.
What is new now is the comprehensiveness of the endeavours to specify, assess and
communicate features of new-build housing. This is currently being reflected in 3 activities in
Germany.
a) The development and implementation of a sustainability assessment system for new
housing through the private organisation DGNB, as a system variation of the DGNB
sustainability certificate, which is particularly geared towards developers.
b) The development of a concept for sustainability assessments in collaboration with the
prefab housing industry.
c) The development of a concept for the sustainability assessment of new-built multi-unit
dwellings in collaboration with the housing industry (representatives of large social and
commercial landlords), professional bodies and science, supported by the German Ministry
for Transport, Building and Urban Development and the Federal Institute for Research on
Building, Urban Affairs and Spatial Development, which particularly focuses on the points of
view of large stock holders in the housing industry.
This paper is primarily based on the developments described under c).

3. Approach
In the following the general approach to the system development will be covered – some
universally valid findings gathered will be presented here.

3.1

Involving Interested Stakeholders

On initiative of the German housing industry and in order to develop a system that would meet the
needs of the housing industry, a working group was set up in summer 2009 to form part of the
existing “Round Table on Sustainable Construction”. The working group comprises important
representatives of the German housing industry and of relevant professional and consumer
associations, as well as representatives from several ministerial departments. In particular several

large housing providers are represented, presenting the perspective of large portfolio holders. The
work of the group receives scientific support, which is paid for from the research initiative “future
building” of the German Ministry of Transport, Building and Urban Development.

3.2

Defining Roles, Goals and Requirements of the Scheme

The discussions of the working group led to valuable insights into possible roles for assessment
systems in so far as that they can serve as a tool for various purposes and stakeholders
throughout the building lifecycle. In particular the following roles have been identified:
-

Signalling Quality: Housing providers can signal the quality of their buildings vis-a-vis
clients (buyers or tenants). However this is conditional to there being a demand. From the
point of view of the client this is desirable and aids transparency. Willingness to pay may
increase, if certain qualities can be presented effectively.

-

Source of information / basis for decision making for third parties: Information and
assessment results can serve as source of information for surveyors, valuers, financiers
and insurers. They may be offered voluntarily or demanded by them. Typically such parties
are not interested in highly aggregated information but in certain relevant data that can be
integrated into their own systems. Assessment results can serve as a decision making aid
when buying, renting or procuring a property. They may also influence decisions regarding
financing and grant allocation.

-

Source of information for internal and external steering and decision making: relevant
data and assessment results can be included in a portfolio analysis and inform portfolio
management.

-

Part of sustainability reporting: relevant information and assessment results can form
part of sustainability reporting and thus influence public perception and image.

-

Supporting quality assurance: An assessment system has the potential to serve as a
checklist during the planning process starting from the appropriate wording of project
targets. Additionally, on the principle that four eyes see more than two the data analysis
required for the assessment can help uncover weaknesses in documentation and/ or actual
construction.

-

Supporting target definition and contractual certainty: an assessment system can
serve as a checklist for a precise agreement regarding qualities as well as regarding
documentation and checking, which in turn can lead to better contractual certainty for all
involved.

-

Design tool: Awareness of assessment criteria during the design process can help the
complex task of sustainable design.

These findings strengthen the case for sustainability assessment, due to their multiple uses.
As discussions moved on to focus on the practicalities of an assessment system a set of guiding
principles were defined, which reflect the specific position of the German housing industry, its
concerns and requirements. Particularly important issues are:
-

the social sustainability of housing
covering aspects relating to the location of the building appropriately
ensuring transparency of results and information
giving priority to individual results over aggregated results

Above all, extra cost resulting directly or indirectly from certification is of great concern – the
system has to be designed in a way that it can be applied without undue additional expenditure –
either for the certification process itself or for additional work during the construction and design
process. Moreover, it is considered important that the assessment system is entirely voluntary and
that it is commissioned by the housing provider for their own internal purposes. Results should not
be made public (e.g. by an independent certification authority) unless the housing provider itself
chooses to make them public.
In conclusion the aim was defined, that links have to be established between individual buildings
and the general aims of a company and the specific market conditions.

3.3

Analysis of Risks

Before tackling relevant indicators and assessment methods, the working group discussed the
risks of introducing an assessment system. Since the work of the group was particularly influenced
by the thinking and requirements of large housing providers, a view of sustainability assessments
being closely related to and complementary to portfolio management practices dominated. It is fair
to say that many representatives of the housing industry had considerable concerns regarding the
introduction of such a system. In particular they saw the following risks:
-

Parts of the housing industry are very worried that a certification system for new buildings
could indirectly lead to negative effects on non-certified existing housing stock and in fact
lead to stigmatisation of older stock and buildings in difficult locations, although this does
not appear to have happened in other countries.

-

Some members of the working group were very concerned, that if a certification system is
available this may gradually lead to higher regulatory requirements. For example local
authorities may require as part of planning permission that a particular standard be reached
– either meeting all requirements of the system or requirements relating to individual
indicators. Alternatively, funding may be conditional to such standards being reached.

-

The housing industry is concerned about the additional effort and expense in terms of
money and time that a new assessment system may require. The affordability of housing in
particular is a great social concern, which cannot be compromised by undue expense for
sustainability measures or the expense for the certification process. Some housing
providers find it increasingly difficult to provide affordable housing, with requirement
resulting from climate change targets and other regulatory requirements putting pressure
on improving relevant qualities [10].

The fear of stigmatisation of existing stock was raised repeatedly and constitutes a major obstacle
that would need to be overcome if the German housing industry were to fully embrace
sustainability assessments.

3.4

Development of a Basic Structure with Sets of Criteria

For the development of a basic structure and main criteria groups a top-down approach was used
(see also the SB11-paper by Lützkendorf et. al. “Next generation of sustainability assessment – top
down approach and stakeholders needs”). The groups of criteria and individual indicators were
deduced from the overarching sustainability concerns, since any sustainability assessment has to
cover at least the environmental social and economic dimensions of sustainability.
For the assessment of sustainability in new-build housing the housing providers see certain
particular needs, which will be presented here:

-

Every new construction project represents a reaction to the context and environmental
conditions at the site. The design has to respond to soil conditions, solar orientation, noise
leves, likely impacts from climate change and other local risks, which can all lead to
additional construction challenges. An assessment should reflect and assess in how far the
building has indeed risen to the demands of the site. Therefore any assessment should be
preceded by a detailed description of site conditions.

-

A new building commissioned by a housing provider/ landlord will always be considered as
part of overall company policies and react to current and future market conditions.
Prognoses regarding demographic change as well as well as those regarding changes in
ways of living and lifestyles have to be taken into account. This will have immediate impacts
on the design process. It has to be demonstrated whether and in how far a building is able
to respond to current and future market requirements.

-

Relevant company policies as well as information regarding trends and expected future
market developments should also be stated up front as a preface to the assessment.

-

A sustainability assessment for housing should not only focus on the required input into the
production, construction and operation. Decisive for sustainability is a long, useful life of the
building, which is determined by technical durability on the one hand and longterm
functionality on the other. Fulfilling functional requirements of current and future users is
therefore fundamental and is at the same time part of the social quality of a building.

The structure of the proposed sets of criteria are aligned with those used by the two systems for
offices currently used in Germany (BNB and DGNB), and is shown in Figure 1.

Figure 1: Proposal for a structure of assessment criteria and sets of indicators; [Lützkendorf, 2010]

In line with emerging CEN and ISO standardisation [11] [12] on sustainability assessments, work
on the new assessment system has covered the three pillars of sustainability: environmental,
social and economic sustainability. For greater clarity of structure and to retain a level of analogy to
the existing German systems, two further groups of criteria were added. There is a set of technical

qualities that reflects basic fitness for purpose of the building. Furthermore, there is a set of criteria
relating to management processes throughout the lifecycle of the building, which is looked at
separately to those qualities relating to the substance of the building. From these key topics a set
of indicators was developed in order to cover all topics relevant to sustainability.

3.5

Development Of Individual Indicators

In a general sense, indicators to be developed have to be associated with one of the main groups
of criteria, though it may make sense to point out multiple effects across the different dimensions of
sustainability. Individual criteria should show clear links to the overarching goals of the assessment,
i.e. what concerns are being addressed by the indicator or what negative impacts are being
avoided. The following elements have to be developed: indicator definition, units to be measured,
assessment rules and assessment scales. These can be presented in the form of a concise file for
each indicator. The project followed these principles.

3.6

Developing Rules for Weighting and Partial and Full Aggregation of Results.

In order to summarize these results further for each criteria group (as a partial aggregation of
results) or to fully aggregate all indicator result into one over-all result for the assessment, suitable
rules must be defined. Indicators may be given different weights within a group and the main
groups may be weighted differently as part of an overall result. Objective methods should always
be employed for the process of weighting and aggregation, such as rules for calculating global
warming potential, analysing user satisfaction for example through Predicted Mean Vote etc. If this
is not possible, the interested stakeholders have to resort to generally accepted methods and
conventions, such as expert opinions or surveys.
In this specific case, the working group felt that in fact un-aggregated results for each indicator
were, at least initially, preferable to aggregated result which would summarise results of several
indicators, the main indicator groups or even the results of all indicators. However, as the scheme
develops and in response to suggestions from the scientific advisors and from assessors during
the pilot phase, aggregation may be re-considered in order to make results more concise.

3.7

Development of Presentation Format

Discussions regarding presentation formats for assessment results are all too often focused on the
design of a certificate, medal or label. However, in order to respond to the aims and applications
set out above it is crucial that part-results for groups of indicators and specific indicators be shown
in disaggregated form. Possible forms of representation are:
-

Strength/ weaknesses Profile expressed as table with numeric results
Strength/ weaknesses Profile (graphical representation, linear or as columns)
Individual results shown within a spider graph

As part of the research project a form was developed that allowed the capturing of information
relating to site and context of the project as well as individual scores for each indicator in the form
of a profile.

3.8

Piloting a System

It is advisable and indeed common practise to pilot any new system using practical examples.
Ideally, a range of possible cases and variations should be simulated, that can occur in
implementation. When testing, it is often a problem that issues relating to the design process can
be difficult to capture later on, though this won’t be an issue for future application, when starting at
design stage.
In order to test the indicators and assessment methods developed for the project, the system at
hand was tested on 5 very different residential properties, which had all been recently completed.
The range of projects covered different geographical regions, building shapes and sizes (7- 53
units) and heating strategies (district heating, biomass boiler, conventional gas boiler with solar hot
water heating). It was found to be particularly useful to have a range of very different projects,
varying in size, energy strategy and building shape. This allowed and required the investigation of
potential problem areas relating to the treatment of one-off solutions and system boundaries (e.g.
whether two linked buildings are to be treated separately or together, whether to include
underground car parking in LCA or not).

4. Experiences Gained from Development of Certain Specific Indicators
From the discussion of the working group certain novel indicators emerged, which may be able to
fill certain gaps in the indicator systems currently used, in particular when addressing economic
sustainability.

4.1

Assessment of Environmental Performance – LCA

Since Germany is fortunate enough to have LCA data for buildings readily available, environmental
quality can be assessed using an LCA approach. The calculations and assessments include
production stage, use stage and end of life. The following environmental impacts were considered
as part of the assessment of environmental performance:
-

GHG
ozon depletion potential
photochemical ozone creation potential
acidification potential
eutrophication potential

There had been concerns as to how viable it was to include a life cycle assessment for
comparatively small housing projects. However, time requirements for data collection, preparation
and entry as well as the actual calculation proved to be moderate. At this stage architects are not
used to conducting LCA and LCC calculation. However, a system such as the one used in this
case (LEGEP [12]), which is specifically designed for architects and quantity surveyors, linking the
bill of quantities to LCA and LCC may allow construction professional to integrate LCA these into
their service offerings.

4.2

Assessment of Economic Performance – LCC

In recent years lifecycle costing has developed in Germany to a level that it can be applied readily.
Relevant data and methodologies have been developed, which are published via the web platform
www.nachhaltigesbauen.de, which is accessible to the general public.
The Lifecycle costing calculations undertaken as part of this piece of research encompassed the
following costs: construction, operation (heating, hot water supply), cleaning in use, services,

ongoing repairs, maintenance and cyclical replacements. The first 50 years of the life cycle of the
building are being considered. A dynamic net present value method was employed. The energy
price increase factor was set to 4% per year, the interest rate was set to 3,5%. All other parameters
were set in accordance with German standards or other industry guidance.

4.3

Assessment of Economic Performance – New, Additional Indicator

A comprehensive definition and assessment of economic performance continues to be difficult. In
addition to LCC the economic value of a property and cost/ benefit ratios should be considered
more strongly. The following proposal has been developed by representatives of the German
housing industry within the working group.
Ratio of investment cost to market value
Limiting additional costs for sustainability features and assessment were of particular concern. Or
put more positively, it was felt that additional costs for high quality, sustainable buildings must be
reflected adequately in the value of the property. Therefore an indicator was created that compares
the construction costs to the market value of the resulting building. There was agreement that this
must not rely on a costly valuation report from a third party, but on figures that can be compiled
internally by the housing company. The methodology developed for this purpose is the calculation
of a ratio of investment costs to market value. In how far this method is appropriate has to be
investigated further.

5. Conclusions and Outlook
Currently many existing assessment systems are facing an overhaul, due to recent developments
in international standardisation ISO TC 59 SC 17 and the requirements on sustainability
assessments that these state. Furthermore a general move away from solely concentrating on
environmental and health issues in favour of encompassing all sustainability issues is noticeable. It
remains to be seen whether this leads to existing assessment systems becoming more similar in
content or not.
This paper provides recommendations that can support the development of new systems from
scratch or further development of existing systems. In particular new indicators for the assessment
of environmental performance and economic performance are being proposed, which are based
on a life cycle approach and use LCA and LCC. That future developments in the field of
sustainability assessments will move further in this direction can be expected.
During the course of the research project presented here, it emerged that large housing providers
have considerable concerns regarding the introduction of sustainability assessments, which need
to be overcome. In particular, there are fears that singling out certain high-quality buildings with
positive assessments results may lead indirectly to a more critical view of the other properties. For
such companies it is important that instruments for sustainability assessments are compatible with
sustainability reporting and portfolio management practices.

Acknowledgements
The authors wish to express their thanks to the German Ministry for Transport, Building and Urban
Development and then the Federal Institute for Research on Building, Urban Affairs and Spatial
Development for funding this research. Furthermore thanks go to the members of the working
group, who have supported the work with numerous recommendations and ideas.

References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]

Haapio A, Viitaniemi P, “A critical review of building environmental assessment tools“,
Environmental Impact Assessment Review 28 (2008) 469–482, 2008
Liu G et al, “Longlife Comparison of worldwide certification systems for sustainable buildings“,
Conference proceedings Comparison of worldwide certification systems for sustainable
buildings, 2010
Deutscher Bundestag, “Schutz des Menschen und der Umwelt – Ziele und
Rahmenbedingungen einer nachhaltig zukunftsverträglichen Entwicklung“, Drucksache
13/11200, 1998
Federal Statistical Office of Germany, “Sustainable Development in Germany“, Federal
Statistical Office of Germany, 2010
LBS, “Markt für Wohnimmobilien 2010“, Bundesgeschäftsstelle Landesbausparkassen, 2010,
p.31
BBSR, “Wohnungsmärkte im Wandel. Zentrale Ergebnisse der Wohnungsmarktprognose
2025“, BBSR-Berichte KOMPAKT 1/2010
GdW: “Wohnungswirtschaftliche Daten und Trends 2008-2009“, 2008
HEGGER M. (editor), “WohnwertBarometer Erfassungs- und Bewertungssystem
nachhaltiger Wohnqualität (final report)“, Technical University Darmstadt, 2009
THS: “Qualitätsmanagement bei der THS - Lebensqualität in Siedlungen”, THS, 2007
VOGLER I., “Nachhaltigkeit von neu errichteten Wohngebäuden – Wege zur Beschreibung
und Bewertung“, Mauerwerk 14 Heft 4, 2010
CEN/TC 350, EN 15643-1:2010, “Sustainability of construction works — Sustainability
assessment of buildings — Part 1: General framework”, 2010
ISO 15392:2008, “Sustainability in building construction - General principles”, 2008
www.legep.de - accessed March 2011

Developing energy and GHG reduction model
for commercial office building stock
Seongwon Seo
Senior Research
Scientist
CSIRO Ecosystem
Sciences, Australia
Seongwon.Seo@csiro.au

Greg Foliente
Senior Principal
Research Scientist,
CSIRO Ecosystem
Sciences, Australia
Greg.Foliente@csiro.au

Summary
The objective of this study is to develop a reliable assessment model for energy and
GHG emissions of Australian existing commercial building stocks.
This study initially focuses on the quantification of energy and greenhouse gas
emissions for commercial office building stocks in Australia considering different climate
zones. Also, this study evaluates energy and GHG reduction effects for different
options for commercial building stocks considering different design/maintenance
options, technological changes with regard to building and energy technology, available
government policies etc.
Keywords: Energy consumption, carbon emission, building stock

1. Introduction
Buildings are responsible for up to 40% of energy usage in most countries [1].
Considering needs for building, the building energy usage will continuously increase.
To manage the building energy requirements, it is important to firstly quantify the
energy requirements for building stocks.
Normally building energy consumption estimation uses a bottom-up approach using
statistical or simulation data. The bottom-up approach quantifies energy consumption
by accumulating disaggregated energy consumption (i.e., HVAC, lighting, appliances
etc using simulation model) of buildings. For this approach, Griffith et al [2] estimated
energy consumption for non-residential buildings viat a micro-modelling performance of
individual buildings using software called EnergyPlus. This is similar to Huang and
Broderick’s approach [3], which estimated heating and cooling energy consumption in
US building stock. After classifying building types by type, age, location etc., they
applied heating and cooling energy estimation using a DOE software tool.
This paper is intended to develop building energy stock to estimate energy
consumption in urban area (or more macro level of urban block area). To estimate
urban energy consumption, this study applied a bottom-up approach using detailed
building energy data for office buildings and then applied building stock to get annual
energy consumption in urban area.

2. Assessment framework
To estimate building energy consumption for office building stocks, this study used a
combination of bottom-up and top-down approaches. For building energy performance,
this study focuses on the individual energy performance (called energy intensity for
building as square metre-based). Also, top-down approach is used for building stock as

well.
2.1 Geographical area
Building stocks are represented as precinct /suburban, city (LGA), state or national
level. Initially, LGAs (Local Government Areas) are selected as the geographical level
of aggregation for gathering data and for reporting results. Each LGA lies within a
single climate zone. Energy estimates are obtained by modelling energy usage of each
office building type in each LGA.
2.2 Prototype of building
Office buildings are classified into three different types depending on the structure and
storeys such as low-rise, mid-rise and high rise;
• Low-rise office: concrete construction with 1-3 storeys
• Medium-rise office and: concrete construction with 4-7 storeys and lifts
• High-rise office: concrete construction with more than 20 storeys and lifts
Table 1 shows baseline specification of prototype of office building in this study.
Table 1 Specification of prototype of building

Building operation
HVAC system

Building type
Low
2450
2
Brick
6 in. concrete
20% single
colour tinted
8:00am~6:00 pm
DX

Temp. Cooling
Temp. Heating
Lift

23
22
N/A

Total floor area (m2)
Floor (storeys)
Wall
Floor
Glazing

Medium
9600
6
150mmHW

High
32000
20
Metal framed glass

Double glazing
VAV with reheat
(Chilled water)
One of 7 kW of
electrical power
load

Three of 7 kW of
electrical power load

2.3 Age of building
Ideally a different set of prototypes would be defined for each size of building, stratified
by age of building shell and age of HVAC (the latter is significant due to improvements
in efficiency of HVAC). For the building age, GA [4] classified two types: Pre and post
1980. This study extends this into three classifications; Pre 1980, Post 1980 and Less
than 5 years. The first two cases are based on the GA [4] data and new construction is
allocated in the ‘Less than 5 years’ category.
2.4 Climate data
Climatic differences obviously affect HVAC loads applied to the various prototypes.
This study considered 5 different climate zones in NSW, which is one of the biggest
states in Australia.

2.5 Model structure
The main building performance model has a "nested" structure, applicable to each
prototype. Each prototype building is modelled in each LGA. That is, for each prototype
t in a given LGA s, the parameters are established for an average building of type p in
LGA s; the building model is then run; and the results from this run (GHG, energy
usage etc.) are scaled up by a factor of A/a, where A is the total floor space of buildings
of type p in s, and a is the average floor space of each such building.
Fig 1 shows flow diagram of office building stock of this study.
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3. Energy and carbon emissions for commercial office building
3.1 Energy and carbon intensity for building performance
For the prototype buildings (low rise, medium rise and high rise office building), energy
consumption (intensity) in the Sydney area (LGA) is shown in Fig 2. Two different type
of energy usages are considered; electricity only, and electricity and gas consumption
in cooking and heating energy sources. The graph shows that energy intensity
increases from low rise to high rise building. For example, the low rise building used
824 MJ per m2 per year (electricity only), while the medium rise building shows 27%
more and 43% more for the high rise building in electricity usage intensity. Also, mixing
energy usage building (electricity and gas heating and cooking) shows similar results
but a bit higher than all electricity usage only.
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3.2 Building stock
Existing commercial building stock in NSW is shown in Table 2. Floor area for low rise
building is dominant in NSW having 53.4% of total and followed by medium-rise (32%)
and high rise building (14.6%). Also, steel and concrete framed buildings are shown
dominant having more than 99% in all different type of buildings (except for low rise
building having 91.2% in both). In particular, concrete frame structure buildings are
quite dominant in medium and high rise buildings.
Table 2 Commercial Building Stock in NSW
LR
Building number
Floor area
concrete framed
Masonry
Building
Steel framed
number
Total building
number
concrete framed
Masonry
Floor
Area
Steel framed
Total floor area
Source: GA (2010)

34,402

MR
%
65.6
53.4

HR
%
24.5
32.0

%
9.9
14.6

91.5
0.0
8.5

5,204
14,05m
4,399
805

56.9
0.7
42.4

12,875
30.89m
11,776
3
1,096
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Recently CFC (Construction Forecasting Council) [5] forecasted future non-residential
building stock considering GDP, economic situation etc across in Australia. Fig 4 Fig 3
shows commercial office building stock ($) in NSW. As seen in this figure, new
commercial office building increases continuously until 2007-06. The building stock ($)
shows decline after this due to the global economic crisis. But after 2010, it is predicted
to continuously increase again. Also, the new construction of office building stock is
shown to occur predominantly in the Sydney metropolitan area having more than 90%
of total NSW.
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Fig 3 New Office building stock in NSW (2002/03 ~2018/19)
Using current market values [6] for different types of commercial buildings in NSW,
newly constructed building stock in NSW as floor area (m2) is obtained by dividing
office building stock ($) by current market value in different types of office building in
different areas in NSW.
Fig 4 shows commercial office building stock as floor area in Sydney city council. As
seen in this figure, medium rise building stock is dominant having more than 57% in
total. Compared to this, low and high rise office building shows relatively small portion.
Appendix C shows more detailed office building stock in NSW by LGA level.
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Fig 4 Floor area (m2) of office building stock in Sydney (2006/07-2018/19)

3.3 Energy consumption & carbon emissions

Total energy consumption and corresponding GHG emissions of office buildings in
NSW is shown in Fig 5 (a) and Fig 5 (b). As shown in this Fig, 15,226TJ of energy is
consumed due to running of office building in NSW in 2006-07. The energy
consumption increases by 20% in 2011-12 and 72% more in 2018-19 compared to
2006-07. Of the energy consumption in each year, office equipment uses the most

energy (30-32%), followed by lighting (23-25%) and then cooling energy consumption
(20-21%). GHG emissions reflect energy consumption (Fig 5 (b)).
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Fig 5 Office building energy consumption (GHG emissions) in NSW

For the baseline case (shown in Fig 5 (a) & (b)), a number of different scenarios are
considered to estimate their effect on the reduction of energy consumption and carbon
emissions:
• Scenario 1: Introduced 5 star (less than 223 MJ/m2/yr for Base building, less
than 63 kg/m2/yr of tenancy) for new construction from 2010-11 (scenario 1)
• Scenario 2: Introduced solar PV system in existing office building (Scenario 2),
• Scenario 3: Improved HVAC system (up to 30% efficient) for existing building,
• Scenario 4: Changed occupants’ behaviour and thus reduced equipment energy
consumption as 20% less and,
• Scenario 5: Improved HVAC system (up to 30% efficient ) and changed
occupants’ behaviour (20% less equipment energy consumption).
Fig 6 shows the energy reduction effect of the different scenarios.
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Fig 6 Energy reduction scenarios for office building in NSW

As shown in Fig 6, all scenarios are represented to be effective to reduce energy
consumption. Compared to the baseline (BAU), scenario 1 shows more than 4,000TJ of
energy reduction by introducing 5 star energy rating for new office building
construction. This is 16% less than BAU case. Also, when solar PV system is
introduced in commercial office building (scenario 2, 10% of roof space), it shows 18%
less compared with the BAU case. This is just 2% less compared to Scenario 1.

Both scenario 3 and scenario 4 show a similar reduction - 28% less than the BAU case.
The results show that when combined, the change of occupants’ behaviour and
improvement of the HVAC system has a high reduction effect - up to 47% less than the
BAU case.

4. Conclusion
In this study we used a bottom-up methodology for assessing commercial office
building energy consumption and GHG emissions. In the analysis, we found that
existing buildings can highly influence urban energy consumption (and GHG
emissions). This paper identifies hot spots which have high potential for energy and
GHG reduction for commercial building stocks. Also, by employing forecast of future
demand for commercial building stocks in different local government areas (LGAs) in
NSW, Australia, we examined the future energy demand and GHG emissions for
commercial building and potential reduction effects as well. The model used in this
study will be of great value in identifying opportunities for improvement in current
conditions, and in assessing the potential impacts of policy proposals.
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Summary
Life Cycle Assessment (LCA) increasingly gains attention and is used more and more in the
building sector throughout the world. Strong support for LCA is given by both International and
European standardization activities – e.g.   CEN   TC   350   (“sustainability   of   construction   works”)  
defined LCA as the core method to describe the environmental performance of buildings. In
addition to standardization, different approaches to assess the sustainability performance of
buildings are installed through building certification bodies and some of them include LCA as a
mandatory instrument for building assessment.
The German Sustainable Building Council (DGNB) as a non-profit organization to promote
sustainable construction was founded in 2007 and subsequently released a sustainability
certification scheme for buildings. The life cycle based and performance oriented approach to
building assessment is seen as a major feature of the DGNB certification scheme. With an
increasing number of certified buildings, the certification yields the rare opportunity to evaluate and
compare LCA results for a significant number of different buildings, where the LCAs have been
done under the same boundary conditions.
Basis for the comparability of LCA results of certified buildings are consistent and complete
definitions to conduct the LCA calculation of the different buildings. On this basis, LCA results
evaluated and the results are presented in this work. For the purpose of continued development
and improvement of building certification rules, adequate benchmarks and metrics, the results are
evaluated and will be statistically analysed in the future. Currently a limited number of datasets for
certified buildings is available that allow initial impressions and insights in the LCA results for
certified buildings. The findings indicate the appropriateness of the benchmarks currently in place,
while it is also indicated that benchmarks may and probably should undergo a development
towards tightened values. With increasing numbers of certified buildings in the future, systematic
analyses will be possible, yielding a structural understanding of LCAs of buildings, core influencing
factors and good benchmark levels.
Keywords:Life Cycle Assessment; LCA; DGNB; German Certification for Sustainable Construction;
German Sustainable Building Council; Green Buildings; Building LCA Results

1. Introduction
During the last few years, national Green Building Councils appear on the stage all over the world.
They pursue quite different approaches to green buildings. In Germany, the German Sustainable
Building  Council  (“Deutsche  Gesellschaft  für  Nachhaltiges  Bauen”,  DGNB)  was  founded  in  summer

2007; by spring 2011, it holds around 1.000 member organizations. As a means to promote
sustainable construction in Germany and throughout the world, the DGNB developed the German
Certification   for   Sustainable   Construction   (“Deutsches   Gütesiegel   Nachhaltiges   Bauen”).   This  
certification scheme generally covers all aspects of sustainability in the built environment and asks
for specific performance levels in individual criteria.
On the basis of a catalogue of approx. 50 of such criteria, an overall sustainability performance of
the building is evaluated and a metal color (gold / silver / bronze), as well as a grade is awarded to
the building. Each criterion reflects one aspect that is understood to be relevant to sustainability.
One criterion thereby has one or several indicators, each quantitative or qualitative and defines the
method for the assessment, resp. the calculation method for quantification and benchmarks.1
Two prominent methods to perform a life cycle based quantitative assessment are Life Cycle
Costing (LCC), accounting for economic aspects and Life Cycle Assessment (LCA) as defined in
ISO 14040 [1] and 14044 [2], quantitatively investigating environmental impacts. Both of these
methods, which are mandatory parts of a DGNB sustainability assessment, yield a share of 13,5 %
(each) on the overall contribution to the sustainability performance of the building [3].
Especially the method of Life Cycle Assessment combines two elements that are seen to be of
major relevance, namely the assessment of the entire life cycle of the building and the definition of
benchmarks  on  a  performance  level,  rather  than  prescribing  “good”  measures.  Both  features  are  in  
line with the   standardization   activities   of   CEN   TC   350   “sustainability   of   construction   works”,
standardized especially in FprEN 15978 [4].

2. LCA in the certification scheme
1.1. Definitions of LCA for building certification
The Life Cycle Assessment is done for the entire building’s   life   cycle and follows defined
procedures and uses pre-defined boundary conditions and other specifications. An explanation of
the use of LCA within the certification scheme is given in [5] and partly repeated here to allow for a
convenient overview over the aspects of LCA in building certification.
The outcome of an LCA in general is a quantification of environmental impacts, e.g. using several
environmental   impact   categories   (‘midpoint   indicators’).   Five   of   such   impact   categories   plus   two  
energy demand indicators are considered within the DGNB system as individual criteria. These are
Global Warming Potential (GWP100), Ozone Layer Depletion Potential (ODP), Photochemical
Ozone Creation Potential (POCP), Acidification Potential (AP), Eutrophication Potential (EP),
Primary Energy (PE) Demand (non-renewable) and Primary Energy Demand (non-ren. +
renewable) with the share of renewable energy.
For the building LCA, the entire life cycle, consisting of four major elements has to be taken into
account. These elements are the construction phase, necessary refurbishment during the
reference  service  life  of  50  years,  the  building’s  end-of-life  and  the  building’s  operation  during  the  
use phase.
Within the construction phase, simplifying rules on which building components have to be
considered  are  in  place,  reducing  the  building’s  structure  to  eight  elements  such  as  exterior  walls,  
roof or foundation, as well as the heat generators as a proxy to the building’s  technical  equipment.  
The refurbishment of the building during its use of 50 years considers any necessary material
exchange measures. For that purpose, default reference service life values for individual building
elements are used to define an exchange frequency for each material, resp. construction element
used.
The prediction of the necessary measures to be taken, and of possible improvements of the
building’s   performance   is   difficult   to   make   – if at all. To assure comparability of the different
buildings, for the use phase scenario, no retrofit-measures  that  improve  the  building’s  e.g.  energy  
efficiency are considered. Neither are maintenance measures such as cleaning or inspection
considered.
The end-of-life   is   accounted   for   by   means   of   a   ‘standardized’   scenario.   A   number   of   different  
1

General explanations and detailed descriptions oft he DGNB certification scheme are given in [3].

material groups are identified and each group has an individual end-of-life scenario. Examples of
such scenarios are incineration with recovery of thermal and electric energy for plastics, wood and
other materials that have a calorific value or recycling of stones and bricks to yield recycled
aggregates (etc.).
The   combination   of   these   three   life   cycle   phases   yield   the   results   for   the   “construction”.   The  
operation  of  the  building  uses  the  results  of  the  “Energieausweis”,  i.e.  the  calculation  results  from  
the German implementation of the European EPBD [6]. Here, final energy values for heat and
electric energy are calculated for the building and of a reference building. The energy demand
values are multiplied with the LCA datasets of the energy used to assess the environmental
impacts   of   the   operation   phase.   The   environmental   impacts   of   the   building’s   life   cycle   are   then  
normalized  to  one  year  and  one  m²  net  floor  area  (“Nettogrundfläche”  NGFa).
1.2. Benchmarking LCA based environmental impacts for certified buildings
The LCA benchmarks for buildings within the DGNB system are set on the level of the entire life
cycle of the building. I.e. one overall value has to be met by the building. This procedure (instead of
e.g.  setting  separate  benchmarks  for  the  construction  of  the  building  and  it’s  operation)  leave  the  
greatest possible flexibility to the planner about how to meet the set requirements. Both, a highly
energy efficient building (i.e. small energy demand for operation) that yields more environmental
impacts in the construction of the building and a less efficient building with less impacts from the
construction are possible to meet the requirements.
The benchmarks are compiled from two elements. The first element is a fixed value that refers to
the construction of the building. It is derived from a German national research project [7] that
evaluated   a   number   of   “typical”   buildings   in   order   to   derive   benchmarks on the basis of mean
values and an understanding of the relation between a building and its environmental impacts. For
this element of the benchmark, values are given in the characteristics documents of each criterion,
e.g. 9,4 kg CO2-Eq./m²NGFa*a for GWP. The second element is a variable part that is derived from
the   “Energieausweis”.   In   accordance   with   the   EPBD,   each   building   has   a   benchmark   set   for  
primary energy demand. For the purpose of LCA-benchmarking, the corresponding final energy
demand is multiplied with conversion factors (separately for electric and thermal energy) for each
indicator. Therefore, the energy demand is separated into electric energy and thermal energy.
These factors are also given in the characteristics documents, e.g. for GWP: power demand to be
multiplied with 0,71 kg CO2-Eq./kWh and thermal energy demand to be multiplied with
0,31 kg CO2-Eq./kWh. These factors stem from the national building products database and reflect
the electric energy grid mix, resp. heat generation with a mix of 50 % oil and 50 % natural gas.
The   resulting   benchmark   (called   “reference   value”   =   “Referenzwert”)   for   the   building’s   life   cycle  
represents 5 valuation credits out of a range of 1 credit (minimum) to 10 credits (maximum). The
reference value is then multiplied with specific factors to yield the benchmarks for 1 credit and for
10 credits. These specific factors are defined individually to reflect the idea of relation between
“state  of  the  art”,  “still  acceptable”  and  “best  practice”.

3. Review of LCA results
With increasing numbers of certified buildings, the review and revision of the benchmarks becomes
possible. In this context, various questions arise:
 Are the benchmark levels appropriate to allow for a distinction of environmentally good,
medium and not so well performing buildings?
 Are the benchmark levels appropriate to foster innovation in environmental and energy
efficient building design?
 How does the ratio of environmental impacts from the construction, maintenance and endof-life to the environmental impacts from operational energy demand compare from building
to building?
 Can conclusions be drawn concerning parameters that generally influence the LCA results

of certified buildings?
The first evaluation is the comparison of average levels of performance for all of the assessed
indicators in relation to the reference value (corresponding to five credits). Fig. 1 visualizes this
comparison, giving the deviation of the mean value of all assessed certified buildings from the
reference value. – 30 % corresponds to the 10 credit target value (best). From this evaluation it
can  clearly  be  seen  that  the  majority  of  the  buildings  performs  well  in  the  ‘upper’  area  of  the  rating  
scale for the environmental indicators. This may be due to the fact that early certificates have been
mainly attractive to investors / building owners who have a strong interest in energy efficiency of
their building. On the other hand, this result may also lead to the conclusion that the benchmark
values rather   represent   ‘average’   buildings   and   that   ‘best   practice’   buildings   may   perform   better  
than the given benchmarks would suggest. It is especially obvious that for Global Warming
Potential (GWP), there is a bandwidth of results between the medium and the best benchmark and
for the total Primary Energy Demand (in conjunction with a rated share of renewable energy), there
is an even stronger variation of results2. Hence, except for the energy based indicators and Global
Warming Potential that often directly correlates with non-renewable  Primary  Energy,  the  indicators’  
benchmarks can and should be revised to allow for distinctions of results. Moreover, as long as
good rating results can be reached too easily, the certification procedure does not act as an
incentive to pursue innovation in building design and construction. This means in turn, more
tightened benchmarks will be necessary, if innovation wants to be promoted through the
certification system.

Fig. 1 Deviation of LCA results for different buildings for all indicators from the 5-creditbenchmarks (= 0%)
The metrics for calculating the LCA results for buildings   divide   the   building’s   life   cycle   into   the  
sections  “construction”,  i.e.  the  physical  building  including  its  construction,  maintenance  and  end2

Note that for one of several building type certificates, for ODP and POCP, 10 credits are always granted if a calculation
is done, without any benchmarking. This may result in the uniform image of mainly best ratings for these indicators.

of-life,   and   into   “operation”,   i.e.   operational   energy   demand   during   the   use   phase.   In   addition   to  
that, benchmarks  are  defined  with  a  uniform  value  for  the  “construction”  part  and  a  building-specific
value for the operational energy demand. Hence, this separation into those two sections is one
major feature of the LCA results and requires continued investigation, whether underlying
assumptions are valid for certified buildings. Such assumptions are e.g. that the higher variation in
calculated LCA impacts lies within the operational energy demand, rather than within the
construction section or that for the majority of the buildings, the operation is the dominant section
of the life cycle. Fig. 2 through Fig. 5 exemplarily present the results for four of the LCA based
sustainability criteria for a sample of certified buildings.

Fig. 2 Global Warming Potential of a sample of certified buildings, divided in
impacts from the building construction (incl. maintenance and end-of-life) and
impacts from operational energy demand
While the impact category Global Warming Potential (Fig. 2) displays a fairly homogenous
distribution of construction to operational energy demand impacts, the impact categories
Photochemical Ozone Creation Potential (Fig. 3) and Acidification Potential (Fig. 4) have much
stronger variations, in the overall life cycle impacts, as well as within the impacts from construction
and those from operational energy demand.

Fig. 3 Photochemical Ozone Creation Potential of a sample of certified
buildings, divided in impacts from the building construction (incl. maintenance
and end-of-life) and impacts from operational energy demand
The diagrams also indicate that the assumption of the building operation to be the dominant life
cycle stage is valid for Primary Energy Demand (Fig. 5) and for Global Warming Potential (Fig. 2)
which often correlates with primary energy demand from fossil sources. For Photochemical Ozone
Creation Potential (Fig. 3) and Acidification Potential (Fig. 4), again, this is not generally the case.
For several of the buildings that have been evaluated, the construction section dominates the life
cycle impacts.

Fig. 4 Acidification Potential of a sample of certified buildings, divided in
impacts from the building construction (incl. maintenance and end-of-life) and
impacts from operational energy demand

As a consequence, the assumption that both the major impacts and the major variations in impacts
within   a   building’s   life   cycle   stem   from   the   operational   energy   demand,   rather   than   from   the  
building’s   physical   construction   should   be   questioned   and   possibly   revised,   if   future   statistical
analyses confirm this initial impression. This could also result in a revision of the procedure to
compile the benchmarks from a fixed value for the construction and a building specific value for the
operation. Such a revision would also require a thorough and statistically based understanding of
the major parameters that influence results within individual impact categories.

Fig. 5 Primary Energy Demand (non-ren. and ren.) of a sample of certified
buildings, divided in impacts from the building construction (incl. maintenance
and end-of-life) and impacts from operational energy demand
One question that will become increasingly relevant for the future application of LCA during a
building’s   planning   phase   is   the   question   of   the   main   influencing   parameters   for   the   building’s  
environmental performance. Extensive statistical analyses will be necessary to identify correlations
between individual building specifications and environmental impacts / LCA results. One such
analysis  of  possible  interest  could  be  that  of  the  correlation  of  impacts  to  the  overall  building’s  size.  
Fig.  6  displays  the  respective  analysis:  All  LCA  indicators  are  displayed  against  the  building’s  net  
floor area (German  “NGF”),  each  normalized  to  the  highest  value  of  the  sample.  This  normalization  
yields a comparability of the indicators to each other, allows a rough comparison of the relation of
indicators to each other within one building and finally allows for identifying possible trends of
impacts in relation to the building size. Such trends might be a reduction in impacts per square
meter if the building turns larger. From Fig. 6, however, no general trend, neither for any single
indicator nor for all indicators can be found. This, in turn, could be seen as an indication that the
approach of benchmarking per-square-meter-impacts without regard to building size is a valid
approach. Future statistical analyses on the basis of large samples should be used to confirm this
finding.

Fig. 6 Normalized LCA results for all indicators. The certified buildings are separated into
classes of net floor area ranges (normalization to the highest value of each indicator).
Future analyses should also concentrate on the question, if general patterns of normalized
indicator   relations  (‘how   do  the   normalized   indicators   behave  to   each   other   within  one   building?’)  
can be derived. If so, graphs like the one in Fig. 6 could be used to assess individual building
results for quick checks of plausibility, e.g. during the inspection of confirmation procedure to
assure correctness of the calculations. This would be desirable to improve confidence in LCA
results and promote a better understanding of LCA based environmental impacts with planners.

4. Summary and conclusions
Life Cycle Assessment has been established within the German sustainable building certification
system and is today generally   accepted   as   a   means   to   assess   a   sustainable   building’s  
environmental performance. Education of auditors, clearly defined metrics and benchmarks on
moderate levels supported this process.
With the first certified buildings evaluated for their LCA results, some general findings have been
concluded and require statistical confirmation in the future. These general findings include:
 Benchmarks for LCA indicators are set on a level that allows the distinction of different
levels of quality of buildings (for some indicators such as GWP and Primary Energy
Demand), while for some indicators, the benchmark levels are set very moderately so that
good ratings can be reached fairly easily. This allows for a tightening of benchmarks in the
future.
 General assumptions on   the   relation   of   the   building’s   construction   to   the   building’s  
operational energy demand and the dominance of the operation phase have shown to be
valid for some indicators, while for other indicators this is not necessarily the case. After
further statistical evaluations, this might yield in future revisions of the benchmark metrics.



General correlations of environmental impacts to building parameters – beyond the obvious
– are yet to be found. Environmental impacts generally do not correlate e.g. to the building
size.

In general, Life Cycle Assessment of buildings on a standardized basis – e.g. for the use in a
certification system – is still a fairly new field of activity, both for planners and for LCA specialists
and should be subject to future research and to continued maturing of the method, the metrics and
supporting   tools.   It   does,   however,   give   a   transparent   insight   into   the   building’s   environmental  
performance and is hence an adequate approach to be included into building certification.
Especially increased statistical evaluations will be required to deepen the understanding of LCA
and to gain statistical proof for several basic assumptions or to revise the approach. The German
DGNB sustainable building certification is the first framework, under which consistent LCA studies
of buildings are done on a broad level and hence acts as a pioneer to bring life cycle based
environmental assessments into the building and construction sector.
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Summary
To avoid adverse selection in sustainable construction, over the past 20 years a number of
assessment and certification schemes for sustainable construction have been developed and
implemented. In general, assessment schemes for sustainable buildings aim to provide a holistic
analysis of the building in terms of environmental impacts as well as socio-cultural and economic
issues. However, the conceptual and procedural design of the schemes varies as well as the
selection of topics, issues and indicators.
A specific approach is pursued in the course of the European "Longlife" project, funded under the
Interreg Baltic Sea Region Programme 2007-2013. The overall aim of the project is to optimize
methods for buildings and construction, adapt and implement new technologies and harmonize
building procedures towards sustainable housing construction. The project, lead by Berlin Institute
of Technology (TEK), Technische Universität Berlin, Germany, involves partners from Germany,
Denmark, Lithuania, Poland and Russia.
Within this project the authors were commissioned the outline of a specific assessment and
certification framework to be applied for the "Longlife prototype buildings". Thereby a specific
challenge arose from the situation, that the "Longlife" building projects will be implemented in
cooperation with large housing companies as an extension of the existing portfolio. So, among
other, the question had to be answered, how certification could reflect the relation between new
built certified buildings and the existing building stock in terms for example of rounding the portfolio
but also the influence on the competitiveness of the existing building stock. Crucial also was the
question of certification cost, especially with the partners from transition economies involved.
The paper presents the theoretical considerations and conceptual elements of the outlined
assessment and certification framework and discusses the finally chosen scheme of a "Longlife
Extended Performance Pass".
Keywords: certification scheme, assessment scheme, sustainable building, residential building,
life-cycle costs

1. “Longlife” project and the sustainability certification of buildings
The EU-funded project “Longlife” aims to optimize methods for buildings and construction, adapt
and implement new technologies and harmonize building processes among the participating
partner countries in the Baltic Sea Region [1]. One of the outcomes of the project will be to design,
specify and model a prototype building that on the one hand fulfils the project’s targets and on the
other hand responds to the specific requirements of the focal area in terms of its economical and
social context. To this end, one of the tasks of the project was, to develop a framework for a
transparent, reliable and objective assessment of the targeted sustainable building quality.
One of the main tasks of assessment and certification schemes in general is the prevention of
consumers’ information deficit. This deficit exists in many various markets and for many products,
and refers to the fact that not all qualities of a product are perceivable for consumers. Adverse se-

lection may occur as a result which means that superior products providing better quality are often
not successful on the market as expected due to the consumers’ decision for cheaper and against
more expensive products with an unclear better quality. In order to improve the functionality of the
market two approaches are common: signalling and screening. The first means that the producer
signals the quality of the product by appropriate means, while the latter implies that the consumer
screens the market in order to retrieve the missing information in quantitatively and qualitatively
sufficient amount and manner (cf. e.g. [2]) in advance of a product buying decision.
Certification labels support signalling as well as screening purposes by transforming so called
“credence attributes” into “search attributes” which are easily perceivable for consumers. General
examples of such labels are the German “Blue Angel” or EU Ecolabel.
The problem of asymmetric information allocation becomes even more crucial in the building sector as the whole construction procedure as well as the final product, the building, is extremely
complex which is even truer in case of sustainable construction principles. The purchaser or house
owner must trust the (sustainable) building quality to a large extent while the extent of a verification
of the supposed quality is limited.
To wrap up, assessment and certification schemes first of all provide the opportunity to serve as a
first orientation for the purchaser with respect to the building quality especially concerning sustainability. According to the chosen design, they may on a second stage also provide detailed structured information. Also, for building suppliers certified labels provide advantages as these signal
and document higher building quality in a transparent and reliable way.

Fig. 1 Main elements of a certification and communication scheme for sustainability issues of
buildings; adapted from [3]
Fig. 1 depicts basic elements of a certification scheme. The input side is formed by “reporting and
documentation” which involves the compilation of all relevant information gathered during and for
the building process. A general requirement of such a scheme is the scientific foundation with
respect to the scope and criteria of performance as well as to the methodology. The second
element deals with the process and method of performing the actual assessment and the definition
of the gathered assessment results. For this part of the scheme the involvement and commitment
of as many stakeholders (clients, real-estate companies, environmental NGO’s etc.) as possible is
important for the acceptability and success of the assessment and certification scheme. Finally, the
communication of the assessment results is part of a certification scheme in order to signal the
superior building quality of the examined building. Communicational functions of certification can
be seen in the orientation the label provides to potential building users or owners, in the higher
competitiveness of the building on the real estate market, and last but not least, in the improved
image and social esteem an awarded label potentially supports.

2. Comparison of existing assessment and certification schemes
A brief inquiry among project partners and experts in sustainable building conducted at the beginning of the analysis allowed to draw a rough picture of the situation of the individual building sector
in the respective countries with a special focus on sustainability. One of the main finding is that
sustainable building quality is not yet a real topic for most of the involved stakeholders in the postsocialist countries. Both implementing sustainability into the building process and establishing assessment and certification schemes are not much developed currently. Nevertheless, the respondents determined their preferences for topics considered by a certification system as “energy”,
“materials”, and “water”. Beside the examination of the specific situation in the project partner
countries, concerning the discussion on (green) building certification, the project task involved a
comparison and analysis of existing assessment and certification schemes. Therefore, 20
schemes, among them renowned schemes such as LEED (Leadership in Environmental and Energy Design) [4] or BREEAM (Building Research Establishment Environmental Assessment
Method) [5], had been identified as relevant due to their market appearance and/or their scientific
approach.
2.1

Results of the comparison

The examined schemes were analyzed regarding their basic conception, the institutional basis, the
sets of indicators, and procedural aspects.
2.1.1 Indicator catalogues
In general, it must be stated that despite of particular approaches and specific details the examined
schemes do not differ too much. With respect to the topics and indicators considered in the
schemes it is obvious that “Energy”, “Water” and “Materials” are dominant and important both from
the viewpoint of the developer and the user of the schemes. Other topics such as “Indoor Air
Quality” or “Sustainable Site” function rather as an add-on than being crucial for the assessment of
a building’s sustainability. Nevertheless, it would be desirable to achieve a more holistic
understanding of sustainability and include such topics in a more appropriate way. Concerning the
set of indicators used to detail the individual topics some variation can be identified, but the overall
trend is generally similar. “Water” for example includes the aspect of “Water Efficiency” which is in
some systems explicitly indicated while in others is it included as a summarizing indicator. Also, the
number of indicators detailing the individual topics varies largely. However, it becomes clear, that a
“good” system has to balance complexity and manageability. An interesting approach is a modular
structure, i.e. the scheme provides a basic module with minimum requirements, but additionally,
further modules that the user can opt for in case of receiving a better certification.
2.1.2 Weighting & scoring
The schemes differ a lot concerning the weightings for topics and indicators, and the approaches
are very individual. Often the weight assigned to a certain indicator or topic is not clearly justified,
but rather just a suggestion, eventually based on a social or political consensus. Typically, the
assessment of indicators and topics is score-based. The final calculation of the rating is either
based on a percentage or an aggregated number which both indicates the compliance of the
building with sustainable building principles.
2.1.3 Institutional basis
The certification schemes are provided either by public authorities or private organizations having
an influence on procedural aspects. Publicly developed schemes tend to be more consensus
based due to their political character which potentially may lead to requirements being less strict.
Private schemes, however, are typically designed to meet the target groups’ needs, and eventually
require stricter values. On the other hand, these tools compete on the market, and therefore the
requirements for a successful certification cannot be too hard in order to attract users/clients.

2.1.4 Communicational instruments
One of the main features of an assessment and certification scheme – before assessment and
certification takes place and regardless of the final result – is to improve the communication among
the persons involved in the planning and construction process and thus, as a “tool to talk” on the
input side of information, widen the scope and chance for (sustainable) building quality. On the
output side, three typical elements can be identified: A well structured documentation of the
sustainable building quality providing detailed information on the individual building, a label quickly
showing the superior quality and transporting a green image, and finally a certificate presenting the
results of the assessments, usually compared to defined benchmarks.
2.2

Findings to be considered

In order to keep the assessment and certification procedure manageable, but still ensure a realistic
and holistic picture of a building’s sustainability performance, the scheme should aim to find a
balanced number of topics, issues and indicators, covering all three dimensions of sustainability.
The thematic scope may in detail reasonably be based on scientifically justified suggestions but
usually also has to reflect requirements and positions of involved stakeholders. The same is true
with respect to the weighting and scoring. In any case, scope, weightings and scoring – especially
for a transnational utilization – should be adaptable to different contexts and on a regular basis be
subject to revision to enable response to future insight.
Methodologically for many indicators such as the energy consumption a quantitative assessment is
the best option, while some indicators have to be assessed in a qualitative way, based on a
judgement of the assessing instance (user, assessor, etc.). The framework should allow for both
approaches.
Crucial for the success of sustainable building practices is to avoid “end-of-pipe”-assessments but
ensure an early implementation of the certification procedure into the planning and construction
process.
The communication instruments that should be provided (documentation, passport, label) need to
be adapted to the requirements of different user and target groups. For many users an awarded
label, signalling the green quality of the building is enough, while for example real-estate
companies or financing institutions might ask for a detailed certification documenting the
sustainability features of the building in a traceable way.
From the perspective of the buildings’ user’s health and wellbeing, which is difficult to grasp in an
objective way, a full declaration of the materials used in the building would be a valuable add-on.
This can be integrated not as part of a formal assessment, but as an additional information for
decision making for a potential sensitive user and eventually also in case of refurbishment or
demolition.
With respect to relevance and acceptability any assessment scheme needs to be embedded into a
reliable institutional background.
Finally, concerning the costs of assessment and certification a range of 1 to 2% of the usual
construction costs seems reasonable which, however, pays off through a supposed superior
building quality.
These conclusions are considered in the suggestions for a framework of a specific Longlife
assessment and certification scheme as presented in the following.

3. Outline of a “Longlife” assessment and certification framework
3.1

Basic conception

The outlined assessment and certification framework as a basis for discussion and negotiation
among the Longlife partners is based on three pillars [Fig. 2], reflecting theoretical knowledge and
existing experience, the requirements of interest- and target-groups and finally relevant political
targets such as the European Construction Products Directive [6] or the European Energy
Performance of Buildings Directive [7].

Fig. 2 Foundations of the LONGLIFE certification scheme [8], developed from [3]
The developed framework suggests a holistic consideration of the building which includes not only
all aspects of sustainability, but at the same time all phases of a building’s life-cycle. Fig. 3 shows
the life-cycle and the respective elements of the scheme:
 Consultancy (1)
 Monitoring (2)
 Documentation and Certification (Label) (3/4)
 Updating (5)
The earlier sustainable building concerns are implemented within the building’s life-cycle, the better.
Already at early stages the scheme provides a consultancy tool. A sustainability planning checklist
may introduce issues of sustainable building into the scoping and planning process and supports a
structured decision making. Furthermore, an appropriate monitoring of the construction process as
well as an exhaustive documentation is crucial to achieve a comprehensible verification of the
proper implementation of targeted sustainable building qualities. After the completion of the
construction the building receives the certification and eventually a quality label for its sustainable
building quality. The Longlife certification scheme may provide different elements as
“communicational instruments” such as a “Building Logbook”, a ”Building Passport” and a “Quality
Label” (cf. 3.5)

Fig. 3 Phases and elements of LONGLIFE certification scheme [8]
3.2

Institutional basis

Given the specific requirements of the project an institutional setting based on a “fourth-party”
structure seems to be appropriate. The management and provision of the assessment and
certification scheme should be in responsibility of the "BAltic Sea Housing Development
Association” (BASHDA), an organisation intended by the Longlife project and perpetuating the
effort towards sustainable construction in the Baltic Sea Region beyond the project. The practical
implementation of the scheme should be conducted by accredited assessors affiliated to the
national branches of the organization which are comprehensively trained on assessment and

certification of sustainable building principles in general and on the specific scheme in particular.
The stakeholder involvement as an important core feature for the acceptance of users and for the
practical implementation into the construction process shall be ensured through the establishment
of a “user board”. Representatives of relevant groups of stakeholder such as planners, house
owners, assessors, sustainable building experts, industry representatives etc. should form the
board and care for the updating of the scheme concerning new development, requirement and
conditions. The adjustment of the indicator catalogues is an example for the user board’s tasks.
At this stage the structure as a “fourth-party” becomes obvious. The investor, owner or eventually
the planner is regarded as “first party” while the client, buyer or tenant is the “second party”. The
assessors belonging to the national BASHDAs function as “third-parties” and finally, the
supranational organization BASHDA being responsible in the end acts as the supervising “fourthparty” ensuring reliability and comparability with respect to core requirements.
3.3

Topics and indicators

The suggestion for topics to be considered in the assessment and certification according to the
Longlife scheme is in particular based on the experiences with sustainability indicators and on the
comparison of existing schemes. The topics should cover all three dimensions of sustainability in
order to allow a holistic consideration of the building’s sustainability performance.
However, the number of topics should be limited in order to keep the scheme simple, transparent
and comprehensible. The ecological dimension reasonably would encompass “energy”, “material”,
“water”, “pollution”, “indoor air quality (IAQ)”, and “sites”. The economic dimension may cover
“management” and “life-cycle costs”, while “barrier-free accessibility” of the building, and the
“functional quality” of the building are core topics under the social pillar of sustainability.
Additionally, experiences demonstrate that supplementary documents such as a full declaration of
substances and materials as well as a declaration of life-cycle costs might be considered as
desirable parts of a certification scheme understood also as a communicational tool.

Fig. 4 Topics considered by LONGLIFE certification scheme, derived from the evaluation of existing examples [8]
In order to ensure acceptability of the scheme within the targeted context, the selection of
indicators substantiating the considered topics should be accomplished ensuring active
stakeholder participation and might be the first step towards the suggested establishment of a
user board. Indicators selected for an assessment should meet certain requirements such as
political relevance, usefulness for the user, measurability, scientific supportability, comprehensibility,
awareness-generating relevance, selectivity and adequate cost-benefit ratio [(cf.[9], [10] and [11]).
As a starting point for the agreement on a set of appropriate indicators, three alternatives are
imaginable for the specific context of the Longlife project: On basis of a standard set of indicators
such as aimed for in ISO-standardization processes with ISO/TS 21929-1 [12] being currently

under development but also opting for a standardized set of core criteria for the future. Alternatively,
experiences and results gained from previous transnational projects such as LEnSE [13] may be
used for the negotiation. As a third option the discussion concerning the indicators may be started
without consideration of existing indicator catalogues only relying on the expertise and concerns of
the developers and stakeholders involved.
Due to the project’s specific focus on life-cycle costs these are to be integrated in two ways. First
they are definitely part of the indicator catalogue, and second, they are documented additionally
with the means of a separate Longlife tool particularly developed for the determination of the lifecycle costs or an existing tool such as LEGEP [14].
3.4

Certification procedure

In general the certification procedure does not differ much from the one of existing schemes. After
the registration of the project by the investor, planner house owner, etc. the user defines the
specifications for the building in an initial consultation with the assessor(s). The result is a
documented list of sustainable building features to be implemented in the building which is
submitted to the certification organization including all relevant documents (drawings, energy
calculation, declaration of materials, compilation of life-cycle costs, etc.). The dates for on-site
monitoring and the final inspection are scheduled within the course of the construction works in
order to allow a verification of the correct implementation of the intended sustainable building
quality. The active assistance and consultation of the assessors are a particular and important
characteristic of the suggested process, as the basic intention is rather to enable cooperation
towards sustainable construction than a rigid control of pre-defined requirements. Thus, the
assessor obtains an important role as an expert for sustainable building principles with a
comprehensive knowledge of assessment and certification.
Many schemes adopt a rating system, typically based on a percentage of a defined reference
performance. For the Longlife project with respect to different national contexts a slightly different
approach was suggested. On an initial stage a building is successfully certified (LONGLIFEcertified)
in case of compliance with core or minimum requirements which actually means that the building
basically fulfils national building standards and regulations, which is not self evident on the
dynamic construction markets in the transforming economies in eastern Europe. However, in order
to set an incentive for a better sustainability performance two further levels are suggested: An
advanced performance fulfilling additional requirements defined by the design of the “Longlife
Prototype Building” results in the medium level (LONGLIFE+) while the voluntary implementation of
additional ambitious or innovative sustainable building features leads to the top level
(LONGLIFE++). The approach is chosen in order to ensure a certain minimum of sustainable
building quality implemented in the building – which is understood as starting from traditional state
of the art good practice construction as an important first step – , and at the same time offering
incentive and rewards for better practices and innovation.
Beside the assessment and certification procedure itself there are several tools suggested to
support the user during the process such as a sustainability checklist for awareness rising and
documentation of decision-making or a ready to use structure for documentation of the
construction process in which the user should file relevant documents such as drawings, material
lists, life-cycle cost calculations, manuals, insurance documents, etc.
3.5

Communicational instruments

There are three different instruments suggested to communicate the results of the assessment and
certification.
The Label signals the achieved certification level of sustainable building quality of the building to
the public and may be fixed inside or outside the building but also used for general marketing
purposes.
The Building Passport also documents the sustainability of the building, but in a more detailed
way. Such as the energy passport the building passport includes details on the building (photo,
building area, construction year, etc.) as well as core results of the assessment of the targeted
topics in tabular form and as a radar chart depicting strengths and weaknesses of the assessed
building in a demonstrative and easy understandable way.
The Building Logbook (relating to the “Building Folder” in Germany (cf. [15]) serves as a

comprehensive documentation of the perceived sustainability performance of the building in which
updated building-related documents and information referring to all phases of the life-cycle are filed.
Examples are drawings, information on the energetic performance of the building, information on
the technical equipment, lists of operation costs, insurances, financial documents etc.
For all communicational instruments it is recommended to clearly make reference to the date of
certification.
3.6

Summary

The suggested conception provides a general framework for the discussion about and decision
upon a Longlife assessment and certification scheme, based on an analysis of existing experience
and reflecting the situation in the partner countries. The elements determined above as well as
conceptual and procedural details presented suggest an approach taking into account all relevant
interests, needs and conditions. An important issue that forms a decisive element of the scheme
will be the consideration of the whole life-cycle of the building starting with the planning process,
and ending with the demolition of the building and re-use of the recycled construction materials.
Regardless of the finally chosen implementation of the scheme, three fundamental core aspects
that must be reflected in the design should be mentioned: The immense relevance of
communication concerning sustainable building quality must be acknowledged through
integrating communicational instruments into the assessment and certification procedure which
foster an informed decision making in close cooperation of users, planners and assessors. The
involvement of relevant stakeholders is crucial as well, as it enhances the acceptability and
increases the chances of implementing the scheme in practice finally. The design must also
consider that the scheme is adaptable and flexible in order to adjust it to future needs, other
regional and economic conditions and different user requirements.

4. Discussion
The proposed framework conception, although based on theoretical cornerstones and existing
experience with assessment and certification schemes, and regardless the committed
sustainability objectives of the overall project, faces a number of barriers and is subject to further
discussion among the involved stakeholders and project partners. This ranges from reservations
against the certification of residential buildings in general, and against certification of residential
buildings as parts of larger real estate portfolios in particular.
The barriers and conflicts that were identified are discussed in the following section.
4.1

Barriers and conflicts

The barriers for the implementation of a comprehensive scheme as suggested can be divided in
structural obstacles, i.e. the conceptual structure of the scheme is regarded as not appropriate for
the project’s requirements, and general barriers which principally hinder the use of certification
schemes.
The anticipated complexity of the developed scheme with respect to both content and conceptual
structure is put forward by several project partners. Also, the costs to be expected is a matter of
discussion. Furthermore, the process of selecting a comprehensive set of indicators is doubted as
it supposedly requires a lot of subjective decisions and value judgements, especially for those
indicators that can only be assessed qualitatively.
More general barriers are seen in the fact that the standard building quality in some partner
countries is not yet comparable to others. As such the first step would be to enhance the common
quality of buildings, and after successful accomplishment of that sustainability should be in the
focus then. Thus, a scheme assessing and certifying sustainability of buildings is considered as not
being appropriate in the current situation. A fact, however, that was considered by suggesting a
specific labelling approach that includes certified compliance with building regulations and
standards as a first level.
More fundamental criticism is received by representatives of the housing associations which are
concerned about the introduction of a certification scheme on the level of urban quarters or districts
as they are afraid that buildings in the same quarter which are not certified are left behind the
development. Such buildings may implicitly be labelled as “scrap”, and might therefore have worse

chances on the market for investors and tenants. This would in turn be in contradiction to
sustainability targets of preferably using existing buildings than building new. The housing
associations also brought forward, that a building might not be assessed as sustainable on its own
(e.g. due to an inflexible floor plan) but may at the same time be a reasonable completion of the
portfolio, thus increasing the overall sustainability of the housing stock – an issue that needs to be
considered, when designing the assessment criteria catalogue.
Also, it is pointed at the well known dilemma that stakeholder investing in sustainability is not able
(at least fully) to benefit from the saved operation costs as this will predominantly favour the tenant.
Finally, the possibility of weakening the strong legislation concerning regional and urban
development and the building sector in the longer term through the implementation of certification
schemes is reviewed with concern. This criticism is based on a supposed negative correlation
between existing legislation and certification. In countries with a strong (and enforced) legislation in
the building sector the need for a certification is lower, as the legislation itself ensures a certain
quality of a building, while in countries with a weaker regulatory framework certification becomes
an informal tool for quality assurance.
Meeting the needs and expectations of all interest- and target-groups is a difficult task. The
requirements for a certification scheme to be easily manageable, comprising easily measurable
criteria/indicators at low costs cannot easily be balanced with other objectives mentioned above.
As a preliminary result the concept of a “Longlife extended performance passport” can be seen as
a compromise towards this direction: Allowing the implementation of a scheme that is relatively
easy to use, but at the same time provides still realistic and robust results of the assessment and
certification of a building towards sustainability.
4.2

Longlife extended performance passport

As a result of the discovered barriers and obstacles the suggested framework conception will most
probably not be implemented as proposed. Alternatively, a combination of the scheme as a
voluntary instrument with the ambition to present a full picture of sustainability and the legally
compulsory passport proving the energetic performance of a building is under discussion. The
intention of a Longlife extended performance passport is to give information on a number of
measurable criteria such as the energetic performance, water consumption, materials, etc. As such
the passport is not a real certification, but rather tends to be a self declaration presenting a brief
summary of the planning documents as a factsheet listing core characteristics of the building’s
sustainability.
The consideration of a limited number of criteria is an approach to minimize the necessary efforts
considering time and costs as well as other resources. From that viewpoint it is definitely
appropriate to follow this alternative. On the other hand, the reduction of complexity integrating
fewer criteria results at the same time results in a picture of the building’s sustainability
performance which is rather coarse grained. Such an approach is potentially contradictory to the
ambitious goal of convincing stakeholders concerning the sustainability of the building. Developing
the scheme as a self declared factsheet stands in sharp contrast to the abilities of the target
groups to comprehend the assessment of the building quality and performance. Therefore, an
independent, transparent and trust-worthy assessment is important for the users to obtain a certain
reliability about the pretended qualities of the building in terms of energy and resource efficiency.

5. Conclusions and outlook
The development of a framework conception for a certification and assessment scheme particularly
adapted to the specific requirements and conditions of the five partner countries aims to balance
these requirements with the demands for a certified improved building quality in general as well as
with a focus on sustainability aspects.
At the end of the day a number of core characteristics can be identified, which any assessment
and certification scheme must fulfil independent from the actual conception as a comprehensive
certification scheme or a passport presenting the environmental performance of a building.
The definition of criteria and indicators is a matter of discussion, negotiation and, finally,
agreement between stakeholders involved in the development process and affected by the
implementation of the assessment and certification scheme.
The determination of scores and the underlying measurements must be reliable and verifiable in

order to allow an external assessment.
Instead of providing an end of pipe evaluation the scheme must ensure guidance and qualityassurance during all phases of the construction process in order to achieve the best possible
implementation of sustainable building principles.
The whole process must be supervised, preferably through an external instance in order to
ensure the credibility and reliability of the system for the target groups in terms of a decision
support in order to differentiate committed sustainable construction from “green-washing”.
The elements of a possible solution suggested in these concluding paragraphs can be regarded as
starting points and stepping stones for the works on a tailored final conception, as soon as the
overall character and the core sustainability performance characteristics of the intended Longlife
prototype building as an empirical reference are determined.
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Summary
Sustainability can be described as a state in which humankind is living within the carrying capacity
of the earth. As we are currently not living within this carrying capacity, rapid and concerted change
is required in order to return to this state. This change must not only ensure that we return to within
the earth’s carrying capacity, it must also ensure that a reasonable quality of life is achieved
universally. The concerted and integrated effort to move to a state of sustainability can be defined
as sustainable development.
The built environment is inextricably bound into this effort, as technology and buildings, as well as
the size of the population and consumption levels are key factors governing environmental impact.
The built environment is also a key factor in determining quality of life through provision of shelter,
and access to work, health and education facilities.
This paper discusses how the built environment can support sustainable development. It identifies
the key characteristics of built environment that can be used to support sustainable development
and shows how this can be developed into a set of built environment objectives. These in turn are
translated into a set of more specific criteria which can be used to assess the extent to which
buildings support sustainable development. This approach was used to develop the Sustainable
Building Assessment Tool or SBAT, which will also be described.
The paper reviews the SBAT in relation to the sustainability context of Africa and South Africa. It
finds that biocapacity is not well addressed by the SBAT and draws on the Convention on
Biodiversity to develop proposed additional assessment criteria. It also suggests that the linked
indicators used in the Convention may be useful in sustainability assessment tools for buildings by
providing measures that not only chart reduced environmental impacts but also assess social and
economic benefits as well determining the contribution of buildings to a broader shift towards
sustainability.
Keywords: Sustainable Development, Sustainable Building Assessment Tool, SBAT, Developing
Countries, Biodiversity

4. The sustainable development context: South Africa and Africa
4.1

The sustainable development context

Electricity consumption in South Africa has increased rapidly from 85 billion kilowatt hours in 1980
to 219 kilowatt hours in 2008. As most electricity is generated from coal-fired power stations this

has lead to corresponding increases in carbon emissions from 238 million tonnes in 1980 to 482
million tonnes in 2008 [1].
South Africa produces the highest CO2 emissions in Africa and has one of the highest CO2
emissions per GDP in the world. In 2002, carbon emissions per capita in South Africa
were 8.4tonnes/capita - higher than Western European averages of 7.9tonnes/capita [2].
The competitiveness of the South African economy has dropped in international rankings from 37
in 2005 to 47 in 2010. Reasons given for this decline are low labour market efficiency, poor labouremployer relations, low educational performance, high crime levels and high unemployment [3].
In South Africa HIV/AIDs has resulted in a life expectancy dropping from 62 years in 1990, to 52
years in 2010 [4]. Overall unemployment is estimated to be 25%, and unemployment levels of
about 50% exist in the 15 to 24 year age range [5]. Climate change is likely to make this situation
worse.
4.2

The impact of climate change on Africa

The National Climate Change Response Policy Developed by the Department of Environment and
Tourism outline the following impacts of climate change on Africa [6]:
•

•
•
•
•
•

Agricultural production and food security in many African countries are likely to be severely
compromised by climate change and variability. Projected yields in some countries may be
reduced by as much as 50% in some countries by 2020 and as much as 100% by 2100.
Small scale farmers will be most severely affected.
Existing water stresses will be aggravated. About 25% of Africa’s population (about
200million people) currently experience high water stress. This is projected to increase to
between 75-250 million by 2020 and 350-600 million by 2050.
Changes in ecosystems are already being detected and the proportion of arid and semiarid lands in Africa is likely to increase by 5-8% by 2080.
It is projected that between 25 and 40% of mammal species in national parks in subSaharan Africa will become endangered.
Projected sea-level rises will have implications for human health and the physical
vulnerability of coastal cities. The cost of adaptation to sea level rise could amount to 510% of gross domestic product.
Human health will be negatively affected by climate change and vulnerability and
incidences of Malaria, Dengue fever, Meningitis and Cholera may increase.

Given this context, it is clear that development must improve social and economic conditions as
well as addressing the environment and global warming. This can be described as a sustainable
development approach and is outlined below.

5. Defining sustainable development
5.1

The Living Planet Report

The 2006 Living Planet Report defines sustainability as achieving an Ecological Footprint (EF) of
less than 1.8 global hectares per person and an Human Development Index (HDI) value of above
0.8 [7] This is an useful definition, as it quantifies the conditions for sustainability. This provides
countries, cities and the built environment specific targets that can be aimed for. In order to
understand the implications of this for buildings it is useful to understand Ecological Footprints and
the Human Development Index in more detail.
5.2

Ecological Footprint

An Ecological Footprint is an estimate of the amount of biologically productive land and sea
required to provide the resources a human population consumes and absorb the corresponding

waste. These estimates are based on consumption of resources and production of waste and
emissions in the following areas:
•
•
•
•
•

Food, measured in type and amount of food consumed
Shelter, measured in size, utilization and energy consumption
Mobility, measured in type of transport used and distances traveled
Goods, measured in type and quantity consumed
Services, measured in type and quantity consumed

The area of biologically productive land and sea for each of these areas is calculated in global
hectares (gha) and then added together to provide an overall ecological footprint. This measure is
particularly useful as it enables the impact of infrastructure and lifestyles to be measured in relation
to the earth’s carrying capacity of 1.8 global hectares (gha) per person.
5.3

The Human Development Index

The Human Development Index was developed as an alternative to economic progress indicators
and aimed to provide a broader measure that defined human development as a process of
enlarging people’s choices and enhancing human capabilities [8]. The measure is based on:
•
•
•

A long healthy life, measured by life expectancy at birth
Knowledge, measured by the adult literacy rate and combined primary, secondary, and
tertiary gross enrolment ratio
A decent standard of living, as measure by the GDP per capital in purchasing power parity
(PPP) in terms of US dollars

In order to measure the Human Development Index, minimum and maximum values (goalposts)
are chosen for each of the above indicators. These goalposts are outlined below:
Dimensional indicator
Life expectancy at birth
Adult literacy rate (%)
Combined gross
enrollment ratio (%)
GDP per capita (PPP
US$)

Maximum value
85
100
100
40,000

Minimum value
25
0
0
100

The Human Development Index is the average of three dimensional indexes:
HDI = 1/3 (life expectancy index) + 1/3 (education index) + 1/3 (GDP index)
National figures using these measures have been combined in graph in the 2006 Living Planet
Index developed by the World Wildlife Fund, shown below [9]. This shows that countries in Europe
and North America tend to have very high Ecological Footprints and acceptable Human
Development Indexes (above 0.8), while countries in Asia and Africa tend to have unacceptably
low Human Development Indexes (below 0.8) but have Ecological Footprints within the biosphere’s
allowable capacity per person.
It is interesting to note that there is only one country (from Latin America and the Caribbean) that
currently meets the minimum sustainability criteria. Countries such as Brazil, India and China have
made very rapid progress in improving their Human Development Index, and while this has
increased at some cost to their ecological footprint, their ecological footprints are still below, or only
slightly above the maximum, of 1.8 gha.
The different development trajectories (shown as lines between the diamonds and dots) indicate
the potential impact of different development approaches and policies. The trajectory, for instance,
of the USA has been steep, with a large increase in their ecological footprint and relatively limited
improvement in their Human Development Index (which was already over 0.8). Hungary, over the

same time period, has been able to improve their Human Development Index to achieve the
minimum sustainability criteria and, at same time, reduce their ecological footprint!
This suggests that development trajectories can be influenced and used to support sustainability.
Consequently it could be argued that the construction industry, as major role players in most
national economies, could be used to forge development trajectories towards sustainability goals.

Figure 1 Country Human Development Index and Ecological Footprints Values 2003 [9]
South Africa on the other hand makes some progress on its Human Development Index and then
reverses this, to end up after 28 years of development, with a Human Development Index and
Ecological Footprint of approximately the same value as it had in 1975.
The figures below show that South Africa has an ecological footprint of 2.1, above the maximum
required of 1.8 gha and a human development index measure of 0.66, below the minimum of 0.8
required for sustainability.
Measure
Ecological Footprint (gha)
Human Development Index

South Africa
2.1 [10]
0.658 [11]

Sustainability Target
1.8
0.8

For South Africa to move towards sustainability there must therefore be an improvement in both
the Ecological Footprint and Human Development Index performance. The next section of the
paper reviews building assessment tools in order to ascertain their relevance to these goals.

6. Sustainability criteria in buildings
6.1

Sustainability criteria used for buildings and construction

Building rating tools such as Building Research Establishment Environmental Assessment Method
(BREEAM) and Leadership in Energy and Environmental Design (LEED) have been developed to
performance in buildings. While there is some variation between these tools, the general
categories of criteria used to assess building is similar, and is outlined below.

•
•
•
•
•
•
•
•
•

Management
Health and well being
Energy
Transport
Water
Materials
Waste
Land use and ecology
Pollution

These criteria can be used to assess environmental impacts and therefore could be used to
provide an indication of building performance in terms of Ecological Footprint. The criteria however
do not include many social and economic aspects and therefore do not provide an indication of
building performance in terms of the Human Development Index. The Sustainable Building
Assessment Tool, or SBAT, includes environmental, social and economic criteria. These were
developed to address the South African and African development context described above. The
inclusion of social and economic criteria as well as environmental criteria should help ensure that
the tool reflects building performance both in terms of Ecological Footprint and Human
Development Index.
6.2

The Sustainable Building Assessment Tool

The Sustainable Building Assessment Tool (SBAT) aims to assess performance in terms of
environmental, economic and social sustainability objectives. This is measured through sets of
criteria related to these objectives as outlined below.
6.3

Environmental objectives

Energy
• Objective: The building is energy efficient and uses renewable energy
• Criteria include: Orientation, insulation, glazing and solar shading, daylight, equipment
power density, lighting controls, HVAC controls, onsite renewable energy generation
Water
• Objective: The building minimises the consumption of mains potable water.
• Criteria include: Efficiency of water fittings, irrigation, grey water, rain water harvesting
Waste
• Objective: The building minimizes emissions and waste directed to landfill
• Criteria include: Provision for recycling, refrigerant leaks, construction waste
Materials
• Objective: Construction impacts of building are minimized
• Criteria include: Building reuse, recycled content, reduced material use, sustainable
sources
Biodiversity
• Objective: The building supports biodiversity
• Criteria include: Site location, vegetation, ecosystem design
6.4

Economic objectives

Transport
• Objective: The building supports energy efficient transportation
• Criteria include: Access to public transport, provision for cycling and walking

Resource Use
• Objective: The building makes efficient use of resources
• Criteria include: Site density, occupancy density, food production
Management
• Objective: The building is managed to support sustainability
• Criteria include: Energy and water submetering, facilities management manual,
owner/tenant commitment
Local Economy
• Objective: The building supports the local economy
• Criteria include: small enterprise support, material and component procurement,
construction workers, maintenance, operational employment, construction employment
Products and Services
• Objective: The building supports use of more sustainable products and services
• Criteria include: Vegetarian options, local produce, drinking water, reuseable vessels
6.5

Social objectives

Access
• Objective: The building supports access to facilities
• Criteria include: Access to banking, grocery retail, internet, telephone, café, childcare,
Health
• Objective: The building supports a healthy and productive environment
• Criteria include: External views, daylight, ventilation, volatile organic compounds,
formaldehyde, contractor health and safety, occupant health
Education
• Objective: The building supports education
• Criteria include: Contractor education, notice boards, space for learning, employee
induction, building user manual
Inclusion
• Objective: The building is inclusive of diversity in population
• Criteria include: Accessible transport, environmental access, access to affordable
accommodation
Social Cohesion
• Objective: The building supports social cohesion
• Criteria include: Shared used of facilities, social spaces, stakeholder involvement

7. Discussion
A review of sustainability assessment tools should ascertain whether tools includes the key criteria
required to assess sustainability performance. A review of the South Africa context reveals that
ecological footprint and human development index measures only provide a partial picture of
sustainability performance.
A graph from the Global Footprint Network shows that the ecological footprint in South Africa has
hardly changed over the last 40 years and is 2,2 global hectares per capita [12]. The biocapacity of
South Africa however has decreased rapidly, from about 3.7 global hectares per capita in 1960 to
1.0 global hectares in 2005, as shown in the chart below.

Figure 2. Per-person resource demand (Ecological Footprint) and resource supply (Biocapacity) in
South Africa since 1961
The Global Footprint Network defines biocapacity as:
The capacity of ecosystems to produce useful biological materials and to absorb waste materials
generated by humans, using current management schemes and extraction technologies. “Useful
biological materials” are defined as those used by the human economy, hence what is considered
“useful” can change from year to year (e.g. use of corn (maize) stover for cellulosic ethanol
production would result in corn stover becoming a useful material, and so increase the biocapacity
of maize cropland). The biocapacity of an area is calculated by multiplying the actual physical area
by the yield factor and the appropriate equivalence factor.
Biocapacity is addressed by the United Nations Convention on Biological Diversity at the 1992 UN
Conference on Environment and Development and 193 parties committed to substantially reducing
biodiversity loss by 2010. COP 7 Decision VII/30 provides a framework for evaluating progress in
terms of the Convention and Annex II of this document provides the following framework of goals
and targets:
Protect the components of biodiversity
Goal 1. Promote the conservation of the biological diversity of ecosystems, habitats and biomes
• Target 1.1: At least 10% of each of the world's ecological regions effectively conserved.
• Target 1.2: Areas of particular importance to biodiversity protected
Goal 2. Promote the conservation of species diversity
• Target 2.1: Restore, maintain, or reduce the decline of populations of species of selected
taxonomic groups
• Target 2.2: Status of threatened species improved.
Goal 3. Promote the conservation of genetic diversity
• Target 3.1: Genetic diversity of crops, livestock, and of harvested species of trees, fish and
wildlife and other valuable species conserved, and associated indigenous and local
knowledge maintained.
Promote sustainable use
Goal 4. Promote sustainable use and consumption.

•
•
•

Target 4.1: Biodiversity-based products derived from sources that are sustainably managed,
and Production areas managed consistent with the conservation of biodiversity.
Target 4.2 Unsustainable consumption, of biological resources, or that impacts upon
biodiversity, reduced
Target 4.3:No species of wild flora or fauna endangered by international trade

Address threats to biodiversity
Goal 5. Pressures from habitat loss, land use change and degradation, and unsustainable water
use, reduced.
• Target 5.1: Rate of loss and degradation of natural habitats decreased
Goal 6. Control threats from invasive alien species
• Target 6.1: Pathways for major potential alien invasive species controlled.
• Target 6. 2: Management plans in place for major alien species that threaten ecosystems,
habitats or species.
Goal 7. Address challenges to biodiversity from climate change, and pollution
• Target 7.1: Maintain and enhance resilience of the components of biodiversity to adapt to
climate change
• Target 7.2: Reduce pollution and its impacts on biodiversity
Maintain goods and services from biodiversity to support human well-being
Goal 8. Maintain capacity of ecosystems to deliver goods and services and support livelihoods
• Target 8.1: Capacity of ecosystems to deliver goods and services maintained.
• Target 8.2: biological resources that support sustainable livelihoods, local food security and
health care, especially of poor people maintained
Protect traditional knowledge, innovations and practices
Goal 9 Maintain socio-cultural diversity of indigenous and local communities
• Target 9s.1 Protect traditional knowledge, innovations and practices
• Target 9.2: Protect the rights of indigenous and local communities over their traditional
knowledge, innovations and practices, including their rights to benefit sharing
Ensure the fair and equitable sharing of benefits arising out of the use of genetic resources
Goal 10. Ensure the fair and equitable sharing of benefits arising out of the use of genetic
resources
• Target 10.1: All transfers of genetic resources are in line with the Convention on Biological
Diversity, the International Treaty on Plant Genetic Resources for Food and Agriculture and
other applicable agreements.
• Target 10.2: Benefits arising from the commercial and other utilization of genetic resources
shared with the countries providing such resources
Ensure provision of adequate resources
Goal 11: Parties have improved financial, human, scientific, technical and technological capacity to
implement the Convention
• Target 11.1: New and additional financial resources are transferred to developing country
Parties, to allow for the effective implementation of their commitments under the
Convention, in accordance with Article 20.
• Target 11.2: Technology is transferred to developing country Parties, to allow for the
effective implementation of their commitments under the Convention, in accordance with its
Article 20, paragraph 4.
These goals and targets have been developed into a set of linked indicators. These indicators
enable the impact of policy responses to be seen in terms of reduced pressures on biodiversity,
changes in the state of biodiversity and improvements in terms of benefits of biodiversity [13]. This
is shown in the diagram below.

Figure 3. Biodiversity indicators
The goals and targets outlined in the Convention provide a useful indication of the mechanisms
required to maintain and improve biological diversity. The implications for built environment of
these can also be ascertained, in order to check whether criteria in the SBAT and green building
rating systems adequately address biodiversity. This is outlined in the table below.
Table 1. Building implications of the Convention on Biological Diversity.
Goals and targets from the Convention Building implications
on Biological Diversity
Protect components of biodiversity
Avoidance of sites with biological diversity of
ecosystems, habitats and biomes
Provide for biodiversity within the development
Promote sustainable use
Promote specification of grown products
Ensure grown products are from sustainably
managed source
Address threats to biodiversity
Reduce negative environmental impacts of
construction and operation of buildings including
pollution
Maintain goods and services from
Integrate ecosystems into the development that will
biodiversity to support human well-being
deliver local ecosystems services
Integrate ecosystems into the development that will
provide food, support health care and sustainable
livelihoods.
Protect traditional knowledge, innovations Draw on local indigenous building practices
and practices
Ensure the fair and equitable sharing of
Ensure that local communities are part of, and
benefits arising out of the use of genetic
benefit from development.
resources
A review of this table suggest that the Sustainable Building Assessment Tool and green building
rating tools only partially addresses biodiversity objectives, as defined by the Convention.
‘Protect components of biodiversity’, ‘Address threats to biodiversity’ appear to be reasonably well
addressed in the SBAT and green building rating tools through criteria on location and the
avoidance of green field sites as well criteria on environmental aspects of materials.
‘Promote sustainable use’ is partially addressed in the SBAT and green building rating tools

through a requirement to source timber from managed sources. However, criteria promoting the
specification of grown materials are not included.
‘Maintain goods and services from biodiversity to support human well-being’,
‘Protect traditional knowledge, innovations and practices’ and ‘Ensure the fair and equitable
sharing of benefits arising out of the use of genetic resources’ are not well addressed by SBAT or
green building rating tool criteria. The SBAT partially addressed benefit sharing aspects through
criteria on social cohesion.
The gaps identified above indicate the weaknesses of the SBAT and green building rating tools in
relation to biocapacity and biodiversity. The building implications of the Convention of on
Biodiversity outlined in table 1 above can be used to propose potential new criteria that could be
added to the SBAT. These include:
•
•
•
•

Promoting the use of grown materials
Supporting the integration of ecosystems into development in order to support local
ecosystem services as well as the provision of food, health and livelihoods
Drawing on local indigenous knowledge and
Ensuring that local communities are involved in development and benefit from this

The biodiversity indicator approach outlined in figure 3 is interesting for sustainable building
assessment tools for a number of reasons. The approach encourages a more holistic view, where
reducing negative environmental impacts can also be seen in terms of positive social and
economic benefits. In a sustainable building assessment tool this approach would be useful in
demonstrating the multiple benefits that may accrue from adopting a sustainable development
approach. This would help justify human development planning approaches in developing
countries that were based on functional ecosystems and biodiversity [14].
It is also interesting in that it links local actions, such as a reduction on the pressures upon
sustainability, to broader change, such an improved state of biodiversity. This aspect is relevant to
sustainable building assessment tools or green building rating tools as it could be used to show
how a building could contribute to wider change. For instance, it would be useful to be able to
assess the extent to which buildings contributed to the achievement of Human Development Index
and Ecological Footprint targets, as prescribed in the WWF’s definition of sustainability. This
approach would help ensure that sustainability targets set for buildings were determined in relation
to local conditions and to broader change required to achieve sustainability globally.

8. Conclusion
In developing countries such as South Africa there are both pressing environmental and social and
economic development needs. Tools that aim to assess sustainability of buildings must therefore
address and measure the contribution of buildings to improving environmental, social and
economic sustainability. If only one aspect, such as environmental impact is assessed, valuable
opportunities to achieve integrated sustainable development, which achieves beneficial impacts
across a range of different areas, will be lost.
The Sustainable Building Assessment Tool contributes to this more holistic approach by including
social, economic and environmental criteria. The tool however does not appear to address
biodiversity adequately and is not aligned to the Convention of Biological Diversity. In particular, the
tool does not appear to have a sufficient emphasis on biocapacity given the rapidly declining trends
in this area within South Africa and other African countries.
An analysis of the Convention’s goals and targets can be used to proposed new criteria that could
be considered for inclusion in the SBAT in order to address biocapacity better. These criteria could
include: promotion of the use of grown materials, support for the integration of ecosystems into
development in order to support local ecosystem services as well as the provision of food, health
and livelihoods, use of local indigenous knowledge and involvement of local communities.

In addition, valuable lessons may be drawn from the linked biodiversity indicators being used to
track progress on the Convention on Biological Diversity. In the SBAT this approach could be used
to demonstrate the value of sustainable development approaches that achieved social and
economic benefits as well as reducing environmental impacts. It would also support a responsive
approach in which targets were linked to local conditions while contributing to a broader shift
towards sustainability.
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Summary
In 2008 Germany introduced a certification system for buildings called BNB/DGNB (Bewertungssystem Nachhaltiges Bauen/ Deutsches Gütesiegel für Nachhaltiges Bauen) with the aim of
evaluating the sustainable quality level of buildings. For the use of this national rating system,
benchmarking of economical (Life Cycle Costs-LCC) and environmental inputs and outputs (Life
Cycle Assessment-LCA) caused by the construction, the use-phase and the end-of-life of buildings
of different use categories was required and developed. This paper displays the BNB-adaptation
process and the results for those figures elaborated for the use category “residential buildings”.
Keywords: LCC, LCA, Benchmark, Lifecycle, certification, sustainable buildings

1. Introduction
For years, the German Ministry of Transport, Building and Urban Development (BMVBS) has pursued the goal of making the sustainability of buildings transparently and objectively measurable.
Through the collaboration with the German Sustainable Building Council (DGNB) and a multidisciplinary experts group, they have developed, tested and introduced on the German property market, a new certification system –comparable with BREEAM or LEED but specifically worked out
according to actually German Standards and European Standard Drafts (CEN/TC350)-.
The rating system introduced in 2008 (BNB - Bewertungssystem Nachhaltiges Bauen für Bundesgebäude / DGNB - Deutsche Gütesiegel für Nachhaltiges Bauen) is based on a catalogue of selected representative criteria and measure the sustainable performance of office buildings.
As a next step, the BMVBS-Ministry decided to adapt and implement the BNB-System also for
residential buildings.
One of the biggest challenges for the rating system adaptation, was to cover the necessity for a
benchmark for economical values (Life Cycle Costs-LCC) and environmental inputs and outputs
(Life Cycle Assessment-LCA) caused by the construction, the use-phase and the end-of-life of
multi-family buildings. This paper displays the adaptation process and the results for those figures.

2. Goal
The aim of the research project (launched by the German Federal Environmental Foundation (DBU)
and the German Ministry BMVBS) was the development and definition of benchmarks for the costs
and for the environmental in- and outputs caused by the entire life cycle of the utilization category
"multi-family house". The project has to account for the calculation rules given in the specified
criteria-papers of the BNB-certification system addressing LCC and LCA.

The examined objects concerned were limited to larger multiple-family dwellings of 6 – 100 housing units. Due to the huge variety of solutions regarding forms and materials in the construction
sector, the method of the „representative building type” was used to limit the number of analysed
objects. This method was successfully applied by the authors in one other research project concerning ecological benchmarks for office buildings [1], [2].
Through complete description of different representative building types and their variants (modelled in the project database of the used software, in this case the German software LEGEP),
value corridors for different indicators of the LCC and the LCA were elaborated. The life cycle is
described for a given period of observation of fifty years.

3. Typology of buildings
Different classification systems were examined to develop a typology list for the category “residential buildings” in Germany.
A large classification system for multi-storey dwellings is found e.g. in the documentation of the
Federal Ministry BMVBS concerning construction costs [3]. In this catalogue the construction costs
of residential buildings are distinguished by the following criteria: Building type, style, with/without
cellar, with/without attic, levels amount, roof form, equipment standard, extension constructive and
technical.
Under consideration of the specific requests of the research project, a typology was composed
which considers the most important building types: deck-access house, tower house and apartment building with 2, 3 or 4 apartments for each storey.

Technical
equipment
Real

Heating
system

Material
Wood-frame
MassiveTimb
er

Concrete

Mineral Bricks

Lowest

Gross Floor
Area
m²

Energy
demand level

Size
S/M/L

Real

Accomodation
Units
n.

ENEV 2009

stories
n.

Type

Table 1 Matrix of Input-parameters-variation

f/g

w

hp

dh

DECK-ACCESS
Deck-access
x x x
x
3+c 18 M 2005
x
w
x
Deck-access
x x x
x
5+c 12 M 1988
dh x
x
x
Deck-access
3+c 9 S 1514
x
x
x
x
x
TOWER
x x x
Tower
6+c 11 M 1661
x
g
x
x x x
Tower
4+a+c 14 M 1685
x
g
x
x
x
APARTMENT BUILDING
x x x
2-Apartm./st.
3+a 7 S
970
x
x
g
x
3+a+
x x x
x
2-Apartm./st.
c 24 L
3311
g
x
x x x
x
2-Apartm./st.
5+c 31 L
5357
dh
x
x
x
x
2-Apartm./st.
7+c 34 L
4840
x
x
x
x
3-Apartm./st.
4+a+c 13 M 2333
x
x
x
3-Apartm./st.
4+a+c 50 L
7292
x
4-Apartm./st.
4 13 S 2028
x
x
x
x
Stories: c: Cellar; a: Attic. Buildings size: S, M, L: small (7units/3 floors), medium (35/4), large (60/5).
ENEV: German Energy Conservation Regulations.
Heating system: f/g: Fossil/Gas; w: Wood; dh: District Heating; hp: Heat Pump.

Further distinctions concern the following aspects:
Materials: mineral (bricks, lime sand bricks), concrete, wood frame, massive timber technology
Level of Energy demand: real energy requirement level; maximal limit requirement of the German
Energy Conservation Regulations (ENEV 2009), lowest energy demand (20 kWh/m²a)
Heating system: Fossil or Gas; Wood; District Heating; Heat Pump.
For the construction costs as well as for the material input, the equipment standard is an important
factor. In this project a medium standard was chosen as the base for the evaluation.
The size of the building can influence life cycle costs in both directions. Therefore different sizes
were distinguished: Small Buildings (seven units on three floors), Medium (35 units on four floors),
Large buildings (60 units on five floors).

Fig. 1 Residential buildings types

4. Calculation Rules
To guarantee data consistency the first aspect is the use of the same acquisition method for all
analysed buildings. This is guaranteed here through the detection and adaptation with a unique
database and software. In this project the German software LEGEP was used.
A second aspect is the application of the same calculation rules for the benchmark process development. This ensures the comparability of the calculation results.
A third aspect is the choice of a uniform, standardized reference size of the results (m² Net or
Gross floor area, according to standards).
In this research project the second and the third aspect will be guaranteed through the application
of the rules of the BNB assessment system.
4.1

Applied condition for LCC

The estimated life cycle costs in the framework of the certification BNB refer to the reference size
of 1 m² GFA a, b, c of the buildings’ area. Basically an area-related value permits a comparison of
objects of different sizes.
In this case, the costs refer to net prices without value added tax (VAT).
During the utilization period of the building many services are carried out which are connected respectively with further environmental stresses. These are: cleaning works, maintenance and inspection works, repair work, restoration works in connection with demolition and disposal works,
conversion works, renovation works, demolition and disposal works.
The general conditions of the calculations are represented in the following Table.

Table 2 Applied conditions for the Present Value calculation
General conditions for the Present Value calculation, in the used system:
Bewertungssystem Nachhaltiger Wohnungsbau
Period of observation
50 years
Life Cycle phases
Construction
Supply (energy + fresh water demand) disposal (waste water)
Cleaning (for common areas and elements)
Maintenance
Renovation
Inflation rate
2%
Interest rate
5,5%
Annual increase of energy costs
4%
Energy costs
Regular maintenance
Service life of building components
Irregular restoration
Economics calculation
Reference surface

4.2

Electricity 17 Cent/kWh, District heating 9 Cent/kWh, Gas 65
Cent/m³
% of construction costs according to VDI 2067
From „Leitfaden nachhaltiges Bauen 2001“ (BMVBS: Federal
Ministry of Transport, Building and Urban Development) and VDI
2067 (Guideline of the Association of German Engineers)
Period of use in years for each component
Present value calculation, with real interest 3,5%
m² Gross floor area (GFA)

Applied condition for LCA

The buildings are modelled using individual and quantitatively described components. The products, contained in each building’s element, are quantified by weight and are connected with the
corresponding LCA-modules.
The engaged software LEGEP makes use of the database Ökobau.dat. This database is provided
by the BMVBS for public use. It has to be used for the LCA-calculation for certified buildings.
The general conditions of the Life Cycle Assessment are represented in the following Table.
Table 3 Applied conditions for the Life Cycle Assessment
General conditions for the LCA calculation, in the used system:
Bewertungssystem Nachhaltiger Wohnungsbau
Period of observation
50 years
Life cycle phases
Construction
Supply (energy demand)
Renovation
End-of-life
Database
Ökobau.dat
Energy demand calculation
German Standard DIN 18599
Service life of building components
„Leitfaden nachhaltiges Bauen 2001“ and VDI 2067
Reference surface
m² Net floor area (NFA)

Each phase of the life cycle was separately indicated and valued. The phases considered in the
BNB-evaluation-system for multi-storey-houses for the Life Cycle Assessment are:
1.
Production (He) (the construction-site process, transport to the site and produced waste on
the site are not considered in the assessment)
2.
Use phase (cleaning or maintenance are not considered)
operation (Be)
renovation (Ins)
3.
End of Life – EOL (demolition is not considered)
disposal (Ent).

5. Results
In the framework of the research project the representative building types formed the base for the
calculation of the life cycle costs and for the LCA. The results of every building type and its variants
(40 buildings, totally) have been statistically analysed and a corridor, with limit, reference and target values, was identified.
5.1

Life Cycle Costs, Target-, Reference- and Limit Values

Prerequisite for the validation is a system within which limit and target values can be applied. Such
a system was already devised and tested for the utilization category "office building" [4]. The limit
values and target values for office building are not applicable for residential buildings because cost
intensive services are not applied e.g. cleaning of the apartments and sanitary equipment, service
costs for large technical equipment for cooling, electricity demand for the lightning. Taking these
factors into account, the follow-up costs are much lower and consequently also the level of the net
present value.
Over the last five years, the energy costs have fallen in correspondence with lower limit values of
the German energy directive 2009. This costs has reached 20 – 35 % of the life cycle cost performance. Vice versa the importance of the construction costs is emerging. Due to market restrictions the construction costs for different type of buildings are very similar. Only prosperous cities
allow expensive residential buildings with a high level of comfort.
The overview of all calculated buildings shows a small corridor of about 60% difference. With 1400
€/m² the Present Value (R) reaches only half of the costs of the office buildings (2.900 €/m²). The
green colour marks the Space between limit value (L), Reference value (R) and target value (T).
Three buildings exceed the limit value, four buildings drop below the target value. The graduation
is plausible as it reflects not only the production costs, but also the level of the energy demand and
the costs for energy, as the other subsequent costs of the building construction and technical
equipment. The life cycle costs of the building can also drop under the target level, if the architect
succeeds to combine a favourable performance in the energy demand with favourable construction
costs.

Fig. 2 Present Value of the analysed buildings, €/m² GFA (standard deviation: ±168,58 €)

Table 4 Life Cycle Costing indicator: Present Value
Indicator
Present Value,
Life Cycle Costs

5.2

Unit
€/m² Gross Floor Area
(GFA)

Limit

Reference

1600

1400

Target
1150

Life Cycle Assessment, Target-, Reference- and Limit Values

As mentioned above the representative building types formed the base for the calculation of the life
cycle assessment. The results of every building type and its variants have been statistically analysed.
The energy demand still has an important influence on the environmental performance of the buildings, but with low limit values set by the German energy directive 2009 the percentage of the environmental performance reaches 35 to 60% during a use-period of 50 years. Within the partition of
the energy demand the choice of the energy source is crucial. A fossil energy source will lead to
high CO2 eq. or non-renewable energy values in comparison to regenerative energy sources like
wood pellets. Wood pellets show low CO2 eq.values but high SO2 eq.values.
Conversely, the part of the construction concerning the environmental performance is emerging.
As an example for the overview received by the calculation results two indicators are displayed
(GWP and PEnrn). The green colour marks the space between the limit value (L) and the target
value (T).
The indicator Global Warming Potential (GWP) is one of the most important effect oriented indicator. Two buildings exceed the limit value, five buildings fall below the target value (fig.3).
Concerning the indicator “primary energy non-renewable”, three buildings exceed the limit value,
two buildings fall below the target level (fig.4).

Fig. 3 Global Warming Potential corridor (standard deviation: ±4,899)

Fig. 4 Primary Energy non-renewable corridor (standard deviation: ±16,215)
The following list shows the result of the determination of target (T), reference (R) and limit (L) values for nine LCA-indicators. The corridors between the reference values and the limit or target
values also take into account the solutions stipulated for office buildings.
Table 5 Life Cycle Assessment indicators
Indicator
Global Warming
Potential (GWP)
Ozone Depletion
Potential (ODP)
Photochemical
Ozone Creation
Potential (POCP)
Acidification
Potential, (AP)
Nutrification
Potential (NP)
Primary Energy nonrenewable
Primary Energy
renewable
Total Primary Energy
Percentage Primary
Energy renewable

Unit

Limit

Reference

Target

kg CO2-equ./m² Net Floor
Area (NFA) and Year

23.80000000

17.00000000

11.90000000

kg R11-equ./m² NFA*a

0.00000200

0.00000100

0.00000070

kg C2H4-equ./m² NFA*a

0.01400000

0.01000000

0.00700000

kg SO2-equ. /m² NFA*a

0.07000000

0.05000000

0.03500000

kg PO4-equ. /m² NFA*a

0.00700000

0.00500000

0.00350000

kWh PE nrn/m² NFA*a

105.00000000

75.00000000

52.50000000

kWh PE rn/m² NFA*a

35.00000000

25.00000000

17.25000000

kWh PE total/m² NFA*a

140.00000000

100.00000000

70.00000000

%

0.00500000

0.08000000

0.20000000

6. Conclusions
The research project has enabled the generation of a distinct value corridor for each LCC and LCA
indicator, considered in the BNB-rating-system for residential buildings.
The LCC and LCA results of the project are under test [5] along the calculation results of five
selected built and existing buildings. The first internal test-results confirm the reliability of the
ascertained corridor for the above mentioned indicators.

Fig. 5 Reliability Test of the GWP and PE nrn values-corridors, through the analysis of 5 real
buildings.
Values obtained during the trial phase of the total system, which exceed the corridor delimited by
the maximum limit (L) and the target value (T), should serve as an incentive to revise or adapt the
Benchmarks.
The following suggestions are submitted:
Expansion of the analysis frame with a larger variation of buildings regarding the primary
construction material
Expansion of the analysis frame with a larger variation of buildings regarding the used energy
source
Expansion of the analysis frame with a larger variation of buildings regarding the different Energy
requirement level.
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Summary
The possibility to make use of sustainable building assessment and benchmarking systems as
instruments of steering is promising and there are already implemented and in use in some of European countries. The starting point of the work is that the principal reason for the common efforts
to promote the use of these methods is the desire to promote sustainable building in Europe. It is
believed that by making use of sustainable building assessment and benchmarking methods both
on voluntary basis and as instruments of normative and economic steering, it will be possible to
promote sustainable building and accelerate the adoption of sustainable building practices. We
introduce results based on a case study on potential of sustainable building assessment and benchmarking systems in connection to policy level steering.
The discussion is based on the concept that sustainable building assessment can be based on
individual indicators or systems of indicators. Both individual indicators and systems can be used
in such a way that only the assessment itself is important or also including benchmarking applied.
Assessment systems are seen to bring most value when they are used in the early phases of design and integrated to sustainable building process [1]. When considering new policies and policy
instruments it is important to assess the position of different stakeholders with regard to such policies and instruments. A good support from relevant stakeholders contributes to the effectiveness of
policy instruments.
Smart integration of assessment systems and policy steering instruments gives a huge perspective
to impact both to the target level of any issue of sustainability and the speed of progress. Smart
integration of assessment systems on steering and management levels provides feedback information to critical decision phase trough out the life cycle process. The results introduced are based
on project of the Seventh Framework Programme of the European Commission called Sustainability and Performance assessment and Benchmarking of Buildings (or SuPerBuildings), on the subtask: Potential of sustainable building assessment methods as instruments of steering of sustainable building [2].
Keywords: sustainable assessment, policy steering instruments, effectiveness, sustainable
building, sustainable process management

1. Introduction
1.1 How could sustainable steering instrument be improved?
There is very little research results about the possibilities to make use of sustainable building assessment methods as instruments of steering. However, there are some research results about the
efficiency of different kinds of steering mechanisms in promoting sustainable building with the focus on energy-efficiency and decreased GHG emissions.
The researchers of steering instruments seldom propose a single method but often a combination
of methods is recommended in order to reinforce the impact. For example the following combinations may be especially advantageous (1) standards, labeling and fiscal incentives, (2) regulatory
instruments and information programmes and (3) public leadership programmes and energy performance contracting in public sector. Earlier research suggests the combination of economic incentives and mandatory certificates as a good instrument to improve the energy efficiency of the
existing building stock. The importance of specific topics as drivers or barriers for the progress of
sustainable building have been ranked, too. According to earlier studies fiscal incentives and regulations help to drive SB. Such financial implications are consistent with “affordability” being the biggest barrier highlighted. [3][4][5].
Many researchers emphasize the importance of regulatory methods. However, they also suggest
the use of these in the combination of awareness raising campaigns and economic incentives. The
true impact of the voluntary methods on the impacts of buildings on sustainable development has
remained quite low.
1.2 How the usage of assessment systems could be developed further?
Voluntary national Sustainable Building systems are in use in some European countries. However,
the desired total effect on the advance of sustainable building has been so far moderately low. The
big number of different systems also hinders the common acceptance and mobilization of the systems in Europe.
The increased attention on green rating and labelling is hopefully supporting common understanding to the assessment in general and issues of concern in sustainability thinking [6]. Examples
show that some buildings have been labelled with several rating tools at the same time. Tour Generali in Paris, La Défense Business District was labelled with HQE, LEED and BREEAM. This has
happened because certain assessment systems are demanded for national and international investors. When environmental assessment is adapted mostly for green rating and labelling, it is far
from the usage areas where assessment systems can offer most of their potential value.
We introduce results based on a case study on potential of sustainable building assessment and
benchmarking systems in connection to policy level steering. The starting point of the work was
that the principal reason for the common efforts to promote the use of these methods is the desire
to promote sustainable building in Europe. It is believed that by making use of sustainable building
assessment and benchmarking methods both on voluntary basis and as instruments of normative
and economic steering, it will be possible to promote sustainable building and accelerate the adoption of sustainable building practices. The results introduced are based on project of the Seventh
Framework Programme of the European Commission called SuPerBuildings.

2. Starting point and key frameworks
This paper discusses the possibility to make use of sustainable building assessment and benchmarking systems as instruments of steering. The discussion is based on the concept that sustainable building assessment can be based on individual indicators or systems of indicators. Both
individual indicators and systems can be used in such a way that only the assessment itself is important or also including benchmarking applied.

2.1 Policy instruments
The following types of instrument categories of policy steering are outlined in Table 1. These type
categories are based on UNEP report and grounded to a survey in several European countries [3].
Each category includes several instruments.
Category of
instruments for
policy level steering

Examples of instruments

Control and regulatory
instruments - normative

Regulations and guidelines as part of building codes
Procurement regulations
Performance obligations and quotas (e.g. energy efficiency, fire safety)
Appliance standards (e.g. standards that define a minimum energy
efficiency level)
Standards that define methods for mandatory issues
(e.g. measurement method for energy performance)

Control and regulatory
instruments informative

Mandatory audits; Mandatory labelling and certification programmes;
Utility demand side management programmes

Economic and marketbased instruments
Fiscal instruments and
incentives

Support and
information

Municipal steering,
Steering actions in city
planning and land use

Performance based contracting (e.g. energy, carbon footprint)
Cooperative procurement
Use of voluntary certificate schemes, Branding
Taxation; Tax exemption/reductions
Public benefit charges
Capital subsidies grants
Subsidized loans
Support for the development of voluntary certification and labelling
Public leadership programmes
Awareness raising education
Information campaigns
Detailed billing and disclosure programmes
Terms for release and tenancy rights of registered plots
Urban renewal programmes
Increased recompense of permitted building volume
District level exceptional decision on permission

Table 1: Outline of policy steering: categories of instruments
2.2 General framework and ideal framework of sustainability assessment
As a general framework a definition given by the prEN 15643-1 Sustainability of construction Sustainability assessment of buildings is mostly used. General framework gives two principles for
sustainability assessment. Firstly the sustainability assessment is quantified to assess the environmental, social and economic performance of buildings using quantitative and qualitative indicators, both of which are measured without value judgments. Secondly the sustainability assessment
of buildings uses different types of information. The results of a sustainability assessment of the
building provide information on the different types of indicators, the related building scenarios and
on the life cycle stages included in the assessment.
However, we use the following ideal framework for the assessment systems developed in SuPerBuildings project [7].
- Areas of protection (issues of concern) define those issues that a) are important for sustainable
development and 2) are relevant for building sector because buildings have an essential impact
on these areas of protection.
- Sustainability aspects of performance of buildings define those aspects of buildings that have
impacts on these areas of protection.
- Sustainability indicators together with measurement methods enable the quantitative and qualitative assessment and comparison of these aspects of performance.

-

Benchmarks provide information about the typical levels of results of measurement for buildings with regard to different indicators.

2.3 Performance aspect
Sustainable building assessment and benchmarking systems include indicators and measurement
methods the purpose of which is to provide quantitative or otherwise comparable information about
the performance aspects of buildings that have a potential impact on the issues of concern of sustainable development. Different performance aspects and sub-aspects of buildings enable different
kinds of assessment. Environmental life-cycle assessment based indicators enable quantitative
assessment and the expression of the result with help of single figures. Also life cycle cost assessment results can be expressed with a single value that shows the estimated life cycle costs. In
principle, these kinds of indicators can be made use of in different stages of steering. The basic
requirement is that such unambiguous measurement methods are available which define the measurement processes, functional units and data quality requirements with adequate accuracy so that
comparable and reliable results can be achieved. In order to be able to use these kinds of indicators and calculation results in regulation and in decision making we also need information and understanding about the normal levels of assessment results for different kinds of buildings in different regions. This knowledge enables to define benchmarks for performance and to define required
levels of performance.
2.4 Effectiveness of steering method
As a starting point we define that an effective steering mechanism a) has an impact on its focus
area, b) has support from the citizens and building owners, c) is feasible because tools needed in
assessment and verification are available and accessible for all who need those and because
guidelines and instructions needed are clear.

3. Presentation of the study and findings
3.1 Inquiry
The target of the inquiry was to make a review of the existing sustainable building steering mechanisms. The group asked consists of experts of sustainability research of nine European countries. Main focus was in the ways assessment systems are used, the new future ideas for the use,
and the roles of different stakeholders in the steering of sustainable building. Firstly examples were
asked on usage of a total assessment system (41 examples provided) or a part of assessment
system like energy efficiency, carbon footprint or indoor performance (60 examples provided). The
same were asked for any future ideas of the usage ideas for total assessment systems (20 ideas
provided) and for areas of systems (27 ideas provided). Secondly examples and future ideas were
asked to connect with the outlined policy steering instrument categories (Table 1).
Usage of assessment system as part of policy steering means that these systems and tools will be
implemented into the decision making process on different steering and management levels. The
better these levels are supported by the instrument with the related activities and by the assessment system, the stronger possibility there is that the whole policy steering intervention is successful. In the conducted survey, the examples and ideas of the integration of assessment systems
were mapped with different levels of decision-making (process, project, strategy level steering).
Also their possible importance/impact was drafted (high, low).
3.2 Evaluation game
The effectiveness of different instruments for SB policy varies with regard to stakeholders different
market segments. An evaluation game was carried out in a researchers' workshop in order to assess the comparative effectiveness of alternatives. The market segment, that is adapting the instruments to steering of office buildings or housing, is also significant and effects in choosing optimal instruments.

Stakeholders have different roles in the process of development and implementation of a certain
steering mechanisms. Four questions were discussed in the context of each instrument:
- which stakeholders are responsible for setting the rule,
- which stakeholders need to apply the rules of an instrument,
- which stakeholder carry the financial burden of the extra measures in the building,
- which stakeholders are the main beneficiaries.
The following assessment is based on expert judgements and discussions in a workshop. On the
bases of the discussions the workshop ended up into the following outline of the roles of the different stakeholders

3.3

Direct findings of the study on usage of assessment systems in connection to steering

It is not possible to draw exact findings from the survey, however it gave a good picture of lessons
learned in the countries involved, and it implicated a few interesting issues. Some of the today’s
practices and usage examples were clear combination of two or more policy steering instrument.
This supports findings of earlier research. The wide number of usage examples and future ideas
indicates a general need on sustainability information. By integrating assessment system more to
the processes of policy steering analysing, they would provide benchmark information on aspect of
sustainability.
General recommendations based on finding from examples from different approaches of the studied countries. (1) Approaches on demanding the use of assessment system can vary; e.g. set
target limits to specific indicators at the same time when demanding integration of assessment
systems or only demands integration of assessment system, (2) Set target limits individually for the
performance of different types of buildings, (3) Provide case based information and supervision
throughout the practical planning and building process, (4) Support service and market based development, (5) Specify which target groups are most important, (6) Develop strategy on how to
support the needed research.

The evaluation game resulted in the assessment that in the new residential market the marketbased instruments and normative regulation are the most effective instruments. The same preference applies to the market of existing residential, but this market is much more difficult to approach. By analyzing the results of the stakeholders’ matrix can be found out that:
- Some stakeholders sometimes set the rules, follow the rules and benefit from the rules, but
only seldom pay for the implementation: certification entities, consultants, valuers and banking
sector.
- Some stakeholders only help to create the rules, but do not need to follow them, do not pay for
directly implementation and do not benefit from them directly – those are policy makers, researchers and academics and professional associations.
- The most important roles in the steering instruments have consultants, property owners and
users of the buildings.
- The least important roles are those of neighbors of the site, professional organizations, insurers,
and researchers and academics and public information organizations.
- Users of the buildings benefits from the regulation if the legislation complies with their real
needs. Sometimes may happen that the ratio between obtained additional value and cost of the
implementation is not reasonable for all the users in general.

4. Results
4.1

Impact of the use of assessments systems in connection with policy steering instruments

The assessment system can affect the effectiveness of policy steering positively. The benefits
seem to be strong when assessment systems are used for providing guidance for steering, management and and critical decision making in the early phases of the process. Voluntary assessment should be integrated to the task flow of the main process.
The following summarises the assessed impact of the use of SB assessment systems in the connection of different steering instruments:
- Normative regulatory instruments: Based on its normative character, the instrument affects
directly on its focus area; is relatively easy to implement for new building but significantly more
difficult to implement for existing building stock; the real impact depends on the selection of the
required levels of performance.
- Mandatory information: The intended impact is to raise demand with help of information that
enables comparisons; the impact depends on the extent of the focus area (all buildings/limited
groups of buildings); it is easier to direct both to new and existing buildings than normative regulations; the impact may be significant if the focus area is wide.
- Voluntary certification schemes: The use of the instrument may become extensive if the marketing of the scheme is successful and if the relevant actors trust in the branding; the true impact of focus areas (like energy saving, savings in GHGs, improved accessibility and access
and thus improved equity of different user groups) depends on several issues: the selection of
adequate performance levels and good understanding of local conditions translated into localized weighting of criteria. If this is missing and the requirements of the chosen criteria are too
low, the impact remains insignificant or even negative. A loose system with a number of different indicators may even enable "playing with numbers" - users are not interested in ambitious
development but on easy credits. Well-recognized and valued voluntary system, which includes
locally relevant and adequately demanding criteria may be effective in its focus area. The impact improves as the systems support target setting and design in addition to labelling. Also,
more potential could be achieved if the certification results were integrated into decisionmaking processes of investors and insurance companies.
- Incentives and taxation: A right timing is important: the market must be ready for the intended
activities (like renovations that save energy) for example in terms of the availability of needed
skills and capacity. The level of tax reduction/incentive etc. has to be right in order to be attrac-

-

tive but on the other hand it shall not be too high in order not to course injustice for those who
cannot make use of the instrument (for example because the instrument is directed only for
small houses/multilevel buildings...). Correctly timed and directed instrument may have an important effect and stimulation on the targeted limited focus area.
Municipal policy: The impact is different in different market segments. Municipal policy can contribute effectively to sustainability in the market segment of new residential buildings; the impact in the segment of existing residential buildings is not very high. However, when voluntary
agreements are made for existing residential buildings, social housing agencies for instance
can take sustainable building into account in renovation projects. Private persons might be stimulated to improve their dwellings by financial support of municipalities.

4.2 Today’s picture of usage of assessment systems
The inquiry resulted a better picture of today’s practice and ways of interventions while adapting
assessment systems to processes.
Integration of assessment systems and tools with steering instruments already belong to today’s
practices in some of European countries. Different types of approaches are chosen when demanding the usage of assessment systems. Intervention causes strong changes to processes, if assessment systems are implemented as total systems in order to promote sustainable building.
Implementation in terms of individual indicators and corresponding tools (e.g. assessment of energy efficiency or carbon footprint or indoor performance), will bring minor changes to processes and
it may be easier from the commitment point of view. On the other hand the usage of assessment
systems can be required at first as a required process and use of the tool with no limits of performance. On the other hand systems can be introduced to stakeholders with compulsory quantitative
or performance based target metrics. The first option may be easier to implement in practice and
can also been seen as a strategy to achieve the second option. These ways of interventions are
closely related to the national cultures of construction regulations and steering.
4.3 Potentiality of the usage of assessments systems in SB processes
The processes can be supported by information on sustainability much better than today in average. The matrix exercise with steering levels and example of the integration of assessment systems to steering gave more information on assessment systems capability of supporting the sustainable construction process [2, 8]. Types of support can defined as following
- supporting good design, because designers can use assessment systems as design guidelines
/ checklists
- supporting common shared understanding, because assessment systems offers a comprehensive picture and assessment systems support communication by structuring the targets
- supporting change and development, because assessment systems can be used as signaling
the state of organization
- supporting information management, because assessment systems offer more information
behind decisions. However it it’s very crucial that this information is right.

5. Discussion and areas for further studies and research
The research report “Potential of sustainable building assessment methods as instruments of
steering of sustainable building” [1] offers more discussions in the following areas: the effectiveness of the instruments in terms of the difficulty in establishing the rules, the difficulty to comply
with the rules, costs, potential impact that the use of the instrument may have on the quality of
buildings in the specified market segments (new and existing residential and office buildings). Also
the potential quantitative impact of the use SB systems or individual indicators on certain focus
areas are discusses (especially consumption of nonrenewable energy and the emissions of green
house gases).

5.1 We know too little on social and economic benefits and impacts
The expected impact of sustainable building assessment and related policies include the optimization of healthy and comfortable indoor environments - with its associated social and economic
benefits - together with the minimization of the environmental impacts. While the impact on environmental aspects of policies and building assessment is relatively well studied on areas such as
the reduction on energy use and CO2 emissions triggered by the EPBD implementation, there is
still a large scope for research on evaluation of social and economic benefits of sustainable building assessment and related policies.
5.2 We have too little quantitative impact data for quantitative target setting
Sustainability indicators together with measurement methods enable the quantitative and qualitative assessment and comparison of these aspects of performance. Benchmarks provide information about the typical levels of results of measurement for buildings with regard to different indicators. For example benchmarking of energy use of buildings provides information about typical/average/ambitious/poor levels of energy use. Benchmarking may be limited in such a way that
it is relevant only in limited areas like for example information that is only regionally relevant.
5.3 We have too little shared know-how on benchmark on performance levels
There is a need to get more knowledge about the real and desired performance levels of buildings
in order to show real benchmarks for those who aim at developing the sustainability of buildings
and designs. Benchmarks, as understand in connection to assessments, provide information about
the typical levels of results of measurement for buildings with regard to different indicators. For
example benchmarking of energy use of buildings provides information about typical/average/
poor/ambitious levels of energy use. Benchmark between buildings and benchmark of processes
leading to more sustainable building play an important role in the whole. Well-disseminated lessons learned stories are valuable for design process and designers competence. At time lessons
learned and design innovations may be transformed to standard design concepts.
5.4 We can promote the effectiveness of voluntary assessment
It is possible to increase with smart sustainable strategies the effectiveness of voluntary instruments and usage of fiscal instruments especially in municipal steering. These strategies can include large programmes that are recognised to be effective to provide sustainable building [9]. Municipalities and large owners and developers have the possibility to take the role of forerunner. This
possibility might have stronger impact if changed to a responsibility.
As voluntary sustainable building policy presently cannot be enforced on the building industry and
building developers, a good implementation of the proposed policy by the municipal authorities is
necessary. Observations states that good sustainable building policy contains (a) an ultimate goal
and measurable intermediate targets to achieve the goal, (b) involvement of the stakeholders from
the start of the project, (c) basic knowledge of sustainable building, (d) an easy-to-use and reliable
sustainable building tool, (e) shared experiments.
5.5 We have too little know-how on usage in management and valuing of sustainability
Our study highlighted many usage cases of assessment systems. Each examples of usage have
also specific needs and targets behind, and some are related to local construction cultures. Despite of these the study showed that it is possible to give an expert judgment on the potential impact (high /low) of using the systems in steering and managements levels. This has a connection
to a boarder perspective on economic valuing of a property. Researchers have stated [10] that
economic value of a property today is based on an artificial separation of economic, environmental
cultural and social elements of property value.
By developing the key concepts for “management and steering enabled by assessment systems”
makes also the comprehensive value aspects more visible and transparent. Management concepts
are interesting areas for further studies in order to understand and explain the true linkage between property value and issues of whole sustainability.

5.6 We have not implemented the smart ad sustainable design process
A scenario of a new, more informed design process is introduced by earlier research [1]. Our study
on integration of assessment systems and steering implicates that this scenario turning into reality.
A process where designers are provides immediately feedback trough sustainability assessment
systems trough simulations and analyses that are liked to their design tools, is technically fully
possible. In near future we may get our process supported in such a smart and integrated ways
that challenges to achieve high sustainability is no more a challenge but a routine way to execute
planning, design, construction and operation businesses.
There are many smart ways to use the highly developed sustainability or environmental assessment systems. In this paper we have introduced some the integrations on the policy level steering,
policy adaptation and process level steering, guidance and life-cycle management.
This supports the previous statements introduced by earlier research that the impact would be
stronger when using assessment systems (or part of them) at every stage of design and construction, rather than using systems as separate component of rating. All stakeholders should get relevant feedback for their decision-making in question and related to their responsibilities. Policy
makers could enjoy on a process that is more manageable, and the final impact targets can be
assessed and the wanted progress could be steered.
Today it is fully feasible to integrate assessment systems to process level steering and life-cycle
management. Practical design, construction and operation level activities are still waiting for the
best ICT tools and methods for collecting, sharing and use of information on sustainability in connection of problem solving and iteration processes.
The assessment systems can affect to the effectiveness of policy steering positively. The benefits
seem to be strong when assessment systems are used for providing guidance for steering, management and critical decision making in the early phases of the process. Voluntary assessment
should be integrated to the task flow of the main process.
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Summary
LORE-LCA is a European research coordination action dealing with the application of life cycle
assessment (LCA) in the construction sector. One activity is to analyse existing methods, including
standards and guidelines, in order to establish a consensus by identifying good practice, and to list
knowledge gaps for which further investigation is needed.
System description has first been studied, including: functional unit, system boundaries and
processes, cut off rules. Methods for simplification and adaptation of LCA to the construction sector
have been proposed like the use of default values, a simplified building description, and dynamic
LCA (e.g. to account for peak electricity demand induced by buildings). Questions have been
examined regarding the elaboration of life cycle inventories, and particularly the minimal list of
substances needed for a proper impact assessment, accounting for indoor emissions, data quality,
and the use of European, national or local data. Specific methodological aspects have then been
addressed concerning how to model biogenic CO2 (e.g. carbon balance of timber elements), coproducts, end of life scenarios and recycling. The definition of environmental indicators, particularly
regarding resources, has finally been examined.
Keywords: Building life cycle assessment, European research coordination action

5. Introduction
The first generation of green building certification schemes has been elaborated in the 90’s,
generally by organizations gathering policy makers and professional representatives. In parallel,
scientists developed tools, mostly based upon LCA, aiming at a better understanding of how
environmental impacts are generated, and proposing some aid to designers. Building LCA tools
have been improved and are now integrated in certification schemes like LEED, BREEAM, DGNB,
HQE etc.
Still, limitations in LCA have been analysed [3] and several methodological aspects are differing
among the existing tools [11]. Harmonization could help to increase the confidence in such models.
At a European level, the LORe-LCA (“Low Resource consumption buildings and constructions by
use of LCA in design and decision making”) research coordination action gathers research
institutes, technical organisations and professionals in order to progress towards a more
harmonized application of LCA in the building sector. This project includes 5 tasks :
•
analysis of LCA – use and barriers
•
Life cycle assessment methodologies
•
LCA as practical tool in design
•
Interpretation of LCA results
•
Training and dissemination

The present communication relates to the second task. The subject is to analyse existing methods,
including standards and guidelines, in order to establish a consensus by identifying good practice,
to derive recommendation for tool developers and users, and to list knowledge gaps for which
further investigation is needed. Most methodological choices depend on the objective of an LCA
study, therefore recommendations have been elaborated according to the concerned actors and
purposes of performing an LCA.

6. Analysis of Building LCA methodologies
6.1

System description

The functional unit commonly includes information regarding a quantity (e.g. building designed for
90 residents), a function (e.g. providing space for living and/or working in a specific location), the
quality of this function (comfort level, quality of life), and a duration (e.g. 80 years). Comparing
different buildings (for instance in an architectural competition) requires that at least the major
functional requirements, intended use and relevant specific technical requirements are well
described, in order to enable transparent comparison. If buildings of different size or life span are
compared (e.g. benchmark with reference and best practice values), a reference flow can be used,
e.g. 1 m2 of residential building during one year, or providing 1 person with dwelling during one
year.
Four stages are usually considered in the life cycle of a building:
Production: Supply of raw materials, transport needs and manufacturing processes from cradle to
gate for the construction products, energy systems, etc.
Construction: Transport of the construction products and energy systems from the manufacturing
plant to the building site, transport and energy demand of the construction equipment and wastes
of the construction process.
Use: Operational energy use for heating, cooling, DHW and lighting, contribution of the renewable
energy systems, operational water use, maintenance, repair and replacement, etc.
End of life: Demolition of the building and disposal of each building product, possibly recycling.
The system is therefore larger than the studied building: it includes the fabrication and transport of
building products, water, electricity and heat, waste treatment etc. This is necessary in order to
avoid problem shifting, e.g. replacing local emissions in a boiler by impacts related to electricity
production.
In principle, when performing LCA calculations, all building components and their impacts that
occur within the building or within the selected scope need to be taken into consideration. However,
in practice, it can be observed that not all the material flows of a building can be covered in an LCA
because of insufficient time or incomplete data. Cut off rules have therefore been defined, but
research could be performed in order to establish a system to identify the influent material flows in
a particular building, enabling to justify adequate cut off rules.
A similar approach can be conducted for roads, and a system description has been proposed.
6.2

Study of simplification and adaptation of LCA applied to buildings

A comprehensive LCA study requires a large amount of data. It can be performed for an industrial
product which is fabricated in large series, but it is not compatible with professional practice in the
building sector: most buildings are unique and a lot of evaluations have to be performed during the
design phase, therefore only a limited time can be dedicated to LCA, which imposes to simplify the
process.
Simplified LCA tools have been developed as spreadsheets. Linking LCA to a CAD system,
allowing geometrical data to be used and material quantities to be automatically evaluated is
helpful, as well as linking LCA to e.g. energy calculations. Simplified tools focus on heavy structural
elements, but some components may induce non negligible impacts even if they are present in

small quantities (e.g. painting). The relative contribution of a material in the global environmental
impact of a building depends on the selected indicators: an element may have a negligible impact
on e.g. CO2 and waste indicators, but a high contribution regarding toxicity. Simplification of LCI
data and building description therefore requires a careful sensitivity study, depending also on the
objective of the LCA study [9]. It is therefore recommended to continue some research activities on
this topic.
In an early design phase, some data is still missing, though LCA is very useful at this moment
when the decisions made influence most the environmental balance of a building. LCA is more
precise at the end of the design phase, when detailed information is available regarding the
components, producers, transport distances etc. But it is less useful because all decisions have
already been made. A solution to allow LCA to be performed at early design phase is the use of
default values. For instance a default wall composition and glazing characteristics can be
considered when studying the architectural shape of the building. Defining such default values is
still to be done, though it is not really a research activity but requires rather a collective
development by the concerned actors.
Most building LCA tools neglect temporal variation of LCI data. For processes like electricity
production, impacts may vary a lot due to seasonal, weekly and hourly peak demand. High winter
consumption for space heating (e.g. heat pump) and a summer production (e.g. photovoltaic
system) may not be equivalent to a low electricity consumption (e.g. gas boiler) and no production.
Research is needed to progress on this aspect, which is also related to the choice between
attributional or consequential LCA [4]. The attributional approach assumes that the studied system
(e.g. a building) has a negligible effect on the background system (e.g. electricity production). But if
e.g. 75% of the new buildings are heated by electricity in a country, this has globally an impact on
the electricity production mix so that the consequential approach may be preferred. But this
approach is much more complex and would require additional knowledge.
6.3

Study of life cycle inventories

Many producers of building components are SMEs, and cannot easily commission a specialised
consultant to perform a detailed LCA. Imposing a very detailed format for life cycle inventories (LCI)
would not permit to get data for most low impact materials which are mainly produced by small
companies, so that data would only be available for standard materials. On the other hand, too
simplistic LCI data would not allow issues like toxicity and biodiversity to be evaluated. At the
moment, the number of substances provided in LCIs varies between around 10 et around 1,000.
This is to be compared with the estimated 100,000 substances available on the market.
Another simplification in LCI data is spatial averaging of emissions. In fact, a substance emitted
inside a building may have more impact (particularly on health) than an outdoor emission, which is
much more diluted and causes less exposure because we spend around 90% of our time indoor.
But modelling the time varying indoor emissions, dilution according to air movements, occupants’
exposure and health risk is still a research topic, though a method is proposed [7]. Measuring
indoor release of substances is also difficult due to temporal variation, substance characteristics
and relationship with ventilation and air infiltration.
Local data is still missing in most countries, so that foreign LCI data is frequently used. But in this
case, adaptation is needed according to possible differences on e.g. the electricity production mix,
transport distance, origin of raw materials, waste treatment processes etc. Such data processing is
called “contextualization”. Adapting impact assessment to a local context is still a research topic.
6.4

Study of specific methodological aspects

There is at the moment no consensus on how to account for e.g. biogenic CO2 in LCA, as well as
allocation methods for co-products, modelling of recycling, elaboration of end of life scenarios for
different types of construction/renovation/demolition waste. Such aspects are being discussed
among the LCA community, and have implications in the building sector.

Plants convert carbon dioxide from air into cellulose and other substances by using direct sunlight
(photosynthesis), reducing the CO2 content of the atmosphere and hence to contributing to climate
change mitigation. The phenomena occurring in forests and the complex production processes
associated to timber products have been analysed in several studies. Two main approaches exist:
some authors do not account for biogenic CO2, arguing that the CO2 absorbed during
photosynthesis will sooner or later be released back into the atmosphere. Other models account
for a negative CO2 emission at the production stage and a release at the end of life depending on
the process (landfill, incineration with or without heat recovery, re-use etc.). A method is proposed
in the International Reference Life Cycle Data System (ILCD) handbook [2] in order to account for
CO2 storage during the life span of the material in a building: if x tons of CO2 are stored during n
years in a building, the accounted negative CO2 emission is n% of x (GWP100 being evaluated,
emissions or storage beyond 100 years are considered separately). Some authors account
negative CO2 emissions only for timber from certified forest (e.g. Forest Stewardship Council).
Several approaches are also possible to model co-products. The total impacts of the process can
be evaluated, but their allocation can be done according to the mass of each co-product, or their
value, or the system is expanded (which is recommended by ILCD). For instance, in the case of
waste incineration with energy recovery, the process is used for waste treatment, heat and possibly
electricity production. Allocation is needed to evaluate the impacts for each of these services,
which is useful for instance to perform an LCA of a building heated by such a source.
End of life is probably one of the most difficult stage to model, due to the large uncertainty on
processes that will occur in a far future (buildings being long lasting compared to most industrial
products). One approach is to consider, by precaution, the same waste treatment processes as
today. For instance if a material is incinerated today and not recycled, it may seem too optimistic to
assume that technical innovation will allow this product to be recycled in the future. One alternative
could be to use a probabilistic scenario.
Recycling generates an impact (noted Ir), and usually a supplementary transport related impact (It)
because the recycling facility is further than e.g. landfill (otherwise, It can be negative). On the
other hand it avoids the impacts corresponding to new fabrication (In) and to waste treatment (Iw).
Recycling should be promoted if the related impacts (Ir + It) are lower compared to the total impact
of new production from raw materials and waste treatment (In + Iw). The “avoided impact” by
recycling is then : In +Iw – Ir - It. In this case, good practice consists in:
rewarding the use of recycled products at the construction phase,
rewarding sorting waste and recycling at the end of life,
avoiding double counting of the benefit of recycling.
The impact reduction depends on the recycling rates rf at the fabrication and re at end of life. There
exist different methods to model recycling in building LCA tools. According to the stock flow method,
the impact reduction is rf . (In – Ir) at the construction phase and re. (Iw – It) at the end of life.
The steel industry proposes a reduction of rf . (In – Ir) at the construction phase, (re-rf). (In-Ir) +
re.(Iw-It) at the end of life.
The avoided impact method evaluates an impact reduction of rf.(In+Iw-Ir-It)/2 at fabrication and
re.(In+Iw-Ir-It)/2 at end of life [12], the factor ½ being used to avoid double counting. The avoided
impact at the end of life is very uncertain, on the other hand it allows efforts towards “design for
dismantling” to be rewarded.
There exist as well different approaches to evaluate the impact of a system regarding resource
depletion. Simply adding material quantities does not account for the scarcity of each resource.
Some indicators are based upon the economically or technically available or ultimate reserve of
each raw material or fuel. Some account also for the extraction rate (abiotic depletion potential,
ADP, [6]), others are based upon the marginal increase of cost, or the “surplus energy”
(Ecoindicator 99, [5]): consuming a resource increases the cost or energy needed to extract this
resource because the reserve needing the lowest effort is extracted first.
One common knowledge gap in ADP and Ecoindicator 99 methods concerns uranium. This substance is not included in the second indicator due to lack of data [15]. In the first indicator, ultimate

reserves are considered and the corresponding value is very large for uranium: 62.5 billion tons, to
be compared with 13 million tonnes probable reserves given by the U.S bureau of Mines. As a
result, the use of uranium has a negligible influence on the indicator value. In fact, a large part of
these ultimate reserves is very much diluted so that more energy would be needed to extract usable uranium than the energy this uranium could provide. Therefore considering ultimate reserves
does not seem relevant in this case. If probable reserves would be used instead, the indicator
value would be much more sensitive to uranium consumption. This aspect is important in the building sector, which consumes around 65% of the electricity produced in Europe, with around 40%
average contribution of nuclear plants. Specific research would therefore be needed to improve or
complement the existing resource indicators.
A primary energy demand indicator is evaluated in most of LCA tools (e.g. cumulated energy
demand) and, according to some guides and standards, split into renewable and non renewable
parts. But consuming solar electricity produced in the building itself or renewable electricity from
the grid may have different consequences on e.g. peak demand and grid management. Wood,
hydro-power and geothermal energy is limited: consuming wood in a building reduces the biomass
resource for others. On the other hand installing a solar collector on a roof does not reduce the
resource for others, so that adding solar and biomass energy consumption might not be relevant.
May be the right split is not between renewables and non renewables, but between limited and non
limited energy flows. In this logic, imported biomass, hydropower, geothermal and wind energy
would be accounted for but solar electricity or heat produced on site would not be considered
limited. Other indicators are related to resources (e.g. cumulative exergy demand [1], [14]), water
(considering potable, groundwater, rivers, oceans...), and ground (possibly accounting for ground
transformation).
Different indicators are also proposed for other environmental issues (e.g. global warming, toxicity,
eco-toxicity) and may correspond to mid-point or end-point evaluation: for instance a number of life
loss years is an end-point (or damage) indicator whereas a body weight subject to a certain dose
of pollutant is a mid-point indicator. Damage indicators require more sophisticated models [13], but
correspond more to corporate social responsibility approaches. The elaboration of a
comprehensive but not redundant set of indicators is finally needed.
Normalisation is useful to rank the contribution of a building on several impacts using the same
scale, allowing priorities for impact reduction to be identified (e.g. choosing the highest normalized
impact). Normalisation is based upon a reference value, generally per capita. This reference value
could correspond to a regional, national, European or world average, according to the purpose of
the study. Weighting factors are always normative/subjective, and reflect value assumptions: they
are not necessary in LCA but may be required by a client or political authority. In any case, LCIA
methods, possible normalisation and weighting, should be precisely documented so that the users
have a clear knowledge of the performed evaluation.
The different aspects listed above show that research is still needed in order to progress towards a
consensus and harmonization of these different approaches.

7. Elaboration of recommendations for different actors
7.1

Tool developers

It is first advised to integrate existing knowledge like ISO standards on LCA, future CEN standards
regarding applications in the building sector, guides elaborated by the International Reference Life
Cycle Data System (ILCD, [6]), European projects and literature.
Adapting the tools to professional practice may lead to give the choice between using default and
generic (or average) life cycle inventories at early design phases, then more specific EPDs to
compare products during detailed design. Limits and difficulties are addressed in the LORE-LCA
project regarding the consequential LCA approach, definition of the functional unit, system
boundaries, determination of cut off rule threshold, handling of far future and related uncertain

processes, performing sensitivity studies (e.g. regarding the considered life span of a building).
Interpretation is probably one of the steps requiring the most expertise. The tools should help the
users identifying the processes/materials and life cycle stages having a highest contribution in the
global impacts, e.g. using bar or pie charts, and contribution analysis techniques. Sensitivity studies are also needed to check the robustness of the results in terms of assumptions (e.g. life span,
modelling choices etc.). Scenario analysis techniques can be used for this purpose. Uncertainty
analysis (e.g. using Monte Carlo simulation for stochastic uncertainty) would be also helpful, which
could constitute another research topic. Identifying limitations in the conclusions may be addressed
by presenting example case studies, showing that recommendations (e.g. design advice) can be
accompanied with statements limiting their scope (e.g. this recommendation is valid if the building
life span is longer than 50 years). The risk of misinterpretation could also be illustrated by examples (e.g. over-interpreted comparison based upon insignificant impact differences).
As mentioned previously, LCA cannot be performed in the building sector with the same level of
detail as in the industry. In practice, a critical review process cannot be organised e.g. for the
design of one building. May be one solution is that such a review is organised once (or once a year)
for each Building LCA tool, in order to check the methodology, data and hypotheses. Organising a
users club with the possibility to cross review some studies, internet forums etc. could also be
relevant.
It is suggested to perform the benchmark study elaborated in the frame of the European thematic
network PRESCO (Practical Recommendations for Sustainable Construction, see http://www.etnpresco.net/generalinfo/index.html [10]). Two case studies are described. The first one is a simple
concrete cube allowing a first verification of the life cycle calculation in a very simple case. The
second is a wooden house, also not too complex so that the risk of erroneous input is limited.
Several environmental indicators have been calculated using 8 tools developed in different
countries. The results can be used to compare new tools and identify possible errors.
7.2

Recommendations to users

The main application of LCA in the building sector is related to the design phase, allowing various
architectural and/or technical choices to be compared by design teams [16]. But LCA can also be
applied in earlier phases, e.g. to compare different possible building sites, or to select a project in
the frame of an architectural competition. In such a case, using default values is necessary for
unknown parameters, or predefined elements if the client has indicated some choices (e.g.
preference for wooden materials). All competitors should then use the same data. Different
simplified LCA tools exist, either spreadsheets or models combined with a graphical interface,
making possible to evaluate several projects proposed in a competition with a reasonable effort.
Projects having a different area will cause a difficulty to the jury: a larger building could be more
functional but generate more impacts, leading to a contradicting evaluation.
Elaborating a programme before the competition, including environmental targets, can also benefit
from LCA, which may even be used for policy making. In this case, due to the large scale of the
considered system, consequential LCA (CLCA) is generally more relevant than attributional LCA.
This has implications on the definition of the system boundaries because consequences on the
background system have to be accounted for. CLCA is more complex, and goes beyond the limits
of most present building LCA tools so that a large expertise is needed, e.g. to avoid double
counting of impacts, select appropriate life cycle data and define relevant scenarios to model the
complex cause and effect relationships between the studied system and the background system.
LCA can also be used as urban design aid [7], e.g. to compare different street and building
orientation, compactness, number of storeys etc. Higher use of solar energy for heating and
lighting may reduce the compactness of buildings, and increase the use of materials because of a
higher area of facade. A zero energy objective may lead to decrease the number of storeys, and
therefore to increase land use. Balancing building and transport related impacts may also
constitute promising applications. Target setting at a municipal level would also benefit of such life

cycle perspective. Like in the case of applying LCA for architectural competition, simplification is
needed, particularly when using excel based tools.
LCA is also used by manufacturers in order to elaborate data on building products in the form of
ISO-type III environmental declarations. Such data is based on a LCA study following the Product
Category Rules (PCR), which set the specific goal and scope of the LCA and the guidelines for
developing EPDs for one or more product categories (prescriptions for data collection, handling
and calculation rules). There exist presently EPD programmes in more than 10 countries. Some
methodological aspects are precised in standards, e.g. system boundaries in prEN 15 804,
reference service life in ISO 15686-1 and ISO 15686-8, cut off rules in ISO 21930, environmental
indicators in prEN 15804. All used data sources should be documented, specifying clearly their
uncertainty, integrity, representativeness (geographical, temporal, technological), coherence and
reproducibility. Using data from different EPD programmes to compare different materials is
generally not possible because the rules are defined nationally and they are in general not
harmonized.
Some work is performed to harmonize the application of LCA in the building and infrastructure
sectors, allowing e.g. the urban level to be addressed. Infrastructure includes a number of items,
such as roads, water supply, power grids, sewage systems, telecommunication, waste handling.
Each item involves many processes constituting a complex system. Various alternatives can be
proposed in each sector, e.g. road, rail, air and water transport, renewable or fossil energy systems,
landfill, incineration or recycling waste treatment etc. Beyond technical aspects, management
aspects may be also important (smart grid, intelligent transport systems...).

8. Conclusions and perspectives
Accounting for environmental issues in the building and urban sectors is presently based upon
rather subjective approaches. Yet the severity and planetary extent, long duration and possible
irreversibility of environmental impacts like global warming, nuclear risk, dispersion of toxic
substances, biodiversity loss and resource depletion, justifies more precise tools to be used in the
decision making process. LCA is presently the method incorporating the most knowledge, and is
increasingly considered in e.g. labelling or certification schemes. Knowledge gaps have still been
identified and harmonization work is needed regarding some methodological aspects like modelling
recycling and biogenic CO2. The LORE-LCA guidelines report is circulated among Building LCA
experts in order to get feedback regarding the identification of good practice and recommendations
to users and tool developers. Improving LCA tools and applying them in decision making would
help building actors to contribute in the reduction of environmental impacts in this sector, with a
possible extension to urban scale.
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Summary
CASBEE (Comprehensive Assessment System for Built Environment Efficiency) is widely used as
the assessment system for green buildings in Japan. For the promotion of the low-carbon society, it
is necessary to take the lead in introducing the assessment method that induces an approach to
the low-carbon society into CASBEE.
This paper reports the outline of this approach in the 2010 revised edition of CASBEE.
Keywords: CASBEE, LCCO2, Assessment, Global Warming

1. Introduction
In 2009, the Japanese government announced its medium-term goal to cut CO2 emissions by 25%
from 1990 level by 2020. And it is said that about one-third of the CO2 emissions in Japan is from
the construction industry. Therefore, the construction industry is strongly urged to take substantial
measures against global warming.
CASBEE is widely used as an assessment system for green buildings in Japan. For the promotion
of the low-carbon society, it is necessary to take the lead in introducing an assessment method that
induces an approach to the low-carbon society into CASBEE.
This paper reports the outline of this approach in the 2010 revised Edition. The following were
revised:
(1) The CASBEE 2008 Edition ranks buildings according to five-grade system in according with
the Built Environment Efficiency (BEE), that is a value calculated as Building Environmental
Quality (Q) / Building Environmental Loads (L), and at the same time, expresses the five ranks
using the number of red star symbols. Additionally the 2010 Edition adopts green star symbols
to indicate the low carbon performance of buildings based on the results of the life cycle CO2
(LCCO2) assessment.
(2) The criteria of performances related to energy saving and prevention of global warming are
tightened.
(3) The graphical representation of LCCO2 assessment results introduced in the 2008 Edition is
improved. Specifically, the effects of the following three efforts to reduce CO2 emission are

indicated with respect to each effort.
(a) LCCO2 reduction by energy saving, reusing existing building skeleton, using recycled
materials and long-life building design
(b) CO2 emission reduction in the operation phase by using renewable energy, as
represented by photovoltaic power generation
(c) Carbon offset by certificate of green power “PV-Green” and carbon credits
These revisions to CASBEE contribute to the promotion of the following efforts:
•
Induction of measures to reduce further CO2 emissions
•
Activation of labelling of buildings with excellent low-carbon performances, such as zeroenergy building (ZEB)

2. Introduction of LCCO2 assessment in CASBEE-NC (2008 Edition)
CASBEE has introduced a simplified method of evaluating LCCO2 since the 2008 Edition.
The results of LCCO2 assessment are reflected in the value of Built Environment Efficiency (BEE),
or one of the important indexes of CASBEE, and the ranking based on BEE value.
2.1

Outline of the simplified LCCO2 assessment method of CASBEE

From the beginning, CASBEE has assessed the following efforts that contribute to the life-cycle
reduction in CO2 emission:
(1) Several measures to reduce energy consumption in operation
(2) Reusing existing building skeleton and using recycled materials, which reduce embodied CO2
that is CO2 emission concerning manufacture of construction materials
(3) Improvement of durability and life lengthening, which reduce LCCO2 relatively
CASBEE-NC (2008 Edition) structured the logic to estimate LCCO2 of the subject building
automatically using the information that is entered in the assessment tool and related to the efforts
mentioned above.[1] Figure 1 shows an example of the calculated LCCO2 by CASBEE-NC (2008
Edition.)

Fig. 1 Life Cycle CO2 presentation in CASBEE (2008 edition)

2.2

Reflection of LCCO2 assessment results on CASBEE

The 2008 Edition introduced a new assessment item “Consideration of Global Warming”. In
concrete terms, the score on this assessment item is determined based on the calculated LCCO2
value mentioned above. This allows LCCO2 assessment results to be reflected directly in the value
of BEE and ranking.
As just described, CASBEE can expressly assess the efforts toward the prevention of global
warming and play a role in promoting the measures against global warming in the field of
architecture.

3. Outline of the revisions to CASBEE-NC (2010 Edition)
3.1

Incorporation of green star symbols based on LCCO2 assessment results

From the first edition, CASBEE has calculated BEE = Q/L, and incorporated five ranks, S, A, B+,
B- and C, based on BEE value. The 2008 Edition highlights the ranks with the number of red star
symbols. In addition to the red star symbols, the 2010 Edition adopted green star symbols to
represent the low-carbon performance of buildings based on LCCO2 assessment results. Figure 2
shows the assessment flow using red and green star symbols.
Overall environmental performance based on BEE is represented using red star symbols. (Fig. 3)
At the same time, the assessment result which focuses only on low-carbon performance, which
has recently received attention is expressed with green star symbols. Table 1 lists the criteria for
the ranks based on LCCO2 assessment results.

Fig. 2 Comparisons between Red Stars Ranks and Green Stars Ranks

Fig. 3 Red Stars Ranks Based on BEE
Table 1 Criteria for Green Stars Ranks Based on LCCO2

3.2

Tightening of the scoring criteria of energy saving and reduction in CO2 emissions

In CASBEE, the energy-saving performance of buildings is assessed in terms of the category [LR1
Energy]. The criteria [1. Building Thermal Load] and [3. Efficiency in Building Service System] in
the LR1 category have been tightened, and higher energy-saving performances have become
necessary to earn the highest score. In addition, the performance for [1. Consideration of Global
Warming] in the category [LR3 Off-site Environment] is determined by LCCO2 value. Substantial
reduction in LCCO2 has become necessary to gain a high score on this assessment item.
Specifically, the reduction in LCCO2 by more than 50% has become necessary to gain the highest
level 5. To achieve this, general office buildings for example need the high level energy-saving
efforts, or about 60%-70% CO2 reduction in operation phase.
3.3

Improvement of the method of indicating LCCO2 assessment results

In the 2010 Edition, the degree of efforts of following three, a to c measures to reduce CO2
emission are indicated separately. (Fig. 4)
(a) LCCO2 saving measures of the subject building
(Reduction in LCCO2 by energy saving, reusing existing building skeleton, using recycled
materials and long-life building design)
(b) Other on-site measures
(Reduction in CO2 emissions in the operation phase by using renewable energy, as
represented by photovoltaic power generation)
(c) Off-site measures
(Carbon offset by certificate of green power “PV-Green” and carbon credits)

Efforts toward realizing the zero energy and zero emission concepts for buildings are being
promoted. One of the key measures to realize these concepts is the adoption of renewable energy,
such as a photovoltaic power generation system. In addition, to realize the zero emission concepts,
economic approaches, such as carbon credits, will become necessary. These approaches seem to
differ a little from the promotion of green buildings that should be addressed in the field of
architecture. For this reason, it is considered important to indicate these approaches separately.

Fig. 4 Life Cycle CO2 presentation in CASBEE (2008 edition)

4. Conclusion
This report described the following major revisions to CASBEE-NC (2010 Edition) for the efforts
toward the low-carbon society:
(1) Ranking system using green star symbols based on LCCO2 assessment results
(2) Detailed graphical representation of LCCO2 assessment results
(3) The LCCO2 assessment in consideration of economic measures, such as carbon credit
CASBEE is widely used for an assessment of green buildings in Japan, and the buildings that are
ranked as having high comprehensive environmental performances by this system receive high
evaluation. Though Low-carbon performance is a part of the comprehensive environmental
performance of a building, this performance has become to be very important, because global
warming has become a critical issue globally. The revision of CASBEE reported in this paper will
highly contribute to the promotion of the prevention of global warming in the field of architecture in
Japan.
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Summary
Zurich school buildings are of particular   importance   to   the   city’s   building   culture.   In   order   to  
preserve this cultural asset and, at the same time, pursue the challenging long-term goals of the
2000-Watt Society, which is an ambitious sustainability programme, different public interests need
to be reconciled.
An interdisciplinary team of experts evaluated maintenance measures according to various aspects,
formulated scenarios and extrapolated the results for the complete portfolio of the city's state
schools.
The result of the interdisciplinary work groups and intensive discussions was a consensus scenario.
Concrete steps for the implementation of the consolidated findings were prepared.
Keywords: 2000-Watt-Society, school buildings, portfolio, strategy, sustainability, process,
innovation, implementation, interdisciplinary

1. Initial situation and goals
For the implementation of the ambitious sustainability programme of the 2000-Watt-Society [1] the
building sector plays an important role. Buildings account for 40% of Switzerland's energy
requirements. In 2008 a majority of Zurich's voters agreed to compliance with the reduction goals
defined by the 2000-Watt-Society programme.
The schools of the city of Zürich were the first building portfolios to be comprehensively analysed.
State schools are one of the largest building assets of the city of Zurich. The approximately 120
schools are of   particular   importance   to   the   City’s   building   culture   – over half of the schools are
listed buildings (mentioned in the inventory of historic buildings). To maintain this cultural heritage
and, at the same time, to achieve the goals of the 2000-Watt society, different public interests have
to be considered.
The goal of the project was to develop scenarios, which would permit Zurich to achieve the 2000Watt-Society milestone goals by 2050 for its school building portfolio. In addition the solutions
should meet other requirements such as the conservation of historic buildings, architectural
demands, cost-effectiveness and utility value.

2. Research methodology and procedures
2.1 Methodology
The calculation is based on the SIA Factsheet 2040 «SIA Efficiency Path Energy» [3], which is
currently under consultation. The SIA Efficiency Path Energy shows how the milestones of the
2000-Watt-Society programme can be reached for the building and construction sector by 2050.
The difference between the energy values for 2005 (total energy according to official statistics) and
the specified goal for 2050 produces a reduction factor of 0.55 for primary energy consumption and
0.34 for green house gas emissions [2].
The 2000-Watt-Society programme stands for a comprehensive energy analysis. The SIA
Efficiency Path Energy thus incorporates a) the resources required for the embodied energy and
grey greenhouse gas emissions, b) the resources for use and maintenance and c) the mobility
induced by the location of the site. The defined target values are always defined as the sum of the
three energy uses (embodied energy, use & maintenance, mobility). This applies to both new and
refurbished buildings.
2.2 The basics
This study focused on 11 schools, which are to be refurbished in the near future. At the time of
selection the schools chosen, were in a very early planning phase; which meant, that a long-term
strategy for the buildings had not yet been defined. In order to be able to make a valid
extrapolation for the entire school portfolio the selection was supplemented by a hypothetical new
construction and a hypothetical construction from the 80s.
As a first step the relevant data for the 11 selected schools had to be either determined or certain
assumptions made. Depending on the data basis, this can be extremely time consuming. For the
planning and implementation of the refurbishment of a given school, the data assessed for this
study would have had to be collected later anyhow. In addition to the evaluation of the energy
demand, the historic value and preservation requirements had to be assessed for all relevant
building elements such as windows, facades and roofs. Both assessments are necessary for the
sustainability rating for the given building.
Fig. 1: Eleven selected schools to be refurbished as well as the location for a new construction site
in the city of Zurich

2.3 Assumptions for the scenarios
The following assumptions were made to develop the scenarios:
 Each school of the portfolio will be refurbished once from now on until 2050.
 The area consumption per pupil will remain the same until 2050.
 The level of technology and the resulting energy consumption for appliances will not increase by 2050.
 The extrapolation is based on current technology and its energy efficiency. Therefore, increases in efficiency and new technologies are not considered.
 Approximately 8% of the building inventory will be replaced by new constructions. The percentage of listed and not listed buildings remains unchanged.
2.4 Process
As the project sought to find a way to meet the ambitious reductions goals in a sustainable manner,
the process of developing the scenarios in interdisciplinary groups was given high importance. The
project structures were thus complex and time consuming; nevertheless, they were also useful to
illustrate the goals and standpoints of the individual stakeholders.

3. Scenarios
3.1 Current state
The current state of energy demand was calculated for all the selected schools. None of the
examined school building shells satisfied current energy requirements regarding full refurbishment.
All  of  the  schools’  energy  production is based on fossil fuels.
3.2 Scenario 1
Scenario 1 is a refurbishment with minor work on conservation or visually relevant elements. It
mainly involves installing double insulated glazing and the insulation of roof, floors adjacent to unheated spaces and cellars and installing a new energy source. In cases, where in future high temperature heating systems are to be introduced, a change to a new energy source was assumed
(e.g. pellets or biogas).
3.3
Scenario 2
Scenario 2 is a comprehensive refurbishment of the building shell, which involves the insulation of
the façade in addition to the measures mentioned in scenario 1 - depending on the school building
this would include external as well as internal insulation of the walls (e.g. for visible brick walls) and the replacement of all fossil fuels sources by renewable energy heating systems.
3.4 Scenario  “consensus”  
The consensus scenario is the result of the interdisciplinary work group and intensive discussions.
The project team established for all the examined schools a refurbishment catalogue, which is
supported   by   all   involved   parties.   The   version   “consensus”   is   considered   the   most   sustainable
version. It is a mixture of versions 1 and 2.
3.5 Solar potential
The  potential  output  of  a  photovoltaic  system  is  shown  in  the  graphs  of  versions  2  and  “consensus”  
as the negative pillar (values below zero) and corresponds to energy saving potential compared to
the primary energy consumption or greenhouse gas emissions. If the solar potential is utilised the
pillar for the solar potential can be subtracted from the illustrated positive pillar.

Fig. 2: 11 Illustration of all versions with examples of two schools built in 1973 and 1943
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4. Results
4.1 Comparison of all of the selected schools
The 11 examined schools mark the building block of the extrapolation. In order to illustrate the
whole portfolio a hypothetical building from the 1980s and a new construction site were included.
4.2 Actual state of the selected schools
With an average demand of 530 MJ/m2 for the heating systems all of the schools deviate greatly
from current energy requirements. The greenhouse gas emissions in particular indicate a strong
dependency on fossil fuels to cover the heat requirements. On average 90% of all the greenhouse
gas emissions are produced by room heating systems. As all of the buildings are over 30 years old,
the embodied energy is already written off. The mobility induced by the buildings, however, is very
low, as the buildings are located in the middle of the city and close to the living areas of the students. In this aspect the schools already meet the requirements of the 2000-Watt-Society.
4.3 Scenario  “consensus”  of  the  selected  schools
The heating requirements of all examined schools can be significantly reduced by specific
measures. For heating (for room heating and warm water) only 50% of total energy requirements
are  needed  in  the  version  “consensus”.  Regarding  greenhouse  gas  a  reduction  by  a  factor  of  4  to  8  
can be achieved

Table 1: All schools at the actual  state  (left)  in  comparison  with  the  scenario  “consensus”  (right)

MJ/m2a

Primary energy in total, actual state

Primary energy in total, scenario consensus

Primärenergie nicht erneuerbar / Vor Instandsetzung

MJ/m2a
1400

Mobility
Light+Appliances

1200

1000

800

600

400

1400

MJ/m2a

1200

Ventilation
Heating+WW

1000

Embodied Energy/GHG

MJ/m2a

1400

800

1400

1200

Primärenergie nicht erneuerbar / Konsens

Mobility
Light+Appliances
Ventilation
Heating+WW
Embodied Energy/THG
solar

600
1200

1000

400
1000

Zielwert 2050

Zielwert 2050

800
200

800
200

Goal 2050

600

600

0

Goal 2050

0

400

400

-200

200

200
0

0

Architekturbüro H.R. Preisig
K.Pfäffli 06.07.2010

schools

-200

schools

Architekturbüro H.R. Preisig
K.Pfäffli 06.07.2010

Greenhouse gas emissions, actual state

Greenhouse gas emissions, version consensus
kg/m2a

kg/m2a

70.0

70.0

60.0

60.0

50.0

50.0

40.0

40.0

30.0

30.0

20.0
20.0

Goal 2050

Goal 2050
10.0

10.0

0.0
0.0

-10.0

schools

Architekturbüro H.R. Preisig
K.Pfäffli 06.07.2010

4.4 Extrapolation for the entire state school portfolio
The extrapolation for the whole portfolio is calculated from area-weighted components. The study
of the 11 schools in the city of Zurich represents a major part of the state school portfolio. Currently
old and historic buildings account for roughly 85% of the whole inventory. The extrapolation is
based on the assumption that roughly 55% of the schools will be listed buildings by 2050, 22% will
be non-listed historical buildings without specific protection. 15% of the schools were built in the
years between 1980 and 2010. Furthermore, it is assumed that by 2050 8% of the school portfolio
will be supplemented by new buildings constructed after 2011.
The state school portfolio of the city of Zurich can achieve the milestone goals of the 2000-WattSociety by means of the SIA Efficiency Path Energy [1]. As expected, the greatest challenge is to
reduce the greenhouse gas emissions. Here the goals will be just met.

Table 2: Extrapolation for the entire state school portfolio: Actual state and projection scenarios for
the year 2050: Primary energy total (left) and greenhouse gas emissions (right):
Primary energy total
MJ/m2a
1400

1200

1000

800

Greenhouse gas emissions

Primärenergie nicht erneuerbar / Konsens

MJ/m2a

Mobility
Light+Appliances
Ventilation
Heating+WW
Embodied Energy/THG
solar

600

400

200

1400

1200

1000

800

Primärenergie nicht erneuerbar / Konsens

Mobility
Light+Appliances
Ventilation
Heating+WW
Embodied Energy/THG
solar

600

Zielwert 2050

400

Zielwert 2050

200

0

0

-200

-200

5. Sensitivities, lever and stumbling blocks
5.1 Increasing land consumption per head
A highly relevant factor in meeting the set goals is the factor area consumption per pupil
respectively teacher. In all present extrapolations it is assumed that this factor will no longer
increase.
However, this assumption conflicts with the present developments and school requirements (e.g.
there has been a constant increase in land consumption since 1960s by a factor of 3). Especially
changes in practice such as reductions of class size, the considerable heterogeneity, the
increasing range of care services and the allocation of additional tasks (e.g. media education, drug
use prevention etc.) as well as new teaching methods and styles have led to an increasing land
consumption. This development is highly sensitive and is directly proportional to energy
requirements, greenhouse gas emissions and costs. The land consumption per pupil in all schools
of the city of Zurich today corresponds to Swiss average levels.
5.2 Convenience and Consumer Behaviour
While previously only the classrooms were heated, which often leads to temperatures of 17°C in
the corridors, there is an increasing demand for a balanced temperature throughout the building to
facilitate working and learning outside the actual classroom. In terms of classroom equipment there
has also been a great change. Today, elementary schools are also equipped with computers,
projectors and electronic boards etc. to facilitate learning. However, such additional equipment
impacts on the power consumption. Lighting is also often increased outside of the classrooms,
which again increases the power consumption. Consumer behaviour also has a decisive impact: If
computers are not turned off, windows left open during peak heating times and lights turned on in
unutilised rooms it is it very likely that the operating energy demand is doubled.
5.3 Costs / benefit considerations
The increasing requirements and constraints for refurbishments produce higher cost ratios. In order to meet the milestone goals set by the 2000-Watt-Society a refurbishment cycle must be complied with, this means that all schools need to be refurbished at least once by 2050. According to
initial extrapolations this potentially leads to conflicts with existing finance provisions.

5.4 New constructions versus comprehensive refurbishments
Previous to this study, the hypothesis was formulated that the school portfolio of the city of Zurich
could not be successfully brought to the path to the 2000-Watt-Society without replacing a major
part of the historic buildings by new constructions. This assumption has proven to be incorrect.
New constructions demand a considerable investment in embodied energy, namely for the
construction itself and for the production of the required building materials. In applying a
comprehensive analysis it became evident that total refurbishments reach levels similar to those of
new buildings. In terms of deciding between a new construction and an adequate total
refurbishment the question of the primary energy consumption thus plays a minor role. Regarding
energy consumption new constructions are only of greater interest if they offer a higher utilization
and a more compact design.
Table 3 Extrapolation with varying percentage of new buildings
kg/m2a

Solar

Embodied GHG

Heat+Electricity

Mobility

30

25

20

In the case of light energetic refurbishment of
old buildings (Scenario 1) if the proportion of
new buildings is increased from 8% to 20% in
the extrapolation to the entire school portfolio,
the overall energy balance is improved.

15

10

5

0

-5

Scenario 1,
8% New Buildings

Scenario 1,
20% New Buildings

Scenario 2,
8% New Buildings

Scenario 2,
20% New Buildings

In the case of a comprehensive refurbishment of
old buildings (Scenario 2) the overall energy
balance is even slightly worse if the proportion of
new buildings is increased.

5.5 Insulation of the building envelope vs. change of energy source
From an architectural point of view and specifically in view of preserving historic buildings,
replacing energy sources is not a problem. Increasing facade insulation, on he other hand, often
requires substantial changes to the building substance and the architectural impact. The question
therefore is, whether it is sufficient to replace heating systems. Especially with respect to
greenhouse gas emissions the change to renewable energy systems brings great advantages.
Heat pumps are, for example, a good alternative. These systems, however, work mostly efficiently
when the temperature difference between the required heat and the surrounding environment is
low. This means that heat distribution should be in the range of 30°C according to current
technology. However this would not be possible with old poorly insulated historic buildings due to
the required heating power and the small surface area heat distribution systems.
5.6 Ventilation
The study showed that subsequent installation of ventilation systems with heat recuperation is
often difficult or even impossible in existing school buildings. Therefore, a simple ventilation system
was assumed for all extrapolations. For the chosen examples it was assumed, that the ventilation
is assured with automatic opening of windows. For new buildings the calculations used ventilation
systems with heat recuperation. The difference in the energy balance between systems with and
without ventilation systems vary considerably depending on the energy use and the relevant
energy source of the system.

5.7 Appliances, lighting
The electrical power consumption of appliances and lighting was assumed to be the same in all
scenarios and to stay stable until 2050. Nevertheless, the power consumption of schools has
increased steadily in the past years. A detailed analysis of this topic still needs to be carried out.
5.8 Energy source
For the electricity the current electricity mix of Swiss power plants was applied. These figures
however probably will change by 2050 towards more environmentally sound energy sources
(green energy, decentralized heating systems). In certain cases, this is already the case, which
was   not   considered   in   the   extrapolations.   The   reduction   potential   for   “green   electricity”   depends  
heavily on the prevalence of heat pumps. If we assume that 55% of the old and historic school
buildings use heat pumps, greenhouse gas emissions can be reduced by approximately 24%.
5.9 Induced mobility
With respect to the induced mobility, the state schools of Zurich have a clear advantage compared
to the Swiss average. The energy consumption due to mobility only amounts to approximately half
of the benchmark of the SIA efficiency path. This bonus helps to compensate other energy uses. It
is interesting to note that teachers cause the major part of the mobility induced by schools. Due to
the dense population and the short distances to schools practically all children can walk to school.
5.10 Innovation, new technologies
All of the values used in the extrapolations assume the current state of technology. Although new
innovations, a better diffusion of existing technologies such as photovoltaics and efficiency
improvements e.g. in the production of building materials can be expected in many fields, they
were not considered in the scenarios.

6. Conclusions and Outlook
6.1 Conclusions
The project shows a possible path to reach the ambitious reduction goals of the 2000-Watt-society
programme. The project is characterised by:





The interdisciplinary collaboration of different stake holders and experts.
A scope which includes the entire building portfolio. This allows the city to preserve
valuable historic buildings or building parts and compensate the resulting energy losses
with intensified energy saving efforts in other areas.
Energy analysis in an early planning phase, e.g. before the long-term strategy of the
buildings are defined
A comprehensive method of energy assessments: all relevant parameters are addressed,
including the energy and green house gases for use and maintenance, the embodied
energy and green house gas emissions and the energy used for mobility induced by the
building's location.

Although the process described is rather time consuming, it allows all stake holders to act
proactively and to define the common goals and balance them with other requirements. As a result,
the scope of options is larger and more viable and sustainable solutions can be found, which are
more motivating for those in charge of the implementation. This procedure can be transferred to
other portfolios.

6.2 Implementation
The project was not limited to theoretical insights, it also initiated definite steps for its
implementation.
In order to translate the consolidated findings in practical building procedures, the necessary steps
were defined for all standard building procedures of state schools in the city of Zurich. A follow-up
project, which is led by the School Department of Zurich, focuses on parameters, which go beyond
technical building measures, such as giving incentives for less area consumption and addressing
behavioural aspects of energy consumption.
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Summary
The author has investigated the performance in practice of 31 commercial and institutional
buildings in 11 countries - all either recipients of national awards for sustainable design or highly
rated in terms of the relevant sustainability rating tool from the point of view of the users. This
paper lists the buildings and tabulates the average scores (based on the results of a questionnaire
survey) for seven comfort factors and four satisfaction factors. The buildings are ranked in terms of
an index that incorporates all eleven of these factors. The common features of the more highly
ranked buildings are described and the paper concludes with a brief discussion of some of the
common issues and the lessons that may be learnt from a study of the performance of sustainable
commercial and institutional buildings, from the point of view of the people who use them.
Keywords: Sustainable buildings;;   Users’  perceptions;;   Post   occupancy   evaluation;;   Building  users;;  
Building performance assessment.

1.

Introduction

Driven by a growing awareness of the major impact buildings have on the environment, there has
been increasing interest in the development of more sustainable building designs over the last two
decades or so, together with a corresponding interest on their impact on the building users [1, 2, 3,
4, 5, 6 and 7]. The aim of this research was to provide an independent and unbiased evaluation of
how the users perceive some of our recent sustainable building developments [8]. Buildings that
the users perceive to be flawed are hardly likely to be sustainable. Longer term, the intent is to
assess   the   potential   for   including   ratings   based   on   users’   perceptions   in   future   building  
sustainability rating tools [9].

2.

Survey Methodology

The main method used to gather data was a questionnaire survey, distributed and collected
personally at each building during working hours by the author. Experience has demonstrated that
this is by far the best way to ensure a good response. The surveyor is readily available to answer
any questions, is able to encourage responses directly, and can get some sense of the nature and
ambience of the building.
The questionnaire has evolved over several decades, from a 16-page format used for the
investigation of sick building syndrome in the UK in the 1980s, to the more succinct 2-page version
developed by Building Use Studies [10] for use in the Probe investigations [11]. The sixty or so
questions cover a range of issues. Fifteen or so elicit factual background information on matters
such as the age and sex of the respondent, how long they normally spend in the building, and
whether or not they see personal control of their environmental conditions as important. The
remaining forty-five ask the respondent to rate some aspect of the building on a seven-point scale;

typically  from  ‘unsatisfactory’  to  ‘satisfactory’  or  ‘uncomfortable’  to  ‘comfortable’,  where a  ‘7’  would  
be the best score.
The following forty-five aspects are covered:
Operational - space needs, furniture, cleaning, meeting room availability, storage
arrangements, facilities, and image;
Environmental - temperature and air quality in winter (8 factors) and in summer (8 factors),
lighting (5 factors), noise (6 factors), and comfort overall;
Personal Control - of heating, cooling, ventilation, lighting, and noise; and
Satisfaction - design, needs, productivity, and health.
In this paper the nature of the buildings and their users will be outlined.  Following  that,  the  users’  
average perception scores for eleven specific performance factors are tabulated. These factors are
components of a Summary Index which attempts to encapsulate, in a single figure, the users’  
overall perception of comfort and satisfaction with the building. The buildings with high Summary
Indices are listed and some of their main features identified. Finally, some of the key issues that
emerged from the study of this set of sustainable buildings are summarised.
The 31 buildings surveyed were spread over 11 countries and a number of continents: six from
North America; eight from Europe; ten from Australasia; and six from Asia, in a range of climatic
zones, as follows:
Cold-Temperate Zone (6 case studies)
NRG Systems Facility, Hynesburg, Vermont, USA; Computer Science and Engineering Building
(CS&E), York University, Ontario, Canada; Toronto Military Families Resource Centre (MFRC),
Ontario, Canada; Sciencepark (SciPk), Gelsenkirchen, Germany; National Engineering Yards
(NEY), Vancouver, British Columbia, Canada; Liu Institute, University of British Columbia,
Vancouver, Canada.
Medium-Temperate Zone (11 case studies)
Gifford Studios, Southampton, England; Arup Campus, Solihull, England; ZICER Building,
University of East Anglia, Norwich, England; Renewable Energy Systems (RES) Building, Kings
Langley, England; City Hall, London, England; The Foundation Building, Eden Project, St Austell,
England; Mathematics Statistics and Computer Science (MSCS) Building, Christchurch, New
Zealand; St Mary's Credit Union, Navan, Ireland; Scottsdale Forest Ecocentre, Tasmania,
Australia; Tokyo Gas, Yokohama, Japan; Nikken Sekkei (NikSek)Building, Tokyo, Japan.
Warm-Temperate Zone (9 case studies)
The Landcare Research Laboratory, Auckland, New Zealand; The Campus Reception and
Administration Building, AUT, Auckland, New Zealand: 60Leicester Street, Melbourne, Victoria,
Australia; 40 Albert Road, South Melbourne, Victoria, Australia; The Red Centre Building,
University of New South Wales, Sydney, NSW, Australia; Institute of Languages (IoL), University
of New South Wales, Sydney, NSW, Australia; General Purpose Building (GP), Newcastle
University, NSW, Australia; Student Services Centre (SSC), Newcastle University, NSW, Australia;
Natural Resources Defence Council (NRDC), Santa Monica, California.
Hot-Humid Zone (5 case studies)
Institute of Technical Education (ITE), Bishan, Singapore; Ministry of Energy, Water and
Communications (MEWC) Building, Putrajaya, Malaysia; Menara UMNO, Penang, Malaysia;
Torrent Research Centre (conventional HVAC) (TRC-AC), Ahmedabad, Gujarat, India; Torrent
Research Centre (using PDEC) (TRC-PDEC), Ahmedabad, Gujarat, India.
(Note – the acronyms or shorthand forms in brackets and bold font will be used later in the text for
convenience)

Virtually all were recipients of national awards for sustainable or low energy design, or were highly
rated  in  terms  of  their  respective  country’s  building  sustainability  rating  tool  (BREEAM  in the UK,
CASBEE in Japan, LEED in the USA, Green Star in Australia, Green Globes in Canada, etc) or in
some way pioneered sustainable architecture.
These buildings were all commercial or institutional in nature, housing anything from 15 to around
350 staff. Fifteen of the buildings accommodated office activities predominantly, ten were tertiarylevel academic teaching buildings, four housed laboratories or research organisations, and two
contained a combination of light industrial and administrative functions.
Most had been built or refurbished in the course of the last decade, and all of them had been
occupied for a year or more before the survey work was carried out, giving most occupants
sufficient time to experience their new surroundings over at least a full annual cycle. Of course,
willingness on the part of the building owner and tenants to be surveyed was also an essential
prerequisite, and not all building owners felt in a position to accept my overtures - random
statistical sampling is simply not feasible.
Overall, there were some 2035 respondents to the questionnaires. For 98 per cent of the
respondents (43.3 per cent female; 56.7 per cent male), the building was their normal place of
business. They worked 4.73 days per week on average and 8.01 hours per day, of which around
6.48 were spent at their desk or work space and 5.47 at a computer screen. Most (75.1 per cent)
had worked in the building for more than a year.

3. Scoring for the overall comfort and satisfaction factors
The mean scores and standard deviation values for all forty-five factors have been reported
elsewhere [12]. In what follows the focus will be on: those seven overall factors most directly
related to the internal environmental comfort of the users; and the four factors that related
particularly to their satisfaction with the building; as evidenced by their average scores. These
factors are all components of a Summary Index (more of which later) used to encapsulate the
overall  performance  of  the  building  from  the  users’  point  of view.
Table  1  lists  the  means  and  standard  deviations  of  the  users’  perception  scores  for  each  of  these
eleven factors, and the corresponding benchmark. Each factor corresponds to a specific question –
these are abbreviated to key words to fit the table, but reflect the nature of the full question posed
to the building users. Particularly worth noting is the fact that (other than Productivity as noted
above) all of these average scores   are  greater   than   ‘4’  the   mid-point of the 7-point scale and all
(including Productivity) are higher than their respective benchmark values (see Table 1, Note c and
the Appendix for a brief explanation of the basis for the benchmarks).
Of the seven Comfort Factors, Lighting Overall, with a mean score of 5.15 was the highest by far;
well   above   ‘4’,   and   significantly   higher   than   the   benchmark   value   of   4.38. Temperature, Air and
Noise Overall were all around the 4.4 mark, placing them just over the mid-point – of these, both
Temperature and Air in Summer seemed to be significantly better than the benchmark. Perhaps
reassuringly, the Comfort Overall score of 4.91 lay somewhere in between, well over both the midpoint and the benchmark.
As far as the Satisfaction Factors were concerned, Design and Needs averaged out close to a
score of 5 and higher than their benchmark values. Health, at 4.25 was over the scale mid-point
implying that the occupants perceived themselves to be healthier in these buildings on average,
and much higher than a worrisomely low benchmark. Encouragingly, the fourth factor, Productivity,
also scored well on the positive side (this time compared to a negative benchmark value), though
with an SD value of around 10 per cent there is clearly some variation between the building
averages.

Table 1 Means, Standard Deviations and Benchmarks of user perception scores for eleven factors
Index
Comfort
Factors

Satisfaction
Factors

Factor
Comfort overall
Lighting overall
Noise overall
Temp in winter
Temp in summer
Air in Winter
Air in summer
Design
Needs
Health
Productivity %

Mean score
4.91
5.15
4.42
4.42
4.32
4.44
4.33
4.99
5.16
4.25
+4.07

SD
0.84
0.73
0.84
0.68
0.97
0.61
0.86
1.08
0.78
0.71
10.02

BMK
4.30
4.38
4.17
4.24
3.85
4.41
3.74
4.60
4.59
3.36
-1.87

Notes:
a – the mean scores listed are the averages of the mean scores for each building (as opposed to
the mean of the individual respondent scores which could have a slightly different value).
b – except for the factor Productivity where gains and losses are reported as a percentage, all
other factors are scored on a 7-point  scale,  where  ‘7’  would  be  the  ideal  and  the  mid-point  ‘4’.
c – the BMK (benchmark) values listed (copyright BUS Ltd) are based on the average of the
previous fifty buildings surveyed – these are subject to gradual change over time.

4.

Buildings with high Summary Indices

Having considered the scores for these eleven factors for this set of buildings, this section will
overview the performance of the buildings in terms of what is termed the Summary Index. While it
is useful, indeed essential to be able to look in detail at the individual factor scores, it can also be
instructive, as well as convenient to consider groups of related factors together. The Building Use
Studies (BUS) analysis package calculates three indices – the Comfort Index, the Satisfaction
Index and the Summary Index (their method of calculation is described in the Appendix). All three
use a 7-point scale ranging from ‘-3’  to  ‘+3’,  where  ‘+3’  is  considered  ‘best’  and  the  mid-point lies
on zero.
The first of these is the Comfort Index which attempts to encapsulate, in a single figure, an
overview of users’   perceptions   of   that  aspect   of   the  building’s  performance.   It   is formulated from
the scores for Comfort Overall, together with the main environmental factors of Lighting Overall,
Noise Overall, Temperature Overall in both winter and summer and Air Overall in both winter and
summer. Fig 1(a) illustrates how this set of buildings performs when measured by the Comfort
Index. With an average value of +0.79, the majority of the buildings were above the mid-point of
the scale in terms of comfort. Ten of these were greater than +1.00 and all the climatic zones and
ventilation types were well represented. Some five cases were less than the mid-point but none of
these fell below -1.00. The top ten buildings for comfort were TRC-AC, NRG, MSCS, NRDC, and
MFRC (all with indices greater than +2) followed closely by TRC-PDEC,  St  Mary’s,  MEWC,  AUT,  
and 40Alb (with indices between +1 and +2).
The second of these indices is the Satisfaction Index which attempts to encapsulate, in a single
figure,  the  users’  overall  satisfaction with the building. It is formulated from the scores of the overall
ratings for Design, Needs, Health and Productivity and  it  too  uses  a  ‘-3’  to  ‘+3’  scale.  As  shown  in  
Fig 1(b), the mean score was +1.15 and only four cases were less than the mid-point and again
none of these dropped below -1.00. Overall these buildings were found to perform higher in terms
of  ‘satisfaction’  than  they  did  for  ‘comfort’.  The  same  five  buildings  (NRDC,  NRG,  TRC-AC, MFRC,
and MSCS) had indices greater than +2. TRC-PDEC,   St   Mary’s,   40Alb,   MEWC,  and   AUT,   were  
again greater than +1, together with 60L, Arup, and NikSek.

Fig. 1 Distribution of the Comfort, Satisfaction and Summary Indices
Notes:
a - N is the number of buildings
b - the mid-point (0) of each horizontal scale is indicated.
c - horizontal scales range from -3 (unsatisfactory, uncomfortable,
etc) to +3 (satisfactory, comfortable, etc).
d - the shaded strip across the top of each histogram indicates the
band containing the ideal score for that variable, +3 in all cases here the darker the shading, the better the score
The third of these indices, the Summary Index is simply the arithmetical average of the Comfort
and Satisfaction indices. Fig 1(c) illustrates the distribution of this index which, as might be
expected lies somewhere between the comfort and satisfaction distribution with a mean value of
0.92. As can be seen, twenty-five cases (or 86%) are above the mid-point of the scale and only
four (or 14%) are below. Of the eleven buildings with summary indices greater than +1 (NRG,
TRC-AC, NRDC, MFRC, MSCS, TRC-PDEC, St   Mary’s,   40Alb,   MEWC,   60L,   and   AUT), all had
satisfaction and comfort indices in the 1-3 range as well, though not necessarily at the same level.
Table 2 lists the buildings in descending order of Summary index, together with the scores for the
eleven factors on which that index is based.

Table 2 Building with Summary Indices greater than +1
Building

Location

Latitude Climate

Ventilation
Systems

NRG

Vermont

44.5ON

Cold-Temperate

Mixed-Mode

O

TRC-AC

Ahmedabad

23.0 N

Hot-Humid

Full AC

NRDC

California

34.0ON

Warm-Temperate

Mixed-Mode

MFRC

Toronto

44.0ON

Cold-Temperate

Mixed-Mode

MediumTemperate
Hot-Humid

Advanced NV

MediumTemperate
Warm-Temperate

Mixed-Mode

Hot-Humid

Full AC

MSCS

O

Christchurch 44.0 S
O

TRCPDEC
St Mary's

Ahmedabad

23.0 N

Eire

54.0ON

40Alb

Melbourne

44.5ON

MEWC

Putra Jaya

3.0ON
O

PDEC System

Mixed-Mode

60L

Melbourne

44.5 N

Warm-Temperate

Mixed-Mode

AUT

Auckland

37.0OS

Warm-Temperate

Advanced NV

Summary
Index
(-3 to +3)
2.93
2.83
2.82
2.45
2.39
1.95
1.73
1.42
1.33
1.23
1.18

As can be seen, five of the buildings have indices between 2 and 3 (the scale here is from -3 to +3)
and a further six were between 1 and 2 – outstanding performances overall. Five of them were
offices and the remainder included a range of activities (research, academic, manufacturing).
Buildings from all four climatic zones were included – two each from the cold-temperate and
medium-temperate zones, four from the warm-temperate and three from hot-humid zones – and
they were spread over a range of latitudes – from 54ON, through 3ON to 44OS. Two were fully airconditioned, two had advanced natural ventilation systems, one employed a PDEC (Passive
Downdraft Evaporative Cooling) system, while the remaining six had mixed-mode arrangements.
Of these six, five were of the change-over type, with natural ventilation systems designed to
operate during mild outside conditions and the mechanical ventilation systems reserved for the
extremes of winter or summer.
Not all of the buildings with high Summary Indices ranked uniformly high across all the factors.
Ranked 10th in terms of its Summary Index, 60L for example was 20th for Noise Overall. Similarly,
buildings with relatively lower ranked Summary Indices score well on some factors. Tokyo Gas, for
example rated 3rd for Noise Overall, RES was 6th for Design, ZICER was 9th and 10th for Air and
Temperature in winter, and GP was 9th for Lighting Overall, despite all of them being lower in the
Summary Index ranking order.
Nevertheless, the next part of the paper will focus on the buildings with high Summary Indices in
an attempt to discern those particular features that may have led to such high user perception
scores and indices.

5.

Common features of the buildings with high Summary Indices

While  the  focus  of  this  paper  has  been  on  the  users’  perceptions  of  a particular set of sustainable
buildings, as revealed by their responses to the questionnaire, it is by no means the whole story.
Informed readers will be well aware that the priorities of the client, the experience of the
architectural and engineering team, their commitment to integrated design, and the time available
for the whole process can all have a profound influence on the building and its eventual
performance. An integral part of the methodology used here was to conduct a structured, recorded
interview with a key architect and environmental engineer from the design team, undertake a
detailed tour of each building and its facilities, and collect relevant documentation.
Without exception, it was found that the clients for these buildings were highly committed to the
principles and practice of sustainability. The clients for the academic buildings, for example, tended
to have a long term view of their building projects, at the very least in terms of future energy costs,
but usually in terms of their broader environmental impact and of course their educational
influence.  In  several  instances,  the  clients  were  actively  involved  in  some  aspect  of  ‘environmental  
business’   and   were   clearly   motivated   by   the   desire   to   demonstrate   their   commitment   to   the  
principles of sustainability. While some embraced the idea that the building could also act as a
demonstration of a number of leading edge practices, all required a rigorous economic case to be
made before approving their incorporation in the design. While most of the buildings were owneroccupied and the client could be expected to take a long term view, this was by no means
universal – some were leased (in the case of 60 Leicester St a specific environmental lease had
been drawn up) while others were designed with possible future leasing in mind.
This   commitment   to   sustainability   was   also   evident   in   the   client’s   choice   of  architect.   All   of  them  
were established practitioners from the relevant region of their country, familiar with the culture and
climate of the locality. All had strong track records and in several cases a philosophical
commitment to the application of environmentally sustainable design principles. In addition, these
architects were experienced in employing integrated design processes to achieve their
sustainability aims – architects, engineers, and other specialists working together from the outset,
fully cognisant of the downstream impact of early design concept decisions. In every case
adequate design time had been allowed for the thorough exploration of alternative potential
solutions.
In terms of the operation of these buildings, a
management department of their organisation, be
the buildings housed a technically sophisticated
carried out by staff in-house. In a few instances
oversee the running of the building.

number were under the care of the facilities
it a university campus or a municipality. Where
organisation, operation and maintenance was
a manager had been appointed specifically to

Good environmental design principles and practice were in evidence throughout. A universal
objective was to maximise daylighting while minimising the adverse effects of unwanted solar heat
gains and glare via the windows. Whether on restricted or open sites, the designers had taken
particular care to ensure quality daylighting was available throughout these buildings. As
evidenced by the preponderance of mixed-mode and advanced natural ventilation systems, an
equally important objective, in all but the two buildings with full air-conditioning, was to enable good
natural ventilation, including night ventilation. A range of shading systems had been employed and
where the sites allowed, the high latitude buildings were oriented to make best use of winter solar
heat gains, while the layout of the equatorial cases minimised their year-round solar heat gains.
However, glare from sun and sky remained an issue for some users.
Despite efforts to provide a thermally comfortable environment, summer overheating was noted in
several of the naturally ventilated or mixed-mode temperate zone buildings. By contrast, some
users of the fully air conditioned buildings found them to be on the cold side in summer – a hint that
their set points could possibly be raised. Of particular interest was the finding that many of the
buildings in the warm-temperate zone were felt to be on the cold side in winter – an indication that
more attention should be given to this aspect of design.

Other design issues that were revealed by this investigation included noise and glare – issues that
could usefully be given more attention in future projects. In the case of noise, juxtaposing offices
with other activities such as auditoria, meeting rooms, showrooms, visitor areas, even corridors
with hard surfaces and wooden floors is best avoided. Noise and disturbance within the open plan
offices themselves could probably be alleviated by the establishment of appropriate etiquette and
some education of the staff on the implications of moving from cellular to open-plan offices, as well
as appropriate layout and acoustical design. Direct glare from the sun was noted in buildings in
every climatic zone and is somewhat surprising, given the predictability of sun angles and the effort
put into shading systems – perhaps more care needs to be taken with internal layouts and the
positioning of workstations in relation to the windows.
The design challenges arising from the use of large expanses of west-facing glazing have again
been revealed. Despite heroic efforts to mitigate the effects of the inevitable solar heat gains, these
proved ineffective in the case of the Science Park building. By the same token, juxtaposing the airconditioned and naturally ventilated classrooms at the Institute of Technical Education, where
students and teachers move regularly from one to another appears to be a recipe for user
dissatisfaction, in this instance exacerbated by locating the condensers outside the openable
windows. Where the outside temperatures start to exceed 40 OC, natural ventilation may not be
considered an option – but, as evidenced by the success of the PDEC system at the Torrent
Research Laboratories, there are other possibilities if the circumstances are suitable.
Despite the temperature issues noted above, as far as the occupants were concerned there were
indications of a growing acceptance of a wider temperature band and tolerance for internal thermal
conditions to change gradually in accordance with the seasons. The occupants also appreciated
being able to see or feel the effect of their operating any of the control systems to which they had
access – natural ventilation openings were mentioned in this respect.
Overall,   users’   perceptions   of   these   buildings   were   relatively   high,   but   there   is   still   potential   for
further improvement, particularly in the case of perceptions of thermal and acoustic environmental
conditions.
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Appendix - Calculation of Comfort, Satisfaction and Summary Indices
First, it should be made clear that each of the factors has been assigned a benchmark (copyright
BUS) on its 7-point scale. At any given time, these benchmarks are simply the mean of the scores
for each individual factor, averaged over the last 50 buildings entered into the BUS database. As
such, each benchmark score may be expected to change over time as newly surveyed buildings
are added and older ones withdrawn. Nevertheless none of them was observed to have changed
significantly during the five years or so over which these buildings were surveyed.
The Comfort Index involves temperature, air quality, lighting and noise factors. It encapsulates, in a
single  figure,  an  overview  of  users’  perceptions  of  that  aspect  of  the  building’s  performance.    This  
index is formulated from the Z-scores for Comfort Overall, together with the main environmental
factors of Lighting Overall, Noise Overall, Temperature Overall in both winter and summer and Air
Overall in both winter and summer. The Z-scores are derived from (actual score – benchmark) /
(benchmark standard deviation). They are standardized scores with mean = 0 and standard
deviation = 1, and are used here to give equal weights to the seven constituent values of the index.
The formula for calculating this index is simply the average of the Z-scores for these seven factors,
i.e.
CI = (Zcomfort + Zlight + Znoise + Ztempwinter +Ztempsummer + Zairwinter +Zairsummer ) / 7
The  Comfort  Index  is  based  on  a  scale  of  ‘-3’  to  ‘+3’,  where  ‘+3’  is  considered  ‘best’  (the  mid-point
lies on zero).
The Satisfaction index Involves design, needs, health, and productivity factors. In a similar way to
the   Comfort   Index,   the   Satisfaction   Index   encapsulates,   in   a   single   figure,   the   users’   overall  
satisfaction with the building. It is formulated from the Z-scores of the overall ratings for Design,
Needs, Health and Productivity. The formula for calculating this index is simply the average of the
Z-scores for these factors, i.e.
SI = (Z design + Z needs + Z health + Z productivity) / 4
As  before,  the  Satisfaction  Index  is  based  on  a  scale  of  ‘-3’  to  ‘+3’  where  ‘+3’  is  considered  ‘best’  
(the mid-point lies on zero).
The Summary Index is simply the arithmetical average of the Comfort and Satisfaction Indices.
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Summary

Evironmental rating of buildings have been increasingly popular during recent years. Often
building owners or developers can choose to make an assessment according to a national
assessment stystem or an international often more recognized system. But since building
assessement tools differ a lot regarding content and assessment methodolgy it is difficult grasp
characteristic differences between them. In the end also the cost of a rating is an important
factor. This paper present a framework for tool comparison useful for screening at tool selection
or a deeper analysis by experts.
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1. Introduction
Building assessment tools often claim that they measure sustainability. This concept is normally
described as being based on three pillars; environmental, social and economic sustainability
which interacts (Figure 1a). For a single building the social and economic meaning of
sustainability is somewhat diffuse.The relation between buildings and the environmental
sustainability is clearer since buildings consume physical resources, creates emissions directly
or indirectly and have an impact on biodiversity locally but to some extent also on a larger scale
via resource extraction and emissions.
Long-term environmental sustainability can be looked at as a precondition for the wider
sustainability of a society (Figure 1b). For this reason focus here is on the environmental
dimension.

Figure 1. a) A common way to show the interrelationships between environmental, social and
economic sustainability. b) It is also possible to regard environmental sustainability as a
precondition for the other sustainabilities.

2. Aim
The aim of this paper is to provide a framework for comparison of building environmental
assessment tools as a basis for selecting tool and understanding their different characteristics.

3. Types of tools
When comparing assessment tools for buildings, it can be fruitful to distinguish between tools
for environmental analysis and tools for environmental rating. An analysis tool may be more
elaborated and suitable for professionals and educational purposes, while a rating tool
preferably should be easy to understand and suitable for market communication. An analysis
tool must be strong in the area of calculating environmental impact, while the rating tool needs
to focus more on the assessment processes and relate to current building manners.

4. Tool comparison
There are a number of building environmental/sustainability tools available throughout the world.
However, even those which claim to assess the same thing are normally very different. Since
there is no standard or agreement about tool structure and content, there are endless
possibilities for designing an assessment tool.
It is often possible to use a national tool or tools which are internationally marketed, such as

LEED (US), Breeam (UK) or Green Star (AUS). These methods have the advantage of being
well known and to some extent facilitate international comparison. On the other hand, they may
be poorly adapted to national climate, building techniques and building regulations in
comparison with national tools.
There are many aspects to consider when comparing and selecting a tool. These include:
Marketing value
Suitability for different types of buildings
Ability to compare environmental performance
Environmental relevance
Suitability for environmental management at design and operation phases
Issues assessed
Cost of an environmental rating
It is very difficult to compare tools, since they generally are so different. Many attempts to
compare tools have been made over the past decade, for instance by [1], [2], [3], [4], [5], [6], [7],
[8], [9], [10], [11]. Such comparisons have either primarily focused on general aspects or have
made a closer analysis of one tool at a time. Another reason for the difficulty to compare tools
might be that building environmental assessment methods have generally been developed ‘in a
way that is different from the normal scientific approach’ [12].

5. A framework for comparison

It is generally possible to organise the majority of the content of a building environmental tool
under the following headings:
Energy use and pollution
Material and waste
Indoor environment
Water use (potable and rain)
Site and ecology
Environmental management
Environmental assessment mainly deals with prevention of negative environmental impacts
caused by buildings, i.e. avoiding environmental problems. From this perspective the above
mentioned headings are not well suited as a basis for comparison since they only tell what is
assessed but not which impacts are addressed, how prevention is rewarded, how rating is
carried out, etc.
A systematic comparison of assessment tools needs a framework that addresses the main
characteristics that may differ between tools. One such possibility is outlined in Table 1.

Table 1. Different aspects that are possible to use for comparison of environmental assessment
tools. Focus is on environmental sustainability as a basis for human wellbeing and persistence.
Question
What is
assessed?

CONTENT

Comparison aspects

Examples

The physical object
The environmental impacts

Building materials, building, site, district
Indoor, local, global
Extraction, manufacturing, transports, use,
end of life.
Performance, procedures, features
Validity, accuracy, repeatability
Levels, challenge, references,…
Points, weights, priorities,normalisation,..
Certification, assessment procedure,..
Initial, extra, final
Computer programs, manuals,.

The life cycle stages

How is the
assessment
made?

METHOD

What is the
price for an
assessment?

COST

The type of indicators
Measurements
Criteria
Aggregation
Consultant costs
Fees
Attendant costs

These comparison aspects reflect the possible variation of tools. Full analysis of a tool to
determine all its characteristics based on these aspects might be quite a task. However, a
simple overview with reference to the aspects listed might provide valuable insights when
selecting tools. Therefore the possible evaluation aspects are discussed one by one below.

6. Content
6.1

The object

This aspect deals with the spatial borders chosen for the assessed object. It ranges from
building materials, building elements, installations and buildings to site and neighbourhood.
Some tools only assess the building, but most also include some parts of the surrounding area.
It is also important to note whether an aggregated rating can be obtained on different levels.
If the main purpose of the assessment is to select structure and building materials, there is no
need to use tools that emphasize location. Even for a developer the site is often given.
In general, the more issues assessed, the more difficult it is to understand the meaning of a
label and the more time consuming is it to get a label.
When comparing tools, check:
whether the objects assessed coincide with your requirements
the number of issues assessed that are relevant for you
6.2

Environmental impacts

Environmental impacts refer to the impacts on man, nature and depletion of natural resources.
Impacts from human activities can occur on three different levels: indoor, local and global.
These impacts can be further subdivided as shown in Table 2.

Table 2. Examples of commonly used impact categories

Global
Climate change
Ozone depletion
Acidification
Eutrophication
Photochemical oxidants
Toxicity
Ionising radiation
Natural resource depletion - energy
Natural resource depletion - other

Local

Indoor

Land use
Biodiversity
Local climate
Pollution (dust, NOx,..)
Noise
Tap water use
Rain water use
Material recycling
Nutrient recycling
Light pollution

Thermal comfort
Indoor air quality
Noise
Daylight
Allergy, SBS (emissions)
Electric environment
Hazardous substances

In addition to basic impacts, tools often cover aspects linked to environmental impact but not
directly measuring the it, for example management issues, cost, etc.
When comparing methods check:
the extent to which different impacts are addressed directly or indirectly
whether the impacts coincide with what is perceived as most important
the amount of indirect indicators
6.3

Building life cycle

This aspect deals with the temporal steps involved, from natural resource extraction, via
materials manufacturing and building operation, to demolition and handling of waste. The
physical life cycle of a building is illustrated in Figure 2.

Figure 2. The physical life cycle stages of a building product where the primary function is the
use stage.
A building has a number of life cycle stages and the building process has several life cycle
phases, including project development, design and construction. The assessment tools primarily

deal with procedures regarding the preliminary design, detailed design, construction and
property management phases.
The impacts from material production are usually distributed over the whole lifetime of the
building. Therefore the life expectancy of the materials and the building itself becomes
important. The relative significance of the operational stage declines with decreased life span of
the building.
When comparing tools check:
the life cycle stages included
whether any service lifetimes are considered.

7. Method
7.1

Type of indicators

Tools can support actions, items or performance. Most tools include a mixture, which creates
problems in understanding the meaning of an aggregated result. For this reason it might be
better to aggregate the different type of indicators separately. Another possibility is to make
certain actions or features mandatory for obtaining a label.
Procedure indicators support actions intended to improve environmental performance, such as
environmental management (ISO 14001), commissioning of ventilation systems or use of an
accredited assessor. Procedures in general may be denoted as preventive indicators [13].
The results of precautionary procedures carried out at the design stage have to be validated
when the building is erected.
Feature indicators reward specific technical solutions or equipment, e.g. labelled white goods, a
heat exchanger or solar panels, but normally without evaluating the improvement in
performance. Features are easy to assess and sometimes preferred for that reason.
Performance indicators directly measure a property of the assessed object, e.g. energy demand
or CO 2 emissions from operation. The evaluation generally includes calculations or
measurements, which may be less transparent for clients than procedures and features,
especially when computer calculations are involved.
Most tools have their main focus on performance. Supporting features and sometimes also
procedures may hamper development and innovation, since certain solutions are already
rewarded. In this respect functional performance indicators are superior. Feature issues are
often less environmentally relevant since they do not recognise the size of the benefit. For a
building owner or a tenant performance is of superior interest.
When comparing tools check:
the distribution of performance, procedure and feature indicators
whether the indicator types coincide with your purpose – comparing performance,
management, etc.
7.2

Measurement

Environmental problems can seldom be easily measured, so a tool designer has to look for
simplifications as indirect measurements. Choosing robust and reliable indicator measurement
is a compromise between theoretical and practical demands for a tool designer (Table 3).

Table 3. Aspects to consider when choosing indicators for environmental assessment of
buildings(after [14])

Theoretical

Practical

Validity
Accuracy
Repeatability
Influence
Intelligibility
Simplicity

To what extent is the aim/impact measured?
How accurately is the aim/impact measured?
Does a new measurement give the same result?
To what extent can the building proprietor influence the result?
How easy is it to communicate the indicator?
How easy is it to collect data and calculate the indicator?

To understand the significance of an indicator, its aim has to be clarified. To what extent does it
reward a reduction of any basic environmental problem? Take for instance rewarding labelled
white-wares. The aim is obviously to reward reduced electricity use, but does the indicator
measure the extent to which the actual choice reduces the use of electricity and determine the
problem with using electricity? The latter depends on how electricity is produced. If fossil fuels
are involved, electricity generation contributes to climate change, while if nuclear power is
involved there is an additional risk associated with production and ionising waste generation.
The electricity used for white goods also needs to represent a substantial proportion of the total
contribution to climate change from the building in order to be a significant indicator.
Direct measurements are preferable. Procedures are always indirect measurements, since the
outcome is not evaluated in terms of performance. Features are also indirect measurements
when the size of improvement is not rewarded. The distribution of direct and indirect
measurements tells something about the robustness and credibility of a tool.
When comparing tools:
make a screening (poor, fair, good) of the indicators of a tool with reference to the
aspects in Table 3
reflect about measurement qualities with reference to the screening.
7.3

Criteria

For each indicator there are criteria for each rating level. Sometimes the increments in the
criteria scale vary. It can often be relatively more difficult to make improvements to an already
good building than to a relatively poor building. This is a reason for some tools to have smaller
increments for achieving higher rating at the top of the scale.
It should be challenging to achieve a good rating. If it is too easy, it means that a very good
building can receive the same label as a comparatively poorer building and therefore the owner
of the good building is not rewarded for its superior quality. On the other hand, if it is very difficult
to achieve a good rating, it might be too costly to reach a desired target level.
When comparing tools check:
the criteria scale on individual indicators and for the whole system. Look for already
labelled buildings as references
that efforts required to reach the different criteria levels are reasonable

7.4

Aggregation

To produce conclusive results and an environmental label, aggregation of individual scores is
necessary. The way this aggregation is performed has a crucial impact on the rating and the
possibility to compare different labelled buildings.
A way to compensate for varying significance between assessed issues is to vary the number of
scores that can be obtained for an indicator. This indirectly means a weighting. A good result for
an issue where four points are available will contribute twice as much to the final result as an
issue where only two points are available. Another way to compensate for variations in
significance is to assign different weights to issues and/or categories.
Aggregation of scores by addition, multiplication or both is simple. Tradable scores represent an
obvious risk that a highly rated building can have serious drawbacks which have been
compensated for by high scores in other areas. To some extent this can be prevented by
mandatory criteria. The possibility of achieving additional scores for innovative design or other
issues plays the same role, i.e. it reduces the need for good scores on the basic set of
indicators. Having extra scores available also distorts the meaning of a label and thus
comparability.
Weights for issues or categories can be based for instance on opinions, cost or damage.
Opinions can be obtained from environmental experts, professionals or laymen, and the
weighting figures can be derived from many answers, for instance as mean values or
consensus values reached through a discussion process. Weights can be avoided, for example
by priority principles, e.g. the final rating is set relative to the number of poor or good scores.
Various multicriteria decision-making tools are used in life cycle assessment [15].
Different indicators are originally measured in different units, which prevents aggregation. If
assessment results are turned into points, this simplifies aggregation since all results have the
same units. One drawback is that tuning of indicators is not possible, because the step between
one and two points is large. An alternative to using points is to normalise, i.e. divide by a
reference value with the same unit, which makes results dimensionless. Comparisons are
meaningless if the basis for normalisation differs.
When comparing tools check:
Number of weighting levels – the fewer there are, the more understandable the results
Weights and the basis used for them – damage-based weights are less subjective than
opinion-based
The aggregation system – preference systems are superior to weighting
The basis for allocation of points to different indicators – science-based are preferable
If additional points are available – comparison is distorted
If points are tradable – comparison is distorted
If normalisation is used, what are the reference values – they should be appropriate for
the case

8. Cost
8.1 Consultancy costs
Some rating systems demand that certified assessors shall be involved in the assessment and
application processes. In such cases, contact a certified assessor and ask for an approximate
cost for some objects of different sizes. Extra points are sometimes awarded if a certified
assessor participates in the design team. If so, investigate the cost of such participation.

8.2

Fees

Certification is associated with a fee that usually is related to the size of the building. It may for
instance be split into an application fee and a certification fee. These fees normally include a
certain time for questions, clarifications, etc. Outside this time, a consultation cost is charged.
Check if additional costs are frequent.
8.3

Additional requirements

In some cases an assessment in reality demands that certain books, manuals or computer tools
have to be bought. Check the cost of required additional facilities and possible related
consultant cost.
When comparing methods:
Check the approximate total cost for assessment with alternative tools
Investigate the total assessment cost for similar projects
Assess what is gained relative to the total cost for different tools

9. Conclusions
Tools for environmental assessment of buildings have expanded greatly during recent years,
both in number and complexity. Within a country, national and international tools are often
available, sometimes claiming that they measure the same thing, i.e. the sustainability of a
building.
Although they may look similar at first glance, tools are generally very different. This is because
there are so many options for a tool designer to choose between regarding what should be
assessed, how to assess it and how to measure and aggregate results. Standardisation efforts
are underway through SB-Alliance and the CEN/TC 350 and ISO TC 59 SC 17 groups, [16],
[17]. However, in view of the great differences between the existing tools that are in use today,
greater harmonisation seems quite far away.
There are also good reasons for tools being different. They may be directed towards different
target groups and to some extent they have to adapt to local conditions in different countries,
such as climate, building codes, building traditions, building techniques, environmental priorities,
etc.
Because of all these differences, it is very difficult to compare tools and really understand their
individual characteristics, qualities and shortcomings. The meaning of different labels in terms of
environmental impact is difficult to grasp. A systematic approach with predesigned comparison
aspects will improve the knowledge of differences and their consequences.
A framework of aspects that are relevant to consider when comparing or selecting tools is
provided in this paper. It can be used for screening purposes or deeper analysis. The required
information regarding an evaluation aspect is sometimes difficult to locate in available manuals
and on websites which must be regarded as a drawback for that tool.
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Abstract
Switzerland   declared   the   notion   of   the   2000  Watt   society   as   their   leitmotif   towards   a   sustainable  
development   in   terms   of   energy.   This   implies   that   worldwide,   no   more   than   17’520   kWh   of   total  
primary  energy  and  1  ton  CO2-eq.  are  to  be  consumed  per  capita  and  year  for  all  services.  Thus,  in  
order   to   meet   the   targets   of   the   2000-Watt   society,   it   is   necessary   to   reduce   primary   energy  
demand  by  44%  and  greenhouse  gas  emissions  by  77%.  The  building  stock  model,  described  in  
this   paper,   assisted   the   government   of   Zurich  to   identify   the   necessary   steps   in   order   to   achieve  
the   goals   with   regard   to   the   city’s   residential,   school,   and   office   buildings.   The   objective   of   this  
paper   is   to   investigate   the   role   of   energy   demand   reduction   in   residential   buildings   on   the   way  
towards  the  goals  of  a  2000-Watt  society.  
In   order   to   illustrate   the   mechanisms   within   the   building   stock   and   to   identify   the   effects   of  
construction   activity,   the   model   works   with   different   scenarios.   Specific   measures   were   isolated  
and   analysed   individually.   All   three   measures   act   directly   on   the   building   stock;;   each   have  
comparable  reduction  potential  in  terms  of  primary  energy  demand  (ca.  15%)  and  greenhouse  gas  
emissions  (ca.  40%).  In  order  to  further  cut  back  greenhouse  gas  emissions,  measures  to  reduce  
carbon  intensity  of  fuels  and  electricity  need  to  be  considered.
Keywords:  building  stock,  modelling,  primary  energy,  greenhouse  gas

1. Introduction
On  a  worldwide  average,  one  person  currently  consumes  approximately  63  GJ  of  primary  energy  
annually.  This  corresponds  to  a  yearlong  continuous  power  of  2000  Watts  per  person  (W/P)  and  a  
greenhouse   gas   emission   of   2   tons   CO2-equivalent   (CO2-eq./P).   However   every   country   holds   a  
very   different   fraction   to   the   total.   Whilst   developed   countries   such   as   the   USA   consume  
approximately  10’000  Watts,  some  Third  World  countries  may  consume  as  little  as  200  Watts;;  Thus  
Worldwide  primary  energy  resources  access  and  consumption  is  currently  distributed  inequitably.

Fig.   1   The   Swiss   reduction   pathway   of   the   2000-Watt   society   in   terms   of   primary   energy   and  
greenhouse  gas  emissions  [1]
According   to   the   IPCC,   it   is   necessary   to   rapidly   reduce   greenhouse   gas   emissions   down   to  
approx.   1   ton   CO2-eq./P,   in   order   to   halt   climate   change   [1].   This   implies   a   reduction   by  
approximately  a  factor  of  4  compared  to  the  current  situation.  Generally  speaking,  it  is  the  share  of  
fossil   fuels   which,   due   to   the   oxidation   process   of   carbon-based   fuels,   cause   greenhouse   gas  
emissions.

2. 2000  Watts  –  the  Swiss  way
In   recent   years,   Switzerland   developed   the   notion   of   the   2000-Watt-society   as   a   vision   for  
sustainable  energy.  Different  institutions  such  as  the  Swiss  Federal  Institute  of  Technology  Zurich,  
fostered   and   contributed   to   its   development   [2,   3].   The   2000   Watt   society   sketches   a   long-term  
pathway  to  comply  with  the  stipulated  CO2-reduction  target.  Every  country  worldwide  is  entitled  to  
the   same   amount   of   energy,   i.e.   63   GJ   per   person.   This   corresponds   to   a   massive   reduction   in  
primary  energy  use  for  the  industrialized  /  “developed”  countries  and  a  certain  potential  for  further  
development  in  less  industrialized  countries,  while  worldwide  energy  demand  per  person  and  year  
should   remain   equal.   In   terms   of   continuous   power,   this   corresponds   to   2000   Watts   of   primary  
energy  per  person.  
In   order   to   simultaneously   reduce   greenhouse   gas   emissions,   it   is   necessary   to   permanently  
decrease  the  proportion  of  fossil  fuels  in  today’s  primary  energy  demand.  One  fourth  of  the  current  
emissions   (i.e.   1   ton   CO2-eq.   per   capita)   is   considered   to   have   a   tolerable   global   temperature  
increase  (i.e.   2° C,   according  to  [4]).  That   corresponds  to  approximately  500  W/P  from  fossil  fuel  
sources  (cf.  Fig.  1).
Globally,  the  building  sector  is  responsible  for  one  third  of  total  primary  energy  demand  and   app.  
40%  of  total  greenhouse  gas  emissions.  In  Switzerland  the  situation  is  similar  with  30%  and  30%  
respectively  [5].
Due   to   the   country’s   topography,   Switzerland   traditionally   holds   a   high   share   of   electricity   from  
hydroelectric   power   plants.   Additionally   the   necessary   water   barrages   are   increasingly   equipped  
with   water   pumps   in   order   to   store   excess   electricity   (e.g.   at   night).   Therefore,   the   share   of  

renewable   energy   is   already   high,   compared   to   other   countries.   According   to   national   overall  
energy   statistics,   hydro   energy   contributed   in   2008   54%   of   total   Swiss   electricity   production   [6].  
Thus  the  overall  share  of  renewable  energies  consumed  was  approx.  19%.  Compared  to  the  EU27  
[5],  which  hold  a  10%  average  share  of  renewable  energies,  Switzerland  has  a  good  predisposition  
for  reducing  greenhouse  gas  emissions  and  non-renewable  primary  energy  share.
By   means   of   referendum,   the   citizens   of   Zurich   amended   their   local   code   with   the   obligation   to  
respect  the  targets  of  a  2000-Watt  society  by  2050.  More  specifically,  this  means  that  until  2050,  
total  primary  energy  demand  must  be  no  more  than  3’500  Watts  per  person,  while  having  a  nonrenewable   share   of   2’000   Watts   per   person.   The   intermediate   goal   (2050)   for   greenhouse   gas  
emissions  lies  at  2.0  tons  CO2-eq.  per  person  [7].  This  represents  a  very  ambitious  venture,  since  
today’s  primary  energy  demand  is  approximately  6‘300  Watts  per  person,  resulting  in  greenhouse  
gas  emissions  of  8.7  tons  CO2-eq.  per  person.  Thus,  in  order  to  meet  the  targets  of  the  2000-Watt  
society,  it  is  necessary  to  reduce  primary  energy  demand  by  44%  and  greenhouse  gas  emissions  
by  77%.  In  the  course  of  this  transition,  the  building  stock  model  described  in  this  paper  assisted  
the  government  of  Zurich  to  identify  necessary  steps  to  achieve  the  goals  with  regard  to  the  city’s  
residential,  school,  and  office  buildings.
The   objective   of   this   paper   is   to   investigate   the   role   of   energy   demand   reduction   in   residential  
buildings   on   the   way   towards   the   goals   of   a   2000-Watt   society.   Therefore   it   is   assumed   that   the  
above  mentioned  pro  rata  reduction  targets  apply  linearly  to  the  entire  building  stock.

3. Model
As   a   basis   for   estimating   the   effect   of   measures   on   buildings,   the   authors   developed   a   building  
stock   model.   In   2008,   ETH   Zurich   and   TEP   Energy   developed   a   component-based   bottom-up  
building  stock  model  which  was  explicitly  designed  for  the  purpose  of  investigating  primary  energy  
demand  and  greenhouse  gas  emissions.
The  model  uses  a  bottom-up  structure  and  calculates  energy  demand  in  five  year  steps  from  2005  
to  2050.  Overall,  it  consists  of  two  separate  model  parts,  one  considering  residential  buildings  and  
the  other,  offices  and  schools.  This  paper  examines  residential  buildings  only.  Since  buildings  from  
different  construction  periods  show  heterogeneous  energy  demand,  the  model  divides  the  building  
stock   in   13   building   cohorts   for   past   and   future.   The   model   structure   has   the   capacity   to   host  
different  (supply   and   demand)   scenarios,   making  it   possible  to   compare   and  assess   the   effect   of  
different  measures.  
For   each   demand   category   (e.g.   heat   demand,   household   appliances,   etc.)   the   model   holds   a  
separate  module.  The  module  for  heat  energy  demand  uses  the  official  Swiss  norm  SIA 380/1  [8],  
which   is   based   on   the   European   EN   ISO   13790.   Accordingly,   a   monthly   steady-state   balance  
determines  heat  gains  and  losses  of  the  building,  thus  calculating  a  thermal  energy  demand  index  
(in  megajoule  per  square  meter  and  year,  MJ/m2a).  

Building park model Zurich
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Fig.  2  Model  structure
A   substantial   part   of   thermal   losses   are   a   consequence   of   heat   transfer   from   indoor   towards  
outdoor   climate   through   building   components   (walls,   windows,   etc.).   The   U-value   is   a   figure  
describing   the   building   components’   resistance   against   energy   transfer.   In   the   building   stock  
model,  each  cohort  has  a  characteristic  U-value.  By  means  of  component-specific  retrofit  rates,  the  
energy  demand  module  determines  changes  over  time.  Therefore  assumptions  concerning  retrofit  
activity  and  material  usage  can  be  tested.  For  example,  an  elevated  retrofit  rate  during  a  specific  
period  of  time  could  reflect  renewal  cycles  due  to  economic  stimulation  by  the  authorities.  Jakob  et  
al.   investigated   retrofit   activity   concerning   building   envelope   by   means   of   questionnaires   [9].  The  
data  outcome  serves  as  a  basis  to  assume  retrofit  rates  and  U-values  for  the  building  stock  model.
Furthermore,   the   model   also   allows   for   the   energy   supply   side   to   be   modelled.   Thermal   energy  
supply  of  buildings  is  represented  by  means  of  diffusion  rates.  Each  construction  period  can  have  
its’   individual   provision   technologies   such   as   oil   or   gas   heating,   but   also   heat   pumps   and   solar  
thermal  collectors.  Depending  on  the  scenario,  heat  generation  systems  will  penetrate  markets  and  
substitute  others  over  time.  That  way  the  respective  module  determines  final  energy  demand  and  
conversion   factors   for   primary   energy   and   greenhouse   gas   emissions.   Similarly,   an   additional  
module   calculates   the   respective   factors   for   electricity.   The   necessary   input   data   derives   from  
official   statistics   and   projections   by   energy   suppliers.   Conversion   factors   are   calculated   on   the  
basis  of  the  life-cycle  inventory  database  ecoinvent   [10],  respectively  derive  from  Frischknecht  et  
al.  2008  [11].
The   technical   reports   on   the   respective   projects   [12,   13],   provide   further   information   on   model  
structure  and  data  sources.  

4. Measure  analysis
In   order   to   illustrate   the   mechanisms   within   the   building   stock   and   to   identify   the   effects   of  
construction   activity,   the   building   stock   model   works   with   different   scenarios.   For   the   purpose   of  
this  paper,  specific  measures  were  isolated  and  analysed  individually  (M1:  Structural  changes,  M2:  
Retrofit  rates  and  M3:  Thermal  insulation).  In  the  following,  a  number  of  strategies  will  be  tested  for  
their  effectiveness  in  terms  of  reduction  of  per  capita  primary  energy  demand  and  greenhouse  gas  
emissions.  Hence  the  level  of  the  initial  time  step  (i.e.  2005)  is  compared  with  the  prospected  2050  
level.  The  project’s  business-as-usual  (BAU)  scenario  serves  as  a  reference  value.

4.1

Reference  (BAU)

In  2005  the  residential  building  stock,  covered  by  the  national  model  [12],  consumed  2’070  W/P  of  
primary  energy.  That  corresponds  to  34%  of  Swiss  total  primary  energy  demand.  At  the  same  time  
it   produced   2.7   t   CO2-eq./P,   corresponding   to   approximately   22%   of   nationwide   greenhouse   gas  
emissions.  In  the  business-as-usual  scenario,  primary  energy  demand  reaches  1’850  W/P  in  2050,  
signifying   a   reduction   of   11%,   compared   to   2005-levels.   Per   capita  greenhouse  gas  emissions   in  
2050  amount  to  1.73  t  CO2-eq./P,  which  means  a  reduction  of  36%  as  compared  to  2005.
The   reduction   of   primary   energy   demand   is   essentially   a   direct   consequence   of   the   anticipated  
population  growth   until   2050.  The   Swiss   Federal   Statistical   Office  assumes  an   increase  of   Swiss  
inhabitants  of  approx.  11%  until  2035  [14].  However,  the  ratio  of  floor  space  per  inhabitant  has  also  
increased  over  the  last  decades  and  therefore  the  BAU-scenario  assumes  a  expansion  from  60  to  
80   m2   gross   floor   space   per   person.   Accordingly,   the   heated   floor   space   of   residential   buildings  
grows   by   52%   until   2050.  That  means  the  reference   scenario  does  already   account  for   a  certain  
efficiency  increase  in  the  residential  building  stock,  since  it  is  compensating  for  population  growth  
and  larger  per  capita  floor  space.
4.2

Structural  changes  (M1)

The   first   scenario   (M1)   assumes   that   the   increasing   demand   in   per   capita   floor   space   halts   at  
70 m2;;  instead  of  80 m2  as  expected  in  the  BAU-scenario.  By  these  means,  in  2050  the  residential  
building  stock  will  require  108  million  m2  less  heated  floor  space  compared  to  the  BAU-scenario.  
As  a  result,  primary  energy  demand  in  2050  is  1760 W/P  and  therefore  15%  lower  as  compared  to  
2005.  Greenhouse  gas  emissions   are   1.67 t CO2-eq./P,   i.e.   38%   lower  than  in  2005.   Accordingly,  
the  reduction  potential  is  5%,  respectively  4%  higher  as  compared  to  the  BAU-scenario.
The   total   reduction   in   primary   energy   corresponds   strongly   to   the   reduction   in   residential   floor  
space  (16%)  compared  to  the  BAU-scenario.  The  divergence  in  reduction  potential  has  three  main  
reasons:
1. Due   to   the   reduced   demand   for   new   floor   space,   the   relative   share   of   old   buildings   is  
increased.  Their  energy  demand  is  more  important  compared  to  new  constructions
2. New  buildings  have  different  energy  supply  (domestic  hot  water  and  space  heat).
3. The  indicator  (W/P,  t CO2-eq./P  respectively)  is  capita-specific,  whilst  population  is  identical  
and  floor  space  diverging  to  the  BAU-scenario.
4.3

Retrofit  rates  (M2)

The   building   stock   model   works   with   assumptions   for   future   U-values   on   one   hand,   and   with   a  
retrofit  rate  of  building  components  on  the  other  hand  (cf.  paragraph  3).  The  retrofit  rate  defines  the  
frequency  by  which  the  original  U-value  of  a  building  cohort  (i.e.  construction  period)  is  replaced  by  
an   improved   /   renovated   value   (percentage   per   annum).   It   is   therefore   a   measure   of   speed   by  
which  the  building  stock  renewal  proceeds.
Fig.   3   illustrates   the   two   scenarios   for   the   example   of   walls   (BAU-scenario   and   M2   –   increased  
retrofit  rate).   As   seen   in   the   BAU-scenario,  there  is   an   important  renovation   cycle  ending   around  
the   year   2000.   The   scenario   M2   assumes   generally   higher   retrofit   rates   and   a   second   peak   of  
retrofit   activity   around   2020   (e.g.   by   means   of   financial   stimulus   by   the   authorities).   It   therefore  
fosters  the  propagation  of  lower  overall  U-values  in  the  residential  building  stock.
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Fig. 3 Retrofit rate multi-family dwelling, exterior wall BAU-scenario (left) and M2 (right)

As   a   consequence   primary   energy   demand   will   decrease   to   1’763   W/P   in   2050   and  
1.62 t CO2-eq./P   of   greenhouse   gas   emissions,   respectively.   That   corresponds   to   a   reduction   of  
15%,   respectively   40%,   as   compared   to   2005   levels.   In   comparison   to   the   BAU-scenario   the  
impact  is  4.6%  lower  in  terms  of  primary  energy  demand  and  6.9%  for  greenhouse  gas  emissions,  
respectively.
4.4

Thermal  insulation  (M3)
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As   mentioned   above,   thermal   quality   of   building   components   such   as   walls,   windows,   roofs   and  
floors  greatly  influences  the  heat  energy  demand  of  buildings.  Therefore,  improvement  of  buildings’  
thermal  insulation  appears  to  be  a  good  option  to  decrease  primary  energy  demand.

0.50<1947

1947-75
1975-85
0.25
1985-2000

<1947

1947-75
1975-85
1985-2000

0.00

Fig. 4 Wall U-value after retrofit by construction period and time step for multi-family dwellings, BAU-scenario (left) and
M3 (right)

Fig.   4   describes   the   assumed   U-value   for   the   walls   of   a   multi-family   dwelling.   Each   construction  
period  starts  at  a  specific  level.  The  BAU  scenario  assumes  a  moderate  reduction  of  U-values  until  
2050.   The   M3-scenario   considers   the   wall’s   thermal   transmittance   to   be   in   average   as   little   as  
0.14 W/m2K  for  renovated  buildings.  This  basically  corresponds  to  the  super  insulation  standard  of  
passive  houses.  Likewise,  the  other  building  components  (floor,  roof  and  windows)  are   also  close  
to  that  standard.  Retrofit  rate  is  identical  to  the  BAU-scenario.
The   application   of   an   elevated   U-value   (M3)   to   the   residential   building   stock   (new   and   old  
buildings)   yields   in   a   reduction   of   primary   energy   demand   of   14%   and   39%   greenhouse   gas  
emissions  respectively.  Compared  to  the  BAU  scenario,  the  reduction  is  4%,  5%  respectively.

4.5 Overview
All   three   measures   act   directly   on   the   building   stock;;   coincidently,   each   have   similar   reduction  
potential  in  terms  of  primary  energy  demand  (ca.  15%)  and  greenhouse  gas  emissions  (ca.  40%).  
Table  2  summarizes  the  results  of  the  scenarios  presented  above.
Table 2 Results from of different scenarios in per capita primary energy demand and greenhouse gas emissions

Scenario

Parameter  [Unit]

2005

2050

BAU

PE  [W/P]
GHG  [t  CO2-eq./P]

2’070  
2.69

Reduction   vs.   Reduction   vs.  
2005
BAU  2050*
1’848
10.5%
n/a
1.73  
35.5%
n/a

M1
(70m2/P)

PE  [W/P]
GHG  [t  CO2-eq./P]

2’070  
2.69

  1’760
1.67

14.8%
37.9%

4.8%
3.7%

M2
(retrofit rate)

PE  [W/P]
GHG  [t  CO2-eq./P]

2’070  
2.69

1'763
1.62

14.7%
39.9%

4.6%
6.9%

M3
(U-value)

PE  [W/P]
GHG  [t  CO2-eq./P]

2’070  
2.69

1'770
1.65

14.3%
38.7%

4.2%
4.9%

M1,   M2,   M3   PE  [W/P]
2’070  
1'597
22.7%
13.6%
combined
GHG  [t  CO2-eq./P]
2.69
1.45
46.0%
16.2%
GHG:  Greenhouse  gas  emissions
PE:  Total  primary  energy
*  Reduction  compared  to  BAU  scenario:  Respective  2050  value  divided  by  BAU  2050  value.
The  last  row  of  the  table  above  gives  the  combined  effect  of  all  measures  discussed  in  this  paper.  
Taken   together,   the   scenarios   result   in   a   primary   energy   demand   of   1’600   W/P   in   2050,  
respectively  1.5 t CO2-eq./P  greenhouse  gas  emissions.  That  corresponds  to  a  reduction  of   23%,  
respectively  46%.

5. Discussion  –  Feasibility  of  measures
All   three   scenarios   yield   similar   reductions.   Since   they   mostly   act   on   the   energy   demand   side   of  
the  building  stock,  the  greenhouse  gas  emission  reduction  roughly  correlates  with  primary  energy  
demand.   In   order   to   further   cut   back   greenhouse   gas   emissions,   measures   to   reduce   carbon  
intensity  of  fuels  and  electricity  need  to  be  considered.
In   the   course   of   the   project,   the   authors   carefully   assessed   the   assumptions   presented   in  
paragraph   4   by   means  of   plausibility   calculations.   Subsequently   they   were  discussed   with  expert  
groups   and   adapted   in   an   iterative   way.   Nevertheless,   certain   assumptions   involve   considerable  
implications   for   the   residential   buildings,   their   owners/managers   (e.g.   governments)   and  
inhabitants.
Especially   the   allocation   of   a   certain   amount   of   floor   space   per   person   appears   disputable.  
Although  the  reduction  effect  in  terms  of  per  capita  energy  demand  seems  appealing  (approx.  15%  
in   per   capita   primary   energy   demand;;   cf.   4.2),   the   scenario   may   be   difficult   to   enforce   for  
authorities.  In  practice,  the  only  measures  affecting  occupancy  density  are  presumably  prices  (e.g.  
progressive  taxes)  or  management  by  building  owners  (e.g.  social  housing).
  
An   increased   retrofit   rate   also   seems   to   be   an   efficient   option   to   increase   building   efficiency   (cf.  
4.3),   but   may   also   imply   drawbacks.   An   increased   renewal   of   the   building   stock   may   be   desired  

and  fostered  by  authorities  by  means  of  an  obligation  to  renovate  each  time  the  building  is  altered.  
Another  possibility  is  to  offer  financial  support  for  efficiency  measures  on  the  building  envelope.  It  
is   evident   that   a   renovation   must   result   in   higher   performing   buildings.   Otherwise   an   elevated  
retrofit  rate  has  no  effect.  Moreover  an  early  renovation  might  yield  suboptimal  results,  since  some  
years  later  new  and  more  efficient  technology  might  become  available  or  more  affordable.
The   assumptions   concerning   elevated   U-values   in  M3  conflict   with   the   requirements   of   protected  
buildings.   Their   facades   often   do   not   allow   the   application   of   exterior   thermal   insulation   and  
therefore   interior   insulation   must   be   used   to   reduce   thermal   transmittance   of   walls.   However,  
thermal   performance   of   interior   insulation   is   weaker   and   not   feasible   in   every   case.   Thus   the  
assumptions   made   in   M3   require   either   a  low   number   of   protected   buildings   or   new   solutions  for  
high-performance  thermal  insulation.
Nevertheless   the   instruments   presented   above   are   of   high   importance   to   increase   efficiency   in  
buildings.
The  results  presented  in  this  paper  concentrate  on  total  primary  energy  demand  and  greenhouse  
gas   emissions.   As   seen   in   Table   2,   the   indications   given   by   those   two   criteria   often   do   not   fully  
correlate   with   one   another.   When   dealing   with   sustainability   or   ecology   issues   it   is   a   common  
dilemma   that   certain   criteria   suggest   contradictory   actions.   For   example,   compact   fluorescent  
lamps   (CFL)   have   a   lower   energy   demand   as   compared   to   incandescent   lamps.   Therefore   they  
save  energy  during  their  service  life  and  imply  less  ecological  burden  due  to  electricity  production.  
However,   it   cannot   be   assured   that   none   of   the   toxic   mercury   contained   in   the   CFLs   enters   the  
environment.  They  might  thus  receive  a  negative  human  toxicity  rating.
In   order   to   give   a   balanced   overview   of   ecological   impacts,   the   model   is   designed   to   work   with  
different   indicators,   based   on   a   life   cycle   assessment   approach.   Heeren   et   al.   showed   for   the  
building   stock   of   Zurich,   that   different   indicators  may   deliver   different   recommendations  [15].  The  
report   compares   the   impacts   of   the   method   of   ecological   scarcity   [16]   with   greenhouse   gas  
emissions  and  non-renewable  and  total  primary  energy  demand.

6. Conclusion
As   seen   in   paragraph   2,   the   pro   rata   target   of   the   2000-Watt   society   means   reducing   primary  
energy   demand   by   44%   and   greenhouse   gas   emissions   by   77%   by   2050,   respectively.   Table   2  
gives   an   overview   of   the   principle   mechanisms   affecting   building   energy   efficiency.   Keeping   the  
population   increase   of   11%   in   mind,   the   combination   of   the   measures   yields   in   remarkable  
reductions  of  23%  for  primary  energy  demand  and  46%  for  greenhouse  gas  emissions.  However,  
these  results  do  not  suffice  to  meet  the  targets  of  the  2000-Watt  society.
In  order  to  comply  with  the  2000-Watt  society  targets,  it  is  necessary  to  involve  the  energy  supply  
side.   This   means   heating   systems   (providing   domestic   hot   water   and   space   heat)   require  further  
investigation.  Another  increasingly  important  aspect  is  electricity  production.  A  growing  number  of  
electrical   appliances   and   the   shift   from   conventional   combustion   heating   systems   towards   heat  
pumps  have  led  to  an  increasing  electricity  demand  in  recent  years.  For  that  reason,  the  building  
stock   model   contains   an   electricity   module.   This   allows   analysing   effects   of   different   electricity  
mixes  on  the  building  stock.
The  review  of  different  measures  shows:
a. The  chosen  modelling  approach  (i.e.  component-based  bottom-up  model)  is  justified  and  a  
sensible  method  to  investigate  specific  building  stocks.  Another  advantage  of  this  approach  
is  the  possibility  to  directly  derive  a  practical  physical  figure  for  surfaces  affected  by  certain  
scenarios.   This   makes   it   for   example   possible   to   estimate   material   flows   or   costs.   These  
aspects  will  be  covered  in  an  upcoming  version  of  the  Swiss  building  stock  model.

b. The   model   is   an   adequate   consulting   tool.   Wallbaum   et   al.   [17]   show   the   possibility   of  
investigating  particular  political  scenarios  on  the  example  of  the  city  of  Zurich.  By  means  of  
a   similar   approach,   we   assessed   the   reduction   potential   of   certain   political   measures   and  
deduced  policy  recommendations  for  authorities.
It   is   intended   to   enhance   the   approach   of   the   building   stock   model   in   the   future.   The   goal   is   to  
extend   it   for   further   functionalities,   such   as   economic   feedback   and   study   of   rebound   effects.  
Furthermore,  more  building  stocks  in  Europe  shall  be  investigated,  in  order  to  identify  customised  
dissemination  strategies  of  seminal  refurbishments  in  the  building  stock.
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Summary
The paper discusses how life cycle approaches at building level can be integrated into the
climate work of local governments, illustrated by a case study in Sollentuna municipality outside
Stockholm. Two basic excel tools were used to calculate greenhouse gas emission reductions
for an existing housing area and for an early design of two new buildings. Scaling up the case
study results to the entire multifamily housing stand of the municipality indicates that there is a
potential for new construction by improving the existing building stand without increasing the
total emissions of greenhouse gases. Such simple calculations can enable finding adequate
levels for energy and climate targets at building level which relate to local or regional climate
targets. Both the case study and the scaling up exercise show that the material choice in new
construction projects plays a significant role and cannot be ignored when working with climate
strategies for the built environment.
Keywords: life cycle assessment, building, climate target, climate strategy, municipality

1. Introduction
Both the application of environmental rating tools (e.g. LEED, BREEAM, etc) and LCA for the
built environment has so far mainly targeted stakeholders of the building industries, like
architects, housing owners, developers, consultants, etc. Assessment schemes are often said to
have a wide possible application. However, in practice its main use has been among building
practitioners. Local, regional or national authorities have so far not been supporting or
demanding environmental assessment of buildings much apart from a few examples in e.g.
Japan where around 20 local governments require a pre-rating by the CASBEE tool to deliver a
building permit and the Code for Sustainable Homes in the UK. However, a rising interest is
currently seen for the community level sub tools of BREEAM and LEED.
The local level plays a significant role in being the implementation arena for for example CO2
and energy reduction targets at the national and international levels. Sweden and Europe have
adopted challenging environmental goals to be fulfilled by the years 2020 and 2050. For
example a 40% CO2 reduction to 2020 compared to 1990 (outside the emission trade) and a
50% energy use reduction to 2050 compared to 1995. To meet these goals serious actions are

demanded not at least from local authorities which are responsible for local planning and
building permissions. However, reduction goals tend to be ignored when there are at the same
time goals regarding economic and population growth at least in growth regions, that is, a form
of rebound effect easily arise.
To be able to pose demands and follow up projects at the local level, calculation methods are
necessary. Regarding calculations of greenhouse gas emissions related to buildings, emissions
related to operational energy use has been highly focused. Lately, however, the embodied
energy and greenhouse gas emissions of construction materials have increasingly been a topic
of discussion. A recent investigation of the environmental impacts of the Swedish building and
property sectors conclude that production of construction materials and mobile sources related
to construction stand for a significant portion of the total greenhouse gas emissions of the
sectors [1].
At national, regional or local levels greenhouse gas accounting is often based on a production
perspective. That is, only emissions which directly take place within the investigated
geographical unit are considered. Since the aim of accounting often is to gather data for national
and international registers, this is often feasible. However, to better understand the entire direct
and indirect emissions for a certain geographical unit, a consumption (and thereby a life cycle)
perspective is necessary. One current initiative drawing towards this perspective is ICLEI [2].
However, so far such accounting is mainly used in specific sustainable city efforts.
An interesting issue is therefore to find better strategies for local authorities to implement
mentioned targets into municipal climate strategies and further down in practice in development
projects/programs at the local level.
1.1

Aim

The aim of the paper is to discuss how quantitative life cycle approaches at building level can be
integrated into the climate work and practice of local governments in order to support
implementation of national or international climate and energy targets. This is illustrated by a
case study in Sollentuna municipality close to Stockholm city and lessons learnt from this will be
concluded and used for suggesting further developments in this area. Sollentuna is a
municipality of 64 630 inhabitants close to Stockholm city. The municipality is expanding and the
planning office is interested to understand more about the meaning of national and international
climate targets on a local scale.

2. Case study
In a former European project, ENSLIC (www.enslic.eu), simplified ways to integrate quantitative
life cycle approaches in early design of buildings, were developed. Part of the project included
performing case studies and the present case study in Sollentuna is one of these. A main aim of
the case study was to test whether it would be possible to fulfil CO2 reduction goals and still
expand the number of dwellings in the municipality. Close to the centre of the municipality a new
housing project of 130 apartments (Terrinen) had been initiated and an early design had been
sketched. In the same area a housing unit of existing buildings (1140 apartments) with need for
upgrading (Traktören), is situated. This area (Terrinen+Traktören) were chosen as study objects
for the case study which aimed at studying the following questions:
•
•

How much can the greenhouse gas emissions related to existing buildings in an area be
reduced?
How much new development is possible within the savings of the existing buildings, that
is without increasing the total amount of greenhouse gas emissions?

To visualise this, a “cap” was put on the Terrinen and Traktören area within which future
improvements and expansion should be hosted. A first sketch of Terrinen with two buildings
ranging from 4 to 6 floors is shown in Fig 1. Photos of Traktören which consists of a number of
blocks of flats ranging from 3-9 storeys, is shown in Fig 2.

Fig. 1 Preliminary sketches of the new dwellings “Terrinen”. Illustration: Joliark AB.

Fig. 2 Part of the existing building area, Traktören
2.1

Methodology

First different improvement potentials in the existing buildings (Traktören) were calculated. Then
demands to be put on the new building within these savings were investigated, i.e different
basic constructions and improvements and their associated energy demand and CO2 emissions.
Two basic Excel-tools have been developed to estimate energy use and CO2 emissions in
buildings, one for refurbishment of existing buildings [3] and one for new buildings [4].

2.1.1 Tool for existing buildings
Only energy use during the operation stage is considered. 16 different measures to reduce
energy use and CO2 emissions are available in the tool. For estimation of energy use a simple
degree-day model is used. Only heating is regarded since cooling in Swedish dwellings is hardly
needed. Internal heat loads and solar gains are dealt with on a general basis by setting the
indoor temperature to 13oC which means that no individual features of the buildings are
regarded. U-values typical for different time periods are used. Default values for use of
electricity are used (kWh/m2,yr). CO2-equivalents per kWh have been calculated from average
emissions for different energy sources in Sweden and are stored in the tool.
2.1.2 Tool for new buildings
Energy use during operation and emissions from production of building materials are taken into
account. The tool includes the possibility to select the same improvement measures as in the
tool for existing buildings. Energy use is also here estimated through a degree-day model. The
dimensions of the building and the layers of the building envelop are inserted. Areas, U-values
and amounts of materials are then calculated automatically. Default values for use of electricity
are used (kWh/m2,yr). All estimated values are easily replaced by better input data from
simulations. Further the CO2-equivalents associated with the different building parts are
calculated. Emissions from material production are taken from different sources and calculation
of CO2-equivalents are made according to IPPC (AR4).
2.2

Input data

2.2.1 Existing buildings, Traktören
For estimation of energy use, gross area (146 340 m2), average outdoor temperature and year
of construction (1972) were inserted in the tool. A number of potential upgrading measures were
then tested. For calculation of CO2e, 33 g CO2e/kWh for Swedish electricity mix and 50 g
CO2e/kWh for Sollentuna district heating was used both for the existing and new buildings.
2.2.2 New buildings, Terrinen
Sketches were already at hand as indicated above. The basic tool so far only works with
rectangular buildings. Because of this the study was made on a fictive rectangular building with
the same floor area (9750 m2) and height (5 storeys) as the above shown building. Presupposed
data for the calculations include an indoor temperature of 22 oC, 0,5 air changes/hour and an
anticipated life time of 50 years. Two construction alternatives were considered, one wooden
and one concrete. Embodied CO2 emissions of the main building elements from manufacturers
and the database Ecoinvent are included in the tool.
2.3

Result

2.3.1 Existing buildings, Traktören
The tested improvement measures and calculated energy use and CO2 emissions are shown in
Fig 3.

Fig 3. Tested improvement measures in the existing housing unit Traktören. Upper figures are
kWh/m2,y and lower figures are kg CO2e/m2,y. The calculation of savings from solar hot water
collectors refers to collectors on 5% of the building area.
It seems as it would be possible to reduce the energy to about half and the CO2 emissions to
almost one third. The four last measures (best whitegoods, …, improved u-value external walls)
are however expensive in relation to the savings. They may be done if upgrading is needed also
for other reasons. Nevertheless, even without these measures, the results suggest an energy
reduction with 40% and CO2 reduction with 50%, i.e. in line with the Swedish and European
goals which states a 50% reduction to 2050. However, to fulfil these targets it is necessary to
carry out all measures above to also create a space of about 100 tonnes CO2e per year for
developing new buildings.
2.3.2 New buildings, Terrinen
A number of possible measures to improve the original design of Terrinen were explored ending
up in the suggestion shown in Fig. 4.

Fig 4. Tested improvement measures in the new building Terrinen.
The calculations indicate that the original early design of the new building with concrete
construction contributes with significantly higher greenhouse gas emissions compared to the
wooden one. The results show that the possibility to reduce the emissions from the initial
construction is great, up to about 50% with relatively simple measures. Of the climate impact of
the initial construction, the embodied impact of the material stands for 40% for the concrete and
20% for the wooden construction. With all improvement measures taken the relative importance
of the embodied impact increases to nearly 70% for the concrete and nearly 50% for the
wooden construction.
2.4

Conclusions from the case study

Since important but not dominating sources of CO2 emissions, like transports, carpentry and
installations, are not included in the calculations of the new buildings, the calculation of
greenhouse gas emissions is an underestimation, i.e. the space for new constructions within the
reduction goal of 50% to 2050 is somewhat less than concluded above. However, if generalising
from this case study, between 0,1-0,3 m2 new construction would be possible within the frame of
the savings of all improvement measures in the existing buildings. The higher figure stands for a
new construction in wood with all measures in fig. 4 taken. Under these conditions, CO2
reductions in the existing buildings in the range of the Swedish and European targets are also
fulfilled. From a planning perspective, this case study raises the question of how much new
construction would be possible at the municipality level while still reaching long-term national
and European energy and CO2 targets?

3. Scaling up to municipality level
For the local authority it is of interest to roughly scale up the case study, to be able to formulate
realistic and relevant targets at the municipality level. In the following, such a calculation
exercise is performed. Since the case study concerns multifamily buildings, this exercise is also
delimited to multifamily buildings in the municipality.
3.1

Basic data and calculations

Around 50% of the dwellings of Sollentuna municipality are found in multifamily buildings and
50% in detached houses. With the current population growth, the forecast until 2020 is
approximately 350 dwellings in multifamily buildings and 50 in detached houses per year. Of the
13 733 dwellings in the municipality in 2009, 6 900 were built during 1961-1980. The calculation
exercise builds on that these buildings are improved generating savings in the same range as
for Traktören (Fig 3), that is yearly greenhouse gas emissions of 0,45 tons CO2e/dwelling and
year.
For the new construction, the CO2e savings related to the wooden construction alternative of
Terrinen without improvement measures is used. This equals 0,37 tons CO2e/dwelling and year
for the operation of the buildings and 5 tons CO2e embodied in the materials/ each new dwelling
the year it is built. The high figure for materials relate to that it seems reasonable to account for
all the impact of the materials the year the new buildings are constructed, when making the total
municipality account for a certain year. The calculation exercise is performed based on the
numbers of dwellings. It is assumed that Traktören and Terrinen are representative regarding
building technology and regarding sizes of dwellings.
3.2

Results

Table 1 shows the results of the scaling up exercise.
Table 1. Results of the scaling up exercise.
Buildings

Number of Greenhouse gas emissions Greenhouse gas emissions
dwellings
2008 (tons CO2e/y)
2020 (tons CO2e/y)
Operation
Material
Operation
Material

Existing
multifamily
6900
buildings built in
1961-1980
Planned
new
housing
2011- 3500
2020
Sum
3.3

6554

0

0

3100

0

0

1304

1750

6554

6154

Conclusions from the exercise

The exercise shows that a reduction of greenhouse gas emissions in the entire building stand
built in 1961-1980 of 50% would enable a space for new construction of a little bit more than the
planned 350 new dwellings in multifamily buildings per year. If the 6833 dwellings in multifamily
buildings which are not included in the exercise, would equally be possible to reduce with 50%,
approximately a 30% reduction of greenhouse gas emissions is realistic if also producing 350
new dwellings each year. The regional development plan for the Stockholm region (of which

Sollentuna is a part) covers regional reduction targets for greenhouse gases, corresponding to a
reduction of 26% between 2006 and 2020 and a further reduction of 51% between 2006 and
2030 related to the built environment. The scaling-up exercise indicates thus that there are
hypothetically technical possibilities for Sollentuna municipality to reach the regional target of
26%. Nevertheless, once all buildings have been improved, new construction can only take
place if the greenhouse gas emissions related to the operational energy are further reduced.
This process is currently taking place. Nearly all multifamily buildings in Sollentuna municipality
are connected to district heating and this production is more and more covered entirely by
renewable fuels. For example, the emission factor used in the case study is significantly lower
today than when the study started. This implies that the space for new construction will be lower
in the future since the embodied impact of the materials of new buildings will more and more
dominate the emissions of the building stand. It should however be stressed that the current
regional target is based on a production perspective and thus does not include embodied impact
of used materials in new construction.

4. Discussion
4.1

Possibilities to pose demands

Depending on real-estate ownership and current legislation in individual countries, a number of
options exist for urban planners to pose or negotiate environmental targets for new urban
developments, whether it be smaller developments or entire new city districts. The easiest way
is to pose demands on new construction and improvements of the existing building stand owned
by the municipality itself. If the municipality owns the land to be developed, to pose targets when
giving the land permits is another option. This may also be developed into an architectural
competition. This is preferably done by formulating maximum emission frames for the
greenhouse gas emissions related to material use and operation of buildings.
In addition, the municipality usually has an opportunity to negotiate targets with developers also
under other circumstances. Such a more governing role for local authorities is currently,
increasingly discussed due to the intensified focus on energy-saving and climate goals in
general. For example, Sollentuna municipality recently decided on a climate strategy document
which is currently implemented in concrete action plans. More and more developing companies
work with internal environmental management systems and policies which means that they
have internal policies and targets they aim to follow. Local authorities could thus appeal to
developing companies to take extra measures by claiming their own internal environmental
management systems.
In all these opportunities for local authorities to implement overarching environmental targets in
practice, it is a necessity to be able to formulate quantitative local targets or emission frames for
individual projects, etc.. These need to be both well-founded and possible to follow up. The case
study and the scaling-up exercise give a basis to be able to find such target levels.
4.2

Accuracy/reliability of calculations

Simplified calculations like the ones used in this paper can naturally be discussed a lot with
regard to their accuracy and reliability. However, the level of detailed accuracy is probably
enough to be used as tools for posing demands and evaluating early design offers at the
municipality level. The energy estimations of the tools are rough and so are the potential
savings. The lacking accuracy is most probably in the same range for all calculations. This
means that the overall conclusions drawn from the calculations should be fairly correct but
savings for individual measures should not be compared in detail.

The estimated amount of materials is likely quite right but it only covers the main building parts.
Installations, carpentry and furnishing are not covered and neither are transports in relation to
the construction work. However, the tool for existing buildings is in the current version not
covering impact related to the use of materials for refurbishments. It is reasonable that the
extent of this impact should be studied in relation to the impact of new production, to analyse
whether it ought to be included or not.
A question of relevance is how the embodied emissions of construction materials should be
accounted for. When comparing different design alternatives, for example in an architectural
competition, it is reasonable to distribute the impact over the building´s life time to be able to
account for, for example more long-lasting materials. However, when setting the frames for the
entire municipality a link is needed to for example national and regional targets, which in turn
implies a reduction in a certain pace. In this perspective, it is more motivated to account for the
emissions of the construction materials the year the buildings are erected.

5. Conclusions
Both the case study and the scaling up exercise show that the material choice in new
construction projects plays a significant role and cannot be ignored when working with a climate
strategy for a municipality which is growing and in which operational energy is based to a limited
extent on fossil fuels. To include such data when calculating CO2 emissions at municipality level
is still rare and the study indicates that calculation procedures ought to be improved. Since the
suggested applications concern early design phases, simplifications must be made if using life
cycle based calculations. That is, the recommendation here is to:
•
•
•
•

Only include two life cycle stages: production of construction materials and operation.
Only include buildings and not the transports the buildings generate.
Only include construction materials for main building elements, such as roof, slabs, etc.
Only include the operation of the buildings in terms of energy use during their life-time.

It seems possible to conclude after the calculation exercises of this paper, that there are
conditions for maintaining a growing municipality, without a total increase of greenhouse gas
emissions, and also considering the embodied greenhouse gas emissions of construction
materials. However, the space for new construction is highly dependent on the current energy
supply. For Sollentuna municipality the space with current energy mix is somewhere between
0,1-0,3 m2 per improved m2 in the existing building stand.
Calculations as the ones in the paper enable a discussion of an integrated approach in order to
contribute to the fulfilment of national climate targets. More specifically it might concern finding
the right level for setting CO2 targets when giving land permits, in local architectural
competitions or in target negotiations with developers. Reliable calculation and evaluation tools
are then necessary and the excel tools used in the case study of this paper are basic but could
possibly serve for the mentioned needs. However, fair developments would be to find
agreement among a number of experts about the saving potentials of the measures included in
the tools, as well as to evaluate whether embodied emissions for materials used in
refurbishment, should also be accounted for. The scaling-up exercise is a rough attempt and
would also need to be studied further to find a reasonable procedure for trying to account also
for consumer goods within the municipal boundary.
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Summary
In this paper, authors estimated per capita energy consumption of residential, commercial, and
passenger transportation sectors of Keihanshin Metropolitan Region, Japan. This energy
consumption can be seen as energy used for living, work, transport and other social activities. A
bottom-up model was developed for each sector and the estimated energy consumption was
allotted to persons who initiate energy consumption in their house and commercial buildings and
for transport in order to analyse the structure determining per capita energy consumption. The
estimated per capita energy consumption ranges from 28 to 38 GJ/year·person among cities and
sub-regions in Keihanshin Metropolitan Region. The result of this study also revealed that the
structure is very complicated as factors increasing or decreasing energy consumption co-exist and
areas located in sub-urban areas have both highest and lowest per capita energy consumptions.
Keywords: per capita energy consumption, urban from, residential sector, commercial sector,
passenger transportation sector, bottom-up model

1. Introduction
It has been often reported that urban form predetermines energy consumption pattern of the
transportation sector. This can be attributed to difference in transportation demands (number of trip,
distance to destination or time of trip) of residents and transportation mode they use. This might be
also true for the residential and commercial sector, as there is a certain pattern in the locally
accumulated population and family structure and building stock in terms of size and form of houses
and commercial buildings, and even technologies used in buildings.
In this paper, authors analyse how such patterns in urban form and building stock alter the energy
consumption for living, work, transport and other social activities in cities and sub-regions of
Keihanshin Metropolitan (KM) Region, Japan. The target area consists of 6 prefectures including
Osaka and Kyoto. Its population size is approximately 20 million. Carbon dioxide emission is
approximately 50 million ton-CO2/year from the residential, commercial and passenger
transportation sectors of the entire region.
In this analysis, per capita energy consumption of each city or sub-region is quantified by using
energy demand models for abovementioned three sectors. These models adopt a bottom-up
modelling approach in order to take into account factors that might have a significant influence on
energy consumption, such as the urban form, infrastructure, and the distribution in family structure,
physical characteristic (size and form) of houses and commercial buildings, behaviour of residents
and transportation practice pattern. Based on the result, authors discuss the nature of energy
consumption in KM Region.
In the next section, KM Region is briefly introduced. In Section 3, the models of the three sectors
are presented. Then, the estimated per capita energy consumption is shown in Section 4. Finally,
implications and conclusion is presented in Section 5.

2. Keihanshin region and characteristics of cities and sub-regions
Keihanshin Metropolitan (KM) Region is a region encompassing the metropolitan areas of the cities
of  Osaka  in  Osaka  prefecture,  Kobe  in  Hyōgo  Prefecture,  and  Kyoto  in  Kyoto  prefecture, located in
the middle of the Japanese Main Island. The entire region has a population of approximately 20
million, approximately 15% of Japan's population. It is Japan's second most populated urban
region after the Greater Tokyo Area.
To highlight the characteristics of cities and sub-regions in KM Region, the indicators listed in Table
1 were developed. The indicators were integrated into three principal components by applying a
principle component analysis. The three principal components explain 92% of the total dispersion
in the 6 indicators. The three principal components were inputted to a cluster analysis to classify
the cities and sub-regions into 8 regional clusters as shown in Fig. 1. The average of the indicators
of each regional cluster is also listed in Table 1.
Cluster 1 covers Osaka, Kyoto and Kobe city, the core
of Osaka, Kyoto and Kobe Metropolitan Employment
Cluster 1
Areas. Cluster 2, 3, 4 and 5 can be seen a concentric
Cluster 2
from Osaka and Kobe. There is a clear trend in the
Cluster 3
indicators from Cluster 1 to Cluster 5 as shown in Table
Cluster 4
Cluster 5
1. Cluster 6, 7 and 8 have a similar values in house floor
Cluster 6
area per household, ratio of trips using vehicles in total
Cluster 7
number of trips, while they are geographically separated.
Cluster 8
It should be noted that the first principal component
explains 60% of the total dispersion in the 6 indicators. Fig. 1 Result of classification of KM region
This component seems to represent a dimension from
rural to urban. The regional cluster 1, including Osaka, Kyoto, Kobe cities, has the highest value in
the first principal component while the value decreases from the regional cluster 1 to 4. The
regional clusters 5 to 8 located away from the regional cluster 1 have a negative large value.
Table 1 Indicators and principal components of the regional clusters
6 indicators and 3 principal components
Ratio of single family in the number of family[%]
Ratio of elderly family in the number of family[%]
Ratio of apartment in residential building stock [%]
Average floor area per household [m²]
Ratio of trips using vehicles in total number of trips [%]
Number of trips for work and free trip [trip/year·person]
Principal Component 1
Principal Component 2
Principal Component 3

1
25
17.7
52
82
26.6
393
1.74
1.28
0.05

2
21
15.1
44.7
81
31.1
360
1.10
-0.24
0.20

3
15.2
13.2
40.6
85
38.9
338
0.36
-1.16
0.14

Regional cluster
4
5
14.3
9.9
15.1
13.6
30.3
20.9
97
107
44.2
57.6
357
296
-0.18
-1.24
-0.06
-0.84
0.41
0.50

6
15.2
12
26.4
104
58.1
368
-0.64
-0.03
-1.63

7
13.4
18.7
19.1
111
59.3
372
-0.85
2.11
0.47

8
8.2
18.2
12.4
106
59.5
327
-1.28
1.19
1.30

3. Energy demand model
This section explains the models to estimate energy consumption of the residential, commercial
and passenger transportation sectors of the KM region. These models have a common structure
as explained as follows. In the models, 1) the unit of calculation is determined. Then, 2) the unit is
classified into several categories according to the characteristics of the unit, the characteristics that
significantly influence energy consumption of the unit. 3) For each unit category, a model each
representing a unit category is developed. The unit model is used as input dataset for simulation in
the next step. 4) simulations are performed using these unit models in order to predict the energy
consumption per unit in each unit category. 5) The total energy consumption in the sector is finally
aggregated by summing up the product between the predicted energy consumption and the
number of unit in target areas. Due to such a bottom-up structure, energy consumption can be disaggregated to that for social activities taking place in urban area by an agent with a gender, age
group and living place. The remaining part of this section explains the models for these sectors.
3.1

Residential sector

The unit of calculation is household in the residential sector model. Households in the KM region

was classified into 2,736 household categories according to three meteorological conditions, 19
family structure (single male and female, single elderly male and female, and other multiple
families with different compositions), as well as the 12 building-type categories (six of which are
classified as detached houses and the other six as apartments according to floor area) and four
thermal insulation levels. For each category, a representative model was developed taking into
account the factors used to develop the abovementioned household category as an input dataset
of a simulation model to estimate annual energy consumption per household.
In the estimation, behaviour of occupants in the examined household model is first determined
over 24 hours for a variety of living activities, such as sleeping, cooking, meal, and work. A
stochastic behaviour model and the time use data describing the probability distribution of each
living activity are used in this process. The time use data was developed based on the national
time use survey carried out in 2005. The data includes those of family member categories
classified  by  ‘gender’,  ‘age  groups’  and  ‘employment  status’  for  weekdays,  Saturday  and  Sunday.
Then, the behaviour data is converted to energy consumption for each end-use as listed in table 2.
The time interval used in the simulation model is five minutes. The detail of the model is given
elsewhere [1].
Table 2 Method to calculate energy consumption for end-uses
End-use
Lighting
Heating and
cooking

Other home
appliance
City gas for
Cooking
Water
heating

3.2

Method to calculate energy consumption
The  presence  of  occupants  in  rooms  is  given  by  occupants’  behaviour.  Energy  consumption
at ON state of lighting is given whole ON.
Cooling and heating demand is calculated by dynamic thermal simulations using both
building data, occupant behaviour data, heat gain from appliances and weather data. Cooling
and heating demand is converted to energy consumption of device to satisfy the demand. In
Japan, only air-conditioning system is used for cooling while a variety of devices, such as
kerosene heater, electric heater, are used for heating. Energy consumption is determined by
weighted-averaging the share and energy consumed when each device is used for heating.
ON/OFF  state  is  given  based  on  occupants’  behaviour.  Electricity  consumption  at  ON/OFF  
state (rated and standby consumption) is given by appliance database.
City  gas  demand  for  cooking  is  estimated  based  on  occupants’  behaviour.  Amount  of  city  gas  
demand for once is calculated by linear expression for the number of family member.
Water heating demand is estimated  based  on  occupants’  behaviour.  A  variety  of  waterheaters are used in Japan. The same method as in heating/cooling is used to calculate
energy consumption.

Commercial sector

The unit of calculation of the commercial sector model is building. The characteristic of energy use
varies significantly among buildings due to:
 Size and configuration (e.g. shape and zoning) of buildings, which affect the thermodynamic
characteristics of buildings and technologies used in buildings;
 Usage of spaces in buildings, which determines the scale and pattern of heat gains and
electricity loads from spaces and operation hours of HVAC systems;
 Configuration of HVAC system;
 Adopted energy-conservation measures;
In order to take into account the influence of these factors in the prediction of energy consumption,
the commercial building stock was classified into 36000 categories according to the
abovementioned factors. For each category, a building
Shiga
Office
model is developed and a simulation is performed to Wakayama
Retail/restaurant
estimate energy consumption per floor area. For each
Nara
Hospital
category, total floor area in the considered 6 prefectures
Hyogo
Hotel
Kyoto
was developed respectively as shown in Fig. 2. The total
Osaka
energy consumption in the prefectures is calculated by
summing product between the estimated energy
0
20
40
60
80
100
Total floor area [million m²]
consumption per floor area and the total floor area.
Fig. 3 shows the simulation procedure of the simulation
Fig. 2 Total floor area of commercial
model. The model consists of two sub-models, the
buildings in 6 prefectures
energy demand model and the energy source system

model, and four databases: the occupant behaviour and operation database, building property
database, climate condition database, energy efficiency database. The minimum unit of simulation
is the floor of buildings. In order to estimate heating and cooling demand of the floor,
thermodynamic simulation and air-conditioning system simulation are performed while taking into
account the size, form and other properties, which determine thermodynamic characteristics of the
floor, the usage of the floor, which determines internal heat gain and operation conditions of airconditioning system, and the adopted energy-conservation measures and system configuration of
HVAC systems, which determine the energy efficiency of HVAC systems. The information is
provided from the building property database that contains the information of the building models
developed for each building category. In addition, a number of common conditions are used for the
other parameters instead of actual conditions of individual buildings. For the simulation of electricity,
common electricity demand profile for lighting and other equipment is given to each floor usage.
For hot water demand and energy use in kitchen, common demand profile is given for each person
who uses the floor. The energy source system model finally converts each end use demand to
energy consumption of electricity and city gas. The detail of the model is given elsewhere [2]
START
Energy
demand
model
(floor scale)

Input of climate conditions
Create numerical building model based on the parameters
given by the building property database
Define occupant behaviour, pattern of operations
Design of capacity of HVAC system

Dynamic simulation of heat
balance & HVAC system

Electrical load
summation

Simulation of hot water
& city gas for cooking

Hourly energy demand profile
(cooling, heating, hot water, electricity & city gas)
Energy source system model

Energy source
system model
(building level)

Electricity and city gas consumption

Climate condition database
Temperature, humidity & other
conditions
Occupant behaviour and
operation database
Occupant behaviour
Operation schedule of lighting,
HVAC system & other appliances
Quantity & schedule of outdoor air
intake
Operation conditions of space

Energy efficiency database
COP of heat source machines
Energy efficiency under part load
operation and etc.

Building property database
Shape and configuration
Form of the building, total
floor area, number of storeys,
zoning of floor plan, windowto-wall ratio, Distance to and
height of buildings located
opposite to walls
Usage of spaces
Principal usage & usage of
each floor
Configuration of heatsource system & energyconservation measures
that are listed in the heat
source system database
and energy-conservation
database

Database

END

Fig. 3 Simulation procedure and databases for the commercial sector.
3.3

Passenger transportation sector

The unit of calculation for the passenger transportation sector is person. Energy consumption of a
person who live in City X (ECx) is given by the equation 1 where NTX,A,P,M is the number of trip per
person from Area X to all the areas (A) for a purpose (P), using a transportation mode (M), where
TTX,A,M is time required for trip from area X to area A using a transportation Mode M, VTM is
average velocity for trips using a transportation mode M, and EPDM is energy consumption for trip
per 1 km using a transportation mode M.

EC A, X   NTX , A, P ,M  TTX , A,M  VTM  EPD M
P

(1)

M

The product of TT and VT means the interval between Area X and A. By multiplying EPD to the
product, the result means energy consumption per trip. NT and TT are given from the 4th Person
Trip Survey done by the Keihanshin Metropolitan Region Transport Planning Commission in 2000.
VT and EPD are listed in Table 3. In PT survey, trip information is organised for each category
classified by age, gender and occupation respectively. By summing up estimated energy
consumption of all the categories, the total energy consumption in a city or sub-region is quantified.
Table 3 Average velocity and energy
Mode
Velocity [km/h]
EPD [kJ/km·person]

Small motor
Motor vehicle
vehicle
23
22
346
792

Taxi
20
6,718

MiniPassenger
vehicle
vehicle
22
21
877
2,671

Bus
16
821

Train
25
453

Estimated result of the total energy consumption in KM Region

Fig. 4 shows the total energy
consumption of the three sectors.
The result was compared with
actual
energy
consumption.
Although there is a discrepancy
between estimated result and
actual consumption, it can be seen
that the models have enough
accuracy for this study. It should
be noted that energy consumption
of trains in transportation sector is
not included in actual consumption.

Secondary energy
consumption [PT/year]

3.4

Electricity City gas
LPG
kerosene
400
341
288
350
300
250
200
150
100
50
0
Estimate Actual

4. Per capita energy consumption

Auto vehicle
Train

Electricity
City gas
400
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100
50
0

209

216

Estimate Actual

400
350
300
250
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100
50
0

Commercial

Residential

157

Bus
Others

121

Estimate Actual
Transport

Fig. 4 Comparison between estimated energy
consumption
and actual data.

In this section, the method to estimate per capita energy consumption and the result is presented.
Per capita energy consumption is quantified for persons classified by gender, age group and
occupation. Then, the influence of local characteristics on per capita energy consumption is
discussed for each sector respectively while the following two results are presented: 1)
composition of per capita energy consumption quantified for the regional categories developed in
section 2 and 2) distribution of per capita energy consumption of the cities and sub-regions.
4.1

Method to calculate per capita energy consumption

4.2

Nara

Waka
-yama

Hyogo

Osaka

Kyoto

Shiga

Floor area per trip
[m²/trip]

In the residential model, energy consumption is calculated based on the occupants’ behaviour.
Thus, energy consumption for lighting, home appliances use and heating and cooling can be
allotted to occupants who use them. Energy consumption for refrigeration and water heating are
divided by family members and allotted equally to all family members.
In the PT survey used in the transportation model, trip information was also organized to facilities
to access. This information includes the number of trip to facilities corresponding to commercial
buildings. By using this information, energy consumption in commercial buildings can be allotted to
users of buildings. First, the total number of trip to commercial buildings with each commercial
usage (office, retail, restaurant, hotel and hospital) in each prefecture was counted. The total
energy consumption of commercial buildings with each usage in each prefecture was divided by
the total number of trip. This consumption can be defined as energy consumption per trip. By
multiplying this value and the number of trip from cities and sub-regions, the total energy
consumption of commercial buildings is
0.125
allotted to people who use the commercial
Office
0.1
buildings. Thus, the per capita energy
Retail
0.075
consumption is proportional to the total floor
Restaurant
0.05
Hotel
area of commercial buildings over the total
0.025
Hospital
number of trip, which is shown in Fig. 5. As
0
shown in the figure, the value of retail
buildings in Osaka prefecture is the smallest.
This means that energy is most efficiently
Fig.5 Floor area of commercial buildings per trip.
used in Osaka.
In the transportation model, per capita energy
consumption is directly estimated as explained in Section 3.
Per capita energy consumption of three sectors

Fig. 6 shows the estimated energy consumption of demographic classification by gender, age
group and occupation. Working male and female are further divided into singles and those in a
multiples family.

Female over 70

Male over 70

High school

Residential

Primary school
student
Junior high
shool

Single female
38

Commercial

Housewive

Working female

Per capita energy consumption
[GJ/year·person]

Transport

Single male

60
50
40
30
20
10
0

Working male

Par capita energy
consumption of three
sectors [GJ/year]

Energy consumption of single male
and single female is larger than those
who in a multiple family. This is due to
the difference in energy consumption
of residential sector. The per capita
energy consumption of residential
sector is larger in small families because energy consumption for most
end-uses (such as electricity consumption for refrigerator and water

heating for bathing) are shared by
family members and not simply pro- Fig.6 Per capita energy consumption of three sectors.
portional to the number of family
member.
Working male and female have larger consumption of commercial and passenger transportation
sectors compared other demographic categories. The difference can be mainly attributed to the
consumption for working and work trip. In addition to this, working male and female have a larger
number of trips, meaning that they use commercial buildings more frequently than unemployed
persons. Housewives and people aged 70 and over have a relatively small energy consumption of
commercial and passenger transportation sectors. By contrast, they have a relatively large consumption of residential sector due to longer hours during which they spend time in house. Children
have a smaller total energy consumption compared to other categories.
Fig. 7 shows the per capita energy consumption of three sectors estimated for the 8 regional clusters. The figure also shows composition of the energy consumption. The largest difference is 5
GJ/year between the smallest cluster 3 and the largest cluster 6. Fig. 8 shows distribution of per
capita energy consumption estimated for the cities and sub-regions. The horizontal axis of Fig. 8 is
the first principal component derived in Section 2, meaning a dimension from rural (negative) to
urban (positive). As shown in the figure, there is not a clear correlation between principal component 1 and per capita energy consumption. Areas located in sub-urban areas have both highest
and lowest per capita energy consumptions. The characteristics of energy consumption of each
sector is further analysed in the remaining part of this section.
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Fig. 7 Composition of per capita energy consumption
for each regional cluster
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Fig. 8 Spatial distribution of per
capita energy consumption

Residential sector

Fig. 9 shows the composition of energy consumption of residential sector estimated for a working
male. Fig. 10 shows its distribution for the cities and sub-regions. As shown in the figure, there are
three levels distinguishable around 13, 14 and 16 GJ/year·person. This is because different meteorological data were used to estimate residential energy consumption in the model. Based on this,
meteorological condition seems to the most significant factor in the residential sector. As shown in
Fig. 7, the regional cluster 6 has the highest energy consumption for heating, cooling and water

Energy consumption per
household [GJ/year]

Per capita energy consumption
[MJ/year·person]

heating. This is because the regional cluster 6 includes all cities and regions in Shiga prefecture
with the coldest meteorological condition.
In addition to meteorological condition, form and size of house as well as family structure influence
per capita energy consumption. Compared to rural area, ratio of apartment and smaller house is
larger in urban area, which reduces energy consumption. On the other hand, the average number
of family member is smaller in urban area, which increases per capita energy consumption as
shown in Fig. 6. These influences are cancelled.
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Fig. 9 Composition of household energy consumption
of a working male in the regional clusters
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Fig. 11 shows per capita energy consumption of commercial sector estimated for a working male in
each regional cluster. Fig. 12 shows its distribution quantified on the cities and sub-regions. As
shown in the figures, the regional clusters from 1 to 5 have consumption close to each other.
Compared to these clusters, the regional clusters 6 to 8 have larger energy consumption. This
discrepancy is due to larger commercial floor area per trip in the regional clusters 6 to 8 as
explained in 4.1. It should be noted that energy consumption of elderly people in rural area is
smaller than those in urban areas because the number of trip of elderly people in rural area to
commercial buildings is small.

1 2 3 4 5 6 7 8
Regional cluster

Fig. 11 Composition of per capita energy consumption
of a working male in the regional clusters
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Fig. 12 Distribution of total commercial
energy consumption of a working male

Passenger transportation sector

Fig. 13 shows the per capita energy consumption of transportation sector of the cities and subregions estimated for working male, working female and elderly male. The distributions of per
capita energy consumption for these demographic classifications show different characteristics. On
the result for working female, there is a clear negative correlation with principal component 1. This
is because cities and sub-regions with smaller a principal component 1 have larger dependency on
vehicle transport. Despite the trend in dependency on vehicle transport corresponding to ruralurban dimension, the dispersion of energy consumption of working male is small. This is because
working male in urban area have a larger number of trip and spend longer time for transportation.
Compared to working male, per capita energy consumption of elderly male in rural area is further
small because elderly people have small number of trip in rural areas.
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Fig. 13 Per capita transportation energy consumption of working male, female and elderly man

5. Discussion and conclusion
In this paper, we estimated per capita energy consumption of residential, commercial, and
passenger transportation sectors of KM region. This energy consumption can be seen as that used
for living, work, transport and other living activities.
In previous researches, it has been reported that per capita energy consumption of passenger
transport is larger in rural area than urban area. This trend was observed in transportation energy
consumption of working female as shown in Fig. 13. However, what we observed from the
estimated composition of total energy consumption of the three sectors is that the structure
determining per capita energy consumption is more complicated, as factors increasing or
decreasing energy consumption co-exist. Table 4 briefly summarises key factors and the influence.
Because of the influence listed in the table, per capita energy consumption in KM region is from 28
to 38 GJ/year·person as observed in Fig. 7 and Fig. 8 and areas located in sub-urban areas have
both highest and lowest per capita energy consumptions.
It should be noted that there is a limitation in the result. In the estimation of energy consumption of
residential sector, a common time use data for demographic classifications were applied all the
areas. This means that difference in activity taken place in home is ignored. This point will be taken
into account in our future work.
Table 4 Factors influencing per capita energy consumption and influence of the factors
Sector

Factor

Meteorological condition
Residential Size and form of house (small in urban and higher ratio of apartment)
Average number of family member (high in rural while low in urban)
Floor area of commercial buildings per trip (higher in urban)
Commercial
Number of trip (frequency of access; higher in urban)
Passenger Dependency on vehicle transport (higher in rural)
transport Total number of trip (higher in urban) and distance to destination (longer in urban)
Total

Demographic structure:
Ratio of elderly people (higher in rural, lower in urban)
Ratio of workers engaged in tertiary industries (lower in rural, higher in urban)

Rising or falling of per capita
energy by the factor
Rural
Urban
Depends on the location
Rise
Fall
Fall
Rise
Rise
Fall
Fall
Rise
Rise
Fall
Fall
Rise
Fall
Fall

Rise
Rise
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Summary
Sustainable policies are pushing the building sector for an increasing attention in the assessment
of practices. The paper describes available rating systems for sustainability measurement of
buildings. It compares criteria of most famous systems considering the environmental, social and
economic dimensions of sustainability. Available rating systems span from simple energy
consumption evaluation to life cycle analysis and total quality assessment, with an increasing
complexity of the analysis. A multi-dimension approach is used in most complex rating systems
where several performances are evaluated before being composed together. A sum point approach
is adopted assigning scores to performance results and sustainable material adoptions. The paper
looks at the peculiarities of sustainability assessment in the construction sector compared to other
sectors. Trends in sustainable rating systems such as the expansion of time and boundaries of the
analysis are discussed.
Keywords: sustainability assessment, rating systems, green buildings

1. Introduction
The construction sector is characterized by a large inertia toward product and process
assessments [1]. The increasing attention towards sustainability is pushing the sector toward rapid
changes. Policies, laws and regulations around the world are asking the sector to adopt
sustainable innovation in terms of products and processes to encourage more sustainable
buildings [2]. This attention for the building sector arises from its energy consumption and GHG
emissions which, in developed countries, are 30% and 40% of the total quantities, respectively [3].
Forecasts of the International Energy Authority show that energy consumption in buildings is
increasing at a rate comparable with those of the industrial and transportation sectors [4]. However,
according to [3], the building sector has the highest energy saving and pollution reduction potential,
given the flexibility of its demands. This highlights why sustainable buildings are often considered a
priority for a sustainable world.
The main scope of this paper is to review sustainability assessment practices for the building
sector. The paper focuses on the evaluation criteria in rating systems. The paper endeavours to
discuss the current state of sustainability assessment in the construction sector. Section II contains
an introduction to the sustainability assessment. This implies a description of the diffusion of
sustainable assessments for buildings around the world. Section III contains a description, before a
comparison among different kinds of assessment systems. Finally, in section IV trends of rating
systems are discussed.

2. Sustainability assessment
2.1

Diffusion of sustainability assessment

Sustainability assessment of building products and processes is necessary to increase the
diffusion of sustainable buildings [5,6]. Unfortunately, the construction sector is no really familiar
with performance measurements, and although many assessment systems already exist worldwide,
their diffusion is still low in absolute terms. However, sustainability measurements, in the building
sector, are receiving a large amount of attention worldwide, rapidly moving from fashionable
certifications to implemented practices: 650 million square meters obtained a sustainability
certification in 2010, with projections for 1100 million in 2012 and for more than 4600 million in
2020, around the world [7]. Countries with a sustainability building certification programme or a
sustainability rating system have a worldwide diffusion, with the only exceptions being Africa.

Fig. 1 Sustainability assessment systems around the world
The diffusion of sustainability certification is currently growing: several examples of certified
buildings exist, and constitute a competitive advantage for experienced firms and actors [8].
Referring to the model for innovation diffusions, proposed by Rogers and reinterpreted in “Crossing
the chasm”   by   Moore, the diffusion of sustainability assessment of buildings has reached
visionaries,  but  still  needs  to  conquer  the  pragmatists’  vision [9].
2.2

Possible approaches to sustainability assessment

Sustainable buildings may been broadly defined as buildings which encompass social, economic,
biophysical and technical aspects with superior performance [10]. Although the above definition
could be clear, it is often unclear how to categorize and recognize sustainable buildings. In fact, a
frequently discussed topic regards how sustainability should be measured. After the energy crisis
in   the   ’70s,   regulations   promoted   energy   consumption   limits   for   buildings   around   the   world.   As   a  
result, energy consumption became the sustainability requirement in building assessment.
Meanwhile, sustainability consciousness has evolved, and nowadays, assessments generally
consider energy consumption as just one among other parameters. The complexity of a building
often suggested a multidisciplinary approach in sustainability assessment [10]. This is also
because buildings cannot be considered as assemblies of raw materials, but they are high order
products which incorporate different aggregations of technologies, assembled according to unique

processes [6]. The sustainability of a building should, therefore, be evaluated for every
subcomponent, for the integration among them in functional units and assembled systems (e.g. the
air conditioning system, the envelope), and for the whole building too.
A possible approach to sustainability evaluation is given by the analysis of building products, i.e. a
sustainability assessment at product level. This assessment approach is internationally established
for many kinds of products, and only regards environmental evaluations. Three types of product
environmental labels exist and are defined in ISO 14020 [11]. These are the eco-certification of
environmental labels (type I), the self-declared environmental claims (type II), and the
environmental declarations (type III). Among these, type III is the most common label for building
products. However, environmental evaluations of products are rarely performed by manufacturers
of building products, and the diffusion of environmental product declarations (EPD, defined in EN
15804) in the building sector is still low [9].
Product eco-certification programmes have been developed in different countries: among others,
there is the US Green Seal, the European Eco-Label, the Frances NF-Environment mark, the
German Blue Angel, and the Japanese Eco Mark. Moreover, specific evaluations for building
products exist, such as timber or concrete certifications. Previous labels have a binary evaluation
and indicate a sustainable product without the ability to measure its greenness rate or to stress the
pros and cons.
Since 2011, the new Construction Products Directive (CPD) in Europe states that a sustainable
resource use evaluation is part of the assessment for the CE mark [12]: this should imply a larger
diffusion of environmental assessments in the construction sector.
Energy labels for equipment represent another way of assessing the sustainability of materials,
although these are only useful for a few categories of products (e.g. heat pumps). Finally, the
adoption of certified sustainable materials is not sufficient in obtaining a sustainable building,
because its complexity requires a holistic and integrated evaluation [6]. For example, the
sustainability assessment of a product into a building needs to consider difficulty predictable
factors such as transportation distance or use wastes. In this sense, product labels can only
constitute a database for a sustainable assessment.
Researches state that sustainability in the construction sector can be better evaluated by looking at
the building as a process, because it never finishes but evolves through occupancy. Construction is
a complex input-output sector where the material flux in and out from building site is difficult to
standardize and, rarely, a priori programmed [13]. Weather, orientation and local parameters
influence the operation needs of the building. Moreover, buildings are constructed according to a
specific   design,   defined   according   to   the   client’s   requests.   Previous   aspects   prevent   buildings  
being considered as manufacture standardized products. Finally, construction stakeholders
constitute a unique network of subjects [14], and the differences among them imply several
possible points of view in sustainability assessments. In this sense, Cole stated that sustainability
varies according to stakeholders [13]: a community aims at low construction wastes whereas an
occupant looks at indoor environmental quality.

3. Sustainability rating systems
According to ISO 15392, construction sustainability includes considering sustainable development
in terms of its three primary aspects (economic, environmental and social aspects), while meeting
the requirements for technical and functional performance [15]. More than 600 sustainability rating
systems are available worldwide for the assessment [16]. Many new systems are continually
proposed and the most diffused receive a yearly update. This evolving situation has led to the
release   of   the   standard   “Sustainability   in   building   construction   - Framework for methods of
assessment for environmental performance of construction works - Buildings”  ISO  21931-1, 2010)
[17]. Systems for sustainability assessment span from the energy performance evaluation to a
multi- dimensional quality assessment. These systems can be grouped into three categories [18]:
•  Cumulative energy demand (CED) systems which focus on energy consumption;
•  Life cycle analysis (LCA) systems which focus on ecological aspects;
•Total quality assessment (TQA) systems which evaluate ecological, economical and social
aspects.
Previous classification should not be strictly considered. In fact, many assessment systems do not
fit into one category perfectly. CED systems are often mono-dimensional and aim at measuring the
sustainability of the building through energy, or energy related, measurements. LCA systems

define the impact of the building over the environment by assessing one or more environmental
substances, so that they can have one or more evaluation parameters. Finally, TQA are generally
multi-dimensional as they assess several parameters. The first two categories of systems have a
quantitative approach to the assessment, whereas TQA generally have a qualitative or quantitative
approach for different criteria. In the following section TQA systems are described and compared.
3.1

Total quality assessment systems

TQA systems aim at considering the three aspects of sustainability of buildings: ecological issues
(such as GHG emission and energy consumption), economical reasons (such as investment and
equity), and social requirements (such as accessibility and quality of spaces). The most common
TQA systems are the multi-criteria systems. These base the evaluation over criteria measured by
several parameters and, generally, compare real performances with reference ones. Multi-criteria
rating systems generally use checklist and benchmark comparisons. Any criteria has a certain
amount of available points over total assessment and the overall evaluation of building
sustainability comes out of summing the results of the assessed categories.
Multi-criteria systems are generally easy to understand and can be implemented in steps for each
criteria. Moreover, a step implementation is allowed during the analysis: in fact, these systems
enable to assess the building at several stages, from the concept design to the final construction,
and they can be used during construction too. Building activities are difficult to fully plan and TQA
systems often consider both a preconstruction evaluation and post-construction check.
Multi-criteria systems assess sustainability aspects through the evaluation of criteria, such as site,
energy, water, materials, indoor air quality, waste and transportation. A critical aspect of multicriteria systems is their additional solution structure, as they often assign scores for positively
evaluated elements [19]. Multi-criteria systems are largely increasing the attention for sustainable
buildings, as they seem well  related  to  market  interests  and  stakeholders’  culture [20].
Several total quality multi-criteria systems exist to assess building sustainability worldwide. As
many are just the adaptation of more famous ones to regional level or for a specific scope, only the
most worldwide adopted systems are considered here: these are BREEAM, LEED, CASBEE,
SBTool and Green Globes. The main criterion for the selection has been a combination between
worldwide diffusion and use. However, other famous rating systems exist: among these are the
Chinese Three Star, the U.S. Assessment & Rating System (STARS), the Australian Building
Greenhouse Rating (ABGR), and the South African Sustainable building assessment tool (SBAT).
The United Kingdom was the first country to release a multi-criteria system for sustainability
assessment, before this concept entered into the agenda of international policies, with the Rio
Conference. The British Building Research Establishment Environmental Assessment Method
(BREEAM) was   planned   at  the  beginning   of  the  ’90s   by   the   British  Research   Establishment,   and  
was released in 1993. The system has a large diffusion in the United Kingdom, where almost
10,000 buildings have been certified1 . Since 2009, as a consequence of the worldwide attention
for this system, an international version has been available, and currently, BREEAM has adapted
versions for Canada, Australia and Hong Kong. The system is differentiated for building typologies:
courts, ecohomes, ecohomes XB (existing), healthcare, healthcare XB (existing), industrial, multiresidential, prison, offices, retail and educational. BREEAM evaluation is expressed in percentage:
measuring classifications are at least 25% for pass, 40% for good, 55% for very good, 70% for
excellent, 85% for outstanding. The evaluation categories are: management (commissioning,
monitoring, waste recycling, pollution minimization, materials minimization), health and wellbeing
(ventilation, humidification, lighting, thermal comfort), energy (sub-metering, efficiency and CO2
impact of systems), transport (emissions, alternative transport facilities), water (consumption
reduction, metering, leak detection), materials (asbestos mitigation, recycling facilities, reuse of
structures, facade or materials, use of crushed aggregate and sustainable timber), land use
(previously used land, remediated contaminated land), ecology (land with low ecological value or
minimal change in value, maintaining major ecological systems, minimization of biodiversity
impacts), pollution (leak detection systems, on-site treatment, local or renewable energy sources,
light pollution design, ozone depleting and global warming substances) and innovation.
1

Detailed information on the website http://www.breeam.org/page.jsp?id=203

A largely spreading rating system and probably the most famous system is LEED (Leadership in
Energy and Environmental Design) which was released in 1998 by the U.S. Green Building Council
(GBC)2. This system is currently available for several typologies of buildings: new construction and
major renovations, existing buildings, commercial interiors, core and shell, schools, existing
schools, retail, healthcare, homes, neighborhood. There are six evaluation categories to obtain the
110 available points of the standard (in the version 3): sustainable site, water efficiency, energy and
atmosphere, material and resources, indoor environment quality, innovation and regional
specificities. LEED points lead to the following categories: at least 40% of available points for
certificated buildings, 50% for silver, 60% for gold, and 80% for platinum. Although released in the
United States, GBC has spread worldwide over the years, and recently the World GBC has opened
regional chapters in many countries in Europe, Africa, America and Asia. Almost 20,000 buildings
are registered for certifications, and requests for new certifications regard buildings in 110
countries.
CASBEE (Comprehensive Assessment System for Building Environmental Efficiency) 3 is a
Japanese rating system developed in 2001, but available in English too. CASBEE covers a family
of assessment tools based on a life cycle evaluation: pre-design, new construction, existing
buildings, and renovation. This system is based on the concept of closed ecosystems. It
distinguishes building performance and environmental load. Building performance covers criteria
such as indoor environment (noise and acoustics, thermal comfort, lighting and illumination, and air
quality), quality of services (functionality and usability, amenities, durability and reliability, flexibility
and adaptability), outdoor environment (preservation and creation of biotope, townscape and
landscape, and outdoor amenities), whereas building environmental loads cover criteria such as
energy (thermal load, use of natural energy, efficiency of systems, and efficient operations),
resources and materials (water conservation, recycled materials, sustainably harvested timber,
materials with low health risks), reuse and reusability, off-site environment (air pollution, noise and
vibration, odour, sunlight obstruction, light pollution, heat island effect, and local infrastructure). By
relating the previous two main criteria, CASBEE results are presented as a measure of ecoefficiency on a graph with environmental loads on one axis and quality on the other. Sustainable
buildings for CASBEE have the lowest environmental loads and highest quality. Each criterion is
scored from 1 to 5, 1 corresponds to minimum requirements, 3 to typical technical and social levels,
and 5 to high levels of achievement. Less than 100 buildings have been certified with this system,
but the number is quickly increasing.
At  the  end  of  the  ’90s,  the  Sustainable  Building  Council  promoted  an  internationalization  of  rating  
systems under the leadership of the Natural Resources Canada (NRC). Towards this initiative
several countries have developed a common protocol, SBMethod. Using the general scheme,
several countries have proposed national versions of this system, such as Verde in Spain, SBTool
PT in Portugal, SBTool CZ in the Czech Republic. In Italy, this protocol was implemented in 2000
as the SBTool IT. It is now known as ITACA and it is maintained by a national chapter of the
international initiative for Sustainable Built Environment (iiSBE). Moreover, ten Italian regions have
already adopted modified versions of the protocol to better cover regional specificities and priorities.
According to the general SBMethod, for each evaluation parameter, a value from -1 (negative
evaluation) up to 5 (excellent performance) is available.
In 2005, adapting the Canadian version of BREEAM, the Green Globe Initiative (GBI) launched a
new rating system, known as Green Globes. Criteria of this include: project management
(integrated design, environmental purchasing, commissioning, emergency response plan), site
(site development area, ecological impact, enhancement of watershed features, site ecology
improvement),   energy   (energy   consumption,   energy   demand   minimization,   “right   sized”   energyefficient systems, renewable sources of energy, energy-efficient transportation), water (flow and
flush fixtures, water-conserving features, reduce off-site treatment of water), indoor environment
(effective ventilation systems, source control of indoor pollutants, lighting design and integration of
lighting systems, thermal comfort, acoustic comfort), resource, building materials and solid waste
(low environmental impact, consumption and depletion of material resources, re-use of existing
2
3

Detailed information on the website http://www.usgbc.org/DisplayPage.aspx?CategoryID=193
Detailed information on the website http://www.ibec.or.jp/CASBEE/english/index.htm

structures, durability, adaptability and disassembly, reduction, re-use/recycling of waste).
A critical aspect of multi-criteria systems regards the selection of criteria and the weights given to
each criteria: in fact, reasons for these choices are generally not explicit. In this paper, among the
many aspects through which a comparison of sustainability rating systems could be done, the
criteria and their weights are considered. This allows us to know which aspects are given more
consideration in sustainability assessments. Fig. 2 shows the weights assigned by the above six
systems grouping the criteria of each into seven main categories. The selection of these categories
was based on main sustainability building aspects [10]: site selection, energy efficiency, water
efficiency, material and resources, indoor environmental quality, waste and pollution and others.
When more than one version existed for the same system, that for new construction was selected.
The attribution of each system criteria into previous categories resulted in some difficulties,
because both the system structures were not always easily accessible and criteria among different
systems did not perfectly overlap. For this reason, the attribution was performed by the author, and
then repeated by two sustainability experts to check coherence in attribution of criteria in the seven
categories. The category  ‘others’  contains  criteria  which  do  not  fit  into  the  other  six  categories.  In  
particular, management and innovation aspects have been included in this category. For example,
LEED assigns 7% of its credits to innovations, BREEAM has 15% for construction and construction
waste   management,   Green   Globe   has   12.5%   of   its   points   in   ‘others’   to   include   project  
management, CASBEE includes points for mitigation and off site solar energy gain which have
been   included   in   ‘others’,   GBTool   has   the   largest   percentage   of   points   in   ‘others’,   as   the   system  
considers the cultural perception of sustainability. The results of the weights comparison among
rating systems agree with other studies [16,21] .
It is interesting to note that energy efficiency among assessment systems in fig. 2 is always
considered the most important category (weight average among the 6 systems 25.5%), followed by
IEQ (17.7%), waste and pollution (15.9%), sustainable site (13.2%) and material and resources
(11.5%). These statistics are generic as, obviously, averages do not have any rigorous meaning.
However, studies have shown many similarities among sustainability rating systems [22], which
increases the value of the above averages. It should be remembered that weights and evaluation
criteria are just one of the ways to compare rating systems: [21] Fowler and Rauch compared the
above systems for other properties (applicability, usability, and communicability), again finding
many similarities [21]. The different approaches among the systems have led to the foundation of
the Sustainable Building Alliance to establish common evaluation categories and to improve
comparability among systems.
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Fig. 2 Percentages of the weights assigned by 6 sustainable rating systems grouping the
respective criteria into 7 categories.
From categories in fig. 2, it is clear that environmental aspects receive a larger attention than
economic and social ones. Recently, some multi-criteria rating systems more closely related to a
total quality assessment have been released. For example, the Deutsche Gesellschaft für
Nachhaltiges Bauen (DGNB), available since 2009 in Germany, aims at evaluating sustainability

through the quality of the building. Economic aspects emerge explicitly. Moreover, in the category
of technical quality, paradigms such as performance, durability, ease of cleaning, dismantling and
recycling are considered. More attention to social aspects than in other rating systems is also given.
Functional aspects such as space efficiency, safety, risk of hazardous incidents, handicap
accessibility, suitability for conversion, public access, art and social integration are also considered.

4. Trends in sustainability assessment and conclusion
Trends  of  sustainability  assessment  systems  have  been  of  interest  since  Crawley  and  Aho’s  study  
[23]. Evaluation was originally based on a single or few criteria. However, assessments through a
single dimension have received many critics [24,25], as a single criterion is generally unable to
measure the sustainability complexity. An increasing awareness of externalities, risk and long-term
effects and the importance of social issues suggest a larger diffusion for multi-criteria systems.
However, multi-criteria systems have also been accused of a lack of completeness as they neglect
some criteria: for example, they rarely take into account the economic dimension of the
development. This lack constitutes a limit for sustainability rating systems [6], as it prevents the
evaluation of the economic consequences of sustainable choices. By neglecting the evaluation of
economic aspects, systems contradict one of the development dimensions and allow the additive
logic for adoption of sustainable products which has often been criticized in sustainability rating
systems. This limit affects any system. The importance of economic and social evaluations has
recently emerged in defining systems for developing countries where it is more evident that the
environment cannot be the only assessment category, but economic and social equity are
fundamental [26]. This could re-establish a sustainability prospective to assessment systems which
actually seem too focused on the environment. Although the lack of assessment of some
sustainability aspects, the research of a comprehensive approach to the evaluation has led to
design systems which require much detailed information. For example, GBTool comprises more
than 120 criteria. The complexity of criteria has been pointed out as a limit for the diffusion of
sustainable rating systems [27]. In fact, complexity is one of the five barriers highlighted by Rogers
in innovation diffusion theory [28] and if sustainability and its rating systems are perceived as too
complex by building stakeholders (above all design team, general contractors and suppliers) then,
sustainability practices will be slowly adopted. A balance between completeness in coverage and
simplicity of use is hence necessary to spread sustainability building assessment systems. The
larger diffusion of multi-criteria TQA systems than LCA ones is probably given by their simplicity
and check list structure. LCA analysis are often more rigorous, but still complex to be understood.
The importance of simple systems is emerging making them useful as design tools. In fact,
sustainability rating systems should be introduced early in the construction process, and they must
be structured so as not to need detailed information before they are generated.
An open aspect of sustainability rating systems regards possible regional adaptations in
assessment criteria. Adaptations represent a way of improving the diffusion [28], and in fact, also a
rigid system as the German Passivhaus has shown regional adaptations [29]. The SBC-ITACA
shows that regions are adapting the original system to local characteristics. The last version of the
LEED system, since 2009, has introduced points for Regional Priority to assess local priorities.
An important trend in sustainability assessment is given by the increasing attention given to
neighborhood and construction site. First assessment systems considered the building as a
manufacture product, and evaluated it almost in isolation. However, the importance of surrounding
site is largely increasing, for example passing from 15 to 23 % of available points from version 2.2
to version 3 of LEED. Also energy requirements are becoming stronger in last versions of
sustainability assessment, as consequence of more rigid requests of energy regulations worldwide.
Limits of sustainability assessments suggest that more complete rating systems are necessary to
assess the multi-dimensional aspects of sustainability and to improve the triple bottom line of
buildings.

5. References
[1]
[2]

MANSEAU A., and SHILED R.,   “Building Tomorrow: Innovation in the Construction and
Engineering”, ASHGATE: London, 2005.
HELLSTROM T., “Dimensions of Environmentally Sustainable Innovation: the Structure of
Eco-Innovation Concept”,  Sustainable Development, Vol. 15, 2007, pp.148-159.

[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

IPCC., “Summary for Policymakers, Climate Change, IPCC WG1 Fourth Assessment Report”,
Cambridge University Press, New York, 2007. [http://www.ipcc.ch/pdf/assessmentreport/ar4/wg1/ar4-wg1-spm.pdf]
IEA, Energy Information Administration, “International Energy Outlook”, US Department of
Energy. Washington, 2010. [http://www.eia.doe.gov/oiaf/ieo/highlights.html]
CHENG C., POUFFARY S., SVENNINGSEN N., and CALLAWAY M., “The Kyoto Protocol,
the CDM and the Building & Construction Industry. A Report for the UNEP Sustainable
Buildings and Construction Initiative”, 2008.
DING G.K.C., “Sustainable construction - The role of environmental assessment tools”,  
Journal of Environmental Management, Vol. 86, 2008, pp.451-464.
BLOOM E., and WHEELOCK C., “Green Building Certification Programs”, Pike Research
Report 2Q, 2010.
RWELAMILA P.D., TALUKHABA A.A., and NGOWI A.B.,  “Project procurement systems in the
attainment of sustainable construction”,  Sustainable Development, Vol. 8, No.1, 2000, pp. 3950.
McGraw-Hill Construction, “Key Trends in the European and U.S. Construction Marketplace”,
SmartMarket Report. McGraw-Hill Construction, New York, 2008.
LANGSTON C.A., and DING G.K.C., “Sustainable Practices in the Built Environment”, 2nd
edn. Butterworth-Heinemann, Oxford, 2001.
ISO standard 14020, Environmental labels and declarations - General principles, 2000.
CPR, Construction Products Regulation CPD. 89/106/EEC European Commission, 2010.
COLE R.J., “Emerging trends in building environmental assessment methods”, Building
Research and Information, Vol. 26, No. 1, 1998, pp. 3-16.
DE BLOIS M., HERAZO-CUETO B., LATUNOVA I., and LIZARRALDE G.. “Relationships
between Construction Clients and Participants of the Building Industry: Structures and
Mechanisms of Coordination and Communication”,   Architectural Engineering and Design
Management”, Vol. 7, No. 1, 2011, pp. 3-22.
ISO standard 15392, Sustainability in building construction - General principles, 2008.
BRE,  “A Discussion Document Comparing International Environmental Assessment Methods
for Buildings”,  BRE, Glasgow, 2008.
ISO standard 21931-1, Sustainability in building construction - Framework for methods of
assessment for environmental performance of construction works - Part 1: Buildings, 2010
HASTINGS R., and WALL M., “Sustainable solar housing, Vol. 1 - Strategies and Solutions”,
Earthscan, London, 2007,
HAHN T.J.,   “Research   and   Solutions:   LEED-ing Away from Sustainability: Toward a Green
Building System Using Nature's Design”, Sustainability, Vol. 1, No. 3, 2008, pp. 196-201.
NEWSHAM G.R.,   MANCINI   S.,   and   BIRT   B.J.,   “Do LEED-certified buildings save energy?
Yes, but...”, Energy and Buildings, Vol. 41, No. 8, 2009, pp. 897-905.
FOWLER K.M., and RAUCH E.M., Sustainable Building Rating Systems Summary, Pacific
Northwest National Laboratory, U.S. Department of Energy by Battelle, PNNL-15858, 2006.
SMITH T., FISCHELEIN M., SUH S., and HUELMAN P,. Green Building Rating Systems - A
comparison of the LEED and Green Globes, US. Proc. Carpenters Industrial Council, 2006.
CRAWLEY D., and AHO I.,   “Building environmental assessment methods: application and
development trends”,  Building Research and Information Vol. 27, No. 4/5, 1999, pp. 300-308.
NIJKAMP P., RIETVELD P., and VOOGD H. “Multicriteria Evaluation in Physical Planning”,
North-Holland, New York, 1990.
JANIKOWSKI R., KUCHARSKI R., and SAS-NOWOSIELSKA A.,   “Multi-criteria and multiperspective analysis of contaminated land management methods”,  Environmental Monitoring
and Assessment, Vol. 60, No. 1, 2000, pp. 89-102.
GIBBERD J.. “Assessing sustainable buildings in developing countries - the sustainable
building assessment tool (SBAT) and the sustainable building lifecycle (SBL)”, Proc. of World
Sustainable Building Conference, Tokyo, 2005, pp. 1605-1612.
VISSCHER H., and MLECNIK E., “Quality assurance for passive houses”, Proc. of SASBE
Conference, Delft, 2009
ROGERS E.M., “Diffusion of innovations”, 5th edn. Free Press, New York, 2003.
MLECNIK E., VISSCHER H., and VAN HAL A,  “Barriers and opportunities for labels for highly
energy-efficient houses”, Energy Policy, Vol. 38, No. 8, 2010, pp. 4592-4603.

The influence of building plot ratios on Urban Heat Island intensity in
the tropics
Marcel Ignatius
PhD Candidate
National University of
Singapore
Singapore
a0018034@nus.edu.sg

Anseina Eliza
Postgraduate Student
National University of
Singapore
Singapore
anseina@yahoo.com

Nyuk Hien Wong, National University of Singapore, Singapore, bdgwnh@nus.edu.sg
Steve Kardinal Jusuf, National University of Singapore, Singapore, stevekj@nus.edu.sg

Summary
High density in urban area has been accused as an inevitable cause for Urban Heat Island (UHI)
impact. However, the industry approach on handling this UHI so far has been far from adequate.
From the business point of view, developers are more focusing on how to maximize the plot ratio,
to achieve more profit from the saleable area, rather than its implication on sustainable
environment. Derived by clients or developers request, architects also have the same focus in
maximizing the Gross Floor Area (GFA). There are thousands of design options in optimizing the
GFA but every option has its own implications, to the surrounding or the buildings themselves.
Those buildings will form canyon geometry, which will affect urban temperature, and it will be
accumulated toward the UHI phenomenon. To overcome this issue, it is essential to investigate the
strategy of mitigating UHI impact with parallel to government plan of higher plot ratio in densely
built area. This paper tries to give an overview of how different building configurations within plot
ratio control in Singapore affect the urban temperature and ventilation. This study will focus on plot
ratios in Singapore, based on current authority Master Plan. The methodology is to embark on
parametric study; where every plot ratio will be tested out with different building configuration
options. The conclusion of this study will be based on analysing strategies that can be used to
mitigate the UHI impact for different plot ratios and also urban parameters. Understanding the
strategies and parameters will be valuable for urban planners as guidance in plot ratio setting and
also for architects in preliminary massing studies.
Keywords: Plot Ratio, Urban Temperature, Sky View Factor, Building Density, STEVE Tool

1. Introduction
High density in CBD area has been accused as an inevitable cause for Urban Heat Island (UHI)
impact. Nevertheless, it is difficult to reduce the density as the land price in Central Business
District (CBD) is higher compared to rural area. Government will allocate higher plot ratio for CBD
area, which will cause higher density and have implication to UHI consequently. Therefore, it is
essential to investigate the strategy of mitigating UHI impact with parallel to government plan of
higher density in CBD area.
This paper tries to give an overview of how different building configurations within plot ratio control
in Singapore affect the urban temperature and ventilation. It will focus on plot ratios in Singapore,
derived from URA Master Planning 2008. Every plot ratio will be tested out with different building
configuration options, to understand how the implication of different options to the surrounding
climate. Understanding the parameters will be valuable for urban planners as guidance in plot ratio

setting and also for architects in preliminary massing studies. This study on climatic condition of
several different plot ratios is done by utilizing Geographic Information System and The Screening
Tool for Estate Environment Evaluation (STEVE). The latter tool was developed with a motivation
to bridge the research findings, especially air temperature prediction models and urban planners.
STEVE calculates the T-min, T-avg, and T-max of a point of interest for both the existing and future
condition (proposed master plan) of an estate. [1]

2. Literature Review
2.1 Urban Heat Island
The Urban Heat Island (UHI) phenomenon is a condition which temperatures in urban areas are
higher than its surrounding. Isotherms on a map show an urban area with higher temperatures
emerging like a warm island floating on a cooler sea. This is the origin of the name of "Urban Heat
Island.” [2]. Alterations of the urban surface by people result in diverse microclimates whose
aggregate effect is reflected by the heat island [3]. Building, paving, vegetation, and other physical
elements of the urban fabric are the active thermal interfaces between the atmosphere and land
surface. Their composition and structure within the urban canopy layer, which extends from the
ground to about roof level, largely determines the thermal behaviour of different sites within a city
[4], [5].
UHI can also be observed in every town and city as the most obvious climatic manifestation of
urbanization [3]. Over the past 100 years, Tokyo's average temperature has increased by about
three degrees Celsius, and that of Osaka has increased by two degrees Celsius. Since it is said
that global warming has raised the Japan's average temperature by about one degree, the
temperature increase due to the UHI effect is probably about two degrees in Tokyo and about one
degree in Osaka. In Washington and Tokyo, a rate of one-half to one degree Fahrenheit every ten
years was observed in the context of the summer’s maximum temperatures during the last 30-80
years. In Singapore, the satellite image shows UHI effect during daytime. The ‘hot’ spots are
normally observed on exposed hard surfaces in urban context, such as industrial area, airport and
CBD. The satellite image also shows some ‘cool’ spots, which are mostly observed on the large
parks, the landscape in-between the housing estates and the catchment area [6]
2.2

Mitigating UHI

Urban morphology is a major factor that influences the thermal behavior in the city and creates UHI
impact. [7] stated that designs for street canyons in high- and mid-latitude cities should (1)
maximize shelter from wind for pedestrian comfort, (2) maximize dispersion of air pollutants, (3)
minimize urban warming to reduce the need for space cooling, and (4) maximize solar access.
Oke’s analysis of urban geometry in relation to air-flow patterns, radiation exchange, and thermal
behavior resulted in a range of canyon geometries and building densities that achieve a “zone of
compatibility”.[8] Calculation of irradiances on urban canyon walls and floors provide quantitative
guidelines on street geometry. He found that irradiance values generally were smaller for canyon
walls than for floors, and that controlling canyon-floor irradiance was more critical at lower latitudes
because of higher solar angles. North-South street orientation provided less summer and more
winter canyon-floor irradiance than east-west street orientation. Using Cluster Thermal Time
Constant model, [9] in hot regions, cities with east-west streets have weaker urban heat-island
intensities (0.8 deg C) than cities with east-west streets. Their sensitivity analysis illustrated how
increasing aspect ratios (canyon height to width) results in a stronger daytime “cool island” due to
increased shade, and a weaker nocturnal heat island due to appreciably reduced maximum
temperature.
2.3

STEVE tool [1]

Screening Tool for Estate Environment Evaluation (STEVE) is a web application that is specific to
an estate and it calculates the Tmin, Tavg and Tmax of the point of interest for the existing

condition and future condition (proposed master plan) of the estate. Temperature in that particular
point is as a result of surrounding environment within the buffer zone. Output data from STEVE will
be used as a database for Geographic Information System (GIS) to produce a raster map of
temperature difference within the estate.

3. Hyptohesis
Building height and openess in the urban settings not just influences sky view factor, but also the
micro-climate condition, since it will also determine the solar radiation incident on both ground and
wall surface. And all these urban parameter is directly related to the plot ratio of the building site.

4. Parametric Study

Figure 1. Methodology Flowchart
Parametric study uses 48 scenarios from eight different plot ratios and six different massing (see
Figs 1 for methodology flowchart). Every scenario will maximize the GFA based on the permissible
plot ratio. From 1 to 3 building masses scenarios will use maximum storey height while 5, 10, and
16 masses will have lower storey height along with the increase of massing quantity.
Consequently, spacing between buildings is reduced when number of massing increases. A clearer
visualization can be seen below (Table 1 and Figs. 2).
Table 1. Parametric Study with Plot Ratio as baseline parameter
MAX.
MAXIMUM
STOREY
AREA
PLOT RATIO
HEIGHT
(sq m)
(m)
1.4
5
28000
1.6
12
32000
2.1
24
42000
2.8
36
56000
3.5
48
70000
4.3
60
86000
8.4
72
168000
11.2
80
224000
SPACING (m)

BUILDING MASSING
1
5600.00
2666.67
1750.00
1555.56
1458.33
1433.33
2333.33
2800.00
-

2
3
5
10
FOOTPRINT FOR 1 MASSING (sq m)
2800.00
1866.67
1120.00
560.00
1333.33
888.89
1280.00
640.00
875.00
583.33
700.00
350.00
777.78
518.52
466.67
233.33
729.17
486.11
388.89
291.67
716.67
477.78
477.78
358.33
1166.67
777.78
933.33
700.00
1400.00
933.33
1244.44
933.33
80.00
50.00
20.00
20.00

16
350.00
400.00
525.00
700.00
364.58
447.92
437.50
583.33
8.00

Figure 2. Visualization diagram of the parametric study

5. Data and Analysis
5.1

Temperature Minimum (T-min) – night time

Table 2. T-min temperature matrix correlated with Storey Height
T-MIN (0C)

STOREY HEIGHT (m)

MASSING

Plot
Ratio

1

2

3

5

10

1.4

25.7

25.7

25.7

25.7

25.7

MASSING

16

Plot
Ratio

1

2

3

5

10

16

25.7

1.4

20

20

20

20

20

20

1.6

25.7

25.7

25.7

25.7

25.7

25.7

1.6

48

48

48

20

20

20

2.1
2.8

25.5
25.4

25.6
25.4

25.5
25.4

25.7
25.5

25.7
25.4

25.7
25.7

2.1
2.8

96
144

96
144

96
144

48
96

48
96

20
20

3.5

25.2

25.3

25.2

25.2

25.5
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3.5
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144
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Figure 3. T-min temperature map diagram
The T-Min data above (Table 2 and Figs. 3) show that the minimum temperature is in proportion
with building massing quantity. If the quantity increases, it will result in higher minimum
temperature as the spacing between the buildings has become narrower and it traps the heat
absorbed by the surface during the day between the tight canyons.
The minimum temperature values are proportionally inversed with the plot ratio (see Figs. 4). If the
plot ratio value is higher, minimum temperature will end up be lower. Since the building height will
be higher as the result of the plot ratio increase (because the permissible GFA is also increase),
the minimum temperature is proportionally inversed with the storey height. This trend is explainable
from the 2 diagrams below. Logically, the higher the building, the more ground surface area will be
overshadowed, which will result in reducing the incident solar radiation during the day. Thus, the
amount of heat emitted at night is lower compared to the area with area with low rise building
setting.
From description above, it can be suggested that one of the strategies to reduce the minimum
temperature is implement more open area between buildings and higher the building height.

Figure 4. Chart showing T-min correlation with building storey height
5.2

Temperature Maximum (T-max) – afternoon time

Table 3. T-max temperature matrix correlated with Sky View Factor
T-MAX (0C)

SKY VIEW FACTOR

MASSING

Plot
Ratio

1

2

3

5

10

1.4

32.6

32.6

32.6

32.2

1.6
2.1

32.7
32.7

32.5
32.4

32.4
32.2

2.8

32.6

32.3

3.5

32.5

4.3

32.5

MASSING

16

Plot
Ratio

1

2

3

5

10

16

32.2

32.4

1.4

0.79

0.76

0.73

0.43

0.47

0.54

32.6
32.1

32.2
32.1

32.2
32.1

1.6
2.1

0.81
0.83

0.74
0.74

0.54
0.50

0.43
0.37

0.46
0.35

0.46
0.41

32.2

32.1

32.0

32.0

2.8

0.83

0.74

0.49

0.42

0.32

0.36
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32.1

32.0

32.0

32.2
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0.83
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0.48
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0.31
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0.26
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Figure 5. T-max temperature diagram
The T-Max data from Table 3 and Figs 5 above shows that the maximum temperature is in
inversely proportion with the number of building massing. If numbers of buildings are lesser, it will
result in higher maximum temperature as there is wider open space between buildings. Thus, it will
increase the incident solar radiation on the ground.
Moreover, the maximum temperature is also inversely proportion with the plot ratio. The higher the
plot ratio, maximum temperature tends to be lower. The rationale is that because if the plot ratio
higher, the building height will increase. Consequently there will be more area covered by the
shadow on the ground. Therefore it will minimize the incident solar radiation on the ground during
the day.
The chart on Figs. 6 also shows that maximum temperature is directly proportional with sky view
factor. Maximum temperature will be lower for lower sky view factor (close to zero). It is mainly
because lower sky view factor means the area is more shaded, therefore the incident solar
radiation will be lesser during the day.
The strategy to reduce maximum temperature is to create narrower canyon, and higher building to
generate more shadows onto the ground.

Figure 6. Chart showing T-max correlation with sky view factor.
5.3

Temperature Average (T-avg)

Table 4. T-avg temperature matrix correlated with Wall Area
T-AVG (0C)

WALL AREA (x1000 m2)

MASSING

Plot
Ratio

1

2

3

5

10

1.4

28.9

28.9

28.9

28.8

28.8

1.6

29.1

29.0

28.9

28.8

2.1

29.0

29.0

28.9

2.8

29.0

29.0

3.5

28.9

29.0

4.3
8.4

28.9
29.0

11.2

29.1

MASSING

16

Plot
Ratio

1

2

3

5

10

16

28.9

1.4

2.3

2.5

5.0

4.6

5.2

6.2

28.8

28.9

1.6

4.2

3.6

9.1

5.0

5.3

7.3
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28.8

28.8

2.1

7.0
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14.7

7.9
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Figure 7. T-avg temperature map
The trend for average temperature is higher for the high plot ratio and tends to be lower for the low
value. As shown on the Table 4, highest average temperature value is on plot ratio 11.2 with 3
massing scenario. Referring to the Wall Area values, the tendency of wall area is similar with
average temperature. Therefore, it concludes that average temperature is directly proportional with
wall area (see Figs. 7 and 8). The main reason is that because higher wall area will end up
absorbing more heat during the day, therefore the heat released during nighttime will increase.
The chart comparison on Figs. 8 and also show the similar tendency, highest average temperature
and wall area are on the plot ratio 11.2. The scenarios with high plot ratio values have the highest
average temperature, notably within the three buildings massing. The reason is that the spacing
between high-rise buildings in the high plot ratio is the narrowest compared to other settings.

Figure 8. Chart showing T-avg correlation with Wall Area.

6. Discussions and Conclusions
Urban density is the major UHI factor that will increase the temperature in urban area to be higher
compare to rural area. It is generally determined by the plot ratio, which is usually higher in urban
area. Preliminary study shows that high plot ratio in CBD area will eventually experience the UHI
effect, which is higher temperature at night. The result of this study shows the contrary result,
which is higher plot ratio will give lower minimum temperature with lesser buildings and higher
building height.
The temperature reduction is significant for minimum temperature, even though the maximum and
average temperature also shows temperature reduction. The significant temperature reductions
come from 1, 2, and 5 massing studies, which is more spacing between buildings compare to the
existing. Therefore, it can be concluded that provision of more open space area, lesser number of
massing, and higher building height in high plot ratio such as CBD area, will minimize the UHI
effect.
Minimum and maximum temperature presents a contrasting result; while minimum temperature is
reduce if there is enough provision of open space, maximum temperature will increase if there is
more open space, as the ground will receive more incident solar radiation. The strategy to solve

this issue is to satisfy the minimum temperature which provide more open area, and to reduce the
maximum temperature, there should be provision of greenery on the open space and trees to
absorb the heat and allow natural ventilation during the day.
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Summary
This paper describes the comprehensive assessment of whole Japanese cities using the latest
Comprehensive Assessment System for Built Environment Efficiency (CASBEE) tool,
CASBEE-City. Using the tool, all Japanese cities are assessed from the perspective of
environmental efficiency and compared with one another. The results of the assessment are
mapped using Geographic Information System (GIS) to be visually displayed. This city assessment
and the visualization of the results are expected to assist governments and other stakeholders in
determining which cities and regions should be the focus of future sustainable development efforts.
Keywords: CASBEE (Comprehensive Assessment System for Built Environment Efficiency), GIS
(Geographic Information System), City assessment, Sustainable development

1. Introduction
In today’s increasingly globalized world, every city is exposed to strong international competition.
The movement of people, goods, money, services, and information is conducted rapidly and
“attractive” cities continuously develop by gathering these resources. On the other hand, cities that
are perceived as “not attractive” are now facing difficult times as a result of population loss and
economic stagnation. Because of these trends, cities all over the world are implementing various
measures to make their cities stand out and become more competitive. Establishing a distinct
brand identity is becoming more important for cities, and to do so effectively city leaders must
understand the actual situation in the city and know its strengths and weaknesses compared with
other cities. City assessment tools are now attracting increased attention since they help users to
understand the state of their cities. Many city rankings are published by various institutions, such
as the “Liveability Ranking” by the Economist Intelligence Unit [1], the “Quality of Living Survey” by
Mercer Human Resource Consulting [2], and the “Global Power City Index” by the Mori Memorial
Foundation [3], to name some examples. These city rankings are calculated according to various
indicators or by conducting survey questionnaires. Most of these rankings are published annually.
The continuous publication of city rankings helps stakeholders recognize the current performance
of their city, as well as gives an understanding of improving and worsening trends. However, these
city rankings are focused mostly on large global cities because of limited data and human
resources. Many other cities around the world do not have opportunity to know their city
performance in comparison with other cities. Therefore, the authors have developed the
Comprehensive Assessment System for Built Environment Efficiency (CASBEE) tool specifically
for city assessment, named CASBEE-City. CASBEE-City allows users to assess their own city
voluntarily. First, this paper presents an overview of CASBEE-City and then introduces the
comprehensive assessment of whole Japanese cities by means of this tool.

2. Overview of the comprehensive assessment tool: CASBEE-City
CASBEE for Cities (abbreviated as CASBEE-City) is a comprehensive city assessment tool that
allows users to identify the performance of their city [4]. CASBEE-City was developed through an
initiative of the Committee for the Development of an Environmental Performance Assessment Tool
for Cities, of which the authors are main members.1
CASBEE was first developed to assess the performance of individual buildings. The assessment
scope was then expanded from individual buildings to city blocks and urban development areas in
order to assess the environmental performance of planned projects consisting of multiple buildings
and public spaces. The general trend in assessment methods and tools has been to develop for a
broader context and larger scale after gaining experience in assessing individual buildings [5].
CASBEE for Urban Development in Japan [6], LEED for Neighborhood Development in the United
States [7] and BREEAM Communities in the United Kingdom [8] are several examples of broader
scale assessment tool. The Green Building Council of Australia (GBCA) is planning to develop
“Green Star Communities” to support the development of sustainable communities [9]. The
CASBEE family widened its scope to the city scale with the development of CASBEE-City.
As with other tools in the CASBEE family, CASBEE-City is also based environmental efficiency.
The concept of environmental efficiency used in CASBEE-City is based on the concept of
eco-efficiency put forward by the Business Council for Sustainable Development (BCSD).
According to that definition, eco-efficiency is reached by the delivery of competitively priced goods
and services that satisfy human needs and bring quality of life, while progressively reducing
ecological impact and resource intensity throughout the product lifecycle to a level at least in line
with the Earth’s estimated carrying capacity [10]. CASBEE has applied this concept of ecoefficiency to its assessment of the built environment using Built Environment Efficiency (BEE),
which takes into account the level of quality within the target built environment, while accounting for
environmental load outside the target built environment.
A hypothetical boundary is drawn around a city in order to define the area to be assessed and to
calculate the BEE of the city (Figure 1). This assessment structure based on the concept of
environmental efficiency is a unique aspect of the CASBEE. BEE provides different insight into city
performance as compared with conventional assessment methods that simply tally points in the
various performance measures for an area [11]. The hypothetical boundary is used to define two
spaces: internal space and external space. This demarcation enables the consideration of both the
negative aspects of environmental impact that go beyond the hypothetical enclosed space and the
quality and activities of all stakeholders within the hypothetical enclosed space. These two factors
are evaluated separately and are defined as follows.
Environmental load emitted from a city (hereinafter, environmental load or L) is a measure of
negative environmental impact. In particular, environmental load focuses on the emission of
greenhouse gases (GHGs) that are released into the space beyond the hypothetical enclosed
boundary as a result of activities inside the city (i.e., into the atmosphere, surrounding areas, or
beyond).
Quality inside the city (hereinafter, quality or Q) is a measure of the environmental, social, and
economic situation, improvements in the activities of citizens and other stakeholders, and the
quality of life within the hypothetical enclosed space.
Environmental load on the
surrounding area (L)

Hypothetical boundary

Quality inside the city (Q)

BEE

of a city

BEE Built Environment Efficiency

Score for quality
Score for
environmental load

Figure 1. Hypothetical boundary implemented in CASBEE-City and the definition of BEE

CASBEE-City calculates the score for both environmental load and quality on a 100-point scale.
The BEE value, defined as Q/L, is then calculated to give a comprehensive assessment. The
calculated BEE value is shown on a two-dimensional graph, called a BEE chart, which plots the
Q value on the vertical axis and the L value on the horizontal axis. The gradient of the straight line
that passes through the origin (0,0) and the point of intersection of the Q and L values represents
the BEE value of a city. A city that maintains high quality within its hypothetical enclosed space,
while emitting a limited environmental load that can be naturally absorbed by the ecosystem,
receives a high BEE value and is judged to be an advanced sustainable city within the
CASBEE-City framework. Figure 2 shows an example of the CASBEE-City assessment results for
a city receiving a score of 56 for Q and score of 40 for L. In this case, the city is given a B+ grade,
which is regarded as a ‘good city’ with a BEE value of 1.4.
BEE =

Good 100
S

3.0

1.5
A

1.0
Example:
Score for Q 56
Score for L 40

B+

Score for quality [-]

B

Poor

56

BEE = Q/L = 1.4

BEE=1.4

50

0.5
Assessment result
S: Excellent
A: Very good
B+: Good
B-: Fairly poor
C: Poor

C

0

0
Good

40
50
Score for environmental load [-]

100
Poor

Figure 2. BEE chart and example of assessment results

3. Comprehensive assessment of whole Japanese cities
3.1

Methodology

CASBEE-City is a tool that allows users to conduct a comprehensive assessment of cities by
collecting and inputting various data. The tool enables users to identify the detailed condition of
cities and promotes better understanding of the strengths and weaknesses of a city compared with
other cities. However, conducting a CASBEE-City assessment takes a long time since the tool
requires many quantitative and qualitative data for the assessment. Also, certain data can be
difficult for some cities to collect. On the other hand, users demand easier and more user-friendly
assessment tools that enable them to understand city conditions. Potential users of the tool include
administrative officers of local governments who want to monitor their city’s progress toward
sustainable development goals, citizens who wish to improve the quality of life in their city, and
business managers who are considering locating offices within the city. Therefore, CASBEE-City
Brief Version was developed by simplifying the assessment structure of the original CASBEE-City.
The differences in the assessment items between the original CASBEE-City and the simplified
CASBEE-City Brief Version are shown in Table 1. These assessment items were selected
according to the availability of data from existing sources [12] [13], and therefore users do not have
to collect original data on the city by themselves. Assessment items that require qualitative data or
complex monitoring of the city are excluded. This simplification reduces the time and human
resources required to conduct the city assessment. Even though the assessment structure is
simplified in CASBEE-City Brief Version, it includes the key features of the original CASBEE-City,
such as setting a hypothetical boundary around the city, taking into account both environmental
load and quality, and calculating a BEE value as the comprehensive assessment score.

Table 1. Assessment items in the original CASBEE-City and CASBEE-City Brief Version
Category

Subcategory

Original Tool

L.

GHG emissions

Net CO2 emissions

Environmental
load
Q1. Environmental
aspects

Q2. Social
aspects

Nature conservation
Local environmental quality

Resource recycling
Environmental measures
Living environment

Social services

Social vitality

Q3. Economic
aspects

Industrial vitality
Economic exchanges
Financial viability

Assessment tool

Brief Version

Included but
highly simplified
Green and water spaces
Included
Air
Removed
Water
Removed
Noise
Removed
Chemicals
Removed
Recycling of waste
Included
Policy efforts
Removed
Quality of housing
Included
Parks and open spaces
Removed
Sewage systems
Included
Traffic safety
Included
Crime prevention
Included
Disaster preparedness
Removed
Education services
Included
Cultural services
Included
Medical services
Included
Child care services
Included
Services for the disabled
Included
Services for the elderly
Included
Population change due to births Included
and deaths
Population change due to migration Included
IT environment
Removed
Policy efforts
Removed
Gross regional products
Included
Number of employees
Removed
Number of visitors
Removed
Public transportation
Removed
Tax revenues
Included
Outstanding local bonds
Included

Database

BEE = 3.0

Good 100

2) Refer

S

1.0

1.5
A

B+
B

Present
quality

3) Respond
1) Query

Past

GIS

C

Output 2
Poor

User

0.5

50

Output 1

0

0
Good

50

environmental load

Figure 3. Diagram of the structure and utilization of CASBEE-City Brief Version

100
Poor

Validation of the assessment tool

The methodology of developing CASBEE-City Brief
Version by simplifying the assessment structure of the
original tool is described in the previous section. The
simplified version helps reduce the time and human
resources required to conduct a comprehensive city
assessment. However, a simplified, user-friendly tool
would be meaningless if the assessment results were
completely different from the results obtained from the
original tool. Therefore, we validated CASBEE-City Brief
Version through a comparison with the assessment
results of the original tool. Assessment results for 10
cities were compared in the validation. These 10 cities
voluntarily provided quantitative and qualitative data to
the Committee for the Development of an Environmental
Performance Assessment Tool for Cities in the
development stage of the original CASBEE-City. We
conducted an assessment of these cities using the
original and the brief version of the tool. Figure 4 shows
the comparison of the scores obtained from the two
versions of the tool for environmental load and quality
within a city on the top and bottom graph, respectively.
The horizontal axis represents the score calculated from
the original tool and the vertical axis represents the
score derived from the simplified version. As can be
clearly seen in both figures, the plots of the assessment
results are gathered around a line of slope 1, which
means that the assessment results derived from both
tools are similar. Thus, the simplified tool has been
shown to be of practical use.

Score for Q calculated from
the brief version [ ]

3.2

Score for L calculated from
the brief version [ ]

A diagram of the overall structure and utilization of CASBEE-City Brief Version is shown in Figure 3.
Statistical data for the prior 20-30 years for all assessment items in CASBEE-City Brief Version
were collected from available sources and a large time-series database was developed.2 CASBEECity Brief Version immediately references this database when the user sets the parameters of the
assessment (city, year, etc.). The tool then searches the database for the data matching the users
request and provides the specific data. CASBEE-City Brief Version calculates the score for quality,
the score for environmental load, and the BEE value of the city after retrieving the specific data
from the database.
The results of the assessment are presented in two easy-to-understand forms. First, the
assessment results are presented on maps using GIS. The assessment results for each city are
matched with unique geographic information, and a GIS application creates the map by loading the
results. Visualizing the assessment results on a map enables users to compare their city with other
cities in the nation. A map is generated for each assessment item to help users identify the
advantages and disadvantages of their city in comparison with other cities in the country. In
Section 3.3, some key results visualized on maps using GIS are provided. Second, the tool
calculates the BEE value and displays the results graphically on a chart. The comprehensive
assessment result for a city is represented as a single point on the BEE chart. Moreover,
CASBEE-City Brief Version allows several points to be plotted on the BEE chart at the same time.
Tool users can compare the environmental efficiency of multiple cities by plotting several
assessment results at a certain point in time. Users can also plot two points for a city on the same
BEE chart to show assessment results using data from different times. The difference between the
two points represents how the city condition improved or degraded over a period of time.
Visualization of assessment results can provide useful information on past policies implemented in
a city. Local governments can explain the effects of their policies more easily to citizens, and
citizens can also use the tool to monitor the condition of their city on a continuous basis. CASBEECity Brief Version can be used by anyone who is interested in city issues.
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Figure 4. Comparison of the
assessment results of the original tool
and the brief version

3.3

Assessment results

The assessment results for whole cities in Japan are shown in Figures 5 and 6. The main findings
from the assessment are as follows:
1) Cities that face the ocean with large ports tend to have high emissions of environmental
load (GHG emissions) since heavy industries often thrive in such areas;
2) The quality within cities in northeast Japan is relatively low compared to the nationwide
average; and
3) Cities that achieve high quality inside the hypothetical boundary while emitting low
environmental load receive high BEE scores and such cities are not clustered in any
particular area of Japan and are spread evenly throughout the country.
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Figure 5. Assessment results for whole cities in Japan
(left: score for environmental load (L); right: score for quality within cities (Q))
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Figure 6. Assessment results for cities in Japan (BEE value)

3.4

Discussion

Comprehensive city assessment from the perspective of environmental efficiency can now be
conducted by anyone using CASBEE-City Brief Version. Cities are the basis of our daily life and
must maintain high quality (i.e., citizens should have high quality of life in the city). However, cities
must also aim to decrease the emission of environmental load at the same time. Both perspectives
are important and should be well-balanced, which is why CASBEE-City introduced the concept of
environmental efficiency into its assessment methodology. This type of assessment will support
stakeholders in achieving sustainable development. Cities that emit large amounts of
environmental load can improve the results of the assessment by introducing low-carbon
technologies, eco-friendly policies, and other measures. Cities with low quality can improve the
results of the assessment by determining in which areas the city is inferior compared with other
cities and making efforts to improve these weak points. For these reasons, comprehensive city
assessment from the perspective of environmental efficiency is important. This type of assessment
benefits not only local governments, but also national governments. Comprehensive city
assessment helps national governments to determine which area should be the focus of further
improvement. Assessment results can be used as key information in planning nationwide policies.
Accordingly, visualization of the actual conditions in cities is vital.

4. Conclusions
4.1

Key contributions

This study provided an overview of the comprehensive city assessment tool CASBEE-City. Further,
this paper introduced the methodology and the results of the comprehensive assessment of
Japanese cities using CASBEE-City Brief Version, which was developed by simplifying the
assessment structure of the original tool. CASBEE-City Brief Version is integrated with GIS and
enables users to understand the conditions and the strengths and weaknesses of their cities
compared with other cities by visualizing the assessment results on easy-to-understand
two-dimensional maps. The assessment and visualization of the results are expected to raise the
awareness of citizens and other stakeholders about their city, and thus encourages them to
improve the city conditions and to contribute to sustainable city development.
4.2

Limitation of the study and future challenges

There are several limitations in this study. Ideally, every environmental load, or at least several
important environmental loads, would be measured. However, only greenhouse gas emissions are
considered as environmental load in this study. Other key indicators that are measurable as
environmental load should be considered in the future. Assessment methodology for quality must
also be improved, since the current indicators are skewed toward social aspects. Measurable
indicators for environmental aspects and economic aspects should be further explored. Also, the
possibility of comparing Japanese cities and other foreign cities should be considered. Of course,
such comparisons may be difficult because of different environmental and social conditions and the
different practices in city data collection, among other reasons. However, attempting to compare
cities in Japan and foreign cities is a worthwhile endeavor since it can help find the strengths and
weaknesses of cities and establish distinct identities for cities. Having cities understand and foster
their own identity will support diversity conservation in cities. These limitations and challenges will
be considered on a continuous basis moving forward.
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Endnote
1

CASBEE-City was developed by the Committee for the Development of an Environmental
Performance Assessment Tool for Cities (Chair: Shuzo Murakami) in close collaboration with the
Japanese Regional Revitalization Bureau of the Cabinet Secretariat under the auspices of the
Japanese Ministry of Land, Infrastructure, Transport and Tourism.
2
Old statistical data were often stored by the tracking authority in book form. Therefore, these data
were scanned and converted into electronic data when developing the large time-series database
in order to make it possible to calculate the assessment score.
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Summary
The paper examines an alternative approach to understanding and describing the phenomenon of
urban development based on systems theory through forming a system of urban development and
defining the actors and their relationships within the system. This approach can be fruitful
especially when aiming for more sustainable solutions than the current legislation or building code
requires. These  solutions  are  then  based  on  the  values  of  systems’  components.  To achieve this,
this mainly theoretical paper uses real-life examples to describe the situation. The primary aim of
the paper is to evaluate the usefulness of system theory and systems thinking in analysing urban
development to develop mutual understanding between the actors and contribute to urban
development theories and sustainability.
Keywords: Urban development, Urban planning, Systems theory, Partnership, Ecological
sustainability, Public-Private-People Partnership, Values, Case study, Helsinki,
Melbourne.

1. Introduction
A systems view was brought to the fields of urban planning and urban development in the late
1960s and early 1970s [1, 2]. Its protagonists at the time had a strong faith in evolving computing
capacity being able to solve the problems which planners encounter. This cybernetic view on
planning was soon forgotten and replaced by communicative planning theory and praxis, at least
for some time. Today, computer modelling and geographical information systems are again a
branch of any spatial science that planners and urban developers can employ.
As there was not, and has not emerged so far, a single atomistic or overarching theory of urban
planning or urban development, the systems view has also remained in urban development and
urban planning. Lately it has surfaced due to its ability to explain the phenomenon of urban
development rather than a means to forecast or predict outcomes. This was also the goal of the
seminal works on the area:
“Such a [systems] view provides a single framework for the continuing task [of of urban planning
and development], providing useful links between the various parts of the process.”  [1, p. 297]
From the beginning, the early systems theorists in urban planning and development searched for
greater sustainability, albeit the term as it is currently known was defined only some fifteen years
later. Both McLoughlin [1] and Chadwick [2] viewed the world as an ecosystem in which urban
development takes place and shared a concern about the human community having permanent
effects on that ecosystem.
In social systems, such as urban development, the relationships between system components are

as vital as the components themselves [3]. Still, these relationships are too often left outside of
inspection. This study assumes that in the urban development process there must exist some
connections between all system components. These connections can be unilateral or bilateral, and
the latter two-way interaction is called a partnership in this paper. Luhmann [3] calls this kind of
bilateral interaction in social systems “a contract”,  which  also  underlines  the  mutuality.
This paper aims to use systems thinking to illustrate different forms of urban development
processes and connect the processes to sustainability, especially ecological sustainability, as a
guiding value of urban development. The illustration is restricted to a few, case-based examples
from the Helsinki metropolitan area, in Finland, and the Melbourne metropolitan area, in state of
Victoria, Australia. Via this examination, connections between the urban development system and
ecological sustainability, as a value, are suggested to exist, but this paper will not suggest a
complete taxonomy of urban development processes.
This paper contributes to the field of urban development and sustainability by reviving a framework
which has been long abandoned to increase the understanding of present-day urban residential
development. Thus the paper contributes to urban planning and urban development theories by
reviving a forgotten paradigm and to practice by increasing understanding of the urban
development process and sustainability as one of the guiding values of that process.
Structurally, this paper presents the research design along with the research method and the data
used in the next section. After this, the background theories are visited in the Theory section,
followed by Findings section which presents the different categories of interaction modes found
within this study. The Discussion section discusses the findings and some research limitations.
Finally, some conclusions are made. The main conclusion of the paper is that systems theory and
systems thinking are a useful way of analysing urban development, developing mutual
understanding between the parties, and connecting urban development to sustainability.

2. Design, method and data
The overall research design of this study was a comparative case study. The analysed cases were
urban residential development processes conducted during the recent decade between 2000 and
2010 in the Helsinki   metropolitan   area,   Finland   (in   this   paper   “Helsinki”   for   short),   and   in   the
Melbourne metropolitan area, Victoria, Australia   (in   this   paper   “Melbourne”   for   short).   In   both  
Finland and Australia the public sector has several policies concerning urban development and
urban planning, and the public sector also conducts some development itself. Another common
denominator is the local authorities being responsible of urban planning within their jurisdictions. In
Melbourne there are 31 such local authorities, in Helsinki there are four. However, in Melbourne as
in Helsinki the private sector is in charge of most of the development and it also introduces
development initiatives to public sector authorities.
The main contribution of this study is not to analyse the cases but to point out the differences
between the interactions between their components within the systems framework. Due to this,
and due to some of the case information being non-public and the development and construction
still partially ongoing, the cases are referred to in this study as Cases 1-8. The cases were selected
as critical residential development cases containing all the three parties.
The data of the cases was mostly qualitative, being planning documents and strategies containing
also the values which the development is supposed to reflect. The approach was cross-sectional
so the cases were analysed at one point of time. The cases were selected so that they are
remarkable enough to involve several parties and not only one developer implementing some
existing plan. The cases are presented in Table 1 below.

Table 1. The cases.
Case Location
1
2
3
4
5
6

Type of development
site *)

Helsinki

Brownfield and
greenfield, in existing
structure
Melbourne Greenfield, in city
fringe

Size of development when
completed (rounded to
nearest 1,000)
7,000 inhabitants

Stage in March
2011

16,000 inhabitants

Development and
construction
ongoing
Construction
ongoing
Development ready

Melbourne Brownfield, in existing
structure
Helsinki
Greenfield, in city
fringe
Helsinki
Brownfield, in existing
structure

3,000 inhabitants

Helsinki

7,000 inhabitants

16,000 inhabitants

Development and
construction
ongoing
Fully constructed

Development
ongoing
8
Helsinki
7,000 inhabitants
Development and
construction
ongoing
*) “Brownfield” refers to change in site use (from industrial to residential),”greenfield" to site being
undeveloped.
7

Helsinki

Greenfield, in existing
structure
Greenfield, in existing
structure/city fringe
Greenfield, in existing
structure

1,000 inhabitants

Almost fully
constructed

27,000 inhabitants

3. Theory
Urban development, as understood in this paper, is about change in the urban environment. The
rationale of urban development is related to a site and the site being in its most productive use
within current circumstances [4, 5, 6]. This  “most  productive  use”  resembles  the  idea  of competition
which is central to ecology, which is the origin of systems view [1], that is, the urban development
systems compete for resources. Urban development covers the process of producing the urban
environment and bringing together multiple actors from the government, business and users in that
production [7]. The main focus of this study is in the interactions between the actors and this
locates the study within the institutional branch of property research [8].
The actors of an urban on the field are generally labelled under three institutional parties: People,
Private and Public [9, 10, 11]. This paper draws on, and continues on the path of, some previous
studies on partnership-based urban development [7, 12, 13, 14] and therefore these actors are
titled parties also in this study. This approach has been labelled Public-Private-People Partnership
(4P) and it has been suggested as increasing the potential for using sustainable solutions within
urban development processes [7].   The   term   “party” also contributes to the idea of the system
components being more complex than just a single authority, company or home-buyer. Of the
parties, Public refers to the authorities in charge of planning and development, Private to private
sector developers and other actors, and People to existing and future inhabitants of the site to be
developed and its immediate surroundings.
The parties are components of an urban development system, which is a social system [15].
Typical to social systems is their nonlinearity and multiple intertwined causations [16]. Therefore,
because the aim of this study is not to examine details or causations, the party-based system
serves the purpose.
Systems in this paper are looked at through systems theory, which, briefly, is a framework for
gaining more understanding of the behaviour of complex natural and social systems [16]. Any

urban development process is likely to be highly complex [17, 18, 19]. Almost all systems belong to
the category of open systems, introduced originally as a part of general systems theory [20].
Characteristic to open systems are their independent components (parties in this paper) interaction
between the components, system boundaries and, especially in the case of open systems,
interaction of the system with its environment. A system and its environment exist in reference to
each other. Also, the system which is investigated at each time, is not the only one in the universe
for the environment consists of multiple systems [3, 21], as well as the components belonging to
several different systems [22]. The boundary between a system and the environment is clear, yet
subject of constant internal and external pressure [21].
To be counted as system, any system must contain enough self-description to be able to recognize
itself and be separated from its more complex environment [3]. In a way, a system organises its
environment by entering it as a bounded system [23].
A system’s   self-recognition from inside is critical for learning within the parties in the system.
Learning happens via continuous feedback allowed by a bilateral connection [17, 18]. These
feedback loops are bilateral connections, that is, partnerships as they were defined in the
Introduction. Also Wakeman [24] holds partnerships in urban development are capable of learning
and adaptation.
In urban planning and development the pioneers of a system view are McLoughlin [1] and
Chadwick [2]. Faludi [25] evaluated their work and identified   systems’   capability   of   learning   from  
outside and their capability of changing their goals. Chadwick [2] saw clear dualism in general
systems theory: it can lead to information theory and forwards to operations research, or to
cybernetics - the control of systems. Following the former path, he divided urban development into
three hierarchical levels of systems:
(1) Adapted spaces, which are the physical results of the urban development, that is, the
built environment, but which also create restrictions for urban development;
(2) Activity systems, which the urban development process represented in this paper and
which are located hierarchically above the physical spaces; and
(3) Value systems, which is an abstract level hierarchically above the former two.
The levels have interactions between them and all three are located in the ecosystem, which
Luhmann [3, 22] calls “society” when talking about social systems. The interactions, which this
paper examines, happen in the activity system level, and above it are value systems. There are
interactions in the value system level, and between the levels as well.
The   social   system   of   urban   development   treats   the   parties   as   “black   boxes”   [2]. The system
components, that is, the parties, are systems themselves and have internal components,
interactions between them and causalities of their own. On the system level it is not possible to
examine inside components, but examining the value level may provide some understanding of
components’  action. However, the coherence in systems theory assumes that the components are
also systems themselves and can be examined as such, but this study concentrates on the activity
system of urban development.
Whatever happens in the activity systems affects and is affected by value systems. Values, and
rationales reflecting those values project on the activity system level. This paper will not enter the
precise values, but according to McLoughlin [1], Chadwick [2] and Luhmann [3] and more recent
sources [17, 18], these values and rationales guide the interaction on the activity system level (in
urban development process) and sustainability is one of these values, although there are many
others too.
The relationship between different systems and different components in a system is in constant
change. Luhmann [3] and Mäntysalo [23] hold that the interaction is maintained via communication,
that is, by communicating the values. Each of the parties enters the urban development process
with their own values and aim to communicate these to other parties in order for processes to act
upon these values.

So far, the components of an urban development system based on existing literature have been
defined. This activity system has also identified its place and relationship with values in the
Chadwick’s  [2] systems hierarchy. Figure 1 below illustrates this.

Fig. 1. The hierarchy of value system, activity system and adapted spaces levels of urban
development within the ecosystem. Adapted from [2, p. 20].

4. Findings
As was stated in the theory section, there are three parties in the system of urban development
and all the parties are interconnected with two-way connections. Thus altogether there are six
unilateral interconnections, which leads to there being 26 (64) different potential states of the
system. Some of the states are only trivial, for example the one with no connections at all which
hardly categorises as an urban development process, or, for that matter, any process at all.

In this study eight urban development cases were analysed and categorised according to the
interrelations between the parties. The categories formed were:
-

Sequential: a category without any partnerships;
PPP: a partnership between Public and Private parties (Public-Private Partnership);
Transition: a category including not only PPP but also a partnership between Public and
Private; and
4P: a partnership between all parties (Public-Private-People Partnership).

Figure 2 below illustrates the categories and the connections between the parties in them.

Fig. 2. The categories of urban development processes found within the cases.
In   the   sequential   category   there   are   unilateral   connections   “downstream”   in   the   development  
process only, and thus no feedback loops can form and no learning occur, because the learning
was above defined as to happen via continuous feedback. One of the cases was categorised into
this category.
In the PPP category the Public and the Private have a mutual bilateral interconnection, but
connection to the People is unilateral only. The Public and the People operate on professional level
agreeing on the targets and aims and then the Private delivers the development to the People.
Learning can occur in Public-Private relationships but not in the other interactions. This was the
most common category with five cases categorising under it.
One case was categorised into Transition category. This category has all the elements of PPP, but
also clearly stronger connections to People with the interconnection between People and Public
being bilateral. As the category name suggests, this category is somewhat more progressive than
PPP. Learning is possible throughout the process, but not directly from People to Private.

The last category, 4P, has two-way interconnections between all the parties. Thus its learning and
adaptation can take place directly between any two parties and within the whole activity system. In
4P, all the parties are able to communicate their values throughout the system.

5. Discussion
A systems view helps to connect urban development with overall sustainability, especially
ecological sustainability, as sustainability is assumed to be a value in urban development
processes. In current urban development processes in western market economies this is a
relatively safe assumption. Also, the urban development system is located in the ecosystem.
So  far  the  “black  boxes”  in  urban  development  processes  have  created  a  considerable  amount  of  
wariness and misunderstandings between the parties. When the activity system level is connected
with the value system, mutual understanding may be easier to reach or at least the different values
can be taken onboard urban planning and urban development theories. Following  Chadwick’s  [2]
thought, the urban development process as a party-based social construct helps to form a picture
of the world and to derive operational theories. The adaptability of the system corresponds well to
urban regime theory [15], which holds that partnerships are constantly evolving and may assume
variable geometries.
The communicative planning theory, which replaced the systems view, can be seen as an
explanation and praxis of the interaction between Public and People, whom the theory mostly
concerns. Thus the results are in accord with both the theories. Systems theory is capable to
connect the Private to the activity system as well.
An alternative, yet sustainability-related approach is to examine the interface between the
ecosystem and the built environment system [26]. In the system framework this would be directly
between the ecosystem and the built environment (adapted space). This is the most
straightforward connection, and an extremely important one, but in its straightforwardness leaves
the different values out of examination. This is a crucial shortcoming, because systems theory
assumes that the system components can only resonate in ways that are typical for them [27], and
when the systems encounter wicked problems, such as many problems related to sustainability are,
the system should be able to act as a whole to solve those problems [17, 18]. The success of
urban development lies in the ability to learn [10].
This kind of study is able to only skim the vast amount of ongoing urban development processes.
The cases were chosen from two western market economies, which both have relatively strong
public sectors, mostly a private development industry, and a competitive housing market. However,
the cases were able to reveal differences in the interactions. Cases were not examined
longitudinally so before or after the investigation there may have been or potentially will be also
other connections between the parties. Comparing eight cases only is by no means an emptying
comparison, but the empirical part of the study only serves to point out the differences between the
cases and helps to understand the potential dissemination of values, of which ecological
sustainability is one.
In the future, interesting elements for further studies would be the types of interactions, how
precisely do the values reflect into interactions, and what kind of values are there.

6. Conclusions
Systems theory suggests that all urban development processes can be described via means of
system. What is more, the systems view allows systems’   communication with the ecosystem
surrounding them. This study inquired into eight urban development processes which all consisted
of three parties and their interaction, and concludes that systems theory and systems thinking are
a useful way of analysing urban development, developing mutual understanding between the
parties, and connecting urban development to sustainability on a value level and not only by rules
and orders.
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Summary
Recent studies show that more than 20% of the resources that the planet's biological capacity is
able to regenerate has been already looted (WWF 2007). The average temperature rise in the
coming decades is now considered inevitable by most of the scientific community and the cause is
attributed to human activities, in particular the widespread use of fossil fuels and unregulated and
indiscriminate consumption of soil, which is the biological main factor that can absorb carbon
dioxide.
In front of such an environmental context, the authors of this paper believe that the scientific
research goals on environmental sustainability should focus not only on environmental impacts
mitigation measures but mainly on sustainability indicators that must be transparent, shared, and
possibly multi-scalar.
As with scientific knowledge of today we don’t yet possess the full understanding of the functioning
of all ecosystems and their interactions, it is wise to base the process of environmental impact
assessment mainly on the concept of "strong sustainability". This view of sustainability leaves also
more freedom degrees within the future choices, not affecting the natural capital become possible
more scenarios and alternatives in the future. Thus the systems that provide a lower entropy are
preferable and, overall, the systems that are able to activate processes of negative entropy or of
energy and matter rehabilitation, are the most sustainable.
Considering the above general context, the objective of this paper is to seek an approach to design
and renovation of urban areas who can integrate the principles of sustainability and low entropy to
urban planning, according to a metabolic paradigm of the city functioning.
The basis of this methodology takes into account the inputs and outputs of a city district as primary
elements around which to base a sustainable design. The final aim is to find a load capacity of the
urban district, as ability to accommodate residents and activities, that can minimize the external
exchanges in inputs and outputs.
A case study is illustrated showing that the solar energy overwhelms the others energy sources but
different scenarios with larger green areas or a more efficient organic waste collection can be
planned obtaining better results. Furthermore power plants which can deliver energy for direct
consumption, without feeding the product into the general electricity grid, show potential to avoid

energy crisis. The reason for this is that grid access has costs associated, such as transport and
distribution costs as well as taxes. If the production stays off the grid and is consumed directly,
these additional costs are avoided by the consumer. As a result, the higher the total price of
electricity sourced from the grid, the more competitive installations of renewables for end-use
become.
The analysis has been developed in relation to the electric energy production and consumption but
it can be applied to other possible closed loop systems of the city’s life. Such as the supplies and
consumption of heating and cooling, the release and treatment of waste, the emission and
absorption of CO2, the water collection and recycling, the production and consumption of local
food, and so on. Each of this systems could be optimized in relation to the synergies created with
other urban eco systems.
The relationship between the residents and the residents carried by the load capacity so calculated
could become the dominance indicator in urban renewal processes. To these indicators should be
then submitted the sustainability indicators for smaller design scales such as the block or individual
building scale.
The expected results from this study is the development of an operative evaluation methodology
able to consider the different scales of the regeneration/planning project and the connections
among them, shifting from the building scale to the territorial scale and back.
Keywords: urban metabolism, urban district footprint, load capacity, sustainable development
indicators.

Introduction
According to the methodology of the Ecological Footprint [1], since the mid-80s the planet
consumes more resources than it is able to produce and releases more waste than it is able to
absorb. Our civilization is therefore based on the exploitation of natural resources that constitute
the capital of the planet and that will be lost forever. In 2006 it was estimated that 20% more than
the resources that the planet's biological capacity is able to regenerate, has been already looted.
The average temperature rise in the coming decades is now considered inevitable by most of the
scientific community and the cause is attributed to human activities, in particular the widespread
use of fossil fuels and unregulated and indiscriminate consumption of soil, which is the biological
main factor that can absorb carbon dioxide.
In front of such an environmental context, the authors of this paper believe that the scientific
research goals on environmental sustainability should focus not only on environmental impacts
mitigation measures but mainly on sustainability indicators that must be transparent, shared, and
possibly multi-scalar.
In the years to come, a shift of the concept of environmental compatibility is needed. Until now a
generic low environmental impact of the actions that we manage on the planet, with an
assessment based often only on qualitative parameters, has been usually considered to be
sustainable or environmental friendly. This approach is no more sufficient to assure the future of
our civilization. We have now methods, such as the Ecological Footprint or the LCA, that can
monitor the consumption of resources and the emissions of waste. With these tools we can predict
future landscapes on scientific bases, this is the reason why from now onward we will have to
consider scientifically the aftermath of every human action on all the environmental balances and
accept only those actions that can guarantee an holistic equilibrium for the future, a goal that has
to be recognized collectively to prevent incalculable damage to the ecosystem of the planet. It is
therefore of primary importance to agree a scientific and shared meaning for the concept of
sustainability, that is detect those equilibriums that can guarantee a safe and healthy life on the
planet for all the living species.
If on one hand the famous definition of the Brundtland Commission presents strong criticism for its
undetermined landscapes and might be subject to conflicting interpretations, on the other there is
no agreement, yet on a recognized scientific methodology that allows us to measure
unambiguously if and how a project is sustainable.
The choice of boundaries which define the scope of our assessment, the indicators chosen for the
measurements, their weights in the evaluation process, and the interaction between the three
spheres of environmental, social and economic sustainability, are all factors difficult to define and
quantify and, overall, on their different interpretations depends a decisive influence on the
outcome of the environmental sustainability assessment.
In finding a balance between human activities and environment, it is essential first and foremost to
distinguish between “weak sustainability” and “strong sustainability”, as defined by economist
Herman Daly in 1990 [2]. In a “weak sustainability” view the natural resources asset can lawfully be
replaced with the welfare system, this kind of sustainability is based on the balance between
natural stock and human stock that must not shrink. In contrast in a strong sustainability view the
natural capital is considered immutable, no substitutions for the increase of human capital or of
social or economic values, are lawful. In assessing the impact of a work or of an act is important to
consider the precautionary principle according to which it is best to avoid changes in ecosystems
whose balances are not yet fully known, or scientifically verified.
As with scientific knowledge of today we don’t yet possess the full understanding of the functioning
of all ecosystems and their interactions, it is wise to base the process of environmental impact
assessment mainly on the concept of "strong sustainability". This view of sustainability leaves also
more freedom degrees within the future choices, not affecting the natural capital become possible
more scenarios and alternatives in the future. This concept reminds us the need of using, in the
evaluation process, the concept of negative entropy, as introduced for the first time by the
economist Nicholas Georgescu-Roegen in 1971, and then developed in the later studies about
sustainability [3]. According to this principle, every human system degrades energy and matter
over its life cycle, therefore, tend to a global entropy, till to collapse. Thus the systems that provide

a lower entropy are preferable and, overall, the systems that are able to activate processes of
negative entropy or of energy and matter rehabilitation, are the most sustainable. One of the most
virtuous examples of negative entropy is the plant world where the use of solar energy, considered
virtually inexhaustible source, produces biomass and absorbs carbon dioxide.
Considering the above general context, the objective of this paper is to seek an approach to design
and renovation of urban areas who can integrate the principles of sustainability and low entropy to
urban planning, according to a metabolic paradigm of the city functioning.
The basis of this methodology takes into account the inputs and outputs of a city district as primary
elements around which to base a sustainable design. The final aim is to find a load capacity of the
urban district, as ability to accommodate residents and activities, that can minimize the external
exchanges in inputs and outputs.
The paper is structure as follows: next two paragraphs discuss, respectively, the challenges of
urban sustainability and the role plaid by planning, then, a local case study is illustrated.
Cities and sustainability
To counter the current consumption of resources and succeed in solving the climate crisis is
necessary an approach to a strong low-entropy sustainability mainly based on those places where
there has always been the maximum consumption of resources and the maximum production of
waste: the cities. It is estimated that 60% of the population will be urbanized in the 2030, a trend
that amounts to a new city of one million people each week.
From urban areas derive the greatest amount of pollutant emissions, the 80% of CO2, and in the
city is employed the 75% of energy produced on the planet, although urbanized land occupying
only 2% of the Earth (Earth Policy Institute, 2010). This is the mainly reason cause the city has
always created an ecological footprint wider than is area, but this process has dramatically grown
in the last years. Since the beginning of the industrial revolution the urban ecological footprint has
become larger and larger, it’s been calculated that London has nowadays reached an ecological
footprint 293 times larger than its area [4]. A deep renovation is therefore necessary in urban
functioning: with the cities regeneration and the containment of their irregular expansion at the
expense of agricultural land it is possible to trigger a regeneration process which could then
gradually spread across the whole territory.
The city is, in fact, the size where is possible to involve all the stakeholders whose behaviors and
actions are critical to the success of any process of sustainability, furthermore the fiscal and
administrative decentralization has led to a high level of local responsibility in decision making and
in managing the change processes. Starting from the city and in particular from the district scale,
as it is the area of each implementation process of urban transformation, a bottom-up process is
needed in which only when local solutions are impractical or uneconomical to consider possible
solutions are searched in a higher level network, moving from the district scale to an urban scale
to a regional or a national one.
Despite the clear centrality of urban dynamics in the construction of sustainability, the city itself has
so far remained on the margins in the process of renewal of the built environment that, instead, has
been mainly focused on the building as if it were an object without any relationship with the
surrounding areas. Nowadays most of the cities continue to be deeply based on the use of fossil
fuels with great difficulty to embrace any principle of sustainability. So, while on one side a
technical culture on sustainable buildings has been developed, monitored, tested, and has been
followed by shared indicators and legislative acts, on the other the sustainable urban development
moves still uncertain with a total lack of methodological rules. A shift of scale in the sustainability
concept is therefore urgent and necessary.
In a low entropy and strong sustainability view the cities can be seen as biological systems with
resource inputs and waste outputs, the metabolism becomes the leading principle to understand
the city functioning and to set sustainability indicators. This approach has been developed by Abel
Wolman in the 1965 [5], though it has rarely if ever been used in policy development for city
planning, but with the actual environmental crisis it can become a very meaningful starting point to
develop urban indicators and methods for the sustainability. They have to be based on the laws of

termodynamics which show that anything which comes into a biological system must pass through
and that the amount of waste is therefore dependent on the amount of resources required.
The climate problems and their economic costs are related to the growth of the inputs and to the
management of the increased outputs. By looking at the city as a whole and by analysing the
pathways along which energy and materials including pollutants move, it is possible to begin to
conceive of management systems and technologies which allow for the reintegration of natural
processes.
Urban metabolism and load capacity
If we consider the resource inputs and the waste outputs as the main issue into which act for the
sustainability we have first and foremost to determine which are the factors mainly influencing the
efficiency of an urban ecosystem. That is the factors that minimize the resource inputs and
maximize the recycles and absorption of outputs in relationship with the number of people living in
an urban boundary: a district, a neighborhood or the whole city as well. How much should be
dense an urban fabric is an issue that has been deeply discussed over the last decades, since the
urban sprawl begin to show its unsustainable processes.
Several recent studies have demonstrated that the dense urban fabric tenders to be more
sustainable than the sprawl city [6], in particular the research of Peter Newman and Jeffrey
Kenworthy of 1999 [7] remarked that the consumption of fossil fuels is tightly bound to the housing
density of the settlements and therefore a great part of the energy consumption of a city is settled
by its form. The dense city affords lower costs per capita of providing piped treated water, sewer
systems, waste collection, waste recycling and most other forms of infrastructure and public
facilities. Furthermore it permits great potential through economies of scale, co-generation, and
allow the use of waste process heat from industry or local power plants to reduce the per capita
use of fossil fuel for space-heating. Infrastructures such as biogas waste treatment plants or district
heating systems are not suitable in sprawl settlements cause high cost of maintenance and low
efficiency while they can be very convenient in dense urban fabric. For instance since 1996 eleven
large scale solar thermal pilot plants with seasonal thermal energy storage have been built within
the german federal programmes “Solarthermie-2000” and “Solarthermie2000plus”. The technology
of this plants is based on accumulating solar thermal energy through a huge number of solar
panels used on the house roofs and on storing it in water tank or in borehole thermal storages
from summer to winter so covering from 40 to 50 % of the total annual heat demand of the
connected residential areas. A similar plant, has been built in the Drake Landing Solar Community,
a Canadian town, it should supply the 90% of the winter heat demand and is now under
monitoring. In Hammarby, a new district of Stockholm, the wastewater is used to produce biogas
that supplies the cooking needing of the whole district, from the organic waste is obtained
agricultural fertilizer used for the cultivation of biofuel crops in the surroundings fields. In the
successful Solar Siedlung of Vauban, a district of Fribourg, the urban design was conceived so that
each building could benefit from the sun for as long as possible, allowing to gather with the
photovoltaic roofs, as wide as the whole building roofs, the energy necessary for the entire district.
These are examples where the population density of the district, such as the housing density, are
fundamental factors to create the critical mass suitable for the ecological technologies adopted. In
a settlement with a too low density we would not have the necessary synergies in order to fully
exploit renewable energy sources on site or the necessary amount of organic waste to have a
recycle closed loops such as the biogas one. On the other side a too high density could be not
supportable by the internal renewable resources of the district and it would extend the impact of
the district on the surrounding territories or even to hundreds of kilometers away. Just balance the
load capacity is the equilibrium point around which to build sustainable neighborhoods.
In this view the load capacity of the urban area included in the chosen boundary becomes the
indicator and the focus point around the witch design the most efficient ecological subsystems:
such as the food and goods chain supplies, the energy grids, the waste recycle loops. The issue
becomes clearer if we define human carrying capacity not as a maximum population but rather as
the maximum (entropic) "load" that can safely be imposed on an urban environment by its citizens.

Human load is clearly a function not only of population but also of average per capita consumption
and waste. Therefore in a planning methodology for the development of sustainable settlements
we shall search the proper urban density that creates synergies for supplies, waste disposal and
recycling but doesn’t exceed the load capacity.
If we adopt a similar analysis in renovation urban processes we will have to evaluate which is the
best housing and population density in relation with the load capacity and with the possible
synergies that could be created. This data should constitute the main sustainability indicators of the
renovation process to whom should be brought back the indicators at the lower scales of design
[8]. The planning theory here proposed interprets the city and its parts as organic entities with the
territory, blinds the construction principles of sustainability to the characteristics and resources of
the territory itself, keeping the urban physical growth within the balance of the local resources.
According to this theory, for instance, the urban energy system should be designed in line and
simultaneously with the design of residences and services provided in the district, it should be
integrated to the city construction as much as possible. On the contrary the energy provision, that
has the heaviest impact on an urban impact balance, has been until now demanded to sources, of
both fossil fuels and electric production, external to the city’s boundary.
According to a new sustainable planning theory we should seek a sort of “energetic horizontal
subsidiarity”. This means that we should first calculate how much energy could be yielded within
the district boundaries from renewal resources and then calculate, in relation to the average
citizen consumption, how many people and facilities could be settled in that district without
exceeding the load capacity. In other words, the number of new citizens and activities forecast by
an urban plan should follow the renewal energy capacity of the city districts trying to require the
lowest possible fraction of energy to the higher energy systems, such as the regional, the national
or the international ones.
To achieve this purpose a number of methodological steps are required, including an overview of
renewable energy that, with current technology, would be obtainable; a search for further synergies
that could produce clear energy from outputs management, such as biogas from sewer or organic
waste or heat power from biomass derived from the pruning of trees in parks and city boulevards.
The amount of energy so expected should constitute one of the base parameters on which to plan
different sustainable development scenarios.
In such a planning process, the relationships between inputs and outputs of the urban metabolism
can be translated into sustainability indicators that take a transcalarity value since they are closely
linked together and expression of holistic balance of the entire system. In a renovation process of
an urban setting they are more meaningful than the indicators commonly used for individual
buildings or public spaces, such as heating and cooling system efficiency or green spaces
presence, cause they are expression of sustainability of the entire system and not only of the
single elements of it [9]. Example of indicators of this type are the ratio between the energy yielded
by renewable resources within the district itself and the average energy district consumption as
well as the ratio between the bio gas energy recovered by the district organic waste and the
amount of energy needed to the entire process of the garbage disposal. Similarly we could
consider sustainability indicators the relationship between the amount of rainwater collected or
recovered from the sewage discharges and the quantity of water supplied from the city aqueduct.
In a more rough way, but not less meaningful, we could consider as a sustainable indicator the
ratio between the amount of carbon bioxide absorbed by the neighborhood green spaces and the
average amount of carbon bioxide producted by the citizens activities. All these indicators should
be calculated on an annual basis and they are meaningful both about the buildings and about the
whole district. The more their value is close to one the most the analysed district has a low entropy
and is therefore more sustainable. In this way we could evaluate the behaviour of every building in
relationship with the entire district. The sustainable city is not an ensemble of high rate sustainable
independent buildings, each disconnected from the others, but rather a complex of districts
buildings and infrastructures where the sustainability is achieved with the connection of all the
elements to obtain all the possible synergies in order to reduce the outputs and inputs in the city
functioning [9].
The case study that will be illustrated below will show how this approach can be implemented in a
renovation urban project in a inner district of Turin, one of the largest metropolitan areas of Italy

and one of the most changing cities of Europe over the last decades cause his very large industrial
areas today disused and abandoned.
The case-study of “Vanchiglia depot railway” a renovation urban project in Turin
In the 2009 the town of Turin, in team with other territorial parties, both public and private, has
started the project that will outline the greatest urban changeover in the next few years. This wide
renovation project has been designed on the basis of the “city planning policy” document, drafted
by the City Planning Department in June 2008. The central concept of the project is the physical,
environmental, functional and social redevelopment of two northern areas of the town: “Barriera di
Milano” and “Regio Parco”. The aim is to combine a new transport infrastructure project with the
settlement and to introduce important innovations in the configuration of public space, urban
relations and architectural quality. To lead the design and implementation of the project, the City of
Turin intends to create a “Stu” (Society of urban transformation): a limited company, public-private
joint venture, in which municipalities, provinces, regions and private partners (in particular subjects
of finance) may participate. By using this tool, the areas of transformation can be placed on the
market, thus acquiring the funds which allow to finance a new subway line. This new line, a 15 km
track with 26 stations that will link Sempione Park to Mirafiori district, will be the second subway
line of the city and it will constitute the starting and driving point of the main changes that will affect
the abandoned areas facing its track. Along the path of Line 2 and particularly at the extremes of it,
in the brownfield sites of “Spina 4” and of the former “Vanchiglia depot railway”, over a million
square meters of territory will be radically transformed and rendered permeable to the fabric of the
surrounding consolidated city. The leading concept of this new renovation project is of interweaving
the subway infrastructure project to settlement and landscape design; according to the new plan
both mobility and new public spaces will be integrated in a new global vision of high quality and
ecological urban life.
In this big renewal process the renovation of the former “Vanchiglia depot railway” is an interesting
case study since it’s a disposed 850.000 square meters area, with the regular form of an long
rectangle and with clear boundaries completely surrounded by residential and facilities blocks. The
renovation project will radically change this part of the city, where every existing building will be
demolished.
The intended destination for this area, according to the “city planning policy” document, range from
a minimum of 300,000 square meters to a maximum of 400,000 square meters of built-up area, the
establishment of 8700 new residents is foreseen. About 20,000 of these square meters will be
dedicated to a shopping centre at the south end of Regaldi street, where services and residential
areas will be located as well. The remaining part of the area, included between via Pacini Street
and Cimarosa street will be a mixed-use zone mainly residential with services, business, public
and commercial activities on the ground level, in order to qualify the new Regaldi Street as an
urban axis enriched with public services near the squares and the underground stations. Along the
built space is planned the construction of a large urban linear park that will occupy a rectangle
about 900 meters long and 60 wide, a green area of 54.000 square meters that will be the main
“green lung” of the new district.
According to the above mentioned planning methodology, regarding sustainable energy, we should
first calculate the amount of renewable energy that could be produced within the new district’s
boundaries and then evaluate the load capacity of the area in relation to the average consumption
of the new residents.
We will consider in this paper, as example, the only system of production and consumption of
electricity.
The first step is a careful analysis of the site to take advantage of all the disposable local
resources: in this area there is not a strong enough wind to yield wind power, neither channels or
pipes with enough water flow from which produce hydropower, nor exploitable geothermal
resources. So we are obliged to contain the ecological impacts focusing on solar energy and biomass energy obtainable from biomass-waste and trees pruning of the park.

If we assume an average height of eight floors for new buildings we will have 43.750 square
meters of roof area, since about 350.000 square meters of built up area are foreseen on the
district.
In Turin we can consider an average solar irradiation of 1370 kWh/m2 year, we know that the PV
panels have an average efficiency of 12%, thus with an average covering of 50% of the available
roof area, we could yield every year 57 kW/m2 of electricity. This means that the whole roof area of
the district could produce 2.493.750 kWh of electricity every year.
Besides we know then that in Turin every dweller has an average production of organic waste of
of 35 kg/year, if we consider that 8700 new residents are foreseen for the new district, we can
calculate that every year 304 tons of organic waste are collected all over the area. With the
fermentation of one ton of biomass from 70 up to 150 m3 of biogas can be obtained, depending on
the starting material, by which a cogeneration plant can produce about 190 kWh of electricity. Thus
we can calculate that in the area of the former “Vanchiglia depot railway” a district biogas
cogeneration plant could produce 57.760 kWh of electricity plus 86.640 kWh of thermal power. The
output of this process is fertilizer that can be used in agricultural activities.
The linear park, that is foreseen to stretch all along the built space, will host linden trees and plane
trees. These kind of trees, very common in the Turin boulevards, have to be pruned every 15 years
and produce every time they’re loped 240 kg of wood chips. If we suppose the presence in the
park of one tree of this kind every 225 square meter we can obtain the dwelling of about 240 trees
that could supply, just only by their pruning, about 3,8 tons of wood chips every year. The
cogeneration plants that burn wood chips produce 3.5 kWh of electricity every kilogram of bio
mass, so we could get, through a cogeneration district heating system, about 13.440 kWh of
electric energy every year plus 20.160 kWh of recovered thermal energy available for a district
heating plant.
Eventually we obtain an amount of 2.564.950 kWh/year of electricity that could be produced from
renewable sources within the boundaries of the new district (2.493.750 kWh from the PV panels,
57.760 kWh from the organic waste biogas and 13,440 kWh from the cogeneration plant supplied
by the wood chips from the park trees pruning) plus 106.800 kWh of thermal power recovered from
the cogeneration plant and available for a district heating system. Since we know that in Turin the
average electricity household consumption is 1164 kWh/year for resident we could state that the
maximum load capacity of the new district, only regarding the electricity consumption, is 2200
inhabitants. The number of the new citizens so calculated is very lower than the number stated by
the “city planning policy” document that amounts at 8700 new residents.
The relationship between residents foreseen by the plan and the residents borne by the load
capacity is a meaningful indicator of the sustainability of the new district, all the new residents that
exceed the load capacity calculated, that is 74,7% of the new residents foreseen, will weigh on
external resources to generate electricity for their needing, so increasing the environmental
impacts on territories outside the district.
Conclusions
This paper has discussed a methodology to minimize the inputs coming abroad the district with the
aim of shrinking as much as possible the ecological footprint of the city, lower the impacts on the
external areas, and rise as much as possible the sustainable load capacity. In the case study
illustrated above, the solar energy overwhelms the others energy sources but different scenarios
with larger green areas or a more efficient organic waste collection can be planned obtaining better
results. Furthermore power plants which can deliver energy for direct consumption, without feeding
the product into the general electricity grid, show potential to avoid energy crisis. The reason for
this is that grid access has costs associated, such as transport and distribution costs as well as
taxes. If the production stays off the grid and is consumed directly, these additional costs are
avoided by the consumer. As a result, the higher the total price of electricity sourced from the grid,
the more competitive installations of renewables for end-use become.
The analysis that here has been developed in relation to the electric energy production and
consumption can be applied to other possible closed loop systems of the city’s life. Such as the

supplies and consumption of heating and cooling, the release and treatment of waste, the emission
and absorption of CO2, the water collection and recycling, the production and consumption of local
food, and so on. Each of this systems could be optimized in relation to the synergies created with
other urban eco systems.
The relationship between the real residents and the residents carried by the load capacity so
calculated could become the dominance indicator in urban renewal processes. To these indicators
should be then submitted the sustainability indicators for smaller design scales such as the block
or individual building scale. The expected results from this study is the development of an
operative evaluation methodology able to consider the different scales of the regeneration/planning
project and the connections among them, shifting from the building scale to the territorial scale and
back.
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Summary
Fast development of sustainable construction requires more precise and relevant tools for low
impact buildings design and decision-making assistance. Methods already exist but they need to
be adapted to new demands, aiming either at acquiring a better understanding of low energy
buildings environmental profile or at allowing a daily use of environmental evaluation tools in the
design process.
COIMBA is a collaborative project initiated by a team of 5 partners in 2008 with the goal to improve
buildings LCA tools available in France: EQUER and ELODIE.
After a detailed analysis of existing tools (in Europe, North America, Australia...) work has been
dedicated to improve methodological approaches:
 Water. Introducing fine analysis of water consumption and management in assessment
tools: calculation modules allowing the evaluation of water consumption into buildings and
rainwater management on building sites were developed and integrated in LCA tools
 Energy. Performing better integration of energy issues into LCA tools: compulsory
information to be delivered about thermal performance of products to be used in a LCA
analysis; to include daily and seasonally variations of the electricity production mix into the
calculations and thus allowing more precise climate change indicators calculation.
 Indicators. Analysing the use of end-points indicators like “land use” and “eco-toxicity” in
buildings LCA
 Data. Defining the way to use both Ecoinvent data and French EPDs (FDES) in LCA tools,
and the possibility to simplify life cycle inventories
 Perimeter. Analysis of end of life and transports treatment in buildings LCA
 Ergonomics. Practical recommendations for tools editors on data transparency and results
reporting.
Finally, improved version of LCA tools EQUER and ELODIE have been evaluated through
comparative analysis performed on low impact buildings.
Keywords:

sustainable construction, LCA tools, LCA methodology

1. Introduction
Life Cycle Analysis (LCA) is a scientific tool to measure the environmental impacts associated with
the lifecycle of a product or a service. It is a multi-criteria and multi-stage method and can be used
for ecodesign.
In a LCA, the entire lifecycle of the product is analysed, from the extraction of raw materials to the
end of life (waste or recycling), through the manufacture of materials, assembly, product use and
maintenance.
The procedure for conducting an LCA is defined by the standards of ISO 14040 "Environmental
management - Life Cycle Analysis".
For several years the construction sector has been the subject of a growing awareness of
environmental issues. Indeed, the real estate residential and commercial uses count for a 44
percent of energy use in France and it is the third source of CO2 emissions (23 percent). Taking
into account the environmental dimension is now at the heart of the construction industry agenda.
In France, as elsewhere in Europe, several approaches have been implemented to address this
problem: High Environmental Quality (HQE ®), thermal regulation (RT 2005, RT 2012), Low
Consumption Building (BBC Effinergie ® label)...
LCA methods are however difficult to apply directly in the construction industry since the buildings
are quite special "products". On one hand, their complexity requires analysis of many different
elements for which data are often not available. On the other hand, several environmental aspects
cannot be taken into account in this analysis because of the difficulty to quantify them and the lack
of adequate indicators. This is the case today for the impact on the implantation site, the impact on
the quality of indoor air, or the impact related to user satisfaction.
Compared to existing systems for the environmental evaluation of buildings, rather centred on
qualitative approaches, some specific tools that have been developed for the building sector offer
the advantage of quantitative analysis, so the results are objective and allow for comparison.
However, they are limited by the approximations imposed on multiple calculation steps: this being
the case for the quality of data, the types of available data, the environmental aspects taken into
account, the translation of results in environmental impacts (inventory), and possibly additional
steps, such as standardization.
Sixteen tools were examined for the state of the art phase of COIMBA project. The available tools
are either free of charge, have a license fee, or follow differentiated access and use schemes.
Among the existing tools, there are different levels and different types of chaining: linkings can be
established between juxtaposed modules (including the module "Building Products" for example),
or even between different tools (eg EQUER which is linked to the COMFIE PLEIADES tool). The
description of a building can be done at different scales and with different approaches. A building
can be described as a sum of materials, a sum of manufactured products or a sum of assembled
components.
The tools work with either internal databases, external ones chained to the interface, or no
database at all. Some tools, which have only one construction products module, just deliver an
impact factor of the building: the contribution of materials and construction products impacts on the
scale of the site.
Some other tools are more advanced and include modules to calculate the impacts during the life
period of the building (in use).
On the other hand, few of them seem to fully address end of life of buildings. Among the tools
reviewed, it appears that all the trends, from the "black box" to the most transparent tool, are
represented.
The tools deliver results based on standard methodologies: it is the case for example of ELODIE
which is based on indicators from French standards (see Table 1). The choice of calculated
indicators often comes from consensus, whether from industrial standards or scientific work (e.g.
climate change). Other indicators show, however, a more anecdotal presence (e.g. air quality).
Indicators are often the result of aggregating data from the LCI (Life Cycle Inventory). Some tools
provide yet a higher level of aggregation of indicators, sometimes into a single indicator (with the
aim of providing the user with results that are more manageable but with the risk of an information
loss).

The results are generally expressed in tables of results or graphs, they can be given for the full life
cycle of a building or for each stage of the life cycle for the entire building, or even for different
sections of the same building. They can be expressed with different units.

Table 1: Standards for analysis of the life cycle of building materials and buildings
Among the sixteen tools studied in project COIMBA's state of the art, targeted users are different
(architects, technical consultancy agencies, local authorities) and don’t meet the same needs
neither show the same methodological transparency.
For a majority of the tools observed, complete and detailed documentation is merely not available.
The tools offer in common the aggregation of environmental data (materials, products, assemblies)
to obtain data on the scale of the whole site. They differ in format and method of acquisition of
environmental data: automatic or manual acquisition; data concerning materials, products, or
assemblies; data "from cradle to gate" or "cradle to grave"; adaptability of data). They also differ on
the expression of the results, both in substance (indicators shown) as in form (graphical
presentation).
In terms of methodology, the tools appear to be classified according to two alternatives:
 The tool is based on LCA data of the complete product (“from cradle to grave ") and the
user can modify the data for customization.
 The tool is based on partial LCA data ("from cradle to gate") and the user provides the
necessary complement to his/her case study. (E.g.: a tool like EQUER)
Alongside with the development of the LCA tools, their corresponding databases, whether national
or European, have also become more consistent.
LCA databases (Ecoinvent, Idemat, Buwal ..), often corresponding to the European context, are
regularly updated and expanded, now there is data available on a wide range of materials and
commodities, including construction. However these data generally do not allow integration into the
tools specifically dedicated to the building sector and do not feature French products.
In the French context, the INIES database includes a set of Environmental and Health Declaration
Fiches (FDES in French) that deliver accurate and complete information about the products they
concern. These fiches are produced according to standard NF P01-010 which specifies the
framework for evaluating these data and their mode of representation. The complexity of the
results thereby declared (LCA inventory) actually hinders their use, and the integration of these
data in ergonomic tools (like ELODIE) can be particularly beneficial to end-users.
At the European level, environmental fiches also do exist in most other countries, and works
towards harmonizing all these data are under way.
In this context, the COIMBA project aimed at developing tools for the quantitative assessment of
the environmental quality of buildings, to be used in an HQE type approach.
The main innovation comes from the intellectual work carried around a tool based on a consensual
pooling of current scientific knowledge and powered by reliable, verified and approved data. This
led to an overall methodology capable of promoting the French approach to the environmental

quality of buildings.

2. Methodological developments
The COIMBA project has improved two LCA of buildings tools available in France, ELODIE and
EQUER, including working on methodological approaches.
2.1. Taking into account water related issues
The work aimed at developing a model to estimate household water consumption and a model of
stormwater management. Indeed, these aspects have been neglected or poorly regarded in
available tools.
2.1.1. Drinking water
A model for estimating the water consumption of buildings has been developed for the residential
sector and is in particular based on data available from different French agencies responsible for
water management and/or research.
The development model has been implemented in several stages:
 Detailed identification of water requirements of a building.
 Identification of equipment consumption characteristics.
 Identification and definition of the frequency of use by equipment type and duration of use ,
according to statistics on usage and water consumption in France.
 Identification of all the other parameters that impact on water consumption of a building
(number of occupants, the interior surface, the surface of green spaces, etc.).
 Definition of formulas for calculating water consumption, taking into account specific factors
like water flow reduction equipment. Distinctions between hot (DHW) or cold water consumption
have been made.
 Validation of the model by simulation and comparison with measured values from the
technical literature. An "average" consumption rate of approximately 44 m3 per person per year has
been obtained by simulation using the model, which roughly corresponds to the average
consumption in France, according to CIEAU (French Water Information Centre) data.
In the end, the calculation results are expressed as water consumption in m3 per year per person;
m3 per year per building; m3 per person throughout the life of the building; m3 per building
throughout its entire life cycle.
2.2.2 Storm water
The key issues of storm water management on the parcel are : preventing the oversize of
sanitation infrastructures, the recharge of groundwater (which determines the future preservation of
water resources), and limiting flooding and pollution associated with water runoff .The aim here is
to promote devices that prevent or limit the impermeable surfaces to provide a direct infiltration to
the place where the rain meets the floor, that collect rain water from impermeable surfaces for use
or returning it to the cycle, that hold water and slowly evacuate it.
However, the overall impact of these issues is difficult to demonstrate by a single indicator.
The leakage rate at the outlet of the plot is a useful indicator of the quantitative management of
storm water within the plot. A module was developed to calculate such indicator. It contributes to
reduce oversizing of the network and other installations, however the indicator does not include the
problems of infiltration and pollution.
The recovery of rainwater is also a technique that should be included in the analysis. It has been
considered in the development of the module "domestic water consumption”, based on the
following input data:
 Local rainfall, mm / year,

 Collecting area, m²
 Type of collecting surface for rainwater harvesting.
The input data allow to see the following information:
Month

day

Rainfall
(mm)

Generated Volume
3
(m )

Green space need
3
(m /m²)

Intermediate values of output are then as follows:
G-N Generated Volume / Losses Tank
Inputs
3
Needs (m3)
level
network (m3)
(m )

Other needs
3
(m )

Global needs
3
(m )

to Recovered
rain
consumption (m3)

water

The main resulting indicators are:
 The inputs to the network (m3 per year).
 Rain water consumption (m3 per year).
2.2. Improving Energy aspects
The consideration of energy issues is at the heart of environmental approaches of construction. At
the life cycle scale, this results however in important simplifications. The COIMBA project worked
to introduce new precise factors in this consideration.
The first works concerns the homogenisation between LCA tools and dynamic thermal simulations.
To enable the evaluation of the thermal performance of a building, it is necessary to clarify the
physical properties of materials (density, thermal conductivity, specific heat ...). Materials and
products used in the LCA must have the same physical properties.
For modelling the operation of specific equipment, such as a heat pump, it is important to know
their operating characteristics. It will be useful, during the integration of such devices in a building,
to introduce the appropriate operating curves (capacity based on outdoor temperature,
Performance coefficient based on the charge rate), which can be obtained by correlation from
different operating points where the various quantities are known, to the LCA analysis.
The PEP (Product Environmental Profiles) will, on the scale of the whole site, allow this estimation
of the part of embodied energy (grey energy) related to energy equipments.
Another approach undertaken during the project is that of dynamic LCA.
Dynamic LCA refers to an LCA taking into
account both the changes in certain
parameters
over
time,
and
their
consequential effects. This may be applied
particularly to the energy mix used in the
calculations. In France RTE provides data
since 2007, on hours of electricity
production per year, according to different
modes of production (nuclear, hydro, coal
+ gas + oil + peak).
Graph 1: Electricity generation by coal and gas in France in 2008
Coping with peak demands for electricity, for example related to the use of electric heating,
requires the use of advanced production methods, especially thermal power plants producing high
emissions of CO2. The electricity production mix depends on the season (especially temperature),
day of the week, and time.
The objective here was to develop a model using data available for 2008, and then use 2009 data
for validation. This approach was applied to each mode of production, as well as total output, to
determine trends in the energy mix. Taking into account the seasonal mix may allow a more
precise calculation of indicators of climate change.

Three specific trends were identified:
An annual trend characterized by the existence of a global minimum during the warm period of the
year, against which, during that same period, appear a local maximum and an overall increase in
output, which corresponds to air conditioning use.
There is also a weekly trend, where electricity production is highest during the first five days (with
local maxima value remaining almost constant), and a production whose importance is diminished
during the weekend. This trend can be seen as illustrating the influence of professional uses of
electricity, which overlap with domestic uses which almost only appear for the last two days of the
week.
Finally, we observed a daily trend, which highlights two peaks of production, one during the
daylight period at around 1 PM, the other at 9 PM. These peaks probably correspond to a
household electricity consumption, and should therefore be treated as such.
These observations refer to future work on determining functions describing the different types of
power generation, then the mathematical formalization of the relationship between use and
production methods, which can provide the basis for impact assessment for each type of use of
electricity involved in the building sector.
2.3. Indicators
An analysis was conducted on the use of "end-points" indicators such as land use or ecotoxicity, in
LCA of buildings.
2.3.1. Land use
This kind of indicator is still rarely used today in construction products and building LCA, due to its
complexity, its dependence on local conditions and numerous calculation assumptions.
Nevertheless an experimental approach with this type of indicator can be interesting in order to
observe the relative importance of both the impact of the plot and that of the materials. Indeed, the
transformation and occupation effects on a territory (the plot) which are often solely attributed to
the building on it, should be enhanced with the consideration of the materials of the building, which
are also a source of transformation and land occupation.
The land use indicator was originally developed by the Ministry of Transport, Public Works and
Water Management of the Netherlands in 1998. This method has been integrated for LCA in the
“Eco-Indicator” indicator. It is also embedded in particular versions of indicators Impact 2002 + and
CML 2001. Ecoinvent integrates the notion of transformation and land use in all its inventories.
We modelled two types of buildings with, for each one of them, three building processes: concrete
structure, steel structure and timber structure. Both buildings meet the same specifications, but
have different shapes that give them a different occupation of the plot: one is vertical with a small
footprint and six levels, the other is horizontal with a bigger footprint on two levels. These structural
differences also imply differences in the quantities of materials used for each type of construction
system.
The results show surprisingly that the impact on land use is highly dependent on materials. These
are the source of over 50 percent of the impacts, exception made of the case of horizontal
concrete structure building.
The differences of materials in building systems have very important consequences. Concrete has
little impact whereas timber has in contrast a big impact. This is explained by the large areas of
forests occupied for long periods of time for forestry. The preferred choice of verticality is still
relevant in all three cases.
The impact of materials has a strong influence on the overall impact generated by the
transformation and the use of the plot: this indicator shows that it is therefore important to integrate
materials and products in an impact analysis on biodiversity, and not just on the plot. However it
seems particularly disadvantageous for timber: it would be appropriate on this point to perform
additional analysis of uncertainties and to incorporate additional differentiation factors following the
management conditions of the forest that is at the origin of the wood.

2.3.2. Human health / Ecotoxicity
The indicators characterising the health impacts and those related to eco-toxicity indicators are
relatively well developed indicators, whose calculation depends on a lot of data, assumptions and
models.
Particular attention should be given to all these factors of uncertainty and to a rigorous use of
available methods. Several studies and critical analysis of existing methodologies have already
been undertaken, particularly in the ILCD project (International Life Cycle Database), for which
certain recommendations were made. Data collection is a fairly large factor of uncertainty.
Transparency and representativeness of these should be as high as possible.
The purpose of an indicator on human health is to quantify the changes in mortality and morbidity
generated by emissions of substances involved in the life cycle of a product or process.
DALY indicator, derived from the Eco-Indicator 99 method, allows this kind of evaluation. It is a
damage-oriented indicator, based on modelling the evolution and effects of substances released
into the environment.
The ILCD project workgroup recommends using the DALY indicator, which combines qualitative
and quantitative information on health, when the damage is caused by several stressors related to
the environment, aggregated into a single indicator impact. The calculation of DALYs should
preferably be conducted without weighting of age or updates.
Even if the state of current health services is taken into account in evaluating a specific disease
DALYs, it is important to consider the possible rebound effects and to specify the methodology
used in the LCA. Also, the starting point of the analysis for human health, the intrinsic value of
human life, can be subject to debate.
It is further recommended to perform some sensitivity analysis of the DALY indicator to determine
the influence of various parameters:
 Set the values for YLL and YLD separately will allow to evaluate the influence of the
weighting of different pathologies in the calculation of DALYs
 The optional application of an age-weighting and updating according to a standard rate of 3
percent will provide information on the importance of these parameters.
Eco-toxicity concerns natural ecosystems, their function and structure. Any changes occurring in
an uncontrolled way in the ecosystem are regarded as damage, due to the implementation of the
system (as in the case of a sewage treatment plant, positive impacts on the environment of the
structure involved in inventory phase and not in the assessment of damages), following exposure
to chemical or physical transformation.
Among several methods, only an approach seeking to determine the effects on diversity in terms of
population seems sufficiently developed to be applied to the LCA of a building. The PDF method
seems best suited to this type of analysis.
This method, characterising the disappearance or the stress experienced by a species, reversibly
or irreversibly, over a certain area and during a given period, provides a good consistency with the
conditions and the boundaries of a LCA, which may involve a small functional unit, with little
information on conditions of stress experienced by the ecosystem in question arising from the
effects of another system. However this aspect can be a weakness of the method, and factors
used to obtain other indicators require further study.
To overcome these difficulties and gaps, one solution might be the coupling of the LCA approach
with the approaches of health risk assessment (HRA) and approaches to ecological risk
assessment (EDR or ERA).
So future developments of LCA may include a simplified approach using environmental indicators
called "midpoint" and coupling LCA with evaluations of health risks and environmental systems to
properly assess the aspects of health and ecotoxicity.
Another option is to use localized flows (depending on population density of emission site), which
would permit to compare a project on the basis of common indicators, inducing more local
emissions to an alternative inducing emissions elsewhere.
2.4. Data and simplification of inventories

2.4.1. Data
There are several types of LCA databases: inventory databases and ecoprofiles databases (EPD,
FDES...).
Ultimately to make the LCA of a building or a building product, the use of different data sources is
widespread. These databases either storing inventories or ecoprofiles, at best they all use as a
reference only the ISO14040 standard, which is insufficient to ensure their consistency.
These databases have different origins:
 Work of data production by research institutes or centres specialised in LCA,
 Declarations of industrials or industrial clusters
 LCA compilation performed in a dispersed manner.
Among all the identified databases, we selected 13 that provide relevant and timely data for the
construction sector: INIES, Ecoinvent, DEAM, IVAM, GEMIS, IBU ELCD, Athena, U.S. LCI
Database, IBO, GaBi, CPM LCI Database, and EIME. These databases provide information on
nearly 650 types of products or materials and 250 data on active systems available. Although we
should not mix these data for a same analysis, this large amount of data demonstrates the growing
potential for producing Building LCA today.
Two approaches are confronted: material and process data (e.g. Ecoinvent), or data on
construction products (e.g. INIES database).
The first category is more suitable for early phases of design (architectural sketch, construction site
selection, urban design), because the construction products are not yet defined precisely so
the use of generic data is relevant. For detailed design, the second category of data allows to
select products on a more accurate basis.
The second category of data is based on systems of Environmental Product Declaration (ISO
14025 at the international scale, prEN15804 at the European scale), as the FDES in France
(NFP01-010 standard). The data correspond to specific products available on the market and the
declarations are most often carried out on a standard and clearly defined framework (and referring
to standard LCA of ISO 14040) from a Product Category Rules (PCR) defining the methodological
rules of these EPD. However the still limited availability of data, compared to the multitude of
products on the market, and accuracy demanding fields of application lead to risky extrapolations
in studies of LCAs of buildings.
2.4.2. Inventory simplification
Currently, the most complete databases (often generic databases) consider several thousands of
elementary flows in their nomenclature. On the opposite, the most synthetic databases (often
corresponding to data specific to a product category) reduce the number of inventory flows to a few
dozen. These different formats and inventory models often lead to the spread of these
heterogeneities up to the impact characterization phase. However, these heterogeneities may
cause errors on a larger scale in particular for the comparison of alternative constructive systems
and buildings.
During the COIMBA project, we considered three Life Cycle Inventory (LCI) models as respectively
used by the Ecoinvent, DEAMs and INIES database.
Figure 2 shows the steps in the simplification of elementary flows between each of the three ICV
models. These steps are illustrated by taking a few elementary flows of air emissions. In the
concern of alleviating the figure, only the "styrene " flow is shown for the Ecoinvent part.

Figure 2: Example of the approach of the inventory simplification on some flows
Finally, this process of simplification of the NFP01-010 standard allows to no longer considering
either 4 000 inventory flows (Ecoinvent) or 600 - 1000 flows (DEAMs) but "only” 171 flows.
A comparative analysis of Ecoinvent and NFP01-010 inventories was conducted. This work has
been limited to toxicity indicators. Indeed, this type of indicator is generally sensitive to the number
and types of inventory flow selected. For this, we calculated the indicators for "damage to health
(DALY)" and "air pollution (PA)", for two types of flooring (wood and PVC) by constructing a new
inventory from Ecoinvent data, aggregated using the FDES methodology.
We were thus able to highlight one of the limits of the simplified inventory as presented in the NF
P01 010 standard. Indeed, the categorization of substances does not allow to calculate the DALY
indicator in a relevant and consistent way, since some substances, that present a specially high
toxicological nature, here the dioxins, are classified in a category that does not include this feature.
This classification method will necessarily lead to an underestimation of the toxic nature of these
substances, or even to the overstatement of the health impact of the entire class considered,
depending on the method for estimating the characterization factor of the category. In order to
integrate aspects of health impact assessment of a system, it might be wiser to better integrate
health aspects while simplifying inventories, establishing categories on the basis of toxicological
characteristics of substances.
2.5. Perimeter
An analysis was conducted on defining the study perimeter to be used for a building LCA. Here we
present observations on the treatment of end of life.
The recycling modelling today appeals to numerous heterogeneous methods both on their
philosophy and on the results to which they lead. Depending on the purpose of the LCA tool,
namely to promote recycling and / or evaluate an effective recycling, the results will not be
identical.
Existing methods can be ranked against a set of criteria for recycling modelling. Eleven criteria
were defined as part of this work:
 C1: Definition of system boundaries (what are the allocating rules at the level of recycling)
 C2: Choices selected for the environmental assessment (attributional, consequential or
differential)
 C3: Form of "recycling" evaluated (effective recycling and / or recyclability)
 C4: Type of recycling taken into account (open loop and / or closed)
 C5: Sharing of environmental responsibility between two products (allocation)

 C6: Status of waste recovered at the end of life of the building system
 C7: Completeness of the life cycle and self-supporting of the recycling model (dependency
at the level of upstream and downstream life cycles?)
 C8: Management of uncertainty associated with end of life processes (scenarios of
prudence or probabilistic scenario)
 C9: Involvement of the recycling evaluation in the inventory life cycle
 C10: Involvement of the recycling evaluation in impact indicators
 C11: Involvement in the process of decision support
Existing approaches on Recycling can be grouped into three conceptually distinct families:
 A1, the approaches by temporal cuts rules, called "cut-off", that consider only an average
production mix with a certain degree of incorporation,
 A2, the avoided impact approaches, "avoided burden", that consider the recycling loop
between the end of life and production of a material as a bonus which is then necessary to
assign,
 A3, approaches by stocks, “stock flow”, which is based on the principle of the existence of
secondary raw materials stocks (MPS).
Today, the EQUER tool is based on a method taking into account the recycling of the A2 family,
while ELODIE, which uses FDES to take recycling into account, is based on an approach of A3
family.
Given the complexity and uncertainty associated with the end of life, a contemporary scenario
approach seems well suited although probably conservative. Based on current statistics of building
products and materials end of life, rates can be defined and implemented. It may also be useful in
this work to adapt the end of life scenarios, not considering the type of material, but the type of use
instead.
It is also interesting to study, beside conventional scenarios, probabilistic scenarios. This by
assuming that when the building will reach the end of life, the end of life treatment technologies
and processes will be improved especially with regard to recycling. The test of these probabilistic
scenarios may for example be done as part of a sensitivity study of results to test their robustness.
2.6. Pilot case evaluation
Some methodological elements previously mentioned or proposed have led to changes of the two
French LCA software: EQUER (Izuba Energies - Armines) and ELODIE (CSTB).
These two tools, alongside the software SimaPro, were then tested and compared by studying a
practical case: the construction of a new individual home (in the “Hauts de Feuilly” district, St Priest
(Fr) ) with a performance level equivalent to German PassivHaus standard. With a living area of
149 m², this house was built in timber frame. Its roof accommodates 6 m² of solar thermal panels
and 12 m² of solar photovoltaic panels.
The objective of this analysis was to observe the real conditions use of these solutions of building
LCA, with all factors of complexity and uncertainty inherent in the reality of practices: three tools
used by three LCA practitioners.
The "materials" data set was provided by an engineering office (Enertech), which helped to
establish a common basis. These data came from the description of the project at construction
phase. Concerning energy consumption during the life out, CSTB used on ELODIE a calculation
made by Enertech, Nobatek did the same on SimaPro, and Armines conducted a Comfie-Pleiade
simulation (taking into account glass surfaces and thermal bridges).
Figures 3 and 4 show some of the main results obtained from this analysis.
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Fig. 3 and 4: Comparative results of a building LCA realized by three tools/three practitioners
The different gaps observed on results between tools may be linked to several sources of
uncertainty (which can accumulate):
 1st uncertainty layer induced by the inventories (simplifications, accuracy ...)
 2nd uncertainty layer caused by the software (calculation, indicators)
 3rd uncertainty layer induced by the practice / user (the bill of quantities preparation,
assumptions about the life cycle, databases used ...)
Moreover
many
of
the differences between
the models
are probably related to electricity generation
mix considered: average annual mix for
Elodie
and SimaPro and specific heating mix for Equer.
Eventually, comparing the results of software tools such as SimaPro, ELODIE or EQUER on a real
building is complex because of the diversity of materials taken into account, modelling assumptions
at all levels and the still existing black box effect.

3. Conclusion
LCA use is continuously and fastly growing in the construction sector, particularly in France with
specific tools such as EQUER and ELODIE that recently allow taking into account the full life cycle
of a building. This is also supported by new standards, regulations and frameworks including the
LCA of buildings. Moreover, the databases of construction products such as INIES, offer an ever
widening and growing range of products.
The COIMBA project has highlighted many methodological points to harmonize for a consensus
approach usable by any user. These proposals have partly been integrated into the ELODIE and
EQUER tools, offering henceforth the possibility of using LCA to more accurately and easily assess
the impacts of buildings in the design phase.
However the comparison of several tools in a complex context, still representative of actual
practices, reveals many discrepancies between results. At the heart of the problem lies the quality
of data used, but the practical aspects (level of proficiency of LCA, initial source of data, real
control of the study perimeters, etc..) also generate significant discrepancies, despite the diffusion
of standards framing these practices.
It seems therefore essential to define a framework for the realization of inventories, and continue to
work on the transparency of the databases. Making comparisons between buildings on the basis of
different tools must also be avoided. Finally, these conclusions call for new research focused on
the practice of LCA to identify, in the context of detailed LCA analysis on real cases, the levers of
management of uncertainties, whether they are at the scale of databases, tools, and especially
working practice.
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Summary
Environmental and energy saving initiatives are becoming important strategies in today’s cities.
These strategies should consider the regional context and make good use of the cities’
characteristics in order to develop effective counter measures for reducing CO2 emissions. This
study reviews the environmental strategies, regional resources and technologies of Japanese
cities, and calculates their energy consumption and CO2 emissions, and implements a case study
to determine what strategies are effective in achieving carbon neutrality based on cities’ conditions
and available regional solutions. For this investigation, the energy consumption of buildings and
houses and the energy production by unused renewable energy were estimated, and then used to
identify cases where carbon neutral conditions can be effectively achieved.
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2. Introduction
Environmental and energy saving initiatives are becoming important strategies in today’s
cities. These strategies should consider the regional context and make good use of the cities’
characteristics in order to develop effective counter measures for reducing CO2 emissions. This
study reviews the environmental strategies, regional resources and technologies of Japanese
cities, and calculates their energy consumption and CO2 emissions, and implements a case study
to determine what strategies are effective in achieving carbon neutrality based on cities’ conditions
and available regional solutions. For this investigation, the energy consumption of buildings and
houses and the energy production by unused renewable energy were estimated, and then used to
identify cases where carbon neutral conditions can be effectively achieved.
This study selected high-density and low densities cities. Six cities were selected as case study
cities, based on their climatic conditions, size and industrial structures. Two large cities, two
medium cities and two small cities were chosen. The large cities are Yokohama and Nagoya. The
medium-sized cities are Utsunomiya and Toyama and the small cities are Motegi and Shimokawa.
Summaries of the cities and their building stocks were based on statistical data published by the
cities. Energy consumption data and CO2 emissions were calculated by dividing prefectural energy
consumption data proportionally based on industrial cost data and household expenditures.
Regional resources data and renewable energy availability were calculated based on land
usage, climatic data of cities and the database of NEDO.
! A case study was conducted in which cities’ total CO2 emissions were calculated by assuming
the adoption of energy saving measures in buildings and houses. The study assumed model
buildings and model houses, for which energy performance fits current energy levels and energy
conservation models. We then varied the thermal and energy performance levels of mechanical
systems for buildings.
Model homes include detached houses and apartments. Buildings include offices, retail stores,
hospitals, hotels and schools. Each building type has small, medium-sized and large buildings. A

current energy model and an energy saving model were applied. The energy saving level refers to
next-generation energy standards and mechanical systems assume the most efficient equipment
on the market.
Environmental strategies are categorized based on location and scale, and following strategies
are selected for the case study. This study selected several CO2 reduction measures; biomass
energy from wood within city area, heat recovery from wastewater, PV panels, solar tube and
hybrid cars as energy saving measures.
!
!
!

Buildings in Central area: Current energy level, next-generation energy standard level.
Houses in Suburban area: Current energy level, next-generation energy standard level,
Biomass energy from wood, Unused heat from wastewater, Solar energy (PV panel) and
Solar energy (Solar tube).
Transportation: private cars, hybrid private cars.

This study focuses on CO2 balance and the limits of CO2 reduction achievable by applying
energy saving measures considering what measures appropriate in city centres and suburbs of
cities.
CO2 intensities are obtained by CO2 emissions divided by the total floor area of model buildings
and houses in the cities. CO2 emissions from cities are obtained by multiplying the total floor area
of building stocks by the CO2 intensities. The condition of cities’ CO2 emissions denotes the
balance of CO2 emissions and off set by energy saving measures to be installed in suburban
areas’ houses.
The results suggest that small town and citiy can achieve carbon neutral conditions if all
buildings and houses practice energy savings and biomass usage or solar energy are installed. On
the other hand, it is difficult for large cities to achieve carbon neutral conditions because they have
many high-rise residential apartment and few locations where renewable energy can be installed.
This study shows an example to how the effect and limits of introducing renewable energy in cities
can be quantified. Further studies are needed to consider embodied CO2 associated with
introducing CO2 reduction measures.
!

3. Summary of targeted cities
Six cities were selected for the case study, based on their climatic conditions and size. Two
large, two medium-sized and two small citiy and town were chosen. The large cities are Yokohama
and Nagoya. The medium-sized cities are Utsunomiya and Toyama and the small cities are Motegi
and Shimokawa. Data for these cities is summarized in Tables 1 and 2. This study covers CO2
emission of buildings, houses and private cars.
Overall and densely inhabited district (DID) population data considered with land area and DID
land area suggest that most of the cities are sprawling. The ratio of houses’ CO2 is large and
initiatives related to energy savings in detached houses are more effective overall in small cities
than in large and medium-sized cities. CO2 data were obtained based on prefectural energy
consumption divided proportionally into city levels based on industrial cost data and household
expenditures.

Table 1 Summary of Case Study Cities

4. Case study
3.1 Model buildings and houses
The case study implemented to quantify the effect of energy saving measures in structures at the
city level on the balance of CO2 emissions in the central and suburban areas of the cities.
In the study, model buildings and homes are assumed.
Model homes include detached houses and apartments. Buildings include offices, retail stores,
hospitals, hotels and schools. Each building type has small, medium-sized and large buildings. A
current energy model and an energy saving model were applied. The energy saving level refers to
next-generation energy standards and mechanical systems assume the most efficient equipment
on the market. A model office and a house in Climatic Area 4 are shown in Table 2 and Table 3.
3.2 Calculations!
!
Heating and cooling loads and the energy consumption of buildings and houses were calculated
using the HASP program for buildings and the SMASH program for houses. Climate conditions are
different in northern Japan than in the southern part of the country. Standard climate data were
used in the calculations.
We estimated CO2 emissions by multiplying CO2 emission factors by energy consumption. The
CO2 emission factors are as follows:
Electricity
Gas

0.555 kg- CO2/kW
2.23 kg- CO2/Nm3

Table 4 shows that calculation results of model buildings and houses in area 4. The values are
divided by total floor area and shown as CO2 intensities.CO2 emissions from cities are obtained by
multiplying the total floor area of building stocks by the CO2 intensities.
3.3 CO2 emission and CO2 reduction by unused and renewable energy in cities!
This study assumed that energy-saving measures will be implemented in buildings in city centres
and houses in the suburbs, and unused and renewable energy measures will be installed in
detached houses in the suburbs. Table 5 shows what energy saving measures implemented in
centre of cities and suburb of cities.
In this study, it is assumed that application of very aggressive CO2 reduction strategies. The
conversion ratio of PV panels on the market today is about 16.4% and this is expected to rise to
about 25% in the next 10 years. The efficiency of hybrid cars is about 20 km/l in the actual usage
today and this study assumed it would be improved 30km/l in the future. Fig.1 shows calculation
results of CO2 eimission and offset by unused and renewable energy in large, medium and small
cities.

Table 2 Model office in Climatic Area 4

Table 3 Model houses in Climate Area 4

Table 4 Calculation results of model buildings and houses in area 4

Table 5 CO2 reduction measures in centre and suburb of cities

PV panel:
Solar tube:
Hybrid car:

Efficiency 25%, 4kW on all detached houses
2
Efficiency 60%, 30m on all detached houses
Efficiency 30km/l

5. Results and Discussion
Fig.1 shows calculated CO2 emissions of buildings, houses in the cities and CO2 reduction by
unused and renewable energy. CO2 emissions were obtained by multiplying calculated CO2
intensities for each building type by the total building floor area from the building stock data.
Calculated CO2 emissions for the current case are similar to CO2 emissions from the cities’
statistical data. CO2 emissions for the Energy saving case are about 50% of the current case levels
in cities.
Fig. 2 shows the balance of CO2 emissions and CO2 reduction by introducing unused and
renewable energy, considering combination of CO2 reduction measures. Table 6 shows the Case
of CO2 reduction combination.
No cities can achieve carbon neutral conditions in Case 1. Shimokawa town can achieve carbon
neutrality in Case 2 and the cities of Toyama and Utsunomiya can achieve carbon neutral
conditions in Case 7. The large cities, Yokohama and Nagoya can not achieve carbon neutral
condition in any cases of this study. This suggests the possibility of small cities achieving carbon
neutral conditions by enhancing energy savings in buildings and houses and by wide adoption of
renewable energy. Energy produced by renewable energy in large cities can cover from 40% to
80% of CO2 emissions but it will be difficult for them to achieve carbon neutrality just using energy
savings and renewable energy use.

t-CO2/year

t-CO2/year

t-CO2/year

t-CO2/year

t-CO2/year

t-CO2/year

Fig. 1 Calculated CO2 emissions and CO2 offset by unused and renewable energy

Table 6 Combination of CO2 reduction measures

! Carbon neutral

Fig. 2 Balance of CO2 emission and CO reduction by unused and renewable energy

6. Conclusions
This research conducted a case study based on cities’ existing structures, which are sprawling
with many detached houses located in the suburbs. The study considered the present effect of
introducing energy saving strategies in buildings in city centers and houses in suburban areas.
The results suggest that small cities can achieve carbon neutral conditions if all buildings and
houses practice energy savings and biomass usage are installed. On the other hand, it is difficult
for large cities to achieve carbon neutral conditions because they have many high-rise residential
apartment and few locations where renewable energy can be installed.
This study shows an example to how the effect and limits of introducing renewable energy in cities
can be quantified. Further studies are needed to consider embodied CO2 associated with installing
CO2 reduction measures.
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Summary
The EC funded 7th framework project CILECCTA sets out to develop a LCCA (Life Cycle Cost and
Analysis) tool supporting the determination and costing of sustainable project alternatives. It
proposes two main advances over current practice in LCC and LCA: first it explicitly takes account
of future uncertainty during the project life or study period, and second it integrates LCC and LCA
in a single evaluation tool.
It is impossible to make design decisions that guarantee the optimal lifecycle performance of
buildings and constructed assets, because long-term performance is subject to the uncertain future
evolution of factors such as the rate of climate change, the prices of fossil fuels and renewable
technologies, the rate of decarbonisation of electricity, etc. Therefore it is a good idea to develop
design strategies incorporating flexibility, enabling efficient adaptation in response to unfolding
events.
It is proposed that flexibility can be achieved by providing 'lifecycle options' for upgrading or
switching elements of a building or constructed asset. These options are identified at the time of
design and are exercised during the service life if it is advantageous to do so, otherwise they
remain unexercised. At the time of design it is uncertain when or whether the options will be
exercised.
This paper sets out the first practical test of the LCCA methodology developed in the CLIECCTA
project, illustrated with an example concerning the design decision about the level of insulation in a
building. Alternative designs are analysed with respect to both cost and environmental impact,
identifying the most efficient and sustainable design strategy.
Keywords: Life Cycle Assessment, Real Options, Life Cycle Costing, Flexible Alternatives,
Uncertainty

1. Introduction
The EC funded 7th framework project CILECCTA (active 2009-2013) sets out to develop a LCCA
(Life Cycle Cost and Analysis) tool supporting the determination and costing of sustainable
construction project alternatives. When comparing alternatives the client should not select the
cheapest alternative but the one that is most economical over the long term, when the initial capital
costs and future costs and benefits are considered. This is the principle of Life Cycle Costing
(LCC). Now that sustainability has become a significant factor in decision making, Life Cycle
Assessment (LCA) needs to be performed as well, to determine the effect of the construction and
use on the environment (e.g. CO2 emissions). The majority of the available tools for LCC and LCA
for the construction industry have limited applications, limited flexibility and limited functionality [1].
The standard methods of LCC and LCA assume that exact data about the future is available, but
this is rarely if ever true. When there is high uncertainty, according to [2] an approach to life cycle
evaluation which takes account of future uncertainty is crucial. This involves moving from a
deterministic to a probabilistic approach in which uncertainty about factors like durability and cost
are represented by probability distributions. The principle is straightforward but the distributions
may not be easy to calibrate; however calibration can be improved incrementally when better data
becomes available.
The probabilistic approach provides the platform for a further advance, evaluating the performance
of flexible design strategies in which future decision-makers can respond to unfolding events that
are uncertain at the time of design, leading to an improvement in life cycle performance.
The CILECCTA project is exploring these new developments, and also tackling the problem that
LCC and LCA are currently regarded as separate studies using different evaluation tools. Previous
research by [3] shows that there are substantial benefits with a combination of LCC and LCA as a
support to the decision process.
By including probabilistic analysis and linking LCC and LCA methodologies, CILECCTA will
advance the possibility of construction industry decision making that takes account of both
environment and cost.
This paper sets out a case study application of the LCCA methodology developed in the
CILECCTA project, using an example concerning the design of insulation in a building. Alternative
designs are analysed with respect to both cost and environmental impact, identifying the most
efficient and sustainable design strategies.

2. Advances in LCC/LCA
2.1

The probabilistic approach and flexible strategies

The objective of sustainability is to avoid or minimise any damaging future consequences from
current consumption and investment activities. For construction projects, which are very long
lasting, this requires that current decision-making must take account of long-term performance –
this is the province of Life Cycle Costing and Life Cycle Assessment. Existing techniques for LCC
and LCA have an important defect: they assume that the future life cycle can be predicted in detail,
but this is impossible.

They require precise data inputs ('single-point estimates') for all variables throughout the chosen
study period. With this precise input data the tools generate precise values for life cycle cost and
environmental impact. This is the deterministic approach to LCC/LCA.
However, for construction projects the study period is typically 20-50 years, and over this timescale
many variables are certain to change in unpredictable ways, e.g. the price of fuel and building
products, the environmental impact of fuel use and the embodied environmental impact of building
products, the service life of building products, the rate of climate change, the usage of buildings
and infrastructure, etc. In view of this uncertainty it is preferable for the variables in LCC/LCA tools
to be given ranges of values rather than precise values. If this is done the outcome is a range of
values for life cycle cost and environmental impact. This is the probabilistic approach to
LCC/LCA. Research has been carried out on probabilistic LCC/LCA but it is not yet established in
current tools.
CILECCTA will adopt the probabilistic approach and allow for data values to be defined as ranges,
typically 'three-point estimates' (lowest conceivable value, most likely value, highest conceivable
value). If three identical values are entered, it defaults to the deterministic approach (Figure 1).
Deterministic
1970s–80s

Probabilistic
2000s

Options-based
current

Assume
certain data
for whole life/
study period

Probabilistic
data for
durability,
cost, etc

Include value of
flexibility during
whole life/study
period

Output is
exact
prediction

Output is
probabilistic
prediction

Output is the
value of current
decisions

Current
practice in
LCC/LCA

Established
research topic,
eg. EuroLifeForm

Frontier of
research and
practice

.

Figure 1 The evolution of life cycle evaluation, which started with the deterministic approach.
This remains dominant in current LCC and LCA tools.
With the probabilistic approach a further enhancement is possible. The reality of construction projects is that they have a branching tree of possible life-histories, with future decision-makers deciding which branch to select at decision-points in the future. For example, a building of the 1950s
originally had a coal-fired boiler, which was replaced by an oil-fired boiler in the 1970s and then by
a gas-fired boiler in the 1990s. This could not have been predicted in the 1950s and similarly we
cannot predict what will happen to today's buildings.
Although they make prediction difficult, future decisions improve life cycle performance because
they respond to situations that are unpredictable at the time of design or construction. The opportunities for future decision-makers to take alternative decisions can be called ‘life cycle options’.
Using more familiar terminology, a project with many life cycle options is a flexible project. By
mitigating the impact of future uncertainty flexibility increases investment value, and the greater the
level of uncertainty, the greater the value of flexibility.

2.2

Life cycle options

Life cycle options are based on a direct analogy with financial options. In a financial option, a deal

is struck to buy or sell financial commodities at an agreed price within a specified time, but the
option holder can choose whether or not to complete the transaction. When options ideas are used
in business rather than financial markets, they are called real options [4].
All life cycle options give value because they are only exercised if it is advantageous to so, but
option value varies greatly from case to case and depends on the following factors:

1. The amount of uncertainty. As the amount of uncertainty about the future increases, the
value of life cycle options increases as well.
2. Duration of the option. The longer the life of an option, the higher its value.
3. The probability of exercising the option. The greater the probability of exercising a life
cycle option, the higher its value.
4. The time to exercise. The earlier the probable exercise date of a life cycle option, the
higher its value.
5. The cost of exercising the option. The lower the cost of exercising a life cycle option, the
higher its value.
6. The resulting benefit. The value of a life cycle option increases with the scale of the
benefit that would result from exercising it.
These principles can be applied qualitatively when evaluating flexible designs – indeed 'options
thinking' is perhaps a greater contribution to good decision-making than quantification. However,
the quantification of life cycle options and flexibility is also possible in many situations.
Life cycle options fall into three main types:
1. Life cycle options to expand/upgrade: this often involves the provision of redundancy or
overcapacity.
2. Life cycle options to switch: for example, a high cost dual-fuel boiler is specified because
it creates the option to switch fuels in response to future changes in fuel costs and
availability.
3. Life cycle options to contract/abandon: for example, most multi-phase master plans are
changed or abandoned before completion, so there is merit in devising plans that work well
at each phase, even if later phases never happen.
The ways of calculating life cycle option value are similar for all types. The sophisticated
techniques developed for financial options would be the natural starting point, but in fact they are
of limited value for construction projects. Life cycle options are usually valued with relatively
straightforward simulation models (see examples in [2]).
The CILECCTA tools will adopt the life cycle options approach and allow for the evaluation of
flexible design strategies, i.e. include an estimate of the value of flexibility. Initially the scope of
flexible strategies will be limited, but the CILECCTA structure will allow for future enhancement of
this feature.

2.3

LCCA Method

LCC and LCA have the same goal, evaluating the sustainability of a product or system over its
entire life cycle, but integration presents significant challenges. The two procedures are quantified
in different units. They originated in very different contexts – investment efficiency for LCC and
environmental responsibility for LCA. They adopt different assumptions; for example, time
preference (the increased weight given to costs or benefits that occur in the near future compared
to those that are more distant) is formalised through a discount rate in LCC, but in LCA a discount
rate is not normally used.

Based on the respective properties of LCC and LCA [5], requirements for an LCCA methodology
are derived. The scope of LCC and LCA for several life cycle stages is described below, showing
adjustments to allow for an integrated assessment.
First of all, the object of assessment has to be defined. The building description and study period
have to be defined, describing the properties and functions of a project. On this basis, different
alternatives can be compared. LCA does not usually consider the planning phase since energy
and mass flows are assumed to be insignificant. LCC on the other hand includes this stage, since
the costs can be relevant. In the LCCA methodology, the scope has to be expanded to cover the
ecological impact; data may not always be available. The production phase is considered both in
LCC and LCA. While LCC only focuses on material prices and the related total costs, LCA also
considers upstream processes (raw material extraction, impacts of processing). The LCCA
methodology follows the more comprehensive scope of LCA, expanding the scope of LCC.
Transport costs are included in material costs and therefore not specifically addressed in LCC,
while they are considered in LCA. The scope of LCC is therefore expanded.
Construction costs and impacts are included both in LCC and LCA. LCC takes account of the costs
of manpower, which are typically excluded from LCA. Environmental impacts of workers lifestyle or
food consumption are excluded [6]. The LCCA methodology retains the original scope of both LCC
and LCA. The use phase contains no conflicting elements; the current scope of LCC and LCA can
be used. Deconstruction and disposal are often neglected in LCC, as their impacts are negligible
due to discounting. Because LCA does not use discounting impacts at the end of life have the
same relevance as impacts at any other time during the life cycle. In the LCCA methodology
deconstruction and end of life has to be assessed from both an economic and ecological point of
view.
Discounting is only applied in economic evaluation, although time preference is still relevant for
ecological evaluation. Both economic and ecological impacts are allocated to the year in which
they occur.
Table 1 gives an overview of the integrated LCCA scope. The gray boxes mark the integrated
scope being derived from LCA; the white boxes indicate the scope of LCC. It becomes obvious
that the scope of each method has to be expanded at several stages to meet the requirements of
an integrated LCCA methodology. The LCCA assessment is conducted according to ISO 14040 [7]
for LCA and ISO 15686-5 [8] for LCC.
Table 1 Scope of an integrated life cycle analysis
Planning and
design

Production

Transports

Construction

Have to be
included
Included

LCC

Included

Upstream
implicitly
included

LCA

Included, if
info is
available

Included with
upstream

Included

Use
Phase
Included

Deconstr.
and Disp.
Included

Discounting
Possible

Included

Included

Included

Not possible

The integrated assessment creates results in two dimensions, economy and ecology. They cannot
be compared directly and furthermore the weighting of the two dimensions is subject to individual
preferences and / or legal and technical requirements. Therefore, the use of a 2-dimensional graph,
or ecoportfolio, is suggested. An example is shown in Figure 2, where environmental impacts are
quantified in CO2 terms. Each project alternative has a cost and environmental impact. According
to the preferences of the user, the best alternative can be identified. Furthermore, boundary values
can be indicated on the graph.
Figure 2 Example of an ecoportfolio.
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3. Case study of energy cost evaluation
3.1

Context

The case study is concerned with the design decision about the level of insulation in a new building.
From an economic perspective, an optimum level of insulation could be calculated, balancing the
cost of installing more insulation now with the cost saving from reduced fuel consumption in the
future. But the future price of fuel is uncertain, so the optimum cannot be established with
confidence. Rather than make an irreversible decision about the level of insulation, a flexible
strategy could be considered, allowing extra insulation to be added in the event of future fuel price
rises.
We can formulate the problem as an LCCA comparison between three alternatives:
A. Never Insulate: lower insulation level that is cost-efficient for a low fuel price.
B. Insulate in Year 0: higher insulation level that is cost-efficient for a high fuel price.
C. Flexible Strategy: start at the lower insulation level with the life cycle option to upgrade to
the higher level if the fuel price increases.
The comparison must consider a range of scenarios for the future fuel price.
For this example, Expanded Polystyrene (EPS) is used as insulation material; the study is
restricted to the assessment of fuel consumption for heating and the installation of insulation; and
from an environmental point of view, only Global Warming Potential (GWP, in kg CO2-equivalents)
is assessed.

3.2

Case study data

For the case study, a simplified building model is used with information on dimensions, total wall
surface and the energy required for heating with both a low and a high level of insulation. The
impacts and costs are related to 1m2 of floor area. The data is displayed in Table 2:
Table 2 Case study data
Case study data
Length of building
Width of building
Floor area
Wall surface area
Current fuel price (oil) (year 0)
Heating energy demand per m2 floor area with low level of insulation
Heating energy demand per m2 floor area with high level of insulation
*Resulting weight per m2 of wall surface [Kg/m2]
*Fixed price block (installation cost per m2) [€]
Discount rate [% per year]
Fuel price variation [% per year, three point estimate]
Study period [years]
Embodied emissions in production of 1 kg of EPS [kg CO2-eq.]
Emissions per kWh of fuel consumed [kg CO2-eq]

Value
13 m
6m
78 m2
95 m2
€ 0.20/Kg
170 kWh/m2yr
110 kWh/m2yr
7.5
53
4
–15 ,+6.5, +30
40
2,69
0,305

EPS is sensitive to energy price fluctuations. Not only is oil the feedstock for EPS, but energy is
required for all processes along the entire value chain, from raw material extraction to the final
EPS insulation product. For further information on this relationship see [9]. As a result, changing oil
prices result in a changing of the price for EPS. Therefore, both investment costs for the insulation
system and the heating costs are subject to oil price uncertainty.
3.3

Probabilistic modelling

Uncertainty in the price of fuel is modelled as an annual variation based on a three point estimate
with minimum, most likely and maximum values of -15%, 6.5% and 30%; as noted this impacts on
both heating costs and the cost of insulation. The study runs over 40 years and a Monte Carlo
simulation is performed using time steps of one year, each Monte Carlo run generating a new
scenario of future oil prices. The modelling is performed in Excel.
Whilst the two inflexible alternatives, (A) Never Insulate and (B) Insulate in Year 0, are subject to oil
price uncertainty, they cannot respond if it turns out that they have the 'wrong' level of insulation. In
contrast, (C) Flexible Strategy, starts with low insulation in year 0 but can upgrade in any year if it is
beneficial to do so. In this model, the decision on whether to upgrade is made on the basis of cost
only – the life cycle option to upgrade the insulation is exercised when the oil price is sufficienly
high, otherwise it remains unexercised.
For the flexible alternative, the life cycle cost for each Monte Carlo run is estimated in the following
way. Suppose that the option remained unexercised at year n; then, for the simulated oil price at
year n compare the expected value of future heating costs with low insulation with the expected
value of future heating costs with high insulation; if the saving is greater than the cost of upgrading,
the upgrade is carried out; this is added to the heating costs already incurred up to year n with low
insulation, to give the life cycle cost attached to year n. The same is done for every year in the
study period, and these estimates from 50,000 Monte Carlo runs generate a profile of the expected
life cycle cost for each year of exercise (Figure 3). The minimum occurs around year 12. This
indicates that the expected life cycle cost is lower for the flexible alternative (C) than for never
upgrading (inflexible alterative A). From Table 3 we can see that the flexible alternative also has a

lower lifecycle cost than the inflexible alternative (B) insulate in year 0. If the flexible alternative is
built, the actual year of exercise will be determined by the fuel price as it unfolds in reality.
This method is a simple approach which gives an indication of the monetary benefit of having
flexibility to respond to uncertainty, and of the associated environmental impact.

B
A

C

Figure 3 Profile of annual values for a simple analysis of the Life Cycle Cost of the flexible
alternative. The economic value of the flexible alternative is taken as the value for the year with the
minimum Life Cycle Cost – here this is year 12.
The expected life cycle cost and environmental impact for the flexible strategy (C) and the inflexible
alternatives (A) or (B) are shown Table 3. The costs are net present values at 4% discount rate; the
environmental impacts are summed without discounting.The probabilistic values generated by the
Monte Carlo simulation are also shown, represented by the interquartile range. Because the
environmental parameters are single point estmates, the environmental impacts for the inflexible
alternatives are deterministic.
Table 3 Combined LCC-LCA assessment of two inflexible and one flexible alternative; uncertainty
in the price of oil affects fuel consumption costs for heating and the cost of the insulation itself.

A. Never Insulate
B. Insulate Yr 0
C. Flexible

Life Cycle Cost (€ NPV)
25%
Exp Val
75%
12,670
17,070
20,330
14,330
17,230
19,290
13,100
16,300
18,940

Enviro Impact (Kg of CO2 equiv.)
25%
Exp Val
75%
161,772
106,210
123,339
137,167
161,772

The informed decision maker must make a judgement as to which combination of economic and
ecological values provides the best alternative, also taking account of the uncertainties involved in
each solution. Such a judgement will be user-dependent.
The data can also be shown on the 2-D graph, or ecoportfolio – in Figure 4 we show the expected
values only, not the probabilistic range. The monetary value of the flexible alternative (C) is
determined here as €770 compared to (A) and €930 compared to (B), the differences between the
expected NPVs of the alternatives. Any cost associated with acquiring the lifecycle option at the
time of construction must also be considered when assessing the three alternatives.

A

C

B

Figure 4: Combined LCC-LCA assessment of two inflexible and one flexible alternatives.
The graph suggests that alternative (A) Never Insulate is unlikely to be chosen over (B) Insulate in
Year 0 becasue its cost advantage is small but its environmental performance is much worse. The
preference between (B) and (C) will depend on the decision-maker's weighting of economic and
environmental performance.
In the analysis of the flexible alternative, the simulated decision on whether to exercise the life
cycle option was based purely on the economic cost, without taking account of environmental
impact. Subsequent analyses could involve a combined economic / environmental assessment,
with a weighting of the two factors. Such a weighting would have to reflect the user’s economic /
environmental preference.
3.4

Conclusions

The paper has set out the background of the CILECCTA project and shown how the twin aims of
taking account of future uncertainty and integrating the consideration of economic and
environmental factors are being pursued. These are the first steps and there are many areas for
further development, including:
Probabilistic modelling of environmental variables, such as the rate of climate change or the
rate of decarbonisation of electricity
Modelling joint uncertainty of economic and environmental variables
Viability of user-defined weighting between economic and environmental variables
Availability of probabilistic data sources
Further development and testing of methods for estimating the life cycle value of flexible
alternatives.
In addition there are many challenges of incorporating so many innovations in software that is
intended for construction industry professionals, not life cycle modelling experts.
A good start has been made and the CILECCTA development team is confident of a successful
outcome.
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2. Case study of energy cost evaluation

For the case study, a simplified building model is used with information on dimensions, total wall
surface and the energy required for heating with both a low and a high level of insulation. The
impacts and costs are related to 1m2 of floor area. Uncertainty in the price of fuel is modelled as
an annual variation based on a three point estimate with minimum, most likely and maximum
values of -15%, 6.5% and 30%; as noted this impacts on both heating costs and the cost of
insulation. The expected life cycle cost and environmental impact for the flexible strategy (C) and
the inflexible alternatives (A) or (B) are shown in Table 1.
Table 1 Combined LCC-LCA assessment of two inflexible and one flexible alternative; uncertainty
in the price of oil affects fuel consumption costs for heating and the cost of the insulation itself.

A. Never Insulate
B. Insulate Yr 0
C. Flexible

Life Cycle Cost (€ NPV)
25%
Exp Val
75%
12,670
17,070
20,330
14,330
17,230
19,290
13,100
16,300
18,940

Enviro Impact (Kg of CO2 equiv.)
25%
Exp Val
75%
161,772
106,210
123,339
137,167
161,772

The costs are net present values at 4% discount rate; the environmental impacts are summed
without discounting.The probabilistic values generated by the Monte Carlo simulation are also
shown, represented by the interquartile range. Because the environmental parameters are single
point estmates, the environmental impacts for the inflexible alternatives are deterministic.
Subsequent analyses could involve a combined monetary / environmental assessment, with a
weighting of both the cost and environmental factors. The informed decision maker must make a
judgement as to which combination of economic and ecological values provides the best
alternative, also taking account of the uncertainties involved in each solution. Such an analysis
would have to reflect any user-dependent cost/environmental preference.
2.1

Conclusions

The paper has set out the background of the CILECCTA project and shown how the twin aims of
taking account of future uncertainty and integrating the consideration of economic and
environmental factors are being pursued. These are the first steps and there are many areas for
further development, including:
Probabilistic modelling of environmental variables, such as the rate of climate change or the
rate of decarbonisation of electricity
Modelling joint uncertainty of economic and environmental variables
Viability of user-defined weighting between economic and environmental variables
Availability of probabilistic data sources
Further development and testing of methods for estimating the life cycle value of flexible
alternatives.
In addition there are many challenges of incorporating so many innovations in software that is
intended for construction industry professionals, not life cycle modelling experts. A good start has
been made and the CILECCTA development team is confident of a successful outcome.
2.2
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Summary

This paper addresses the problematic associated with ambitious greenhouse gas (GHG) emission
cutoff targets set for cities in recent years. Even though many cities have adopted an active
approach to sustainability issues and climate change mitigation, they often lack appropriate and
effective tools for achieving the cutoff targets. The purpose of this paper is to demonstrate the
utilization of a consumption based GHG emission assessment model in city level carbon
management. The demonstration is executed by an evaluation of four different scenarios for city
level carbon mitigation, including the construction of low-emission buildings, increasing the use of
renewable energy sources, densifying urban structure and reducing private driving together with an
increase of the share of public transportation. The study shows that an LCA model like the one
utilized in this study can be operated effectively in city level carbon management. Furthermore, the
comprehensive, consumption based assessment model, even though used locally, provides a
global view on a global issue. The results of the assessment suggest that the only way to
significantly reduce the carbon emissions in short period on city level is to affect the carbon
intensity of the local energy production. Other mitigation strategies might be of importance too, but
the dimensions of the impacts should be understood.
Keywords: life cycle assessment, greenhouse gas emissions, climate change, carbon
management

1. Introduction

The eminent role of cities in the quest to achieve the global and national greenhouse gas (GHG)
cutoff targets and mitigate the temperature rise under the level of 2,0 degrees (°C) has been widely
recognized [1],[2]. Without city level action the targeted cutoffs would be unreachable, as cities are
estimated to produce up to 80 % of the global greenhouse gases [1]. Furthermore, recent research
has indicated that, contrary to some earlier reported results [3],[4], the carbon consumption, the
consumption based carbon footprint, is substantially higher in cities than in the surrounding suburban and rural areas [5].
Ambitious greenhouse gas cutoff targets have been set on city level globally in recent years
[2],[6],[7]. However, strategies for achieving these targets are often weak or incomplete due to lack
of applicable tools for strategic urban planning. This is due to three major factors. First, the GHG
assessment models are often incomplete taking into account only some known important sectors
[8], which might lead to biased conclusions. Second, the models are often created from production
perspective allocating for a city the emissions that are generated within the city boundaries [3],[8].
This might lead to false understanding about the GHG emissions accountable to a city as a
majority of all consumption of the city residents might be imported. And third, the life cycle
coverage of the models is often limited and a significant share of the missions attributable to

certain action might be left out of the assessments due to boundary cutoffs.
The purpose of this paper is to demonstrate the utilization of a consumption based GHG
assessment model in city level carbon management. The demonstration is executed by an
evaluation of different city level carbon mitigation strategies. The model is both comprehensive in
incorporating all consumption and all the life cycle emissions attributable to a certain good or
service on global scale, and accurate in the ability to accommodate local process data.
The paper consists of two parts. First, the model for city level GHG, calculated in carbon dioxide
equivalents, assessments based on private consumption is presented. In the second part, the city
carbon management possibilities are assessed with an empirical scenario study of a large Finnish
city. In the study, the carbon mitigation target of the city and the strategies to achieve the target are
assessed with the assessment model.

2. Method

The carbon emissions assessment model utilized in the study is based on life cycle assessment
(LCA) method and is built from the consumption perspective allocating a consumer the emissions
attributable to all the goods consumed without geographical limitations. Technically the model is
one of the three applications of the hybrid LCA method, namely tiered hybrid LCA f. e. [9]. The
method tries to capture the strengths and reduce the weaknesses of the two traditional LCA
methods, process LCA and input-output LCA (IO LCA). The IO LCA part of the hybrid models
reduces the truncation error inherent to all process LCA’s, whereas the utilization of process data
increases the accuracy compared to direct IO LCA’s.
The assessment model is based on the 2002 US industry benchmark model of the environmentally
extended economic input-output LCA tool (EIO-LCA) of the Carnegie-Mellon University [10]. The
most important processes producing carbon emissions are replaced with local process data, but
the full coverage of the model is maintained by leaving the higher order tiers in the output matrices
untouched. The temporal asymmetry problem between the model and the Finnish economy
problem is corrected with a purchasing power parity multiplier, a correction method utilized earlier
by Weber and Matthews [11]. The model has been reported recently by the same authors in an
Environmental Research Letters article (Heinonen and Junnila 2011) [5].

3. Research design

The case area of the study is the important medium-size inland city of Tampere in Western Finland.
Tampere is an active actor with city sustainability issues, with climate change mitigation as one the
focus areas. The city’s strategic target in climate change mitigation action is a 40 % decrease in
the annual GHG emissions from the 1990 level before 2030 [7]. The means to achieve the target
are discussed in the publication “Visio 2030” [12], but without concrete knowledge basis of the
effect of different actions. According to several discussions with the city representatives, four
different GHG mitigation approaches were chosen for more detailed effect assessments in this
study:
1.

An increase in the share of renewable fuels to 30 and 80 % in the local power plant

2.

Low-carbon new residential construction

3.

Densification of the city structure

4.

A reduction of private driving and increase in the share of public transportation.

The assessment model of Heinonen and Junnila [5] utilizes monetary consumption data to
calculate the global GHG emissions related to private consumption. This study uses a sample of
the Finnish Consumer Survey 2006 of the Statistics Finland [13] as the primary data source. The
sample covering the city of Tampere shows the distribution of an average Tampere consumer in a
very detailed level, that is, in nearly 1,000 categories of goods and services. To fit the data with the
sectors of the assessment model, the categories were first merged into 40 more general entities,
and further into 10 consumption areas for the presentation of the results. The monetary inputs are

shown in Table 1 on the 10 consumption areas aggregate level.
Based on the monetary inputs, the assessment model returns the carbon consumption, of the
object of the assessment, in this case the carbon consumption of an average Tampere consumer.
The emissions inventory is comprehensive due to the input-output basis of the model. To increase
the accurateness of the results concerning the qualities characteristic both to the Finnish economy
as well as to the Tampere area, the hybrid model was enhanced with local data.
Table 1 The 10 consumption areas and average
volume of consumption in Tampere.
Private consumption (€) per capita

15,050

Consumer goods

3,480

Building & property

1,995

Maintenance & operation

1,998

Heat & electricity

544

Health, nursing & training services

1,364

Private driving

2,219

Public transportation

224

Leisure services

1,900

Leisure goods

1,004

Travelling abroad

308

in Heinonen and Junnila (2011) [5].

The most important enhancement is
associated with the emissions of
housing energy use. In accordance
with the tiered hybrid method principle,
the first tier of the output matrix was
replaced with the production phase
emissions of the local power plant of
Tampere Energy. The emissions of the
combined heat and power plant were
266 g/kWh for both heat and electricity
in 2007 as calculated by the energy
method [14]. In addition, national
average fuel combustion emissions
data from the LIPASTO study [15] was
utilized to similarly enhance the output
matrix used for private driving. The two
further enhancements made were the
disaggregation of the expenditures on
housing management and rents
according to Kyrö et al. [16] and
substituting
the
whole
public
transportation sector of the EIO-LCA
model with bus and train travelling
sectors from the Finnish IO-LCA model
ENVIMAT [17]. The process of creating
the hybrid model is explained in detail

4. Scenarios
1.

An increase in the share of renewable fuels to 30 and 80 % in the local power
plant

The two levels for the utilization of renewable fuels were chosen for distinctive reasons. First,
the 30 % aims to represent the technological upper limit set by the present technology of the
power plant. The 80 % share, on its part, demonstrates the effect of low-carbon energy
production.
The renewable fuels were assumed to decrease the initial carbon intensity of 266 g/kWh for
both heat and electricity directly according to their share. However, the emissions from the
higher order tiers in the production and supply chain were assumed to be the same as in the
base scenario.
2.

Low-carbon new residential construction

Two reference energy efficiency levels for the new residential buildings were selected for the
study, namely, a building following The National Building Code coming to effect on 2012 in
Finland and a passive building. Of the two, The National Building Code demands energy
efficiency level of approximately 60 % higher than that of an average residential building of the
present residential building stock in Tampere. The buildings following the code can be
categorized as low-energy buildings. The second type, the passive building, consumes 70 %

less energy than the 2012 reference building. The figures concern overall energy consumption
including both heat and electricity. Thus the higher efficiency levels were applied in the
scenario for the total energy consumption. Furthermore, construction phase emissions from the
low carbon buildings were not assumed higher than those from reference buildings.
3.

Densification of the city structure

Densification of the city structure is often seen as an important measure in climate change
mitigation strategies. Tampere is predicted to grow fast in the coming years, thus making the
effect of migration an important question. The densification scenario of the study considers only
the city structure, affecting mainly transport, while living space per capita, the impact of which
is mainly on energy use, was left outside of the scope of the study.
For transportation, the impact of an increase of 10 % in the daily private driving average of
approximately 30 km per capita in Tampere, was assessed. This was chosen as an estimate of
the effect on the average trip generation due to uncontrolled growth.
4.

A reduction of private driving and increase in the share of public transportation.

An average resident of Tampere, in addition to the 30 km private driving mentioned above,
travels little less than six kilometers by bus and 2 kilometers by train daily. The fourth carbon
mitigation strategy considered in the study assessed the effect of a shift of 10 % from private
driving to public transport measured in the trip generation, assuming that the overall trip
generation stays constant. Only the direct combustion phase emissions were taken into
account in the scenario. The emissions intensities, 152 grams per passenger-kilometer (g/pkm)
for cars, 62 g/pkm for buses and 22 g/pkm for trains, were taken from the LIPASTO study of
VTT, the Technical Research Centre of Finland [15].

5. Results

The basic scenario is formed by the results reported in Heinonen and Junnila (2011) [5]. According
to the study, the carbon consumption of an average Tampere resident is 10,9 tons of CO2
equivalents (tons CO2e). The largest single contributor is energy with a share of 3,2 tons. The
residential building and property category, dominated by the emissions of construction, add 1,1
tons, the same as the maintenance and operation of the building. Transport accounts for 1,9 tons
of carbon emissions, private driving, including car manufacturing logistics, dominating the sector
with 1,7 tons emissions. The rest of the 10 consumption areas combined account for 3,6 tons
CO2e. The annual volume of the consumption in Tampere is approximately 15.000 € on a per
capita level [13]. Figure 1 presents the structure of the carbon consumption.
Of the four carbon mitigation strategies, the construction of low-carbon buildings resulted in a
decrease in carbon consumption by 2,0 tons in the 2012 scenario and by 3,0 tons in the passive
building scenario. However, it should be noted that these are only the impacts on the residents of
the new buildings. If, for example, an annual change rate of 1 % is assumed, the impact of low
carbon buildings would be 0,2 and 0,3 tons in 10 years regarding the average carbon consumption
on the city level.
The second highest impact on the carbon consumption related to the increase in the share of
renewable fuels in the local power plant. The 30 % scenario would reduce the carbon consumption
by 0,7 tons and the 80 % scenario by 2,0 tons from the housing energy use alone. The use of
renewable fuels would in fact have a multiplying effect via the reduction in the emissions of all
goods and services produced using the same energy. However, as the share of these in the overall
consumption is difficult to assess, the calculation of the specific impact was left outside of the
study.
The remaining two strategies were found to have very little impact on the overall carbon
consumption of an average Tampere resident. Loosening of the city structure, and increasing the
private driving trip generation by 10 % in the scenario, was assessed to add 0,2 tons of CO2e to
the carbon consumption. The shift from private driving to public transport, again 10 % according to
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Fig 1. The GHG emissions of private consumption and private consumption in euros
the scenario, would reduce the emissions from private driving by the same 0,2 tons, but add to the
emissions of public transport 0,01 tons in the case of buses and 0,001 tons in the case of
commuter trains.

6. Discussion

The purpose of this paper was to present a hybrid-LCA method based tool for city level carbon
management. The tool has a consumption perspective allocating to a consumer all life cycle
emissions of consumption globally. Thus changes in the carbon consumption assessed with the
tool indicate true changes on global level, and e.g., outsourcing of heavy industries from the city
would not affect the emissions as such.
The utilization of the tool in city level carbon management was demonstrated with an assessment
of the outcome of four different carbon mitigation strategies designed for Tampere, a large inland
city in Finland. An average consumption based carbon footprint, referred to as carbon
consumption, of 10,9 tons of CO2-equivalents, assessed recently by Heinonen and Junnila (2011)
for a Tampere resident, was utilized as a base scenario.
Of the mitigation strategies considered in the study, the largest impact was found related to the
construction of low carbon residential buildings. Of the two alternatives, the 2012 National Building
Code energy efficiency level buildings would reduce the carbon consumption by 2,0 tons of CO2equivalents, whereas passive buildings would lead to a reduction of 3,0 tons. However, the
mitigation effect of the energy efficient buildings only concerns the residents of the buildings. Thus
the effect on city level is substantially weaker as the renewing pace of the building stock is
approximately 1-2 % annually.
The second largest impact was achieved by the strategy of decreasing the carbon intensity of local
energy production. The 30 % renewable fuels scenario lead to 0,7 tons reduction and the 80 %
scenario to 2,0 tons reduction in the carbon consumption of an average resident of Tampere.
However, in comparison to the energy efficient buildings strategy, the impact covers the whole
community and is thus a much more efficient option. Furthermore, de facto effect would be even
higher, as the emissions of all the goods and services produced using the same energy are
expected to drop at the same time, even though this assessment was outside the scope of this
study.

The remaining two strategies, the densification of the city structure and an increase in the share of
public transport of the overall trip generation, would both reduce the private driving related
emissions by 0,2 tons. In other words, while both strategies might lead to many desirable
outcomes, the feasibility of both as carbon mitigation means would seem diminutive.
The true utility of the carbon management tool presented in the paper lies within two features of
the assessment framework. First, the consumption perspective allows efficient carbon
management as the location where the production of the goods occurs has no impact on the
emissions. Thus all mitigation results achieved truly reduce the emissions globally. Second, the
comprehensiveness of the model in incorporating all consumption of goods and services produces
a framework where the true dimensions of different mitigation actions can be assessed. In addition,
the possibility to make scenario analyses makes the tool useful in city level urban development.
The study contains some uncertainties that need to be assessed. The reliability of the overall
assessment model has been evaluated in detail in Heinonen and Junnila (2011). The key finding
was that the results are well in accordance with the national level assessments in Finland. The
average Finnish carbon footprint calculated with the model is 10,2 tons CO2e, whereas the
respective result calculated from the output matrices of the Finnish IO-LCA model ENVIMAT is
10,1 tons [17]. When the regional definition of the study reduces the sample size, the risk of bias
from abnormal observations increases. However, even in the sample of Tampere there are 166
households and 384 persons, which should leave little room for this type of bias.
The deficiency of the model that remains is the aggregation of both the input data and the sectors
in the models. While there are approximately 1,000 consumption categories in the input data, they
are merged down to 40 consumption areas before matching with the industry sectors of the LCA
model. Also, the EIO-LCA model used as the basis of the hybrid model includes only 428 industry
sectors [10]. Even as the most disaggregated model available, the level of aggregation is high.
Now, although the robustness of the overall results seems good, there might be biases inside
model. The utilization of process data in the hybrid model reduces the risk concerning the most
important categories, however.

7. Conclusions

The results of the study show, an LCA model like the one utilized here can be operated effectively
in city carbon management. As a comprehensive consumption based framework, the model can
create important insight on the global climate change effects of local mitigation strategies. The
study demonstrated that the only way to significantly reduce the carbon emissions in short period
on city level is to affect the carbon intensity of the local energy production. Other mitigation
strategies might be of importance too, but the dimensions of the impacts should be understood.
The next step from the presentation of the assessment framework and the utilization in carbon
management should be development of more user friendly management tools to be utilized
actively in city development.
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Summary
This paper summarizes the work done in a research project HEKO (Helsinki Eco-efficiency Tool for
Urban Development). The goal of this study was to develop a fast, comprehensive and userfriendly eco-efficiency estimation method for urban development. During the study, it was found out,
that available commercial tools could not address adequately the questions of eco-efficiency
relevant for urban planners in the City of Helsinki. Heko tool is based on a definition of ecoefficiency applied specially for the built environment. In this definition, eco-efficiency can be
expressed in a mathematical form with sufficiently unambiguous contents.
The tool approaches eco-efficiency from six viewpoints or criteria: flows of materials and energy,
share of renewable energy sources, flows of emissions and waste and impact on the ecosystem.
Eco-efficiency in the built environment is calculated with 21 "indicators" that are divided into 5
groups: land use, water usage, energy use, traffic and services, and carbon and material cycles.
The tool produces one single aggregated average value of 21 independently calculated indicators.
The results are presented also graphically. The overall average is called “total eco-efficiency”. This
result can be used to label the studied area. Labelling resembles familiar European Union energy
labels with colours. The tool also delivers real time indicator "speedometer" for planners and
designers to follow improvement of the eco-efficiency during their design process, and a spiderweb figure that shows results of 21 indicators in the case area compared to maximum, minimum
and average eco-efficiency.
The tool was tested in three case areas in the City of Helsinki as well as in Koukkuranta district in
the City of Tampere. Tool proved to be sufficiently user-friendly and comprehensive for the overall
assessment of community level ecological performance. However, there were some challenges
related to unbalanced indicators and lack of some calculation modules. Urban planners and
designers participating in the project were quite satisfied with the outcome. Average time to use the
tool for quick estimation was only two hours and the tool can be used also with standard starting
values in case of lacking site-specific data. After the initial success of Heko project, further
development project was launched in the end of 2010 to continue the development. Aim of the
second study is to strengthen the scientific base of the assessment methods and to address also
the challenges and questions related to user-friendliness of the tool found in this study.
Keywords: Eco-efficiency, ecological performance, urban development, urban planning, urban
design, built environment, impact assessment, assessment tool, planning tool

1. Introduction
This paper summarizes the work done in a research project HEKO (Helsinki Eco-efficiency Tool for
Urban Development). The goal of the project, conducted by VTT during 2009-2010, was to develop
a fast, comprehensive and user-friendly eco-efficiency estimation method for urban development.
The HEKO project was founded on an earlier eco-efficiency study that VTT carried out for Helsinki
City Planning Department during 2007-2008. This preliminary study concluded that urban planners,
designers and architects lack a practical and comprehensive tool for the overall assessment of
community level ecological performance [1].

2. Background
The assessment approach adapted for HEKO differs from the commercial rating systems (see e.g.
[2]), such as LEED for Neighbourhood Development, BREEAM Communities and CASBEE for
Urban Development. A brief review of some of the rating systems indicated that the existing tools
are relatively comprehensive and can address a large range of environmental issues in urban
planning. However, these tools could not address sufficiently some of the questions of ecoefficiency considered relevant to urban planners in their everyday practice. Furthermore, these
tools do not fit well into the Finnish urban development practices because of specific local
government, cultural, and climatic conditions in northern Europe. Thus, there was a clear need to
develop an assessment tool that reflects parameters set by the harsh Nordic climate and the
Finnish urban development culture.

3. Definition of eco-efficiency
The aim of the HEKO tool is to assess the eco-efficiency in urban development. Eco-efficiency is
part of a larger concept of sustainability or sustainable development. A typical definition of
sustainability includes considerations for social, economical and ecological aspects. If one
integrates this ‘triple bottom line’ approach into an assessment method, one immediately faces the
challenge of mixing quantitative and qualitative parameters as well as problems of combining very
many different types of qualities and measurement units. The mixing of qualitative and quantitative
parameters leads to a situation where the aggregated result of a comprehensive analysis is
ambiguous, with blurred transparency and where the assessment method can be defended only on
highly subjective grounds.
In order to develop a tool that can be used to successfully measure the eco-efficiency in built
environment, concept of sustainability must be further processed. There are many conventional,
effective and exact methods for measuring economic performance of built environment. Therefore
there is no need to include evaluation of economic parameters into the eco-efficiency tool.
Sustainability is first reduced to eco-efficiency, where general definition follows the OECD based
formula referred to in for instance European Science Foundation COST Action C8 Sustainable
Urban Infrastructure [3]

Eco − efficiency =

Quality of life
Cost * harm to the environmen t * resource use

(1)

where eco-efficiency is defined as a quality of life provided by the use of natural resources and
subsequent harmful environmental impacts. The general definition of eco-efficiency was further
adapted to built environment [1]

Eco − efficiency =

Services and products provided by built environment
Use of natural resources and fossil fuels * emissions * waste

(2)

However, in practice quality of life or value of services and products provided by the built
environment cannot be measured exactly by using numerical values. Quality of life is rather

ambiguous, vague and abstract concept that consists numerous things sensitive to subjective
experience. Services and products provided by the built environment are reduced to one single
factor of total floor area or sum of inhabitants (or dwellings) and jobs (or workplaces). Thus ecoefficiency (for built environment) is defined as

Eco − efficiency =

Total floor area or sum of inhabitant s and jobs
Use of natural resources * harm to the environmen t

(3)

This reduced definition covers now the so-called hard-core of eco-efficiency. Total floor area or sum
of inhabitants and jobs represent here the products and services provided by the built environment.
Use of natural resources consists of the use of materials and energy, with a specific focus on nonrenewable fuels and materials. Harm to the environment consists of emissions (especially
greenhouse gases), production of waste and ecosystem damage.

4. The Tool
In this tool eco-efficiency is approached from the point of view of urban metabolism represented by
six categories or "criteria": flows of materials and energy, share of renewable energy sources, flows
of emissions and waste, and impact on the ecosystem. The impact on the built environment is
calculated with 21 "indicators" divided into five groups: land use, water usage, energy use, traffic
and services, and carbon and material cycles.
The tool produces one single result of 21 independently calculated indicators. The results are
presented also graphically. The overall average is called “total eco-efficiency”.
4.1

Indicators

Here the concept "indicator" represents a certain physical and functional property of a planned
urban area sensitive to measurable changes in the six eco-efficiency criteria. The value of each
indicator is calculated from the estimated effect of a single indicator to the total eco-efficiency
divided into six categories. Categories and their predetermined (but transparent and changeable)
values (weights) in the total eco-efficiency are: material consumption (15 %), energy consumption
(20 %), share of renewable energy sources (20 %), CO2-eqv. emissions (20 %), waste and
recycling (15 %), and ecosystem impacts (10 %). Indicators are shown in the table 1.
4.2

List of indicators
1. Land use for building purposes. Describes the consumption of land, which is a very limited
natural resource in urban areas. Land for urban development is not any more available for
other purposes like recreation, productive agricultural or forest area, or for wild life.
Measures change off eco-efficiency in land area used for construction. Construction should
be directed to areas which do not have significant nature values, or that are not productive
(agriculture, forestry). Destruction of valuable or productive land leads to lower ecoefficiency, while brownfield development leads to higher eco-efficiency.
2. Efficiency in land use and amount of infrastructure (efficiency in land use and relative
amount of infrastructure). Land use efficiency as a guarantee of sufficient customer base
and accessibility. Efficiency shortens distances and decreases the need for infrastructure
and transportation. Two possible ways to count points: a) land-use efficiency (ratio between
total floor area and total land area) or b) average amount of infrastructure (network km/floor
sqm). This indicator measures building density and needed infrastructure in the area.
Higher density means less need for infrastructure, lower energy and material consumption,
more efficient and accessible services and public transportation, as well as better
possibilities to preserve greenfield areas and valuable ecosystem.
3. Earthmoving. Earthmoving is heavy and energy consuming transport effort; eco-efficiency
is decreased when great amounts (tons) of earth is moved very far from the construction
site (km). Also biodiversity can be affected. Large-scale earthmoving consumes energy and
can cause also other negative environmental impacts, like unfavourable changes in

biodiversity. The less there is need for earthmoving, the higher the eco-efficiency.
4. Contaminated soil. Former industrial, warehouse, port, service station and landfill areas
have a risk of contamination (leakages of substances that are harmful for health); ecoefficiency can be assessed if special site investigations or plans for purification/elimination
are available; the location of such areas nearby can also affect on the quality of life (smell
and other aesthetic values) in the study area. Harmful substances in soil cause adverse
health effects on local inhabitants as well as on flora and fauna. Construction on
contaminated soil is basically good for eco-efficiency if the soil is treated accordingly.
However soil regeneration consumes energy and causes emissions, and large-scale of site
treatment can lead to lower eco-efficiency.
5. Local recreation areas and urban agriculture. Green and other recreational areas close to
dwellings promote walking and biking instead of using passenger cars to access sport and
other recreational facilities more far away; allotments and other modes of urban agriculture
promote near and slow food, decrease the amount of transportation of imported food
products. Urban farming offers opportunities for creative use of otherwise non-productive
land in urban areas and reduces energy consumption and emissions from transportation of
food. Sufficient and accessible small green areas, allotments and other urban farming
possibilities increase eco-efficiency.
6. Structural quality of soil for building purposes. Difficult ground conditions increase
consumption of materials and energy in the construction phase. Blasting of rock, deep
piling, change of soft soil to harder materials, stabilisation of moving clay or other soft
materials by special methods increase energy consumption and emissions. If soil
conditions are challenging, construction will require more extensive foundation work.
Construction on wet and soft soil decreases eco-efficiency. Also construction on rocky land
that requires excavation into bedrock decreases eco-efficiency. Flat land with favourable
soil conditions for construction scores the highest eco-efficiency.
7. Management of storm water, drainage, and ground water. Free flow of rainwater off of
impervious surfaces transfers contaminants to the soil, bodies of water, and groundwater.
Runoff quality can be improved with infiltration (with e.g. semi-pervious paving instead of
asphalt), retardation (with e.g. green roofs), and use of retention ponds or tanks. As a
minimum requirement, rainwater should be separated from sewage. The less the
development disturbs what would be the natural discharge flow for the site, the higher the
eco-efficiency.
8. Flood protection. Building on flood-prone sites decreases eco-efficiency. Infrastructure
needed for flood protection (like extra walls, elevated river banks, waterproof foundations)
in such sites consumes energy and materials. Eco-efficiency is best in areas that require no
flood protection.
9. Water consumption per inhabitant. Wasteful use of drinking water decreases eco-efficiency.
Water use can be decreased with more efficient plumbing fixtures and with minimization of
landscaping that requires watering. Storm water can be used for flushing instead of high
quality drinking water.
10. Energy consumption of buildings. Buildings use energy for heating, cooling, lighting,
ventilation and other electrical appliances as well as for hot water. Lower consumption
leads to higher eco-efficiency. Best performance is achieved in areas with high percentage
of passive, zero-energy or energy positive buildings (plus energy buildings). Lowest
performance is in the areas with old building stock with low energy performance envelopes
and energy infrastructure.
11. Production of electricity. Local use of renewables reduces need to import electricity
produced with fossil fuels. An area that produces all its electricity locally with renewables
gets the highest eco-efficiency score. Areas without any local renewable electricity
production get the lowest score. This can be compensated by importing only "green
electricity".
12. Production of heat. Heating, especially with non-renewable fuels, produces greenhouse
gases and other emissions. Eco-efficiency can be increased by using heat pumps or
renewable fuels and by producing heat more effectively. Highest performance for district
heating with combined heat and power (CHP) generation with renewable fuels. Lowest
performance for direct electricity heating.
13. Utilization of passive solar energy. Solar energy can be utilized for heating as well as for

producing hot water. However, excessive summer time solar radiation overheats spaces,
which increases need for cooling. With smart design, heating and cooling energy demand
can be decreased. Highest eco-efficiency for buildings with optimised exposure to solar
radiation and natural ventilation. Worst eco-efficiency for building without any solar design.
14. Outdoor lighting. Lighting consumes electricity and produces emissions. Use of electricity
can be decreased by good design and innovative technology. Highest eco-efficiency for
areas that have an effective plan for conserving energy in lighting and that use energy
efficient lighting and adaptive control technology. Lowest performance for areas without
lighting design and baseline technology.
15. Mass transit. Availability and accessibility of mass transit services. Transportation is a major
source of green house gas emissions in urban areas. Public transportation is more efficient
than passenger car traffic per passenger mileage. Efficiency can be measured by the share
of the population (both inhabitants and jobs) in different accessibility categories (within 100,
200 and 400 m distances) and the service level (intervals per time unit). Highest ecoefficiency scores for area with excellent public transportation (short distance to stops and
frequent service).
16. Walking and cycling. Well-connected, safe and good quality walking and cycling routes
improve walking and cycling behaviour. Motorised traffic is reduced, energy consumption
and emissions as well as noise and accidents are decreased, safety and healthy life style
are increased. Areas should also have safe and weather protected shelters to store bikes.
Best eco-efficiency for areas where walkways and cycling routes are at least as good
quality and accessible as streets and where safe bike shelters are available.
17. Use of passenger cars and parking. Parking places use urban space and are practically
useless for anything else than parking. Ample free parking encourages residents to use car.
High amount of cars hinders local services and public transportation. Frequent and easy
use of cars also increases urban sprawl, demand for extensive urban infrastructure and
transportation. Asphalt or gravel coverings supplants biologically more valuable
environment types. Good eco-efficiency for areas with limited parking facilities and
underground or structural parking. Poor eco-efficiency for areas with surface parking and
non-restrictive parking norm.
18. Location of services and mixed land use. Neighbouring and accessible services and mixed
land use pattern (living, working and services in the same area) reduce need for
transportation and favour walking and cycling. Best eco-efficiency for areas with daily
services available locally, and special services nearby or well accessible with public
transport. Poor performance for areas without services and poor connections to services.
19. Carbon footprint and use of recycled materials. The carbon footprint of built environment
can be reduced by use of wood or other low- or no-carbon construction materials or
recycled construction materials. Highest eco-efficiency for buildings with wooden structures
(both for load-bearing and supplemental structures). Lowest eco-efficiency for extensive
use of carbon- and energy intensive materials like aluminium, steel and glass (unless
recycled).
20. Waste management. Waste collection and recycling should be well organized. Good ecoefficiency when nine waste fractions are collected separately and recycling is organised
locally. Extra points from waste tube collection in high-density areas. Lower eco-efficiency if
waste fractions are not collected separately and waste is not recycled.
21. Utilization of existing building stock. Building re-use increases eco-efficiency by saving
energy and emissions during construction. However, old and unrenovated building stock
consumes more energy, which decreases eco-efficiency (this effect is calculated under
“Energy consumption of buildings”). Highest score for area where existing building stock is
well preserved.

Table 1. List of indicators, weight and impact of indicators

The weights of individual indicators in each category (criterion) are estimated according to their
relative impact in each category. The maximum amount of points available for each indicator is
then the result of category’s weight and weight of indicator in the respective category.
The maximum amount of points in each indicator is regarded as the deviation (plus or minus) from
its average (reference) value. Reference value for each indicator is set to 100 points, which stands
for current average level of the specific indicator in the given local conditions, i.e. neither good nor
bad performance.
Each indicator is scrutinized against the reference value. Minimum and maximum values for
indicators are calculated using equation 4. Impact of indicators and minimum and maximum points
are shown in table 2.

impact of indicator = 100 ±

∑ (category ' s weight * indicators weight on category )
∑ (total weight of all categories )

(4)

Final result (the total impact of indicators) is aggregated from individual indicators. The total ecoefficiency is then the average of individual indicators' values (sum of indicators' values divided by
the number of indicators).

total impact of indicators =
4.3

∑ (indicators value)
number of indicators

(5)

Deliverables

The tool delivers single numerical result for “total
eco-efficiency” as shown in the equation 5. This
result is used to label the studied area. Labelling
resembles the common European Union energy
labels (picture 1). Eco-efficiency is here rated in
terms of set of classes using capital letters, colours
and verbal concepts from A+ to E, where A+ stands
for the best ("top value") performance and E for the
worst ("weak"). The classification index for ecoefficiency runs from "below 75" (E-grade) to "110 or
more" (A+ -grade).
Eco-efficiency label can be used for target setting
and for evaluation of different schemes during
design.
Picture 1. Eco-label with the implemented classification

The tool also delivers a real time indicator, a kind of
speedometer, for the city planner or designer to follow the improvement of eco-efficiency
performance during the planning or design process. “Ecometer” is a gauge that measures and
displays eco-efficiency. In ecometer, the pointer turns when designer changes values of indicators.
For example, if building energy consumption is lowered, the pointer turns clockwise, and visa versa,
if the building energy consumption rises, the pointer turns counterclockwise. Ecometer uses the
same numerical values and colour code as eco-efficiency label, where red colour indicates bad
performance, and green colour indicates good performance in eco-efficiency.
The third deliverable is a spider-web graph ("radar chart") that shows results of 21 indicators of the
case area compared to theoretical maximum, minimum and average values of eco-efficiency
(picture 2). In this graph, user can easily spot strong and weak points of current design. It also
shows where more effort should be focused in order to improve eco-efficiency. Spider-web figure
shows the eco-impact ("eco-print") of the current design solution (blue area). Maximum and
minimum eco-impact is shown with red and green borderlines, respectively. The theoretical
maximum range in spider-web figure is total coloured (pink) area. Reference level ("normal level")
is marked with the blue ring.

Picture 2. Total “eco-print” of the area

5. Case area: Koukkuranta
Koukkuranta district is located in Tampere, Finland. Koukkuranta is part of a bigger urban
development project in Vuores. Vuores will be home for about 13 500 inhabitants, while
Koukkuranta is designed for about 900–1 000 Inhabitants. Vuores is the largest current greenfield
development project in Tampere. Area is located on southeast part of Tampere, and distance from
the Vuores centre to Tampere centre is about seven kilometres. Vuores area is a forest-lake
mosaic where soil conditions are rather challenging and several valuable nature spots can be
recognised. Also many rare animals, insect and plant species are spotted in the area. First parts of
Vuores are currently under construction, and the development of Koukkuranta is scheduled to
begin in 2012.
Ecology has been at the focus of design from the beginning of Vuores urban development project.
Different districts of Vuores are platforms for several research and development pilots.
Koukkuranta is the first area where the total eco-efficiency calculations are carried out.
Koukkuranta district is located near Vuores center. Distance from closest point of Koukkuranta to
Vuores center is only about 200 m. Distance from the farthest part is roughly 600–800 m.
Koukkuranta will have a mixed building stock, where detached or semi-detached single-family
houses cover around half of the total built area. Rest of the built area is for blocks of flats. Closest
services are located at the Vuores centre, and for the public transport, there are several different
design alternatives. The nearest stops are located in Vuores centre at the distance of 200–600
meters from Koukkuranta. A shorter connection is under consideration. Southern part of
Koukkuranta is within the district heating service zone while, in northern parts with less dense
development district heating network will not be available. Area is connected to waste tube
collection system.
Koukkuranta district was evaluated with the developed tool. Koukkuranta achieved 101 points in
overall evaluation. The town plan is thereby labelled as “good”, or in class B. Evaluation results are
discussed in more detail below.

5.1

Eco-efficiency in Koukkuranta

Land use in Koukkuranta is rather environmental friendly. Some valuable nature spots will be lost
during construction of area, but most of the valuable spots are left unbuilt or the spots are
integrated into design so that nature values are preserved. Building density of the plan is rather low,
with average density (total floor area divided by the land area) of 0.25. Low density scores low on
eco-efficiency. Earthmoving was not calculated, and thus eco-efficiency cannot be evaluated.
However, due to average structural quality of soil for construction, moderate amount of
earthmoving is estimated. Koukkuranta is well located at the edge of forest with lake nearby, which
means that the area scores high on local recreation areas and urban agriculture.
The rain water system is well designed, and some of the storm water is treated on-site. Rest are
treated in the normal drainage system. Koukkuranta scores average in storm water, drainage and
groundwater. There is no danger for flooding, and water consumption is average.
Energy consumption of buildings is not regulated in the town plan of Koukkuranta. Without any
indication to stricter code in the area, Koukkuranta remains in the low score category. Also local
electricity production is not included in the town plans, therefore Koukkuranta scores low on
production of electricity. More dense parts of the area can be connected to district heating system,
but lower density parts have no option for district heating. Current district heating system is an
energy-efficient CHP system. Alternative heating systems are not included in the town plan. As a
result, Koukkuranta scores rather low on production of heat. Utilisation of passive solar energy is
missing from the plans and outdoor lighting design represents the current standard level.
Public transport is fairly good in Koukkuranta. District is well served by nearby mass transit route
serving Vuores center, from where the frequency and connections to centre of Tampere and other
centres of public and commercial services are good. Additional route through Koukkuranta district
is considered, and eco-efficiency might improve in the future. Walking and cycling is also well
planned in Koukkuranta. The area is well connected to Vuores centre and nearby services and
other parts of the city. Also biking routes are well accessible. Shelters for bikes are also planned on
the area. Most of the parking places are on ground level, and parking norm represents the current
average level. Koukkuranta scores average on parking and passenger car use. Services are
located at the Vuores center, and there is no mixed structure in Koukkuranta. However, Vuores
centre has good services including shopping, schools, church, health care etc.
Carbon footprint is considered to be average or low. Most of the single-family houses are expected
to be wooden, and area is part of a national wooden construction pilot project. Waste management
is well organized in Koukkuranta. The area is connected to underground tube collection system,
and there is a local waste sorting centre. There are no existing buildings in the area.

6. Discussion, Conclusions and Acknowledgements
During the development process and subsequent testing in pilot areas, the Heko tool proved to be
a user-friendly, comprehensive and suitable for the overall assessment of community level
ecological performance. However, test cases showed that the indicators used are still unbalanced.
Some indicators are well developed while some others are lacking behind in details. Also some
important indicators and calculation modules are missing, especially in assessing carbon footprint
and ecosystem services. Mass transit and walking and cycling modules need to be further
improved to include the impact of modal split and vehicle mileages.
Urban planners and designers participating in the project were quite satisfied with the outcome.
Average time spent to use the tool for a quick estimation was only approximately two hours. Tool
can also be used when there is not so detailed data available. Standard (average) values can be
used as default values for some of the indicators. Of course, then the total eco-efficiency value
approaches the total average value of 100 and providing less informative results. When the
planning proceeds to a more detailed phase, the results are getting more informative accordingly.
Heko tool does not require extensive investments or personnel in organizations. It is relatively easy
to learn.

After the initial success of Heko project, further development project was launched in the end of
2010 to continue the development of the Heko tool. This is financed by Tekes - Finnish Funding
Agency for Technology and Innovation, VTT Technical Research Centre of Finland, Aalto University,
SYKE Finnish Environment Institute, Cities of Helsinki and Tampere and five other cities, two
construction companies and the Ministry of environment. Aim for the second study is to strengthen
the scientific base of the assessment methods and to address also the challenges and questions
related to user-friendliness of the tool found in this study.
Writers of this conference paper wishes to express deep gratitude to colleagues taking part in
Heko project and its testing phases, especially Markku Lahti, Alpo Tani, Antti Varkemaa and Jukka
Tarkkala from the City Of Helsinki as well as Ilkka Kotilainen and Pertti Tamminen from the City of
Tampere.
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Summary
Recent research on the carbon emissions of residential buildings suggests that the construction
phase only causes approximately one tenth of the whole life cycle emissions. Use phase, and
especially heating, is a major cause for carbon emissions in Finland. Heating causes
approximately  half  of  the  buildings’  GHGs.  These  results  encourage  new  building  projects that aim
for more energy effective buildings and residential areas. The European legislation that aims for
new low-energy buildings is likely to further fuel up this trend. What has not been considered
carefully enough is the carbon spike caused by the construction phase when time perspective of
the emissions is taken into consideration. The time perspective of the carbon emissions is likely to
be an issue in the future because the decay of carbon in the atmosphere is relatively slow. Some
recent studies indicate that when the time perspective is taken into account, more attention should
be paid to the construction phase emissions as they might hinder the carbon mitigation effect of
new energy efficient buildings for decades. Furthermore, this indicates that without cutoffs in the
construction phase emissions, new construction cannot be used as a means to reach the set
targets for climate change mitigation. The purpose of the study is to raise discussion about carbon
emissions of the green building boom and its effects in the future. We cannot nullify the carbonemissions caused by these constructions in the future. Moreover, the developments in the energy
and heat generation technologies in the near future further emphasize this perspective as
electricity and heat may be generated with much lower carbon intensities. The study is carried out
by using the results of previous study in order to reveal the carbon emissions of a residential
construction project. Construction emissions of different building types are then compared to the
emissions of their use phases. Thus, the study reveals theoretical carbon payback times of
different building types.
Keywords: Carbon spike, life cycle assessment, residential area construction, residential area
development

1. Introduction
Recent  research  claims  that  global  warming  is  a  significant  risk  for  the  mankind’s  well-being in the
future. Intergovernmental panel IPCC reports in their 2007 Climate Change Report that global
warming is very likely driven by greenhouse gas (GHG) emissions caused by human activities [1].
Carbon dioxide (CO2) is the most important anthropogenic GHG [1]. It represented 77 percent of
the  total  anthropogenic  GHG’s  in  the  year  2004  [1].
Concentration of carbon dioxide in the atmosphere has been building up at a significant rate in
near history. According to IPCC, the annual carbon concentration growth rate in the atmosphere
has been much faster in the time period of 1995-2005 (1.9ppm (parts per million) per year) than it

has been between years 1960-2005 (1.4ppm) [1]. The concentration of carbon dioxide in the
atmosphere has increased from pre-industrial value of 280ppm to 379ppm in the year 2005 [1].
The objective set by the United Nations Framework Convention on Climate Change (UNFCCC) is
to stabilize the greenhouse gas concentration in the atmosphere at the level of approximately 450
ppm. To reach such goal, temperature should not rise above 2 degrees Celsius from the preindustrial levels [13]. The greenhouse gas (GHG) emissions should be cut by 50 percent before
year 2050 [13] to reach this goal.
The European Union has also set goals considering the mitigation of climate change in every EU
country. Greenhouse gas emissions have to be reduced by 20 percent of the year 1990 level
before the year 2020 [10]. Base year 1990 emissions for the whole EU-15 area were 4265.7 million
tons. Corresponding emissions in Finland were 71.1 million tons in the same year [11]. The
emissions in Finland in the year 2009 were 66.4 million tons of carbon dioxide-equivalents [12].
One of the most important sources of GHG emissions are buildings. They cause roughly one third
of the global GHG emissions in the OECD countries [6]. According to previous research use phase
dominates these emissions with a share of 90 percent [3]. The most significant carbon emissions
caused by buildings are due to housing-related energy consumption [4]. Heating causes almost
half of the buildings’  life-cycle carbon emissions in northern countries [3].
IPCC estimates in their Climate Change 2007: Synthesis Report that buildings have the most
potential in the mitigation of climate change by the year 2030 [1]. Other analyzed sectors were
energy supply, transport, industry, agriculture, forestry and waste. Many governmental policies
around   the   world   tend   to   consider   the   buildings’   energy   consumption   as   the   most   significant  
indicator  of  buildings’  and  residential  areas’  environmental  sustainability [7, 8, 9].
Thus, in the prevailing belief new residential constructions seem to be considered as an important
means in the climate change mitigation [14]. However, it might be that new residential construction
can only harm achieving the climate change goals in the short period due to the high carbon spike
and thus long payback time of the construction phase emissions. When this temporal dimension of
the buildings related emissions is taken into account, it would seem that the importance of the
construction phase emissions is much higher than the 10 percent reported in the previous research
would suggest.
Studies concerning the life cycle-wide carbon emissions of single buildings exist [3]. Also, the
temporal dimension of the GHG emissions has been quite recently brought up [2]. However,
carbon emissions caused by construction and temporal dimension of the emissions have not been
combined   in   the   previous   research.   Combination   of   buildings’   life-cycle-wide emissions and the
temporal occurrence of the emissions offer a perspective into sensibility of the green building
construction boom as well as into ecological effectiveness of building restorations. The question
whether, and with how long payback time, these buildings will pay off the carbon emissions caused
by their construction work is relevant. In addition, future carbon emissions are highly speculative
considering possible advancements in technology raising thus further the importance of the
present emissions.
The purpose of this study is to analyze the carbon emissions caused by the construction of
residential buildings and discuss the importance of the temporal factor of the emissions regarding
the global climate change mitigation goals. The study discusses whether new construction can be
used as a means to   achieve   the   IPCC’s   carbon   mitigation   goals   when  the  temporal   factor   of   the  
emissions is taken into account.
The study is conducted via an analysis of a new residential development case in Finland. The
method is an application of hybrid life cycle assessment. The assessment model for the
construction phase emissions has been published earlier by Säynäjoki et al. (2011) [5].
The results of the study are supposed to open up conversation about the carbon based repayment
time of constructions. The study also provides a case study based model for a carbon repayment

time of a residential construction project that may be improved in future research.

2. Method and research design
The case study of Säynäjoki et al. (2011) that builds a foundation for this study was conducted by
the means of life-cycle assessment (LCA) [5]. The life-cycle method used in the study is hybrid
LCA. The hybrid LCA combines the advantages of the two most used LCA methods: input-output
(IO-LCA) and process LCA [23]. It is also supposed to tackle the disadvantages of both research
methods.
Process LCA is the traditional method in conducting life-cycle assessments [22, 23, 24]. It is
considered as the most accurate life cycle assessment method [25]. This is the case especially in
the homogenous and distinctive modeling targets such as construction projects. The reason for
accurate results in the modeling lies in the initial data which is usually locally and temporally
correct.
Process LCA also has several disadvantages. Process LCA is a bottom-up method for life cycle
assessments. This characteristic leads to challenges in the boundary definition of the modeling
[23]. As the modeling progresses, more and more processes are adopted in the model in order to
get life-cycle wide results. However, modeling the chain has to be cut in some point as total
amount of processes in the life cycle of a product is nearly infinite. Thus, also significant processes
might be left outside the modeling with the virtually irrelevant ones [23]. Process LCA has high
requirements for initial data and it is often difficult to obtain. In addition, process LCA modeling
tools are usually expensive. Process LCA is also the most time consuming way to carry out LCAs
and therefore also the most costly [25].
IO-LCA is another method for LCAs. The principle of the IO-LCA is to connect the monetary costs
with the environmental impacts utilizing the national economy-wide input-output matrices that use
industry average data [26]. The method was invented by Nobel Prize winner Wassily Leonthief in
the 1970s. IO-LCA is a top-down method and thereby does not suffer from boundary definition
problems. Additionally, IO-LCA modelings are easy and time efficient to conduct since some IOLCA applications are available free of charge in the internet [22, 27].
IO-LCA suffers from few disadvantages too. IO-LCA uses national economy wide input-output
matrices and thus sectors are relatively aggregated. Additionally, there are only a few IO-LCA
models available for different national economies. Since IO-LCA uses aggregated sectors based
on national averages, the environmental effects of similar products cannot be measured by IO-LCA.
Thus, decisions between similar options concerning for example construction materials or energy
generation cannot be justified with IO-LCA analyses.
Hybrid LCA combines the most suitable characteristics of both process LCA and IO-LCA. The
truncation error of process LCA method can be avoided by using IO-LCA data for the suitable
functions [23]. Correspondingly, hybrid LCA gets round of the aggregation error of IO-LCA method
by replacing the most significant sectors with local and temporal process LCA data [23]. The hybrid
LCA method used in this study is a modification of tiered hybrid LCA. It is based on an IO-LCA
foundation and the most important materials and functions are replaced with process data. The
application of IO-LCA utilized in the study is the economic input-output LCA (EIO-LCA) that is a
life-cycle assessment modeling tool provided by the Carnegie-Mellon University [27]. The
application is available in the Internet on the Carnegie-Mellon  University’s  web  page.
The input data is drawn from a case study of a residential construction project. The case project is
a residential area that will be built in the Helsinki metropolitan area in Southern Finland. The
development of the case area started in 2004. The case area is planned to accommodate
approximately 600 inhabitants. The case area will for the most part consist of terraced houses,
detached houses and semi-detached houses. The total number of houses will be 219 and the
sizes of the houses will vary between 70 m2 and 160 m2. The size of the case project area is
approximately 54 hectares. Total permitted building volume for the case area is approximately
35300 m2. The total costs of the residential construction project are approximately 75 million euro.

Buildings’   share of these costs is approximately 70 million euro. The case study is discussed in
more detail by Säynäjoki et al. (2011). [5]
The case study of Säynäjoki et al. (2011) was carried out in two phases. The initial EIO-LCA
modeling was conducted by using only the cost data of the construction project. 12 most important
construction materials were specified from the total costs as was the energy used in the project.
Also   the   subcontractors’   services   were   separated   from   the   total costs. That category consists of
the total construction work plus the materials used by subcontractors. Rest of the construction
materials  were  allocated  in  the  “others”  category.
In the second phase of the case study the most significant building materials and functions were
distinguished based on the initial EIO-LCA modeling. These were energy, concrete and steel. The
carbon emissions of these materials were then modeled using the more accurate process LCA
method. The carbon emissions of concrete and steel used in the construction were modeled using
local and temporal data from RT Environmental Declarations that are provided by Finnish material
manufacturers [15].
Next, as the purpose of this study was to compare the carbon mitigation options of the case
residential area based on constructions of different new building types, we selected the types for
the comparison. The Finnish National Building Code defines the energy consumption of different
building types [17]. In this study there is a hypothetical residential area built in the middle of 1980s
that has the same characteristics as a residential area studied by Säynäjoki et al. (2011). The level
of consumption in the area matches the average of Helsinki metropolitan area. The residential area
is assumed to consist of the Finnish national building code year 1985 reference buildings that are
further referred as reference 1985 buildings.
The alternatives of new buildings in the area are as well based on the Finnish National Building
Code. These alternatives are reference 2010 building, low energy building, minimum energy
building, passive building and zero energy building. The construction phase emissions are
primarily based on the case study of Säynäjoki et al. (2011) [5]. The type of buildings in the study
was the reference 2010 building. The increase in the construction phase emissions of energy
conserving building types compared to the reference 2010 buildings was drawn from various
sources [18, 19, 20, 21]. The emissions of construction phases were then compared with
emissions of use phases in order to reveal a theoretical carbon payback time of construction
emissions for different building types. Generation of energy required was the only source of use
phase’s   emissions   that   was   taken   into   account   in   this   study. According to previous research,
energy  accounts  for  approximately  80  percent  of  the  use  phase’s  carbon  emissions  [28].

3. Results
The results of the study indicate that the climate change mitigation effect caused by replacement of
old residential buildings with new ones occur not until approximately 30 to 50 years after the
construction phase. Thus, the carbon payback time of a new construction project is several
decades. Explicitly, the time horizon in which a new residential area pays off the construction
phase emissions is approximately 50 years for 2010 reference buildings, 45 years for low energy
buildings, 35 years for minimum energy buildings and 30 years for passive and zero energy
buildings.
The reference 1985 building that represents the current building type of the residential area causes
approximately annual carbon emissions of 2450 tons according to the energy efficiency reported
by Sarja (2008) [16]. The construction emissions of a 2010 reference building are 60542 tons
according to the model and annual use phase emissions 1262 tons. Construction emissions of the
low energy building are 61751 tons and annual emissions 946 tons. For minimum energy buildings,
carbon emissions of construction phase are 62274 tons and annual emissions 505 tons.
Construction phase of passive house causes 62815 tons and use phase annually 314 tons of
carbon emissions. Construction of zero energy building causes 66646 tons of carbon emissions.
Use phase of zero energy building does not cause carbon emissions.

Another point of view is to compare relative carbon payback times of different new construction
options. A construction of a low energy building causes 1209 tons higher carbon emissions than
reference 2010 building. The annual carbon emissions of the use phase are 316 tons lower. Thus,
the carbon payback time of low energy building when compared to reference 2010 building is
approximately four years.
Construction emissions of a minimum energy building are 1732 tons higher than reference 2010
building. The use phase of a minimum energy building causes 757 tons less carbon emissions
annually when compared to 2010 reference building. The payback time of a minimum energy
building is thus approximately two years.
The construction phase of a passive building causes 2273 tons more carbon emissions than
reference 2010 building. Use phase of a passive building causes 948 tons lower annual carbon
emissions than 2010 reference building. Thus, carbon payback time of a passive building
compared to 2010 reference building is approximately two and a half years.
The construction on a zero energy building causes 6105 tons higher carbon emissions than
reference 2010 building. Use phase of a zero energy building does not cause any carbon
emissions so the carbon payback time of a zero energy building is approximately five years
compared to reference 2010 building.
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4. Discussion
This study was conducted to find out whether construction of new energy conserving buildings is a
viable way of struggling climate change in the similar time horizon of for example climate change
mitigation goals set by EU. The main objective of this study was to find out the theoretical payback
times for new energy efficient buildings compared to current reference buildings. The initial data of
the study was based on the results of previous research of Säynäjoki et al. (2011) [5]. The
emissions caused by the infrastructure for the residential area is not taken into consideration in this
study.
In this study, the life cycle emissions of 2010 reference building, low energy building, minimum
energy building, passive building and zero energy building were taken into consideration.
Additionally 1985 reference building was taken into comparison as a representative of an average
existing building.
Different building types were compared by the carbon dioxide emissions which they cause during
their construction and use phases. The construction emissions were modeled using the results of
Säynäjoki et al. (2011) as a basis and additional emissions of various new energy conserving
building types (low energy, minimum energy, passive and zero energy) were added according to
the additional cost of construction.
Although constructions of energy conserving buildings seem to be an ecologically applicable way
of struggling climate change, construction of new buildings creates massive carbon emissions in a
short time horizon. Construction phase of every building type generated that much carbon
emissions that their energy conserving features are not able to negate the emissions of their
construction sooner than in 30 years. The shortest carbon payback time is the one of zero energy
building. The new construction project, in which a residential area consisting of reference 1985
buildings was replaced with a similar residential area of new reference 2010 buildings, would take
over 50 years to negate the construction emissions with smaller emissions of the use phase.
However, the results of the study also show that all energy conserving building types negate their
additional carbon emissions of construction phase in approximately five years by consuming less
energy than the reference building type of the study that was the reference 2010 building. The low
energy building seems to perform a little worse in conserving the energy according to the risen
construction emissions when compared to minimum energy, passive and zero energy buildings.
The uncertainties of the study are connected especially to the hypothetical residential area that
consists of the reference 1985 buildings. Although the residential area is not more than 15 years
old, it is improbable that it would yet function 50 more years without a need for some renovation
constructions. However, the consequences of these actions in the means of improved energy
performance of the buildings as well as the carbon emissions caused by renovations were not
taken into consideration in this study.
As the ecological benefits of replacing the old residential areas with new ones only occur after
several decades, this is scarcely a potential way to meet the short-term climate mitigation goals set
by EU [13]. Additionally, the use phase carbon emissions are mostly caused by the generation of
electricity and heat which both are highly conditioned by carbon intensity of energy generation. As
energy generation process gets environmentally cleaner by emergence of new technology and
increase in the share of renewable energy sources used, new energy conserving building types
forfeit some of their environmental advantage.
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Summary
The increasing awareness of the built environment’s role in climate change and other
environmental problems has brought about myriad of commercially available schemes with the
purpose of mitigating the detrimental impacts. Like most current phenomena, the rating tools are
often marketed globally. The tools provide a convenient way to benchmark the eco-efficiency of
buildings and, more recently, neighborhoods. Furthermore, acting beyond regulatory requirements
has become a business strategy for many stakeholders within the industry. The tools generally
assess the eco-efficiency of neighborhoods based on different criteria including connectivity, site
ecology, density, building energy and water efficiency, or involvement of the public. However,
different regions of the world vary greatly with regard to climate, legislative, cultural, or ecological
conditions, to name but a few. For the sake of consistency, factoring in the regional differences
when implementing the rating tools would be essential. In Finland, some of the criteria included in
the tools are accounted for already at the regulatory level, and do therefore not contribute to
additional eco-efficiency. Meanwhile, other criteria may be impossible to meet due to local climate
or other conditions. The purpose of this research is to investigate whether and under which
circumstances international tools can be implemented in Finland. It is hypothesized that some of
the criteria are unfeasible or irrelevant under Finnish conditions. The results of the study show, that
a few mandatory requirements of the referenced international rating tools may be infeasible in
Finland. In addition, meeting some evaluation criteria might not always be plausible due to local
conditions and irrelevance to local environmental goals. One viable option might be to use the
existing international tools, but only adopt criteria suitable for the particular sustainability goals of
the local project, even though the project would not achieve an international certification
Keywords: sustainable planning and development, neighborhood eco-efficiency, rating tools,
LEED for Neighborhood Development, BREEAM for Communities, CASBEE for Urban
Development, local conditions

4. Introduction
International rating tools provide a convenient way to benchmark the eco-efficiency of buildings
and neighborhoods. The primary function of the rating tools is to facilitate the measuring of
environmental impacts of complex system [1]. As acting beyond regulatory requirements has
become a business strategy for many stakeholders, international rating tools also provide a
marketing niche [2], [3].
Neighborhood rating tools generally assess the eco-efficiency of specific areas based on different
criteria including connectivity, site ecology, density, building energy and water efficiency, or
involvement of the public. Common components comprise developing green, low-energy buildings
within the neighborhood, advanced water and waste management systems, alternative
transportation solution, and sustainable energy production [4]. Particularly when assessing the
climate impact, focus should be on building energy consumption and transportation [4]. Mixed use
of neighborhoods, along with increased density, and alternative transportation might even entail
benefits for air quality. Particularly in urban, metropolitan areas, compact development can reduce
vehicle miles travelled VMT and, consequently, air emissions [5].
The rating tools also entail some problems, such as demands of heavy documentation, and rigid
systems, which do not allow for different approaches to sustainability concerns [1]. Moreover, most
often the rating systems do not sufficiently explain how and why the criteria were chosen and the
methodology used to determine the requirements is not clear [1]. Most notably, however, green
building indicators in general tend not to take local conditions sufficiently into account [6]. The
problem applies to areal sustainability rating tools as well. In fact, the problem might become
aggregated because most of the criteria are location based and different regions of the world vary
greatly with regard to climate, legislative, cultural, or ecological conditions. For the sake of
consistency, factoring in the regional differences when implementing the rating tools would be
essential. In Finland, for instance, some of the criteria included in the tools are accounted for at the
regulatory level, and do therefore not contribute to additional eco-efficiency. Meanwhile, other
criteria may be impossible or infeasible to meet due to local climate or other conditions.
The purpose of this research is to investigate whether and under which circumstances the
international tools can be implemented in Finland in the context of new residential developments.
The study compares three international rating tools, namely, LEED for Neighborhood
Development, BREEAM for Communities and CASBEE for Urban Development none of which
have yet been adopted in Finland. Comparisons between international rating tools have previously
been conducted for building level tools [7], [8]. In order to obtain a better understanding of the
possibilities to use the rating tools in Finland, an empirical case study is added to the literature
review. The analysis considers two case areas for which master plans already exist, but the areas
have not yet been developed. It is hypothesized that some of the criteria included in the tools are
unfeasible or irrelevant under Finnish conditions. In addition, it is tested whether the master plan
already hinders the obtaining of a neighborhood development certificate, in other words, should the
target of obtaining a certificate be taken into account already at an earlier stage.
Based on the study, most mandatory requirements of the referenced rating tools are possible to
meet. However, meeting the criteria might not always be feasible due to increased costs or
irrelevance to environmental goals. One viable option might be to use the existing international
tools, but only adopt criteria suitable for the particular sustainability goals of the local project, even
though the project would then not achieve an international certification.
The remainder of the paper is structured as follows. The next chapter explains the way the study is
constructed and introduces the case areas and rating tools subject to analysis. The results of the
analysis are then presented in Chapter 3. Finally, the last chapter discusses the findings further,
and recommendations for further action conclude the paper.

5. Study Design
The study was conducted using a literature review combined to a case study approach. Including
case studies into the analysis provides empirical data and enables the observation and
understanding of real life phenomena. This research considers two case areas from the Helsinki
Metropolitan Area in Southern Finland. While the location within the same metropolis adds to the
robustness of the results, the external validity of the results obviously suffers from this
geographical restriction. Put in other words, the results cannot necessarily be generalized to other
Finnish cities. Nonetheless, Armatunga & Baldry distinguish generalization to populations or
universes (i.e., statistical generalisation) from generalisation to theoretical propositions (i.e.,
analytical generalisation). The latter may well be achieved through case studies [9].
For the purpose of the assessment, master plans, area maps, and aerial photographs were
consulted in order to gain the information needed of the chosen two case areas. Data on the rating
tools used as references was collected from publicly available websites, previous studies, and
email inquiries. The collected data were examined in order to determine the extent to which the
case areas meet the mandatory requirements of the referenced rating tools. The requirements
were analyzed and compared against the specific features of the case areas. The case areas as
well as the referenced rating tools are briefly introduced in the following subchapters.
5.1

Case Areas

Two case areas from the Helsinki Metropolitan Area in Southern Finland were compared against
the chosen international rating systems. Both areas currently have master plans according to
which they will be developed as predominantly residential areas. Given that the areas are only at
the planning stage, the level of detail in the data analyzed varied and is subject to change. For
confidentiality reasons, this paper will not identify the areas or describe them even to the level of
detail available to the researchers.
5.1.1 Case Area 1
The first case area is located approximately 20 km outside the Helsinki city centre. The planned
development is not an infill site, but some previous developments are located in the surrounding
area. Additionally, a major highway passes adjacent to the site. Based on the current plan, the
area will host a little over 1,000 new residents mainly in detached housing, although some multifamily buildings are allowed. The planned site area covers approximately 55 hectares, and the total
permitted building volume is approximately 70,000 square meters.
5.1.2 Case Area 2
The second case area is planned to be developed approximately 15 km from the Helsinki city
centre. The site area and immediate surroundings are previously undeveloped. Similar to Case
Area 2, the site comprises approximately 55 hectares; however, the total permitted building volume
for the area is less than 40,000 square meters. The area is planned to include predominantly
detached, but also semi-detached and terraced housing. When finished, the development will be
home to some 500 residents.
5.2

Rating Tools

Three international rating tools specific to addressing sustainable design and development of
neighborhoods were chosen as a reference in the study. The rating tools include LEED for
Neighborhood Development (LEED ND) from the United States, the UK based BREEAM for
Communities (BfC) and CASBEE for Urban Development (CASBEE-UD) from Japan.
5.2.1 LEED for Neighborhood Development (LEED ND)
The first sustainability indicator chosen to be used as a reference in this study is LEED for
Neighborhood Development Rating System (LEED ND), a joint undertaking of the United States

Green Building Council, Congress for the New Urbanism, and the Natural Resources Defense
Council. LEED ND is the most recent of LEED rating systems: certification has been available
since 2010[10]. The rating system is applicable to both new developments and neighborhood
retrofits and aims to promote diverse use, walkability and sustainable living. At the time of study,
87 LEED ND registered and 71 certified developments existed, mostly in North America (US and
Canada). One registered project was located in China and one in South Korea [11]. For
international projects, the USGBC requires feedback from the applicants in order to improve the
applicability of the system to different regional and cultural conditions. The feedback entails filling
out a questionnaire regarding the site conditions, as well as participating in interactive sessions
during the certification process[10]. No registered or certified LEED ND projects were located in
Finland at the time of this study [11].
The LEED ND rating system comprises five categories with which the sustainability of
neighborhoods is measured. Of the five categories, four are applicable internationally, while one
category entails regional priority credits for different states within the US. The four internationally
applicable categories include Smart Location, which discourages urban sprawl, draws attention to
preservation of undeveloped land and seeks alternative transportation solutions; Neighborhood
Pattern and Design addressing habitability and accessibility of communities; and Green
Infrastructure and Buildings which focuses on the sustainability of construction of buildings and
infrastructure. Finally, Innovation in Operations provides bonus points for new and innovative
technologies and strategies beyond other LEED credit requirements or for considerations not
addressed in LEED.
LEED ND entails 12 prerequisites, 3-5 in each category that must always be met in order to
achieve certification. Once the prerequisites have been met, the credits to be pursued can be
chosen freely. The above categories comprise altogether 45 credits from which a maximum of 106
points can be obtained in international projects. The basic level certification requires the minimum
of 40 points, silver level 50 points, gold level 60 points and the highest level, platinum, 80
points[10].
5.2.2 BREEAM for Communities (BfC)
The second sustainability rating tool discussed in this study is Building Research Establishment’s
Environmental Assessment Method for Communities (BREEAM Communities or BfC), which was
launched in the United Kingdom in 2009. The BfC certification can be carried out for both new
developments and site-wide regeneration projects. At the time of this study, no information on the
number of BfC registered projects (stage 1), or developments with an Interim (stage 2) or Final
certificate (stage 3) was publicly available [12]. BREEAM for Communities is tailored to the
specified planning policy requirements for nine specific regions in England [13]. The BfC
certification for development projects registered outside of UK will require the creation of a
Bespoke BfC Standard for a single project or of a BfC scheme for a particular country or region
with BRE Global’s assistance [13]. Nonetheless, until now not a single BfC development either a
national BfC scheme has been registered in Finland.
BREEAM Communities certifies developments with ratings of Pass (25-39% of maximum credits),
Good (40-54%), Very Good (55-69%), Excellent (70-84%) and Outstanding (85-100%). The rating
system is broken into 51 issues within 8 categories, which are Climate and Energy (CE),
Resources (RES), Place Shaping (PS), Transport (TRA), Community (COM), Business (BUS),
Ecology and Biodiversity (ECO) and Buildings (BLD). The only rating category, which does not
contain any prerequisites for the certification, is Business (BUS). A project can achieve a BfC
certification only if one compulsory credit is met of all the 15 minimum mandatory requirements [9].
Once the prerequisites have been met, the maximum of three points is available of each rating
issue and, in addition, extra credits can be scored for innovative ideas [13].
5.2.3 CASBEE for Urban Development (CASBEE-UD)
The third areal sustainability indicator chosen as a reference in this study is Comprehensive
Assessment System for Building Environmental Efficiency for Urban Development (CASBEE-UD),

which was released in Japan in 2006. Japan Sustainable Building Consortium (JSBC), which is
administered by the Institute for Building Environment and Energy Conservation (IBEC), has
developed not only CASBEE-UD but also another areal sustainability-rating tool, namely,
CASBEE-City. The two CASBEE tools are based on the same methodology but CASBEE-UD
comports better with the purpose of this research and the case areas assessed in this study [14].
Similar to LEED-ND and BREEAM for Communities, CASBEE-UD is applicable to both new
neighborhood design projects and urban redevelopment projects. Since CASBEE does not have a
registration system, the number of developments under evaluation is not available but only one
project has been certified so far [15].
Each development evaluated by CASBEE-UD is categorized as “city-center type” or as “general
type”. Both types use the same rating system but there are some differences in the items applied
and in their weighting to reflect the location characteristics [16]. The rating system comprises two
categories and six sub-categories that are listed below:
Environmental Quality in Urban Development (QUD):
QUD1 Natural Environment (microclimates and ecosystems)
QUD2 Service Functions for the Designated Area
QUD3 Contribution to the Local Community (history, culture, scenery and revitalization)
Load Reduction in Urban Development (LRUD):
LRUD1 Environmental Impacts on Microclimates, Façade and Landscape
LRUD2 Social Infrastructure
LRUD3 Management of the Local Environment
The CASBEE-UD assessments are ranked in five grades: Poor, Fairly Poor, Good, Very Good and
Excellent according to the final Building Environment Efficiency of Urban Development (BEEUD)
value, which is calculated from QUD and LRUD assessment results. The only prerequisite for the
certification is that related laws and ordinances are satisfied [16]. Since the CASBEE-UD
evaluation requires knowledge in many expert fields and a certain level of planning precision, a
brief version of CASBEE-UD has been set with greatly simplified assessment methods and
judgment criteria for the sake of labor saving and ease of application at the initial planning stage
[16].

6. Findings
For the first two rating tools, LEED ND and BfC, the mandatory requirements were compared
against the case areas and classified the criteria into four different categories as “met”, “plausible”,
“infeasible”, or “cannot be determined” at this point. For the third rating tool, CASBEE-UD, no
mandatory requirements exist, and therefore a few selected example criteria were classified.
Based on the comparative analysis, most criteria are either met or possible to meet if the case
areas decide to aim for the certification at this stage, that is, prior to specific construction plans.
The results of the three separate analyses are presented in the following subchapters.
6.1

LEED for Neighborhood Development (LEED ND)

The LEED ND rating system comprises 12 so called prerequisites, which must always be met in
order to achieve certification. For the purpose of this assessment, a few other criteria were
compared against the two case areas as well. The additional criteria were chosen based on
Garde’s 2009 study [6] on the popularity of the LEED ND credits. Of the LEED ND credits in the
Smart Location category, “Preferred location” was the most used, while in the Neighborhood
Pattern and Design category, credits associated with walkable streets dominated. The credits from
the Green Buildings and Infrastructure category were in general less popular than those from the
other two categories. Nonetheless, stormwater management was the most addressed within the
category, and consequently chosen for this additional assessment.
It is worth noting that the category Innovation in Operations, includes bonus points from individually
chosen credits, and was therefore left outside this assessment. The expected allocation of the

prerequisites and additional credits for the case areas is presented in Table 1.
Table 1. LEED ND Prerequisites that are met (marked with “ ”), plausible (marked with “*”),
infeasible (marked with “–“), or cannot be determined (marked with”?”) for the two case areas
Case Area 1 Case Area 2
Smart Location and Linkage
SLLP1: Smart Location
SLLP1: Imperiled Species and Ecological Communities

*

*

SLLP3: Wetland and Water Body Conservation

*

*

SLLP4: Agricultural Land Conservation

*

*

SLLP5: Floodplain Avoidance

*

*

SLLC1: Preferred Location

-

-

-

-

NPDP3: Connected and Open Community

-

-

NPDPC1: Walkable Streets

-

-

GIBP1: Certified Green Building

?

?

GIBP2: Minimum Building Energy Efficiency

?

?

GIBP3: Minimum Building Water Efficiency

?

?

GIBP4: Construction Activity Pollution Prevention

?

?

GIBC8: Stormwater Management

-

-

Neighborhood Pattern and Design
NPDP1: Walkable Streets
NPDP2: Compact Development

Green Infrastructure and Buildings

The results of the two case studies are very similar. The prerequisites of the Smart Location and
Linkage category offer various ways to achieve the criterion, including the drafting of policies to
protect sensitive receptors, such as water bodies, and are thus relatively easy to attain. The most
problematic criteria are included in the Neighborhood Pattern and Design category and associated
with land use density. One clear reason is that the rating tool is not designed for areas with
predominantly detached housing, which is the situation for both case areas. Meeting the
prerequisites found in the Green Infrastructure and Buildings category mostly depends on
decisions made during the building design and construction phase, and could therefore not be
determined at this point. Most of the GIB criteria would be possible to meet, but the developed
might lack incentive. In fact, according to Garde [2] the category GIB category is rarely used more
than mandatory, because the cost is seen too high for the benefit and certification can be achieved
with only the points from location related categories. However, the most popular credit of this
category as per LEED ND Pilot Projects, Stormwater Management, will likely not even be possible
to achieve for the case areas, due to the common Finnish practice of discharging stormwater into
nearby surface waters.

6.2

BREEAM for Communities (BfC)

The BfC system entails 15 criteria for which at least one point per criterion must be achieved to
obtain certification. This requirement is comparable to the prerequisites included in LEED ND. The
case areas were compared against the criteria with the purpose of determining whether one point
could be attained or not. A detailed statement of each minimum mandatory requirement’s fulfillment
for Case Areas 1 and 2 is included in the table below.
Table 2. BfC Prerequisites that are met (marked with “ ”), plausible (marked with “*”), infeasible
(marked with “–“), or cannot be determined (marked with”?”) for the two case areas
Case Area 1

Case Area 2

CE1 Flood Risk Assessment

*

*

CE2 Surface Water Run Off

*

*

*

*

Climate and Energy

CE5 Energy Efficiency
CE6 Onsite Renewable
Resources
RES1 Low Impact
Place Shaping
PS5 Design and Access

*

PS7 Local Demographics

*

PS8 Affordable Housing

*

-

?

?

COM1 Inclusive Design

*

*

COM2 Consultation

*

*

BLD1 Domestic

?

?

BLD2 Non-Domestic

?

?

Transport
TRA9 Local Parking
TRA11 Impact Assessment
Community

Ecology and Biodiversity
ECO1 Ecological Survey
Buildings

A fundamental forte of BREEAM for Communities and the BfC policy is the assessment’s intransigency in considering the local conditions for developments abroad, and to create a specific BfC
scheme for each particular site, region or country. Therefore it was not unpredictable that the local
conditions of the two Finnish case areas do not forestall evaluation. Particularly Case Area 1
which, although predominantly residential with detached housing, also includes commercial and
public services and housing types for different demographics, complies well with BfC requirements.
For Case Area 2, however, the shortage of affordable housing leads to failure in meeting the pre-

requisites for BfC certification. Otherwise all the BfC minimum mandatory requirements are attainable for both case areas. However, even if all the BfC evaluation criteria are adaptable to various
local conditions each criterion is not optimal or even appropriate for all the various development
sites worldwide. A critical divergence may impair the reliability of the specific BfC evaluation results.
6.3

CASBEE-UD

The nature of the CASBEE-UD system differs from that of LEED ND and BfC in that the system
entails no prerequisites. In fact, the only mandatory requirement is that related laws and
ordinances are satisfied. Instead, the CASBEE-UD rating system comprises 80 separate scoring
criteria where five levels of performance are reachable [16]. Given the nature of the rating system,
a CASBEE-UD certification with the grade “Poor” or “Fairly Poor” would be rather comparative to a
failed LEED-ND or BfC certification.
Both case areas assessed this study would be categorized as “general type” CASBEE-UD
developments. Due to the alternative brief version of CASBEE-UD, the assessment
implementation is flexible and thus applicable to developments on various stages. Therefore the
early stages of both Case Area 1 and Case Area 2 do not constrain the evaluation process.
Although a detailed assessment of the potential compliance with minimum mandatory
requirements similar to LEED ND and BfC was not possible in the case of CASBEE-UD, examples
of the different criteria were identified within the CASEBEE-UD system as well.
Some of the criteria are already stipulated by law in Finland, such as, QUD 2.6 Consideration for
universal design and LRUD 3.2.6 Selection of materials with consideration for impact on health.
Criteria, which are possible to meet, although not necessarily relevant to local conditions include
QUD 1.5.3 Securing sunlight and LRUD 1.5.2 Mitigation of sunlight obstruction. The CASBEE-UD
evaluation also entails some criteria that would be difficult to comply with due to cultural reasons or
land use tradition or that include demands on the density of the neighborhood, such as QUD 2.5.1
Distance to daily-use stores and facilities; QUD 2.5.2 Distance to medical and welfare facilities, and
2.5.3 Distance to educational and cultural facilities.
Criteria related to QUD 2.4.1 Understanding the risk from natural hazards would also be difficult to
meet since areal hazard maps have not been developed in Finland. Besides, the earthquake risk,
which is irrelevant in Finland, dominates the scoring criteria QUD2.1.1 Reliability of supply and
treatment systems, QUD2.2.1 Reliability of information systems and QUD2.4.2 Securing open space
as wide area shelter but the emphasis does not forestall evaluation.

7. Discussion
The purpose of this research was to investigate whether and under which circumstances the
international tools could be implemented in Finland in the context of new residential developments.
It was hypothesized that some of the criteria would be unfeasible or irrelevant under Finnish
conditions. In addition, it was tested whether the obtaining of a neighborhood development
certificate would be hindered already by the master plan if not taken into account.
Based on the comparative analysis, the criteria included in the rating systems can be roughly
divided into three types, as follows. The first type represents criteria that are already stipulated by
Finnish regulations, or alternatively, are merely a question of documentation. The second type
includes criteria that can quite easily be adapted in the case areas, but depend on the will of the
developer, who might lack economic or other incentive to do so. Finally, the third type comprises
the criteria that are difficult to achieve due to Finnish national land use tradition, and are potentially
lost already at the planning stage. Most of these difficulties appeared to be associated with high
density requirements on one hand, and affordable housing on the second. A potential reason for
both is that the international rating tools are not designed for detached housing, which has a strong
culture in Finnish land use tradition. Finland is a scarcely populated country and high density and
land-use efficiency have traditionally not been seen as desirable.

Some criteria were identified as both irrelevant and infeasible for Finnish conditions. A good
example from the Japanese CASBEE-UD system is the consideration and conservation of micro
climates in pedestrian space in summer, which includes requirements for water-retentive paving. In
Finland, such a structure is not only irrelevant but may even be dangerous if frozen during the
winter months. Others might be possible to execute, such as mitigation of CASBEE-UD’s sunlight
obstruction, but can generally be seen as irrelevant for local environmental goals.
The international rating tools have been accused to being rigid and not taking into account
differences in local climate, political and social conditions. However, it appears that the assessed
rating tools are making an effort to improve the appropriateness of their system to different regional
and cultural environments. For instance LEED ND not only encourages, but requires intensive cooperation between the local project team and the certification administrator, implying the criteria
can be adjusted to local conditions. Given that none of the rating systems have been adapted in
Finland yet, it is not possible to evaluate at this point how flexible the criteria will be, which creates
uncertainty to the results of this study. Moreover, given that both analyzed case areas are only at
the planning stage, the level of detail in the data was not sufficient for a full analysis, and is also
subject to change. It is therefore worth noting, that this study is for research purposes only and is
in no way meant to be treated as a preliminary analysis of the case areas’ compliance with the
rating systems.

8. Conclusions
The study suggests that most mandatory requirements included the referenced international rating
tools are possible to meet for new Finnish residential developments. However, meeting the criteria
might not always be feasible due to increased costs or irrelevancy to local sustainability goals. As
Garde noted in the case of LEED ND Pilot Projects, most projects did not make any changes to
obtain the certification but instead only addressed the criteria that would be met anyway [1].
Needless to the say this will not improve the sustainability of the living developed area at all. In
these cases the certification becomes merely a marketing tool with no relevance to sustainability
goals. Unless the developers believe that a certification according to a specific system provides a
clear marketing advantage, they are not likely to implement the tools.
Developing a new, national neighborhood rating tool is one alternative for future approach in
Finland. To avoid reinventing the wheel, however, another, more viable option might be to use the
existing international tools, but only adopt criteria suitable for the particular sustainability goals and
of the local project. Even though the project would not achieve an international certification, in the
context of neighborhood development where the presence of international investors is more limited
than for, e.g., individual commercial buildings, the marketing niche created by an international
certification might not be as relevant. Instead, the attractiveness of the area to potential new
residents is a priority, and could be achieved by fulfilling a few selected, relevant sustainability
criteria.
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Summary
There is no question that the building industry in Cyprus is in the midst of rapid change toward
more sustainable design and construction. The future of these rating systems include an emphasis
on performance outcomes (such as global warming impact), the need for regional variations, the
need for variations for different building types, the trend toward more requirements rather than
point-based alternatives, and more focus on actual building performance during occupancy and
operation.
Sustainable or green building design is still an evolving field with rapid advances in knowledge,
technology, and methods of measuring outcomes. A key aspect of moving toward more
performance-based outcomes in sustainable design is the use of Life Cycle Assessment (LCA) to
determine the embodied environmental effects of materials used in the building construction,
maintenance and demolition. LCA is a methodology for assessing the environmental performance
of a product over its full life cycle. However, the LCA methods and tools that are currently available
are not utilized by most stakeholders, including those designing, constructing, purchasing, or
occupying buildings.
The purpose of this study is to apply life cycle costing and assessment for buildings that make use
of ‘new sustainable designs and technologies’ and compare directly the results obtained using the
‘existing traditional design’. Most of the decisions makers or valuers or engineers ignore in their
value appraisal the major differences between the two types of construction.
This work is supported by the case study of the Cyprus University of Technology performed in the
framework of the ValPro European Project (Eracobuild VDP call). The case study of the Cyprus
University of Technology provides a different perspective and highlights the potential increase of
added value in real estate when involving extensive renovation and rehabilitation of older buildings
to serve new functions within an existing city infrastructure. For the purpose of this study a group of
buildings is selected which are renovated and transformed from their original use as warehouses
to modern University Laboratories. In these buildings an eco-design approach was adopted and
various energy saving technologies are incorporated.
Keywords: Sustainable Buildings, eco-efficient technologies, life cycle assessment, costing, value

1. Introduction
The ValPro project is a part of the thematic framework “Value driven processes” of the Eracobuild
project (http://valpro.eu/). The building sector today is mainly focused on reducing the initial
(investment) costs, rather than applying any comprehensive approaches for optimizing total facility
life cycle values for the benefit of owners, users, the environment and the society. This is partly due
to lack of models, methods and tools for total life cycle value management, and partly due to
current business models and contractual frameworks that do not provide for innovation and novel
value sharing schemes. The Cyprus University of Technology, as a key partner of this project, is
considered as an ideal case study of applying life cycle models for retrieving the real benefit both
for University but also to the nearby community.
A key aspect of moving toward more performance-based outcomes in sustainable building design
is the use of Life Cycle Assessment (LCA). Life cycle assessment (LCA) is considered as the
internationally accepted method for evaluating the environmental effects of buildings and their
materials or any other type of construction. LCA is a comparative analysis process that evaluates
the direct and indirect environmental burdens associated with a product, process, or activity. Life
cycle analysis quantifies energy and material usage and environmental releases at each stage of a
product's life cycle (material extraction, manufacturing, construction, operation, maintenance and
post-use disposal). Life cycle costing (LCC) involves in the financial forecasts of building
performance based on construction, operation and maintenance costs. LCC relies on the time
value of money and expresses the building life cycle cost as a net present value. In the Life cycle
costing method the total cost of building, operating and maintaining the building is expressed as a
single sum of money needed today to cover these costs over the study period selected for the life
cycle costing scenario.
LCC for buildings is an important tool for involving the construction client better in early stage
design decisions. However, regardless of its importance, LCC has found limited application so far
[1]. Research [2] indicates that it is particularly important to show the relation between the design
choices and the resulting lifetime cost (i.e. energy, maintenance, and operation cleaning) to the
client prior to his/her final decision. It is important, therefore, to show the construction client in the
early design phase the relationship between design choices and the resulting lifetime cost.
New materials and advanced building technology are continuously introduced into the market [3, 4].
The design team such as civil engineers, architects, mechanical and electrical engineers usually
select the same old technology and materials as well as they use their experiences from previous
projects for this purpose. It is important to highlight that by focusing on initial costs of materials and
technology, no longer fulfils modern day needs of the construction development. It is necessary to
consider several factors such as economic, aesthetic, environmental, durability, quality and life
cycle.
Cyprus lacks for the use of models, methods and tools for total life cycle value management for the
building construction society and several improvements must be made. Some recent research
studies [5,6,7] provides encouraged remarks for further actions. Hadjimitsis et al. [5,6,7]
demonstrated the importance of using life cycle models for comparing different types of
transportation pavements in Cyprus using ‘traditional design and existing design procedures’ and
‘new eco-materials and design’.
In order to assess the economical and environmental aspects of existing buildings in the Cyprus
University of Technology area located in the city of Limassol in Cyprus, intended for renovation life
cycle cost analysis (LCCA) and life cycle assessment (LCA) studies were undertaken. For the
purpose of this study a group of buildings is selected which are renovated and transformed from
their original use as warehouses to modern University Laboratories /offices. In these buildings an
eco-design approach was adopted and various energy saving technologies are incorporated.
Direct comparison between the use of ‘eco-design’ and ‘traditional-design’ procedure for these
selected buildings has been made.

2. Life Cycle Cost and Life Cycle Assessment
Very often, decisions about demolition or renovation of a building revolve around cost
considerations without considering the environmental implications. Therefore, justifying major
renovations can be difficult, as costs are uncertain and environmental impacts are not considered.
Whether or not an existing, renovated building can perform as well as a new building in terms of
operational energy is a key consideration in the decision to renovate or demolish existing buildings.
Stakeholders tend to focus on the initial cost of the building without examining the cost of building
operations and/or the environmental impact over the life of the building. In order to examine the
cost of the building and the environmental impact over the life of the building, the techniques of life
cycle costing and life cycle assessment can be used.
Life cycle costing (LCC) is a technique which enables comparative cost assessments to be made
over a specified period of time, taking into account all relevant economic factors both in terms of
initial capital costs and future operational costs [8]. LCC allows for economical justification for the
sustainability considerations, as implementing LCC in planning for construction projects shows
that, over a project’s life, incorporation of sustainable elements proves cost-effective as well as
environmentally beneficial.
Life Cycle Assessment (LCA) is an essential design process for controlling the initial and future
cost of building ownerships and is an effective tool for evaluating of existing building systems [9].
LCA is for assessing the total environmental impact associated with a product's manufacture, use
and disposal and with all actions in relation to the construction and use of a building or other
constructed asset throughout its life cycle. LCA is useful not only in determining the total cost of a
building and its alternatives, but also determines which alternatives provide the best value.
Although costs can be firmly attributed to some environmental factors, there is currently no widely
agreed methodology for others and some cannot be quantified at all in cost terms. LCA can help
decision-makers select the product or process that results in the least impact to the environment.
This information can be used with cost and performance data to select a product or process.
LCA is not the same as life cycle costing (LCC). Although the two methodologies are
complementary, LCC focuses on the dollar costs of building and maintaining a structure over its life
cycle while LCA focuses on environmental performance. In conducting a LCC, it is critical to
consider the following components:
construction and renovation costs
maintenance costs, including rents
operational costs
occupancy costs
end of life cost, including demolition.
Traditionally, in order to conduct a life cycle assessment, first a life cycle cost must be conducted
using the below formula:
LCC= I + Repl - Res + E + W + OM&R + O
where
LCC=
I=
Repl=
Res=
E=
W=
OM&R=
O=

Total LCC in present-value (PV) euros of a given alternative
PV initial costs
PV capital replacement costs
PV residual value (resale value, salvage value) less disposal costs
PV of energy costs
PV of water costs (optional)
PV of non-fuel operating, maintenance and repair costs.
PV of other costs (including contract administration costs, financing costs,
employee payroll )

(1)

However, this formula must necessarily be modified when conducting a life cycle cost on a
renovation, especially when it is rented, expropriated, or given to the University outright.
LCC= I + Ren - Res + L(OM&R)
where
LCC=
I=
Ren=
Res=
L=
OM&R=

(2)

Total LCC in present-value (PV) euros of a given alternative
PV cost, which may include expropriation amount, or zero if there is no cost for
the acquisition of the building
PV capital renovation costs
PV residual value (resale value, salvage value) less disposal costs. This
varies as the property may be rented from a third party
Time period of the analysis
PV of non-fuel operating, maintenance and repair costs, including rental costs.

In this study, the Gabi software (developed by the University of Stuttgart in cooperation with PE
Europe GmbH) was used to conduct a Life cycle assessment. The LCA was conducted to:
estimate the 2 key embodied environmental impacts, primary energy use and global
warming potential measured in terms of CO2
estimate the avoided impacts associated with the demolition of the existing buildings and
construction of new buildings of approximately the same size designed to serve the same
purpose currently served by the renovated buildings
identify the differnces, if any in the estimated opeating energy use between the new and
existing building
identify any significant impacts incurred to renovate the existing buildings
qualitatively examine the issues related to sustainability.
This study is essentially a pilot study designed to investigate the process to examine the
environemntal side of the equation using the Gabi software to examine the identified case studies.
This study is not intended to provide precise estimates regarding the embodied or operating
energy aspects of the buildings, but rather to provide reasonable approximations in order to guide
value-driven decision making for further building renovations at the Cyprus University of
Technology campus.

3. METHODOLOGY
The overall methodology of this study consist the following basic steps:
The first step is the development of a ‘Database’ where all available building materials and
technology with their characteristics such as initial cost, LCC, durability, eco-characteristics,
technical specifications, insulation, strength and stability and other performance requirements
or criteria for a particular building element, such as Roof, windows etc., are inserted and stored.
The second step is the knowledge base which consists of a set of rules for selecting the
appropriate combinations of materials and technology from the database to elicit knowledge,
the material selection process by incorporating cost estimation process.
The third step is to apply LCA and LCC using existing softwares or models, revised to
incorporate existing Cyprus Building construction situation (prices, materials etc).
The fourth step is to run the LCA/LCC in order to compare directly the following scenario:
renovation of existing buildings in the Cyprus University of Technology area using ‘new
sustainable designs and technologies’ and compare directly the results obtained using the
‘existing traditional design’.
The authors aim to post the proposed database and methodology on an open web access so
as to facilitate all the involved parties either clients or designers (architects, civil engineers etc)
to run the model and produce their own LCA/LCC results.

4. CYPRUS UNIVERSITY OF TECHNOLOGY: CASE STUDY
One of the ‘ValPro Project’ (Eracobuild VDP call) case
studies concerns Cyprus University of Technology,
which
is
based
in
Limassol,
Cyprus
(http://valpro.eu/joomla/case-studies/cyprus.html). The
Cyprus University of Technology is a new public
university located in the historic center of the city of
Limassol that was established in 2004. The master
plan was formulated in two phases, with phase 1
focusing on the development in the historical center of
Limassol (from 2004-2020) and phase 2 focusing on
the development in the north area of the center of
Limassol (from 2020-2035) (see Figure 1). The Cyprus
University of Technology extensively renovated several
older buildings in the Limassol city center by utilizing
eco-efficient, sustainable design in order to repurpose
these buildings within an existing city infrastructure.
The concept behind the campus design was to provide
added value in real estate through extensive renovation
and rehabilitation of older buildings to serve new
functions within an existing city infrastructure. In the
Cyprus market, real estate appraisals were conducted
only using comparable prices depending on location, Fig. 1 Cyprus University of Technology
and recent sales of comparable buildings, without taking into consideration all the aspects and
features of the buildings such as drawings, specifications, and materials.
The campus is located in the city center of Limassol. In the past two decades, the city center of
Limassol has slowly declined in economic desirability. The introduction of the CUT campus has
significantly affected the local economic and social dynamics. The establishment of the campus in
the city center has created an economic and social impact in the area. The campus has also
improved the economic use of the area, as more businesses are opening around the campus in
response to increasing numbers of students. The influx of increasing numbers of students in the
area has resulted in the establishment of more cafes and restaurants opening in the city center. To
maintain the cultural element unique to the city center, the Cyprus University of Technology
incorporated appropriate refurbishment and remodelling of listed buildings and re-used buildings
where possible and appropriate. The repurposing of building took into consideration the local
context and was respectful of the historic city fabric in terms of materials and built tradition. The
renovation took into consideration the local context, including traditional building materials and
design traditions, while at the same time creating eco-efficient buildings.
One of the main aims of renovation was to attach new meaning to the existing buildings. The
buildings examined in this case study are the University Library, that was originally a court house,
the offices for the electrical engineering department, which was originally the Ttofi Kyriacou
department store, the offices and laboratories of the Mechanical Engineering and Geomatics labs
of the Civil Engineering Department, which were originally a warehouse (Dorothea) and the Hero’s
square, home to the Multimedia department, student housing, and student café, which previously
considered the “red-light district”of Limassol. These renovations changed the character of the
whole area and this renovation increased the value of the area, both economically and socially.
Detailed information on each building follows:

Library of the Cyprus University of Technology (figure 2): The library is a listed (historical)
building originally built in 1920 and used as a
Court House. It is owned by the Government of
Cyprus and was given to the Cyprus University of
Technology, so there was no initial cost involved.
The library has a total building area of 900 m2
and the cost of the renovation was 2 million euros.
Considerations included:
Listed historical building
Maintain the original character of the
building
Structural reinforcement was required
Energy
efficient
technologies
were
incorporated in the renovation
Fig. 2 Library
DOROTHEA building (Figure 3) (offices and laboratories of the
Mechanical Engineering and Geomatics labs of the Civil Engineering
Department): This building was built in 1980 and originally used for ware
houses. The total building area is 2,300 m2, over 5 floors. It is currently
rented from the owner on a 20 year lease. The total renovation cost is 2
million euros, with 1 million being paid by the owner an 1 million being
paid by the Cyprus University of Technology. The basement has 300 m2
of useable space for the instrument storage of the Mechanical
Engineering Department. The ground floor has 133m2 of useable space
and the first floor has 245m2 useable space for the labs and offices of the
Mechanical Engineering Department. The second floor has 263m2 of
useable space and the third floor has 264m2 of useable space allocated to
the labs, offices and storage of the Civil Engineering Department. The
forth floor, with 184m2 of useable space and the fifth floor with 165m2 of
useable space are allocated to the labs, offices and stores of the
Mechanical Engineering Department.

Fig. 3. Dorothea
Building

Considerations included:
Other than the main structure (including foundation, walls, beams and floor slabs), the
entire building elements were replaced.
Energy efficient technologies were incorporated in the renovation
TTOFIS KYRIACOU building (Figure 4) (offices
for the Electrical Engineering department):
This building was built in 1980 and originally used
as a department store. It was acquired by the
Cyprus University of Technology through
expropriation by the Government of Cyprus. It
has a building area of 3,500 m2, renovated at the
cost of 6 million euros. The basement, of 283m2 is
the data center for the entire university. The
ground floor houses the electrical and PC room,
with a useable area of 208m2. The first floor, with
a useable area of 284m2 and the second floor
with 285m2 both house the labs and stores of the
Electrical
Engineering
and
Information
Technology Department. The third floor has
usable space of 258m2 and houses the labs and
stores of the Physics and Chemistry Department.

Fig. 4. Ttofi Kyriacou Building

The fourth floor has 144m2 of usable space and the fifth floor has 105m2 of useable space, both of
which house the offices and stores of the Electrical Engineering and Information Technology
Department.
Considerations included:
Other than the main structure (including foundation, walls, beams and floor slabs)
the entire building elements were replaced
Energy efficient technologies were incorporated in the renovation
HERO’S
SQUARE
(Figure 5)
(Multimedia department, student
housing, and student café):
This area of Limassol was the “red
light district” and was considered an
undesirable part of the city, due to the
high number of brothels, cabarets,
gambling shops and low quality
buildings. Currently, several of the
buildings have been renovated. The
Roussos
Plaza
and
Zappeio
buildings are two of the buildings in
Hero’s Square that have been
renovated. The Roussos building
contains the Laboratory of the
Applied Arts and Communication
Department,
complete
with
multimedia workstations, classrooms,
photography labs on the ground floor,
in a total space of 301m2. The first
floor of the Roussos building contains
Fig. 5. Hero's Square
the research space, offices, meeting
rooms and stores of the Laboratory of the Applied Arts and Communication Department within
176m2. The second floor of the building has a space of 208m2 and the third floor has a space of
192m2, which are student accommodations complete with kitchen, toilet and shower. The Zappeio
building is the student café, which is a social gathering place complete with student bar and café.
It has 128m2 of useable space on the ground floor and 10 m2 useable space on the first floor. The
total cost of renovation in this area is 3 million euros.

4. Preliminary Results
In this study, the life cycle assessment was conducted on Gabi software in order to provide
reasonable approximations of energy efficiency in order to guide value-driven decision making for
further building renovations at the Cyprus University of Technology campus. The avoided impact
model was used to evaluate the case study of the Library of the Cyprus University of Cyprus.
Library of the Cyprus University of Technology. Since the Library is a historical building, the
interior and exterior walls were retained. In this case, the maximum avoided impact was examined, which involves saving the envelope and as well as the structure of the building [10]. The
avoided impacts can be considered to equal the effects of demolishing a structural/envelope system as well as rebuilding a comparable structural/envelope system.

Table 1 - Renovated Impact Summary
Building
Component

Assembly
Total area
in m2

Intermediate
Floors
Windows/Doors
Renovation of
Exterior Walls
Interior Wall
Roof

GWP per m2
(kg)
47.62

Total
Primary
Energy
61,501

2643.46
3,300.04

279.41
28.00

179,755
165,002

19
14

373.45
1531.59

17.86
84
Whole Building

20,913
765795
1,192,966

1
42
80

84

Primary
Energy per
m2
732.15

68
50
56
500

Total GWP
(tonnes)
4

Table 2 - Avoided Impact Summary
Building Component

Total Primary Energy
(MJ)

Foundation
Columns and Beams
Intermediate Floors
Exterior Walls
Interior Walls
Whole Building

Total GWP
( Eq. CO2 tonnes)

311,431
346,381
61501
1315432
150,049
2,184,794

41
29
4
111
7
192

The avoided Global Warming Potential (GWP) impact for new construction would have been more
than double of the CO2 emissions of renovation of this existing building. The adaptive reuse of
repurposing the existing building to a library also has a social impact, as well as intangible impact
which cannot be measured with LCA, but were also considered in the decision making process for
renovating this existing building.
Despite that the initial construction cost of the eco-design building is higher, however, by running
the life cycle assessment/costing model, during the complete life cycle (50 years), it has been
found that the building with the ‘eco design’ is most economical effective and environmental
friendly than the conventional design.
The authors concentrated at this stage in the development of a complete database for including all
the basic costs for all the construction processes and materials as well all the required stages for
the whole life cycle of buildings in the area of Cyprus. Prior to the application of life cycle
assessment and costing for the previous case studies in the University which refer to renovation of
existing infrastructure and change of their previous use, the authors present a typical common
example of a recent building construction in the area of Limassol.
Table 3 - Initial Construction Cost of a Typical Building in Limassol, Cyprus
BUILDING
BUILT AREA
TOTAL CONSTRUCTION COST
(using traditional design)
TOTAL CONSTRUCTION COST
(using eco design)

CONSTRUCTION COST
300 SQ.M
400, 000 euros
550, 000 euros

Using the above example, it is apparent that the initial costs are found to be more higher in the
construction stages in relation with the traditional design. The eco-design consisted some of the
following basic features:
All windows are double glazed with ‘Low E’ special energy efficient glass filled with inert argon
gas to provide high insulation values
The walls also have 20 cm insulation consisting of a combination of insulating blocks, mineral
wool and polystyrene
The roof is insulated with 20 cm fibreglass insulation
Instead of the conventional sewage waste disposal system used in Cyprus, the house has its
own high technology biological waste treatment plant. The sewage is completely treated and the
clean water produced at the end of the process is used to water the garden and is not discarded.
The use of ‘Geothermal Energy’.
The authors also ran the life cycle model for an existing building named as ‘Apothikes Sykopetriti’
which has been renovated to accommodate the Mechanical Engineering Laboratories and found
that the eco-design (cooling and heating etc) produce more economical effective results than the
traditional design procedure. The authors are in the stages of applying the same model for the
other case studies.

5. Conclusions
This work is performed in the framework of the ValPro European Project (Eracobuild VDP call).
This study initially indicates that in most of the cases energy efficient renovation is a more
economic solution compared to normal renovation, although it usually is higher at the investment
costs. Initial costs are found to be more higher in the construction and operation stages in relation
with the traditional renovation.
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Summary
In recent years there has been a significant increase in the number of Green and Sustainable
Building Rating Systems (SBRS/GBRS) and assessment tools designed specifically for the Built
Environment, these are broadly covered by the term ‘Sustainability Assessment Methods’ (SAM’s).
This has led to an increased awareness of the need to implement sustainability strategies into the
mainstream construction sector, broadening the influence on industry and policy. There has been
on-going criticism of the mainstream industry’s focus on environmental criteria at the expense of
social and economic criteria with a limited understanding as to the long term impacts on local ecologies, economies and communities by the current solutions being applied. Due to the scale of
their influence it is becoming increasingly necessary to ensure that the scope of SAM’s fully encompass the requirements for sustainability in the Built Environment. This research aims to determine the changes that need to be made in developing the next generation of tools or whether
alternative methods need to be considered to promote more effective sustainability. Through the
use of case-study analysis and industry consultation in the UK, the extent of SAM’s usage and
alternative methods and systems for implementing more sustainable buildings was established.
Holistic sustainability frameworks and Novel Articulations such as Bioregionalism, Permaculture
and Cradle to Cradle were investigated; these have recently been expressed through holistic design theory and frameworks specific to the built environment and communities such as ‘One Planet
Living’. We propose how existing practice based methods and Novel Articulations can inform a
holistic design response that better reflects the needs of users and the Whole Life of the building,
its place and community.
Keywords: Sustainability Assessment, Whole Life, Holistic, Built Environment, Bioregionalism,
One Planet Living, Materials, Local.

1. Introduction
There is a considerable range of tools available for the measurement, methodology and
assessment of Sustainability in the Built Environment (SB-Alliance 2010) [1]. These are often
covered by the terms Green and Sustainable Building Rating Systems (GBRS/SBRS), among
others (iiSBE 2010[2], WGBC 2010[3]). For the purposes of this research, they will be referred to
as Sustainability Assessment Methods (SAM’s), due to the increasing number of tools, their

breadth of coverage and scale of application within the Built Environment.
There is a well-established body of evidence in support of the development and use of
Sustainability Assessment Methods (SAM’s) (SB-Alliance 2010 [1] Reeder 2010 [4]). There is
however, continued criticism of their approach and methodology, as to whether the buildings,
which they promote through their assessment, are realistically sustainable (Haapio & Viitaniemi
2008[5], Cole 2005[6]). El-Haram et al. (2007, 2009) [7][8] and Walton et al. (2005)[9] have shown
that there is a requirement for assessments which better reflect, whole life, holistic approaches to
sustainability. With several large scale, international projects, eg. SUE-MoT[10], SB-Alliance[1]
and tool development, eg. LEED 2009[11] and BREEAM 2011[12] working towards this, it has long
been the ‘holy grail’ (Stevenson & Ball, 1998[13]) of assessing sustainability. Is the ‘one size fits
all’ approach for the whole life span of the building a realistic approach and is assessment the best
way to achieve this?
This research looks at the separation between mainstream assessment methods and holistic
theories, also referred to as novel articulations of sustainability, that provide an understanding of
sustainability which relates more to cultural and social practices rather than assessing energy
consumption. The emerging issues are then reviewed through relevance to the application of
sustainability by design professionals in the built environment.

2. Methodology
This research is based on a literature review of sustainability assessment methods, novel
articulations and approaches in design to sustainability were evaluated. The results from this were
supported by a series of fact-finding interviews leading British professionals in sustainable design,
both holistic and through the current use of SAM’s. Concurrent with this a framework for local
materials selection was developed with the design team and housing association for proto-type
bio-regionally sourced affordable home on the west coast of Scotland. Many of the issues
discussed in this paper are a result of comparison by the authors of SAM’s, Novel Articulations and
liaison with industry professionals striving for solutions to achieve holistic, whole life sustainability.
If a tool to assess such a design approach were to be developed, these would be the people to put
it into practice and make use of a tool, or reject it and find other means.

3. Variations on approaches to sustainability
There is a broad range of approaches to sustainability and tools for its assessment. A useful way
to understand the tool landscape is to use the ‘images of sustainability’ approach developed by
Williamson et al. (2003[14]). We applied natural, cultural and technical these images (Poston et al.,
2010[15]) to determine that SAM’s generally display Technical images through quantitative means,
whereas Novel Articulations refer to Natural and Cultural images, measured through qualitative
means. This section outlines the areas and how the different images and quantitative and
qualitative approaches could be applied to achieve a more holistic tool.
3.1

Sustainability Assessment Methods (SAM’s)

There have been phases of development and revision of tools, beginning with BREEAM in 1991[16]
and LEED in 1998[11], with a number developed between 2004-2006 as a result of the Green
Building Challenge (GBC)[2], with new tools developed since 2009, DGNB[17] and PEARL
Estidama[18], and revisions of major tools from 2009 and on-going. Poston et. Al (2010) [15]
identified three common roots of development in SAM’s, all held reference to BREEAM during
development:
1. GBC frameworks: GBTool/SBTool[2];
2. US Green Building Council (USGBC): LEED (Leadership in Energy and Environmental
Design)[11];
3. Analysis of other tools available, often with culturally unique assessment criteria, e.g.
DGNB[16], PEARL[18] and HQE[19].

In the increasing recognition and movement towards more holistic tools, tool developments and
revisions since 2009, have shown a growing trend towards the inclusion of social and economic
indicators, life cycle analysis, and integration with buildings once they are operational, through
assessment methods such as Post Occupancy Evaluation (PoE) and Building Performance
Evaluation (BPE). What remains clear with most tools is a lack of clarity as to where criteria and
the legitimacy of trade-offs originated, and the underlying theories and philosophies of Sustainable
Development that were adopted. While there has been increasing national and international
benchmarking programmes, such as those by the SB-Alliance [20][21] and Green Property
Alliance (GPA)[22], there is a consistent lack of clarity as to the underlying theory and philosophies
behind the tools which are being used. This would be acceptable had the tools merely been used
for assessment. Given the relatively new induction of sustainability education in professional
curriculum, much of the sustainability learning is on-the-job and through use of SAM’s. In this
context, there is a danger that the current generation of SAMs engender a lop-sided view of
sustainability.
As tools for the whole life evaluation of buildings have been shown to be required, but currently
limited, holistic and qualitative methods cannot be easily aligned with technical and quantitative
approaches to sustainability, this was also explored by Poston et al. (2010)[15]. Just as each of
these approaches aligns itself with typologies and scales of development, a one size fits all
approach to implementing and assessing sustainability does not lend itself to a reflection of the
industry or indeed planet to which it is seeking to support. Walton et al. (2005)[9] identified the
need for tool-kits for whole life sustainability. Enabling the sustainability of a project to be
considered over a longer period of time, but time is not the only factor which can have a
considerable effect on criteria and considerations fro sustainability. Scale, context, landscape,
place and culture have a considerable bearing on what is required, all of which have limited
capacity within existing SAM’s, but broadly considered within novel articulations. These criteria are
generally promoted within ‘good design practice’, however some debate and feedback from
industry survey has shown that it is felt that design quality, creativity and innovation are potentially
compromised by the over-prescription of some SAM’s.
Poston et al. (2010)[15] outlined a number of comparative studies of tools and determined that
there had been not been a widespread comparison of SAM’s specific tools since 2005 with many
new tools being developed since then. Subsequently a study had been undertaken by SB-Alliance
in 2009[20][21], however, this was of member groups only. Poston et al. identified over 30
international tools specific to green buildings, most of which were related to World Green Building
Council (WGBC)[3] affiliated groups, but some were independent. These tools have changed and
developed significantly since 2009, with new changes and tools currently in development, an up to
date list and comparison is becoming increasingly difficult to compile. Sustainability assessment
has become the ‘gold-rush’ of the age. What the comparisons have shown is that similarly to the
gold-rush, the environmental consequences of the future are not being wholly considered in the
excitement to achieve the best tool and highest rating. The actions of the construction sector are
currently limited in consideration of a wider context and how this can be achieved by positive
means. This is outlined further by Rees (2009)[23] in his reference to Heidegger, and the need for
meditative and reflective thought in the current ‘flight from thinking’ with regards to green practices
in the building sector.
3.2

Novel Articulations

The term Novel Articulations broadly covers holistic, qualitative theories for sustainability that refer
specifically to human’s existence within the wider context of the ecological systems on which they
rely and interrelate. Specifically these theories tend to relate to small scale, local processes within
the context of closing ecological and industrial loops of production and decline. Those theories
considered through the wider research to which this paper relates are; Bioregionalism [24],
Permaculture [25] and Cradle to Cradle (C2C) [26]. These were selected on the basis of previous
application to the Built Environment [27] and manifestations into wider frameworks. The focus of
these frameworks is not solely building focused, but creating an understanding of the occupants
and buildings place and relationship within nature and natural systems. In all of these frameworks
there are considerations of place, landscape, community and culture within the design responses

and the interrelationship of all of these. This is contrary to the majority of SAM’s which currently
predominantly focus on the development and its immediate location El-Haram et al. (2007)[7].
The manifestations of novel articulations are demonstrated through the application in ‘One Planet
Living’ [27], ‘The Natural Step’ [28] and ‘Ecological Footprint Analysis’ [29], the overarching
connection with these theories is the relationship and connection of people to the environment,
demonstrated through qualitative aspects, some frameworks show more detail as to cultural and
ecological relationships, but all show evidence of ‘strong’ sustainability, placing the continuation of
the planet at the centre of the principles.
3.3

Quality vs. quantity

Comparisons of tools have shown the majority are evaluated using quantitative criteria or a mixed
methods approach of key indicators (Haapio & Viitanieni 2008)[5], whereas current holistic theories
and methods tend to rely on qualitative data (Desai 2010 [27], Stevenson & Ball 1998[13]).
Schumacher (1978: 65)[30] philosophised that as we moved up the ‘chain of being’ only quality
could be used to describe the level of self-awareness associated with human consciousness,
whereas quantity could only describe matter, life and consciousness, and consequently inanimate
objects and conscious beings purportedly without self-awareness.
Quantitative measures cannot capture the variation, excitement and quality of being human, nor
can we define the way in which different people live for the benefit of measurement. What we are
able to do is represent how they relate to places, landscape community and culture, try to
understand different factors in different places. The concerns within industry that innovation and
good design are being stifled by frameworks becomes more realistic when compared to the local
significance of a project and whether it is able to fully respond to that area, therefore become more
durable for the future. Stevenson & Ball [13] referred to the limitations in the late 1990’s placed by
Energy Performance Certificates (EPC’s) in the context of bioregional sourcing of materials, and
the limitations placed by quantitative data. Stevenson (2005)[31] investigated the materiality of
place, through the local and cultural identification of bioregional building materials and how these
were used in Architecture. Linking association and connection to buildings to locally sourced
building materials in the context of ‘durance’, rather than sustainability.
3.4

Consideration of sustainability process

With the increase of SAM’s, tools have emerged which address the process of applying
sustainability and or integrated processes throughout design, development and construction
leading up to assessment. These are not necessarily specific to sustainability but lead to
improvement of process and efficiencies within. An example of a tool which acts as a ‘golden
thread’ of sustainability, is ‘Soft Landings’ (SL)[32] developed by the Useable Buildings Trust
(UBT)[33] and the Building Services Research and Information Association (BSRIA)[34] in the UK,
with the intention of smoothing the design and construction process, giving key targets and
objectives and clear assignment of duties [32]. A key part of SL is the way in which it integrates
stakeholders and PoE to close the process loop, feeding back into the learning and design process
[34]. Becoming accountable, with the connection to SL user group increases transparency within
the immediate stakeholders, but also externally, rather than sharing trade secrets, being
accountable to a standardised framework enables inter-industry sharing as to findings and
experience, those of which enable a clearer path to be cleared to sustainable buildings, rather
current modus operandi of repeated mistakes which are costing both time, money and trust. In the
2011 version of BREEAM, SL and PoE have been integrated further into the methodology,
connecting between professional groups, and providing feedback of sustainable outcomes into the
design process [12]. This is a step towards viewing design as an evolutionary, integrative process
rather than a ‘snap-shot’ in time of performance without the variability of occupant behaviour.

4. Integration & industry adoption of holistic methodologies
The above narrative was supported by our interviews with six leading sustainability professionals in

Britain. These were, architects, engineers and sustainability consultants, from both small and
large businesses with experience in mainstream and cutting edge sustainability practice. The key
findings from this study were that there is:
i. no single good tool for sustainability;
ii. a lack of design profession-specific tools;
iii. a range of sustainability priorities which were insufficiently covered;
iv. a need for whole life, holistic tools which went beyond building construction stage
v. in a number of cases a check-box and toolkit approach (selecting appropriate parts from
different tools) was currently being applied, in some cases this had led to the development
of in-house tools and systems;
vi. a lack of integration of tools into professional process, understanding and language.
We are currently developing a wider study with particular emphasis on Scottish practices, from a
range of scales and experience backgrounds. However, a preliminary material selection
framework to better reflect the novel articulations of sustainability was developed and tested to
ascertain its practice acceptability and this is reported below.
4.1

Materials Framework and industry collaboration

As tools were assessed the research team became involved with the development of a framework
based on bioregional theory for the selection of materials from a region within the West Coast of
Scotland area, with a view to developing affordable, energy efficient buildings from local materials.
The development of the criteria for this framework was informed by the literature search outlined in
Section 3 and the pilot study. This tool is currently in development with the wider design team and
housing association, with a view to further develop a materials selection network in the region.
The wider connection of the framework to a whole system network will enable greater
understanding and connection to ecological, social and economic factors of sustainability within the
local area, in itself further informing the whole life of projects and how this can best be assessed in
the long run. Further developments and a detailed overview of methodology are to be published in
due course.
Through the development of the framework it was found that trade-offs were required through the
quantitative limitations applied by regional development restrictions (e.g. Planning and building
regulations) and SAM’s (Poston et all 2011)[15]. For example, to achieve a high level of
airtightness and thermal performance, an imported, highly processed material may be selected
over a local one. If further emphasis were placed on production and transportation energy,
pollutant and local economic and health benefits, with connection to local culture and
understanding rather than performance outcomes, this weighting would be reversed. If we then
place the selection of materials in the context of peak oil, will there come a point where local
materials become more cost effective than imported, high performance materials.
4.2

Closing loops and engendering change

The monopoly of this market, particularly in the UK, has led to generic tools which are multidisciplinary, multi-use and multi-regional. While there is a need for sustainability to transcend
professional boundaries, industry responses have shown that the confusion of language and
meaning in tools, in a representation which may be unfamiliar to the professional using it can lead
to further confusion and loss of time, and potentially innovation. The next stage of development of
tools should look to how these tools are connected to different professional approaches, how
meaning is transferred and ultimately how professions and policy adopt these tools and the
potential advantages but also misuse of them. For a tool to be technically adept and correct is
immaterial if the outcomes have adverse qualitative outcomes and impacts on professional
performance.
Rees (2009)[23] referred to Heidegger’s theory of ‘flight from thinking’ and meditative thought.
There is such an urgency in the Built Environment sector to find a solution, ‘one size fits all’, a
resolution to all of these problems, that it has become a rush, a stampede almost to find the perfect
solution, irrespective of the basis, understanding and process in place to enable this change. The

variability in SAM’s structure and meaning, and the interpretation of meaning within this, is
potentially leading our industry to catastrophe. We have become so focused on the problem and
solution that we have neglected to realise the interrelationship and knock on effect of our
processes and actions and subsequently to observe and learn from these.

5. Discussion
The problem of sustainability has become so focused on carbon and energy reduction because we
can quantify these, and they clearly relate to the threat of climate change. So these have
remained the priority, skewing the agenda, and unbalancing the ‘fine balance’ required to achieve
sustainability. As these methods are taken up and followed by large scale industry they are made
harder to penetrate and question through moral justification, for example, zero carbon, the ultimate
achievement, as nothing about wanting zero impact can be questioned, irrespective of the means
by which this was achieved. These criteria are important, but many solutions to achieve this are
potentially unsustainable.
We need to take heed of Rees (2009)[23] and Heidegger, and pause for thought before rushing
onwards. We need to not only consider the process of a projects ‘whole life’ but also that of how
we arrived at these conclusions as to what was the best method. Apparent from industry
interviews and industry experience, is that it is presumed that all practitioners are aware of the
requirements of sustainability, and how to implement thee ideas into a product which can then be
assessed. This is a major shortcoming which is outwith the remit of SAM’s. Many are referring to
SAM’s to learn about sustainability, to understand what is required of them. If these tools are still
in development, if they remain limited in scope, but this is not clearly recognised, we are forming
the sustainability understanding of an entire generation of practitioners around precepts that do not
hold true to achieving sustainability.
SAM’s have come a long way in the last 20 years, sustainability is on the mainstream agenda and
is pushing market boundaries as to what is acceptable and achievable. It is now important to
ensure that the commercial and economic value of these tools does not overshadow the reality of
what is still required from buildings to be sustainable. Areas discussed and for future consideration
are:
i. Clarity of funding, theoretical basis, aim and objectives of tools, in particular defining who
the tool is for and when it is to be applied, defining mis-use of the process;
ii. Transparency of progression and intent to adopt tools into policy and the adaptation of this
to be profession specific;
iii. Greater transparency and more answerable to wider public groups rather than industry
select;
iv. Wider market support to different scales, particularly to the cultural and natural images of
sustainability;
v. Clearer understanding and reflection of holistic and whole life requirements of a project.
Future research from this team will continue to investigate practitioner behaviour, specifically
architects, and how sustainability can be integrated with good design practice over the design and
construction stages to best inform PoE and continued development post hand-over, with a view to
future whole-life tool development. The integration of positive, creative, qualitative considerations
and how embodying these principles are intrinsically sustainable, energy efficiency coming as a
natural resolution of considerate design awareness. This is the movement from quantitative and
measurement of matter, to qualitative and a measure of ‘self-awareness’ and our place within the
world and it’s systems.

6. Conclusion
It is not yet understood exactly what is required to make a difference and to assess and measure
sustainability, there are an increasing number of solutions and interpretations, many of which
challenge and contradict each other. One thing remains clear, as we move towards more holistic,
qualitative, whole life methods, of sustainability application and assessment, a change of scale is

required. A ‘one size fits all’, generic, global and multinational approaches are no longer sufficient
to fine-tune the requirements of location, and culture. While SAM’s will continue to enable an
overview, other tools need to be refined to support the process, leading up to and from SAM’s
assessment. Other tools and methods are needed to connect to the wider scale and context of a
project, tap in to local knowledge and understanding, enabling the connection to where we are and
where we come from to be present with the building, engendering consideration of the place that it
has in the world, and our ideal to perpetuate it’s existence, ensure it’s continued durance while
enabling it to ‘give something back’. This approach needs to be responsive to local processes and
education of what is acceptable and how to be sustainable in a local context, through closer
understanding, feedback and collaboration with those involved in the design, development,
construction and use.
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Summary
The   Norwegian   Bank   “SpareBank   1   SMN”   decided   in   2008   to   reestablish   their   headquarters   in  
Trondheim. The key question addressed in the process, was whether to refurbish the existing
building or demolish it and construct a new one. Becoming aware of the environmental issues
related to the decision, a project was set up to assess the consequences for green building. The
analysis concluded that from a climate point of view the most favourable strategy was to replace
the existing construction and build a new one.
The aim of this LCA project was bipartite. Firstly, to document the GHG emissions from the two
alternative solutions, and secondly, to gain experiences from using LCA methodology as a basis
for decision making in a feasibility phase. The last aim is especially interesting since most of the
building environmental assessment tools are used towards the end of the design process to
evaluate the environmental results. A hybrid LCA approach was used as the assessing tool, and in
the paper we discuss the methodological challenges facing analyses addressing the issue of
comprehensive analytical approaches in order to inform decisions in this respect. To make the
model adaptable for choosing materials and solutions in the construction phase, the input data has
to be product or producer specific. Simulations are done in that respect. In addition definition of the
scenarios representing the life cycle planning of the construction is influencing the results vitally
and results from simulations will be presented.
Keywords: LCA, refurbishment, MOMD

1. Introduction
In   2008,   the   Norwegian   Bank   “SpareBank   1   SMN”   decided   to   reestablish their headquarters in
Trondheim, Norway. As a consequence of a more offensive regulation and focus on energy and
reduction of GHG emissions in the building sector, the bank established an environmental strategy
for the construction project where environmental considerations should be an integral part of
decisions made in the process.
The old facilities were regarded as increasingly inadequate, not very functional or usable with
respect to changes in the performance of bank services today and in the future. The existing
headquarter building was from the early 70s. The challenge was to decide whether they should
rehabilitate the existing building or demolish it and construct a new building.
SpareBank 1 SMN has been concerned with their responsibility for   the   building’s   environmental  
load over its entire life cycle. Thus, it was appropriate to use life cycle assessment (LCA) as the
methodological approach [1].
The aim of this LCA project was bipartite. Firstly, to document the GHG emissions from the two
alternative solutions, and secondly, to gain experiences from using LCA methodology as a basis

for decision making in a feasibility phase. The last aim is especially interesting since most of the
building environmental assessment tools are used towards the end of the design process to
evaluate the environmental results [2].

2.

Methodology

2.1

LCA and Buildings

The LCA-methodology has been developed during the last 20 years and is adapted by the ISO
community available as standards ISO-14040-44. In addition, standards for communication of
results from LCAs are developed as Type III declarations or Environmental Product Declarations.
These standards address all products and there are ongoing processes adjusting the methodology
to building products and constructions, ISO 21930 and CEN TC350. A closely related standard to
ISO 14000-series has been developed – ISO 15686 Buildings and constructed assets – Service
life cycle planning. This standard is intended to complement the ISO14000-series by describing
how environmental standards may be implemented in building projects.
Several studies have used life cycle assessments to measure the impacts of energy consumption
in different building stocks in a quantitative way [3]. The use of LCA as the assessing tool has
become commonly used in this respect. One important result from the LCA analyses is that
energy use for operation contributes to 80-90 percent of the total during the lifespan [4]-[8]. But,
when assessing low energy buildings the embodied energy is significant and may be the dominant
factor [9] - [10].
The undertaking of LCA analyses of buildings needs methodological considerations on three
dimensions. The first one relates to the question of which emissions should be included, i.e. the
activity of boundary setting to decide which emissions that belong to the building being scrutinized.
The second dimension is related to the actual data collection and which figures should be used for
emissions from basic technologies such as electricity generation and various infrastructures. The
third dimension is related to definition of the scenarios for operation, repair, maintenance,
replacement and end of life. These dimensions are of course entangled as the first dimension will
decide which data to be collected, the second dimension will decide whether the actual data to
fulfill the system boundaries are at all available and the last dimension is a part of the boundary
setting itself.
2.2

PLCA vs. IOLCA

Calculating life cycle emissions can be approached methodologically from two different
perspectives: bottom-up, based on Process Life Cycle Assessment (PLCA) or top-down, based on
Input-Output Life cycle Assessment (IOLCA) analysis. Generally, input-output LCA has its
advantages when applied for macro or meso levels such as industrial sectors or larger product
groups, while process LCA has advantages when looking at micro systems; a particular process or
individual product. Hybrid approaches link process information collected in physical life-cycle
inventories with monetary flows in economic models.
In the building sector PLCAs have been the most usual approach. This approach is calculating
emissions from the inputs by its masses, which represents challenges for several reasons. Firstly,
the construction sector in Norway does not have a tradition to evaluate their projects on mass
basis, only in economical terms. Thus, one does not have key figures or experienced based
calculations to lean on. Secondly,   in   a  feasibility   phase   one  doesn’t  know   which  materials   will   be  
chosen. And last but not least, there are not environmental data available for all building materials
and components.
The combination of LCA and input-output models has shown value as a complementary tool to
traditional inventory methods in LCA. Especially in US one see the approach of IOLCA and Hybrid
LCA utilized when analysing a construction project to overcome the lack of data and to include
embodied emissions [11] -[12].

2.3

Boundary setting by using a merge of LCA and LCC

ISO 15686-6 gives a comprehensive illustration of the system to be included in an environmental
assessment of a building construction, but it is not very clear how the scenarios for Construction,
Use, Maintenance and End of life given in figure 1 should be described or what kind of data should
be included.

Life cycle stages
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Site

"Service Life Planning" process

Acquired LCA data

Quantity of materials and energy

Predicted LCA data

Scenario, e.g: Transportation,
construciton site, service life,
maintenance plan, end of life

Extraction

Material production

Construction

Use and maintenance

Grave

Data sources

Quantity of materials and energy in
construction phase incl maintenance
and replacements, end of life

End of life
Estimated life time material and energy
demand.

Environmental impact

Comarative assessment of design
options in buiolding context.

Figure 1

The relation between Life Cycle phases, data sources and Service Life Planning.
(ISO 15686-6:2004).

On the other hand the methodology Life Cycle Costing (LCC) for constructions is used for
estimating the total costs over   the   construction’s   anticipated   functional   lifetime.   This  
methodological approach includes to some extent, a description of scenarios missing in Life Cycle
Planning. Instead of calculating the environmental loads from the construction elements, one
takes into consideration the loads over the entire life cycle. It incorporates the initial capital costs,
the demolition costs and the entire annual costs for Managing, Operation, Maintenance and
Development (MOMD) [13].
The methodology used in this case is a merge of the Life Cycle Costing methodology - LCC and
Life Cycle Assessment – LCA where LCC methodology was the basis for define the life cycle
scenarios and system boundaries (figure 2) [7], [14].

Figure 2

Life Cycle Cost theory and Life cycle phases of a building [7].

The comparison is based on calculations of greenhouse gases related to the phases Building
construction (cradle to gate for building materials and components), Operation, Maintenance and
Development during the life span of 60 years of the two alternatives. Demolition - or End of Life –
was not included in the comparison, but is included in the general model.
2.4

Scenarios and case specific methodology

The two alternative cases are defined as follows:
New construction:
 Existing building is demolished completely and new building is constructed
 New building has good adaptability
Refurbished construction:
 Demolishment of all interiors excluding primer building components and building envelop
and rebuilding.
 Medium adaptability.
The total energy demand for the existing building is relatively high, 524 kWh/m2. The goal for the
new or refurbished construction was a net energy demand on 85 kWh/m2. The existing
construction is considered to have low adaptability and area effectiveness. Thus, the energy
consumption after refurbishment would probably be reduced to 300 kWh/m2 only.

The scenarios for MOMD must take into consideration a relatively extensive refurbishment
including upgrading of the existing building. Those assumptions influenced the results significantly.
In table 1 assumptions regarding MOMD is given.

Table 1 Assumtions regarding MOMD
Activity
General assumptions

Demolishing/
constuction

Energy use

Inspection technical
equipments

Cleaning

Maintenance and
development

New
construction
12 740
600
60
Whole
construction

Units
Gross area
Number of work places
Service life
Share demolished/
rebuilt

Net energy demand
1
Purchased electicity
District heating2
Building condition

m

2

years
-

2

kWh/m
2
kWh/m
2
kWh/m
2

Cost
Building condition

NOK/m per yrs

Cost
Building condition

NOK/m per yrs
-

Cost
Cycle

NOK/m per yrs
years

2

2

100
85
Good condition
and good
routines
60
Good condition
and good
routines
70
Good
adaptability
1 500
every 7th

Refurbished
construction
12 069
500
60
All interior excl.
building envelop and
primer
building elements
1
3
100
174
126
Medium condition
and routines
90
Good condition and
good
routines
70
Medium
adaptability
4 500
every 7th

In the feasibility phase no information or calculations regarding amount of materials were available.
Estimates or key figures are normally in monetary terms. Thus, the budget estimates for the project
were used as input data.
In table 2 the distribution of work and material costs are given. Since the consumption of material
is calculated in monetary terms, a hybrid approach to LCA was chosen in this case. Statistics
Norway gives the emission intensity per sector calculated as emissions per NOK gross product in
the different sectors. These numbers were used in addition to product specific emissions in those
cases where the materials were given, e.g. use of concrete.

Table 2 Estimates for materials and work cost for the feasibility project

Subject

Overhead costs
Overhead cost rigging and
operation
Contract administration
Supplementary work, technical disciplines
Construction
Groundwork and foundation
Primary constructions
Secundary external constructions
Secundary internal constructions
Surfaces
Complemental building components
Fixed furniture
HVAC installations
Sanitary installations
Heating
Fire extinguishing
Process cooling
Central air treatment
Air distribution and ducts
Comfort cooling
Electric power
Electric power
Core installations for electric
power, general
Low voltage supply
Lighting
Electric heating
Backup power
Teleprocessing and
automation
Teleprocessing and
automation, general
Base installations for tele
and automatic
Integreted communication
Telefoni og personsøking
Alarm and signal systems
Sound and display systems
Automation
Other installations
Transport of persons and
goods
Waste and vacuum cleaning

Working
cost
[%]

Material
cost
[%]

Material costs distributed as percentage of total
material cost
[%]
Heavy
Electrical
Paint
materials
and meand
Wood
(concrete, Metals
chanical chemical
masonry
products products
etc.)

100
100
100
28,5
25,5

71,5
74,5

37

63

45

55

15

47,5

52,5

15

37

63

36

64

60
60
80
65
20
70
40

40
40
20
35
80
30
60

80

20

50

50

25

25

30
30
60
30

70
70
40
70

35

35
70
40
20

70

30

60

40

70
60
60
30
50

30
40
40
70
50

52

48

55

45

15

64
52

7,5
7,5

48

15

40
37,5
40

4

15

8

12

48

10
30
20
20
70
30
45

30
10
15
10
15
20

50

5
10

10

5

25

30
25
35
35
55
45

10

33

10

35

5
5
5
5
5

Calculation of the environmental profile for the whole building was based upon data from NAMEA

statistics (National Account Matrix including Environmental Accounts), general LCA software and
the Norwegian LCC-standard. Table 3 shows the emission factors used.
Table 3

GHG emissions for different materials and working activities.

Sectors

Tonne GHG emissions/MNOK

Construction and building work activities [15]
Consultancy work [15]

13,7
1,1

Wood materials [15]

24,5

Heavy materials [16]

175,0

Metals [17]

55,6

Electrical and mechanical products [15]
Paint and chemical products [18]

3,6
42,9

3. Results
From a climate point of view the most favourable strategy is to replace the existing construction
and build a new construction. The results are illustrated in Figure 3.
Total GHG-emissions during the life span of the constructions

60 000

Tonne CO2-eqv / building construction

Maintenance/Development
50 000

Operation
Construction/Refurbishment
Demolishing/preparation for construction

40 000

30 000

20 000

10 000

New construction

Refurbished construction

Figure 3 Total emissions of greenhouse gases given in CO2-equivalents for new and refurbished
constructions during 60 years.
Figure 3 shows the emissions related to producing and constructing the new building are more
than twice the size of the refurbished construction. On the other hand the emissions related to
operation, maintenance and development of the refurbished construction are three times the size
of emissions related to the new construction. This is mainly explained by the low adaptability and
flexibility of the refurbished construction.
This conclusion is further strengthened when comparing emissions per employee since the new
construction is more area effective and makes it possible to increase the number of work places
from 500 to 600. This gives a total emission per employee of app 100 vs. 50 tonne CO2

construction

equivalents. The demolishing pay pack time is approximately 14 years as given in figure 4.
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Figure 4 Accumulated emissions of greenhouse gases per working place during 60 years given in
CO2-equivalents for the new and refurbished constructions.
The average rental period for office buildings in Norway is 7 years. Every seventh year the
building is undertaken an extensive rebuilding due to new renters needs and requirements
(Rønning et al 2008). How extensive the rebuilding processes will be, is depending on the
construction's degree of adaptability. Figure 5 shows consequences of the chosen scenarios. In
year zero the emissions from the construction process including upstream emissions are given.
Due to different adaptability for the constructions, the new construction has lower emissions as
given in the figure.
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Figure 5
GHG emissions given as tonne CO2-equivalents distributed per year of operation
during 60 years life span for new and refurbished building construction

4. Discussion and conclusions
The methodology in this study has been used to evaluate the environmental consequences of the
decisions made in a feasibility phase of the project. In that respect the data used – a sort of hybrid
LCA combined with the scenario strategies in LCC methodology – were suitable to distinguish
between the two alternatives. The results from the simulation of the two alternatives were
considered to be suitable to advice the decision made by SpareBank 1 SMN. In addition, the
results confirm the findings in previous studies that one can accept a heavier environmental load in
the construction phase if the way the combination of building materials and solutions are affecting
each other increase the adaptability of the construction and therefore reduce the emissions during
the life time of the building.
The results are sensitive to the estimates done, especially the merge of data for investment
planning and material flow data, and the scenarios for maintenance and development. On the
other hand the estimates are in the same order of magnitude for the two different cases.
When it comes to making environmental considerations the focus has up to now been
predominantly on the LCA stages above the dotted line in figure 1. In other words – the individual
materials or building elements have been environmentally assessed – but the combination of them
and the effect the material choice have on e.g. operation, maintenance and development are rarely
assessed. Currently most of the building environmental assessment tools developed for including
the whole construction during its lifetime, are used towards the end of the design process to
evaluate the environmental results [2]
In the building sector PLCAs have been the dominated approach. That is probably one of the
reasons why the majority of the LCAs document or evaluate environmental results and not used
LCA as a decision tool in the design or feasibility phase since PLCA requires input data on mass
basis. Official Input-Output Tables (IOTs) cover the entire economy using detailed government
statistics that are often inaccessible to the general public. Therefore the annual NAMEA figures
were used in this study. The weakness of these figures is the lack of complete embodied energy
data from the entire value chains related to a given sector. Still it gives a satisfactory basis for an
analysis of the feasibility phase of a construction project.
SpareBank1 experienced that the results contributed to increased knowledge of the different
choices in a feasibility phase may have on the life cycle activities in a buildings life span. Thus,
when it comes to actual choices of material and technical solutions the service lives of different
building products and components, and their effect on a building and its service life need to be
analyzed more thoroughly. Hence it is not clear which materials or combinations of materials can
achieve the best performance, in terms of lifecycle energy use and CO2 emissions and the overall
composition of the building [6], [7]. By composition is meant choosing and designing everything
from situation, the structure, the shape, the predominant materials and the material details.
Evidently, there are challenges regarding calculating and demonstrating the differences between
alternative building solutions for the operation phase. In order to create a facilitating and useful
design tool for architects and developers that will constitute a valuable addition to existing tools,
those challenges have to be addressed.
Many building owners around the world are confronted with aging building stock that can either be
retrofitted or replaced. Little literature is available on the complete replacement of building stock
compared with refurbishment or retrofit. Care should be taken to generalize recommendations that
are broader than this specific case study.
The results from this study were one of the main inputs to the decision process in the preconstruction phase. In 2010 SpareBank 1 SMN concluded to replace the existing building.
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Summary
In  keeping  with  Canada’s  climate  change  mitigation  goals,  the  2012  Ontario  Building  Code  (OBC)
will demand higher levels of insulation than in current practice. Rapid changes to higher RSI levels
will force light frame home builders to employ building envelope designs that are hitherto untried,
and therefore present risks in terms of durability and efficiency. To address the disparate issues in
choosing design options with respect to OBC 2012 requirements and beyond, seven wall assembly
configurations were analyzed in terms of heat transfer, moisture safety, environmental impact and
costs, for new residential housing in Ontario. ASHRAE Standard 160P was used to determine the
moisture safety of the wall assemblies. Furthermore, a new technique for interpreting hygrothermal
performance was developed where the number of consecutive daily average relative humidity
levels that exceeded 80% were quantified and analyzed. An overall normalized score was awarded
to each wall to assist stakeholder decision-making processes.
Keywords: heat transfer, hygrothermal, global warming potential, simulation, ranking, cost,
insulation

1.

Introduction

Driven by regulatory practices shifting toward reductions in energy use, important building code
changes facing the residential construction market are prompting the use of untried wall
assemblies, assuming risks that can negatively affect the performance of the buildings.
The 2012 Ontario Building Code will require higher levels of insulation than the previous release,
ranging from RSI 3.87 (R22) to RSI 4.75 (R27) for external walls. Although nominal insulation
levels are defined in the OBC, the building code has not been explicit about the deleterious effects
of thermal bridging within the wall assemblies. The significance of thermal bridging cannot be
overstated, as the thermal resistance of a wall can be reduced by as much as 50% from the
nominal insulation levels.
Although conserving energy is essential, unfortunate consequences from improper use of
insulating materials and their locations within wall assemblies can have disastrous results due to
moisture damage. The advent of insulated sheathings present new challenges in designing
resilient wall assemblies that are able to dry out in the event of bulk water leaks or condensation
[1].

Building materials also account for a large environmental impact through resource extraction,
manufacturing, transportation, construction, maintenance and eventual demolition. Design
decisions have a multitude of upstream environmental consequences, affecting health concerns
and climate change contributions. Selecting materials with lowest environmental impact is a
necessary consideration for the ongoing pursuit of a sustainable built environment. The time
required to achieve a global warming potential payback for some insulation types in high
performance houses can approach 100 years [2]!
Despite the pressing issues of environmental impact, moisture safety and thermal efficiency, a
governing influence on wall design is cost. Builders invest heavily into the construction of the
houses they build and are acutely aware of consumer demand in a highly competitive market. The
cost related analysis was performed by David Twiddy from George Brown College. Quantity
surveying analyses were conducted through RS Means database calculations.
The balance of multi-criteria priorities in residential building wall assembly design requires a
holistic view of the competing interests of thermal efficiency, moisture safety, environmental impact
and cost on the ultimate goal of creating a wall assembly that will perform exceedingly well, have
minimal impact on the planet and is affordable.

2.

Objectives

The purpose of this research is to support the new home construction industry in Ontario, Canada,
by identifying the various consequences for residential envelope configurations that will meet the
requirements   for   the   province’s   upcoming   building   code   release   in   2012.      The   methodologies  
developed for the assessments in this study can be used to confirm validity of design decisions
and to assess the wall assemblies that are currently in production. Results from this research will
inform architects, builders, building code officials and consumers of the consequences of using
given envelope typologies.

3.

Procedures for Analysis

After consultation with industry, seven walls were chosen for analysis to demonstrate compliance
with the 2012 Ontario Building Code. The principal construction components for each wall
assembly are outlined in Table 3-1.

Table 3-1 Description of Wall Assembly Configurations
Principal Construction Components
Identifier

Vapour
Retarder

Dimensional
Framing

Cavity
Insulation

Outboard
Insulation

Weather
Barrier

Air
Space

Cladding

Case A

Polyethylene

Wood
38mm x
140mm

Low Density
Glass Fibre

12mm OSB

Housewrap

25mm

89mm
Brick

Case B

Polyethylene

Wood
38mm x
140mm

High Density
Glass Fibre

Fibreboard

Taped
Fibreboard

25mm

89mm
Brick

Case C

Polyethylene

Wood
38mm x
140mm

Mineral Wool
Insulation

Building
Paper

25mm

89mm
Brick

Case D

Polyethylene

Wood
38mm x
140mm

High Density
Glass Fibre

N/A

25mm

EIFS

Case E

Polyethylene

Wood
38mm x
140mm

High Density
Glass Fibre

19mm Polyiso

Silver Foil
Taped

25mm

89mm
Brick

Case F

Polyethylene

Steel 38mm
x 140mm

Sprayed
Polyurethane
Foam

51mm
EXTRUDED
POLYSTYRENE

Housewrap

25mm

89mm
Brick

Case G

None

152mm
Cast
Concrete

N/A

2x67mm
EXPANDED
POLYSTYRENE

N/A

25mm

89mm
Brick

Composite
Fibreboard
EXPANDED
POLYSTYRENE
51mm
EXPANDED
POLYSTYRENE

Walls B through G are in current production by forward-looking new-home builders in the Greater
Toronto Region. The reference wall, Case A was chosen as a basis for comparison for whole-wall
RSI, moisture safety, global warming potential and cost. Furthermore, the reference wall is known
to be safe in terms of hygrothermal performance under Toronto climatic conditions.
ASHRAE Standard 160P Design Criteria for Moisture Control in Building Envelopes outlines
design and analysis criteria for minimizing the risk of mould growth. The Standard specifies three
conditions where levels of relative humidity based on running average calculations, must not be
exceeded. The analysis excludes all relative humidity levels between the range of 5°C and 40°C.
A technique was developed to support the ASHRAE 160P analysis framework by using the same
raw data from the modeling exports, to determine the consecutive days at which daily average
relative humidity levels exceeded 80%. Valuable information concerning the durations that wall
assemblies experience elevated levels of relative humidity was obtained.
Finally, an overall normalized score process was used to determine the degrees to which the walls
performed in all categories of analysis.
3.1

Whole-Wall Thermal Resistance

Lawrence   Berkeley   National   Laboratories’   2 dimensional heat transfer program [3] was used to
calculate the effective thermal resistance of light-weight, wood framed wall assemblies. Effective
thermal resistances were calculated to determine the heat transfer contribution of thermal bridges
caused by framing members. A 25% framing factor was used to represent the average amount of
wood framing for typical wall assemblies in North America.

Thermal characteristics were obtained from manufacturer specifications while special attention was
placed on ensuring that foam insulation specification were presented in terms of Lower Long-Term
Thermal Resistance (LTTR), based on ASTM C 1303 -95, incorporating the loss of thermal
performance throughout its expected life cycle.
The whole-wall thermal resistance of the envelope assemblies were approximated for each case
by aggregating the results of four THERM simulations: (1) 1.6m of wall length with timber spaced
appropriately to reflect a 25% wood content; (2) 200mm section with double top plate; (3) 500mm
section at the rim joist and (4) insulated floor joists end sections. The thermal conductivities of the
insulated ends of the floor joists were calculated and entered as new materials in the THERM
library. This fictional material was included in the rim joist simulation, thereby creating a quasi
three-dimensional model. The whole-wall thermal resistance was calculated according to equation
1-1.
(3-1)

3.2

Global Warming Potential

The global warming potential of each wall assembly was assessed on a per square metre basis
through the use of Athena   Institute’s   Environmental   Impact   Estimator [5]. The Impact Estimator
approximates the embodied environmental effects caused by construction and operation of a
building in terms of life cycle assessment methodology.
3.3

Hygrothermal Analysis

Developed in cooperation between Oak Ridges National Laboratory and Fraunhofer Institute for
Building Physics, WUFIORNL/IBP is a moisture engineering assessment model that incorporates
vapour and diffusion transport, together with realistic boundary conditions involving wind driven
rain [6]. ASHRAE  Standard  160P’s  conditions necessary to minimize mold growth [7], was chosen
as the framework to determine the moisture safety of the wall systems. ASHRAE Standard 160P
describes three conditions listed below, provided that the temperature of the surface in question is
above 5°C and below 40°C:
1. 30 day running average surface relative humidity to be less than 80%
2. 7 day running average surface relative humidity to be less than 98%
3. 24 hour running average surface relative humidity to be less than 100%
Using   Toronto’s   climatic   data   the   outboard surface of the sheathing was determined to be the
location most likely to accumulate dangerous levels of moisture. In the case of insulated concrete
form structure, the inboard surface of the concrete was the location selected for analysis.
26280 hourly data points for each three-year simulation were used to perform calculations to
determine the pass/fail results within the ASHRAE 160P mold risk framework. Daily averages
were derived and subsequent identification of consecutive periods where relative humidity and
temperature conditions exceeded the ASHRAE guidelines. Occurrences of relative humidity,
within the 5°C to 40°C limits were isolated and analyzed for consecutive occurrences. Logical
arguments were created to account for consecutive daily average occurrences over 80% relative
humidity. Subsequent operations were programmed to show whether the data proved to satisfy
the three conditions or not.

The simulation boundary conditions assumed the presence of mechanically controlled humidity
levels internally that fluctuated 10% about a 45% relative humidity baseline. All envelope
components were assumed to have initial moisture content of 80% as per ASHRAE Standard
160P recommendations.
3.4

Cost Assessment

This portion of the research was performed by David Twiddy from George Brown College in
Toronto, Ontario. The most current construction cost information was used from RS-Means
publications in conjunction with consultation with product manufacturers were the principal means
of cost data identification.
3.5

Overall Normalized Scoring Methodology

The overall normalized score was determined by a weighted multiplication of the
normalized scores for heat transfer, costs, global warming potential and moisture safety.
All categories with the exception of whole-wall RSI resulted in higher numbers that
indicated negative effects such as the highest global warming potential was 112.6 kg CO2
eq./m2 for Case G. To accommodate this polarity in values, a whole wall U-value was
generated so that all category values rose as a negative impact. An interim-overall score
was calculated and then the reciprocal taken to produce the overall normalized score for
each wall assembly showing higher numbers as positive attributes.

4.

Observations and Discussion

4.1

Thermal Performance

Table 4-1 Therm Simulation Results
Results from THERM Analysis

Case #

Descriptor

THERM Analysis
Rim
Wall
joist
section
section
RSI
RSI

Case A

W/SF/LDF/OSB/Br

2.48

2.61

2.2

2.48

3.71

-33%

Case B

W/SF/HDF/13mmFB/Br

2.81

2.84

2.49

2.78

4.22

-34%

Case C

W/SF/MW/29mmComp/Br

3.34

3.33

2.75

3.27

4.66

-30%

Case D

W/SF/HDF/OSB/51mmEIFS

4.08

4.06

3.77

4.04

5.45

-26%

Case E

W/SF/LDF/19mmPIso/Br
St/AF/92mmSPF/EXTRUDED
POLYSTYRENE/Br
ICF/133mmEXPANDED
POLYSTYRENE/Br

3.18

3.35

3.02

3.2

4.75

-33%

3.16

2.79

3.31

3.09

4.23

-27%

4.36

2.72

3.78

4.3

4.7

-9%

Case F
Case G

Top
plate
RSI

Wholewall
RSI

Nominal
RSI

Deviation
from
nominal
RSI

Therm simulations showed significant variances from nominal thermal resistances as seen in
Table 4-1. The deviations of the whole-wall RSI values from nominal RSI values ranged from 9%
to 35%.
For wood stud framing designs such as cases A through E, the double top plate section
represented the greatest losses in terms of thermal bridging, followed by wall sections and finally
rim joist sections. Steel framed and ICF wall constructions yielded different results due to the
individual construction idiosyncrasies with rim joist section showing the greatest losses in RSI.

The wood framed wall with lowest overall RSI deviation from nominal values was determined to be
Case D, due to its used of 51mm of expanded polystyrene insulation outboard of the framing, as
well as the use of high density glass fibre insulation.
Case F was determined to have a
relatively low deviation from nominal
RSI with 27%.
Although steel
framing is highly conductive to heat
transfer, The 51mm of extruded
polystyrene insulation performed
well in terms of blunting the thermal
bridges.

RSI (M2K/W)

6
5
4
3
2
1

Case G performed exceedingly well
in terms of thermal bridging losses
Case A Case b Case F Case C Case G Case E Case D
as can be seen in Figure 4-1, with a
nominal RSI of 4.7 m2·K/W and a
Whole-Wall RSI
Nominal Insulation Value
reduction of whole wall by only 9%
to RSI of 4.3 m 2·K/W. However, the
Figure 4-1
rim-joist section experienced much
more losses compared to the wall
section, due to its steel rim joist inserts that penetrate half way into the concrete, bypassing the
inward layer of expanded polystyrene. At this junction, ICF rim joist section has a relative
reduction of 37% to RSI 2.84 m 2·K/W as compared to its wall section.
0

Global Warming Potential

The impact of material selection
for wall assemblies can have
important implications to climate
change.
The assessment of
global warming potential for the
construction materials involves
the manufacturing, construction,
maintenance and end-of-life
considerations.
The global
warming potential for each wall is
shown in figure 4-2.

Global Warming Potential (kg
CO2/m2)
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Figure 4-2 Global Warming Potential
The
results
from
the
0
environmental
impact
assessment analyses yielded a
broad range of impacts, ranging
from 19.65 to 112.6 kg CO2
Figure 4-2
eq./m2. The wall with the lowest
environmental
impact
was
determined to be Case D, with 19.67 kg CO2/m2. This low global warming potential value is due to
its EIFS cladding. By using non-brick cladding, which avoids a source of high global warming
potential, Case D performs better from an environmental impact perspective.
The wall design that resulted in the highest global warming potential was Case 7 with 112.6 kg
CO2/m2. Concrete manufacturing is an extremely energy intensive process that is responsible for
considerable environmental impacts. This wall design also uses a combined thickness of 133mm
of expanded polystyrene which also contributes to its poor global warming potential performance.

The high global warming potential incurred by Case F is primarily due to the use of steel framing,
who’s  resource  extraction  and  manufacturing  processes  is  extremely  energy  intensive.    Adding  to  
the global warming potential, is the use of expanded polystyrene insulations,  who’s  blowing agent
Hydrofluorocarbon generates 1430 times the global warming potential of CO2. The large amount
of expanded polystyrene used in this wall assembly, combined with the steel used for framing
combine to yield such a high global warming potential of 86.5 kg CO2 eq./m2.
4.3

Hygrothermal Analysis
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Figure 4-3 Hygrothermal Simulation Results
The calculated 30-day running averages as required for the ASHRAE Standard 160P criteria for
the minimization of the risk of mould, showed excesses of 80% relative humidities at the inboard
face of the sheathings for cases A, B, D and E, and as such, were deemed to be unsafe.
The questionable results from the ASHRAE Standard 160P results suggest that the standard is a
simplistic and overly conservative framework, as wall assemblies such as Case A, have been
proven to be successful in terms of moisture safety, after years of problem-free existence in
Canada. Little is published about the validity of the assumptions that were used in the development
of the standard. In the absence of proven methodology for the prevention of the onset of mould
growth, the validity of the methodology proposed by ASHRAE Standard 160P is uncertain.
Calculating the number of daily average relative humidities over 80%, more information was
obtained than offered from the ASHRAE 160P pass/fail assessment. The wall assembly that
performed the poorest in the hygrothermal assessment, was Case E as shown in Figure 4-3, which
contains foil faced polyisocyanurate insulated sheathings, and failed the ASHRAE Standard 160P
analysis. It exhibited 61 consecutive days at daily average relative humidity levels above 80% in

outward vapour drive conditions, which is cause for concern. Although it is difficult to ascertain
with absolute confidence if a wall assembly will experience the onset of mould growth, 61
consecutive days over 80% suggests the inability for the wall assembly to allow vapour to exit the
wall cavity.
All walls with the higher permeance sheathings such as Cases A, B and C, are able to safely
manage moisture conditions within the wall assemblies with 1, 1 and 2 days over 80%
respectively. Although fibreboard and composite fibreboard/expanded polystyrene sheathings do
not offer very high levels of insulation, they allow for sufficient vapour transfer to occur, to avoid the
lower temperatures at the inboard surface of the sheathings creating relative humidity levels that
exceed 80% for extended periods.
The unexpected performance of Case F, with exceptionally low humidities at the inboard surface of
the sheathing, in comparison to the other wall assemblies, was due to the high ratio of insulated
sheathing to cavity insulation. This high insulation ratio kept the inboard surface of the sheathing
at elevated temperature during the winter season, resulting in lower relative humidity levels. Case
D performed adequately well, with the majority of the winter season below 80% relative humidity,
but performed worse than Case F, due to a lower ration of insulated sheathing to cavity insulation.
Although Case G used an Insulated Concrete Form structure, its relative humidity levels, largely
below 80% relative humidity is owing to the significant amount of insulation outboard of the cast-inplace concrete structure, which kept the temperatures elevated throughout the heating season.
4.4

Cost Assessment
$400.00

$/square metre

The RS Means analysis,
$350.00
performed by David Twiddy
$300.00
from George Brown College,
$250.00
yielded a range of costs
$200.00
from $153.12 to $343.22 for
cases D and G respectively,
$150.00
as seen in Figure 4-4. Due
$100.00
to the range of wall
$50.00
assembly
configurations,
$0.00
general interpretations are
Case A Case B Case C Case D Case E Case F Case G
difficult to make. It can be
seen, however, that the
EIFS systems such as Case
Figure 4-4
D, are the most cost
effective way to enclose buildings.
Sprayed polyurethane foam insulation is clearly a large contributor to cost indicated by the marked
increase in costs for Case F. At $120.35 per square metre, SPF represents an increase in
insulation costs of sixteen time the cost of low density fibreglass insulation, with a cost of $7.49 per
square metre.
Combined costs of brick cladding, SPF insulation and steel framing, as in case F, is responsible for
the increased value over Case A through E. Steel framing, at a cost of $126.48 per square metre
is almost three times the cost of 38mm x 140mm wood stud framing, at $43.24 per square metre.
4.5

Overall Normalized Score

The weighting of each category, was determined through averaging the responses of the eight
builders who responded to the category weighting questionnaire. The weighting of the categories

Bars with Increasing Numbers
Indicate Negative Results

As seen in Figure 4-5, there is
an
inversely
proportional
relationship between each
category’s score, and the
overall normalized score.
This is due to the higher
values
for
cost,
global
warming
potential
and
consecutive days above 80%
relative humidity are negative
attributes. The reciprocal of
the overall normalized score
was taken to indicate a higher
ultimate number to reflect
lower values of negative
attributes.
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of heat transfer, moisture
safety, environmental impact
and cost were calculated to be
4.4, 4.75, 3 and 3.63
respectively, out of 5.

Figure 4-5

It can be seen that Case D is the most desirable wall assembly overall. This is due to it having the
lowest in cost at $153.12, a global warming potential at 19.65 kg CO2 eq./m 2, as well as having a
moderately low whole wall U-value of 0.25 W/m2K (RSI 4.04 m 2 K/W) and a marginal number of
days over 80% relative humidity, at 9 days.
Although Case F only experienced 3 consecutive days over 80%, other category results were high
with a cost of $302.33, a high U-value of 0.36 W/m2K (RSI 2.79 m 2·K/W) and global warming
potential of 47.33 kg CO2 eq./m2.
It can be seen that when several category results are poor in performance for the same wall, the
overall normalized score reflects that reality. Conversely, when wall assemblies are effective at
minimizing resources, managing humidity levels sufficiently below 80%, and have higher wholewall RSI values, the score improves accordingly.

5.

Conclusion

A series of analyses were performed on seven residential wall assembly typologies that are
currently in production in Ontario, Canada, and are expected to satisfy the requirements for the
upcoming 2012 Ontario Building Code. Analyses were conducted for whole-wall heat transfer,
moisture safety, environmental impact and costs for seven wall assemblies. Category weighting
was determined by industry consultation, and an overall normalized scoring technique was used to
determine the best performing walls.
The primary focus of the set of analyses was placed on moisture safety, as this category is the
only criterion that could directly affect the health of the occupants, and the durability of the building
envelope. Transient hygrothermal modeling was used to determine the heat and moisture related
behaviours of the wall assemblies. Three-year simulations using Toronto`s climatic conditions
provided the hourly time-step data that was used for the analyses.
To determine the safe relative humidity and exposure durations of the walls, ASHRAE Standard
160P Design Criteria for Moisture Control in Building Envelopes was used as the framework for
analysis. A new technique is proposed to support the 160P pass/fail framework, by determining

the consecutive days that the relative humidity was above 80%. This technique was found to be
useful in interpreting hygrothermal simulation data.
Therm simulations showed significant variances from nominal thermal resistances. The deviations
of the whole-wall RSI values from nominal RSI values ranged from 9% to 34%. For wood stud
framing designs such as cases A through E, the double top plate section represented the greatest
losses in terms of thermal bridging, while steel framed and ICF wall constructions yielded different
results due to the individual construction idiosyncrasies with rim joist section showing the greatest
losses in RSI. With 51mm of expanded polystyrene insulation outboard of the steel framing, Case
F experienced relatively low deviations from nominal insulation levels with a reduction of only 27%.
Insulated concrete form construction such as Case G, experienced a remarkably low deviation
from nominal RSI, with only a 9% reduction.
The results from the environmental impact assessment analyses yielded a broad range of impacts,
ranging from 19.65 to 112.6 kg CO2/m 2 which represents significant opportunities for engaging
designers to consider lower impact building materials. EIFS wall systems were determined to
perform with the lowest global warming potential due to the absence of brick cladding. ICF
construction was seen to have the largest impact, due to the large quantities of concrete.
Foil face polyisocyanurate was observed to trap moisture within the wall cavity with 61 consecutive
days of relative humidity above 80% relative humidty, creating conditions that are favourable to
mould growth. Conversely, walls that use high ratios of insulated sheathing to cavity insulation
experienced higher temperatures at the inboard surface of the sheathing, lowering the relative
humidity within the wall cavity, exhibiting exemplary performance under 60% relative humidity
during the heating season. Higher permeance sheathings were shown to experience relative
humidity levels below 80% due to their ability to allow outward transport of vapour with wall
cavities.
The cost analysis yielded a range of costs from $153.12 to $343.22 for cases D and G
respectively, with the EIFS system, determined to be the most cost effective way to enclose
buildings. Sprayed polyurethane foam insulation is clearly a large contributor to cost, indicated by
the marked increase in costs for Case F. Combined costs of brick cladding, SPF insulation and
steel framing, as in case F, resulted in cost values nearly as high as for ICF construction.
In terms of the overall normalized scoring, Case D is the most desirable wall assembly, due to its
low normalized scores in all four areas of analysis. Although Case F only experience 3
consecutive days over 80% relative humidity, other category results were high, with a cost of
$302.33, a high U-value of 0.36 W/m2K (RSI 2.79 m 2·K/W) and global warming potential of 47.33
kg CO2 eq./m2, resulting in the lowest overall normalized score.
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Summary
FutureBuilt is a ten-year program with a vision of showing that it is possible to develop carbon
neutral urban areas whilst maintaining high quality architecture. The goal is to complete about 30
pilot projects – urban areas as well as individual buildings – with the lowest possible GHGemissions. These pilot projects will contribute to a healthy city environment, whilst the process
itself will contribute to competence building and innovation. The process and the results of the pilot
projects will be conveyed both to Norwegian and international markets throughout the duration of
the program. The communication will be continuous, and the documentation, sharing of
experiences and on-site exhibitions related to the different projects will take place as they are
being completed. The program lasts from 2010 till 2020, and projects will be completed throughout
the entire period.
Keywords: FutureBuilt, climate effective, architecture, sustainability, Green House Gas accounting
tool

3. Introduction
The National Association of Norwegian Architects had the project management for the Stavanger
2008 project Norwegian Wood – environmentally friendly wooden architecture – which was part of
Stavanger European Capital of Culture 2008. The aim of Norwegian Wood was to facilitate pilot
projects in high quality wooden architecture with low energy use, sustainable use of materials and
universal design. The lesson learned from Norwegian Wood was that working with pilot projects is
an inspiring way of developing the competence and the ability of developers, entrepreneurs,
municipalities etc. to create sustainable architecture.
FutureBuilt was originally an initiative of The National Association of Norwegian Architects together
with the Norwegian State Housing Bank. The cities of Oslo and Drammen were invited to join the
process, because dedicated local authorities is necessary in order to achieve good results.
FutureBuilt has now expanded into a collaboration consisting of nine partners; The municipal
authorities of Oslo and Drammen, the Norwegian State Housing Bank, Enova (a state company
formed to promote environmentally friendly restructuring of energy consumption and generation in
Norway), Transnova (a state program established to reduce GHG-emissions from transport),
Green Building Alliance, the Ministry of the Environment, National Office of Building Technology
and Administration and the National Association of Norwegian Architects. FutureBuilt has also
become part of the governmental program Cities of the Future.

4. Vision and objectives
FutureBuilt´s vision is to demonstrate that it is possible to develop carbon neutral urban areas
whilst maintaining high quality architecture.
Objectives:
 FutureBuilt will complete a number of pilot projects – both areas and buildings – with the lowest
possible GHG-emissions and with a positive contribution to the urban environment.
 FutureBuilt will be an arena for innovation, developing of competence, exchange of
experiences making it a learning forum for everyone involved (developers, architects, advisors,
entrepreneurs, municipalities and users).
 FutureBuilt will be a showcase nationally as well as internationally, providing the opportunity for
broad profiling of all parties involved.

5. Quality criteria
FutureBuilt´s quality criteria reflect the level of ambition of the pilot projects. The criteria are
dynamic, and will be further developed throughout the program period.
5.1

The main criterion

The short term aim is to complete projects with a 50 % reduction in greenhouse gas emissions
from transport, energy usage and material use, compared to current practice.
This means:
 Central location in relation to important public transport hubs as well as measures to ensure
considerable decrease in car use
 Passive House standard or higher
 Use of climate effective building materials
FutureBuilt wishes to raise the level of ambition throughout the program period, with climate
neutrality being the long term objective.
5.2

Other criteria

FutureBuilt’s  showcases  will  contribute  to  a  healthy  urban  environment  and  be  of  high  architectural  
and environmental quality. The projects will have an element of uniqueness, with a distinct profile
and innovative solutions.
5.3

Process and working methods

In order to meet the abovementioned criteria it is necessary to:
 Develop quality programs with specific environmental– and quality objectives for each project.
 Arrange architectural competitions for choosing project teams
 Develop Green House Gas accounting as an integrated part of the planning-, project- and
building process
 Focus on interdisciplinarity and integrated design from an early stage of the process
 Gather environmental documentation for the most important building products (EPD)
 Carry out good participatory processes where the pilot projects affect existing urban and
residential areas
FutureBuilt applies the Green House Gas accounting tool (www.klimagassregnskap.no). This tool
is developed by the Directorate of Public Construction and Property (Statsbygg) and Civitas
Consultants in Norway. The tool must be applied to each project in order to estimate the GHGemissions, as part of the continuous project process and during the evaluation and reporting to

FutureBuilt. This takes place in four stages: a) a reference building, b) the project as designed, b)
the project as built and d) the project in use.

6. Pilot projects - buildings
FutureBuilt has sought out developers, both public and private, who are thought to have an interest
in actualising pilot projects. Importance has been placed on finding strategically interesting
projects.This could mean a large developer, agood location or that it is a type of project which is
important to include in the project portfolio. The response has been great and as of March 2011
there are 13 building projects in the portfolio. A selection of the projects is presented below.
6.1

MarienlystSchool, Drammen

Marienlyst School   in   Drammen   is   Norway’s   first   school   of  
Passive House standard. The school is centrally located in
Drammen, adjacent to the Marienlyst sport facilities, which
consists of a number of large sports fields, a sports hall and
Drammensbadet public swimming pool. The choice of
implementing Passive House standard was made after the
building had commenced. Consequently, the ambition with
regard to energy levels was considerably increased. The
building has minimal energy use due to good isolation, high
quality windows and efficient monitoring- and heat recovery
systems. The architect has emphasized area efficiency; the school is a compact building with its
functions concentrated in a singular structure of 50m x 40m across three floors with a capacity of
about 500 pupils. Architect: Div. a architects as. Developer: Drammen Eienom KF. Completed
August 2010.
6.2

Fjellkindergarten, Drammen
The design of the new kindergarten at Fjell in Drammen was
motivated by the desire to develop a sustainable and robust
kindergarten. The building is made of massive wood, it has
Passive House standard and is equipped with heat pumps
and energy wells that collect thermal heat. Massive wood
elements are used to create a robust and accurate sandwich
building system with a large degree of prefabrication. The
kindergarten has the capacity of 80 children, distributed on
four departments. Architect: Code as. Developer: Drammen
Eiendom KF. Completed September 2010.

6.3

The Bellona house

The Bellona house is the new headquarters for the
environmental NGO the Bellona Foundation. The building is
located on the Vulkan plot by the Akerselva River in Oslo,
and consists of office spaces, commercial areas
andrestaurants. Bellona initiated the cooperation with the
developer AspelinRamm in 2008, and the vision was to
create a building with the highest energy efficiency possible
within the financial limits. The building is categorized as
energy class A.It is characterized by its integrated southfaced solar panels linked to a heat systemin the area with the purpose of making use of hot water
in nearby hotels. The level of ambition has risen since the start of the project, and now includes

the building’s  overall  effect  on  the  climate,  focusing on material choice and reduction of transport.
Architect: LPO. Developer: AspelinRamm as. Completed December 2010.
6.4

The Norwegian Meteorological Institute

The Norwegian Meteorological Institute is the first building for
professional use in Oslo built withPassive House standard.
The developer has managed to combine this with interesting
design and clever detailing.  The  building’s  basement  consists  
of a large computer hall, where they  have  focused  on  “green  
information   technology”.   The excess heating from the
computer hall is used to heat the rest of the building. There
has been thorough work done with regard to assessing the
climate effect of building materials. An intensive search for CO2-equivalents has been undertaken
by using a climate emission calculator and climate estimations.The project is a pilot project on the
use of low carbon concrete, and they have achieved interesting use of materials both externally
and in the interior with the starting point of wanting to reduce negative climate impact (incl.
substitution of gypsum plaster and optimising an aluminiumfacade). A significant number of the
areas’parking   spaces   have   been   removed,   contributing   to   reducing   car use and hence climate
emissions from transport. Architect: Pir II. Developer: The Norwegian Meteorological Institute.
Completion: June 2011.
6.5

Papirbredden 2

Papirbredden is the central meeting place for Drammen as a
knowledge region. Papirbredden building phase 2 is planned
to be approximately 23 000 square metres (consisting of
offices and teaching facilities), distributed on two separate
buildings. Papirbredden is projected in accordance with
FutureBuilt’s  quality  criteria  with  Passive Housestandard and
energy class A, limited parking lots and good facilitation for
cyclists. With regard to climate effective material use, the
building‘s   foundation   (clay)   has   presented   significant  
challenges to the process. Clay requires stabilisation, which is traditionally done by limestone
resulting in a high level of climate emissions. Alternative methods were in this case applied,
ensuring 50 % reduction in climate gas emissions. Architect: LPO. Developer: Papirbredden
Eiendom as. Completion: 2012.
6.6

Other pilot projects

In addition to the abovementioned projects, agreements have been made for 8 new pilot projects.
There is to date only new buildings in the project portfolio, mostlybuildings for professional use. It is
desirable to enter agreements for rehabilitation projects, and FutureBuilt is in contact with several
relevant projects. Residential buildings are also of great interest. It is inspiring that prestigious
cultural buildings such as the new Deichmanman library and the new Munch Museum will become
FutureBuilt's showcase projects. Other projects in the portfolio are:
 Tollbugata housing project, Drammen, status: design phase
 Østensjøveien 27 office building, Oslo, status: design phase
 Gran school, Oslo, status: design phase
 Veitvet school, Oslo, status: design phase
 Bjørnsletta school, Oslo, status: design phase
 The Munch Museum, Oslo, status: design phase
 The Deichmann library, Oslo, status: design phase
 The OSU-building, office building, Oslo, status: design phase

7. Pilot projects – city areas
7.1

Strømsø district – a city to live in
In 2009-2010 the Municipality of
Drammen announced an urban plan
competition for the district of Strømsø
– asking for climate effective solutions
for the district´s future.

Strømsø is a regional hub for public
transport and is well located to receive
some of the expected population
increase in the Oslo region. The
competition illustrated that there is a
potential for higher area efficiency in
this area, and that this densification
can happen in a way that improves
urban qualities. The winning proposal Look to Strømsø shows good solutions for design and use of
streets and street structures for reduced car use and increased pedestrian- and cycling traffic, as
well as access to public transport.
Drammen municipality is the project owner, and has initatiated a series of activities in order to
follow up the competition. The winning team is commissioned to carry out in depth studies of the
densification potential in the area; different participation processes linked to street design are
initiated; as well as processes related to the development of new solutions for energy delivery
including  “smart  grid”  technology.  Winner  of  the  architectural  competition:  Norconsult  and  Alliance  
architects; Project owner: Drammen municipality; Project period: 2010-2030.
7.2

Furuset – From shopping mall to city centre
The City of Oslo has selectedFuruset in
Groruddalen as the subject of an urban
plan competition for a larger urbanupgrading project. This competition
started in 2010 and was completed in
March 2011. The competition has a
long-term perspective and aim of
developing Furuset as a pilot in climate
effective urban infill and transport
management. Key objectives include
housing densification with 1,000-2,000
new dwellings and 1400-2800 new work
places, mainly situated in close proximity
to public transport.

The winning proposal “En by i emning”   depicts a good holistic approach for densification around
the public transport hub in Furuset centre (the metro) and welcomes a gradual development
without extensive demolishing ofexisting building stock. The proposal includes many relevant
suggestions on the reduction of car use, and facilitation for buses, cyclists and pedestrians.
Solutions for reduced energy use are well covered in a waythat provide flexibility with regard to

energy sources and optimizeduser patterns. The project owner, the Municipality of Oslo, has
prepared an extensive process with user participation including the residents in the area, housing
cooperatives and plot owners. Winners of the architectural competition: a-lab AS
(Arkitekturlaboratoriet), COWI AS, ARCHITECTOPIA; Project owner: Oslo municipality; Project
period: 2011-2030.

8. Use of GHG-accounting for planning and documentation
All the pilot projects have to calculate GHG-emissions by using the Green House Gas accounting
tool. The tool is purposely developed for use on buildings, and a module which can be applied
tooutdoor facilities is currently being developed. The tool is not yet suited for use on larger urban
areas (such as the areas of Strømsø and Furuset), but there are plans of developing such a tool as
well.
The experiences so far show that it is possible for buildings to achieve a 50 % reduction in GHGemissions without significant extra costs. The example below show the calculations made for
Papirbredden 2 for a reference project and for the project as designed.

Papirbredden 2, GHG-emissions
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9. Competence development
FutureBuilt has prepared for a broad program for competence development and sharing of
experiences. The involved developers are guidedthrough the planning-, project- and building
process with continuous dialogue,quality assurance, workshops for the project teams, access to
expertise on material use, energy and transport, development of quality plans and GHG-accounts.
Field trips are offered with the purpose of getting acquainted with theexperiences of other
countries. Germany and Austria are particularly interesting destinations in this regard.
FutureBuilt arranges tours to building sites and completed pilot projects to disseminate
experiences within the industry. Seminars related to energy, materials, transport and plans for
quality monitoring are offered to the involved developers and other interested parties.
The yearly conference is the arena for summing up the program, presenting the showcase projects
and to discussthe way forward.

10. Communication
FutureBuilt is a communication project, in that the showcase projects are used as pioneers and
inspiration to make changes in the entire industry. Continuous communication by online updates
and regular newsletters is therefore important. The communication work in both CopenhagenX and
IBA-Hamburg has served as inspiration for FutureBuilt. Arranging a more organised exhibition will
be relevant at a later stage in the program period, but with 4 completed showcases to date a
continuous displayand communication is sufficient.

11. What´s in it for me?
11.1 Developers
The developers (public and private) that enter FutureBuilt will receive a significant competence
boost and become profiledas innovative, future-orientated and socially responsible actors. The
developers will receive:
 Free support fromfield-specific experts in the areas covered by the quality criteria
 Offers on competence development through FutureBuilt’s program for professional
development which entails project gatherings, field trips, seminars and breakfast meetings
 Assistance to attain various subsidies (esp. within energy)
 Offers on linking of the pilot project to relevant R&D projects
 Swift and flexible municipal administration
 Reputation building and media profiling
11.2 Oslo and Drammen municipalities
Oslo and Drammen municipalities use FutureBuilt as a tool for urban development. The areas of
Strømsø and Furuset were initially important urban development areas, in which FutureBuilt is
being used to give a new direction for the urban development work. There is considerable political
interest in both municipalities to find good tools and methods in working for a more climate-friendly
urban development.
The municipalities also use FutureBuilt to improve their position as developers, and half of the pilot
projects are accordingly public building projects. The municipalities wish to be frontrunners, and in
this way contribute in developing the market for climate effective building.

Politicians perceive FutureBuilt as a specific and measurable way of working with climate related
questions. FutureBuilt gives physical results providing good opportunities for profiling and media
coverage.

12. Conclusion
FutureBuilt has lasted for two years in addition to a pre-project period of the same length.
Preliminary results can be summarized as follows:
 Development of pilot projects is an exciting and efficient working method that creates
enthusiasm with developers, politicians and the media. The projects contribute to significant
improvement in competency for all actors involved, and tours to building sites and profiling
of completed buildings have proved to be useful and popular areas for profiling this
competence.
 Projects that have been completed and/or are under development as part of FutureBuilt
illustrate that it is possible to reduce GHG-emissions from building projects with
approximately 50 % without significant extra costs.
 Climate effective architecture and urban development is fully compatible with good urban
environment and exciting architectural solutions.
 To acknowledge climate emission in the project phase, especially GHG-accounting, is
pioneering work. There is little expertise on the area, specifically within material use and
transport. The accounting tool is not fully developed, but has still proven to be very useful in
the projects where the tool has been applied. However, further development of the whole
field is necessary.
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Summary
This paper examines the cultural values embedded in building environmental assessment methods
with particular emphasis on those that relate to collective attitudes toward nature. It explores how
assessment methods correspond to culturally formed views on human and natural systems in two
different contexts: Canada and Japan. By contrasting the differences and identifying similarities in
these two countries, the work provides a more informed basis for understanding the transferability
of green building assessment methods from one cultural context to another and what problems/
opportunities could potentially arise.
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5. Introduction
Building environmental assessment methods are currently being extensively used in both North
America and Japan to shape the design of green buildings, evaluate their performance and tran sform   their   markets.   The   US   Green   Building   Council’s   (USGBC)   Leadership in Energy and Environmental Design (LEED®) green building rating system is also finding worldwide use - with registered and certified buildings in over 40 different countries, including China, India, South Arabia,
Brazil and Mexico [1]. The Canadian Green Building Council (CaGBC) adopted LEED® in 2004 and
created LEED-Canada   “tailored   specifically   for   Canadian   climates,   construction   practices   and  
regulations”   [2].   While   there   are   many   differences   between   Canada   and   the   US,   there   are   also  
significant similarities in priorities and approaches to building design and construction. Japan created its own method in 2002 - the Comprehensive Assessment System for Built Environment Efficiency (CASBEE),  and  one  of  the  core  principles  in  its  development  was  to  “take  into  consideration  
issues and problems peculiar to   Japan” [3]. CASBEE was developed later than the other major
systems - UK’s  BREEAM  (1990) and LEED® (1996), and therefore is considered as “belonging to
different  generation”  [4]. While acknowledged as one of the major assessment methods, CASBEE
has yet to be used significantly outside Japan. Exceptions to this are its adoption as the conceptual basis of the Chinese 2003 Green Olympics Building Assessment System (GOBAS) [5] and an
evaluation of vernacular architecture in Turkey, Malaysia, Iran, Canada, Indonesia, Cameroon,
Morocco and Vietnam [6].
5.1

Homogenisation of Building Form and Culture

Bordon and Dunster [7] acknowledge that "architecture is part of the conflicting and contradictory
struggle   of   differing   forces,   interest   groups   and   movements”   and   therefore contingent on the
particular   “social   organization   of   a   culture,   …its   priorities and aspirations" [8]. The modern
movement had decreed its tenets international in scope but with its adoption, the materials, forms

and technologies of its original formulation in Western Europe and America were also endorsed.
The subsequent homogenisation of architectural form has created building practice lacking engagement with the unique qualities of place – culturally and climatically. Notwithstanding its
development from specific locales, knowledge about architecture and its relationship to the
physical environment has been imported and exported globally. Moreover, Buchanan [9] suggests
that advances in technology, growth in the influence of multinational corporations, allencompassing systems of trade and finance, mass tourism, etc., have further increasingly
interlocked the world into a single global culture and, in doing so, have tended to homogenize
human experience and expectation.
5.2

Homogenisation of Green Building Practice

Similar ideas relate to the current importing and exporting of green building strategies world-wide.
Cole [10]   suggests   that   “much   of   contemporary   green   design   involves   too   literal   a   transfer   of  
technical strategies from fundamentally different climatic and cultural contexts without any serious
critique  of  either  their  validity  locally  or  their  acceptance  and  engagement  by  building  occupants.”  
Kibert [11] further emphasises  that  “environmental  design  “guidelines”…  tend  to  be  generic  in  nature,   devoid   of   local   or   regional   overlays,   and   by   necessity   give   equal   weighting   to   all   aspects.”
The emergence of information technologies increases the potential for information dissemination,
adds yet another powerful homogenizing mechanism. Similarly, since all building environmental
assessment tools carry the values and priorities of their authors, either implicitly or explicitly, this
raises serious questions regarding the ways and extent that - without significant adaptation – they
can be meaningfully adopted by other countries. This will become increasingly more acute as and
when the range of considerations is expanded to address social and economic aspects of
sustainability. Even though assessment methods currently define the highest aspirations in green
building practice and guide future directions of the built environment, there is little information on
how different objectives rooted in different cultures affect their formation and implementation.
Many studies of assessment methods in North   America  and   Japan   acknowledge   that   “the  formation  and  the  philosophy  of  each  building  standard  are  fundamentally  different”  [12],  but  there  is  no  
comprehensive explanation why those differences evolved and what cultural features influenced
them. The primary objective of this paper is, therefore, to examine the cultural values embedded in
building environmental assessment tools in Japan and Canada, with particular emphasis on those
that relate to collective attitudes toward nature. It explores how building environmental assessment
methods correspond to culturally formed views on human and natural systems in these two different contexts. The paper first defines the core values rooted in Canadian and Japanese culture in
respect to nature and then analyzes how they are embodied in LEED-Canada and CASBEE
versions for new construction. Whereas other assessment methods (e.g., the UK Building
Research Establishment Environmental Assessment Methods, BREEAM) could have been
included in this study, the marked differences between Canada and Japan are sufficient to
illustrate the substantive issues.

6. Canada & Japan – Core Cultural Values
A number of key contextual differences exist between Canada and Japan that are of consequence
in shaping their respective assessment tools.
6.1

Cultural Coherence

Canada  is  a  country  that  “speaks  130  languages (only two of them officially), [and] the land conditions, climate and people are more varied than those found in most nations of the world”  [13]. By
contrast,  Sasaki  describes  Japan  as  a  country  “having  no  adjoining  land  borders,  which  has  never  
been under the rule of any other ethnic groups with different cultures. The society is composed of
the   same  nationality,   race,   religion,   and   shares   the   same   language  and   living  patterns”   [14].   Despite a similar wide range of geographical regional differences in both Canada and Japan, a cultural homogeneity evidently exists only in Japan.

6.2

Market-Place/Building Industry

The North American building industry is highly individualised and fragmented. By contrast, Japan's
construction industry is dominated by a relatively few major construction companies. The big five
(Kajima, Obayashi, Taisei, Takenaka and Shimizu) general contractors "dominate the thinking of
the Japanese building industries... are amongst the largest construction companies in the
world...[and] have achieved standards of consistent, reliable quality in many aspects of their work
that are unmatched elsewhere..." [15].
6.3

Social structure

The  “world  view”  held  by  a  society  operates  silently  to  “channel  attention,  filter  information,  categorize experience, anchor interpretation, orient learning, establish moods, secrete norms, and legitimates narratives, ideologies, and power  structures”  [16]. World-views have also taken centuries to
mature and become manifest in the shaping of human settlement and building practices. The democratic and individualistic expectations are defining characteristics of North American society
while in Japan a predetermined set of rules and group-conscious interdependency are valued.
Even though Western culture entered Japan at the beginning of Meiji Restoration (1868), Japanese  were  reluctant  to  adopt  western  values  as  they  were  seen  to  be  “corrosive  to  the  hierarchical  
Neo-Confucian order and oblivious to the identity-giving  manners  of  Japan’s  very  orderly,  civilized,  
and  polite  society…”   [17]. Japan, although retaining many distinct regional and cultural differences,
has been relatively less influenced by overwhelming immigration than Canada and has maintained
a relatively stronger continuity in cultural identity. Cultural coherence and tradition may emerge as
significant factors in the creation of a shared vision and environmental ethic required in a transition
toward sustainability.
6.4

Relationship to Nature

Attempts to incorporate cultural values and explicitly show respect to nature in architecture are not
new and have been demonstrated in traditional and contemporary architectural design practice in
both Canada and Japan. However, the way how the relationships between the natural and humancreated worlds have been interpreted has evolved differently in the two countries.
Wilhelm [18] identifies  that  “there  were  at  one  time  more  than  260  different  Native  American  languages spoken in North America, and not a single one of them contained a word for nature. This
derives from the fact that these cultures did not conceive themselves as disconnected from natural
systems; nature as a separate and distinct  concept  did  not  exist.”  He discusses aboriginal people,
who  “[recognized]  that  every  place  was  unique  onto  itself,  quite  apart  and  different from all other
places  on  the  earth…  understood  that  there  were  limits…  [and  that]  their  daily  existence depended
on  it”  [18]. Regardless  of  Canada’s  geographical  and  cultural  diversity,  “nature”  is  referred  to  as  a  
common  unifying  feature,  which  “is  present  in  every  aspect  of  Canadian  life  and…  is  a  vital  part  [or  
even] a fundamental definer of Canadian culture”  [19]. The evolution of understanding of nature in
Canada  has  strong  roots  in  local  conditions  and  “place.”
Similar respectful attitudes were evidenced in pre-modern Japanese culture, where there was no
single  word  with  the  meaning  ‘nature’  as  a  contrast  to  the  built  environment:  “the  vocabulary  slides  
among  terms  such  as  “tenri”,  “tenzen”,  “tenpu”,  “tenchi”,  “uchu”,  and  “banbutsu”  before  stabilizing
in the 1890s  with  the  term  “shizen”” [20]. Thomas [21] in the examination of Japanese culture acknowledges  “the  so-called Japanese love of nature, which, has uniquely distinguished Japan since
before  the  advent  of  agriculture.” References to this include the works of Ishida Eiichiro [22], who
showed the essential continuity of Japanese approaches to nature from prehistory to the present
and Watanabe [23], who discusses chrysanthemums in the tokonoma, the tea ceremony, the aesthetic preparation of Japanese food, the shape of Japanese sweets, and Japanese place names,
all  of  which,  he  concludes,  “points  to  the  special  love  of  nature  on  the  part  of  the  Japanese.” However, in contrast to Canadians, despite the similar vast geographic and climatic differences from

northern to southern Japan, people identified their relationship with the natural environment in a
more collective manner.
While   in   Canada   the   relationship   between   human   and   nature   is   one   of   the   country’s   connecting  
aspects and tends to be place specific, Japanese experience with nature takes on a more immediate, direct approach and is less defined and less tactile. However, despite these past culturally
rooted attitudes towards nature in both Canada and Japan, the current predominant view in both is
a human dominance over nature.

7. Cultural Factors Evidenced in LEED® and CASBEE
There are two distinct ways that cultural factors are evidenced in LEED® and CASBEE: firstly, in
the process of their development and application, and secondly in their scope, structure and
performance requirements.
7.1

Development & Application

Whereas LEED® emerged from industry/professional support, CASBEE resulted from the collaboration between academia, government and industry. This has resulted in significant differences in
their approach, structure and organisation of the respective methods.
LEED® was developed by the US Green Building Council and operates on a consensus approach
whereby versions are piloted and voted upon by the full membership. CASBEE developers, by
contrast, clearly distinguished the responsibilities and role of academia, government and industry:
with the first providing the intellectual leadership and development of the core structure; the
second providing the budget and facilitating implementation; and the third advising how to choose
assessment items so as to be consistent with the existing practice.
7.2

Structure, Scope & Performance Requirements

The structure of LEED® and CASBEE are qualitatively different. LEED® organizes the performance
issues within five categories, the points attained for the credits within each are then added to provide an overall performance score. Building success is simply measured by the overall number of
points attained - which has been the dominant feature of virtually all previous methods. CASBEE,
by contrast, while employing an additive/weighting approach, breaks away from the simple addition
of points achieved in all performance areas to derive an overall building score. It distinguishes between the Environmental Loading (resource use and ecological impacts) and Environmental Quality and Performance (indoor environmental quality and amenities), scoring them separately to determine the Building Environmental Efficiency, i.e. the ratio of Environmental Quality (Q) and Performance to Environmental Loading (LR). Conceptually, therefore, building assessment is presented  not  as  a  representation  of  the  environmental  characteristics  of  the  building  as  a  ‘product’,  
but rather and more explicitly as a measure of the environmental implications associated with providing  a  set  of  ‘services’.  More  importantly,  since  the  BEE  is  a  quotient,  a  range  of  permutations  of  
Q and LR can  attain  the  highest  “sustainable”  level.    
The detailed credit descriptions and requirements represent the interests and priorities of the developers of the methods and thereby embody their culture and its values. For example, LEED ®
Credit IEQ 6: Controllability of Systems emphasizes personal control whereas CASBEE Credit Q
3.2.2 Daylight Control offers maximum points for automatic control over glare. Further, many credits reference national standards, which themselves are culturally-laden documents.

8. Relationship to Nature Evidenced in LEED® and CASBEE
Section 3 above identified some of the ways that cultural values are embedded within LEED® and
CASBEE versions for new construction. It is increasingly acknowledged that human activity – including buildings design – must be modelled more closely on natural systems and processes. As

such, within the cultural underpinnings of significance to this paper, those that are directly and indirectly related to nature are of particular interest. The eco-efficiency of the BEE in CASBEE (the
environmental implications of providing a human benefit) is a clearer representation of a relation
between buildings and nature than the simple addition of all performance scores in LEED®. However, this is more a manifestation of CASBEE’s   stronger scientific underpinning and academic
roots than something uniquely Japanese.
The work reported in this paper is part of a larger study into the ways that cultural values and attitudes to nature are evidenced in green building practice and assessment tools. This section illustrates how the notion of Biophilia - the  “human  propensity  to  affiliate  with  other  life  forms...  [in  order to] bring about a new cultural commitment to the environment" [24] is evidenced in both LEED®
and CASBEE. This comparison is made with reference to a series of guidelines offered by Kellert
et.al [25], which covers factors such as light and space, environmental features, views and vistas,
sunlight and place-based relationships. Biophilia is considered  as  the  “missing  link  in  sustainable  
design”  [26] and necessary to both counter the current technical framing of building environmental
practice and to foster a stronger connection of inhabitants with place and, more generally, nature.
This, in turn, will require greater recognition, understanding and accommodation of cultural distinction in design of green buildings.
8.1

Biophilia References In LEED®

Table 1 correlates some of key LEED® credits in relation to Kellert et.al’s biophilic design guidelines. The key observations are:
Canada-LEED:
Intentions*
1 Protect greenfields,
preserve habitat and
natural resources,
reduce environmental
impact, restore damaged areas
2 (Maximize open
space): Promote
biodiversity

Requirements

3 Emphasize regional
importance

Address geographically- specific environmental priorities

4 (Daylight and views):
provide a connection
between indoors and
outdoors

Achieve determined
daylight levels/ direct
line of sight to the
outdoors

Choose a previously
developed/ graded
site, create density,
limit and avoid new
disturbances to land
and habitats
Reduce the development footprint or
provide vegetated
open space

Biophilic design:
Intentions**
Emphasize landscape ecology, connect with local habitats and ecosystems

Aspirations

Promote spaciousness, spatial variability/ shape and form/
harmony, insideoutside spaces
Facilitate geographic
and historic connection

Stimulate emotionally/ intellectually/ aesthetically, create harmony/ security, integrate nature with culture

Introduce natural,
filtered, diffused,
reflected light,
shadow, light as
shape and form, create access to views
and vistas, sunlight

Improve ecology over the
long-term, complement the
landscape, aim for positive
transformation

Create familiarity/ predictability and therefore security,
facilitate participation, enhance collective memory
Promote movement/ health/
well-being/ productivity, enhance imagination/ curiosity/
exploration/ discovery, mediate connection between
spaces, improve morale and
comfort

* Corresponding credits: Development density and community connectivity, site selection, site development:
protect and restore habitat, maximize open space, regional priority, daylight and views.
** Corresponding biophilic design guidelines: place-based relationships, environmental features, light and
space.

8.2

Biophilic References In CASBEE

Table 2 correlates some of key CABEE credits in relation to Kellert et.al’s biophilic design guidelines. The key observations are:
CASBEE: Intentions*
1 Conserve and create habitat,
enhance the quality of the
environment, set appropriate
management guidelines
2 Create spaciousness and
access to view, promote
ease of movement and comfort
3 Harmonize with the urban
context, create continuation
of historic scenery
4 Promote use of daylight/
glare countermeasures/
balance of brightness/ lighting control

Biophilic design: Intentions**
Emphasize landscape ecology,
connect with local habitats and
ecosystems

5 Carry on local topography
and culture, keep appropriate relations with community

Integrate culture and ecology,
connect to place, create spirit of
place, avoid placelessness

Promote spaciousness, spatial
variability/ shape and form/ harmony, inside-outside spaces
Facilitate geographic and historic
connection
Introduce natural, filtered, diffused, reflected light, shadow,
light as shape and form, create
access to views and vistas,
sunlight

Aspirations
Improve ecology over the longterm, complement the landscape, aim for positive transformation
Stimulate emotionally/ intellectually/ aesthetically, create harmony/ security, integrate nature
with culture
Create familiarity/ predictability
and therefore security
Promote movement/ health/ wellbeing/ productivity, enhance
imagination/ curiosity/ exploration/ discovery, mediate connection between spaces, improve
morale and comfort
Create identity, foster commitment/ loyalty/ responsibility/
stewardship, facilitate participation, enhance collective memory

* Corresponding credits: daylighting (Q1.3.1), perceived spaciousness and access to view (Q2.1.2.1), space
for refreshment (Q2.1.2.2), preservation and creation of biotope (Q3.1), townscape and landscape (Q3.2),
local characteristics and outdoor amenity (Q3.3).
** Corresponding biophilic design guidelines: place-based relationships, environmental features, light and
space.

8.3

Key Differences between the way the LEED® and CASBEE embody Biophilic Needs

There are obvious gaps between both LEED® and CASBEE credits and the aspirations embedded
in the biophilic guidelines, and in the ways and extent of these gaps differ from each other. Comparing Tables 1 and 2, row-by-row:
8.3.1 Row 1
a. Firstly, the language used in the formulation of the credits is different. LEED ® shifts between
directives such as “avoid,  limit,  etc.”  and  “restore,  preserve”,  which  implies  that  the  development  
will necessarily have negative consequences to the surrounding environment. CASBEE, by contrast, is formulated using only positive directives like  “conserve,  create,  preserve,  enhance,  etc.”  
b. LEED® is primarily concerned with design and construction. CASBEE, on the other hand, requires  developers   to   set   “appropriate   maintenance   management   guidelines”  that   therefore extend beyond the completion of a project.
CASBEE is generally couched in more positive terms and therefore could be considered to be
more encouraging. It  also  evaluates  the  development  and  how  far  it  aims  “to  enhance  the  quality  of  
the  environment”,  which  implies   humans action as having potentially positive effects on the environment in the long term. Further, although LEED® includes credits for commissioning and monitoring, CASBEE aims to set the guidelines for building management, which shows the importance of
directly following up and engaging with a project’s  performance. Intentions and aspirations of the
biophilic design (i.e., connection, improvement, and positive transformation) can be achieved and
evaluated only in the long term. Since the methods are currently framed to evaluate buildings upon

their completion, the time frame becomes a crucial difference between the LEED ®, CASBEE and
the biophilic design guidelines.
8.3.2 Row 2
When the intention is to increase the amount of outdoor space, LEED® and CASBEE focus on fundamentally different aspects. In LEED®, open space is considered an extension of the site-related
credits (both intentions for the credits “site   development:   protect   and   restore   habitat”   and   “maximize  open  space”  include  idea  of  “promoting  biodiversity”). In CASBEE, the concept of open space
is directly connected to human engagement, and some of the potential benefits are acknowledged.
Furthermore, the requirements for the provision of additional open space in CASBEE are intended
to increase the psychological comfort of the human beings and it suggests that the open space
itself might be not even necessary if the perceived effect of spaciousness and openness is created
by other means. LEED® and CASBEE seem to share different aspects of what is intended by the
biophilic design guidelines. LEED® requires a space that is green and inhabitable by other species,
which could be understood as an attempt to integrate nature with culture. CASBEE, on the other
hand, focuses more on the architectural design strategies (i.e., changing the ceiling height) that
can assist in creating spatial variability/ shape and form/ harmony in order to stimulate emotionally,
intellectually and aesthetically (biophilic design intentions). Therefore, even though the intentions
of LEED® and CASBEE communicate their fundamentally different starting points, the sum of the
two could reflect what is intended and aspired in the biophilic design guidelines.
8.3.3 Row 3
a. LEED® focuses on the “geographically-specific environmental priorities”,  which are measurable
aspects of the site. In CASBEE, the regional credit is less specific and qualitative as it aims for a
synthesis with the surrounding urban context.
b. CASBEE   emphasizes   “continuation   of   historic   scenery”   as   an   important   aspect   in   the   regionrelated credit, which is intended to directly affect inhabitants and their understanding of a particular place.
CASBEE  is  closer  to  biophilic  design  guidelines  as  it  does  not  solely  require  “reference  to”  certain  
local measurable characteristics, but it also mentions a need   to   establish   “continuation” with the
past. This simultaneously communicates the importance of rooting the people in their living place
and, over the long term, creating a sense of security and responsibility.
8.3.4 Row 4
a. Both CASBEE and LEED® focus on technical and measurable aspects.
b. LEED® includes  the  idea  of  “the  view”  and represents this by specifying a proportion of the interior spaces having view angles to the exterior. In CASBEE, this is included in a credit  “perceived  
spaciousness and access to view”.
This performance aspect is presented in specific technical terms and requirements in both LEED®
and CASBEE and considerably narrow in contrast to the view-related issues embedded within biophilic design guidelines.
8.3.5 Row 5 (only in CASBEE)
CASBEE includes  a  credit  that  encourages  “carrying  on  local  topography  and  culture,  keeping  appropriate   relations   with   community”.   Aspirations   in   the   biophilic   design   guidelines   show   that   the  
credit  has  potential  to  aim  for  “integrating  culture  and  ecology,  connecting to place, creating spirit
of   place,   and   avoiding   placelessness.”   In   LEED®,   these   aspects   could   be   added   to   the   sitedevelopment-related credits or regional-priority credit but this connection is not currently possible.

9. Conclusion
The past decade has witnessed a proliferation in the development of building environmental
assessment methods by countries worldwide for application within their respective domestic
markets. This development carried the implicit expectation for systems to encourage green
building practices appropriate to their specific climatic and cultural contexts. However, this has
been   compromised  by   the   increasing  demand  for   “brand   recognition”   in  a   global   market  and   the  
desire for international standards. The subsequent increased exportation and importation of the
major building environmental assessment methods does not currently acknowledge that this is also
an exportation and importation of their cultural underpinnings and, despite any regional adaptation,
has potentially adverse long-term consequences for promoting regionally-specific practices.
The work presented in this paper is directed at the cultural values embedded in building environmental assessment methods with particular emphasis on those that relate to collective attitudes
toward nature. Such cultural underpinnings are clearly difficult to expose because they defy clear
definition and, more importantly, because they are so ingrained in predominant societal values that
they become second-nature. However, by comparing broad cultural differences between Japan
and Canada, these implicit  factors  that  shape  the  society’s  composition,  industries,  structure  and  
understanding, clearly influence the priorities and emphasis of building environmental assessment
methods. These differences were especially evident when the details of similar intentions in LEED®
and CASBEE were compared against each other and against the aspirations set by the biophilic
design guidelines. The comparison, while representing just one of the many possible ways in
which cultural values can shape building environmental performance assessment methods, adds
weight to the argument that it is critically important to question the transferability of these methods
from one cultural context to another.
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Summary
Nowadays there are several applications of mineral recycling materials and residues. At present an
assessment method for the use of secondary raw materials, which considers sustainability aspects,
does not exist. In the framework of the German DAfStb/BMBF research project “Sustainable
Building with Concrete” an assessment concept was developed. It includes the following four
assessment steps: I. Basic considerations, II. Advantages for sustainable construction, III.
Alternative paths for application, and IV. Sensitivity analysis. The concept was developed on the
basis of recycled concrete aggregates, which are already used according to German standards.
Afterwards, it was applied and verified by the evaluation of the utilisation of municipal solid waste
incinerator bottom ashes (referred to MSWI bottom ashes). [1, 2, 3]
Keywords: sustainable building, sustainability aspects, secondary materials, secondary
aggregates in concrete, energy and material resources, assessment concept

1. Introduction
German and European regulations demand a waste management system to reduce the waste
volume stored in landfills, to save natural resources and to enhance sustainable development by
recycling of various residues. Nowadays there are already several applications of mineral recycling
materials and residues. However, such materials are often used in low-grade applications (road
constructions e.g.). Nevertheless, there are already standardised residues and recycling products
(fly ash, silica fume and recycled concretes or bricks), which are used in the production of highgrade concretes and other mineral building materials. Secondary materials are used as raw
materials or secondary fuels in the production of cement clinker, substitutes for cement clinker
materials, concrete additives as well as aggregates.
Up to the present an assessment method for the use of secondary raw materials, which considers
sustainability aspects, did not exist. In the framework of the German DAfStb/BMBF research
project “Sustainable Building with Concrete” (FKZ 0330780B) a concept to assess the applicability
of secondary materials as aggregates in concrete was developed. [1, 2, 3]

2. Assessment concept
The assessment concept is schematically shown in Figure 1. According to this framework, the
basic technical and legal requirements on the use of secondary aggregates have to be evaluated
first (step I). If the materials are basically suitable for the use in concrete the ecological and
economic advantages and disadvantages for the sustainable construction can be examined (step
II). In step III, alternative application paths, like road construction, embanking or landfilling, have to
be examined. Finally, a sensitivity analysis (step IV) should be conducted. It considers the change
of boundary conditions as well as regional differences. [2, 3, 4]

I.
BASIC CONSIDERATIONS

Technical and legal requirements including environmental compatibility

General properties of aggregates

Geometrical properties of aggregates

Chemical properties of aggregates

Mechanical and physical properties of aggregates

Chemical composition of aggregates

Thermal and weathering properties of aggregates

Material composition of aggregates

Environmental compatibility of aggregates

Durability studies of hardened concrete

II.
ADVANTAGES FOR SUSTAINABLE
CONSTRUCTION

Influences on the provision
of secondary aggregates
(exploitation / production / processing / logistic)

Influences on the production
process of concrete

Alternatives and/or combinations
of process technologies

Properties of fresh concrete

III.
ALTERNATIVE PATHS
FOR APPLICATION

Concrete mixture

Properties of hardened concrete
including durability
By-products
Primary aggregates

vs. Secondary aggregates

Economic efficiency studies
(cost/benefit, investments, savings, revenues)

IV.
SENSITIVITY
ANALYSIS

Not suitable

Suitable after processing

Suitable without processing

Degree of substitution
Primary aggregates

vs. Secondary aggregates

Life cycle analyses
(energy demand, emissions)

Technical and legal requirements for alternative application paths
Material provision
primary vs. secondary materials

Production process
primary vs. secondary materials

Comparison of several paths for application
(economic efficiency studies, life cycle analyses)

Consideration of the change of boundary conditions
Technical and legal demands, material qualities, material quantities, new and/or optimised processing
technologies, market situation, shifting of product focus, new application paths

Fig. 1 Concept for the assessment of secondary aggregates in concrete [3]

The assessment concept was developed on the basis of recycled concrete aggregates, which are
already used according to German standards. Afterwards, it was applied and verified by the
evaluation of municipal solid waste incinerator bottom ashes. [2, 3, 4]

3. Recycled concrete aggregates
Recycled aggregates are obtained by processing (washing and grading) of inorganic mineral
construction materials from demolition of buildings in structural and civil engineering sector.
Principally, such crushed concrete can be used as aggregates in the production of new concrete.
This results in a close-loop recycling for demolition wastes within the structural engineering sector.
Thereby natural resources can be conserved and waste deposited in landfill can be reduced
[3, 5, 6].
3.1

Basic considerations (step I)

3.1.1 Technical demands
According to Figure 1, the basic technical and legal requirements have to be evaluated first (step I).
Demolition materials are usually heterogeneous. Therefore, the material composition of such
aggregates (cement-bonded, mineral, ceramic, bituminous and glassy components) has to be
analysed first. In addition, the chemical composition is very important. The main focus is concretedamaging components. These are chlorides, sulphates, organics, fines, aluminium metal, and
waste glass. Furthermore, the mechanical and physical properties have to be examined. These
properties are porosity, water absorption, grain shape, bulk density, strength, frost resistance, etc.
Overall, it has to be noted, that frequently an extensive processing of recycling materials enables
the application of such materials.
For the above mentioned technical properties there are certain requirements in German
regulations, standards and directives. Accordingly, recycled concrete aggregates meet the basic
technical requirements for concrete aggregates and are suitable for the use as aggregates in
concrete. [2, 3]
3.1.2 Environmental compatibility
In addition to technical requirements, environmental properties are also very important - particularly
with regard to emissions into air, soil and ground water. General principles for a harmless recycling,
special regulations for the sampling, methods for analysis and its evaluation are specified in a set
of German rules. Harmful quantities of inorganic and/or organic substances in recycled concrete
aggregates are determined by leaching tests and solid matter analyses. The quantities are limited
by specified maximum values. Furthermore, recycled materials are classified in specific using
categories depending on their leaching properties.
Based on harmlessness of basic construction material and a closed-loop recycling, the
environmental compatibility of crushed concrete and the recycled concrete aggregates can be
assumed. According to German regulations, recycled concrete aggregates meet the basic
environmental requirements for recycled materials. Thus, concretes with recycled concrete
aggregates are not harmful to the environment. [3, 7, 8]
3.2

Advantages for the sustainable construction (step II)

If a secondary material is basically suitable for the use in concrete the environmental and
economic advantages and disadvantages for sustainable construction can be examined (step II). In
doing so, differences between the provision of primary and secondary raw materials are studied.
Parameters, like energy consumption, material resources, emissions and other environmental
aspects, are discussed for the complete process chain including pre-stages. Furthermore, the
influences of using of secondary aggregates on the production process of concrete must be
considered. [2, 3, 4]

3.2.1 Influences on the provision of secondary aggregates
The necessary prerequisite for a high grade recycling of crushed concrete materials is a suffcient
homogeneity. Depending on material composition of the demolition material, this implies generally
an extensive and specific processing (separating/sorting, crushing, grading). A controlled
dismantling, a pure collection and storage on demolition site and processing plant as well as a
receiving control have positive effects on the quality of recycled concrete aggregates. Therefore,
the collaboration of demolition and processing companies regarding disposal and utilization
concepts is very important for useful, adequate, and cost effective actions. [3, 9, 10]
The study of differences between the provision of primary and secondary raw materials requires
information about the exploitation/production, processing and transports of the materials (e.g. costs
and energy consumption). Hardly any average data are available for Germany. However, studies
[5, 8] indicated that the provision of recycled aggregates is more energy-intensive than the
exploitation of sand and gravel. Gravels and sands are available in most parts of Germany.
Thereby, distances for transport can be kept short, and the roads can be relieved from heavy load
traffic. Moreover, gravels and sands can be found frequently near big rivers and can be transported
very environmentally friendly by ship. All these circumstances have positive effects on the
environmental assessment of concrete produced with sands and gravels. However, in areas with
low regional availability of gravels and sands, logistical effort for recycled aggregates could be
lower than for gravels and sands. [1, 2, 3]
In particular cases, the logistical effort for the provision of recycled aggregates can be quite
different. This is related to the differing distances for transport from demolition sites to processing
plant, within the plant (conveyer belts, grab excavators and suction excavators, ship, bicycle
loaders) as well as from the processing plant to the user. In Germany, 1806 of 2148 recycling
plants processed pure, non-mixed demolition waste in 2004 [11]. Therefore, area-wide supply of
recycled aggregates was possible depending on material demand and quality. [1, 2, 3]
3.2.2 Influences on the production process of concrete
Selected influences on the production process of concrete and its properties are summarised in
Table 1. The lower strength and higher permeability of concretes with recycled aggregates limit but
not exclude their application. The DAfStb-Guideline [12] applies to the pure use of recycled
aggregates of type 1 and 2 according to DIN 4226-100 for the production of concrete according to
DIN EN 206-1 and DIN 1045-2. Depending on the quality of material the guideline considers the
influences on concrete properties by limiting the quantities used. In addition, extended concrete
tests are required. Considering these limitations, recycled aggregates can be used as primary
aggregates equivalently.
The result of life cycle assessments of concretes with recycled aggregates is influenced by
processing and logistical efforts as well as by changes in production of concrete. In a series of
studies [8, 13, 14] technically equivalent concretes with recycled aggregates and only primary
aggregates were compared. Generally, saving primary aggregates by recycled aggregates is offset
by increased consumption of primary energy, global warming potential and acidification potential.
But, depending on the boundary conditions the results can be different. [2, 3]
3.3

Alternative paths for application (step III)

Even if the evaluated secondary material is suitable for the application in concrete, an alternative
application may make a better environmental and/or economic sense. Therefore, alternative paths
for application have to be examined in step III. Until now, recycled aggregates are principally
applied in earth and road construction (e.g. bearing layer, frost protection layer, foundation material,
embankment, drainage layer, landfilling). Furthermore, these materials are also used in horticulture
and scenery construction (e.g. drainage layer for green roofs, planting substrates, sports field
construction). Each path for application has its own technical requirements. This has to be
considered in this assessment step, too. [8, 10, 16]

A study [8] examined the effect of an increased close-loop recycling within the structural
construction area on mineral material flows in the whole construction sector. According to this study,
the production of recycling concrete could divert the flow of materials of recycled aggregates for
earth and road construction into the building construction. Thus, saving resources in building
constructions would be counter-balanced by a lack of materials in the earth and road constructions.
Overall, there would be no saving of primary aggregates. However, with regard to the future
increase volume of recycled aggregates and possible changing boundary conditions, the
application of recycled aggregates in concrete remains relevant. [2, 3]
Table 1 Selected influences on the production process of concrete [2, 3, 15]
Properties of recycled aggregates
and modifications of concrete mixture

Effect

edged grain shape and rough grain
surface of recycled aggregates due to
concrete crushing

worse workability of fresh
concrete

high porosity and low bulk density of
recycled aggregates due to high
amount of hardened cement paste

increased water absorption of
aggregates and fresh
concrete, worse workability of
fresh concrete
lower bulk densities of fresh
and hardened concrete

Counteractive measures
higher volume of fluid
phase paste (e.g. fly ash,
cement, rock flour) or
concrete plasticisers
pre-wetting of recycled
aggregates, higher water
dosing, concrete
plasticisers
-

high amount of hardened cement
paste of recycled aggregates

higher shrinkage
deformations

small concrete sections

increased water absorption, lower
compressive strength of recycled
aggregates, higher volume of fluid
phase paste

lower compressive strength
and tensile strength of
hardened concrete

higher amount of cement or
fly ash

higher water-cement ratio and
higher volume of fluid phase paste

higher moisture transport due
to higher volume of capillary
pores and higher amount of
major capillary pore
diameters

basic material (used concrete):
alkali-sensitive constituents in
aggregates and alkali content of hardened concrete

3.4

application in dry
environment

alkali-silica reaction under
moist conditions

Sensitivity analysis (step IV)

Effects of changing boundary conditions as well as regional differences on the assessment result
are identified by a sensitivity analysis (step IV). Some critical parameters and boundary conditions
are listed below:
available volume of recycled aggregates (future demolition wastes), application capacities
and supply/demand
regional boundary conditions (gravel pit areas, distribution of recycling plants, logistics)
quality of materials (new processing techniques, new construction techniques, increased
control in demolition)
stricter regulations for earth works and road constructions (diverting of material flows into
building constructions)
These effects have to be assessed from case to case. [1, 2, 3]

4. MSWI bottom ash
Municipal solid waste incinerator bottom ash (referred to MSWI bottom ash) is a residue of the
controlled combustion of domestic waste and municipal solid waste (300 kg of ash per one ton of
waste) [17]. An application of MSWI bottom ashes requires extensive processing and storage for
several months. In Germany today, such processed bottom ashes are mainly used in bearing
layers of roads or parking lots in the public or private sector, sound embankments as well as
landfills [17, 18, 19]. Due to the high content of mineral components as well as its chemical and
physical characteristics, MSWI bottom ashes have the potential to be used as aggregates in
concrete [1, 2, 3, 14]. But in contrast to earth and road construction, the alternative application in
concrete constructions is subject to stricter legal and technical requirements. In a series of projects
[20, 21, 22], processed and aged municipal solid waste incinerator bottom ashes have been
studied in terms of possible application as aggregates in concrete. However, the ashes contain too
large quantities of chlorides, sulphates, organics, fines, aluminium metal, and waste glass. These
components cause damage in concrete and complicate the recycling. Thus, adequate processing
is an essential precondition [3].
According to the assessment concept (steps I, II, III and IV) described in chapter 2 and 3,
application of MSWI bottom ashes as aggregates in concrete was evaluated. The assessment
considers material properties of MSWI bottom ashes, technical properties of concretes produced,
and an analysis of environmental impact of their provision [1, 2, 3]. Based on the results of this
sustainability assessment, the following conclusions can be drawn: Concrete with a good
workability and normal compressive strength can be produced easily with MSWI bottom ashes as
aggregates (from 2 to 32 mm particle size). Its properties are similar to concretes made with
recycled crushed concrete aggregates. However, damage in concrete can only be avoided by
intensive and extensive treatments of the MSWI bottom ashes to minimise and remove the harmful
components. The quality of the bottom ashes could be improved by the following additional
treatments: sieving and washing for fines, organic chlorides and sulphates, opto-mechanical
separation for waste glass, and magnetic induction tomography sensors for metals or lye treatment
for aluminium metal.
Table 2 Comparative life cycle analysis *) for the provision of 1 ton of concrete aggregates from
processed MSWI bottom ash, recycled aggregates as well as natural aggregates (gravel
and sand) [1, 24]
1 ton
1 ton
aggregates
recycled
from MSWI aggregates
bottom ash
[13]
213
84,2

1 ton
gravel
and sand
[13]
34,4

Impact categories

Unit

Primary energy nonrenewable

MJ

Primary energy renewable

MJ

10,4

0,16

0,4

Global Warming Potential

kg of CO 2 eq.

13,7

5,9

2,0

Ozone Depletion Potential

kg of R11 eq.

2,2E-6

no data

no data

Acidification Potential

kg of SO 2 eq.

2,3E-2

5,7E-2

1,1E-2

Nutrification Potential

kg of PO 4 eq.

1,8E-3

9,0E-3

2,0E-3

Photochemical Ozone Creation Potential kg of C 2 H 4 eq.
1,6E-3
8,0E-3
1,0E-3
not taken into account:
any other environmental impacts and partial distribution of environmental impacts on other possible
marketable by-products (waste glass, metals e.g.)
potential operational changes of the waste incinerator due to the return of limited quantities of
materials from the ash processing

*)

As part of the sustainability assessment for MSWI bottom ashes, the energetic and environmental
impacts of the processing steps „sieving and washing“ as well as „opto-mechanical glass

separation“ were exemplary analysed [1, 2, 23, 24]. Therefore, primary energy as well as five
generally accepted impact categories of a life cycle assessment (LCA) were chosen as impact
indicators [13, 25]. The exemplary comparison of the LCA results with existing data [13] for
recycled aggregates as well as natural aggregates (gravel and sand) is shown in table 2 [1, 2, 24].
Accordingly, the provision of MSWI bottom ashes as aggregates in concrete will be more costly in
ecological (as well as economic) terms than the provision of natural and recycled aggregates.
For completing, the analysis of environmental impacts has to be extended to the concrete
production. Here, the comparability of the concrete properties (strength, consistency) has to be
considered specially. That could lead to modifications of concrete mix design (e.g. increased
cement content for concretes produced with MSWI bottom ash as aggregates). Finally, effects of
changing boundary conditions and regional differences as well as other unconsidered effects on
the assessment result have to be identified and examined from case to case by sensitivity
analyses. [1, 2, 3, 4, 15]

5. Conclusion
In the framework of the German DAfStb/BMBF research project “Sustainable Building with
Concrete”, a sub-project provided the application potential of secondary materials as concrete
aggregates. A concept to assess the applicability of secondary materials as aggregates in concrete,
which considers sustainability aspects, was developed. Today, recycled concrete aggregates are
already used according to German standards. Presenting recycled concrete aggregates as an
example, the four assessment steps were explained. At first, the basic technical and legal
requirements on the use of secondary aggregates have to be evaluated (step I). Depending on the
basic suitability of the material, the environmental and economic advantages and disadvantages
for the sustainable construction can be examined (step II). In step III, alternative application paths
have to be examined. Finally, a sensitivity analysis (step IV) identifies the effects of changing
boundary conditions as well as regional differences.
Applicability of this assessment concept to new potential secondary materials was shown by the
evaluation of MSWI bottom ashes, which have not been used as concrete aggregates before
[1, 2, 3].
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Summary
Environmental friendly design calls for a holistic approach taking the whole life cycle into account.
The use of life cycle assessment to the construction industry can increase decision support in
building material and products combination or in whole process of the construction of a building.
LCA is recognized as an innovative methodology which improves sustainability in the construction
industry.
Low energy and passive houses have increased the interest in looking into embodied energy of the
building materials and products in the design of e.g. outer walls, roofs, floors etc.
In this study, two timber frame wall constructions were assessed in a life cycle perspective, and the
results show that the insulation layers represent a considerable contribution to the overall impacts.
Calculating the embodied energy and heat loss however, indicate that the increased energy
investment in the materials phase is worth it in the long run when looking at the accumulated
energy demand over the life cycle of the wall.
Keywords: Life cycle assessment, LCA, timber frame, embodied energy, insulation, passive house

1. Introduction
1.1

LCA in building construction

Construction and use of buildings represents a share of 36 % of Europe’s final consumption of
energy [1-3]. At the same time, construction materials’ share of the total natural resource extraction
is estimated to approximately 40 % [4-5], and the construction and demolition waste’s share of the
total generated waste to 33 % [6]. With those numbers in mind, reducing environmental impacts of
the building and construction sector will be a fundamental answer to the global question of how to
live more sustainable lives. In fact a solution not including the building sector will be no sustainable
solution at all.
Environmental friendly design calls for a holistic approach taking the whole life cycle into account.
The use of life cycle assessment to the construction industry can increase decision support in
building material and products combination or in whole process of the construction of a building.
LCA is recognized as an innovative methodology which improves sustainability in the construction
industry. In a study of LCA cases [7] it is found that more than 90%-95% of the LCA cases were
focused on evaluating impacts and assisting the decision-making whitin the building sector.
The emphasis on life cycle thinking, both life cycle costing (LCC) and life cycle assessment (LCA)
has increased tremendously the last 5 years, and the building industry now asks for environmental

product declarations (EPD) for the building products to be used within their projects. The ISO
standard ISO 21930 [8] sets the premises for the making of EPDs (product level), as well as the
coming prEN15804 [9]. The European standardisation work (www.cen.eu) in CEN/TC 350 is also
addressing calculation methods at building level in the coming standard FprEN 15978 [10]
When moving from LCA calculation at product level (EPDs) to building element (outer wall, inner
wall, roof) and whole building level (including technical installations etc), the picture becomes more
complicated and some methodological premises has to be addressed in even further detail.
Two recent studies are concentrated on exterior walls [11] and facade components [12]. In Frenette
et al. 2010 several exterior walls were compared assuming a life span of the building of 60 years,
and the study investigates the direct impact of choice of an exterior wall assembly. Blom et al. 2010
investigates the maintenance and replacement of facade components during a fixed period of
dwelling operation of 70 years. In both studies, the use of timber frame walls were the
environmental most preferable option, thus Frenette et al. 2010 pointed out that the study did not
intend to provide a complete study of a building. Monahan and Powell, 201 [13] did an embodied
carbon and energy analysis of a low energy house constructed using a offsite panellised modular
timber frame system. Results from the study show that 82% of the embodied carbon was
embodied in the building materials. The rest was related to transport of materials and waste to/
from site and energy used onsite.
The development of low energy and passive houses has increased the interest in embodied
energy of the building materials and products in the design of e.g. outer walls, roofs, floors etc.
1.2

LCA of outer walls – some Norwegian projects

In the ongoing Norwegian project Konsensus (2010-2011) LCA methodology and PCR for a building element are the main focus areas. Five outer walls (residential buildings) are assessed in a life
cycle perspective, with embodied energy, CO2-emissions and waste being the most important environmental indicators considered. In the Norwegian research and development project Klimatre
(2010-2013) the main objective is to document Norwegian wood based industries’ environmental
impacts and added value. One important goal is to develop environmentally friendly solutions for
timber based constructions through increased knowledge of their environmental performance in a
life cycle perspective.
Norwegian building code has relatively ambitious requirements when it comes to energy efficiency,
with a minimum U-value of outer walls at 0,18 W/m2K . With conventional insulation this means an
insulation layer of 250 mm. Some critical voices tend to argue that the saved energy due to lower
U-values will be offset by the increased embodied energy of the materials.
The aim of this study was to assess the environmental qualities of a common Norwegian outer wall
construction and to locate the main contributors to the overall impact. A hypothesis was that the
LCA methodology would give a quantified and unbiased picture of the environmental qualities of a
building element, and that it would point out the materials or components contributing the most to
the total environmental impact. Secondly the aim was to investigate the embodied energy
consequences of adding more insulation. The hypothesis was that added insulation and wall
thicknesses to comply with passive house standards will pay off in a life cycle perspective despite
the increased embodied energy.
We tested this on two standard timber frame outer wall constructions as described in section 2.1.
The reference case is a common Norwegian construction in compliance with the Norwegian
building code of 2010, with a U-value of 0,18 W/m2K. A passive house version of a timber frame
wall with U-value of 0,12 W/m2K was also studied.

2. Materials and methods
2.1

Timber frame outer wall constructions

Norway experiences a rather harsh climate, both regarding winter temperatures in the inland and
the amount of wind and hard, lashing rain in coastal areas, resulted in building constructions

adapted to this climate. Norwegian building codes and practices are regulated by The Technical
Regulations under the Norwegian Planning and Building Act [14]. Since 1997, these regulations
have been performance-based [15]. Since 1997, the regulations have been adjusted and tightened
in both 2007 and 2010, especially regarding energy. The modern Norwegian timber frame wall is
constructed with thick insulation and a two stage air and vapour tightening [16],The Building
Research Design Guides [17] provided by SINTEF Building and Infrastructure has recommended
this principle since the sixties, and thus it has been part of the common Norwegian building
tradition for decades. The insulated part of the timber frame construction has traditionally been
constructed with thorough studs with dimensions determined by the current energy requirements
and accompanying insulation thickness. The newest revision of The Technical Regulation from
2010 recommends an insulation thickness of 250 mm mineral wool as outlined in Table 1,
construction type 1, with a minimum requirement of 200 mm if other energy saving measures can
be documented to compensate for the increased heat loss. The increased wall thicknesses has
lead to increased use of products such as I-profiles and new products like composite or glue
laminated studs. It has also lead to new construction solutions such as double walls (walls with two
separate stud layers) as outlined in Table 1, construction type 2.
Table 1: Description of studied constructions with amounts of materials. The material quantities are
obtained from Building Research Design Guide (bks.byggforsk.no) and products having SINTEF
Technical Approval.
Construction type 1- ref. case
U-value – 0,18 W/m²K

Construction type 2
U-value – 0,12 W/m²K

Materials

Amount

Timber
Insulation (250
mm)
Wind barrier
Vapour barrier
Internal board
or panel
Nails

0,0445 m
3
0,226 m

3

Amount
[kg]
22,3
4,5

Choice of material

1m
2
1m
2
1m

2,94
0,13
9

Dried, planed timber
Glass wool (for stone wool,
the amount is 6,8 kg)
Bitumen fibreboard
Plastic film or other
Gypsum plasterboard

0,37 kg

0,37

Steel

Materials

Amount

Comment

Timber
Insulation (350
mm)
Wind barrier
Vapour barrier
Internal board
or panel
Nails

0,0565 m
3
0,314 m

Amount
[kg]
28,3
6,3

2

3

1m
2
1m
2
1m

2,94
0,13
9

Dried, planed timber
Glass wool (for stone wool,
the amount is 9,4 kg)
Bitumen fibreboard
Polyethylene film
Gypsum plasterboard

0,43 kg

0,43 kg

Steel

2

In addition to the increased insulation requirements, the air tightening requirements are also
increased, that means increased focus on air tight wind and vapour barriers. As wind barrier,
building boards or roll-out products are common. As vapour barrier on warm side, normally a
plastic film is used. It is recommended to place the vapour barrier behind the first 50 mm of
insulation as illustrated in the figures in Table 1 to reduce the risk of puncturing and to allow for a
hidden installation layer on the inside of the vapour barrier. The intensive and wet climate also
means installing cladding that is properly aerated and drained.The aerated space behind the
cladding allows wind and rain that passes through the cladding layer to be drained back out and
allows for better drying and change of air and thus reduction of the moisture strain on the
construction.
The reference case of this study is one square meter of timber frame outer wall as described in the
Building Research Design Guides and complying with current Norwegian building code and

tradition (construction type 1) as illustrated in Table 1. The material quantities are also obtained
based on experiences from products having SINTEF Technical Approval (www.sintef.no/byggforsk).
In 2010, Norway got at national standard defining criteria for passive houses for residential building
[18]. Insulation thicknesses of 350 mm and above is complying with this standard and a double
wall construction, as illustrated in Table 1, construction type 2 is a example of this. Both
construction 1 and 2 are analysed in this study.
2.2

Methods

In this study, a life cycle assessment approach is used to analyze the two timber constructions.
According to international standard ISO 14044 [19] an LCA consists of four stages:
Goal, scope and definition (includes describing the functional unit, FU)
Inventory analysis (Life Cycle Inventory, LCI)
Impact assessment
Interpretation
The goal of this study is, using an LCA approach, to study the consequences for embodied energy
and heat loss through the timber frame walls, due to different design choices. The functional unit of
the LCA is 1 m2 outer wall (residential building). Heat loss calculations are performed using the
degree days method and is based on the normal number of degree days in Oslo which is 3881. All
assessed walls are assumed similar regarding surface treatment and maintenance over this period
of time, and the maintenance is thus not included in the analyses.
In the forthcoming European standard, CEN prEN 15804 [9], the building life cycle is divided into
four main stages, each consisting of several modules:
Product stage (modules A1 raw material supply, A2 transport, A3 manufacturing)
Construction process stage (modules A4 transport, A5 construction installation process)
Use stage ( B1 use, B2 maintenance, B3 repair, B4 replacement, B5 refurbishment)
End of life stage ( C1 de-construction/demolition, C2 transport, C3 waste processing, C4
disposal)
This study is a cradle to gate study (modules A1-3) with options, including module A4 transport to
construction site and a very simplified operational energy scenario (module B6) consisting of the
heat loss calculations mentioned above.
The timber constructions are modelled using the SimaPro software [20] with environmental data
from the Ecoinvent database [21] and from collected specific data for the Norwegian production of
timber. The electricity mix used in the assessment of Norwegian timber production is a Nordic grid
mix (NORDEL) taken form the ecoinvent database. The construction site is assumed to be near
Oslo with a major part of the building materials produced locally or semi-locally with an average
distance to construction of 200 km.

3. Results
3.1

Relative contribution of timber frame wall components.

Figure 1 shows the relative contribution of the different building components to the overall
environmental impact categories. The different materials contribute differently to the impact
categories. Timber e.g represents the major land use related impacts and is the largest contributor
to the terrestrial ecotoxicity, while the steel nails represent the major impact on water related
ecotoxicity along with the more obvious metal depletion. For most categories, including global
warming potential, the insulation layer represents a substantial contribution to the overall impact.
In Norway the most common insulation in timber frame houses are glass wool and stone wool.
There is a slight difference between the two insulation materials [21], but taking into account the
whole building life cycle, including operational energy, the differences are not significant. The
thickness of the insulation layer seems to be much more important. It has to be mentioned that
waste management is not included in this assessment, and the two insulation types are likely to
have two different end of life scenarios that might influence the overall impact in the end.

Figure 1 Relative contributions to the overall environmental impact categories from the different
components of a timber frame outer wall construction with an insulation layer of 250 mm glass
wool (reference case).
3.2

Embodied energy

The increased embodied energy as result of the increased insulation and thus wall thicknesses is
illustrated in Figure 2. The calculations of the constructions with 250 and 350 mm insulation are
calculated according to the material amounts of respectively construction 1 and 2 described in
Table 1. The calculations regarding insulation thicknesses of 100-200 mm insulation are based on
construction 1, but the amount of timber is decreased according to the insulation thickness. The
500 mm construction is calculated based on the described passive house construction 2 with an
added layer of insulation.
Insulation
thickness
100

200
250
350
500

Embodied
energy [MJ] Comment
655
Typical timber
frame house from
the fifities
848
Norwegian building
code from 1997
951
Current building
code from 2010
1198
Passive house
1346
Passive house +

Figure 2 Embodied energy for timber frame constructions with increasing thickness of insulation
(glass wool).
The embodied energy contributions from the different components of the reference case are
illustrated in Figure 3 together with the corresponding distribution of climate change contributions.
Regarding embodied energy, the timber represents the largest contribution with 55 % of the total.
However, when translating the energy use to impact on climate change, timber only stands for
13 %. This remarkable difference is mainly due to the timber drying process which is energy
intensive, but based on carbon neutral bio energy from local bark and wood chip residues.

Figure 3. Relative contribution to cumulative energy demand and global warming potential for timber frame construction with 250 mm glass wool.
3.3

Use phase heat loss through the outer wall

To get a full understanding of the material phase impacts in a larger context, it is important to see it
in conjunction with the use phase of the building. A simplified heat loss calculation based on the
number of degree days in Oslo show, as expected, a decreasing heat loss through the wall when
increasing insulation thicknesses as shown in Figure 4a.

Figure 4: a) Heat loss through 1 m² outer wall as a function of insulation and wall thickness. b) Total energy demand accumulated over the lifespan of 60 years.
The cumulative energy demand during a lifespan of 60 years, assuming that there is no need for
major refurbishment during that period, is shown in Figure 4b. The embodied energy is shown as
energy demand in year zero. The yearly energy demand directly associated with heat loss through
the one square meter of wall, is accumulated over 60 years, and is shown as a sloping curve for
each of the insulation thicknesses calculated. The figure show that the thicker the wall, the larger
energy “investment” you make in the start of the life cycle, but the less heat loss you suffer per
year of the use phase resulting in more gently inclining energy curves as insulation layers are
added.

4. Discussions
The results of this preliminary study indicates that the insulation layer is a substantial contributor to
the overall environmental impacts in most categories, especially as the energy requirements of the
building legislation is becoming increasingly strict. Some like to argue that the investment in extra
materials will offset the saved energy and green house gases due to highly insulated buildings.
However, the results indicate that the increased energy investment in the materials phase is worth
the extra energy investment when looking at the accumulated energy demand over the life cycle of

the wall. This certainly applies to insulation thicknesses of today’s practice, but also at passive
house level and even beyond. The calculation of heat loss through the wall is of course a very
rough number that does not take into account all of the energy demand related to use of the
building. Thus it gives an estimate of the energy demand directly associated with the choice of
insulation thickness. A considerable share of the Norwegian residential building stock is built in the
post-war period of the fifties and sixties, and is facing major refurbishment needs. Most of these
houses are built with an original insulation layer of 100 mm. As Figure 4b indicates, adding
additional insulation, even to passive house level, will pay back energy wise before the end of
service life. Whether refurbishment to passive house standard is achievable is however e.g. also
dependant upon the technical premises. The optimal thickness will depend on the expected service
life of the construction, which again depends on the climatic location of the house and the level of
maintenance. Somewhere along the line is a break even point where the added insulation no
longer pays off in a life cycle perspective, but the location of this point needs more detailed studies
for conclusion.
Some of the methodological choices and assumption may have substantial effect on the final
results. For instance, translating the energy use into global warming potential brings about the
discussion of what electricity mix to build the calculations on. Norway has an electricity production
consisting of 98-99 % hydro power [22] If calculations are based on the local electricity, the global
warming potential of each kWh of electricity is close to zero. However, Norway is part of a common
Nordic electricity market, and also gradually moving towards a European market. This makes the
discussion more complicated having the Norwegian incentive of local production on one hand, and
the incentive of electricity consumption reduction on the other. Assuming that the calculated heat
loss through the outer wall is all compensated with electric heating, saving energy of 2000 kWh, as
indicated in Figure 4a, means saving CO2 equivalents within the wide range of 30 – 1000 kg
depending on whether calculations are based on Norwegian, Nordic or European grid mix. This
study uses Nordic mix to provide a middle route, but a further look into sensitivity of electricity mix
and other methodological issues is an important part of further work.
Regardless of the predominant energy and climate change focus of the public debate, it is
important also to keep in mind other environmental aspects. If energy efficiency is partially focused
on the expense of other important issues, sustainable solutions will not be achieved. Hazardous
substances are e.g. found in a lot of building materials on the market, and one should choose
materials with care - not only based on their energy performance, but for instance also on the
content of substances, the amount of scarce resources used, the impact on biodiversity, the
amount of generated waste, and their potential of reuse or recovery at the end of life.

5. Conclusions and further work
The results of this preliminary study indicate that highly insulated buildings will contribute to an
overall reduction of environmental impacts related to energy use, such as e.g. global warming
potential, despite the increased investment in building materials to meet the requirements.
Further work will include more detailed study of several types of outer walls, including collecting
specific data for the locally produced components, such as insulation and fibreboards.
Further sensitivity studies will also be performed to clarify the picture of data uncertainty and the
span in results due to different methodological assumptions. Closer location of the break even
point regarding insulation thickness versus total energy demand will be focused. The LCA of this
study only includes the production phase of the materials, and an obvious task further will be to
complete the study with the rest of the life cycle phases. To ensure comparability of building
components and whole buildings, it is recommended to define realistic reference scenarios for
construction, use and maintenance based on todays’ practice. This will also be part of the further
project work.
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Summary
Assessment systems for buildings are currently in a phase of transition. On the one hand, systems
that so far have covered environmental and health issues need to develop in order to encompass
all dimensions and aspects of sustainability. This also includes the development of criteria for
functional, technical and economic performance. European and international standardisation
provide assistance. So does the principle of deducing assessment criteria top-down from the
subjects of concern.
On the other hand, there is the option to develop from a predominantly qualitative solution-oriented
assessment, which mainly considers property characteristics, to a quantitative assessment, which
is based on the use of LCA and LCC.
In the past attributing individual criteria to one dimension of sustainability or another has resulted in
problems. In particular, issues and problems of double-counting have been discussed. This paper
provides a recommendation for solving this problem, which is based on distinguishing between
concurrent multiple effects and subsequent multiple effects.
The implementation of assessment systems has so far been primarily driven by considerations
concerning image and marketing. The focus was on issuing certificates, labels or medals.
However the assessment results as a source of information for third parties are gaining increasing
importance.
In order to fulfil this role, the stakeholders affected need to be understood. On the other hand, the
system needs to react to their requirements in the way assessment results are being presented
(ranging from fully aggregated results to raw data for essential parameters).
This paper will present the results from an analysis of stakeholders needs as well as
recommendations for the developers of assessment systems, which also relate to work in progress
on the current EU-funded research project SuPerBuildings. The paper aims to stimulate further
development of assessment systems in a way that maintains the autonomy of existing systems,
while bringing them closer together in terms of content.
Keywords: sustainability assessment, top-down approach, stakeholders, communication format,
sustainability issues, indicators

1. Introduction and Aims
An intensive debate of sustainability issues in the construction sector led worldwide to the
development and implementation of various systems for defining, assessing and communicating
the sustainability of buildings. However this process is not concluded yet. Further developments
are required in order to adapt to new aims and objectives in the field.
The first generation of such assessment and certification systems concentrated on topics such as
energy efficiency, environmental and health issues. They were designed to support the planning
design, construction and marketing of green buildings. The indicator systems used emerged from
the tradition of energy efficient, resource efficient, environmentally friendly and health conscious
construction and as such followed a bottom up approach.
In the mean time a large number of such systems have emerged, that have successfully
contributed to awareness amongst stakeholders, improvements in the planning process and
increased demand for green buildings. Nevertheless there are currently reasons and demands to
discuss the direction and content of further developments in this area.
The subject matter of sustainability extends far beyond mere environmental and health aspects
and requires the treatment of interrelationships between environmental, social and economic
issues. This requires a substantially more complex approach, which needs to be structured clearly.
Furthermore, in addition to the common categories such as land use, resources, energy (which
can be classified as inputs) and resulting impacts (e.g. on health and on local and global
environment and on financial matters) further categories relating to the outputs in terms of benefits
resulting from the use of the building will need to be included into sustainability assessments.
Sustainability requires a long term perspective. Consequently topics such as durability, resistance
and adaptability come to the forefront. It is becoming obvious that issues of specifying and
assessing also the technical and functional qualities of a building will need to be included in
sustainability assessments. Consequently, the question arises, how an assessment system needs
to be structured and what it needs to contain in order to deal with the full complexity of
sustainability assessments. A solution to this is to use a top-down approach.
There are numerous assessment and certification systems worldwide, that are difficult to compare.
Some are being used globally, others concentrate on local, regional or national specifics. Many
market players feel they are faced with a confusing situation. This applies to international real
estate businesses in particular. There is therefore a desire to unify methods and systems. This is
also the aim of in standardisation, science and in parts also of the systems providers themselves.
However so far there is no indication that any particular approach will prevail.
Due to the reasons given above there is a need for many existing systems to be overhauled and
developed further. Hence there is an opportunity for systems to move closer together in terms of
content, while retaining the autonomy of their approaches in principle.
Consequently there is a need for plausible and practicable recommendations for the further
development of existing systems, rather than recommendations for yet another new system, since
previous attempts to develop internationally valid systems have so far been unsuccessful. The
exception here is the SB-Tool of iiSBE [1], which has always seen itself as a basis and resource for
national and regional systems to build on.
The immediate benefits of sustainability assessments far exceed the mere indication of a building’s
sustainability by means of a medal, label or certificate. Stakeholders can either integrate the
assessment process itself (and related processes) or the assessment results into their decision
making. This however depends on the assessment process matching their requirements, interests
and perspectives. In order to unlock this additional potential of sustainability assessments a
suitable adaptation and differentiation of assessment results and their presentation is necessary.
This paper will discuss current trends and thinking regarding the further development of
assessment systems, presents endeavours towards a new generation of assessment systems that
follow a top-down approach and encompass sustainability to its fullest extent. Furthermore it
makes recommendations for stakeholder-friendly ways of presenting assessment results.

The contents that deals with the issues presented above and presented here constitute selected
interim results from the EU-project SuPerBuildings, developed under the leadership of the Centre
Scientifique et Technique du Bâtiment (CSTB) in work package 4, and under the over-all project
coordination of Technical Research Centre of Finland (VTT).

2. Topics and Trends
2.1

Standardisation

Technical Committee CEN/TC 350 "Sustainability of Construction Works" is preparing standards for
the sustainability assessment of buildings. The starting point of the work is that the integrated
performance of buildings incorporates environmental, social and economic performance as well as
the technical and functional performance, and these are intrinsically related to each other. The
intended result of the work is the development of general frameworks for the environmental, social
and economic performance, and the development of corresponding assessment methods for
buildings. The work emphasizes life cycle approach, the use of functionally equivalent systems as
the basis of assessment and quantifiable indicators; the assessment at any stage of the
construction project life cycle will quantify the contribution of the assessed construction works to
sustainable construction. The main justifications of the work include that it takes into account the
needs of the relevant EU policies related to the Construction products (such as Construction
Products Regulation, Eco-design Directive, Green Public Procurement, Energy-label, Eco-label)
and helps to prevent potential technical trade barriers on internal and international market.

Figure 1: Principle of approaching sustainability assessments of buildings in accordance with
standard CEN TC 350 [2]

2.2

Research activities

OPENHOUSE
OPEN HOUSE [3] is a methodology for assessing the ecological, economical and social
performance of buildings in Europe, that will be developed by an European consortium of 19
stakeholders for the EU Commission in the seventh framework programme, to show the gaps of
the existing assessment methods and to give an overview about minimum standards for
sustainable buildings in Europe. The project is ongoing and due to end February 2013.
LEnSE
LEnSE [4] was a European research project that responded to the growing need in Europe for
assessing a building's sustainability performance. The project drew on the existing knowledge
available in Europe on building assessment methodologies. LEnSE developed a methodology for
the assessment of the sustainability performance of existing, new and refurbished buildings. The
LEnSE methodology contained a set of 57 sustainability issues, grouped into 11 categories in the 3
pillars of sustainable construction. The project concluded in December 2007.
PERFECTION
PERFECTION [5] is a European research project with the main objective to develop a framework
and a set of indicators concerning the overall quality of the indoor environment of buildings. The
main focus is on comfort, health and safety, but also accessibility, positive stimulation of people
and sustainability. The long-term aim of PERFECTION is to help to enable the application of new
building design and technologies that improve the impact of the indoor built environment on human
well being. The project is ongoing and will conclude end of 2011.
2.3

Other Activities

Sustainable Building Alliance
The Sustainable Building Alliance is a not for profit international membership organisation, created
in 2008 under the initiative of CSTB and BRE, including certification bodies, re-search centres,
various organisations and key stakeholders of the construction sector. SB Alliance objectives are to
accelerate the adoption of sustainable building practices through the promotion of shared methods
of building performance assessment and rating. To achieve this, SB Alliance’s goal is to develop,
test and disseminate common metrics that can be used within any building performance
assessment and rating system and that will provide a means to monitor and compare
environmental and sustainability performance of buildings. A first set of six common metrics for
building assessment was developed in 2009 as a framework to guide the development of
performance assessment systems for buildings so that there can be consistency between methods
at an international level. The framework does not set targets, as these will need to be set at a
national level, but it does provide details of the scope and coverage, in terms of the building lifecycle and indicators, for the following metrics: primary energy, water, GHG emissions and wastes.
Conventions and assessment rules are also defined for the two other issues: thermal comfort and
IAQ. During 2011, these metrics are being piloted in five European countries [6].

3. Recommendations for a Next Generation of Assessment Systems
Many existing assessment systems face a transition from an approach that is predominantly
focused on environment and health issues of buildings, which we refer to here as a first generation
system with bottom-up approach, to an approach that encompasses all sustainability issues.
Furthermore systems are about to evolve from a predominantly qualitative solution-oriented
approach based on building characteristics to a quantitative, performance oriented approach,
which is based on LCC and LCA. This development can be driven by a need to restructure and
adapt existing systems to emerging standardisation, for which recommendations are given in the
following.

Existing indicator-driven ”bottom-up approaches” often do not cover the full range of sustainability
issues. In particular the following problems were found:
- indicators often do not cover the full range of sustainability issues,
- indicators may be overlapping and
- indicators may be of different value in terms of significance.
Using a top-down approach ensures that all current key issues are given due consideration. By
covering the full breadth of sustainability issues, the likelihood is increased that all concerns, which
various stakeholders have, are covered. At the same time the necessary complexity of a
sustainability system that implements the key principles of sustainability and all related aspects is
being met. Point of departure for the development of any assessment system that follows a top
down approach are certain overarching concerns that are being addressed. These concerns are
often referred to by the term “areas of protection” which is commonly found in literature on life cycle
analysis (LCA); so are the terms “safeguard subjects” [7] or “areas of concern” [8]. The neutral
term “subjects of concern” will be used here.
A typical, LCA/ecology-driven definition would be the one used in the Rio Earth Summit declaration
in 1992 [9], which defines “safeguard subjects” as:
-

biological diversity
human health
production of biomass and fresh water
resource use
aesthetic values

For use in the context of sustainability assessments this definition has to be modified in order to
reflect also the social & cultural and economic dimensions of sustainability.
It is recommended that the subjects of concern should follow the three “dimensions” of
sustainability: the environmental, economic and social dimension. Different stakeholders may have
different interpretations of these three dimensions. However, since this is the starting point for all
sustainability assessments, a common definition should be determined. At a generic level each
dimension can be seen in terms of a specific value system inside the sub-system and its stability
(in relation to trends resulting in future positive or negative changes), leading to the following highlevel subjects of concern:
-

environmental values (e.g. resources, biodiversity, clean air, clean water and soil)
stability/health of environment / ecosystem

-

social and cultural values (including health and comfort)
stability of the social systems / social equity

-

economic values
stability of the economic systems / economic prosperity

In this context “value” is the intrinsic merit of a resource or entity. Stability means ensuring that
these values will persist longterm, that their state is robust. It is necessary to know the actual value
of each subsystem and its stability (in form of trends) to predict its future values. For buildings this
means for instance that not only their ability to meet future technical and functional requirements is
to be assessed, but also their adaptability to anticipated future regulatory demands regarding
environment and health.
The areas of concern in a general sense have to be defined initially from the point of view of the
whole of society. They then have to be translated into the terms appropriate to the object to be
assessed (here buildings) and adapted accordingly. Specific goals can consequently be defined.

Examples are:
Environmental goals:
- resource preservation (energy carriers, raw materials, land, water), i.e. protecting these
from over-use and depletion
- protection of ecosystems from negative impacts from emissions and waste products on the
local and global environment
- protection of ecosystems from risks
- preservation of biodiversity (flora and fauna)
Social goals
- protection of cultural values, ensuring urban and building related design quality
- meeting the needs of users, providing suitable living and working conditions
- safeguarding health and safety of all those involved in the construction stage safeguarding
the comfort of end users
(N.B. aspects frequently discussed here are availability and affordability of housing - however,
these are not directly reflected in building characteristics). The same goes for the creation and
retention of jobs in the construction and real estate sector)
Economic goals:
- lifecycle costs
- protection of capital, protection of economic value and ensuring stability of value
- reducing the need for subsidies and external costs
(N.B. impacts on local economy are important, but are not directly reflected in building
characteristics)
The way and the extent to which these goals are accounted for or met has to be examined and
assessed. Suitable indicators, which may be summarised in entire indicator systems have to be
defined accordingly – see also current standardisation [10],[11]. These indicators have to be
developed in close accordance with the object to be assessed.
3.1

Object of Assessment

The objects to be assessed for the purpose at hand are individual buildings – not neighbourhoods,
cities or property portfolios. The whole building is being assessed including the plot it stands on.
The whole lifecycle including all energy and mass flows, impacts on the local and global
environment, impacts on health, comfort of neighbours as well as that of end-users and visitors, all
cash flows and economic consequences are being assessed. Also included are technical and
functional qualities of the building, building design and urban design qualities as well as processes
relating to planning, construction and operation.
On numerous occasions it has been discussed internationally whether and in how far an
assessment of the quality of location or the choice of location should enter into a sustainability
assessment. Different ways of arguing and approaching this topic are possible. These are
influenced by the specific nature and traditions of the planning processes and decision making in
different countries. However, the following modular structure is proposed:
-

the location
the plot/ site
the building (its entire life cycle)
the processes of planning, constructing and operating the building

In some countries the selection of site and the actual planning of the building present in effect a
two-stage process with quite different stakeholders in each phase. This may justify a formal
separation of the assessment of the location on the one hand and the assessment of the building
on the other.

In any case, the assessment of the building should be supplemented by a documentation of
information relating to the location.
Separating of man-made (infrastructure) and non-man made site conditions may be sensible. If the
location is being assessed separately from the building, the site selection process as such may
form part of the assessment of management processes during the planning stage.
3.2

Basic Structure and Selected Recommendations

For the further development of existing systems according to a top-down approach a general
structure is being proposed, which is illustrated in Figure 2.
The central block (red) represents a proposal for an assessment system with the main indicator
sets (purple), which are derived from the subjects of concern (green) and translates into a range of
assessment results (blue) and communicated to stakeholders. The green arrow on the right
represents the cyclical notion of how stakeholder eventually have a positive effect on the subjects
of concern. The grey band indicates the different measurement points.
A set of recommendations for the development of assessment systems was developed:
-

-

The object of assessment must be clearly defined and explicitly stated, as well as its
purpose (who will use the results for what) and expected typical user.
It is important that the building type(s) that an assessment is designed for is/are explained
clearly - rules need to be set for dealing with buildings that serve a range of uses (e.g.
housing with some shops on the ground floor)
Sustainability systems should provide system variations for different building types, which
take into account the specific functional requirements of different types. A use-oriented
building typology should be used (e.g. schools, prisons, flats, shops...). It is necessary to
tailor the assessment criteria and benchmarks need to be specific to the building type to be
assessed.
It is important that as part of the assessment results the functional equivalent is clearly
stated, in order to allow full understanding of the type of building that is being assessed.
Additionally to the building, the location should also be assessed. A separate assessment
module therefore needs to be designed for the location.
It is recommended to allow any building to be assessed with a system for new buildings up
to three years after completion.
It is recommended that system variations for new buildings, refurbishments and the
operation of existing buildings are to be developed - indicators need to be appropriate to
those issues that can be influenced by stakeholders.
The main indicator categories are determined by the main categories of the subjects of
concern, i.e. the environmental, social and economic dimensions of sustainability.
Functional and technical qualities need to be considered.
Process quality needs to be considered.
Substantial overlaps between functional and social qualities are seen; therefore the two
issues can be grouped together.
Technical quality is to be assessed, but the result is to be kept separate from the main
assessment.
It is recommended to ensure a clear distinction between object-related and process-related
indicators.
It is recommended to group indicators and aggregate results accordingly, as stakeholders
will find it easier to grasp the systems and its outcomes.
The end-point in a sustainability assessment is the subject of concern - it is recommended
to generally assess at mid-point level.

Furthermore, particular thoughts were given to the issue of weighting. Depending on whether or
not the environmental, economic and social dimensions are considered to be equally important, the
relevant main categories of the assessment system derived from the subjects of concern will be
given equal or differing levels of importance.

Figure 2: SuPerBuildings system structure and context [Luetzkendorf, Immendoerfer, 2010]

This can on the one hand be a political decision, which may depend on whether a view of weak
sustainability or strong sustainability [12] prevails. On the other hand, it may depend on local
conditions. Some critical issues or problems may appear, that may lead to treat one dimension as
more critical and more in need of attention than the others. The point of departure should however
be that the 3 dimensions of sustainability are equally important.
The decision how the dimensions are weighted is therefore often a political one. Preferably
decisions on weighting factors should be founded in science. An expert forum or an alternative
structured method should be used in order to arrive at weighting factors within indicator groups at
first. However, it is recognised that in the end the weighting process will be the middle ground
between politics, science and social consensus.
The process of developing assessment criteria can be explained on the following examples of
environmental issues (see Table 1). Where suitable targets have been defined it is necessary to
check and measure that they have been adhered to. To this end indicators based on the
measuring of absolute values as well as those based on measuring the „distance to target“ are
useful. Goals regarding environmental protection are related to the issues on the right:
Table 1: Goals and Issues (examples)
Goals
Issues
Preservation of resources from over-use and - consumption of renewable energy
depletion (energy sources, raw materials, land, - consumption of non-renewable energy
water)
- consumption of biotic raw materials
- consumption of abiotic raw materials
- consumption of potable water
- use/ conversion of land
Protection of ecosystems from undesired - impacts on the global environment
effects of emissions and waste products on the - impacts on the local environment
local and global environment.
Protection of ecosystems from undesired risks

- risk of harmful ingress of pollutants into air,
water and soil

Protection of biodiversity

- protection of biodiversity on site
- protection of global biodiversity

The issues given in Table 1 have corresponding indicators which have been worked up in current
standardisation work on CEN TC350 / Pr EN 15978. Indicators directly representing the above
issues would be given preference. They are in parts conditional to an LCA being undertaken.
Many systems of the first generation use indirect indicator such as for instance the presence of
energy monitoring or taking into account environmental friendliness of materials. Such indicators
are being dealt with in second generation systems as part of process/ management quality. The
way indicators are being selected and grouped has an impact on the potential risk of double
counting certain results in an assessment, as explained further in the following paragraph.
3.3

Double Counting vs. Multiple Effects

Issues of avoiding double counting, while also appreciating multiple concurrent effects and
subsequent effects, are currently being discussed intensively as part of WG2 and ISO TC 59 SC17.
Some issues find expression in a number of different indicators, which indicate multiple impacts.
For example several environmental indicators express different effects of the same issue, both in
terms of mid-point effects as well as end-point-effects. This is also explained in the ILCD handbook
[13], which illustrates the multi-effects of different midpoint impacts on the areas of concern.

For example climate change affects both human health as well as natural environment.
As an attempt at solving this issue it is proposed to differentiate between concurrent multiple
effects and subsequent effects. This will be illustrated in the following examples.
3.3.1 Example: Maintainability
The maintainability of a building leads to reduced maintenance costs and can contribute to a longer
service life in a technical as well as in an economic sense. In so far maintainability contributes to
the long term value as part of the economic category, also helped by greater user satisfaction and
resulting longer tenancies. At the same time there are multiple effects, due to the prolonging of the
service life of components and longer useful life of the building: on the one hand through the
prolonged use phase of the building (as an expression of reified mass and energy flows) resources
are being preserved and the environment is being protected. This can be attributed to the
environmental dimension and relevant goals. On the other hand maintainability can contribute to
the preservation of the building as a monument, and contributes in turn to cultural value and the
townscape. This can be attributed to the cultural dimension and its related areas of protection and
goals. This is an example for concurrent effects.
3.3.2 Example: Energy Performance
Energy efficiency of building is a crucial aspect of sustainability and therefore indispensable as an
indicator. Energy efficiency has an immediate effect on resource consumption (environmental
dimension) and CO2 emissions (environmental dimension) and at the same time on cost (economic
dimension), the property value (economic dimension) and also on thermal comfort (social
dimension). Energy efficiency is at the same time a technical quality of the building. This is an
example of concurrent effects, as illustrated in Figure 3.
In order to solve the problem it is proposed to classify energy efficiency as a technical quality and
to present relevant values in this section for information. Its further effects should then be
represented through indicators for resource requirements, environmental impacts, life cycle costs,
stability of value and thermal comfort. This shows the advantages of moving from technical
solution based indicators to impact based indicators.

Figure 3: Impacts of energy performance on all dimensions of sustainability [Luetzkendorf 2011]

3.3.3 Example: Indoor Air Quality
Good indoor climate as a product of good choices of materials, good ventilation strategy and
appropriate user behaviour reduces harmful impacts on health (sick building syndrome) and
improves comfort and satisfaction of users due to olfactory comfort.
As subsequent benefit, an increased user satisfaction can contribute to better productivity, longer
tenancies, greater willingness to pay for higher rent etc.. Hence it has impacts on cash flows and
value as part of the economic dimension. This is an example for subsequent effects.
Figure 4 illustrates that a chain of consecutive effects can occur. It becomes clear that different
stakeholders can have different interests as to where in the chain assessments should be made.
Therefore the question arises which effect should be measured and assessed in order to account
for the various concerns of stakeholders.
For example, one could initially concentrate on presenting primary effects (compare GWP with its
resulting impacts on global temperature increases and rising sea levels are only indirectly captured
in the interpretation of assessment results). For the relevant stakeholders a “translation” into their
preferred categories and indicators has to happen, as part of an interpretation of results. This is a
subject for future research.

Figure 4: Impact chain - example indoor air quality [Luetzkendorf, 2010]

The issue illustrated by the preceding 3 examples requires further research. One solution is the
development of an indicator typology such as:
-

indicators for specifying structural/ technical solutions (solution oriented indicators)
indicators for specifying impacts (impact based indicators)

Furthermore the following interim results and recommendations are being offered up for discussion:
- the assessment should be based on primary impacts
- technical qualities ought to be captured and stated for information
Assessing subsequent impacts is useful, because it allows the juxtaposition of good performance
on one primary impact and a bad performance on another impact. For instance, good energy and
CO2 performance (environmental) has, due to certain planning mistakes, lead in some cases to
bad indoor air quality (social).

4. Stakeholder Needs
Usefulness and effectiveness of sustainability assessments can be influenced especially if the
results can influence directly the actions of relevant stakeholders.
To this end relevant stakeholder groups need to be identified and their specific information
requirements need to be analysed, so that conclusions regarding content, process and
representation of results can be taken into account. To this end a survey has been conducted as
part of the SuPerBuildings project.
Surveys were organized in paper and electronic form and were complemented by interviews.
Paper surveys were distributed during two sustainable building conferences (“Central Europe
towards Sustainable Building” held 30.6. – 2.7. 2010 in Prague, Czech Republic and “SB10
Finland: Sustainable Community” held 22. – 24. 9. 2010 in Espoo, Finland). During these events
450 paper survey questionnaires have been distributed, from which 73 were collected back (return
ratio over 16 %). In the period of July and September 2010 a call for filling the electronic version of
the survey has been send out to the whole project network, resulting in 58 responses. In the same
period 21 interviews with local stakeholders around Europe were organized, resulting in the filled
questionnaires and additional comments. For further details the SuPerBuildings project website
can be referred to [14].
4.1

Stakeholder Groups and their Needs

The full potential for positive change, owing to stakeholders understanding their respective spheres
of influence, can only be realised fully, if the assessment system meets the needs of all those who
come into contact with it.
Valuers and risk analysts for example show increasing interest in sustainability-related information
when calculating mortgage values, and project financing risks. Risk-relevant and value-relevant
factors are of particular interest. At the moment banks are mainly interested in assessments in the
form of a fully aggregated assessment results, but it is known that they also require certain
information regarding specific assessment criteria or the underlying project information, in order to
use these for their own analysis and their own tools.
Table 2 shows further stakeholders with potential interests in assessment results that have been
analysed in terms of their information requirements due to their respective roles and positions, and
specific level of knowledge.
A survey showed a clear preference for partially aggregated results (for detailed summary see
Figure 5; see also Table 2).
Detailed results of the assessment are most valuable for researchers, academics, architects and
designers and manufacturers. Facility managers, planning authorities, authorities (policy makers),
clients and users demand partially aggregated results. Fully aggregated results are at the moment
the most useful results from point of view of the banking sector, estate agents, insurers and grant
providers, community representatives, valuers and end users. However, the authors predict that
these groups will also become interested in certain more detailed results in the medium therm.
It is not only important to match the users’ needs in aggregation of the results, but also to follow
their needs by considering how they use the tool. Different stakeholders use the assessment tools
for different purposes (as shown in Table 2: Stakeholder needs) and at different steps of the
process. They have different limitations in terms of time and finances as well as different
information requirements. An architect making a choice between several alternatives based on
initial sketches clearly has different needs and priorities to those of an investment fund manager
looking for a suitable real estate portfolio to invest in. In order to obtain a clearer view regarding the
types of uses, part of the project survey was dedicated to this topic (see Figure 6).
Academics, researchers, valuers, users of buildings, contractors and clients find a comprehensive
assessment tool most useful. Architects and designers and to a degree also property owners want
a simple self-assessment tool. Community representatives and planning authorities prefer a short
checklist.

estate agents
banks

as basis for informing third parties surveyors in particular

valuation surveyors

as a selling point in a competitive
market

buyers
tenants

as an indicator for corporate social
responsibility and information source
for relevant reporting

senior managers

as a tool in the tender process in
“green procurement”

procurers
(in particular in public procurement)

as a tool for quality assurance in
“green procurement” (in particular
public procurement)

procurers
(in particular in public procurement)

X

X

X

X

X
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Figure 5: Preferences on aggregation levels
[Hajek, Lupisek, 2010]
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Figure 6: Types of tools
[Hajek, Lupisek, 2010]
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Third party certification is most suited to valuers, manufacturers, authorities, grant providers,
planning authorities and professional associations.
Such diverse needs underscore the necessity for a top-down systematic approach, which allows
the tackling of the subjects of concerns at different levels of detail without losing sight of the overall
goals of the assessment.

4.2

Consequences for Assessment Systems

Different stakeholders use sustainability assessment systems and their outputs in various ways.
Assessment results in particular should be prepared and presented to suit these. Different types of
results are:
-

fully aggregated results of the entire assessment (in the shape of a label or certificate)
partially aggregated results (results per criteria group, per theme group...)
assessment results for individual criteria
the results for each indicator in terms of the actual (un-assessed) project information

Results should be provided in a range of aggregation levels:
-

raw building data behind the assessment (e.g. energy consumption in kWh)
aggregated into an assessment result at indicator level (the value, absolute or relative,
achieved for this indicator)
aggregated results at indicator group level (the score fulfilled across a sub-group of
indicators)
aggregated results at main group level (the score for each of the main categories:
environmental, social, economic, technical and location)
results aggregated into one main result or single score

This topic requires further research as well as the assessment of experiences from practical
applications.

5. Validity
Apart from allowing better comparability of results and safeguarding the provision of stakeholder
specific information, another important overarching objective is also to prove the validity of the
chosen indicators from a methodological point of view. This means that the work presented here
aims to provide the theoretical foundations as to why certain indicators are necessary, appropriate
and effective in order to achieve progress towards greater sustainability.
Deducing indicators top down from the subjects of concern means that they can easily be related
back to the relevant subjects of concern, that this logical connection is clear and that therefore the
necessity for the indicator is obvious. In so far, the proposed principles form a methodology for
producing an assessment system with justifiable and thus valid indicators. However, validity has a
second element: indicators need to be valid for stakeholder. Indicators need to provide useful and
necessary information to them – see chapter 4. Therefore validity has to be argued and proven on
two levels: in terms of scientific soundness and in terms of their relevance to stakeholders. This is
what this paper has aimed to lay down the foundation for.

6. Conclusions and Outlook
This paper presents a range of proposals for the further development of sustainability assessment
systems. Following these recommendations may leed to the positive outcome of systems moving
closer in terms of their content, allowing for better comparability, whithout however, questioning the
autonomy of these systems.
A top-down approach is recommended, which deduces the system structure and indicators from
the subjects of concerns. Greater alignment of assessment systems with standardisation is also
required.
In this context crucial issues are the treatment of multiple effects and (related to it) the
safeguarding of validity of indicators. Initial outcomes regarding these issues have been presented.
Further research is required and expected to emerge from the current EU-project SuPerBuildings
in due course. Project results can be found at http://cic.vtt.fi/superbuildings.
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Summary
An interdisciplinary task group has developed a Sustainability Assessment System for Education
Buildings, which is based on the existing system for administration buildings (BNB). Changes to
the system were only made with respect to the building type, so the different versions of the system are identical where possible and different where necessary. 'Soft' and less quantifiable factors,
i.e. spatial qualities or a building’s influence on social behaviour constitute the main differences
between the two building types and were thus closely examined.
Keywords: Assessment, Education, Building, Socio-Cultural, Quantifiable, Interdependence,
Holistic, Urban Design, Architectural Design

Introduction
In order to develop an assessment system for sustainable education buildings, the German
Federal Ministry of Transport, Building and Urban Development (BMVBS) have established a task
group consisting of members from federal state and communal building administration, social
scientists and architects. The system is derived from the existing system for administration
buildings and will be tested on a series of newly completed buildings until February 2012.
The structures of the German assessment systems, BNB and the German Sustainable Building
Council’s similar DGNB System, are derived from the three pillar model of sustainability. The
economical, social and cultural qualities are equally weighted and complemented by technical and
procedural aspects. Additionally, a location profile is given for information.
In adapting the Sustainability Assessment System for Administration Buildings to the functional
requirements of education buildings, differences between the two systems should be principally
related to differences between the two building types. For example, the floor to ceiling height in
schools has to be at least 3.00 m, compared to 2.50 m in office buildings. Accordingly, the target
values in the criterion 'Capability of Conversion' were adjusted.
Reversely, issues in the system for administration buildings that need revision, but are not related
to differences between the two building types, should not simply be adjusted within the system for
education buildings. Instead, a list of recommendations for the administration building system was
compiled to ensure a synchronous future development of the various systems. In short, the
different versions of the systems should be identical where possible and different where necessary.

The task group identified that about half of the criteria needed no significant changes. The Target
values of criteria concerning the life cycle assessment and life cycle costs were adjusted to the
different building type. Wherever different standardisation or legal requirements applied, the
implications on the sustainability assessment were examined and addressed. As a result for
instance, the criterion ‘Sound Insulation’ was abandoned because exceeding the strict legal
requirements promises no significant gain in terms of sustainability.

Socio-Cultural Aspects
The most significant differences were identified among the socio-cultural criteria. A major concern
of the task group was to reflect international currents in contemporary educational theory in the
new assessment system. For example, in modern education concepts, informal learning-,
communication-, and recreation areas are part of the circulation spaces, which should thus not be
too compact. Accordingly, the criterion ‘Space Efficiency’, which encourages compact circulation
areas by simply measuring the net usable floor area against the total floor area, was abandoned.
Furthermore, the more general socio-cultural significance of education buildings was examined. By
providing the best possible learning environment, sustainable education buildings can improve the
success in educating young people. Since knowledge is considered the single most important
resource, this is an obvious contribution to a sustainable future, not only socially, but in a wider
context even in economic terms. Future concepts are expected to connect traditional schools into
integrated learning networks that will include adult education as well as communal services. In that
way, not only young people will benefit, and the equality of opportunities is supposed to increase.
It was also acknowledged that ideally, the building should serve as a good example and a good
setting for learning. Young people are open and able to learn, and their built environment should
thus offer an experience of aesthetics (for example through space, light, colour and form), of
ecology (for example by demonstrating sustainable ways of handling air, energy and materials), as
well as of structure, i.e. in the layout of the building.
Beyond that, education buildings are seen as a crucial element in urban development strategies: A
major challenge that cities face is identified in high unemployment and social exclusion in certain
neighbourhoods. Considerable increase in social distinctions and differences in economic
development within one city are recognised to threaten to destabilize the cities. Leipzig Charter on
Sustainable European Cities recommends a policy of social integration in which “… a crucial
starting point for improving the situation in deprived neighbourhoods is the improvement of the
education and training situation in the local community …”
Numerous aspects of sustainability are related to the design qualities of a building. For its
assessment the judgement of a qualified jury is necessary, as required in the criterion 'Quality of
Architecture and Urban Planning'. Since the discussion showed, that this criterion subsumes many
socio-cultural aspects, and in fact, describes a process quality, it could be assessed additionally as
a process quality thus giving it a significantly higher share in the overall weighting.

Discussion
The variety of different international assessment systems shows that a general consensus, as to
how sustainability should be assessed, does not yet exist. The necessary techniques and tools are
just starting to be developed. Also, the data that will eventually allow for much more definite
predictions about the effects and implications of our various assessment systems is still limited.
In this context of exploring ways to assess and improve the sustainability of the built environment,
the presented draft for an Assessment System for Sustainable Education Building focuses on the
socio-cultural aspects of sustainability. These are often less quantifiable and harder to capture in a
schematic system, but they are just as important as the ecologic and economic criteria.
Thoroughly addressing the very particular socio-cultural relevance of this building type, the system
aims to render an appropriate approach to the sustainability assessment of education buildings.

1.

Introduction

The need for sustainability in all fields of our everyday life has become
common ground. Starting in the 1970s, the acknowledgement that most
of our resources are limited, led to initial efforts to save energy.
Environmental awareness has since continuously grown and today, the
holistic concept of the Three Pillar Model of Sustainability, which aims to
balance ecological, economical and social requirements, is generally
accepted.
After the German reunification, relocating the seat of government to
Berlin in the 1990s required significant building activities. This, in
conjunction with several international agreements, led the Federal
Government to adopt a policy of acting as a role model in the field of
sustainable construction. To achieve that, the Federal Ministry of
Transport, Building and Urban Development (BMVBS) introduced the
‘Guideline for Sustainable Construction’ in 2001.

fig. 1 BNB Logo

Subsequently, BMVBS commissioned the research and development necessary for a scientific
sustainability assessment and set up the so called Round Table for Sustainable Building.
Associations of the construction industry, planners, building authorities, as well as scientists are
represented here. These actors are involved both in the updating process of the ‘Guideline for
Sustainable Construction’, which was re-issued in 2011, and in the development of the Assessment
System for Sustainable Buildings (BNB), introduced in 2008.
BNB was initially developed for new administration buildings because this building type has a
significant share in public and private construction activities. For reasons of practicability, the initial
system dealt with new buildings rather than with refurbishments, which are expected to have a
higher share in future construction activities. On the basis of this system, other building types and
the refurbishment of existing buildings are currently being addressed.
In 2010, a task group within the Round Table for Sustainable Building was set up in order to
develop a Sustainability Assessment System for Education Buildings that should be derived from
the existing version for administration buildings. To represent a wide spectrum of experience and
knowledge, the group consists of stakeholders from federal state and communal building
administration, social scientists, architects and planners. The system is scheduled for testing in
summer 2011. In this article, the Author will present how different functional requirements of
education buildings result in changes compared to the original system for Administration buildings.

2.

Framework and Objectives of the Assessment System for
Sustainable Administration Buildings

2.1

The German Assessment System for Sustainable Building

Sustainability Assessment methods had been well established in other countries such as Britain
and the United states when BMVBS started to develop the German assessment system that was
later continued in cooperation with the German Sustainable Building Council (DGNB). The
necessity for an alternative system originates primarily from the wish to have a holistic system that
would address all three pillars of sustainability equally.
Additionally, the different legal and regulatory framework for construction in Germany had to be
addressed. Relatively high standards, for example in energy efficiency, insulation, and work
regulations needed to be reflected in the sustainability assessment method. As a result, the
German systems (which are currently continued by BMVBS and DGNB independently) are based
on the following principles:

2.2

Principles of the Assessment System

The Structure of the System is derived from the Three Pillar Model of Sustainability. Additionally,
the economical, social and cultural qualities are complemented by technical and procedural
aspects (Fig. 2).
A comprehensive life cycle assessment (LCA) is required, presuming a life span of 50 years.
Environmental Impacts from production, use and end of life are to be assessed, whereas currently,
transport from production to site is not considered.
In economic terms, not only the
investment costs are to be considered, but
the costs over the entire life cycle of the
building (LCC). As a result, follow-up costs
can be reflected in investment decisions in
order to achieve long term economic
efficiency and value stability.
To foster innovation and to reflect the
interdependence of the assessed criteria,
BNB aims to define targets and incentives
rather than definite measures or methods.
This integrated approach is intended to
provide flexibility to the designers. In turn,
it tends to make the building assessment
more complex.
Ideally, quantitative methods are employed,
such as LCC or LCA. Alternatively,
objectives and measures can be defined
and their implementation can be assessed.

Fig. 2 Principles of the German Sustainability
Assessment Systems. The Location Profile is
not incuded in the weighting but given for
information

Through a limited extra effort in documentation, a standard building that conforms to all German
legal and regulatory requirements should achieve a degree of performance of 50%, equivalent to a
‘bronze’ certificate. A ‘silver’ certificate is awarded to a building with a degree of performance
between 65 and 80%, and beyond that, a building is certified as ‘gold’. The 2011 version of the
‘Guideline for Sustainable Construction’ requires that new federal buildings need to achieve at
least ‘silver’ standard.
The new assessment system for education buildings should be based on the same principles that
had been established for the assessment of administration buildings. Consequently, the new
version was to be developed from that system. However, international assessment systems for
education buildings had to be analysed, to make sure that all relevant aspects were going to be
assessed.
2.3

System Boundary

Because it was argued that planners usually do not have much influence on the choice of a site,
the assessment system boundary is generally the outer edge of the building. The characteristics of
the building location are thus listed separately and are not counted in the assessment of the
building.
The interaction of a building with its immediate and wider context, the significant impact of the
choice of site on traffic, infrastructure and subsequent consumption of energy and resources are
thus left out of the assessment.

Fig. 3 Sustainability Assessment System for Administration Buildings - Weighting of the main criteria
groups and the individual criteria. The functional criteria ‘Space Efficiency’ and ‘Capability of
Conversion’ are re-counted in the economic criterion ‘Value Stability’. The Values shown are
aggregations of both the weightings in the functional and in the economic group.

3.

The Task Group

3.1

Building Authorities Representatives

Unlike the Federal Government, the federal states and communes are not obliged to implement
federal sustainability standards that exceed legal requirements. The aspiration though, is to apply
the principles of sustainable construction to all public building activities eventually. Thus the
majority of representatives from government agencies, federal states and communes support the
task group by conviction. With their expertise, they ensure that the system complies with the
administrations' requirements and that implementation will be as simple as possible.
3.2

Scientific Advisors

The Fraunhofer Institute for Building Physics (IBP) acts as a scientific advisor to the task group.
IBP had also been involved in the initial development of the assessment system for office buildings
and has a rich experience in the fields of sustainability assessment in building in general, and in
life cycle assessment in particular.
3.3

Academic Consultants

This expertise is complemented by academics from the fields of planning, architecture theory and
educational theory. Their field of expertise lies generally outside that of sustainability assessment.
Instead, these scientists' concern is that international currents in contemporary educational theory
will be reflected in the future Assessment System.

4.

General Relevance of Education Buildings for a Sustainable
Development

The principles of sustainability can be applied to almost all human activities: the production and
use/consumption of energy, food, goods and buildings, as well as the transportation of people and
goods. Though all these aspects are interrelated, the sustainability assessment of buildings so far
tends to isolate the building from other activities such as transportation.
However, the building sector is under high scrutiny, and among all building types, education
buildings have a distinctive relevance with regard to the socio-cultural aspects of sustainability.
That is because in general, children and young adults spend a large quantum of their time in
education facilities. In Germany that time is currently increasing because of a widespread
implementation of all-day school programmes that respond to many parents' wishes to balance
work and family.
4.1

School Buildings in Germany

Though new buildings are still required, the majority of education building projects today consist of
refurbishments and predominantly minor extension buildings. For the Sustainability Assessment
System for Education Buildings, the initial focus on new construction has thus - similar to
administration buildings – rather practical reasons. A version adapted to refurbishment projects is
projected for the near future.
In the last decades, the education building stock, which accounts to approximately one third of
public buildings, has been generally poorly maintained because of weak public finances. As
reaction to that, the Federal Government have included the refurbishment of schools into the fiscal
stimulus package after the financial crisis in 2008, although schools are generally a responsibility
of the federals states.

Demographic shifts and changes in the school system result in the opening of new and closing of
old schools. In this process the number of private schools is increasing. (Private schools in
Germany usually receive 75% of the public funding of public schools. In this way public schools
appear to save money to the public administration and are seen as a way to cut spending by some
communes.)
Often, these new private schools occupy former public school buildings. It can thus be assumed
that in future, a growing number of public school refurbishments will be commissioned by private
clients rather than public building authorities.
4.2

The Building as a Good Example and a Good Setting for Learning

The Montag Foundation for Youth and Society states in the ‘Design and Building Handbook for
Houses for Learning’, which will be published this year: “In an age in which young people are open
and able to learn, education buildings can set good examples in terms of:
Aesthetics, for example through space, light, colour and form,
Ecology, by demonstrating sustainable ways of handling air, energy and materials
Structure, i.e. in the layout of the building. " [1]
The interrelations of good studying environments – in this case especially acoustic conditions - and
good learning results have been empirically proven. [2] In this way, sustainable education buildings
can improve the success in educating young people. In Germany, where knowledge is considered
the single most important resource, this is an obvious contribution to a sustainable future, as it is
everywhere else.
In the ‘Design and Building Handbook for Houses for Learning’ it is also suggested that future
concepts will connect traditional schools into integrated learning networks that will include adult
education as well as communal services. In that way not only the young members of society will
benefit from a better learning environment and equality of opportunities is expected to increase. [1]
4.3

Urban development

Beyond that, education buildings are seen as a crucial element in urban development strategies as
a whole: In the Leipzig Charter on Sustainable European Cities, the ministers responsible for urban
development in the EU-member states lay out common principles and strategies for urban
development policies. A major challenge that cities face is identified in high unemployment and
social exclusion in certain neighbourhoods. Considerable increase in social distinctions and
differences in economic development within one city are recognised to threaten to destabilize the
cities. A policy of social integration is recommended in which “… a crucial starting point for
improving the situation in deprived neighbourhoods is the improvement of the education and
training situation in the local community …”[3].
Frauke Burgdorff, board member of the Montag Foundation for Youth and Society states that “it is
obvious that especially well planned investments in quarters with a great need for refurbishment
will have a particularly large impact. Beyond the improvement of the immediate surrounding,
schools are the single place in an urban society where all religious believes and lifestyles meet at
eye-level.” [4]

5.

Principals of the new Assessment System for Education Buildings

5.1

Functional Differentiation

The System is intended to be applicable to
all kinds of education buildings both for
children and adults. This will include such
different functions as elementary schools,
universities and teaching facilities in army
barracks. Pre-school education is not
explicitly included, but when completed,
the system is expected to work for
kindergartens etc., too.
The requirement for different versions of
the assessment system with regard to
different functions of buildings arises from
numerous variations among building types.
These can be building costs, technical
installation and the number of users
relative to the built area, for example. A
significant challenge in assessing a
building can be to determine which system
should be applied, as the boundaries
between the different functions are blurred.

Fig. 4 Application of Different BNB-Versions
depending on the Function of a Building

For instance, a faculty building for humanities tends to be quite similar to standard office buildings.
Reversely, the differences between a faculty building for humanities and one for natural sciences
with its laboratories can make two university buildings fundamentally incomparable in financial and
energetic terms.
As a result, in a first step, the object of the Assessment System for Education buildings had to be
defined and differentiated from other functions. It was estimated that for a significant number of
buildings a partial application of different assessment systems to one building (for instance a multi
disciplinary university building) will be necessary. The principles for the differentiation are laid out in
Fig. 4. The practicability of using two systems on one building will have to be tested in the pilot
assessment phase.
5.2

Principal Changes compared to the System for Administration Buildings

When adapting the Sustainability Assessment System for Administration Buildings to the functional
requirements of Education Buildings, differences between the two systems should be principally
related to differences between the two building types. For example, by legal requirements, the floor
to ceiling height in schools has to be at least 3.00m, compared to 2.50m in office buildings.
Accordingly, the target values in the criterion 'Capability of Conversion' need adjustment.
In turn, those issues in the system for administration buildings that need revision, but are not
related to differences between the two building types, can not simply be adjusted within the system
for education buildings. Instead, a list of recommendations for the office system is set up to ensure
a synchronous future development of the different systems.
In short, the different versions of the systems are intended to be identical where possible and
different where necessary. On reviewing the existing system, the task group established three
options in dealing with a criterion that requires adjustment to the different building functions:

Abandoning a criterion. If different legal or normative requirements apply, and an alternative
indicator with a proven effect on sustainability cannot be established, the criterion is left out.
For example, exceeding legal requirements for education buildings concerning sound
protection has no significant benefit in terms of sustainability, so the criterion 'Sound
Protection' was abandoned.
Adjusting target values according to different functional requirements. For example,
calculating new Life Cycle Cost target values.
Adjusting Indicators. If required by the function of the building, indicators can be taken out,
added or altered. For example, an indicator that measures the capability to communicate the
technical functioning of the building to the students is appended to the criterion 'Influence of
the User'.
New criteria can be added, as well. The majority of new criteria are part of the Socio-Cultural
and Functional Qualities Criteria Group, for example the criterion ‘Interior Qualities’.

6.

Overview of Changes

The changes sorted by main criteria groups:
6.1

Ecological Quality:

The target values of those criteria concerning the life cycle assessment were adjusted to the
different building type. Energy and water consumption data of existing education buildings were
analysed and used to establish new target values [5]. The experience that will be gained in future
building assessments is expected to allow for more differentiated and precise target values.
6.2

Economical Quality:

6.2.1 Building-Related Life Cycle Costs
The target values for this criterion have been adjusted. However, the quality of the empirical data
that is used to establish target values is not consistent: On the one hand, the investment costs for
many different types of education buildings are well documented and differentiated. On the other
hands, data concerning the costs for running and maintaining the buildings are hardly at hand. As a
result, the proposed values will have to be carefully examined and if necessary adjusted after the
pilot assessment phase.
6.2.2 Value Stability
In the system for administration buildings, this criterion re-evaluates the functional criteria
'Capability of Conversion' and 'Space Efficiency'. The latter criterion simply measures the net
usable floor area against the total floor area, thus encouraging compact circulation areas. In
modern education concepts however, informal learning, communication and recreation areas are
part of circulation spaces, which for that reason should not be too compact. It was therefore seen
as counterproductive to incentivise compactness for these spaces. Consequently, the criterion
'Space Efficiency' was abandoned as a whole, and the criterion 'Capability of Conversion' replaced
that of 'Value Stability' in this criteria group.
6.2.3 Prevention of Vandalism
This criterion was developed from scratch. Here, a wide range of measures can be assessed. The
practicability of the criterion may have to be worked on during the pilot assessment phase. For
instance, the question, whether a certain measure to prevent vandalism is appropriate in a specific
setting, needs to be taken into account.

6.3

Socio-Cultural and Functional Quality

6.3.1 Indoor Air Quality
The adaptation of this criterion proved to be challenging, because of the following conflict of
objectives: On the one hand, for best learning conditions, the carbon-dioxide concentration in class
rooms should ideally be kept below the mark of 1000 parts per million (ppm), which is the peak
value for work spaces in the Assessment System for Administration Buildings. Because of the
relatively high number of users per area in education buildings, this value results in high air
exchange rates, which during winter, can not be guaranteed by using natural ventilation only. The
alternative to window ventilation, however, would then have to be mechanical ventilation that can
result in drought, disturbing sounds, high energy demand, investment- and maintenance costs.
To achieve an average grading, it was decided to follow technical standards, which allow for the
use of natural ventilation. In order to encourage and reward good ventilation rates, the peak level
for the exchanged volume of air per person is defined so that the carbon-dioxide concentration in
class rooms will remain less than 1000 ppm. Future research is expected allow for a more precise
assessment of the matter.
6.3.2 Acoustic Comfort
Here, the speech transmission index (STI) is used as an indicator instead of the reverberation time,
which is employed in office spaces. The reason is that in class rooms and auditoria, the speech
transmission quality is obviously of particular relevance, especially with regard to hearing impaired
people.
6.3.3 Visual Comfort
The criterion remains unchanged, so the high standards with regard to computer work in
administration buildings is applied to education buildings, as well. The rationale behind this
decision is the increasing use of portable computers, both at school and university.
6.3.4 Influence of the User
As mentioned above, the criterion now additionally measures the capability to communicate the
technical functioning of the building to the students.
6.3.5 Building-Related Outdoor Qualities
The criterion was tailored to the different requirements of school and university buildings. To reflect
the differences between various types of education buildings, indicators that are not appropriate to
a building type can be left out - climbing frames in university buildings, for example. Currently a
sustainability assessment system for outside facilities in federal properties is being developed, too.
Once this system is available, the sustainability for example of school yards can be assessed in a
more detailed way.
6.3.6 Barrier-free Building
In this case, the requirements of the criterion need to be balanced out against practical
considerations. The compliance with the new DIN 18040-1 norm, which is a challenge for
designers and all parties involved, will be the peak value for this criterion [6].
6.3.7 Space Efficiency
As described above, the criterion has been abandoned.

6.3.8 Capability of Conversion
The target values for this criterion needed adjustment to the different building type. The building
geometry and technical installations differ significantly, for example, as stated above the ceiling
heights are very different.
6.3.9 Public Accessibility
The openness of an education building to the public has a significant impact on its potential to act
as a catalyst for urban development as described above. The criterion was re-written with respect
to these requirements.
6.3.10 Bicycle Comfort
In this criterion, the number of bicycle racks is adjusted to the widespread use of bikes among
pupils and students.
6.4

Technical Quality

6.4.1 Sound Insulation
In the course of testing the system for administration buildings, a number of criteria of the technical
quality proved difficult to assess. As a result, only four technical criteria are currently in use in that
system. Among these, the criterion Sound Insulation appears not relevant for education buildings
(see above) and will be left out in the version for education buildings That is because the norm DIN
4109 [7] has different requirements for this building type. It was estimated that exceeding these
requirements would not have a relevant impact on the well-being of the users.
6.5

Process Quality

6.5.1 Integrated Design
In the criterion, a higher emphasis is given to participatory efforts. That is because the practical
experience of the task group showed that user-participation is a particularly important measure to
ensure quality and widespread acceptance of the project.
6.5.2 Optimisation and Complexity of Planning
The discussion in the task group showed, that many aspects of sustainability need to be addressed
in a very early stage of a building project. A first step should be an assessment of what can and
what needs to be achieved (for example in terms of prevention of vandalism, strengthening the
local community etc.). This should be followed by strategic concepts on how to achieve these
targets. Compared to the system for administration buildings, more room is given for such
concepts.
6.6

Location Profile

As described above, the Location Profile is not included in measuring the degree of performance of
the building. Instead, the assessment of the location is given for information. For that reason, a
distinction is made between positive impacts the building has on its immediate environment, and
environmental impacts of the site on the building. The former should be assessed in the criterion
'Public Accessibility’; the later are documented in the location profile.
For education buildings, the criteria ‘Risks at the Micro-Site’ and 'Image and Character of Location
and Quarter' are abandoned, because their relevance for the sustainability of education buildings
was not evident.

7.

Adjustments in the weighting of the various criteria

7.1

Incentives

The weighting of the different criteria within the system is not only relevant for the actual
assessment of a building. Even more important for the implementation of an effective sustainable
building practice are the incentives that are given by the assessment systems. For example: it is
only natural that the majority of developers and designers aim to achieve the best possible
assessment result at the lowest possible costs. Investors and designers therefore tend to focus on
those criteria that offer relatively big points for relatively little money by adjusting the design
primarily with respect to these criteria.
When defining the weighting of the criteria and criteria groups, this should be kept in mind. In other
words, the percentage of weighting of each criterion must correspond to its actual relevance in
terms of sustainability as much as possible.
7.2

Principles

One of the basic principles of the Sustainability Assessment System is the equal weighting of the
three pillars of sustainability. In the office system, these are 22.5% of the total degree of
performance for each of the three pillars, regardless of the number of criteria within each main
criteria group. As a result, in a main criteria group with fewer criteria, the weighting of each criterion
is relatively high. In return, in a main criteria group with a high number of criteria, the weighting of
each criterion is relatively low (See also Fig. 3).
The high weighting of the criterion 'Building-related Life Cycle Costs' appears appropriate as it has
a high relevance for the assessment of a building’s sustainability. On the other hand, the relatively
low weighting of the criterion 'Quality of Architecture and Urban Planning' does not appear to
reflect the relevance of these aspects – it can only be explained as a result of these principles.
However, the discussion within the task group showed the particular relevance of the socio-cultural
aspects for education buildings, as shown in the paragraph General Relevance of Education
Buildings for Sustainable Development. Consequently, the task group’s recommendation was to
reflect this relevance in the weighting of the criteria.
To achieve this, and to account for the given structure of the assessment system for office
buildings at the same time, two versions had to be developed for the weighting of the criteria:
Version I follows the example of the system for office buildings very closely. It thus grants a
maximum congruence between the two systems (Fig. 5). As a consequence, though, the weight of
some criteria does not appear to correspond to their actual relevance, and misleading incentives
for designers and developers could be a consequence.
In order to address this issue, version II (Fig. 6) introduces the following, fairly subtle changes to
the weighting of the system that avoid radical alterations:
7.3

Technical and Process Qualities

By abandoning the criterion 'sound protection', each of the remaining technical criteria would have
gained a very high significance in the system. To avoid an unbalance, and to account for the high
relevance of the process related qualities, the shares of the technical and the process qualities
have been exchanged: here, the technical qualities account for 10%, and the process qualities for
22.5% of the total system. The shares of the main criteria groups of the two systems are shown in
Fig. 4.

Fig. 5 Draft of the Sustainability Assessment System for Education Buildings - Weighting of the criteria
with reference to the System for Administration Buildings (Version I). The Task group’s general
opinion is that the actual relevance of some criteria is not expressed which may result in
misleading incentives. For instance the relevance of the ‘Quality of Architecture and Urban
Planning’ is not depicted appropriately, whereas the Technical Qualities are overweighted.

Fig. 6 Draft of the Sustainability Assessment System for Education Buildings - Weighting of the criteria
with respect to the relevance of each criterion (Version II).
Technical Criteria are given an overall share of 10%, whereas Process Criteria amount to 22.5%.
The socio- cultural criterion ‘Quality of Architecture and Planning’ is re-counted as a Process
Quality, which reflects the procedural nature of the criterion.

7.4

Quality of Architecture and Urban Planning

As described, the task group identified numerous aspects of sustainability that are related to the
design qualities of a building. That is for example, the presence of a culture of architecture and
planning, the respect for local building traditions, or sensitivity towards the context of the site. The
discussion also showed that these qualities could not be assessed by the system directly. Instead,
the judgement of a qualified jury is necessary, which is how the criterion 'Quality of Architecture
and Urban Planning' in the existing system for administration buildings deals with this issue.
The criterion subsumes many socio-cultural aspects, and in fact, it describes a process quality, by
assessing the procedures to ensure a good quality of architecture and urban design. It was
therefore suggested to assess this criterion additionally as a process quality. In this way, the quality
of architecture and planning is given a significantly higher weight in the sustainability assessment
system for education buildings.
In the test assessment phase, an analysis of both versions of the weighting for the system is
intended.
7.5

The Use of Quantitative Assessment

As shown above, education buildings have a very particular socio-cultural relevance because of
their
key role in sustaining and increasing our most valuable resource - knowledge
function as a trigger for improvement in socially deprived neighbourhoods
utilisation by young people for a significant part of their time spent awake each day. This
happens at an age in which they are generally very receptive to outside influences.
Nevertheless, through integrated learning networks, that include adult education as well, all
parts of society are likely to benefit from good education buildings.
The presented draft for an assessment system for education buildings reflects this relevance by
thoroughly addressing the socio-cultural criteria. This results in a modest increase of qualitative
assessment within the system. Qualitative assessment however, is often criticised for relying on
the knowledge and experience of the jurors and thus making the assessment less transparent and
replicable.
The countless relations and interdependencies between the various indicators, however, make the
assessment system highly complex in any case. Even for professionals, it takes high effort to
understand how the system operates. For laymen on the other hand it is hardly possible to
replicate the functioning of the system in detail, they can either believe or not believe that a system
operates appropriately. This gives the experts a responsibility to explain not only the possibilities,
but also the constraints of their systems.
At this stage, a criterion that is relevant for the assessment of a building’s sustainability should be
allowed to leave a certain liberty of interpretation to the juror. At the same time all efforts need to be
made in order to clarify these criteria by defining precise requirements for the assessment.

8.

Conclusion

The variety of different international assessment systems shows that a general consensus, as to
how sustainability should be assessed, does not exist yet. Instead, we are only beginning to
develop the techniques and the tools that are needed. Also, we are only just beginning to collect
the data that will eventually allow us to make much more definite predictions about the effects and
implications of our various assessment systems.

In this context of exploring ways to assess and improve the sustainability of the built environment,
the presented draft for an Assessment System for Sustainable Education Building shifts the focus
towards the socio-cultural aspects of sustainability. These are often less quantifiable and harder to
capture in a schematic system, but they are just as important as the more quantifiable ecologic and
economic criteria. The test assessment will help to examine the possibilities and limitations of this
approach as well as the incentives that the system gives to developers, designers and planners.
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Summary
In urban area, natural land soil has been replaced by asphalt roads and concrete buildings, which
causes more heat is absorbed and retained during the day, creating so-called Urban Heat Island
(UHI) phenomenon. Current studies show that UHI impact mitigation strategies are to increase the
open spaces to allow urban ventilation and plant green cover. To complement this, temperature
prediction model could be effective for simulating and quantifying the temperature reduction for
every developed strategy. This paper will look into two prediction models: STEVE and ENVIMET.
Screening Tool for Estate Environment Evaluation (STEVE) is a prediction tool which is able to
calculate the T-min, T-avg and T-max of the point of interest for certain urban settings. Temperature
in that particular point is the result of surrounding environment within the buffer zone. Output data
from STEVE will be used as a database for Geographic Information System (GIS) to produce
temperature maps. ENVIMET is a Computational Fluid Dynamics (CFD) based micro-climate and
local air quality model. It calculates temperature within the interval times for 24 to 48 hours. The
calculation based on the grid (x,y) with a specified distance between the grid. This resolution
allows analyzing small-scale interactions between individual buildings, surfaces and plants. The
major differences between both models are wind-speed variable, raster map, surface temperature
and the local climate context. STEVE calculation focuses on any calm day conditions which
excludes the wind speed variables, while ENVIMET includes it. GIS raster map that is produced
from STEVE is based on buffer zone with specified diameter, while ENVIMET is based on pixel
from the grid which will give more detail resolution. Objective of this study is to provide comparison
of both prediction models to understand its benefits and limitations, in order to justify which model
is more appropriate for Singapore local context.
Keywords: Prediction Tool, ENVIMET, STEVE, Urban Heat Island, Tropical Climate

1. Introduction
The Urban Heat Island (UHI) phenomenon is a condition which temperatures in urban areas are
higher than its surrounding. It is resulting from urbanization which increases anthropogenic heat
emissions in urban centres, while water, wind and greenery that can help to cool down an urban
area have concurrently decreased. Also, due to a greater area of asphalt roads and concrete
buildings, more heat is absorbed and retained, while the heat reflection ratio decreases.
Strategies to mitigate the UHI impact are to increase the open spaces to allow urban ventilation
and insert green cover to cool down the solar radiation during the day. Temperature prediction
model could be effective for simulating and quantifying the temperature reduction for any strategies
that will be used. This study will focus on comparing two prediction models: STEVE and ENVIMET.

Screening Tool for Estate Environment Evaluation (STEVE) is a web application that is specific to
an estate and it calculates the Tmin, Tavg and Tmax of the point of interest for the existing
condition and future condition (proposed master plan) of the estate. Temperature in that particular
point is as a result of surrounding environment within the buffer zone. Output data from STEVE will
be used as a database for Geographic Information System (GIS) to produce a raster map of
temperature difference within the estate.
Envi-Met is a CFD-based micro-climate and local air quality model. It calculates temperature within
the interval times for 24 to 48 hours. The calculation based on the grid (x,y) with specified distance
between the grid. This resolution allows analyzing small-scale interactions between individual
buildings, surfaces and plants.
The major differences between both are wind-speed variable, raster map, surface temperature and
the local climate context. STEVE calculation is focus on calm day conditions which exclude the
wind speed variables, while ENVIMET includes wind-speed as one of calculation variables. GIS
raster map that is produced from STEVE is based on buffer zone with specified diameter, while
ENVIMET is based on pixel from the grid which will give more detail resolution. ENVIMET could
give prediction of surface temperature on different height while STEVE calculation is based on
pedestrian height. STEVE has been validated with the field measurement in Singapore based on 3
years data measurement which is more appropriate for tropical climate, while ENVIMET is mostly
used for temperate climate countries.
Objective of this study is to give comparison of both prediction models to understand its benefits
and limitations. By considering these factors, they can be used to justify which model is more
appropriate for Singapore local context.

2. Literature Review
2.1 Urban Heat Island
The Urban Heat Island (UHI) phenomenon is a condition which temperatures in urban areas are
higher than its surrounding. Isotherms on a map show an urban area with higher temperatures
emerging like a warm island floating on a cooler sea. This is the origin of the name of "Urban Heat
Island.” [2]. Alterations of the urban surface by people result in diverse microclimates whose
aggregate effect is reflected by the heat island [3]. Building, paving, vegetation, and other physical
elements of the urban fabric are the active thermal interfaces between the atmosphere and land
surface. Their composition and structure within the urban canopy layer, which extends from the
ground to about roof level, largely determines the thermal behaviour of different sites within a city
[4], [5].
UHI can also be observed in every town and city as the most obvious climatic manifestation of
urbanization [3]. Over the past 100 years, Tokyo's average temperature has increased by about
three degrees Celsius, and that of Osaka has increased by two degrees Celsius. Since it is said
that global warming has raised the Japan's average temperature by about one degree, the
temperature increase due to the UHI effect is probably about two degrees in Tokyo and about one
degree in Osaka. In Washington and Tokyo, a rate of one-half to one degree Fahrenheit every ten
years was observed in the context of the summer’s maximum temperatures during the last 30-80
years. In Singapore, the satellite image shows UHI effect during daytime. The ‘hot’ spots are
normally observed on exposed hard surfaces in urban context, such as industrial area, airport and
CBD. The satellite image also shows some ‘cool’ spots, which are mostly observed on the large
parks, the landscape in-between the housing estates and the catchment area [6]
2.2

Mitigating UHI

Urban morphology is a major factor that influences the thermal behavior in the city and creates UHI
impact. [7] stated that designs for street canyons in high- and mid-latitude cities should (1)
maximize shelter from wind for pedestrian comfort, (2) maximize dispersion of air pollutants, (3)

minimize urban warming to reduce the need for space cooling, and (4) maximize solar access.
Oke’s analysis of urban geometry in relation to air-flow patterns, radiation exchange, and thermal
behavior resulted in a range of canyon geometries and building densities that achieve a “zone of
compatibility”.[8] Calculation of irradiances on urban canyon walls and floors provide quantitative
guidelines on street geometry. He found that irradiance values generally were smaller for canyon
walls than for floors, and that controlling canyon-floor irradiance was more critical at lower latitudes
because of higher solar angles. North-South street orientation provided less summer and more
winter canyon-floor irradiance than east-west street orientation. Using Cluster Thermal Time
Constant model, [9] in hot regions, cities with east-west streets have weaker urban heat-island
intensities (0.8 deg C) than cities with east-west streets. Their sensitivity analysis illustrated how
increasing aspect ratios (canyon height to width) results in a stronger daytime “cool island” due to
increased shade, and a weaker nocturnal heat island due to appreciably reduced maximum
temperature.
2.3

STEVE tool [1]

Screening Tool for Estate Environment Evaluation (STEVE) is a web application that is specific to
an estate and it calculates the Tmin, Tavg and Tmax of the point of interest for the existing
condition and future condition (proposed master plan) of the estate. Temperature in that particular
point is as a result of surrounding environment within the buffer zone. Output data from STEVE will
be used as a database for Geographic Information System (GIS) to produce a raster map of
temperature difference within the estate.

3. Hypothesis
Envi-met and STEVE tool have the same objective, which creates temperature map in the shape
of raster images. In this case, since STEVE tool was built based on local climate data (Singapore),
thus in term of predicting the temperature output, it will be more representative in term of reflecting
the real condition, compared to Envi-met. However, since STEVE has limitation on creating the
raster image based on interpolating result from 100 x 100 m grid, Envi-met will definitely produce a
better and accurate output in term of resolution.

4. Methodology

STEVE

Envi-Met

Figure 1. Model settings on GIS using STEVE (left) and Envi-Met (right)
Comparison between STEVE tool and ENVIMET draws on scenario comprises five building
massing, each with 48m height. In STEVE tool, the ground surface is assumed fully paved (Green
Plot Ratio or GnPR value is zero). The same setting is also applied in ENVIMET, where the soil is
set to be fully pavement (concrete) also.

5. Data and Analysis
5.1

ENVIMET Simulation on Different Wind Speed

Figure 2. ENVIMET simulation result on different wind speed
From the temperature maps from five different scenarios of wind speed (Figs. 2), it appears that
ENVIMET simulation result are not accurate for the low wind-speed condition (below 1 m/s), as
they show inconsistencies of wind directions in the low wind-speed condition. Consistent wind
direction can only be seen when the speed is set starting from 1m/s. Therefore, to compare with
STEVE tool result, it can only use simulation with minimum 1m/s wind speed.

5.2

Comparison of STEVE tool and ENVIMET

5.2.1 Measurement Point difference for raster map

Figure 3. Comparison of temperature map result from both STEVE tool and ENVIMET
To create a raster map, GIS use a circular buffer zone with certain radius. Then, STEVE tool will
predict the temperature in that particular centre point of the buffer area based on the environment
condition within (it uses 50m radius buffer zone). On the other hand, ENVIMET calculation is
technically based on pixel with particular size of the grid as defined on the ‘create model domain’
(this study use 5m for x, y, z grid)
These two different methods appear to vary the raster map output as well (see Figs. 3). For
instance, in the red highlighted location, STEVE tool shows the equal temperature between
buildings, while ENVIMET shows temperature variance in the same location. In the STEVE tool
raster map, it also shows higher temperature in the purple highlighted location, while ENVIMET
shows similar temperature for all canyons. The main reason for this is different measurement point
resolution; ENVIMET provides better resolution as the measurement is for every pixel, while
STEVE tool measures every 50m radius buffer zone. Therefore, in order to have better resolution
of temperature map, it required more buffer zones for STEVE tool.
To achieve better resolution of raster map temperature, this study tries to put additional 27 more
measurement points within the same parcel. While normal calculation of STEVE tool use attached
buffer zone, this study try to overlap the buffer zone as it required to put more measurement points.
Attached buffer zone
(4 measurement points)

Overlapping buffer zone
(31 measurement points)

Figure 4. Additional buffer zone on STEVE calculation to improve the accuracy of temperature map

Figure 4. Temperature map comparison as a result of overlapping buffer areas on STEVE
calculation
The diagram above (Figs. 4) shows the difference of utilizing more measurement point in order to
achieve more accurate temperature map. The highlighted area shows the difference of both
methods. In attached buffer zone, only the center part shows low temperature while in overlapping
buffer zone, every space in between building shows low temperature. Color zone of the
temperature map depends on the next measurement point location. Therefore, prediction of
temperature with the GIS raster map might be misleading.
STEVE tool

ENVIMET

Figure 5. STEVE and ENVIMET temperature map result comparison

Raster map from overlapping buffer zone shows similar pattern with ENVIMET, which has lower
temperature in between buildings. Temperature prediction from ENVIMET shows higher
temperature compared to STEVE, STEVE temperature range from 32.1 0C to 32.68 0C, while
ENVIMET temperature range from 302.33 K to 303.05 K (29.33 0C to 30.05 0C).
5.3

Wind Speed
STEVE tool

ENVIMET

Figure 6. STEVE and ENVIMET wind profile comparison
STEVE calculation focuses on calm day conditions, which excludes the wind speed variables,
while ENVIMET calculation also depends on wind-speed variables. Figure 6 shows the comparison
of STEVE tool and ENVIMET if the initial wind speed for ENVIMET is changed. For ENVIMET, it
has been tested out for 1m/s, 3m/s, and 5m/s wind speed. The result shows that when the windspeed increases, the temperature will be reduced. ENVIMET results show that for 1m/s wind
speed, the temperature range from 29.34 0C to more than 29.81 0C, for 3m/s the temperature
range from 28.40 0C to 29.11 0C, and for 5m/s the temperature range from less than 27.93 0C to
28.63 0C. STEVE tool temperature prediction for calm day ranges from 32.1 0C to 32.68 0C.
5.4

Temperature profile difference

Results from the previous studies shows that prediction temperature from ENVIMET has always
been lower compare to STEVE tool. Therefore, this study tries to test whether ENVIMET

underestimates the initial temperature, as it is mostly used in temperate country. The scenario is
that STEVE and ENVIMET simulate the same condition of empty land and with massing in every 1
hour interval during one day.

Figure 7. Temperature profile comparison
Diagram above indicates that prediction temperature from ENVIMET for empty land (blue line) is
lower than STEVE tool (red line). Prediction temperatures with buildings added into the parcel also
show lower values for ENVIMET (purple line) compared to STEVE (green line). Therefore, this
concludes that initial temperature for ENVIMET is lower than STEVE, which means it underpredicts the temperature.
Both STEVE and ENVIMET show similar trend of temperature profile. ENVIMET shows smooth
curve line as a result of using only initial boundary condition to run the simulation. While STEVE
implement one day weather data profile as input to generate the predicted temperature. Because
of using the actual data (for this study 6 March 2010 was the selected day), the temperature profile
will not be as smooth as the one which is generated by ENVIMET.
Table 1 reveals that the prediction temperature difference for empty land between STEVE and
ENVIMET can reach 3.77 0C maximum and 2.38 0C average, while temperature difference when
there is massing can reach 3.50 0C maximum and 2.26 0C average. The temperature reduction
from empty land to massing is higher in STEVE compare to ENVIMET. For STEVE, it shows
maximum reduction of 0.99 0C, and average reduction of 0.430C, while ENVIMET shows maximum
reduction of 0.660C and average reduction of 0.110C.

Table 1. Prediction Temperature Difference between STEVE and ENVIMET

Time
(24hrs)

Massing
(STEVE
tool)

Empty
(STEVE
tool)

Temp. diff.
(STEVE
tool)

Point 4 & 5
(ENVI-MET)

Empty
(ENVI-MET)

Temp. diff.
(ENVI-MET)

STEVEENVI-MET
(empty)

STEVEENVI-MET
(massing)

1:00

27.26

27.47

-0.21

25.03

25.34

-0.31

2.13

2.23

2:00

26.92

27.11

-0.19

24.85

25.06

-0.21

2.05

2.07

3:00

26.55

26.72

-0.17

24.64

24.82

-0.18

1.90

1.91

4:00

26.19

26.35

-0.16

24.48

24.61

-0.13

1.74

1.71

5:00

25.85

25.99

-0.14

24.30

24.42

-0.12

1.57

1.55

6:00

25.71

25.85

-0.13

24.13

24.24

-0.11

1.61

1.58

7:00

25.88

26.02

-0.14

23.96

24.09

-0.13

1.93

1.92

8:00

25.76

25.89

-0.14

23.84

23.97

-0.13

1.92

1.92

9:00

26.41

26.58

-0.17

24.89

25.22

-0.33

1.36

1.52

10:00

28.30

28.56

-0.26

26.04

26.43

-0.39

2.13

2.26

11:00

29.82

30.30

-0.49

27.18

27.69

-0.51

2.61

2.64

12:00

30.75

31.45

-0.70

27.87

28.46

-0.59

2.99

2.88

13:00

31.51

32.37

-0.86

28.66

29.16

-0.50

3.21

2.85

14:00

32.10

33.09

-0.99

29.31

29.71

-0.4

3.38

2.79

15:00

30.62

31.29

-0.67

29.44

30.06

-0.62

1.23

1.18

16:00

30.65

31.32

-0.67

29.5

30.16

-0.66

1.16

1.15

17:00

30.85

31.57

-0.72

29.35

29.99

-0.64

1.58

1.50

18:00

31.15

31.93

-0.78

28.97

29.50

-0.53

2.43

2.18

19:00

30.57

31.23

-0.66

28.17

28.43

-0.26

2.80

2.40

20:00

30.48

31.12

-0.64

27.24

27.51

-0.27

3.61

3.24

21:00

30.11

30.67

-0.55

26.61

26.90

-0.29

3.77

3.50

22:00

29.48

29.90

-0.41

26.04

26.41

-0.37

3.49

3.44

23:00

28.99

29.28

-0.29

25.67

26.00

-0.33

3.28

3.32

24:00

28.63

28.90

-0.27

25.34

25.65

-0.31

3.25

3.29

Max

32.10

33.09

-0.99

29.50

30.16

-0.66

3.77

3.50

Min

25.71

25.85

-0.13

23.84

23.97

-0.11

1.16

1.15

Avg

28.77

29.21

-0.43

26.48

26.83

-0.35

2.38

2.29

5.5

Adjustment of ENVIMET Temperature Profile

Comparison between STEVE tool and ENVIMET above shows that there is 20C to 30C difference
between two prediction models. To achieve the most similar temperature profile between STEVE
tool and ENVIMET, initial temperature in ENVIMET is raised into 20C and 30C become 302K (290C)
and 303K (300C). Temperature profile from STEVE tool on 6 March 2010 shows a not smooth
curve line, while ENVIMET shows a smoother curve line. Therefore, to have the proper
assessment of the smooth curve line, this study attempted to use different dates, which are 28
February 2010 and 26 November 2009.
The graphic below shows comparison of ENVIMET simulation with 3 different initial temperatures
(300K, 302K, and 303K) and STEVE tool simulation with 3 different dates (6-Mar-10, 28-Feb-10,
and 26-Nov-09). The result displays that ENVIMET on 302K and 303K show similar profile with

STEVE tool at 8.00am to 11.00am, but the gap in between become bigger when the profile goes to
the maximum temperature. Maximum temperature in STEVE tool is shifting for every dates. On 28Feb-10 temperature profile, the maximum temperature is at 16.00, which is the same for three
ENVIMET temperature profile, but the difference between both prediction models is quite high,
which is 1.88 to 4.10.

Figure 7. Comparison of STEVE tool and ENVIMET Temperature
Table 2. Comparison of STEVE tool and ENVIMET temperature
Time
(24hrs)

STEVE
(06-Mar-10)

STEVE
(28-Feb-10)

STEVE
(26-Nov-09)

ENVIMET
on 300K

ENVIMET
on 302K

ENVIMET
on 303K

1:00
2:00
3:00
4:00
5:00
6:00
7:00
8:00
9:00
10:00
11:00
12:00
13:00
14:00

27.47
27.11
26.72
26.35
25.99
25.85
26.02
25.89
26.58
28.56
30.30
31.45
32.37
33.09

27.96
27.66
27.62
27.33
26.84
26.54
26.27
26.45
26.96
28.40
30.02
31.38
32.79
33.17

27.02
26.77
26.50
26.13
26.00
25.81
25.63
25.68
26.76
28.42
29.92
31.28
32.36
33.36

25.34
25.06
24.82
24.61
24.42
24.24
24.09
23.97
25.22
26.43
27.69
28.46
29.16
29.71

26.8
26.54
26.3
26.1
25.92
25.76
25.61
25.5
26.71
27.59
29.11
29.92
30.63
31.19

27.5
27.24
27.01
26.80
26.62
26.47
26.33
26.21
27.42
28.12
29.79
30.64
31.35
31.91

15:00
16:00
17:00
18:00
19:00
20:00
21:00
22:00
23:00
24:00
Max
Min

31.29
31.32
31.57
31.93
31.23
31.12
30.67
29.90
29.28
28.90
33.09
25.85

33.74
34.26
34.10
33.66
32.40
31.57
30.49
29.35
28.63
28.31
34.26
26.27

34.43
33.86
33.94
33.56
32.29
30.80
29.55
28.77
28.14
27.87
34.43
25.63

30.06
30.16
29.99
29.50
28.43
27.51
26.90
26.41
26.00
25.65
30.16
23.97

31.54
31.65
31.49
31.01
29.81
28.92
28.31
27.83
27.43
27.09
31.65
25.50

32.27
32.38
32.22
31.74
30.48
29.60
29.00
28.52
28.12
27.79
32.38
26.21

Avg

29.21

29.83

29.37

26.83

28.28

28.98

6. Conclusion
Comparison of temperature prediction model between STEVE and ENVIMET shows that resolution
for ENVIMET raster map output is more detail compare to STEVE, as ENVIMET calculation is
based on pixel while STEVE is based on the attached buffer zone. To achieve better resolution of
raster map, there should be more measurement point in STEVE. The study shows that overlapping
buffer zone give different raster map output compare to the attached buffer zone. The reason is
because GIS raster map interpolate one measurement point to the next measurement point, so the
color chart is depend on the next measurement point location. Raster map with overlapping buffer
zone from STEVE shows similar pattern with ENVIMET, as the resolution is closer.
Results from the previous studies shows that prediction temperature from ENVIMET is always
lower compare to STEVE tool. The result indicates that prediction of initial temperature from
ENVIMET is lower than STEVE tool. Prediction temperatures with massing also show lower
temperature for ENVIMET compare to STEVE (green line). Therefore, it can be concluded that
initial temperatures for ENVIMET is lower than STEVE, which means it under-predicts the
temperature.
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Summary
The aging population is a fact. By 2050 more than a quarter of the Flemish population will be older
than 65 years – similar to surrounding European regions. The demand for home care and quality
retirement homes is rising vastly. At the same time there is a growing awareness of the potential
environmental impacts caused by the construction sector.
The firm OSAR ARCHITECTS and the Flemish Institute for Technological Research (VITO) are
working together to determine the environmental impacts of a reference retirement home and to
figure out design options to reduce them. The internationally accepted Life Cycle Assessment
(LCA) was used as an integral method to identify dominant processes during the whole life cycle of
the building.
Due to its 24-hour-a-day and seven-days-a-week occupation by inhabitants, a typical retirement
home in Flanders (Belgium) has relatively high energy consumption: i.e. 181kWh/year.m².
Upgrading the reference retirement home to passive or low energy house standards reduces the
overall environmental impacts with 40%. However, due to the upgrade in technical services and
insulation level, the relative importance of material related processes increases in importance.
Making environmentally sound material choices reduces the total environmental impact with an
additional 11%.
The study shows that aiming at environmental improvement of retirement homes in Belgium, the
designer is likely to take into account the whole life cycle of the building, instead of merely to seek
ways to reduce operational energy consumption.
Keywords: life cycle assessment; operational energy consumption; passive house standard;
material related processes; design options

1. Introduction
The impact of the built environment on nature and society is vast. Not only is energy use in
buildings responsible for more than one third of global greenhouse gases; but construction,
maintenance   and   renovation   activities   also   account   for   40%   of   world’s   material   flows   [1].
Furthermore, current buildings are not up to a major shift in society, i.e. an ageing population. By
2050 more than a quarter of the Flemish population will be older than 65 years – similar to

surrounding European regions [2]. The demand for home care and quality retirement homes is
rising vastly. Designing and redesigning environmentally sound buildings for the elderly is one of
the major challenges of the future. This paper reports on different design ways to improve the
environmental impacts of a representative Flemish retirement home throughout its entire life span.

2. Methodology
According to the ISO 14040 standard, life cycle assessment (LCA) is defined as a compilation and
evaluation of the inputs, outputs, and the potential environmental impacts of a product system
throughout its life cycle [3, 4]. The key concept in LCA is the systems approach. Typical for a
systems approach is the modelling of complex systems into comprehensive relationships between
entities. In an LCA, the modelling of complex technical systems used to extract, produce, transport,
use, and dispose materials and components, results in a flow sheet - also known as process tree or flow network - also known as process network - with all the relevant processes and substances.
[5]
Through the ISO 14040 - 14044 standards an international framework for the LCA methodology
has been imposed. In a LCA study four different phases can be distinguished: (1) the goal and
scope definition phase, (2) the life cycle inventory analysis phase (LCI), (3) the life cycle impact
assessment phase (LCIA) and (4) the interpretation phase [3]. In the following paragraphs these
steps will be further elaborated for the study presented in this paper.
2.1

Goal & Scope of the study

In general, two types of goals can be discerned within LCA studies [3, 5]: (a) hot spot analysis:
from an environmental point of view a system is studied in order to determine the processes and
substances over the whole life cycle with the greatest environmental impacts; (b) comparative
analysis: two or more systems are studied in order to compare their relative environmental impacts.
In this research study both types of assessment were combined, since the purpose of the LCA was
to determine which life cycle phases and building elements contributed significantly to the
environmental impacts of a representative Flemish retirement home and to compare these impacts
with those of some building design improvements.
For a sound comparison between the impacts of different (design) alternatives, all environmental
impacts were expressed for an equal floor area and amount of users and the same building service
life span. This basis of comparison is called the functional unit. In this study the building
morphology, orientation and internal layout were not altered. If the environmental impact presented
in this paper were to be compared with impacts of another retirement home (design), results ought
to be divided by the floor area, the amount of users and the estimated service life span of the
building (design). Otherwise the functional unit would be invalid.
System boundaries were defined according to the following assumptions:
-

-

Production (including the extraction of resources), recycling, reuse and waste treatment
processes of building components and materials during the complete estimated life span of
the building were considered.
Disassembly and demolishing processes of building elements were disregarded, since
these often require manual or mechanical operations with low energy consumption. [7]
Accidental contamination was not taken along in this study, since it is often difficult to
distinguish from emissions that occur under normal circumstances. Environmental impacts
caused by manufacturers, e.g. waste from canteens and sanitary facilities, accidental
contamination through human error, or impacts caused by transportation to and from the
work site, were neglected as well.
Processes related to infrastructure, such as plant and personnel, are not included in this
study

2.2

Life cycle Inventory

Most inventory data related to production, recycling, waste treatment and transport processes of
building materials were based on the Swiss database ecoinvent [7, 8]. This background data was
further harmonised to the Belgian energy mix and European transport means. Input data related to
specific building products were based on technical fact sheets and inquiries with producers.
Since existing energy related building regulations focus primarily on residential buildings, schools
and offices, the energy performance calculation procedures within the current Flemish Energy
Regulations for Buildings [9] could not be used for this project. Together with the Universities
K.U.Leuven and UGent, and engineering offices Daidalos Peutz and Ingenium, OSAR ARCHITECTS
contributed to the development of a specific energy performance calculation method for retirement
and care homes. This method is described in the EPI study [10]. Together with PHPP software, the
EPI study was used to calculate the operational energy for the reference case and the building
design alternatives.
Service life span of the building and life span of element types were based on [11; 12].
2.3

Life cycle impact assessment

Since the 1990s many impact assessment methods were developed to calculate life cycle impacts
of product systems, such as CML [13], Eco-Indicator 99 [14] and Impact 2000+ [15]. For this study
the ReCiPe method [16] was used, since it incorporated the latest available state of the art LCIA
methodologies, at the moment the study was performed. Within the ReCiPe method the Hierachist
(Europe, average) Endpoint sub method was used to provide single scores in ecopoints. Although
ISO does not recommend weighting of impact categories, single scoring made it easier to compare
and select design options. Table 4 (in Appendix) shows normalisation and weighting factors for the
selected impact assessment method.
2.4

Interpretation

As it was the case within this research project, interpretation of life cycle impacts of design options
resulted in the creation of new design opportunities to improve the environmental impacts of the
studied building design. For this reason a stepwise research procedure was followed to better
understand the effect of different design alternatives on the impact assessment of the studied
retirement home.

3. Life cycle assessment of the reference retirement home
3.1

Building characteristics

has years of experience designing and building retirement homes. For this
research  project  one  of  the  firms’  designs  of  a  typical  Flemish  retirement  home  for  90-100 people
with a floor area of 6634m² was selected. Design measures concerning the optimisation of energy
performance were in line with the findings of the EPI study [10]. A complete inventory of all building
elements was performed using the element method. This method is a well-known technique in the
construction sector; initially used for used for merely cost calculation and cost control [17], but
recently also used to characterise environmental impacts per building element type [11, 18]. Based
on [12] and [18] a life span for each element type was determined. Table 5 (in Appendix) gives an
overview of all element life spans and the corresponding number of replacements for an estimated
building service life of 60 years. An overview of the composition of external skin elements, internal
elements and finishing are given in Table 6 to Table 11 (in Appendix).
OSAR ARCHITECTS

Space heating was characterised by a ground/water heat pump (77kW using horizontal heat
exchange) and two condensing gas furnaces (2 x 300kW). The heat pump delivered
168000kWh/yr of heat with a coefficient of performance (COP) of 3.6. This came along with an
electric consumption of 63400kWh/yr. The remaining heat demand was supported by the
condensing gas furnaces: approximately 650000kWh/yr. Domestic hot water was supplied by an
additional condensing gas furnace (with heat storage) of 150kW. This resulted in a 147800kWh/yr
of gas consumption. Cooling, lighting and auxiliary energy were respectively responsible for

21300kWh/yr, 185100kWh/yr and 133000kWh/yr of electricity consumption. A summary of all
energy related building characteristics of the reference retirement home is given in Table 1.
According to the EPI study [10], the calculated energy performance and insulation level of this
reference case comes along with building of good quality and using financially feasible technology.
Table 1: energy related building characteristics of the reference retirement home
energy building characteristic

REFERENCE

compactness (C)

2,9
*

energy performance level
insulation level
average heat transfer coefficient (in W/m²/K)

E72
K30
0,49

net energy consumption (in kWh/yr.m²):

- domestic hot water

9,6 (electricity)
98,0 (gas)
22,0 (gas)

- cooling

3,2 (electricity)

- lighting

27,9 (electricity)

- auxiliary energy

20,0 (electricity)

- space heating

total primary energy consumption (in kWh/yr.m²)

181,0

* calculated according to EPI study [10]

3.2

Impact Assessment

Based on the life cycle inventory presented in the preceding paragraphs, impacts of the reference
case were calculated. The most dominant phase during the life span of the reference case was
without any doubt the use phase of building: 77% of all aggregated impact indicators were
attributed to the operational energy consumption of the retirement home and – to a lesser extent –
the occupation of land during its service life. Manufacturing of building components (including the
extraction of resources for the production of building materials) was responsible for 27% of all life
cycle impacts.
The major part of the weighted impacts was attributed to the consumption of energy during either
the manufacturing of the building components or the building use phase. According to the impact
assessment, the overall energy consumption (i.e. embodied as well as operational) caused 38% of
potential impact on the availability of fossil resources, and 32% of damage to human health and 21%
of damage to the diversity of ecosystems due to the emission of greenhouse gasses.
3.3

Discussion

Even though the reference design of the retirement home is characterised by a good energy
performance according to criteria developed within the EPI study, nearly all aggregated impacts
were due to energy consumption during the service life of the building. The main reason is that a
retirement home is used without any interruption by its dwellers and/or personnel. Lighting, heating
and ventilation services will be used most of the day, for an entire week. Also the non-renewable
resources used for space heating, hot sanitary water and electricity from the Belgian grid were
responsible for their share of the potential impacts. Following this line of thinking, the first design
improvement should concentrate on (1) the reduction of energy consumption by increasing the
insulation level of the building, (2) the maximum use of sustainable energy sources and (3) using
as  less  as  possible  fossil  fuels.  This  action  plan  is  also  known  as  “Trias  Energetica”.

4. Life cycle assessment of a low operational energy retirement home
4.1

Low energy or passive?

With  the   “Trias   Energetica”   strategy   in  mind the necessary framework was created to reduce the
potential impacts created by the operational energy during the life span of the retirement home. To
quantify the required energy reduction, criteria of the passive house standard were consulted. It is
a design and construction standard that results in a comfortable indoor climate – winter as well as
summer – without using a traditional heating and cooling system. The passive house concept was
first used in residential buildings, but now also applications in the tertiary sector, such as offices
and schools, are found in Belgium. In Table 2 relevant passive house criteria for this study are
listed. [19]
Table 2: most relevant criteria of passive house standard for tertiary buildings (offices, schools, etc.)
[19]
passive house criteria

OPTION 1

net energy demand for space heating

≤  15  kWh/m².yr

net energy demand for cooling

≤  15  kWh/m².yr

net primary energy demand (without hot water)

≤  90  – (2,5 x compactness)

air-tightness (with a pressure interval of 50Pa)

≤  0,6  h

frequency of exceeding temperature limit (25°C)

≤  5% (on year basis)

heat transmission of floors, walls and roofs

< 0,15 W/m².K

heat transmission of window and external door frames

< 0,80 W/m².K

-1

These criteria were used to define different improvement options. In all options a significant
improvement in insulation level was performed by increasing the insulation thickness – without
choosing other insulation materials – and selecting thermally improved glazing and window frames.
Selection of an energy production system for electricity and/or heating was different for all options.
Option 1.0 is characterised by the same technical services as the reference design, but with an
improved overall insulation level (K15). In option 1.1 a 50kWp photovoltaic panel system takes in
the complete surface of the roof. In option 1.2 a cogeneration unit of 18kWe working on gas
delivers electricity and sanitary hot water. The last option combines the two previous alternatives.
All energy related characteristics for all design options are summarised in Table 3.
All improvement options meet the passive house criteria, with the exception of the limit on the net
primary demand. Once again, it has to be noted that these criteria not take into account the 24hour-a-day and 7-days-a-week occupation of the building. Compared to other tertiary buildings,
such as offices and schools, the constraint on primary energy (PE) consumption (i.e. must be
smaller than 82,7kWh/m².yr for this design) is too strict. The authors of this paper recommend a reevaluation of the passive house criteria and the definition of specific criteria for retirement and care
facilities.
4.2

Impact assessment

Compared to the reference case a reduction of 36% to 43% of aggregated environmental impacts
was discerned by intensive reduction of operational energy consumption. The lowest aggregated
impacts were given through the use of photovoltaic panels (option 1.1). Although the entire flat roof
is used as basis for 50kWp PV panels (i.e. 420 m² inclined area), the extra manufacturing and endof-life treatment of the panel components did not create a significant effect on the overall
environmental profile of the building design.

Table 3: energy related building characteristics of the low energy retirement home (first design
improvement)
energy building characteristic

option 1.0

option 1.1

option 1.2

option 1.3

compactness

2,9

idem

idem

idem

E64

E60

E54

E48

K15

idem

idem

idem

0,22

idem

idem

idem

idem

idem

idem

*

energy performance level
insulation level
average heat transfer coefficient (in W/m²/K)
net energy consumption (in kWh/yr.m²):
- space heating
- domestic hot water

3,4 (elec)
6,7 (gas)
22,0 (gas)

idem

cogen

cogen

- cooling

3,2 (elec)

idem

idem

idem

- lighting

27,9 (elec)

idem

idem

idem

- auxiliary energy

20,0 (elec)

idem

idem

idem

- photovoltaic

-

- 6,4 (elec)

-

- 6,4 (elec)

- cogeneration (gas/electricity)

-

-

- 11,1 (elec)

- 11,1 (elec)

165,0

149,0

137,0

121,0

total primary energy consumption (in kWh/yr.m²)
* calculated according to EPI study [10]
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+13%

+13%

+13%
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OPTION 1.1

OPTION 1.2

OPTION 1.3

500000,

0,

REFERENCE
-500000,

Fig. 1: Enhancement of operational energy consumption of the retirement home: comparison of
single score impact indicators of all improvement options per life cycle phase over a service life of
60 years using ReCiPe Endpoint method (H/A)

Table 3 shows a clear optimisation of the primary energy (PE) consumption of the retirement home.
Moving from option 1.0 to 1.3 PE drops with 27%. This same trend was not visible looking at the
corresponding impact assessment. Aggregated scores of option 1.2 and 1.3 (see Fig. 1) have
decreased to a lesser extent than the other options. This can be explained by the fact that the
selected cogeneration unit consumes 90% more natural gas than the condensing gas furnace (for
hot water supply) in option 1.0 and 1.1 [7]. Consequently, potential damage to human health and
ecosystems quality through greenhouse gas emissions and the potential impact on the availability
of fossil fuels was higher for options using a cogeneration unit.
Since the importance of operational energy in the environmental profile of the building design
dropped considerately, the manufacturing phase is responsible for more or less one third of all
potential environmental damage, i.e. a relative increase of 13% compared to the reference case.
4.3

Discussion

Although reduction in operational energy consumption is still a primary target to reduce
environmental impacts of the representative retirement home; PE is not always a good overall
indicator of environmental damage. As a designer, it is thus important to have a complete view of
the life cycle impacts of the building design. In this case the option with a significant improvement
of the thermal insulation level (K15) combined with a 50kWp PV installation is selected as most
beneficial. Due to the shift in relative importance towards the manufacturing phase, the next
improvement step focussed on reducing environmental impacts of building components during the
service life of the retirement home.

5. Life cycle assessment of a low impact retirement home
5.1

Material selection

In 1992, Ashby estimated the number of materials available to engineers between 40.000 and
80.000 [20]. With the current exponential growth of new building materials, in particular polymers,
and rediscovery of some bio-based building products, the contemporary designer is put to a vast
challenge selecting appropriate building materials. Numerous references, such as the British
“Green Guide to Specification” [21] and the Dutch “NIBE’s Basiswerk Milieuclasificaties
Bouwproducten” [22, 23] help architects to make an environmentally friendly material selection.
However, these databases lack in methodological transparency and or not always consistent with
the Belgian building context. For this improvement step material selection is primarily based on
outcomes of the SuFiQuaD study (Sustainability, Financial and Quality Evaluation of Dwelling
Types in Belgium) [18, 11] and specific LCA experiments for the building under study, using the
technical experience of OSAR ARCHITECTS. All material changes per (sub) element are listed in
Table 6 to Table 11 (in Appendix).
5.2

Impact assessment

Major impact reductions were discerned due to an environmentally sound material selection: i.e. a
net reduction of 41% on all building elements compared to the previous improved design (see Fig.
2). The biggest reduction in environmental impacts were attributed to the substitution of aluminium
window facades with wooden alternatives, concrete and brick walls with sand-lime and aerated
concrete brick, and polyurethane (PUR) and polyisocyanurate (PIR) insulation with resol foam (PF).
The wooden window facades had a net environmental gain over the whole life cycle of the
retirement home, due to uptake of CO2 during the growth of trees and potential recycling into board
material after use. Replacement of different interior and floor finishing was responsible for a small
environmental improvement.
Potential damage to human health and ecosystems quality through greenhouse gas emissions and
the potential impact on the availability of fossil fuels were still the most important impact categories.
On the other hand, net potential environmental gains related to land use (i.e. agricultural land
occupation and natural land transformation were discerned.
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400000
floor finishing
350000

interior finishing
(66/1) ELEVATOR

weighted score (pt)

300000

(56/1) HEATING SERVICES

roof

- 41%

250000

(53/1) WATER SUPPLY

(45/1) CEILING FINISHING
(43/1) FLOOR FINISHING

internal floors
200000

floor finishing
interior finishing
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roof
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(16/1) FOUNDATIONS
(13/1) GROUNDFLOOR
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ground floor

ground floor
external walls

0
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Fig. 2: Reduction in impacts of the retirement home due to environmental sound material
selection: single indicator per element type over a service life of 60 years using ReCiPe Endpoint
method (H/A)

6. Final comments and conclusions
Throughout the study presented in this paper two complementary design approaches to improve
the environmental impacts of a representative Flemish retirement home were investigated: i.e. (1)
the enhancement of operational energy consumption – making use of the Trias Energetica
Principles – and (2) the selection of environmentally sound building materials and processes taking
into account the entire life cycle span and all phases of the building.
Due to its 24-hour-a-day and seven-days-a-week occupation by inhabitants, a typical retirement
home in Flanders (Belgium) has relatively high energy consumption: i.e. 181kWh/year.m².
Upgrading the reference retirement home to passive or low energy house standards reduces the
overall environmental impacts with 40%. Due to the upgrade in technical services and insulation
level, the relative importance of material related processes increases in importance. Making
environmentally sound material choices reduces the total environmental impact with an additional
11%. This paper did not focus on the morphology, orientation and internal layout of the building,
since these characteristics are context sensitive for a retirement home. However, supplementary
environmental gains may be expected if these parameters are dealt skilfully.
The study pointed out that potential environmental damages caused by the representative
retirement home over its entire life span are mostly attributed to energy associated processes:
operational energy, as well as embodied energy related to production and end-of-life treatment of
building materials and building components. Since consumption of primary energy (PE) is not
always a good overall indicator of environmental impacts of buildings, it is recommended to
incorporate LCA in the evaluation of building design options. Moreover, energy related building
regulations and standards in Flanders only take into account general building types, such as
dwellings, schools and offices. The authors of this paper therefore urge to incorporate specific – life
cycle – characteristics of retirement and care facilities into existing building policy and technical
recommendations.
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Appendix
Table 4: Description of damage and impact categories with corresponding normalisation and
weighting set used in ReCiPe Endpoint Hierachist (Europe, average) method, based on [16]
DAMAGE & Impact category

Indicator

HUMAN HEALTH
- Climate change Human Health
- Ozone depletion
- Human toxicity
- Photochemical oxidant
formation
- Particulate matter formation
- Ionising radiation
ECOSYSTEM DIVERSITY
- Climate change Ecosystems
- Terrestrial acidification
- Freshwater eutrophication
- Terrestrial ecotoxicity
- Freshwater ecotoxicity
- Marine ecotoxicity
- Agricultural land occupation
- Urban land occupation
- Natural land transformation
RESOURCE AVAILABILITY
- Metal depletion
- Fossil depletion

disability-adjusted loss of life year

normalisation
factor
49,6

weighting
factor
40%

5727

40%

0,00003731

20%

loss of species during a year

increased cost (in $)

Table 5 Life span and number of replacements per element type for a building
service life of 60 years.
element
code
(13)

element
type
ground floor

life span
(yr)
60

replacements
(/)
1

(16)

foundations

60

1

(21/31)

external wall

60

1

(22/32)

internal wall

60

1

(23/33)

floor on grade

60

1

(24/34)

staircase

60

1

(27/37)

roof

60

1

(35)

suspended ceiling

15

4

(41)

exterior finishing on wall

15

4

(42)

interior finishing on wall

15

4

(43)

floor finishing

15

4

(45)

ceiling finishing

15

4

(53)

water supply system

30

2

(56)

heating system

20

3

(57)

ventilation system

20

3

(61)

primary electricity system

20

3

(66)

elevator system

30

2

Table 6: overview of element composition and layer thickness for the reference case and improvement options
REFERENCE
element
type
(13) ground floor
underground parking

basement

(21/31) external wall
bordering soil

bordering outside environment

bordering outside environment

bordering outside environment

bordering outside environment

composition
layer
reinforced concrete
(no insulation)

OPTION 1
thickness
layer
0,40m
-

screed
PE film
PUR board insulation
light mortar
reinforced concrete

0,05m
0,0002m
0,06m
0,04m
0,40m

reinforced concrete
PUR board insulation*

0,25m
0,05m

reinforced concrete
PUR board insulation
brick veneer
cement mortar
aluminium cassette
softwood skeleton
PUR board insulation

composition
layer

OPTION 2
thickness
layer

composition
layer

thickness
layer

PUR board insulation

0,18m

PF board insulation

0,16m

PUR board insulation

0,18m

PF board insulation

0,16m

0,18m

sand-lime brick
PF board insulation*

0,25m
0,16m

0,18m

sand-lime brick
PF board insulation

0,15m - 0,20m
0,16m

0,18m

PF board insulation

0,16m

PUR board insulation*

0,15m - 0,20m
0,10m
PUR board insulation
0,102m
9,80%
0,02m
0,10m

PUR board insulation

aluminium window frame
double glazing, standard

triple glazing, improved

wooden window frame
double glazing, standard

triple glazing, improved

wooden window frame
triple glazing, improved

Table 7: overview of element composition and layer thickness for the reference case and improvement options (continued)
REFERENCE

OPTION 1

reinforced concrete

0,15m

aerated concrete brick
adhesive mortar

0,15m
1%

bearing

perforated brick
cement mortar

0,14m
5%

aerated concrete brick
adhesive mortar

0,15m
1%

bearing/non-bearing

aerated concrete brick
adhesive mortar

0,15m
1%

non-bearing

perforated brick
cement mortar

0,09m
5,00%

aerated concrete brick
adhesive mortar

0,10m
1%

non-bearing

massive brick
cement mortar

0,102m
5%

aerated concrete brick
adhesive mortar

0,10m
1%

non-bearing

gypsum brick
adhesive mortar

0,10m
1%

non-bearing

single gypsum plaster board
metal stud

2x 0,0125m

non-bearing

double gypsum plaster
board
metal stud

non-bearing

interior glazing

sanitary

WR single gypsum board
metal stud

2x 0,0125m

sanitary

WR double gypsum board
metal stud

2x 0,0250m

2x 0,0250m

0,006m

thickness
layer

composition
layer

thickness
layer

composition
layer

thickness
layer

composition
layer

OPTION 2

element
type
(22/32) internal wall
bearing

Table 8: overview of element composition and layer thickness for the reference case and improvement options (continued)
REFERENCE
element
type
(27/37) roof
green roof

composition
layer

OPTION 1
thickness
layer

substrate for green roof
PP foil as sub roof
gravel for draining
EPDM foil
PUR board insulation
bituminous glass fibre felt
screed
concrete hollow core slab

0,020m
0,0002m
0,085m
0,0011m
0,14m
0,025m
0,005m
0,25m

bituminous roof layers (2x)
PUR board insulation
bituminous glass fibre felt
screed
concrete hollow core slab

0,007m
0,14m
0,025m
0,005m
0,21m

EDPM foil
PUR board insulation
bituminous glass fibre felt
screed
concrete hollow core slab

0,0011m
0,14m
0,025m
0,005m
0,16m

aluminium faces of panel
PIR insulation of panel

2x 0,001m
0,12m

concrete tiles
EPDM foil
PUR board insulation
bituminous glass fibre felt
screed
concrete hollow core slab

0,05m
0,0011m
0,12m
0,025m
0,005m
0,25m

composition
layer

PUR board insulation

OPTION 2
thickness composition
layer
layer

0,24m

thickness
layer

PF board insulation

0,20m

aerated concrete slab

0,30m

flat roof
PUR board insulation

0,24m

EPDM foil
PF board insulation

0,0011m
0,20m

aerated concrete slab

0,25m

PF board insulation

0,20m

aerated concrete slab

0,20m

flat roof
PUR board insulation

0,24m

flat roof
PIR insulation of roof panel

0,24m

PF board insulation

0,20m

PUR board insulation

0,24m

PF board insulation

0,20m

terrace roof

aerated concrete slab

0,3

Table 9: overview of element composition and layer thickness for the reference case and improvement options (continued)
REFERENCE
element
type
(23/33) floor on grade
level 0

composition
layer
screed
PE acoustical insulation
PUR board insulation
light mortar (filler)
concrete hollow core slab

level 0

level 1/2

screed for floor heating on
nets
PE acoustical insulation
PUR board insulation
light mortar (filler)

OPTION 1
thickness
layer
0,05m
0,005m
0,06m 0,10m
0,04m
0,16m 0,20m

concrete hollow core slab

0,065m
0,005m
0,10m
0,04m
0,16m 0,20m

screed
PE acoustical insulation
light mortar
concrete hollow core slab

0,05m
0,005m
0,04m
0,16m

artificial floor tiles

0,02m

flexible carpet

0,01m

tufted carpet tiles

composition
layer

OPTION 2
thickness
layer

composition
layer

thickness
layer

PUR board insulation

0,18m

PF board insulation

0,16m

PUR board insulation

0,18m

PF board insulation

0,16m

(43) floor finishing
linoleum on roll

0,0025m

0,01m

linoleum on roll

0,0025m

Oak parquet
parquet glue

0,008m

linoleum on roll

0,0025m

linoleum on roll

0,0025m

Table 10: overview of element composition and layer thickness for the reference case and improvement options (continued)
REFERENCE

OPTION 1

element
type
(35) suspended ceiling

composition
layer

panel system

rock wool (cleanable)

0,02m

panel system

rock wool

0,02m

panel system

gypsum plaster board

0,015m

panel system

perforated gypsum board

0,015m

plate system

silica plate

0,010m

acrylic paint

3 layers

base plaster

0,01m

cement plaster

0,01m

thickness
layer

composition
layer

OPTION 2
thickness
layer

composition
layer

thickness
layer

(partially) recycled tiles

10cm x 10cm
15cm x 15cm

(42) interior finishing on wall

ceramic tiles

double gypsum plaster
board
stainless steel screws
joint filler
single gypsum plaster
board
stainless steel screws
joint filler
synthetic resin plate

10cm x 10cm
15cm x 15cm
20cm x 10cm

0,0250m

0,0125m

0,013m

Table 11: overview of element composition and layer thickness for the reference case and improvement options (continued)
REFERENCE
element
type
(45) ceiling finishing

composition
layer

OPTION 1
thickness
layer

acrylic paint

3 layers

base plaster

0,01m

curtain board
varnish

0,18m

gypsum plaster

0,01m

composition
layer

OPTION 2
thickness
layer

composition
layer

thickness
layer
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Summary
How do you know your house is sustainable if you have no information on what makes a house
unsustainable? The Household Energy End-use Project (HEEP) (completed in 2007), provides
baseline information on key measures of sustainability – the use of energy and the temperatures in
New  Zealand’s  residential  buildings.  
This information is being built on by projects such as the Key Energy Uses study (air-to-air heat
pumps and entertainment appliances), Sustainable water heating (solar and heat pump), lighting
surveys and downlight investigations. HEEP and the Key Energy Uses study are nationally
representative monitoring studies collecting energy use, temperatures, house and social data.
Others are case studies or surveys on specific technologies to understand their performance and
uptake rates.
HEEP found to understand house performance it is necessary to understand occupant behaviour.
Further studies of specific technologies has shown how important the correct installation and use
of them is to achieve expected outcomes. For example before HEEP it was understood that
electricity was the most important domestic space heating source as nearly every house has
multiple electric heaters. HEEP found electricity to represent only 32% of space heating energy
use. Indoor temperatures were found to be below internationally accepted comfort and health
norms. With the uptake of heat pumps, new research is finding that houses are warmer, more
comfortable and have healthier temperatures, but the fuel switching is leading to higher electricity
use.
This paper reviews knowledge gained from these studies and how they have or are being used to
support national energy efficiency standards; a national insulation scheme, the development of
sustainability benchmarks and scenario planning. Together these studies help to identify current
and future issues for advancing the sustainability of houses in New Zealand.
Keywords: Energy end-use monitoring, heat pumps, HEEP, sustainable housing.

1. Introduction
How do you know a building is sustainable if you have no information on what makes a building
unsustainable?   If   today’s   buildings   are   unsustainable,   then   we   need   to   understand   the   reasons  

that they are the way they are, in order to develop sustainable buildings for the future. Many myths
have grown up around New Zealand buildings, but the cost and effort of finding factual answers
has meant that decisions have too often been made based on the myths rather than on reality.
This paper will explore how a number of research projects – the Household Energy End-use
Project (HEEP); the Key Energy Uses Study (examining air-to-air heat pumps and entertainment
appliances); Sustainable Water Heating (examining solar and heat pump water heating); lighting
surveys; and downlight investigations – contribute to dispelling the myths. HEEP was completed in
2007, with other monitoring and survey projects building on the results.
The studies provide baseline information on New Zealand residential energy use and end-uses as
part of a measure of sustainability. They have been designed to support the New Zealand Building
Code (Building Code), government policy, building design and construction, and product
development as well as being used as an educational tool. The studies are also used to verify that
interventions such as improved insulation standards in housing give the expected performance
benefits, or explore why not, if not (for example Isaacs et al, 2010).
1.1

Housing in New Zealand

A typical house in New Zealand is timber framed with weatherboard cladding, a timber or concrete
floor (new house floors are typically concrete) and a long-run steel roof. Houses are typically
stand-alone with one or two levels. The construction of houses is influenced by New Zealand being
seismically active.
New Zealand has only required thermal insulation in new houses since 1 April 1978. These requirements, modest even for a temperate country, were increased in 2000 and again in 2007. Table 1 sets out thermal resistance requirements for common combinations of roof, wall and floor.
The zones are based on climate, from the warmest (1) to the coolest (3).
Table 1 Building Code thermal performance requirements 1978 to current
Year
Commenced
1978
2000

Standard
NZS 4218P:1978
NZS 4218:1996

2007

NZS 4218:2004

Coverage
New Zealand
Zones 1 & 2
Zone 3
Zone 1 & 2
Zone 3

Ceiling
1.9
1.9
2.5
2.9
3.3

R-Values (m² °C/W)
Wall
Floor
1.5
0.9
1.5
1.3
1.9
1.3
1.9
1.3
2.0
1.3

Glazing
0.15
0.15
0.15
0.26
0.26

Older houses are not required to upgrade to the current standard, but in some cases roof and floor
insulation has been voluntarily installed. Beacon Pathway, a research consortium on sustainable
housing, predicts that by 2012 approximately 1.6 million of the 1.7 million houses in New Zealand
will have inadequate insulation [1].
Thus far the focus for sustainability requirements in New Zealand has been through the use of
thermal insulation to reduce residential energy use. This paper focuses on projects on energy use
and indoor environment, but there are other important projects examining opportunities for whole
house sustainability e.g. water, materials and passive design. These include HomeStar [2], Level
[3] and projects by Beacon Pathways Ltd [1].
1.2

New Zealand climate

New Zealand is long and narrow, approximately 1,600 km in length, with a land area of 270,000 sq
km, ranging from Latitude 37oS to 46oS.
The winter season in New Zealand (a southern hemisphere country) is during the months of June,
July and August. The summer months are December, January and February. The majority of
homes are in a coastal climate, but the central areas of both islands are more continental. The far

south is cooler than the far north. For example, the daily mean winter temperature in Invercargill (in
the far south) is 6.2°C compared to 11.9°C in Kaikohe (in the far north). The mean summer ambient daily temperature in Kaikohe is 18.8°C, but in Invercargill only 13.3°C. The annual range of
monthly mean temperature (difference between the mean temperature of the warmest and coldest
months) is relatively small. In the top of the North Island (Northland) and in western districts of both
islands it is about 8°C, while for the remainder of the North Island and east coast districts of the
South Island it is 9°C to 10°C. Further inland, the annual range can exceed 11°C, reaching a
maximum of 14°C in Central Otago [4].

2. Household Energy End-Use Project (HEEP)
HEEP collected energy use and end-use data from 400 randomly selected houses throughout New
Zealand. It monitored all fuels (electricity, natural gas, LPG, coal, wood and oil) and end-uses (hot
water, space heating, lighting, cooking, refrigeration, entertainment etc). HEEP is a nationally
representative study which provides a detailed breakdown of how, why, when and where energy is
used [5].
This paper looks at the overall energy use of houses, the types of fuels used for heating as well as
the different types of hot water systems, but these only touch on some of the wealth of HEEP
information. For more information on HEEP, the final year report [5] covers monitoring methodology,
winter and summer temperatures, effect of insulation on energy use and temperatures, appliance
ownership, detailed hot water information, standby and baseload, and socio-demographic
characteristics of the houses in the sample.
The information gained from HEEP has had many different uses including informing National
Energy Efficiency Standards for houses [6], helping to set realistic sustainable benchmarks [7], as
well as the examples given in this paper.
2.1

Energy end-uses

HEEP data can be used to provide a national breakdown of residential energy use by fuel type and
end-use. Fig. 1 breaks down energy supply by fuel type. Fig. 2 shows that, on average, across all
fuel types space heating is the largest single end-use (34%) followed by hot water (29%),
appliances (13%),
refrigeration
National
- All Fuels (10%), lighting (8%) and cooking (6%). The most important fuel
National
- All fuel
Fuels(wood and coal).
source is electricity, while the most important space heating fuel
is solid
Oil
0%

Other
Appliances
13%

Solid Fuel
20%

Lighting
8%

LPG
2%
Gas
9%

Hot Water
29%

Refrigeration
10%

Electricity
69%

Fig. 1 Total energy use by fuel type

Range
6%

Space Heating
34%

Fig. 2 Total energy use by end-use

Thus the production of low temperature heat is the main (63%) use of household energy. It is used

to  provide  ‘space  heat’  (34%)  and  ‘water  heat’  (29%).  For  the  first  time  HEEP  identified  the actual
energy marketplace competitors. This marketplace is not a competition between the two
predominant fuels i.e. electricity and natural gas. It is a competition between any fuel that is able to
provide low temperature heat e.g. electricity, natural gas, wood, wood pellets etc.
2.2

Space heating

Prior to HEEP, the only national data on the fuels used for space heating in New Zealand homes
came from the five-yearly census. Table 2 gives the space heating fuel types reported in the 1996,
2001 and 2006 censuses both as count and proportion [8],  and  the  proportion  of  the  ‘main  (space)  
heating  fuel’  from  the  HEEP  survey.
Table 2 Space heating fuel types – 1996
Census – Total Responses
Fuel types

1996

2001

Electricity
Mains gas
LPG (bottled gas)
Wood
Coal
Solar power
Other fuel(s)
No fuels used in this
dwelling
Not elsewhere included

948,363
142,704
273,927
598,605
159,537
8,913
11,541

937,719
175,419
368,118
582,267
121,170
12,318
14,130

23,343

1996

2001

2006

1,051,095
185,826
388,746
574,485
98,226
15,159
29,304

74%
11%
21%
47%
12%
1%
1%

69%
13%
27%
43%
9%
1%
1%

71%
13%
26%
39%
7%
1%
2%

36,207

33,177

2%

3%

2%

47,982
57,126
1,276,332 1,359,843
Average number of fuel types used per house

66,189
1,471,746

4%
174%
1.68

4%
169%
1.63

4%
166%
1.59

Total dwellings

2006

% of Total Dwellings

HEEP
Main
fuel
30%
10%
15%
44%
1%

100%
1.74

As many houses use more than one fuel for space heating, when the responses are summed this
results in a value higher  than  the  number  of  dwellings.  If  the  ‘No  fuels’  and  ‘Not  elsewhere  included’  
categories are removed, this gives the average number of fuels used in New Zealand homes.
Table 2 shows that the diversity of fuel use has reduced by 5% over the 10-year period, from an
average of 1.68 to 1.59 fuels per home.
Table 2 shows that electricity is the fuel reported in the census to be available to be used for space
heating in the largest number of houses, with 71% of private dwellings reporting the use of
electricity for space heating in 2006, with wood next (39%) followed by LPG (26%) and mains gas
(13%). Other fuels were available in less than 10% of dwellings.
The presence, or ability to use, a fuel is not a measure of its importance. HEEP not only asked
occupants what they felt to be the main heating fuel, but also collected monitoring data that
permitted the calculation of actual fuel use.
The far right column of Table 2 gives the HEEP  ‘Main  fuel’  as  stated  by  the  house  occupants.  The  
order of importance is different to the census. Solid fuel (wood and/or coal) is the most important
(44%), followed by electricity (30%), bottled gas (15%) and mains gas (10%). HEEP found that
there were on average 1.74 fuels used per home – 9% higher than the number reported by the
2006 census.
Fig. 3 provides an overview of the relative importance of the major heating fuels based on the
monitored gross energy consumption.

National - All Fuels

Fig. 3 shows that solid fuels are the most
important, providing 56% of gross space heating
energy, followed by electricity at 24%, reticulated
gas at 14%, LPG at 6% and oil under 1%. Heat
pumps were found in very few HEEP houses,
but their use is fast increasing. The Key Energy
Uses Study is currently underway to update
information on the use of heat pumps [9].

Oil
0%

Electric
24%

Solid Fuel
56%

Reticulated Gas
14%

LPG
6%

Fig. 3 Space heating gross energy by fuel

The results from HEEP significantly changed the
national understanding of residential fuel use.
Fig. 4 shows the official estimate for wood and
coal   (‘Solid   fuel’)   used   in   the   December   2004  
year was 5% of total residential energy use [10].
For   this   analysis   the   ‘Other’   category   includes  
geothermal and solar. For Fig. 5 it has increased
to 14% in 2005 [11]. However, this is not due to
an increase in the actual residential use of wood
or coal, rather an improved understanding of the
actual fuel use.

Energy Data File

Energy Data File Sep 05 yr

Other
4%

Other
4%

Solid Fuel
14%

Solid Fuel
5%

Electricity
69%

Electricity
82%

Gas
6%

Gas
10%

LPG
3%

LPG
3%

Fig.
4
Fuels
December year 2004

all

end-uses Fig.
5
Fuels
September year 2005

all

end-uses

This result of the HEEP research has led to an apparent national increase in wood use of 5.6 PJ –
equal to a 1% increase in total observed consumer energy, or a 9% increase in residential sector
consumer energy. If this wood was burnt in solid fuel burners with an efficiency of 50%, it would be
equivalent to a 530 MW thermal power station feeding conventional resistance heaters or a 180
MW station feeding heat pumps. In energy terms, meeting this solid fuel heating load would require
a 6% increase in residential sector electricity demand if used in conventional resistance heaters, or
2% if used in heat pumps (COP 3 i.e. produce three units of heat for each unit of electricity) [5].
This had implications for the national GHG emissions inventory, but more importantly ensures that
planning for GHG reduction is now on a realistic basis.
2.3

Domestic hot water

There have been no official statistics on domestic water heating fuels since the 1996 quinquennial
census and no data is collected in the more frequent Household Economic Surveys. But why is this
lack of knowledge important?
The large majority of New Zealand dwellings have a long life, low-pressure copper electric hot
water cylinder. If the cylinder fails, it is likely to be urgently replaced with one of comparable size
and type – often for no other reason than to ensure it fits in the existing space. Thus hot water
systems, in the main, reflect not the performance that might be expected from a modern

installation, but rather the design that was common when the house was built.
But while the hot water system may not change over time, the behaviour of the house occupants
does. The 1971/1972 Electricity Study [12] recorded information on the number of baths and
showers in the house, and their relative use by house occupants. The results were presented
comparing the number of occupants, the number of showers and baths, and their comparative
usage. The HEEP Survey asked house occupants for information on their use of hot water.
The following two figures summarise the relative use of baths and showers for the two studies
separated by approximately 30 years (Fig. 6 for the 1971/1972 study and Fig. 7 for HEEP). For
consistency, the HEEP sample has been limited to houses with one or more electric cylinders i.e.
excluding houses with only gas or solid fuel hot water systems.
Relative use of baths & showers -1971/72
Shower
4%

Relative use of baths & showers - HEEP
Bath
2%

Other
1%

Bath > Shower
3%
Shower = Bath
1%

Shower > Bath
21%

Bath
42%

Shower = Bath
15%

Shower
59%

Shower > Bath
35%

Bath > Shower
17%

Data: !971/72 Household Electricity Study
(1749 houses with permanently-wired electric water heaters)
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Fig. 6 Use of baths and showers Fig. 7 Use of baths and showers HEEP
1971/1972
Fig. 6 and Fig. 7 show there have been major changes in bathing habits over the past 30 years. In
1971/1972,  59%  of  the  households  ‘mainly’  or  ‘solely’  used  the  bath.  Over  30  years  later,  this  has
reduced to 5% of the HEEP houses. There has been a sizable growth in the proportion of
households using the showers or mainly the shower, growing from 25% in 1971/1972 to 94% in
HEEP.
Although uses of hot water have changed, it seems that hot water systems themselves have only
altered slightly. Fig. 8 and Fig. 9 compare the total volume of house hot water electric storage
cylinders for the 1971/1972 study and the HEEP random houses. The proportion of smaller 135
litre cylinders has reduced from 56% to 40%, while the houses with 180 litre total cylinder volumes
have increased from 38% to 45% of the sample. Houses with hot water cylinders over 180 litres
have increased from 3% to 12%.

Household DHW Volume - 1971/72
Over 180 litre
3%

Household DHW Volume - HEEP

Under 135 litre
3%

Under 135 litre
3%

Over 180 litre
12%

180 litre
38%

135 litre
40%
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45%

Data: !971/72 Household Electricity Study
1,746 houses with permanently-wired electric storage water heaters

Data: HEEP
346 random houses with one or more electric storage cylinders

Fig. 8 Household domestic hot water Fig. 9 Household domestic hot water
volume 1971/1972
volume HEEP
There has been a 13% increase in the weighted-average size of household hot water systems –
from 150 litres per household in 1971/1972 to 170 litres in HEEP. Conversely, the number of
people per house has reduced by 15% – from an estimated 3.4 in 1971/1972 to a calculated 2.9 in
the 346 HEEP houses with an electric water cylinder and occupant number data.
But has the increase in the size of the hot water system been adequate to meet the changed hot
water demands? One measure is the storage temperature – the cylinder temperature will relate to
the ability of the cylinder to provide adequate hot water to meet the user needs. If the cylinder does
not provide adequate hot water, it is very simple for the occupants to increase the storage
temperature  by  ‘turning  the  thermostat  up’.  
Table 3 Tap temperatures by system type

Count domestic hot water
systems
Count with temp available
Count >55°C
%
Count >60°C
%

Electric
Storage

Electric
+ Solid

Gas
Storage

Gas
Instant

314

63

34

20

292
241
83%
186
64%

59
46
78%
32
54%

33
26
79%
15
45%

12
4
33%
3
25%

TOTAL
441
403
321
80%
239
59%

Table 3 tabulates for the different types of systems the count in the HEEP sample for which tap
temperatures are available, and the number and percent of these with tap temperatures over 55°C
and 60°C.
Around 80% of the storage systems (electric or gas) had tap temperatures over 55°C, but only 33%
of the instantaneous systems. Sixty-four percent of electric storage, but only 45% of gas storage
and 25% of gas instantaneous systems delivered tap water at over 60°C. A t-test comparison of
electric storage and gas storage systems suggests these are two different distributions (t = 3.5361,
p-value = 0.0009), and similarly an electric and gas fuel-based comparison suggests different
distributions (t = 4.8736, p-value = 0).
Since 1993 it has been a requirement under the Building Code Clause G12 to limit tap temperature
on the supply to any “sanitary  fixture  (e.g.  by  using  a  ‘tempering  valve’)  used  for  personal  hygiene”,

but to store the water at a high enough temperature to prevent the growth of legionella bacteria.
G12/AS1 sets the delivery temperature to a maximum of 55°C in housing but storage at over 60°C.
HEEP found only 16% of the cylinders in the sample had a tempering valve fitted.
There is an undesirable safety consequence of users increasing water storage temperatures to
ensure an adequate supply of hot water. Hot water is more dangerous to the very young and the
elderly, whose skin is less able to withstand higher temperatures. For a child placing their skin into
water at 54°C, only 10 seconds is required for a full-depth burn, compared with 30 seconds for an
adult [13]. HEEP found no link between the age of the youngest or oldest person in the house and
the hot water temperature, suggesting age is no barrier to the provision of dangerous hot water.

3. Research projects building on HEEP
This section covers some of the research projects that have been carried out by BRANZ building
on information from HEEP to keep our baseline data up-to-date.
3.1

Key Energy Uses Study

There has been significant growth in residential air-to-air heat pumps in the last few years. HEEP
found 4% of houses had heat pumps, whereas preliminary results from the 2011 BRANZ House
Condition Survey found 28% of houses have one or more heat pumps (not yet published). The Key
Energy Uses Study is designed to understand heat pump use in New Zealand houses and the
achieved indoor conditions. It is a monitoring project, based on a nationally representative sample
of houses with one or more air-to-air heat pumps. Data on energy use, temperatures and relative
humidity are being collected for a year from the 170 houses [9]. In addition to data on the heat
pump and its installation, the study includes an occupant survey, a house energy audit and the
preparation of a detailed house floor plan. Early results have already been used for scenario planning on different electricity networks to help with maintenance and upgrade schedules [14]. A
Good Practice Guide for heat pump installations has also been prepared based on the knowledge
gained from this project [15].
3.1.1 Early results
Monitoring of the heat pumps in the study will not be completed until early 2012. However, some
early results can be reported from a sample of 85 houses.
The majority of the householders had the heat pump installed after they purchased their house –
only 16% moved into a house with the heat pump, while 8% installed at the time of building. Seventy-four percent of those moving into dwellings after 2005 had heat pumps installed within a year
of occupation. Fifty-six percent of householders with a previous heating appliance reported that
they substituted that heating appliance with a heat pump. The remaining 44% reported supplementing their previous heating systems with a heat pump.
Thirty-nine percent of the householders that acquired a heat pump got information about heat
pumps from family members or friends, and 40% of householders with heat pumps reported that
their neighbours had one. Householders consistently refer to seeing other people install heat
pumps as a motivation to purchase one.
The types of heaters substituted by heat pumps vary by region. For example in Canterbury, where
there are now air quality regulations [16], many householders have substituted heat pumps for
non-compliant wood burners. However, nationally the heating and fuel sources most likely to be
replaced by heat pumps are reticulated or bottled gas, or electrical appliances.
The householders changing from an electric heater to a heat pump are likely to get a much better
service with increased temperatures for possibly less cost (depending on temperature set point

and hours of heating). Very few householders reported replacing an enclosed log burner with one
or more heat pumps. In general, where log burners were installed already, these householders
were using heat pumps as a heating supplement beyond the living room or lounge.
Sixty percent of houses that are replacing an existing heater with a heat pump are changing to
electricity. They may get a better service, but they will use more electricity. Table 4 gives the annual space heating use for all energy types and for electricity only per house by region for houses
in the HEEP sample [5], and the annual space heating use for heat pumps per house by region for
houses in the heat pump study.
Table 4 Average annual space heating use per house (kWh)
Household Space Heating Energy Use
(HEEP) 2000-2005
Region
Nationally (preliminary)
Auckland
Wellington

Heat Pump Energy Use
(incl. Cooling) 2010

All
energy
types

Standard
deviation

Electricity

Standard
deviation

Electricity

Standard
deviation

3,820

350

920

190

1,380

190

3,190
2,630

840
730

1,630
780

720
600

740
1,420

100
310

The average heat pump electricity use per house over the sample is approximately 1,380 kWh,
whereas the median is approximately 800 kWh.
In HEEP Auckland was one of only two cities to use more electricity for space heating than any
other fuel. This is thought to be because it has a relatively mild climate and therefore few houses
have had fixed heating systems installed. Instead they relied on electric resistance heaters. By
installing heat pumps in Auckland the electricity use for space heating has decreased due to the
heat pump efficiency gains. Table 4 shows that on average Auckland HEEP houses used 1,630
kWh, while the more recent heat pump houses use 740 kWh for electric heating. In Wellington the
situation is reversed with the heat pump houses using almost double (1,420 kWh) the amount of
electricity for space heating compared to the houses in HEEP (780 kWh). This is due to the Wellington HEEP houses not being as reliant on resistance heaters as Auckland and therefore they do
not benefit as much from the efficiency gains.
Although the Key Energy Uses Study has found that more electricity is being used for space heating than in HEEP, the houses are now warmer. HEEP found temperatures in homes were often
below what was considered a healthy temperature. When heat pumps are present, an increased
proportion of houses are now maintaining comfortable temperatures (see [9] for further analysis).
3.2

Sustainable water heating

HEEP found that the uptake of solar water heating and heat pump water heating was low. The few
solar water heating systems encountered within HEEP did not provide sufficient information to
analyse the impact this technology is having on residential energy use. Heat pump water heaters
are even less common than solar water heaters and no such systems were encountered in HEEP.
To provide data on how these technologies are performing in the New Zealand setting, a series of
projects have been undertaken in conjunction with EECA. For the solar water heating systems this
assessment included examining the configuration and installation quality of the systems [17], the
householders’ attitudes and experiences [18], as well as energy savings achieved by the various
systems [19].

The systems examined were installed around 2006 when renewed interest in solar water heating
was taking place. Overall the installation quality and energy performance was mixed, reflecting the
lack of maturity in the industry at that time. A number of follow-up projects have demonstrated that
effective solar water heating systems are possible.
A related project involved measuring the energy performance of a number of heat pump water
heating systems [20] as part of a larger EECA project. It was found that although heat pump
systems generally provided a good level of performance, certain systems did not. These underperforming systems were frequently of a particular type. In addition, heat pump hot water systems
did not provide benefits to households which only had a low level of hot water use.
These projects have provided greater certainty as to the benefits of these types of water heaters,
with this resulting in both types now being eligible for government support.
3.3

Lighting surveys

The Electricity Commission recognised that very few houses in HEEP were using energy efficient
lights. They realised the energy efficiency benefits in increasing the use of energy efficient lights in
homes, and began by updating HEEP information on the use of different types of bulbs by doing an
intensive lighting survey including site examinations of 140 homes in New Zealand [21].
Using the HEEP usage information it was then possible to calculate potential savings through
increasing the installation of energy efficient lights in homes. The Electricity Commission work
updated HEEP recommendations regarding the rooms to focus on to get the best return on
installing energy efficient lights. For example in most houses the bathroom has more lighting power
than any other room (50 W/m²), although the lights are only used an average for 1.1 hr/day. This is
so low that it is not normally worthwhile installing an energy efficient light. Occupants can also
become frustrated at having a light that is slow to get to full brightness (like some older Compact
Fluorescent Lights or CFLs) when it is only used for a short period.
3.4

Recessed downlight investigations

Since 1996 the New Zealand government has had a thermal insulation subsidy scheme.
Experience from a similar scheme in Australia [22] showed that there are overheating risks when
insulation is installed too close to recessed downlights in ceilings.
Through the information from HEEP and the Electricity Commission lighting survey, it was known
that there are enough downlights in New Zealand homes (4.2 million individual downlights in 25%
of houses – being an average of 12 downlights per house) for this to be a concern. Laboratory
testing was undertaken to determine how to safely install insulation around recessed downlights
[23].
Cost benefit analysis of installing insulation in locations of different downlight density could then be
undertaken. The results from the Electricity Commission work supported this analysis by providing
real information on the lighting density, type and usage which enabled the subsidy scheme to
continue with greater cost effectiveness and reduce overheating risk.

4. Discussion
A sustainable future may be built on the past, but unless we understand the present we are faced
with unknown problems and opportunities for the future.
This paper has used results from the Household Energy End-use Study (HEEP), which completed
data collection in 2007, to explore key aspects of space and water heating in New Zealand homes
and to show how these results have provided the basis for more focused investigations.
HEEP revealed the fallacy that electricity was the most important space heating source. Although

71% of homes reported the use of electricity for space heating in the 2006 census, HEEP found
that it was the main heating fuel in just 30% of homes, and accounted for only 32% of space
heating energy. HEEP also found that solid fuel (wood or coal) was a far more important space
heating fuel that previously documented, and resulted in changes to the official energy statistics.
These results led to a detailed investigation into household use of heat pumps and preliminary
results have been given.
There has been a major increase in the use of heat pumps for space heating since the HEEP work.
However, the baseline HEEP data has supported the Key Energy Use Study to understand the
impact of this new and rapidly growing electricity use. In many cases, the electricity use of the heat
pumps is higher than what was traditionally used for electric heating in New Zealand households.
This differs by region, with Auckland using less electricity for space heating than in HEEP. Ideally,
electricity use would be reduced but temperatures and relative humidity kept at a healthy level.
This is possible through improving thermal performance of the house, having well-installed and
correctly-sized heat pumps and sensible use. This project has already shown improvements can
be made with the installation quality of heat pumps [24]. Full results from this work will be released
in 2012.
The heating of hot water is another electricity issue, with 88% of New Zealand homes having
electricity hot water systems, whether stand-alone (only electricity) or used in conjunction with solid
fuel heaters (such as wet-back water heaters). HEEP found that electricity provided 75% of hot
water heating, but as there is no regularly collected national data, it is not known how this
proportion has changed over time, or what future changes are possible. It is known that there have
been changes in the pattern of demand for a major hot water use with a societal shift away from
batch use of hot water (bath) to continuous flow (shower). This change has placed new demands
on hot water systems that were based on the historic expectation of the designer.
Households have responded to their hot water system being unable to meet changing demands by
increasing the storage temperature, which while providing more hot water for the continuous
demand also creates dangerous tap temperatures, particularly for the very young and the elderly.
Improved understanding of energy use has the potential to both better save scarce energy
resources but also provide improved safety for the more valuable human resource.

5. Conclusion
Together these research studies have been used to explore selected energy end-uses as
measures of the sustainability of the New Zealand residential building stock. They provide
essential baseline data, knowledge and a verification of interventions to support the development
of a new generation of sustainable buildings.
The  management  adage  that  ‘if  you  cannot  measure  it,  you  cannot  manage  it’  is  true  of  energy  use  
in buildings. The reality is that lacking any valid measurements, the unsustainable use of energy is
likely to continue without change. The research projects discussed have demonstrated that when
uses are quantified, errors in assumptions (or myths) can be corrected and opportunities for more
sustainable use can be identified.
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Summary
This paper presents an approach and methodology for the assessment of optimal energy retrofit
solutions for social housing energy refurbishment in Ireland, involving the surveying of key housing
stock characteristics and energy profiling the stock from a representative model.
The proposed methodology was developed to assess energy efficiency and renewable energy
improvement measures in terms of both energy and costs, comparative analysis of various
measures and packages and identification of optimal energy efficiency per cost investments
strategies.
The work is drawn from a number of medium sized social housing developments (100 – 500 units)
and includes actual energy refurbishment strategies proposed and implemented with energy
reductions of up to 50% at optimal investment.
Keywords: Local Authority, Social Housing, Energy Refurbishment, Housing Renewal, Energy
Characteristics, Energy Profiling, Energy Cost Optimisation

1. Introduction
Ireland, in European terms, has a relatively ‘young’ housing profile, with approximately 70% of its
housing stock built since the 60’s, with significant growth occurring in the last decade, with completions rising from 20,000 per annum in 1990 to over 75,000 by 2005, and rising further to 90,000 by
2006 at the peak of the recent construction lead ‘boom’. Yet despite its modern housing profile Irelands housing stock remains predominantly pre building regulations. This is significantly due to the
fact that mandatory national energy efficiency regulations were not introduced into Ireland until
1991 (effective in 1992) nearly twenty years after our UK neighbours introduced building regulations in relation to energy efficiency in 1971. While ‘draft’ building regulations were first introduced
in 1976 these basic fabric heat loss standards had limited applicability, mainly required for any
state funded housing [1].
In European terms this a key factor in Irelands average energy consumption per dwelling (climate
corrected) 35% above the EU 15 average (2003), and our CO2 emissions per dwelling (climate
corrected) a staggering 97% above the EU 15 Average based on 2003 data [1]. The energy impact
of this policy is indicated in a study undertaken by CODEMA in the Dublin City Council area which
estimated that 85% of energy consumed by dwellings in the Dublin area derives from the pre
1990’s housing stock, which are pre mandatory building regulations, some of which would have
had very basic fabric insulation levels from the draft building regulations but many of which had no

insulation provided [2].

Fig 1 Primary Energy Dwellings by Age Dublin City Council Area, dominated by pre 1990’s buildings, mainly terrace and semi-detached. Source CODEMA
The Social Housing sector in particular, which is dominated by Local Authority Housing, had a
significant proportion of its stock constructed pre mandatory building regulations and in particular
during the 70’s and 80’s while only minimal draft regulations were applicable. As a result many
local authorities are now seeking solutions to energy upgrade their stock.
This paper is drawn from a number of case studies undertaken in practice which initiated the
development of an approach and methodology for analysis of the existing energy profile of the
stock and optimal upgrade solutions based on the following core actions
a) Assessing the Housing Stock Energy Characteristics
b) Developing a Method for Energy Analysis – Representative Samples Models
c) Undertaking Energy and Cost Analysis
d) Reporting and Advising on Optimal Strategies

2. Housing Stock Energy Characteristics
In order to develop a coherent energy refurbishment strategy it was essential that an energy analysis of the existing stock was undertaken, requiring comprehensive profiling. In general Local Authorities were found to have limited energy data on their housing stock and while the introduction of
the EU Energy Performance of Building Directive (EPBD), which mandates energy rating of buildings at point of sale or lease, had delivered some Building Energy Ratings (BER) certificates and
information, these were limited in scope and in representation of the stock. For example in some

cases, perhaps less than 5-10% of the residential stock were ‘building energy rated’ and in most
cases these were not always reflective of the variation in the stock for extrapolation purposes.

Key Stock Energy Characteristics:
The collation of the stocks energy characteristics was a major piece of work and involved collation
and review of records, drawings, specifications, tender documents etc. and the undertaking of site
inspections, surveys and investigations with the principle relevant characteristics being age, fabric,
geometry, services and systems as follows:
Address / Location
Orientation
Age
House Type - Terrace, End Terrace
Layouts and Plans
No of Bedrooms – potential and existing occupancy
No of Stories
Fabric construction - Floor, Walls, Roof, Windows, Doors
Services and Systems Heating System, Efficiency, Controls, DHW, Lighting,
The principle data sources for gathering the above data were;
Site Maps, Plans, Drawings
Specifications, Tender Documents,
Purchase Orders, Work Logs
Inventories and Records.
Inspection and Investigation
Testing – e.g. thermal imaging and air pressure testing.
The development of a stock energy characteristics spread-sheet was done in stages in tandem
with preliminary and more detailed analysis.

Stock Variation and Historical Upgrades:
Importantly the case study housing stocks were found to vary significantly, both in their base
specification and critically in their current specification due to a diversity of historical upgrades and
improvements. As such it was necessary to track and record the various historical improvement
measures, the data for which had to be compiled, reviewed and logged from a diversity of sources.
This was done primarily by searching and collating records of various maintenance and
improvement programmes and was supplemented by some site inspection, partly to check records
and partly to bridge data gaps. The principle historical improvement programmes were generally
resulting from various central Government funding programmes broadly as followed;
Window and Doors Replacement Programmes
Central Heating Programmes, e.g. Boiler, Radiators, Controls etc.
Insulation Measures – mainly attic insulation
Draught Proofing and lagging jackets to hot water cylinders
Upgrades to temporarily vacated properties, typically involving some of the above.

Issues and Challenges in Data Collation:
The process of data collation raised a number of issues and challenges
including access to documentation, reliability of data and need for checking and site inspection to
collaborate and supplement records.

Inspection, Investigation and Testing:
Building a profile of the house stock required significant site work including walk around, photographic surveys, visits and inspections and testing. In some cases this was quicker than collating
data from records, in others cases it was required to check and supplement records and took the
following forms.
Site walk-arounds
Photographic surveys and records, including thermal imaging
House Inspections
Investigations and Testing – e.g. air pressure testing, scope examinations of walls.

3. Stock Condition
The studies highlighted the relatively poor thermal performance across the various case’s with
some of the units being in much the same condition when originally built, or predominantly so,
despite the various historical upgrades there were carried out.
Envelope and Fabric
Floors were generally solid concrete slab on ground, with some examples of raised timber and
suspended concrete floors, thus levels of insulation were difficult to determine or confirm.
Cavity wall was the dominant construction, most having some level of insulation, with U values
ranging from 0.55 to 0.36 Wm2/k, typically partially filled with 50mm EPS, although some units had
full fill mineral wool and others were without any wall insulation. Identification of these
characteristics was complicated by the fact that inspection of cavities sometimes revealed different
insulation levels or materials than documented.
Roofs were typically timber truss ‘cold vented’ roof spaces with original insulation at ceiling level of
typically 50mm of mineral or glass wool, with the reduced debt possible due to aging. Some level
of attic insulation upgrading had been carried out on a portion of the stock, generally to 100 or 150
mm, although the quality and continuity of same was often poor.
Original single glazing, generally of hard wood timber framing, remained a significant portion of the
stock in most case examples, e.g. in case B some 20% of the units were single glazed. However
replacement double glazed window systems, in both timber and PVC, had been carried out under
various historic upgrade programmes. Again records did not always match with walk around site
surveys that were undertaken to check actually conditions on the ground.
Both thermal imaging and air pressure testing were carried out on a 5% sample of the case stock
highlighting significant air leakage / infiltration with typical values of Q50 10 m3/h/m2 @ 50 Pascals.
Services and Systems:
In older schemes, case A and B, most units were originally built without central heating and relied
on open fires, usually with back of fire boilers for water heating. In most cases these were
generally upgraded via Government sponsored programmes for installation of LPHW central
heating systems. Case B for example had an 80% upgrade rate with approximately 20% of
dwellings having no central heating system reliant on solid fuel open fires for the main space
heating.
These central heating upgrades had been carried out over various funding programmes and as a
result boilers were of diverse manufacturers and efficiencies, ranging from 78% seasonal efficiency
to 90%. Again collation of data required reviewing paper files and records of these programmes

and co-relation to site visits which did not always align. Importantly heating controls were generally
minimal, typically only time controls with no thermostatic control either by room thermostats or
TRVs. Town based developments were generally mains gas and rural development were generally
oil based. Secondary heating generally remained as original solid fuel open fires, but in some
cases gas or electrical heaters had been installed.
Typically domestic hot water was provided by the main heating system, mainly LPHW central
heating and in those cases a summer by pass valve was generally, although not always, provided.
However an electric immersion heater often provided DHW during summer months. Cylinders were
generally poorly lagged by a 35-50 mm lagging jacket and in some cases no lagging was evident.
Controls- no record data – inspection - sampling
Energy performance
Estimated delivered energy demands (excluding appliances and cooking) for the social housing
units were as follows:
Case A, 300 Units
Case B 100 Units
Case C 125 Units

227 to 375 kWh/m2/yr.
236 to 387 kWh/m2/yr.
197 to 277 kWh/m2/yr.

4. Analysis
Developing a Methodology
Undertaking energy analysis required an energy profile of existing stock and assessment of a
range of potential improvements measures, fabric, systems and renewable. The energy assessment tool chosen was the Irish Dwelling Energy Assessment Tool (DEAP), given that it was the
national methodology developed in compliance with the EPBD to provide a basis for energy rating
and building regulation compliance. However this in an individual dwelling tool and it was essential
to develop a simplified method that would allow analysis on a sample or proportion of the stock
that was reflective of the entire stock.
Fig 2 below presents a diagram of the approach taken to achieve this, indicating the central role of
apportioning the stock characteristics in a representative sample to create a model, allowing a
simplified no of DEAP calculations to represent the stock.
In each case the apportionment of stock characteristics was carried out via a form of representative sampling and averaging or apportionment. For preliminary stages this was often done on a
typical house type with a typical specification and single DEAP model extrapolated after analysis
by its number of units. For more detailed analysis, usually done when the stock data was more
developed, the apportionment was done either by type and weighting of specification variation
across same or developing an average geometry for the stock and developing ‘specification types’
to represent the diversity of the stock. This results in circa 8 -12 DEAP models for analysis prior to
extrapolation to a total stock assessment.

Apportion Stock
Characteristics
S
T
O
C
K

Model
Type/s

Type/s

Analysis of
Model/s
Energy and
Budget Cost

Extrapolation

S
T
O
C
K
R
E
P

Stock Data

Typical Model / Method
Fig 2 Showing Schematic of Approach, Stages and Model or Analysis Source BESRaC
Energy and Budget Cost Analysis
Energy analysis was undertaken in stages subject to the extent of data available. Preliminary
assessments were generally based on early stock data (BERS, site plan, type and house schedule)
and more detailed assessments were undertaken in number of stages as data was collated and
revised as upgrades were agreed and implemented.
Budget Costs were collated and attributed to each measure and the estimated energy reduction
which facilitated a simple Energy - Cost index / ranking both for measures and packages of
measures. This enabled estimates of overall stock renovation costs, payback to be made and
compared to government funding criteria, which were energy performance based.
Measures Proposed and Implemented
Typical improvement measures and packages were as follows.
Fabric
Upgrade all attic insulation to 300mm, u-value 0.2 W/m2k.
Upgrade remaining single glazing windows to double glazing u-value 1.6 W/m2k.
Additional 50mm EPS pumped cavity insulation installed in 300mm partial fill cavity walls and
250m un-insulated cavity walls giving u-vlaues of 0.32 and 0.54 W/m2k respectively
Remedial measures to all units to improve air tightness to Q50 7.
System
Install new LPHW Central Heating Systems were none existing.

Upgrade boilers over 10 years old to 90% efficient gas condensing boilers.
Upgrade controls to time and temperature zone control with boiler interlock and separate control of
hot water heating to majority of units.
All units upgraded to 75% of lighting to dedicated low energy light fittings
Install new 50mm lagging jackets

Fig 3 Showing changes in ranking for Energy Saved per Euro Investment per Measures on a
Typical house type for capital cost and cost over 50 year lifetime,.

Post Improvement Energy Performance
Estimated delivered energy demands (excluding appliances and cooking) for different case studies
were as follows:
Case
Case A, 300 Units
Case B 100 Units
Case C125 Units

Original
227 to 375 kWh/m2/yr.
236 to 387 kWh/m2/yr.
197 to 277 kWh/m2/yr.

Post Improvements
162 to 271 kWh/m2/yr
128 to 226 kWh/m2/yr.
128 to 171 kWh/m2/yr

Following are some representative samples of the type of outputs achieved.

Fig 4 Showing Case B 100 units existing, target to 2005 regulations and estimated reduced
energy demand from package of improvement measures at circa 50%.

Fig 5 Case C Showing comparison of DE consumption and savings per packages of measures.

Fig 6 Showing Case C Fuel Cost Savings, Capital Cost and Estimated Payback per Package.

5. Discussion and Conclusion
While the approach developed to energy profiling of the stock in these specific case studies is
somewhat limited in terms of the scale of the stock assessed, (case studies on 100 – 500 units)
the principle method and in particular the apportionment of the stock characteristics into a
representative sample for detailed energy modelling and extrapolation could be expanded and
adapted to larger stocks.
The case examples highlighted the limitation of some local authorities to undertake energy
assessment of their stock in terms of their resources and capacity. Importantly the collation of key
data on the stocks energy characteristics was not straightforward given the diverse range of data
and records and absence of a centralised system. This was particularly acute in relation to the
range of historic upgrades that had been undertaken. In many cases comprehensive site
inspection was required to supplement data and check records.
The study also highlighted the poor energy performance of many of the houses and the limited
scope and impact of historical upgrades.
The energy – costs studies expanded the concept of ‘optimal’ solutions to optimal energy and cost
efficiency and its relationship to targets and public expenditure. The results highlighted the sharp
differences in ranking of energy optimal measures compared to energy – cost optimal measures
both on an initial capital cost basis and also on a life time cost basis. These studies projected on a
package basis across the stock enabled fuller investment decisions to be made by the local
authorities and funders. The work raised issues in relation to optimal expenditure of public monies
in building energy retrofit, which is especially current given the on-going grants for upgrading of
social housing and private housing and the proposed National Energy Retrofit Programme which
will support the upgrade of thousands of public buildings.
Indeed, the area of optimal expenditure of public monies in energy retrofit is recommended as an
area for further research and it is proposed that financial supports should be based on energy –
cost mechanisms.

A possible area for further research or work would be in the development of a central records base,
including those relevant to energy profile of the stock, to facilitate energy analysis, profiling, monitoring and reporting. This oculd facilitate local and regional variations in stock, energy profiles,
measures, costs etc.
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1. Introduction
In France, the HQE certification system is the most developed building environmental
certification scheme. Due to recent construction market demand for guarantee of
environmental performances, references and benchmarks for this new holistic and
multicriteria approach (not only energy-based indicators) are required. What is a waste,
water and resource efficient building considering these new requirements?
In 2010, French Ministry for Ecology, Sustainable Development, Transport and Housing,
ADEME (French Environment and Energy Management Agency), HQE association [20] and
CSTB in association with a large panel of stakeholders started an experimental project to
assess the environmental performance of about 100 buildings (residential and non
residential) in order to establish reference values.
The first goal of the project was to give an answer to the following question: what is an
environmentally efficient building? Another goal was to help non expert actors (architects and
building   designers,   contractors…) to learn how to work with the performance based
approach. This is a very innovative aspect of this project: promoting the use of LCA-based
assessment tools by non LCA experts.
This paper describes the case studies sample and the methodology used for all the
assessments (based on life cycle assessment) The paper also gives a description of ELODIE
[17] (CSTB software used for building environmental assessment), the results of the
experiment and the way these results will be used to suggest a first HQE performance
building labelling in 2012 in France. Finally, the paper gives recommendations on how
improving the LCA based building assessment tools and how products manufacturers may
provide useful EPD to the construction market.

2. The French
presentation

experimentation

projects

-

Case

studies

Considering the different known projects in progress in France, approximately one hundred
buildings are being modelled. The buildings sample was determined in order to be
representative of the current construction methods (concrete block, timber frame, brick, etc.),
the climate diversity and the type of buildings (dwellings, residential buildings and office
buildings). All these buildings are very energy efficient i.e. the average consumption is less
than 50 kWh/m²/year (expressed in primary energy) for heating, hot water, lighting, cooling
and ventilation. They obtain approximately level A and B on the French energy performance
scale.
This project linked to the development of HQE Performance system is carried out with the
French Ministry for Ecology, Sustainable Development, Transport and Housing, ADEME, the
HQE Association and buildings certification bodies. A large number of stakeholders are
involved. CSTB coordinates the scientific work.
Thanks to the involvement of public bodies in the project, a technical assistance was
provided to all non expert stakeholders:
- Free access to a building LCA tool (ELODIE, see below)
- Training course to LCA, performance approach and ELODIE
- A “technical  hotline”
- Guidelines in conducting the study (data collection, detailed use of the assessment
tool…)
These projects aim at establishing a general environmental state-of-the-art of buildings as
they are currently built, in order to establish reference value and to promote eco-design of
buildings.

3. Benchmarking process
The benchmarking process relies on common assessment rules. It means using both a
common environmental assessment methodology and a single tool for buildings case
studies.
3.1

Environmental assessment methodology

The basis for the methodological rules is the French experimental standard XP P01-020-3 [7]
and Sustainable Building Alliance framework for common metrics document [23]. The
complete rules are given in HQE Performance project appendix [22].
Major principles of the methodology are:
- LCA-based approach
- Multicriteria approach (indicators from French standards XP P01-020-3 and NF P01010 [4])
- Use of Environmental product declaration (EPD) as main environmental data sources
for construction products, building processes and services (energy environmental
profiles,  tap  water  profiles,  sewage  water  treatment  profiles…).
The methodology integrates both compulsory and optional system boundaries (for example,
the list of building components to be considered in the assessment).
For this first experiment it was decided to consider very detailed system boundaries. Based
on this detailed approach, simplified cut-off rules regarding the description of the building will
be defined later on.
In order to standardize assumptions, CSTB proposed a number of rules which have been
compiled as a guide for modelling. These guidelines, for example, give order of preference
for   the   environmental   data   choice   (French   EPD,   generic   data   …), gives specific ratios,
impose the building study period, etc. Moreover CSTB delivers generic environmental data to
fill in INIES database gaps (see Quality requirements in part 3.3).
3.2

LCA tool used for the case studies

The environmental assessment methodology has been implemented in the French LCA tool
ELODIE available online [17]. ELODIE, developed by CSTB, is a LCA-based assessment
tool dedicated to the French context. The tool is able to calculate the following impact
sources of a building: the building materials and products, the operational energy use
(French thermal regulation uses and specific uses) and the operational water use
(accounting for the distribution system and the sewage treatment).
Concerning the building materials and products impact estimation, ELODIE uses the FDES,
the French equivalent to EPDs. ELODIE is linked to the French EPDs national database
called INIES [19]. To date, more than 600 EPD are available.
Concerning the other impact sources (energy and water uses): ELODIE uses a database of
processes and services EPDs based on life cycle assessment data from Ecoinvent of the
French FD P01-015 standard [8].
Due to the use of EPDs, modelling the LCA of a building is a straightforward process. As a
result, all the case studies were modelled with this tool.

3.3

Quality requirements

To assist the various actors in their modelling, CSTB has trained participants to building’s
LCA and the use of ELODIE. They worked iteratively with them to get better quality projects.

The transparency of hypothesis is required and the project must be properly documented,
both in defining its functional equivalent (climate, location -geographical, altitude) and on the
choices that the actor have to do to model the building (used documents, further hypothesis
on quantity take off (QTO), approximations for the choice of environmental data, etc.). In the
end, CSTB collects the project (XML file) and the Excel file generated by ELODIE, which
compiles study main results and expresses the environmental profile of the building with a
consistent equivalent functionality.

4. Results of the benchmarking process
The phase of data collection is still on-going. Results presented in this section consider a
sample of only 31 buildings (the reference values are calculated at the building scale). These
results will be updated in the coming weeks, as the sample is going to be more
representative. The following results are expressed for a building study period of 50 years.
The contributor Products and Material respects HQE Performance boundaries whereas the
Operational Energy Use (thermal regulation uses) includes following uses: heating, hot
water, cooling A/C, ventilation, HVAC control and automation operational and lighting.
Moreover, all results are expressed per m² of surface area corresponding to the net floor
area (SHON). This surface is calculated for all buildings built in France because it is reported
when filing the building permit.
These first results are presented only for the two contributors materials and products and the
operational energy uses.
Contributors

Type of building

Products and materials
“Embodied energy”

Global (31)

Operational energy use
– thermal regulation
uses

Dwelling house (9)
Collective building (10)
Office Building (12)
Global (27)

Mean
value
42 kWhep/m²
SHON/year
40
42
46
74

Standard
deviation
9
11
6
11
34

Table 1 : Main results for the non-renewable primary energy, expressed in kWh of primary
energy/ m² SHON/year

Contributors

Type of building

Products and materials
“Embodied CO2”

Global (31)

Operational energy use
– thermal regulation
uses

Dwelling house (9)
Collective building (10)
Office Building (12)
Global (27)

Mean
value
11 kg eq-CO2/ m² de
SHON
10
12
11
6,8

Standard
deviation
3
4
2
4
5,2

Table 2 : Main results for the Greenhouse gas emissions, expressed in kg eq. CO2 /m²
SHON/year

Contributors

Type of building

Products and materials

Operational energy use
– thermal regulation
uses

Global (31)

Mean
value
12

Standard
deviation
3

Dwelling house (9)
Collective building (10)
Office Building (12)
Global (27)

11
13
12
0,03

4
2
3
0,02

Table 3 : Main results for the non-hazardous waste, expressed in kg/ m² SHON/year

These first results (see tables above) show that the contributor building materials and
products leads several indicators (e.g. climate change, non-hazardous and inert waste), but
not all of them (total primary energy, non renewable energy). These observations are valid
whatever the type of buildings.
To improve the environmental performance of energy efficient buildings, considering the
building materials and products becomes essential. This is especially true on the following
indicators:
- Energy consumption, the contributor product and building materials is a strong lever
action even if it is weaker than the specific energy consumption;
- Climate Change, products and building materials are a key issue;
- Waste production (non-hazardous and inert waste)
On the other hand, for water consumption, induced consumption by the contributor product
and building materials is insignificant compared to operational water consumption of the
occupants.
If further analyses on some models of dwelling house have allowed the identification of main
sub-contributor (foundations, slabs equipments) there is no obvious solution to reduce the
overall building environmental impact. Dwellings eco-design will remain the sum of
improvements to product, materials and systems identified as contributors and for which
there is some leeway.

5. Discussion of the methodology and the results
This part discusses about the practical implementation of the benchmarking process and
raised issues.
5.1

Issues in data collection

Modelling a building requires a large amount of data about the building itself and
environmental data. The first difficulties lie in collecting data and find the right interlocutor.
There is not only one quantity survey but several ones, done by various actors for different
uses and at different periods. The modelling must be carefully done in order to describe the
same building through its functional equivalent and its contributors. Moreover, due to the
weakness of some quantity survey lots of assumptions had to be made for some
components. CSTB have to expand its guidelines and reach a consensus with the
stakeholders about these proposals.

5.2

Issues in LCA modelling: About EPD use and how EPD matches with
environmental building assessment
5.2.1

Cradle to gate vs cradle to grave EPD

French EPDs are cradle to grave, so the first version of ELODIE could only use cradle to
grave EPD. This makes the study easier because if the whole life cycle is not considered in
the   EPD,   it’s   up   to   the   building   assessor   to   complete   the   life   cycle   with   information   on  
transports,   setting   up,   maintenance,   end   of   life…In   fact,   since   mid-2010, EPD indicators
values are available phase by phase in ELODIE and EPD cradle to gate can also be used.
Users are free to adapt EPDs to their own project context. But in practice, from our different
feedback, for time and data availability reasons, average values provided in cradle to grave
EPD are almost always preferred to specific ones.
Product manufacturers should also consider the use of their EPD in the building assessment
context. Packaging, ancillary products, kits shall be integrated in EPDs to ease the building
assessor work. If these data are not available, no one will complete the EPDs. Our
experiment demonstrated that even a building LCA using complete environmental data from
cradle to grave EPD is a huge work.
5.2.2

Other recommendations for  products  manufacturers  regarding  EPD’s

The large scale experiment demonstrated that the choice of functional or declared unit in the
EPD shall suit to the quantity take off units used to design the building. As an example, if the
insulation product has its quantity take off in square meter and a given thickness (or U value),
the functional unit shall also be in square meter and give the thickness (or U value). If it is not
the case, the building assessors have to make lots of assumptions and suggest extrapolation
rules to use the EPD data. This would leave to major uncertainties. In lots of cases, declared
unit in mass or volume are not suitable units.
Users of building LCA tools request in general a large transparency and flexible
environmental data. For example, each EPD is declared with a Typical Service Life and the
product’s  LCA  must  be  consistent  with  this  figure.  But,  in  the  software  ELODIE,  the  user  can  
change it, in order to adapt it to his own experiment or design hypothesis

5.2.3

Generic EPD’s  or  specific  ones?

This experiment also confirms that these two types of data are required. In the design phase,
the building assessment shall be made with generic EPD because the real product to be
used is unknown. It will be mineral wool or polystyrene for insulation or it will be ceramic tiles
or wood for soil covering. The real manufacturers are not accurately known during the design
phase. During construction phase or operation phase, all is normally known. In this case, the
building assessment purpose will probably be building performance certification. In this case,
specific EPD from a precise product and manufacturer selected for this specific building shall
be used in the assessment.
5.3

Issues in LCA modelling: Some methodological issues and contributions to
building LCA practice

Beyond the lack of available environmental data, some methodological issues are raised by
the LCA practice at the building scale.
In particular for the indicator total primary energy, in order to study the various contributors at
the  building  scale,  we  need  to  aggregate  data  for  the  contributor  “products  and  material”  to  

the contributor   “Operational   energy   use”.   But the conventional conversion factor for final to
primary energy is rather different from the LCA factors. In France, the ratio primary energy on
final energy is 2.58 for electricity and 1 for others energies (And only on the BBC-Effinergie
label 0.6 for firewood). But the coefficients used in LCA at the product scale are at least 3.08
for electricity, 1.03 for natural gas, 1.13 for coal, etc. [8].
If various methods and tools exist to predict operational energy use, there was no method
and no tool in France to predict the water consumption. In ELODIE, the CSTB has developed
a methodology to calculate it. The results (Amount of water consumed and quantity of waste
water) are linked to DES (Environmental Service Declaration).
Paradigm shifts are also a major difficulty in modelling: the impact of renewable energy
consumption is different between these calculations and regulatory ones. The information
concerning the production of renewable energy for each use is not easily accessible.
Moreover, at this time, overproduction of energy (by photovoltaic cells, for example) is not
valued as such under ELODIE, but may allow an allocation of the production systems
impacts to the grid.

6. Conclusion
The main conclusions of this study are:
- If we want a large scale use of LCA-based approach, we need a detailed
methodology for environmental building assessment. Unfortunately French standard
and European project EN15978 are not sufficiently detailed and clear.
- We need efficient and user friendly tools (ELODIE is considered as good but has to
include a simplified approach)
- The important need of data, not only environmental data (EPD) from manufacturers
but also complete data concerning what is integrated in a building (nature and
quantity of products, materials, equipments). INIES database, with its 600 EPD is a
good example of what is needed.
- For environmental data, if a large scale use of building LCA is the goal, the use of
cradle to gate data seems not to be realistic.
- This experiment also demonstrates the need of a huge work to be done between
products manufacturers and EPD users. Standardization rules about how presenting
a quantity take off for environmental assessment is also a very important work to do
in order to give guidelines to manufacturers to deliver their EPD.
We also hope that the large scale experiment in France will continue in France and will be
followed in other countries, because going to a performance based approach requires lots of
results from building environmental assessments on all types of buildings. European projects
like Superbuildings and research works of SB Alliance will provide some new methodology,
data and recommendations but a new challenge is coming up: teaching actors of the
construction sectors to adapt their practice to a performance based approach.
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Summary
This research covers an analysis of all Viennese housing estates in Passive House (PH) standard
that are inhabited since more than two years and a comparison with selected housing estates of
the same building period. These reference buildings already fulfill the Low Energy House (LEH)
standard. Quantitative and qualitative indicators are used for the evaluation of social, ecological
and economic aspects of a Sustainable Development. The average value for living comfort in PH is
better than in LEH. A demand exists for intelligent mediation in the adjustment period by means of
a network model between planers, facility management and residents as equally important and
learning partners. The target actual comparison of useful space heating energy showed good
consistency and the average energy savings compared to LEH are 30 kWh/(m².a) useful space
heating energy per gross floor area and year. PH-standard has several advantages compared with
conventional buildings: Living comfort, energy efficiency, climate protection and energy costs. PHstandard is the basis for energy efficient construction. Further considerable contributions can be
achieved by efficient building equipment, efficient household appliances and active solar energy
installations. A Post Occupancy Evaluation (POE) including energy monitoring is a very effective
tool for quality assurance and also for fine-tuning and increasing energy efficiency as well as for
gathering knowledge – closing the feedback loop - for planners and developers.
Social aspects have been evaluated by Alexander Keul (University Salzburg) and economic
aspects by Andreas Oberhuber and his team of FGW Vienna (Forschungsgesellschaft für Wohnen,
Bauen und Planen) together with WU Vienna (Ph. Kaufmann). Detailed energy measurements of
AEE INTEC (W. Wagner) and TU Vienna (T. Bednar) were also taken into account. In-depth
analysis of the comparison of calculated energy performance indicators with actually measured
consumption values of residential buildings in solarCity Linz Pichling were also taken into account
for the evaluation.
Keywords:

Passive House; Energy efficiency; Monitoring; Post-Occupancy-Evaluation; Facility
Performance Evaluation; Sustainability monitoring; User satisfaction, Life cycle cost

1. Introduction
Currently there are two interesting developments in Austria. On the one hand more than 5,000 PH

have been built in Austria and the share of new buildings that comply with the PH-standard is to
increase further. All residential buildings that receive state funding are to fulfil the PH-standard by
2015. But critical voices claim that PH are not more sustainable than LEH e.g. due to higher
construction costs. On the other hand international and national systems are developed and
applied to assess the level of sustainability of buildings. Currently in Austria there are three main
rating systems:
ÖGNI (Austrian Green Building Council) based on the German rating system DGNB
(Deutsches Gütesiegel für Nachhaltiges Bauen).
ÖGNB (Austrian Sustainable Building Council) based on the Austrian TQB (Total Quality
Building) certification.
klima:aktiv is the Austrian climate protection initiative launched by the “Federal Ministry of
Agriculture, Forestry, Environment and Water Management”, embedded in the Austrian
federal climate strategy and focuses on environmental, health and comfort criteria.
The goal of this study was to assess different thermal building standards. Conclusions for
sustainable building assessment systems are derived. The POE covers the three dimensions of
sustainable development. The main environmental questions were whether current PH reach the
target values, how much energy is actually saved compared to conventional residential complexes,
and what the most effective approaches are to reduce energy consumption. The social questions
covered the perceived living comfort, the user-satisfaction with the building and building services
as well as the communication with the facility management. The economic questions focused on
the construction costs and their determining factors and moreover on an expanded view of life
cycle costs.
Furthermore a goal was to learn from the first generation of residential PH in Vienna for future
sustainable housings.

2. Methodology
All Viennese Housing Estates in PH-standard that are inhabited since more than two years were
analysed regarding the three dimensions of sustainable development:
Environment: Analysis of the utilisation phase regarding final energy consumption (delivered energy according to EN 15603) and corresponding greenhouse gas emissions. The
actual performance of PH was compared to a selected group of residential units from the
same construction period (2005-2007). The reference buildings already comply with the
LEH-standard, which is mandatory for residential projects for since about 10 years. The
energy monitoring covers 1367 apartments in total with 492 apartments in PH-standard.
Data sources were energy suppliers, AEE INTEC (W. Wagner) and the Technical University of Vienna (T. Bednar).
Social aspects: The POE by Alexander Keul (University Salzburg) investigated six buildings with 425 residential units. The questionnaire was completed by 225 residents, which
resulted in a response rate of 53 %. 156 apartments in existing buildings in Vienna served
as a statistical baseline. Mean resident age, household size, and residential unit size were
comparable between PH and reference buildings; there was greater variation in the number
of children [2].
Economy: Construcion costs have been analysied by Andreas Oberhuber and his team of
FGW Vienna (Forschungsgesellschaft für Wohnen, Bauen und Planen) together with WU
Vienna (Ph. Kaufmann). According to the method of discounted present values the life cycle costs of 25 housing estates in PH- and LEH-standard have been analysed. The method
of discounted present values is used by the German assessment system for sustainable
buildings BNB (Bewertungssystem Nachhaltiges Bauen für Bundesgebäude), which was
developed from the German Federal Ministry of Transport, Building and Urban Develop-

ment in cooperation with the German Sustainable Building Council (DGNB). The assessment with a silver rating is obligatory for all new federal buildings in Germany.

3. Sustainability Evaluation
Many assessment systems for buildings originated form ecology and environmental driven issues.
The first criteria sets focused on energy efficiency and building materials as well as their
environmental impact. In the course of time the criteria sets have been expanded to technical,
socio-cultural and site qualities. Quite recently, economic aspects and process quality have been
added. In face of increasing criteria the assessment becomes more complex and costly. In
consideration of the comprehensive amount of supporting documents these systems are rather
applicable for new buildings than for the existing building stock. Furthermore efforts are done to
extend the assessment system with further criteria. It seems appropriate to harmonize the criteria
systems to the planning processes, construction processes and building operation.
The analysis of the operation phase is crucial to adapt the assessment system and create an
applicable rating system for the building stock. This study analyses energy efficient residential
buildings based on mandatory documents, energy monitoring and additional social and economic
investigations. In a further step the findings should deliver suggestions for a refinement of the
assessment of existing buildings.
3.1

Target-actual-comparison of space heating

According to EN 15603 measured values for space heating demand are not directly comparable to
calculated energy demand figures, due to differences in the way the values are determined.
Measured values contain the cumulative aspects of climate, user behaviour (e.g. indoor air
temperature, shading and window ventilation), performance of HVAC-equipment, etc. compared to
standard conditions of the calculated figures. The research study of the solarCity Linz Pichling [3]
addressed these differences and an in-depth investigation was done [4]. The main findings were:
Monthly thermal balances of the heating energy demand compared to measured
consumption values as well as additional monitoring suggests an indoor air temperature
higher than the standard value of 20 °C. A standard indoor air temperature of 23 °C seems
realistic.
Due to annual climate fluctuations, climate adjustment should be performed on the
calculated demand values. The climate model should be based on measured values for
ambient temperature and for radiation gathered from neighboring meteorological stations.
The monthly heating energy demand is underestimated, especially from February to April
and to a smaller extent from September to October. Different scenarios have been
analyzed, regarding the shading factor and the utilization factor of solar heat gains. It
consequently seems to be reasonable that in the calculation methods the extent of shading
should be higher than in the standard. This effect could be caused by user behavior but is
also influenced by the volume of the building. Housing estates tend to have a lower
utilization factor for passive solar gains than single family houses. Solar gains are
especially useable locally and do not cover the whole building to the same extent. The
absolute sum of all energy demands calculated per apartment is lower than the value
calculated for the whole building [6].
Considering these findings the measured consumption values of useful energy correspond very
well with the calculated demand values for 23 °C indoor air temperature. In several monitoring
results of AEE INTEC the measured indoor air temperature in dwellings is between 22-24 °C
during the heating period. Figure 1 shows the target-actual-comparison for space heating, final
delivered energy and useful energy. The Equipment losses have to be investigated more in detail
and are so far underestimated for PH. The average annual energy consumption of PH is 17

kWh/(m².a) delivered district heating per gross floor area. About 30 kWh/(m².a) or two-thirds of
energy are saved compared with conventional housing estates of the same construction period. It
has to be kept in mind that the reference buildings already have very good energy performance.
Compared with older housing estates completed in 1985 the PH-standard saves about 55
kWh/(m².a).

Fig.1: Target-Actual-Comparison for space heating. Final delivered energy and useful energy per
gross floor area

3.2

Final energy consumption and greenhouse gas emissions for space heating and domestic hot water generation

The delivered final energy for space heating and domestic hot water was analysed, excluding
electric energy for ventilation and circulation pumps. Referring to 2006, the PH-standard saves
about 30 kWh/(m².a). For households, this means savings of about 2.5 MWh, 230 € and 500 kg of
greenhouse gases per year (Figure 2).
PH cause a more balanced energy consumption throughout a year, which is favourable for the
supply of district heating. This also causes lower greenhouse gas factors in case of a monthly
calculation. The annual greenhouse gas emissions of PH are approx. 8 kg CO2-equivalent per m²
and not dependent on the energy carrier (district heating, gas, electricity). The major energy flow of
new LEH is transmission losses. The PH-concept effectively reduces this energy flow by
23 kWh/(m².a). Further energy savings of 10-15 kWh/(m².a) could be achieved by optimised
equipment for heating and hot water. About 10 kWh/(m².a) energy savings have been documented
for solar thermal installations. Even higher yields are possible for solar space heating with largescale collectors. Heat recovery from waste water enables minor extra savings within housing
estates but might be an appropriate concept for building quarters.
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Fig. 2: Space heating and hot water - final delivered energy and greenhouse gas emissions.
Conversion factors: District Heating: 192 g/kWh, Gas 250 g/kWh, Electricity 617 g/kWh

3.3

Electrical energy consumption

The average total electricity consumption was 34 kWh/(mGFA².a) for buildings without heat pumps
and electrical heaters. Ventilation systems in PH consumed between 3 to 5,5 kWh/(mGFA².a) for the
conveyance of air.
The consumption of electricity was also investigated in the evaluation [3] of solarCity Linz Pichling
with 1298 apartments in PH-standard, LEH-standard and below LEH-standard. The average
electricity consumption was 33 kWh/(mGFA².a) in total and 25 kWh/(mGFA².a) for conventional nonPH apartments. PH apartments had approximately the same consumption values as conventional
apartments. Therefore the electrical energy consumption for the decentral ventilation units of PH
was approximately on the same level as for conventional sanitary ventilation, with about
1.7 kWh/(m²GFA.a) according to measurements of the University of Wuppertal [5]. Buildings with a
less energy efficient ventilation system, in terms of electrical energy for the ventilators, caused an
additional energy consumption of about 4 kWh/(m².a) compared to conventional apartments. Very
few apartments in LEH had electric boilers for hot water supply, which caused an additional energy
consumption of about 15 kWh/(m².a). These results are shown in figure 3.

50

Mean electricity consumption of apartments
solarCity Linz-Pichling 05.2006-04.2008
kWh/(m²GFA.a)

40
30
20
10
0
PH

LstEH

Electr. HW

Mean electricity consumption of apartments with conventional
sanitary ventilation and without electrical hot water generation

Fig. 3: Mean electricity consumption of apartments with decentral fresh air ventilation units in
Passive House standard (PH) and in Lowest Energy Houses standard (LstEH) as well as
apartments without fresh air ventilation units but with electrical domestic hot water generation
(Electr. HW). Comparison with conventional apartments (blue line).

3.4

Social Aspects – Post-Occupancy-Evaluation

The reasons why residents selected an apartment was primarily the location and furthermore the
energy efficiency. The Tenants are hardly a “green bloc” in terms of their environmental awareness;
rather they are a socially mainstream group.
Five of four PH projects had clearly better resident satisfaction values than the reference buildings
(Fig. 4). Three PH projects even reached a satisfaction level that is often observed for detached
single family houses. One PH was basically on conventional level but improved in the following
year 2008/09 because of optimization measures of the heating and ventilation equipment. The
level of satisfaction corresponded with the quality of communication with the building management
as well as with the quality of explanation of building services technology and PH technology. Problems were noticeable in the technical regulation and adaptation phase after moving in. The adjustment phase to the ventilation and heating system at the beginning of occupancy was critical.
PH information was rated good, but has potential for improvement. A short operating instruction or
checklist would be helpful.
UTENDORF 7
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Fig. 4: Share of very high resident satisfaction (percent) in six PH projects (yellow) and in
reference buildings (blue) [2]

The longer people live in PH, the better they rate living. The PH “Utendorfstrasse” was evaluated
three times between 2006 and 2008. The first POE was performed shortly after the beginning of
occupancy during the sensitive adjustment phase and 77 % of the residents rated a high
satisfaction level. In the following evaluation the satisfaction level increased to 84 % and finally
reached 94 % in the third evaluation [1].
3.5

Economy – construction costs and life cycle costs

Usually the estimation of construction costs is the major factor for decision on construction concepts, energy concepts and building materials. The aim of the economic analysis was to identify
determining factors for construction costs and life cycle costs and to show differences between PH
and LEH.
Compactness and construction costs
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Fig. 5: Construction costs per useable floor area and compactness
The most important cost factors for all investigated PH and LEH was the size and compactness.
Figure 5 shows the relation between compactness and construction costs. Less important was the
date of completion and the energy efficiency class. PH had roughly the same construction costs as
LEH. Additional costs of 15 % - 25 % were observed for less compact residential houses.
The analysis of individual PH, by comparing actual costs with calculated costs for a LEH variant,
showed additional construction costs of 4 % - 12 % for PH-standard. The higher figure (12 %) was
mainly due to cost-intensive decentralized ventilation systems for the first generation of PH housing estates. Central ventilation systems caused only small or no additional costs. Low additional
costs in the range of 5 % were documented for two PH projects. In the future additional costs will
be in the range of 4 % - 6 % due to favourable price trends for decentralized ventilation systems
and triple glazed windows.
Life cycle cost (LCC) calculations were done according to the method of discounted present values,
which is used by the German rating systems BNB and DGNB with the following general conditions:
Time frame of 50 years
Discount rate (interest rate): 5.5 %
Annual rise in prices: general 2 %, energy 4 %

Varying factors were construction costs and energy demand for space heating. A strong correlation
of compactness and costs could be observed for all buildings. Concerning LCC the heating energy
demand showed a good correlation (Fig. 6). The LCC of PH were 2 % - 11 % lower compared to
LEH. The findings are quite sensitive to the specified rates for discount and rising prices. The observed correlations remain in trend but the differences are higher or lower depending on the rates.
Heating energy demand and life cycle costs
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Fig. 6: Useful energy demand for space heating and life cycle costs per useful floor area

4. Conclusions
PH-standard for new buildings creates benefits in living comfort, energy efficiency, climate
protection and energy costs with economically justifiable construction costs. PH with a an energy
efficient ventilation system – in terms of electrical energy for the ventilators – cause no remarkable
additional electrical energy consumption compared to conventional buildings with common sanitary
ventilation. Important aspects for the optimization of electrical energy consumption were:
the quality of the ventilation concept: e.g. the air distribution concept
the quality of the implementation: especially the energy efficiency of the fans and air
distribution
the operation phase: adjustment to actual demand for fresh air depending on occupancy
rate and seasonal demands
the quality of maintenance: interval of filter change
It is suggested to start with the optimization of the ventilation system already in a very early
planning stage. The calculation and optimisation of pressure losses should be carried out in the
draft stage of the planning process to optimise the air distribution system regarding pipe length and
diameter. A more detailed calculation should be carried out for the preparation of the call for
tenders and finally for the completed building accompanied by electricity measurement. The
optimisation of pressure losses in ventilation system should not be less important than the
optimisation of thermal bridges.
PH-standard is the basis for energy efficient construction. Further considerable contributions can
be achieved by efficient building equipment (ventilation and circulation pumps) and active solar
energy utilization. Newly built PH-Buildings have important indirect contributions for climate

protection due to learning effects for thermal refurbishment to PH-standard.
To fulfil the envisaged goals of sustainable buildings the most important findings and
recommendations for future housing projects and assessment systems:
New buildings should be constructed in PH-standard. Otherwise they could become objects
for refurbishment in the future which will result in higher life cycle costs, e.g. due to
insufficient insulation or due to mould problems.
More attention should be paid to the planning process. Well planned buildings feature high
user satisfaction, low energy demand and low amount of maintenance at acceptable
construction costs. Relevant indicators for an assessment at an early stage are
compactness, size and energy demand for heating and ventilation.
Obligatory monitoring for all subsidized buildings is suggested, as well as a publicly visible
information signs for the final energy demand. Energy monitoring is not just quality
assurance but also fine-tuning and increase of energy efficiency. The cooperation with
socio-scientific analysis provides synergy effects and delivers new knowledge for
developers, planners, energy suppliers and administration.
Provision of information and technical mediation supports the PH concept and raise user
satisfaction. The adjustment phase to the ventilation and heating system at the beginning of
occupancy was critical. A short operating instruction or checklist would be helpful.
Rating systems for buildings like LEED, BREEAM, DGNB, etc. are used more often in recent times.
Primarily these rating systems are focused on new buildings and take calculated demand figures,
simulations and other verification of the planning stage as proof of quality. As a meaningful
measure and validation of the assessment a post occupancy evaluation is suggested. For the
German BNB system (Bewertungssystem Nachhaltiges Bauen für Bundesgebäude), which is used
for all federal buildings, suitable criteria for the operating phase have already been drafted.
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Summary
This article explains the background, contents and results of a research project to develop a
technological system to assess urban policy by developing forecast models and urban
sustainability indices from the viewpoint of the quality of life, environmental load, administrative
costs, etc., to estimate and evaluate the future outcomes of the alternative planning policy
scenarios for future intensive structure of cities, thus supporting choice of most suitable plan.
Japanese is one of the most leading society experiencing decrease and aging of population,
although urban sprawl is still taking place in local depopulating cities.
Keywords: sustainable urban structure, demographic change, assessment, land-use and
transportation model, scenario planning

1. Introduction
1.1

Background and Purpose of Study

With the arrival of depopulating and super-aging era in Japan, coping with population change is
accepted as one of the main issue of urban sustainability along with global environment, and public
finance issues. The population, reaching its peak in 2005, is expected to fall to 70 percent of the
present and the ratio of 65-year-old and over is expected to grow from 20.2% in 2005 to as much
as 40.5% in 2055. This population decline and aging is in progress in various cities, and
environmental and financial restriction in addition, formation of sustainable city under such
changes in economic and social situation is a critical urban policy issue.
In many local cities, under assumption of ever-increasing growth, led to continuous expansion and
spread of the urban area to the suburbs, and in areas of high population decline, such issues of
maintenance and updating of existing urban infrastructure such as roads and sewerage, and low
efficiency of public transportation, medical and welfare services, and management of open spaces
and vacant lots and houses generated in suburban and rural districts, are being focused on
Restructuring of city management strategy to offer administrative service of efficient, cost-effective,
and of high citizens’ satisfactory level is being urged. This situation necessitates city planning
policy to take "selection and concentration" and sharp-based planning measures to cope with, and

this awareness seems to have led to the recent "compact city" attempts in some cities and
"intensive urban structure" policy by the Ministry of Land, Infrastructure, Transport and Tourism.
Meanwhile, to take “selection and concentration" measures, facilitation of prior general consensusbuilding is preferable as to the object and contents, to their definite advantage and disadvantage
understandings, to reasons for being selected for intension or for not selected, and to range of
compensation measures if taken. Instead of past urban policy distributing "fruits of the growth",
current demand for urban policy is for "fare share of pain” or "minimum gross pain", and wide
consensus of this policy’s necessity, and open even-handed judgment is necessary to implement.
The National Institute for Land and Infrastructure Management (NILIM), in support of this diversion,
begun “Research for Assessment Method for Future Urban and Regional Visions in the
Depopulating Period”, targeting local medium-size cities. In this research, which began in the fiscal
year 2008, we tried to construct a technological system to assess urban policy by developing
indices from the viewpoint of sustainability of administrative costs, the quality of life and
environmental load, and so on, to estimate and evaluate the future outcomes of the alternative
planning policy scenarios for future intensive structure of cities, thus supporting choice of most
suitable plan. Utilization of such assessment tools to urban policy aimed for sustainability are
mainly seen in cities with rapid growth, however, with Japanese experience of depopulation and
aging, restrictions on finance, and environmental load, our investigation will be a unique case.
1.2

Research and Development Composition

The composition of the research topic corresponding to the supposed assessment process is
shown in Fig. 1.
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Fig. 1 Composition of Assessment Process and Technical Development Themes
Technical development consists of 4 main themes; "Application Methods of Assessment Input and
Output data”, "Systematized Organization of Optional Planning Measures”, "Prediction Methods of
Future Urban Structure”, and “Evaluation Methods of Future Urban Structure”. The emphasis was
put and the research was concentrated to two latter development themes.
In developing "Prediction Methods of Future
of urban structure (population distribution
accompanying changes of the demand for
alternative planning measure groups. In

Urban Structure”, we need to predict future changes
land use and traffic flow movement, etc.) and
infrastructure and other administrative services by
developing “Evaluation Methods of Future Urban

Structure”, in order to assess and compare sustainability
of alternatives, indices for quality of life levels,
administrative costs, environmental impact levels, and
disaster safety level and method of calculation should be
studied.
Integration of land use planning and transportation
measure was significant achieve intensive urban
structure, the land use and transportation model was put
as the core of the prediction method. The composition of
the assessment tool was supposed as shown in Fig. 2.

2. Development of Future Urban Structure Estimation Method
2.1

Basic Concept and Principle
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This method is intended to guide the relationship
between future urban structure and planning measure Fig. 2 Major Composition of the
group. In the actual planning situations, the following 2 Assessment Tool
applying situations can be considered; when considering
required measures to implement the given future urban
structure (in advance as desired), and when considering future changes in urban structure by
options for a set of planning measures.
We investigated the major applications of existing and domestic and overseas land use and
transportation models, studied the reasons for introduction and application, overview of the applied
models, strengths and limitations rooted due to the model construction, and their application cases.
Further, such viewpoints as intimacy to applying to Japanese local cities were considered, and we
have set the model requirements and the following basic concepts and principles.

familiy nurturer age

Principles
The land use traffic model assumed to be a base, can be divided roughly into aggregation type and
non-aggregation type (such as micro-simulation models). In this project, practicality such as
easiness of input data purchase is considered and we decided to adopt the former.
The basic model structure was set as a
household size
comparatively simple and flexible one, where
䠍
䠎
䠏
䠐
䠑䡚
each sub-models to some extent can be
replaced to another.
Transportation model,
䡚‥…
particularly, is capable to be replaced by a model
used
in
each
city’s
“Comprehensive
‥‧
Transportation System Study” using “Person Trip
䡚
Survey” data.
…
Under the depopulation context, analysis related
to age hierarchy and family type is important.
‧䡚
Therefore, household economy actors were
defined as households by family type (not
individuals) (Fig. 3).
Fig. 3 Household Type Definition
Concepts
The total numbers of location actors (population by age and number of employees by industry) are
exogenously-given (“closed city”), and the location demands for each zones are decided under the
condition.
Land use and transportation markets are sequentially operated to configure each sub-model, and
simulated by stages. The prices are considered, however, a steady-state situation at any stage of
any market under the supply and demand coordination mechanism is not expressed.
Land-use market of a stage is influenced by the transportation market (such as by changes in

traffic convenience) of the previous stage.
In
other
words,
transportation
infrastructure development (supply) will
affect the demand for land use location
demand for the next stage (Figure 4).
The model as a whole is the pseudodynamic model, which aims to express
the difference in the speed of adjustment
between land-use and transportation
markets. The total number of location
actors will change at every stage and
never reach to a complete equilibrium.
2.2

Configuration of the Estimation
Model

;GCT6
$CUG;GCT

;GCT6 

;GCT6 

Location of
Year T

Transportation
of Year T

Land-Use
Model

Land-Use
Model

Location of
Year T+5

Location of
Year T+10

Transportation
Model

Transportation
Model

Transportation
of Year T+5

Transportation
of Year T+10

Fig. 4 Sequential of Coordination of the Models
Under the above mentioned principles
and concepts, the basic structure of the
Future Urban Structure Estimation Model was designed as Fig.5. Each composing sub-models
were edited, and the proto-type of the model was completed.
Land-use & Planning Measures
(Land Use Control, Development, Facility Locations, etc.)

T+5

Household Type ≗
Transformation Model
Number of
Households by Type

Land-use Model

T+5

Accessibility Model

≘

Transportation Measures
(Road Construction, Public Transport Improvement, Pricing, etc.)

Residential Fl. Area
Vacant Fl. Area
Residential Fl. Rent

≛

Accessibility for
Agents

T+5

≕

Land Supply Model

≖

Locations

≜

Population ≚
Conversion Model

Variable Input for Same Stage
T

T+5 Variable Input from Earlier
Stage

≔ - 10 Model Operation Sequence

Mode Choice Model

Comm. Fl. Supply
Minimum Fl. Rent

Land Rent Model

Use-Based Land Rent

Trip Distribution Model

Comm. Fl. Area
Vacant Fl. Area
Comm. Fl. Rent

Floor Supply Model

Land Consumption
Per Capita

T Household-Type

Firm Location
Model by Industry

Use-Based Land Area

Residential Fl. Supply
Minimum Fl. Rent

Trip Generation Model

T+5

Number of Migration≙
by Household Type
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≔

Migration Rate Model

Household Location
Model by Type

Transportation Model

T

Route Assignment Model

Land Consumption
Per Capita

Age-Based
Population
Distribution

Employee T
Locations by
lndustry

T

Required Time between
Zones by Modes of
Transportation
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Population Distribution Employee Distribution Use-based Land Area, Fl.
Area & Vacant Fl. Area
by Industry
by Age
Household Distribution
by Type

Use-based Land Rent &
Fl. Rent

Link Traffic, Speed

Traffic Volume & Required
Time Between Zones by
Modes of Transportation

Fig. 5 Basic Structure of the Future Urban Structure Estimation Model Proto-type
2.3

Zone-size Transformation Tool

For the proto-type version model, it is required that various zone data for both the land use model
and the transportation model, are of the same zone size. By this assumption, in many cases,
small zones of the Person-Trip Survey are used, and it turned out from our case study that when
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Fig. 6 Example of Land Use Zones and Transportation Zones
there is a large gap between land use and
transportation zones as shown in Figure 6, and the
sensitivity of the simulation result to the measure
alternatives are not always sufficient.
The development of Zone-size Transformation Tools
was started based on this finding, so that the model is
applicable even if the sizes of the 2 zone systems are
quite different. To cancel the differences between the
zone sizes, the function to distribute and to integrate
the values in the zones according to the setting of
"Intermediate Zones" that took a spatial difference of
each zone was developed.
2.4

Land Use & Planning

Transportation Measures

A

Land Use Model

B
C

Transportation
Model

D
Output

Fig. 7 Zone-size Transformation Steps

Sensibility Analysis and Operation
Verification

Sensitivity analysis of the Estimation Model
with Zone-size Transformation function has
been implemented to check applicability. A
few type of “Ideal City Model (Fig. 8)” were
developed as a field to run this analysis. In
this field, we verified that the model’s
response to the planning measures were
sensible and fit existing perception.
Accompanying the sensibility analysis was
the operation verification.
A “Future Urban Structure Estimation Model”
was developed through such studies and
examinations. The model is an application
without so-called GUI, though all are
constructed to operate on Windows
Operation System. In actual use, each
model can be controlled, by a batch file,
configuring the execution/non-execution of
necessary
functions
(models),
the
forecasting period and intervals, and the
input-output files, handing data over to
“Future Urban Structure Evaluation Model”,
etc. by a text editor.

Use District FAR(%)
Commercial Area (high density) Commercial
Commercial Area (low density) Neighborhood
Commercial
Residential
CommercialArea
Area(high
(low density)
density) Residential
Low–rise ExcluResidential Area (low density) sive
Residential
Indusrial Area
Industrial

Zone Area
InhabitableArea

Urbanization-restricted Area
Railway
Road & Bus Route

Train Station
Bus Stop

Fig. 8 An Example of “Ideal City” for Sensibility
Test

3. Development of Future Urban Structure Evaluation Method
3.1

Basic Concept and Principle

Assessment metrics are the clues to compare the advantages and disadvantages of alternatives of
future urban visions or planning measure groups. They are also indices to "achieve sustainability
under future population decline and other constraints for each cities,” an in addition, an indicator to
know whether or not they are approaching, in the long term, towards "their achievable and aspiring
future city vision." On the other hand, considering the use of the evaluation indicators, 2 types of
“prediction-type assessment” and “declaration-type assessment” where indices are declared as
policy goals can be supposed. It would be easy if an ideal city vision can be defined numerically,
however, these figures are rarely seen in city master plans or other plans.
3.2

Deliberation of Evaluation Indices and Calculation Methods

Then, referring to the various plans and related research efforts in Table 1, candidate metrics were
extracted, considered from both ͆prediction-type assessment” and “declaration-type assessment”
applications. The “Prediction-type assessment” indices were examined by whether the change in
“land use”, “night time and daytime population distribution”, and “transportation network conditions”
will change their figures. The “declaration-type assessment” indices were examined by whether
they are able to calculate by land use transportation model.
From these results, and considering whether they are mentioned in several different plans or research papers, and balance between the indices, we reached to some on 30 indicators (Table 2).
The calculation method were studied through fore mentioned investigation process.
Table 1 Efforts and Plans of Sustainability Indicators and Indices
Evaluation Items and Indices in MLIT Relevant Plans

“Priority Plan for Social Infrastructure Development” MLIT
“Low Carbon City Development Guidance” MLIT
Description in Local Cities’ Plans
Quantitative Indicators in City Master Plans

Kasugai, Kashiwa, Matsudo, Ise, etc.

Qualitative Targets in City Master Plans

Sapporo, Toyama, Akita, Aomori, Hitachi, etc.

Evaluation Items and Indices in Various Investigations and Studies
“Kei-han-shin Region Renovation Program” (MLIT)
“Tokyo Region Renovation Program” (MLIT)
Monitoring (Ex-post
Evaluation) Indicator
Instances

“Community Renovation Grants Indicators” (MLIT)
“Indicators of Sustainable Development: Guidelines and Methodologies” United Nations
“Global City Indicators” World Bank

“Regional Quality of Life Counts” DETRA, UK
“Investigation Report on Role and Application of Person-Trip surveys”
NILIM, MLIT, Japan
“SPARTACUS (System for Planning and Research in Towns and Cities
Land Use Transportation Model-Applied for Urban Sustainability)”, Commission of the EC
Overseas Research Projects
“PROPOLIS (Planning and Research of Policies for Land Use and
Transport for Increasing Urban Sustainability)”, Finland
Transportation Models

Assessment (Advance
Evaluation) Index Instances

Existing Research Papers

Land Use Transportation Model-Applied
Overseas Cases

“Cambridge Futures” Project, UK

“LUMOS” Project, Netherlands, etc.

Outputs from Domestic & Overseas
“UrbanSim”, ”Delta”, “IRPUD”, “NYMTC-LUM”, “Vmcue”, “RURBAN2
Land Use & Transportation Models
M. TAKAHASHI, A. DEGUCHI, “Method for Cost-Benefit Evaluation System of Impact by Forming Compact City”,
City Planning Review. Special issue, Papers on City Planning, Vol.42 No.3, 2007, pp.487-492, CPIJ Japan
T. KUROKAWA, M. TANIGUCHI, H. HASHIMOTO, and H. ISHIDA, “Cost of Infrastructure Improvement on
Sprawl Area : Costsaving Effect by Early Action” City Planning Review. Special issue, Papers on City Planning,
Vol.30 No.3, 1995, pp.121-126, CPIJ Japan
T. UJIHARA, M. TANIGUCHI, and R. MATUNAKA, “Ecological Footprint of Urban Retreat considering
Development Methods : Case Study of Maintenance of Urban Infrastructure Network in Residential Zones” City
Planning Review. Special issue, Papers on City Planning, Vol.42 No.3, 2007, pp.637-642, CPIJ Japan

Table. 2 Evaluation Indices of Future Urban Structure
Categories

No. of Inhabitants by Type
(e.g. in 1km Radius City Centre)
Floor Area per capita

Habitation

Housing

Cost of Housing

Quality of Life

Required Time (by modes etc.)
Mode Split
No. of Public Transport Passengers

Public Transport

Access to Transportation Facilities

Clog
Accidents

Congestion rate

Accessibility
Water & Sewerage

Accessibility to City Cores
Parks & Green Area per Capita, Green Coverage

Communication
Crime

Parks & Green
Community
Crime Prevention

Disaster Mitigation

Disaster Mitigation

Medical Care

Medical Care

Global Env.

Global Warming

Air Pollution
Nature
Energy Resources
Waste
Activity Distribution

Emission
Green Coverage
Fuel
Waste Emission
Industry
Distribution Costs
Commerce
Tourism
GDP, GRP
Land Price

Infrastructure

Safety
Environment
Vitality

3.3

Quality
Cost
Features

Transport

ForeDeclare cast

Indices

Industrial Activities

Economic Growth
Economic Impact

No. of Traffic Accident Victims
Sewage Serving Population Percentage
Population Composition Balance
No. of Crime, Crime Rate
No. of People with Hardship in Home-returning in Case of Disaster
Difficult Areas of Fire-fighting
Wide Street Density
No. in Houses in Hazardous Area
Quakeproof Building Rate
Population of Accessible Area to Medical Facilities
CO2 Emissions (by sector)
Amount of Fixed CO2 by Green
NOX Emissions
Green & Agricultural Land Coverage
Fuel Consumption
Waste Emission Amount per Capita
No. of Employee
Time Reduction & Punctuality
Commercial Sales Total
Accessibility between Tourist Spots
GDP & GDP per Capita
Land Price, Land Rent, Volatility
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Deliberation of Cost Estimation for Public Services

The costs for public services are also important and indispensable to evaluate and judge efficiency
and sustainability of future urban structure, and calculation methods are studied. A study by NILIM
in 2009 March (Fig. 9) reveals that although it differs depending on the services, nearly half, in
average, of the responded
Proportion to the Number of Responses (1,453 Municipalities)
municipalities has recently
0%
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In the examination of
calculation technique, we
have taken 4 study reports
of public cost calculations;
by
a)MLIT,
b)NILIM,
c)Toyama
City,
and
d)Ibaraki Prefecture. After
comparison
of
public
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Fig. 9 Implementation Status of Future Public Service Cost
Estimation by Municipalities

service items studied, the
characters of the services
were
divided
between
"network type" and "hub type"
by the offering form of service.
We have categorized these
items by above service forms,
impact from future population
age structure and distribution,
and
relation
to
policy
valuables, and taken 4 public
service cost items; “road
maintenance”, “visiting nursing
care for elderly”, “public
transport”,
and
“public
schools.”
From these studies calculation
methods from the outputs of
the Estimation Model, are
defined.
3.4

Sensibility and Tradeoff Analysis

Table 3 This is a Figure caption
Form of
Service
Provision
Network
Type

Public Service
Category

Population
MLIT NILIM Toyama Ibaraki Change Impact
Age
Distri(2009) (2009) (2004) (2008)
Structure bution

Road Maintenance

䖃

䖃

䖃

䖃

䕿

Waterworks
Sewage System
Garbage Collection
Visiting Nursing
Care for Elderly
Public Transport

䖃
䖃
䖃

䖃
䖃

䖃
䖃

䖃
䖃
䖃

䕿
䕿
䕿

䖃

䖃

䕿

䖃
䖃

䖃

䕿

Public Schools

䖃

䖃

䖃

䕿

䕿

Feeding Centers

䖃

䕿

䕿

Kindergartens

䖃

䕿

䕿

Nursery Centers

䖃

䕿

䕿

Community Centers

䖃

Fire Defence,
Ambulance Service

䖃

䕿

䕿

Adoption

䖂

䖂

䖃

䖃

City
Planning
Area
Urban Area

䕿

䖃

Hub Type Parks

Policy
Valuable

䖂
Location
Density
Location
Density
Location
Density
Location
Density
Location
Density
Location
Density
Location
Density

䖂

1. Ministry of Land Infrastructure, Transport, and Tourism, “Investigation on Financial Effect by Urban
Structure”, 2009, Japan
2. National Institute for Land and Infrastructure Management, “Assignment of Administrative and
Resident-Imposed Costs Estimation Caused by Changes Suburban Residential Areas”, 2009, Japan
3. Study Group on Compact City Formation of Toyama City, “Research and Investigation on Compact City
Formation”, 2004,
Japan
4. Ibaraki Prefecture, “Research and Investigation on Compact City Formation in Ibaraki Prefecture”, 2008,
Japan

From above studies, we have constructed a “Future Urban Structure Evaluation Model” the input of
which are the outputs from “Future Urban Structure Estimation Model” and other data used only for
index calculation (such as school areas), and which consists of many sub module programs of
calculation methods. The model is constructed to operate also on Windows Operation System,
and the modules are also designated to accept replacement by more improved calculation
technique in the possible future.
The verification of the trade-off relations between evaluation indices including the public service
costs were executed, and sensitivity analyses was done also, using the “Ideal City Model”
mentioned beforehand. As a whole, the total assessment tool was confirmed to respond correctly
and logically to the planning measure group alternatives in the “Ideal City”.

4. Case Studies of Assessment Method
4.1

Overall Condition and Planning Agendas of the City

Joetsu City is a local city located in the southwest of Niigata Prefecture. The old city was approved
in 1981 by an equal amalgamation of Takada city and Naoetsu City. In 2005, new city was born by
a large amalgamation with vicinal 13 municipalities.
The total populations is 208,082 (by 2005 National Census), and with slight exception from 1975 to
1985, the City’s population continues to decrease almost consistently after the WWII
(Fig. 10). By the forecast of National Institute of Population and Social Security Research, it is estimated to fall down to
158,425 by 2035. Population increases from
1980 to 2005 can only be seen in old Joetsu
City and Kubiki Ward, and population decrease in other 12 wards are sharp. By age
divisions, over 65 years shares 24.2%, and
especially in Oshima, Maki, and Yasuzuka
Fig. 10 Population Change in Joetsu City

Ward, the share rapidly grew, and recently reached
about 40%. The population decrease is also remarkable, and the progress of a further population decrease is expected in these districts. Densely inhabited district (DID) keeps expanding with the progress of
infrastructure provision around Kasuga-yama where
the City Hall locates (Figure 2). DID population density is consistently decreasing, and after 1995, fell below 40 people/ha.
The city planning district, occupies 32.9% of the administrative area, and is composed of three city planning districts, among which only the Joetsu City Planning District contains the urbanization control area.
The population density in the urbanization promotion
area is low below 30 people/ha. As for FAR regulations, 500% is designated in the centers of Takada,
Naoetsu, Kasuga-yama, and also around the Joetsu
General Hospital, however, sufficiency rate is very low
and they are misfit. The Hokuriku Shinkansen station
is under construction at the southern edge of the built
up area and is planned to function in 2014.

Legend
Densely Inhabited
District (DID)
DID in 1970
DID in 2005
Naoetsu DID
Takada DID
Railway

City Planning
Area
Urban Promotion
Area

Fig. 11 Spread of DID

As mentioned, the urban structure of Joetsu City needs to be intensified, however, the geography
and the story behind urban formation does not easily admit it, and there are little incentives working to intensify population and urban functions in the city core. Therefore, a strategy is needed to
provide incentive to promote accumulation in the city core area together with control of accumulation in the suburbs. Moreover, conflicting effort to 1) accept population decline in total, but maintain population in the core and existing built-up area, 2) provide and maintain infrastructure of main
roads and streets, but control related costs, 3) maintain train and bus service frequency, but control related costs will be necessary.
4.2

Preparation of Planning Alternatives

To work on the above-mentioned, the following alternatives were made, taking in account of the
city’s policy and plans(Fig. 12).
Plan A: Do Nothing Alternative
A plan that basically maintains urban scale and various measures at the same level as current
state.
Plan B: Business as Usual Alternative (continue expansion)
A plan that expands the urban scale more further than the current state and the infrastructure etc.
are newly constructed in the expansion urban area. Various measures are maintained basically at
the same level as the current state.
Plan C: Multi-Core Concentration Alternative - without evacuation
A plan based on the current city plan, and accumulation is promoted to the core (in urban area in
the core settlements) located in each districts. Measures in other areas are almost maintained like
the current state.
Plan D: Multi-Core Concentration Alternative - with evacuation
A plan based on the current city plan, but aggressively evacuate from suburbs to promote
accumulation around the JR Shin-etsu Line stations. Promote accumulation to district core, and
strengthen development control and segmentalize large built up areas.

3 Core Concentration Alternative
- without evacuation (Plan E)

3 Core Concentration Alternative
- with evacuation (Plan F)

Multi-Core Concentration Alternative
- without evacuation (Plan C)

Multi-Core Concentration Alternative
- with evacuation (Plan D)

Do Nothing Alternative (Plan A)

Business As Usual Alternative (Plan B)

Table 4 Concept Plans of the 6 Planning Alternatives

Plan E: 3 Core Concentration Alternative - without evacuation
Promote accumulation only around Takada, Kasuga-yama, and Naoetsu where it is the highest in
the city, and various measures are maintained almost maintained like the current state.
Plan F: 3 Core Concentration Alternative - with evacuation
Promote accumulation only around Takada, Kasuga-yama, Naoetsu, and a new Shin-etsu line
station, and aggressively evacuate from suburbs. The scale of the core settlements is shrinked,
the service level is decreased, and development control is strengthened.
According to the ideas of Alternative Plans A to F, definite area of expansion and evacuation,
conditions for urban facilities and traffic service levels etc. were set, and input data to the
assessment tool were created.
4.3

Estimation and Evaluation by the Assessment Model

Fig. 12 shows the rate of change from 2010 to 2035 of the population forecast value according to a
28 wards based on the municipality region before the amalgamation. The population decreases in
all alternatives and all districts, and the decrease ratio is from 5% to 50%. In the suburbs, there
are less decrease where developments are planned, and more decrease where evacuations are
planned but not as much as intended. Difference between the alternatives can hardly be seen in
Takada district. Moreover, the effect of the evacuation is greatly seen in the core settlements along
the Hoku-hoku Line (Uragawara district and etc.).
Plan A:
Do Nothing Alternative

Plan D: Multi-Core
Concentration Alternative

Plan F: 3 Core
Concentration Alternative
- with evacuation

- without evacuation

- with evacuation

(continue expansion)
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Fig. 12 Change of Population during 2010-2035
Fig. 13 to Fig. 17 shows the indices that had distinctive differences between the alternatives in
2035. As for effect of accumulation to core area and existing built up area (Fig.13), the relations of
the alternatives are as intended (B<A<C<E<D<F) but the differences are at maximum below 10%.
As for the number of public transport users (Fig.14), Plan F (3 Core Concentration with evacuation)
is the largest, and plan B (BAU) is the smallest, although the difference is only 3%.

ᣐⅬෆ䞉᪤ᡂᕷ⾤ᆅෆேཱྀ

As for CO2 emissions, there is little difference from transport (Fig. 15), but there is
tendency such as; “DNA Ҹ BAU”, “3 Core
Concentration” < “Multi-core Concentration”,
and “without evacuation” < “with evacuation”
from household and industry (Fig. 16).
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as for CO2 emission reduction from household and industry, and road maintenance cost savings, the alternative still makes meaningful differences, and that we should give up from consuming too much land.
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Summary
To achieve the long-term target of carbon emission reduction in Japan, building sector is required to
apply additional measures beyond individual building-scale. Community-wide energy utilization is
expected to play an important role, not only in improving energy efficiency, but also in enhancing
utilization of renewable energy and unused thermal energy toward a low-carbon society. But so far
there have been few initiatives that have been realized in Japan.
This study has established methods of properly determining community-wide energy utilization, and
methods of evaluating B/C in order to encourage stakeholders towards implementation. The study
focuses on non-energy benefits (NEBs), and on the development of methods to classify and
quantify various NEBs and to assign a monetary value for evaluating marginal abatement cost
(MAC) of each measure. Through a case study, community-wide energy utilization has been
deemed to be more competitive among various carbon reduction measures. Customized MAC
curve evaluation has proven effective for encouraging stakeholders to implement.
Keywords:

Community-wide energy utilization, Non-energy benefit, Marginal abatement cost,
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1. Introduction
1.1

Necessity of community, city-scale carbon reduction measures in the commercial and
residential sector

In the commercial and residential sectors, further carbon emission reduction measures are being
sought toward the realization of a low-carbon society. To respond to this issue, additional measures
must be promoted for neighbourhood, district and city scale which go beyond individual buildings.
Japan’s Kyoto Protocol Target Achievement Plan[1] describes “area-wide energy utilization” in its top
of the listed measures for a low-carbon society.
On the other hands, urban structure change over the middle to long term are also concerns
regarding how to form suitable energy systems, as social capital, for this future urban structure.
Japan’s Eco-Model City Program[2] and the European Commission’s CONCERTO program[3] both

include community-wide energy utilization approaches making use of local characteristics.
Given this policy trend, this study extends the methodology using cooperative measures for
neighbourhood-scale presented in the previous study[4] to the community and city scale, and
considers the case when diverse measures are implemented as a mixture.
In particular, this study focuses on the following measures.
1) A large increase in the utilization of ample of unused energy sources that exist in cities
2) A large increase in the utilization of renewable energy sources that exist in cities
3) The upgrading and expansion of community-wide energy utilization, which promotes the
above two measures; 1) and 2).
1.2

Necessity of proper evaluation method of carbon emission reduction measures from a
middle- to long-term perspective, considering local characteristics

In 2008, the Japan’s Cabinet Secretariat’s Council on the Global Warming Issue formed a task
group “the Mid-term Targets Examination Committee (hereafter, MTEC)”[5]. It deliberated measures
for the nation as a whole to reduce carbon emissions over the middle term. And as part of this
process the National Institute for Environmental Studies and the Institute of Energy Economics
Japan released their respective opinions[6],[7]. Both institutes conducted analyses using marginal
abatement cost (MAC).
MAC is defined as the cost required per additional unit reduction of CO2 (e.g., per ton CO2) from the
present conditions, under a given area (e.g worldwide, nationwide, community-wide, etc.). A graph
with the MAC on the vertical axis and the CO2 reduction potential on the horizontal axis, with
measures arranged starting from those with the lowest MACs, is called the marginal abatement cost
curve (Fig.1).
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Fig. 1 Image of marginal abatement cost curve
For example, McKinsey & Company[8] and some other organizations have evaluated the MAC of a
variety of carbon reduction measures and have published reports presenting MAC curves, which is
a useful method to determine the selection of cost-effective measures.
However, for discussions on community-wide energy utilization, the current evaluation method has
some problems, as listed below;
1) Measures whose costs vary greatly due to distinct regional conditions (such as differences in
energy infrastructure and in access to locally generated, locally consumed energy) are difficult
to calculate MAC on a nation-wide scale, thus tends to be excluded in the evaluation.
2) Measures with large initial investments (such as housing and buildings insulation and
measures which include the formation of infrastructure), when their payback time is set at a
relatively short uniform period of 3-10 years, even if their effects continue for a long time, are
evaluated as comparatively expensive measures as in the case of the MTEC.
3) MAC has been defined as the net cost of measures, deducting direct energy benefits (EB) of
energy-utilities cost reduction from the total costs. However, even if there are also diverse
indirect benefits, such as stimulation of regional economies and environmental protection
resulting from the measures, which some researches collectively refer to as “non-energy
benefits” (NEBs)[9],[10], they have not been considered in the MAC evaluation.

1.3

Objectives

In policies for the planning and promotion of community-wide energy utilization making use of
regional characteristics, determining the appropriate priority of the measures from a middle-term to
long-term perspective is important.
The objectives of this study is to construct a specific evaluation method of properly determining
community-wide energy utilization in comparison with other carbon reduction measures, and
methods of evaluating cost-benefit ratios (B/C) and MAC, focusing on non-energy benefits (NEBs)
in order to encourage stakeholders to implement. In addition, a case study of a community-wide
carbon reduction project is conducted.

2. Proposed Methodology
This study evaluates carbon emission reduction measures under the following policy, to resolve the
issues discussed above.
1) Identify the carbon reduction measures for the targeted community and the CO2 reduction
potential of each measure, considering the regional characteristics.
2) Set the payback time considering the duration of the measure’s effects, and reflect this in the
marginal abatement cost (MAC) of each measures.
3) Evaluate the cost-benefit ratio (B/C) considering non-energy benefits (NEBs).
4) Re-evaluate the MAC through allocation of the NEBs to each measure
2.1

Identifying carbon reduction measures for the target community and the CO2 reduction
potential, considering the regional characteristics

First, it is necessary to specify the potential carbon reduction measures such as utilizing unused
energy sources (e.g. incineration plant waste heat), solar thermal collectors and PV that can be
accessed within the community, on-site cogeneration to supplement for output fluctuations caused
by the renewable energy. A smart energy network consist of thermal pipelines and electric power
lines are required for linking these energy sources together for thermal and electric power exchange.
Those figures are then used to calculate the CO2 reduction potential of the target community.
2.2

Setting the payback time considering the duration of the measure’s effects, reflecting
in the MAC

The MAC of each measure is calculated as the annual abatement cost ([yen/year] / [t-CO2/year])
considering the initial costs (including renewal costs) for implementing each measure, the running
costs, and the reduction in utilities expenses gained from energy conservation.
The following procedure is commonly used. Fig.2 presents an image of the MAC structure.
1) The initial costs are divided by the payback time
2) The running costs (per year) are added to 1)
3) The annual utilities expenses reductions, or energy benefit (EB) equivalent to the volume of
CO2 reductions gained from the measure are subtracted from 2).
Annual Utilities Expenses
Reduction (EB)
= Annual Energy Conservation
(MJ/year)
Energy Unit cost (yen/MJ)
Marginal Abatement Cost (MAC)
([yen/year] / [tons CO2/year])
(sometimes negative)

Annual running
cost (yen/year)

Initial costs (yen)
(including renewal costs)
Payback time (year)

CO2 reduction potential (t-CO2/year)

Fig. 2. Structure of marginal abatement cost (MAC) of a carbon reduction measure

The values for the initial and running costs of each measure are set referring to the prior knowledge
cited above[6],[7] as well as the 2001 mid-term report of the Central Environment Council of Japan,
Global Environment Committee, Targets Reduction Scenario Subcommittee[11]. The values for
community-wide measures with different costs by region such as incineration plant waste heat use
and cogeneration are by necessity set case by case. Subsidies and other grants are not included in
any of the cost calculations.
The payback time should be set appropriately for each measure technology as social capital
considering the technology use conditions from the viewpoint of the middle-term to long-term.
Referring to the option which the National Institute for Environmental Studies of Japan proposed to
the MTEC (a setting of 50-70% of the measure technology lifetime)[12] and the use of the technology
lifetimes adopted in the McKinsey & Company report (for example, setting the payback time for
housing and building insulation in the range of 35-70 years)[8], in this study the payback time is set
for each measure at a number of years equivalent to 70% of its lifetime.
Table 1 presents a summary of the classification of CO2 reduction measures and their MACs. The
shortest payback time is 4.2 years, and the longest 31.5 years. These are all longer than the
payback times used by the MTEC (3 years, or around 10 years), and in particular the MACs of
measures whose initial costs comprise a high percentage of the total cost are improved.
Table 1. Carbon reduction measures and MAC setting by measures
Carbon reduction measures in this study
(Set based on the 2008 Local Government
White Paper (Japan) on the Environment)

MAC and payback
time under prior
Knowledge 2),6)
MAC
Payback
(yen /
time
t-CO2)
(years)

Proposed MAC with payback time
set at 70% of functional lifetime
of each measure
MAC
Payback
References
(yen /
time
of lifetime
(years)
t-CO )
2

Commercial Sector
(1)

Air conditioning equipment efficiency improvements

- 24,000

3

- 24,000

10.5

15

*

(2)

Lighting efficiency improvements, etc.

- 25,000

3

- 25,000

14.0

20

*

(3)

Power and other efficiency improvements

19,000

3

- 16,491

17.5

25

*

(4)

High-efficiency water heaters

32,000

3

0

10.5

15

*

(5)

Improved insulation in newly constructed buildings

69,000

9

16,143

21.0

30

***

(6)

Improved insulation in existing buildings

69,000

9

35,964

14.0

20

***

(7)

Building and energy management systems (BEMS)

3,000

8

8,714

7.0

10

*

(8)

Use of solar thermal energy

2,000

10

2,000

11.9

17

***

(9)

Photovoltaic power generation

62,000

9

23,378

11.9

17

**

- 38,000

-

- 38,182

-

-

****

- 8,500

10

- 8,500

10.5

15

****

(10)

Changes in work styles

(11)

Commercial cogeneration

Residential Sector
(12)

Heating-and-cooling efficiency improvements

- 30,000

3

- 30,000

4.2

6

**

(13)

Lighting efficiency improvements, etc.

- 28,000

3

- 34,789

14.0

20

*

(14)

Household appliances’ efficiency improvements

28,000

3

10,629

4.2

6

**

(15)

High-efficiency water heaters

143,000

3

11,343

7.0

10

*
**

(16)

Improved insulation in newly constructed housing

430,000

9

239,870

15.4

22

(17)

Improve existing insulation

430,000

9

266,607

14.0

20

***

(18)

Home energy management systems (HEMS)

- 2,000

3

- 18,457

7.0

10

*

(19)

Solar water heaters

17,000

8

- 22,328

11.9

17

**

(20)

Photovoltaic power generation

78,000

10

59,319

11.9

17

**

(21)

Changes in life styles

- 38,000

-

- 38,000

-

-

(22)

Residential cogeneration

30,000

10

30,000

7.0

10

*

****

Community-Wide Energy Utilization
(23)

Wind power generation

12,000

-

12,000

11.9

17

**

(24)

Woody biomass

4,000

20

4,000

14.0

20

****

(25)

Waste products power generation

2,000

-

2,000

14.0

20

****

(26)

Heat-and-electric power exchange among buildings*****

-

-

17,488

14.0

20

****

(27)

Incineration plant waste heat*****

20

31.5

45

****

(28)

Regional cogeneration*****

9,890 14,925
- 2,082

21.0

30

****

16,61628,329
2,586

15

*Ministry of Land, Infrastructure, Transport and Tourism, Government Buildings Department
**National Tax Agency (for items other than equipment and apparatus )
***Architectural Institute of Japan
****Central Environment Council, Targets Reduction Scenario Subcommittee
*****Items for the incineration plant waste heat use and regional cogeneration calculated on a case-by-case basis

2.3

Definition and monetizing NEBs and calculation of B/C

As described above, there are various NEBs among the carbon reduction measures received by the
stakeholders. In terms of the way of estimating monetary value, the classification and quantification
of the NEBs are proposed. Five major categories are defined (a - e), and they are additionally
classified into fourteen categories (a1 – e2). Table 2 shows the details.
Fig.3 presents an image of the cost-benefit ratio (B/C) evaluation for the carbon reduction measure
in the target community considering the monetary value of the NEBs. The B/C is calculated using
the total annual benefit (B), which is the sum of the EB and NEBs calculated based on the Table 2
monetization method, and the total annual cost of the measures (C = MAC+EB).
B/C =

EB+NEB

e. Benefit from improving the living
and working environment
d. Benefit from the diffusion and
education effect
c. Benefit from risk aversion

C

b. Benefit from the ripple effect on
the regional economy

Measure costs (initial
investment costs +
maintenance costs)

Non-Energy
Benefits
(NEB)

a. Benefit from creation of
environmental value
Economic Benefit (EB)
Reduction of utilities expenses

Total costs (C)

Total benefits (B)
(EB+NEB)

Fig.3. Image of the Cost-Benefit Ratio (B/C) Evaluation in the Subject Region
2.4

Re-evaluation of the MAC through allocation of NEBs to each measure

In calculating the MAC for each measure, in addition to the conventional approach of subtracting
the reduction in utilities expenses (EB) from the sum of the initial and running costs, also deducting
the NEBs generated by the measures is expected to increase measures which are economically
more competitive.
To those ends, each NEB (a1 - e2) presented in section 2.3 should be appropriately divided and
allocated to each measure. This study examines the allocation of each NEB (a1 – e2) based on the
contribution of CO2 emission reduction in the subject community, green energy creation, etc. Fig.4
shows an image of the NEBs allocation to each MAC.
Allocation of NEBs
to each measures

c. Benefit from risk aversion
b. Benefit from the ripple effect on
the regional economy
a. Benefit from creation of
environmental value
Economic Benefit (EB)
Reduction of utilities expenses

(

Total benefits
(B=EB+NEB)

)

[yen/t-CO2]

d. Benefit from the diffusion and
education effect

(

Marginal Abatement
Cost (MAC)

e. Benefit from improving the
living and working environment

)

Measure
4
Measure
Measure
Measure Measure
5
3
2
1

CO2 Reduction Potential
[t-CO2/year]

Fig.4

Image of allocation of NEBs to MAC

Table 2

Calculation of monetary value of EB and NEBs by category
Benefit

Calculation of Monetary Value Outline

References

Energy Benefit (EB)
Reduction in utilities expenses

Reduction in utilities expenses (yen/year)
= energy reduction volume (MJ/year)
x energy unit cost (yen/MJ)

Energy unit cost set based on supply agreements and
supplementary supply agreements from city gas and electric
power utilities

Non-Energy Benefit (NEB)
a. Benefit from creation of environmental value
a1. CO2 reduction value

CO2 reduction value (yen/year)
= CO2 reduction amount (t-CO2/year)
x CO2 price (yen/ t-CO2)

CO2 price set (e.g., 4,000yen/t-CO2)
“Point Carbon “Carbon 2009” (March 2009)”

a2. Green energy creation value

Green energy creation value (yen/year)
= green energy use volume (MJ/year)
x green energy unit price (yen/MJ)

Green energy unit price set (e.g., 15yen/kWh)
“Examination Committee on VER Japanese Certification
Standards Used in Carbon Offsets”
(for photovoltaic power generation)

b. Benefit from the ripple effect on the regional economy
b1. Economic ripple effect from
infrastructure construction
investment

Economic ripple effect from infrastructure construction
investment (yen/year)
= initial infrastructure construction investment (yen)
x gross value added ratio
ripple effect period (years)

Gross value added ratio set (e.g., 0.5) with reference to public
investment gross value added estimates from various industryrelated analyses by local governments
Ripple effect period set at 70% of the lifetime of business
facilities lifetime (e.g., 10.5 years ~ 31.5 years)

b2. Economic ripple effect on
business operations

Economic ripple effect on business operations (yen/year)
= business operating expenses (yen/year)
x (ripple effect multiplier – 1)

Ripple effect multiplier set (e.g. 1.3) with reference to public
works ripple effect multiplier, estimates from various industryrelated analyses by local governments

Area real estate value increase effect (yen/year)
= standard land price (yen/m2)
x subject land area (m2)
x (real-estate-value increase rate (%)/100)
increase effect period (years)

Standard land price uses the figures from Ministry of Internal
Affairs and Communications, Statistics Bureau, “2009 Statistics
on Cities, Wards, Towns and Villages”
Real estate value increase rate set (e.g., 0.5%) with reference to
the rent increase rate (0-5% for model case rent) in the “CASBEE
Real Estate Use Manual (provisional version) (July 2009)”
Increase effect period set at 70% of the lifetime of business
facilities lifetime (e.g., 10.5 years ~ 31.5 years)

Energy supply interruption aversion effect (yen/year)
= energy supply interruption unit damage (yen/kW-hour)
x decentralized power source capacity (kW)
x supply interruption period (hours/interruption)
x damage occurrence probability (times/year)

Supply interruption damage (yen/kW-hour),
Supply interruption period (hours/interruption)
Damage occurrence probability (times/year)
set considering prior study[4]

b3. Increased real estate value effect
(residential property)

b4. Increased real estate value effect
(commercial property)

c. Benefit from risk aversion
c1. Contribution to the business and
living continuity plan (BLCP);
energy supply interruption
aversion effect

Risk aversion effect from stronger regulatory system
c2. Risk aversion effect from stronger
(yen/year)
regulatory system, higher
= utilities expenses (yen/year)
standards, etc.
x risk aversion expense ratio
100

Risk aversion expense ratio set with reference to “Sumitomo
Trust & Banking Co. Ltd. “Outline of Business Awareness Survey
Regarding Environmental Buildings” (July 2009)

c3. Health damage risk aversion
effect (residential sector)

Health damage risk aversion effect (yen/year)
= insurance benefits (yen/person )
x subject population (persons) x occurrence ratio

Insurance benefits set using the figures from Japan Institute of
Life Insurance “Nationwide Life Insurance Fact Survey” (e.g.,
20.33 million yen/person for death benefits)
Occurrence ratio set (e.g., 0.01%) Tokyo Medical Examiner’s
Office)

c4. Health damage risk aversion
effect (commercial sector)

Health damage risk aversion effect (yen/year)
= work absence ratio (days/person-year)
x salary income (yen/year-person)
/ work days (days/year) x affected persons (persons)
x occurrence probability

Salary income uses figures from National Tax Agency “Fiscal
2005 Salary Income Survey” (e.g., nationwide average of ¥4.37
million/person [including bonuses, etc.])

d. Benefit from the diffusion and education effect

d1. Leading model project public
awareness and education effect

Public awareness and education effect (yen/year)
= subject population (persons)
x cost required for public awareness and education
(yen/person-year)
x effective period coefficient

Advertising and publicity effect (yen/year)
d2. Leading model project advertising = costs required for the measure (yen/year)
and publicity effect
x advertising and publicity effect coefficient
x effective period coefficient

Subject population is the population residing in the subject
community
Cost required for public awareness and education set (e.g.
3,000yen/person) referring to the costs for attending seminars
implemented by non-profit organizations
Effective period coefficient set (e.g., 3 years, 10 years) as the
ratio of the periods in which projects are still leading projects
Advertising and publicity effect coefficient set (e.g., 2%)
referring to the cases (e.g., an effect equivalent to 2% of total
environment-related costs) for company case studies “FY2005
Environmental Accounting Guidelines Reference Materials”
Effective Period Coefficient set the same as in d1

e. Benefit from improving the working and living environment
e1. Higher worker intellectual
productivity effect

Higher worker intellectual productivity effect (yen/year)
= affected persons (persons)
x personnel expenses (yen/person-year)
x productivity improvement coefficient
x effective period coefficient

Productivity Improvement Coefficient set (e.g., average of 0.5%)
referring to the case study analysis (16 environmental buildings in
the U.K. with an intellectual productivity change ranging from
-10% to +11%) in Diana Urge-Vorsatz, et al., “Mitigating CO2
Emissions from Energy Use in the World’s Buildings,” Building
Research & Information (2007) 35(4), pp. 379-398

e2. Resident health promotion effect

Residents’ health promotion effect (yen/year)
= subject persons (persons)
x amount intended to spend (yen/person-year)
x effective period coefficient

Subject persons are the number of residents in the subject
community
Amount intended to spend is set based on a questionnaire
survey of the residents

3. Case Study
A case study on a specific community was conducted using the methods described above.
3.1

Overviews of the case-study community

Fig.5 shows an outline of the case-study community. Community A is an existing mixed-use urban
area centred on a large train station with offices, stores, housing, hotels, universities and other
facilities, and an incineration plant located nearby. Community A includes a zone which receives
district heating and cooling from an area facility, and another zone where additional high-density
heat and power demand are expected after urban renaissance project. The total CO2 emission from
Community A is approximately 700,000 ton-CO2 per year. Of this, the commercial and residential
sector occupies nearly 80%.
Community area: 398ha
Building floor space: 8.8 million m2
Population: 40,700 persons
Households: 22,000
Smart Energy Center
• Package electric power receipt
• Large-scale CGS
• High-efficiency DHC
• Steam NW connection

• JR train yard

• Steam NW connection
Steam NW line
• Wastewater treatment plant

FY2005 estimated
total CO2 emissions:
700,000 tons

• Minato waste incineration plant
• Hotel zone
• JR Shinagawa Station

• Heat supply from
Smart Energy Center
to redevelopment
buildings
• Steam NW connection

• DHC zone

• High-efficiency modification of
district heating and cooling
• Connection between two plants
• Steam NW connection

• University zone
• Point heat supply
service
• Steam NW
connection
Range of areas being
considered for receipt
of heat supply

Fig.5. Overviews of the case study community
The case study assumes the following community-wide infrastructure arrangement together with
the measures of individual building level;
1) Community-wide utilization of unused high temperature thermal energy from the incineration
plant
2) Development of regional cogeneration as a core energy production plant for the community
3) Formation of a smart energy network for the effective use of heat and electricity in response to
demand fluctuations, with linkage to the existing district heating and cooling infrastructure
3.2

Identifying carbon reduction measures for the community and estimation of the CO2
reduction potential, considering the regional characteristics

To identify appropriate carbon reduction measures and their potential for this community, this study
uses the data by local government body (city, ward, town and village) in the 2008 Local Government
White Paper on the Environment of Japan[13]. The reduction potential is calculated by multiplying
some ratios and the reduction potential of each measure for the local body. As ratios, the population
ratio is adopted for the residential sector, and the non-residential building floor space ratio by use is
adopted for the commercial sector. For the use of incineration plant waste heat, the estimates are
made setting specific parameters for the heat source facility combining the heat demand with the
scale of the adjacent incineration plant. Table 4 presents the estimation results for Community A.

Table 4. Community A carbon reduction measures and potential estimates
Measures for Commercial Sector

CO2 Reduction
Potential
(t-CO2/year)

Changes in work styles
Lighting efficiency improvements, etc.
Air conditioning efficiency improvements
Power and other efficiency improvements
Commercial cogeneration
High-efficiency water heaters
Use of solar thermal energy
Building energy management systems (BEMS)
Higher insulation in newly constructed buildings
Photovoltaic power generation
Improved insulation in existing buildings
Measures of Community-wide Energy Utilization
(Commercial and Residential)

2,062
4,277
3,208
13,912
797
2,215
9,179
13,148
15,694
2,976
10,794

Changes in life styles
Lighting efficiency improvements, etc.
Heating and cooling efficiency improvements
Water heating using solar thermal energy
Home energy management systems (HEMS)
Household appliances efficiency improvements
High-efficiency water heaters
Residential cogeneration
Photovoltaic power generation
Higher insulation in newly constructed housing
Improved existing insulation

900
1,667
1,251
7,526
943
5,419
439
6,583
1,624
417
1,141

CO2 Reduction
Potential
(t-CO2/year)

Woody biomass
Incineration plant waste heat
Regional cogeneration

3.3

CO2 Reduction
Potential
(t-CO2/year)

Measures for Residential Sector

351
32,847
20,117

Total CO2 reduction potential (t-CO2/year)
Rate of the emission from both sectors

159,487
28%

Setting payback times for each measure considering the duration of the measure’s
effects, reflecting in the MAC

MAC [yen/t-CO2]

Fig.6 presents the marginal abatement cost curve under the policy of the MTEC (a uniform payback
time of 3 years or of about 10 years). As shown by the cross-hatched sections of Fig.6, by making
use of the regional characteristics (including the effective use of incineration plant waste heat and
the existing district heating and cooling network), community-wide measures have large potential
with a high economic priority.
[Commercial] Changes in work styles
[Residential] Changes in life styles
[Residential] Heating and cooling efficiency improvements
[Residential] Lighting efficiency improvements, etc.
[Commercial] Lighting efficiency improvements, etc.
[Commercial] Air conditioning equipment efficiency improvements
[Commercial] Commercial cogeneration
[Residential] Introduction of HEMS
[Commercial] Use of solar thermal energy

Commercial
Residential
Community-wide

Average Measure Cost
¥25,117/t-CO2

Regional cogeneration

[Commercial] Introduction of BEMS
[Joint Commercial & Residential]
Woody biomass

[Residential] Water heating
using solar thermal energy
[Commercial] Power and other
efficiency improvements

Incineration
plant waste
heat

[Residential] Household appliances efficiency improvements
[Residential] Residential cogeneration
[Commercial] High-efficiency water heaters

Measures for
individual
buildings

Total CO2 Reduction
159,487 t-CO2/year

[Residential] Improved existing insulation
[Residential] Higher insulation in newly constructed housing
[Residential] High-efficiency water heaters
[Residential] Photovoltaic power generation
[Commercial] Improved insulation in existing buildings
[Commercial] Higher insulation in newly constructed buildings
[Commercial] Photovoltaic power generation

t-CO2/year

CO2 Reduction potential [t-CO2/year]

Residential
+ Commercial Sector Share

Fig.6. Marginal abatement cost curve (Uniform payback time of 3 years, or of about 10 years)

MAC [yen/t-CO2]

Fig.7 presents the marginal abatement cost curve with the payback time set at 70% of each
measure’s lifetime. The figures also show how setting the payback time appropriately for each
measure greatly decreases the average cost of the measures for the entire community.
Comparison between Fig.6 and Fig.7, it is clearly shown how setting the payback time appropriately
for each measure greatly decreases the average cost of the measures ( 25,117 -> 6,739yen/t-CO2).
[Commercial] Changes in work styles
[Residential] Changes in life styles
[Residential] Lighting efficiency improvements, etc.
[Residential] Heating and cooling efficiency improvements
[Commercial] Lighting efficiency improvements, etc.
[Commercial] Air conditioning equipment efficiency improvements
[Residential] Water heating using solar thermal energy
[Residential] Introduction of HEMS
[Commercial] Power and other efficiency improvements
[Commercial] Commercial cogeneration
[Joint Commercial & Residential] Regional cogeneration
[Commercial] High-efficiency water heaters
[Commercial] Use of solar thermal energy
[Joint Commercial & Residential]
Woody biomass

Commercial
Residential
Community-wide

Measures for
individual
buildings

Average Measure Cost
25,117 yen/t-CO2

6,739 yen/t-CO2
Total CO2 Reduction
159,487 t-CO2/year

[Residential] Improved existing insulation
[Residential] Higher insulation in newly constructed housing
[Residential] Photovoltaic power generation
[Commercial] Improved insulation in existing buildings
[Residential] Residential cogeneration
[Commercial] Photovoltaic power generation
[Commercial] Higher insulation in newly constructed buildings

[Commercial] Introduction of BEMS

[Joint Commercial & Residential]
Incineration plant waste heat
[Residential] Household appliances efficiency improvements

[Residential] High-efficiency water heaters

t-CO2/year
Residential
+ Commercial Sector Share

CO2 Reduction potential [t-CO2/year]

Fig.7 Community A’s marginal abatement cost curve (payback time set at 70% of the measure lifetime)

Cost-benefit ratio (B/C) evaluation
considering the NEB

Fig.8 presents the trial calculation results
cost-benefit ratio (B/C) for Community A
considering the NEBs. The total cost when all
the measures are implemented is about 4.8
billion yen per year, the EB is approximately
3.7 billion yen per year, and the total NEB
monetized based on the outline in Table 2 is
about 4.3 billion yen per year. The B/C is just
0.77 when only the EB is included, but rises to
1.7 when the NEBs are also considered. The
items accounting for high shares of the NEB
include a2:environmental value creation
(green energy), b4:influence on the local
economy (increased real estate value of
commercial property), c2:risk aversion effect
(stronger regulatory system, etc.), and e1:
improvement of the living and working
environment (higher intellectual productivity).

Total Cost
4.8 billion yen

Cost-Benefit (billion yen / year)

3.4

Total Benefit
8.0 billion yen

When
assessed with
EB + NEB,
B/C = 1.7

Total NEB
4.3 billion yen
(1.2 times EB)

When assessed with
EB alone, B/C =0.77

Total EB
3.7 billion yen
(utilities expenses
reduction)

Cost (C)

Fig.8

Benefit (B)

Cost-benefit ratio (B/C) of
community A carbon reduction

3.5

Marginal abatement cost curve reflecting the NEBs

In addition, by reflecting the NEBs to Fig.7, as Fig.9 shows, the MAC becomes negative for most
measures (i.e., the benefits exceed the cost over the payback time), and the average measure cost
is remarkably decreased ( +6,739 -> -20,006 yen/t-CO2).

[Residential] Introduction of HEMS
[Commercial] Lighting efficiency improvements, etc.

Commercial
Residential
Community-wide

MAC [yen/t-CO2]

[Commercial] Air conditioning equipment efficiency improvements
[Residential] Water heating using solar thermal energy
[Residential] Lighting efficiency improvements, etc.
[Commercial] Changes in work styles
[Residential] Changes in life styles
[Residential] Heating and cooling efficiency improvements
[Joint Commercial & Residential] Regional cogeneration

Average Measure Cost
6,739 yen/t-CO2

- 20,006yen/t-CO2

[Commercial] Photovoltaic power generation
[Commercial] Use of solar thermal energy

Measures whose MAC is negative increase.
[Commercial] Power and
other efficiency improvements
[Commercial] Introduction of BEMS
[Commercial] Commercial cogeneration
[Commercial] Higher insulation in newly
constructed buildings
[Joint Commercial & Residential] Incineration plant waste heat

Measures for
individual
buildings

Total CO2 Reduction
159,487 t-CO2/year

[Residential] Improved existing insulation
[Residential] Higher insulation in newly constructed housing
[Residential] Residential cogeneration
[Residential] Photovoltaic power generation
[Commercial] Improved insulation in existing buildings
[Residential] High-efficiency water heaters
[Residential] Household appliances efficiency improvements
[Joint Commercial & Residential] Woody biomass
[Commercial] High-efficiency water heaters

t-CO2/year

CO2 Reduction potential [t-CO2/year]

Residential
+ Commercial Sector Share

Fig.9 Community A’s marginal abatement cost curve
(reflecting payback time set at 70% of the functional lifetime and NEBs of each measure)

4. Conclusion
This study proposes the approach of using a marginal abatement cost (MAC) curve from a
middle-term to long-term perspective and conducting cost-benefit ratio (B/C) calculations
considering non-energy benefits (NEBs) generated from carbon emission reduction measures to
contribute to the promotion of community-wide energy utilization for acheving further carbon
emission reduction in the commercial and residential sector, and reaches the following findings.
1) Large potential of community-wide energy utilization
It was clarifies that the CO2 reduction potential of community-wide energy utilization and the
utilization of unused energy sources (incineration plant waste heat), which are positioned as
important measures in Japan’s Kyoto Protocol Target Achievement Plan[1] but are difficult to
deliberate by the MTEC (Mid-term Targets Examination Committee of Japan) or other bodies on
a national scale analysis. This was verified through a case study on utilizing incineration plant
waste heat by calculating MAC for a specific community.
2) Evaluation of MAC by setting appropriate payback time
The marginal abatement cost (MAC) for each measure is evaluated setting the payback time at
70% of the measure lifetime from the viewpoint of the middle- to long-term improvement of
social capital and considering the technology use conditions. It was clarified that this improves
the MAC assessment for measures with high initial investments such as improving building
insulation and community-wide energy utilization, which were not properly evaluated using a
payback time of 3-10 years. Investment incentives must be considered for such measures as
social capital from a middle- to long-term perspective.

3) Estimation of monetary value of NEBs, reflecting B/C and MAC
This study proposed an approach to estimate monetary value of variety of non-energy benefits
(NEBs) to promote community-wide carbon emission reduction initiatives. It was shown
through a case study that in addition to the EB corresponding NEBs can also be expected,
which can explain a higher cost-benefit ratio (B/C).
This paper also proposes an approach to revising the marginal abatement cost curve by
allocating the NEBs to each measure, and demonstrates through the case study how this
results in the assessment of more of the measures in the community as economically
promising.
4) Future Outlook
4-1) Incorporate a future technology roadmap
The marginal abatement cost curve in this study was discussed were within the range of
information regarding the performance and costs of technologies that have already been
commercialized, but the discussion must be based on middle- to long-term scenarios
considering the roadmap to low-carbon technologies, including technologies that will be
developed in the future as well as large cost reductions in existing technologies.
4-2) Further NEB studies and examinations on the method of allocation among stakeholders
The proposed NEBs are only partial, and diverse additional NEB studies are needed.
Moreover, while the cost-benefit ratio (B/C) provisionally calculated in this study is received
by all the stakeholders, it is necessary to develop a means to break down the NEBs among
the stakeholders based on their respective commitment and other factors.
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Summary
During the Twentieth Century our cities suffered from the widespread use of Lecorbusierian
theories on urbanism, codified by the Athens Charter of 1933. From the Ville Radieuse to l’Unité
d’Habitation, up to the Modulor, the whole world’s cities switched their scale from “human
dimension” to “car dimension”.
The result of this new way of conceiving the city was the explosion of social disease and the
increasing of the global warming: recently a wrong urbanism has been also recognized as the main
responsible of greenhouse effect on Planet Earth.
Today the debate on "sustainability" often drives to discuss only about energetic problems of the
buildings, forgetting the costs (and the harmful effects) of certain industrial solutions presented as
sustainable. It is true that in the last years there has been a strong development of the so-called
green-architecture, but it is often restricted to those industrial buildings where “eco-sustainability”
stands for "use".
How much does it cost to the community all of this? What’s the meaning of producing, transporting
and installing those technologies, which cannot be realized anymore the day after the low-cost oil
era?
Why the existing possibility "to sustain" local economies by employing techniques, materials and
local enterprises, is ignored when they discuss of “sustainability”? Shouldn’t we realize it would
mean to reduce, or even to eliminate, the depressed economies of many Countries? And what
about the great opportunity to solve those social problems generated by urban sprawl in the
modernist era? Should not we answer to the impelling necessity of bringing our cities back to a
human dimension? We cannot exclude from the parameters of sustainability another urgent
necessity, that is to protect craftsmanship, which keeps alive historical heritage as a source for
touristic economy in so many Countries!
It might seem a paradox but the cities we inherited from twentieth-century town-planning, along
with the above mentioned enormous problems, have also brought with them some important value
for the future.
Indeed our cities are mostly made up of enormous empty spaces, that can neither be called city
streets nor squares. All these spaces inside the districts, are almost exclusively public property.
In case the decision of realizing a re-compacting of the city were taken, since fossil fuels –
necessary to make the modernist city operate – are likely to run out, much of this land could be
built upon, and it would become a considerable financial resource for the public treasury: those
areas would become that excellent speculation which, in his speech of 16 June 1907, Giovanni
Giolitti complained had not been implemented by the City of Rome after the capital had been
transferred [1].

Nowadays
local
administrators would not
need to purchase lands –
since they would become
the owners of an enormous
domain – and there would
even be the possibility of
enriching the public funds
by selling and/or granting
land for building according
to the conditions of the
new landowners, of the
State and of the local
administrations.
This
paper
has
the
purpose to introduce a
practical example (Fig. 1)
planned to replace the
most symbolic modernist
building/district in Rome:
the social housing complex
of Corviale. It is a groundscraper 1 km long, where
nearly 6500 inhabitants
live, or better “survive”,
waiting for better living
conditions. The proposal
(presented to the local
administration yet) found a
widespread
agreement,
above
all
among
inhabitants but also among
politicians.
It is a demonstration of
Fig. 1 Aerial View of the present Social Housing District “Corviale” in how is possible to replace
the ground-scraper with a
Rome and Master Plan for the new Borgo Corviale
human-scale
newtraditional district, without a traumatic moving of the inhabitants: indeed it is shown a way to
improve life in the district, to re-launch local economy, to preserve and to improve both the
landscape and the environment, and last but not least, to create some unexpected great business
for local administration.
Keywords: Retrofitting the Existing City, Traditional Neighborhoods Design/Neotraditional Design,
Sustainable Vernacular Architecture, Ecological, Sustainable Urban Design, Improving
quality of life, making new business

1. Introduction
When the complex of Corviale was conceived (and it still happens in the schools of architecture),
they sustained that such a kind of housebuilding was the only possible way to provide soon a low
cost house to all the paupers. Later on, this justification was demonstrated to be a lie!
As a matter of fact, we can consider what is widely justified in the book "the Sustainable City is
Possible" [2], which was written when the building costs in Rome was esteemed to be €/m3 206.00,
or €/m2 618.00: if we try to update Corviale’s building costs (without considering those € 45000000
spent for unfinished maintenance works since the beginning of its use) we’d have € 139415438.34,

that means about € 200.00/m3, (and € 600.00/m2)!
It is unquestionable that we’re talking of a huge amount of money, much more than what had been
spent to build wonderful popular quarters such as Garbatella, San Saba, Testaccio, Piazza d’Armi,
Flaminio, Latino, etc.: all of them realized, during last century and within the Thirties, by using
traditional techniques (everything is documented in the above mentioned book).
Furthermore, there are arguments we to be considered extremely serious:
the Corviale complex was never completed;
the accounts reported are not definitive;
the social costs of Corviale are not calculable;
it took 7.5 years to have the first habitable houses in Corviale, while to build the houses of
the aforementioned traditional districts they employed from 6 months up to one year!
Furthermore, those buildings didn’t need any restoration, during the first 100 years of their
life!
It is urgent to reflect on this passage of the essay "Corviale, a one-kilometer long mistake" [3]: "the
project was proposed on July 20 '72, five days after the date fixed with precision by the historian of
the architecture Charles Jencks for the death of those utopias, at 3,32 p.m. of July 15th of that year,
with the demolition of the immense complex Pruitt-Igoe in Saint Louis, "uninhabitable environment,
deleterious for its low income residents" [...] "Abandoned to themselves, the inhabitants of Corviale
have withstood. Parachuted in a structure they didn't understand, evicted by thousand outskirts,
they have fought for the most elementary things: the stop of the bus, the intercoms, the pharmacy.
Mothers have fought against the heroin garrisoning in turn the places of shop. There is who has
gone away, selling, illegally, and for little money the assigned – or illegally lived – house."
When Corviale was built its architect, Mario Fiorentino, said: «there are two ways to perform
Architecture … or perhaps there is only one ... the simple and undisturbing one of using schemes
which have been tested over and over again which those involved in public building in Italy – and
not just considering the Roman experience – which he accepted more or less. Then, there is the
experimental one to which the Corviale experience belongs. I shall always remember Ridolfi, who,
in reality had been my teacher, saying: “when you create a design for a client (and public buildings
are for clients as is the case for any other private individual), you must always experiment without
telling the client you are doing so” since these are precisely where the opportunities for carrying out
experiments lie!» [4]
Public housebuilding conceived in this way, often asks for huge costs of construction and
maintenance, costs that are sustained by our taxes … without counting its social costs!
Otherwise, if we look back to 1911 Quadrio Pirani, designer at the institute for Social Housing in
Rome, said: «not only the homes ”beautiful on the outside and clean inside” contribute to improving
the condition of the classes who live in it, but also, the proper use of durable materials, such as
bricks and tiles, eventually leads to a reduction of maintenance costs for the buildings, especially
when the edifice has several floors assembled in a block or city quarter»[5]. And it was
demonstrated to be quite right, considering that social housing buildings of Testaccio and San
Saba based on his projects are still there, after 100 years, without ever being restored!
Bearing in mind all of this, it becomes a moral duty to demolish Corviale, turned into a symbol of
scatter-brained modus operandi. To cancel this symbol, it could be helpful to repeat no more the
error of “testing” the validity of modernist theories of LeCorbusier and his followers on the unaware
human guinea-pigs! Something of these building, children of that unsane ideology, didn’t work: this
was not due to “Italians and mafia” (as said by the architect Gregotti to justify the failure of
Palermo’s ZEN quarter), it was due to the idea itself!
But there is one more point that must not be underestimated: The ATER (Territorial Firm for The
Residential housebuilding), owner of Corviale, has recently declared that they must sell their real
estate patrimony, since they cannot bear the continuous and huge expenses of maintenance
anymore. This has been presented as an advantage for the lodgers, as the absence of
maintenance can justify the sale of the apartments at a price lower than the ones pointed out by
the official real estate market. Actually, this strategy conceals an enormous risk! Apart from the lack
of “humanity” of the building, the biggest risk is related to materials and technology of the building:
naked prefab panels of reinforced concrete, in terrible conditions yet, according to the principles of

consumerism applied on housebuilding, are due to last very shortly!
Anyone could wonder where is the moral ethics of ATER’s managers, who are selling not houses
to the unaware lodgers of Corviale, but "clockmaking bombs", this is also valid for other social
housing districts of Rome, such as Vigne Nuove, Tor Bella Monaca, etc.: buildings close to expire,
according to Sant’Elia’s Futurist Manifesto so reciting at point 8: «[…] the basic characteristics of
Futurist Architecture are transitoriness. “buildings will not last as long as we do. Every generation
will have to build its own city” this constant renewal of the architectural environment will contribute
to the victory of “Futurism”, for which we struggle incessantly against the cowardly retreat into the
past» [6].

2. Borgo Corviale (Corviale Village)
Before facing this project, we had to give an answer to a few questions having priority:
Is it possible to demolish a
building to where thousands of
souls live, avoiding a forced
transfer
to
them,
as
unfortunately happened during
the urban disembowelments of
the Fascist age? (Fig. 2)
How to proceed if we choose
to divide this process into
phases, in order to create new
lodgings before beginning to
demolish the actual complex?
It is unquestionable that
people should move there
without suffering from any
trauma!
How we could be able to
obtain the so-called “prize of
cubic meters”, which would
attract the investors and their
economic involvement?
Is there anything among the
preexisting infrastructures we
could recover?
What kind of urban plant
could be suitable to such a
place?
Fig. 2 Phases of Development
left apart by politicians and urban planners?

How could it be possible to
facilitate the integration of
resident people in the town,

What kind of spaces should be drawn for children and aged people, who’re going to spend most
of the day inside the district?
Which essential activities should we provide for the district to consider the new Borgo Corviale a
“self-sufficient” village?

How should the road network be conceived, if we’d like to meet both pedestrians’ and cars’
requirements?
How could it be possible to draw the necessary green spaces of the district, in order to create
pleasant and livable green areas (and not merely rows of trees along the streets’ sides)?
Are we sure that the urbanistic standards are the only criterion to follow when we’re designing
some space?
Shouldn’t ir be better to begin considering “human criteria” such as:
1) Built spaces’ artitulation may happen along "urban sequences of piazzas and small piazzas";
2) The continuous research of the "containment of the space" needs to be carried on;
3) a "human scale" to refer to, is a priority for the new buildings and cities;
4) different functions of the buildings mixed together and co-presence of people from diversified
social classes, hepls an healthy human development inside the quarter;
5) the use of an "autochtonous architectural language” strongly helps to spur one’s own sense of
belonging and to re-discover the “genius loci”;
6) employing durable materials prevents the too frequent expenses for maintaining public buildings
…
… doesn’t all of this sound wise?
At last, the worst difficult question to answer is: could we produce wealth for local community?
Paradoxically, the answer is affirmative!
Indeed, the new cities which accepted without any condition the modern theories (those based on
the model described in 1933’s CIAM and on the Ville Radieuse) spread in all directions, reaching
some dimensions whose cost of management resulted incalculable! On the contrary, compact
historical cities have smaller surfaces which need to be paved and maintained, have shorter
sewers, aqueducts, electric, telephone and gas’ lines also requesting cheaper costs. All of this
means that Le Corbusier’s impositions [7] led to a too critical vision of the historical city,
considering it different from the modern one as it wasn’t based only on the car’s use: later the new
city revealed to be the main reason of public money’s bleeding and of contributors pockets’
hemorrhage!
The 20th century city has left us just one benefit: thanks to the squandering of land, as resulted
from the over-dimensioned great road layouts and “respect-distances”, today we have a huge
quantity of land belonging to the State! In this sense it could be interesting if communes, provinces,
regions and State become active subjects in a process of “re-urbanization” and “re-generation” of
our cities, thus setting a brake to speculation!
Therefore Corviale complex, together with its wide surrounding uncultivated ground (now used as a
home rubbish dumps), could turn into the first Italian suburbia re-generation project: the ATER
could return to play his old role (lasted up to the twenties of last century) of managing and building
the construction patrimony, even on behalf of a third party. Besides, ATER used to coordinate the
work of local artisans’ cooperatives and the one of small firms, so producing thousands of
workplaces.
We could easily use system of 100 years ago, which “subdivided” the urban blocks into lots: this
system could allow us to proceed from opposite directions with different firms and workers, that
means reduction of unemployment, shorter construction times and healthy competition among the
figures involved in the building process [8]. A further reduction of costs would be consequence of
being in the right position to obtain European funds for retraining of building craftsmanship.

The traditional technique used for buildings would allow the houses’ walls to have a better thermohygrometric performance both in the middle and long term; at the same time we could have a
strong development of skilled labor in competition with itself, thus reducing the costs of restoration
of our precious historical heritage[9].
Another way to reduce, or even eliminate, the costs of construction of social housing, derives from
another criterion used in the past to improve social conditions of the inhabitants: no more quarters
should be built, where residents belong just to one social class![10]
The unfortunate social classes will be integrated and not ghettoized, and at the same time of the
operation of realizing apartments to give in “popular” lease, or “ransom-rent”, or to be sold, will give
the State the possibility to cover the costs! Last but not least the realization of shops and offices
(which also bring life into the quarter) to be sold, could let all this operation become extremely
interesting, much more than any other idea of “great works” carried on by any Government in our
Country till now!
The project for the new Borgo Corviale (Corviale Village), while recovering all the pre-existing
infrastructures (such as sewers, aqueduct, gas lines, electric lines, etc.) articulates itself along the
ridge of the hill finishing in the South on via Portuense. Also the layout of pre-existing streets is
recovered and completed on the Western side (and partially on the Southern one)
Even if the vehicular access to all the buildings had been planned, the project was structured in
order to guarantee the widest pedestrian accessibility inside the “village” and define carefully the
edges of the district (Fig. 3). The walk along the central spine has been rhythmed by inserting 5
piazzas, or small piazzas, and some porticoes: this "pedestrian spine" would ensure economical
success to those commercial activities which should be realized on the ground floor of the
buildings!
This point sounded to be the
right alternative to propose
to those investors who are
waiting for permission to
build new shopping malls,
maybe located far away from
everything and everybody!
This “natural” (or diffused)
shopping mall could be a
guaranty of clientele for
shopkeepers, and at the
same time should be
enjoyed as a pleasant and
interesting
walk
by
everybody! People could live
“their” district 24 hours a
day! [11]
We provided for a fair
Fig. 3 pedestrian and vehicular circulations and parking lots
distribution of public and
private parking lots of
course, in order to protect the public walk: along the borders of the building, there should be a
series of ground-level parking, while an amount of public and private parking lots could be located
below the buildings and the piazzas. We also hypothesized the use of mechanized parking system,
which could allow us to provide for a wider number of parking places while using small external
surfaces.
A lot of essential everyday life activities have been thought to guarantee the autonomy of the
neighborhood: a post office, a church, a town-hall, a local police station, a school complex offering
from kindergarten up to high school.
The school buildings’ typology should have a primary importance: we provided those constructions
with green courtyards and sport fields, so that during the afternoon and out of school periods they
can be used as sporting centers for young people, still for the whole district’s benefit!
The existing library/cultural centre should be moved to one of the new piazzas; besides, we
proposed a move theatre to enrich cultural life of the district. Finally the whole built space of
Corviale Village would be surrounded by a great park.
As for the residential buildings’ typology (Fig. 4), we chose the one of the court-house: the new

green spaces of these courts
should be surrounded by
different
typologies
of
dwellings, according to the
very different requirements of
residents, from the row-house
to the “casa in linea” (linehouse), to the “palazzetto” or
to the “palazzina”. Inside each
court, local children could
enjoy their playground and
court garden: the series of
these
gardens
connected
together, should create a
pedestrian
alternative
for
residents.
Buildings should never exceed
the 18 meters’ high, and their
volumes would never give the
"beehive" effect!
In order to satisfy any kind of
social requirements (coming
from single people, couples
without children, large families,
elderly people, etc.), the
apartments’ size should start
from the 50 sqm up to 140
sqm: this means, “popular
apartments” mixed with those
in “ransom-lease” and/or those
to be sold.
The project so conceived
Fig.4 views of the New Borgo Corviale
should give back to agriculture
a surface of more than 10
hectares, (Fig. 5), also the residential surface should increase and the number of residents would
proportionally grow from 6500 unities up to 8530.

Fig.5 land consumption before and after the regeneration of Corviale
The new popular lodgings, the special buildings, both the shops and the workshops, could be
immediately sold, thus aiming to recover part of demolition/new construction expenses; the rest of
lodgings (as the State-owner promised yet) could be sold to the current tenants at a price lower
than the one of real-estate market. If we consider the current costs of demolition and construction,
and then we even apply selling prices lower than the real-estate market’s ones, we could have a
“marketing” operation which would allow the State-owner to close the budget with on asset of €
518500000,00!

After doing that, a similar amount of public money should be re-invested in similar operations all
over the national territory: that is, to translate the very sense of all we above-stated:
1) improvement of living conditions;
2) reduction of greenhouse gases;
3) creation of skilled labor;
4) preservation of historical heritage.
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Summary
A study comparing the resource usage and environmental attitudes of residents living in
sustainably designed homes and other contemporary homes was conducted in early 2011 in
southeast Queensland, Australia. The preliminary results reveal a significant difference in
energy consumption between the two housing estates. Total water usage was found to be
similar in the two groups and further analysis is being conducted to correlate the quantitative
utility consumption results with environmental attitude survey responses, to examine the
relationships among attitudes, house design and operational performance. Over 80 homes were
studied from among 475 eligible single separated residential dwellings in a sub-tropical climate.
Homes from the first study group, The Ecovillage at Currumbin, use strict codes to control
building forms including sophisticated individual real time consumption monitoring systems and
this database provided much of the utility data. This information, combined with environmental
attitude results will enable a far greater understanding of the levels to which behaviour and
passive sustainable design impact building performance.
Keywords: sustainable house design, environmental attitudes, resource usage, utility
consumption, solar passive design, people-environment congruity.

1 Introduction
Significant effort is being invested by developed countries to address anthropogenic attributable
climate change impacts by constructing more sustainable dwellings. To date there has been
some research demonstrating decreased lifecycle costs and operational greenhouse gas
emissions of sustainably designed (SD) commercial buildings. In contrast, little research has
been undertaken to evaluate the operational performance of SD residential buildings in relation
to human attitudes, values and behaviour. Building a SD residential dwelling may assist in
reducing water and energy consumption through passive measures, but consumption
efficiencies may also be enhanced or reduced by the behaviour of the occupants within the
dwelling and this has not been quantified. For the purposes of this study, sustainability is
defined as the capability to sustain or maintain, in a cyclical fashion, such as occurs in natural
processes. Sustainable development is identified as 'development which meets the needs of the
present  without  compromising  the  ability  of  future  generations  to  meet  their  own  needs’  [1].
This paper describes the method and the interim results of research investigating the role of
sustainable house design, occupants and resource usage. The aim of the study is to improve
our understanding about whether sustainably designed homes truly achieve lower levels of
impact on the environment and also to what extent occupant attitudes play a role in any
improvement. Two types of strategic data were collected. First, key utility consumption data
(including water, gas and electricity) were measured using real time monitoring systems
embedded in over 40 sustainably designed homes within The Ecovillage at Currumbin
(‘Ecovillage’),   in   southeast   Queensland,   Australia.      Second,   data on occupant’s environmental
attitudes focuses findings towards consumption versus conservation environmental resources. It
is postulated that strong conservation values for environmental conservation will impact on
behaviour and resource usage, hence giving better understanding on how the attitudes of

residents relates to utility usage (consumption). The Ecovillage was selected as the primary
case study due to the high probability that occupants will have environmental attitudes aligned
to conservation. Similarly the design of homes in the Ecovillage is aligned with environmental
conservation.
A control group of equivalent sample of contemporary homes from the same area provides a
well matched comparison group in the same climate zone. To our knowledge, a study of this
depth using such technology and a significant sample size of directly comparable sustainably
designed dwellings has not previously been undertaken.
Homes within The Ecovillage at Currumbin use real-time monitoring systems, termed an
Information   Metering   and   Control   System   (IMCS).   The   base   ‘EcoVision’   branded   monitoring  
system provides utility data on electricity (grid power used and solar energy generated),
recycled water and gas. The more advanced 3000 series EcoVision systems also provide rain
water tank level data and room temperatures and humidity data through additional sensors.
The sustainable homes are developed using strict architectural and landscaping design codes
which  assisted  ‘The  Ecovillage  at  Currumbin’  to  win  the  FIABCI Prix  d’Excellence  Award  in  2008  
and 30 other national awards. Further analysis of the data resulting from this study in the
second half of 2011 will extend the results of this preliminary study.
To date there has been some research [2] evaluating the performance of commercial buildings,
especially  those  achieving  high  ‘Star’  ratings,  proving  they  can  result  in  lower  lifecycle  costs  and  
operational greenhouse gas (GHG) emissions [3].
More recent analyses from the International Panel on Climate Change (IPCC) suggest that
“while   occupant   behaviour,   culture   and consumer choice and use of technologies are also
major determinants of energy use in buildings and play a fundamental role in determining
CO2 emissions (high agreement, limited evidence), the potential reduction through nontechnological options is rarely assessed and the potential leverage of policies over these is
poorly understood. Due to the limited number of demand-side end use efficiency options
considered by the studies, the omission of non-technological options and the often significant
co-benefits, as well as the exclusion of advanced integrated highly efficiency buildings, the
real  potential  is  likely  to  be  higher  (high  agreement,  limited  evidence)”[4].
This paper reports on work undertaken to provide evidence surrounding the assertions
contained in the IPCC report. First, in order to examine the non-technical drivers referred to by
IPCC it is necessary to conceptualise, structure and operationalise these dimensions into a
research methodology.
Second, the IPCC argues that little is understood of the relationship between policy and the
performance outcomes of buildings in terms of greenhouse gas (GHG) emissions. To this end
the paper will report broadly on an example (the Ecovillage) where there has been an alignment
of local government sustainability policy, planning control to reinforce this policy, and local
codes infusing sustainability in house design. This kind of alignment creates a highly intentional
infrastructure. The second part of the part reports on this approach.
Hence, the study attempts to answer the interesting question that comes from the nexus
between   occupants   and   infrastructure;;   namely,   ‘to   what   extent   are   consumption   efficiencies  
enhanced or reduced by the behaviour of the occupants  within  the  dwelling’  as  this  has  not  yet  
been   quantified.      The   “nexus   between   planning,   design   and   governance   as   a   mechanism   to  
address  the  current  paradox  and  maintain  quality  of  life  whilst  reducing  environmental  impacts”  
is described by Hyde in the   SB08   paper   titled   “Exploring   a   ‘quality   of   life’   approach   for
sustainable  housing  in  Southeast  Queensland:  Case  study  of  Currumbin  Ecovillage,  Australia”.  
This paper describes the strategies applied in The Ecovillage at Currumbin (a population of
interest for this research) which attempt to bring together both the soft foundations - social and

economic systems, and the hard foundation - planning, design and technology systems to
produce a more sustainable community [5].
Findings suggest that this relationship is not linear, that is, where attitudes, values and
behaviour align with sustainable design infrastructure there are significant improvements in
performance but also satisfaction. Further work is underway to validate this finding. Of
significance, energy use between 1983–84 and 2003–04 in the residential sector grew by 52%
[6] and continues to rise; strategies that yield high level of consumption reduction such as this
are needed.
As the building sector contributes up to 40% of greenhouse gas emissions (GHG) [7] it is a
logical target for seeking efficiencies to reduce impacts on the environment. Around the world,
government programs are increasing minimum performance standards in an attempt to
mandate reductions in water and energy use, and reduce greenhouse gas emissions, while
improving occupant comfort. Meanwhile, the 59 green building councils in countries across the
world [8] are providing, auditing and marketing tools which provide incentives to residential and
commercial developers to develop more sustainable buildings.
The  study  is  part  of  a  larger  research  project  titled  ‘Quality  of  Life  in  environmentally  intentional  
and un-intentional   housing:   A   comparative   study   from   SE   Queensland,   Australia’   which   will  
evaluate both design and attitude impacts concurrently. The aims of this study are to:




describe what relationship there is between claimed sustainably designed buildings and
the  measured  occupant’s  congruence  with  environmental  values  and  their  behaviour  in  
using the buildings, which   contribute  to  the   building’s   level   of   operational   performance,  
and
test if there is an alignment between occupant environmental attitudes, satisfaction with
the internal building environment and sustainable architectural design.

As described in the paper  titled  ‘Towards  a  new  paradigm  for  the  assessment  of  sustainable  
housing- a  quality  of  life  approach’  by  Upadhyay,  Quality  of  Life  metrics  do  not  currently  involve  
environmental factors and hence a new paradigm for assessing a residential environment
should consider such issues. The model defines Environmental Quality of life (QoLe) as the
perceived and experienced QoL in the broader social, physical and economic environment in
the geographic space within which people live [9]. The results of this study aim to help connect
the physical and social spheres of this paradigm.
Consumption data measure energy, water and related usage of up to 80 homes, half coming
from  the  most  awarded  ‘environmentally  sensitive’  residential  development  in  Australia,  ‘The  
Ecovillage  in  Currumbin’  [10]. The Ecovillage in Currumbin is the only location in Australia
where such a high concentration of sustainable homes has been built, in the same climate
zone, over the same period of time (the past three years). This study will compare Ecovillage
homes to homes of comparable size and age, in the same climate zone, using both utility and
survey data.

2 Measuring resource usage, environmental attitudes and occupant
behaviour
2.1 Conceptualisation
First, resource usage, is captured though utility measurement. This will provide the net total
indicators of resource usage. If these exceed the carrying capacity of the earth then it could be
argued the occupant’s  lifestyle  is  unsustainable.  The  resulting  net  utility  use  could,  however,  be  

due to several factors. These factors fall into two categories, that is items related to the default
and passive design of the house, or the result of how the dwelling was operated by the
inhabitants. We argue that these two types of impact can be measured. First, the ability of a
home to control and manage a comfortable environment for human habitation can be
considered due to its inherent passive design. The types of tools industry use to ensure
compliance to environmental building standards include Energy Rating systems. Most types do
not consider operational energy; however, this data can be captured readily through utility bills.
In Australia, designers have the option of using Deem-To-Satisfy provisions or a performance
tool (from the NaTHERS range which includes BERS, FirstRate or Accurate) through the
Building Code of Australia. Standard buildings typically only meet the minimum requirements
(currently 5 Stars or equivalent for most States and Territories in Australia). Designers that
actively incorporate passive design techniques to allow the building to use less operational
energy and water over time typically aim for 6 to 9 star rating, with 10 being the current
maximum.
Second, environmental attitudes are captured through a questionnaire survey. Environmental
attitudes measure human understanding and responses towards the environment. It is
postulated that strong conservation values in residence toward environmental conservation will
impact on behaviour and intern resource usage [11].
Third, the behaviour of the occupants can be quantified using relevant measures such as
actions of the residents to reduce power and water usage. Examples include turning appliances
off when not in use or putting on more clothes before turning heaters on. It is highly probable
that the environmental attitude of a person influences their behaviour in their home
environment. As meta-analysis has previously demonstrated a significant correlation between
environmental attitudes and behaviour [12]. Measurement of attitudes via a scale provides a
less intrusive monitoring tool than direct measurement of occupant behaviour. It is argued that
environmental attitude of the respondents is connected to their behaviour, though their ability to
connect their household utility use to global use and the need for biodiversity via an
understanding of wildlife and conservation issues.
The questions should also consider a range of other impacts including waste, composting, local
farming, rainwater use and solar utilisation for hot water and electricity generation. Interviews
may be conducted in future research using participants of this study.
This study and its partners have access to several factors that make it unique:
a. The   Ecovillage   at   Currumbin   development   has   ensured   a   hot   spot   of   ‘environmentally  
friendly’   homes   to   be   built   in   the   same   area.   This   allows   climate   and   other   potential  
differences to be held constant.
b. There are contemporary estates of similar house age in the same area and climate
zone, enabling various direct comparisons. In this case the comparison homes are in an
estate in the same local climate region, 7km north, called the Observatory by the
Stockland Development Company.
c. Real time data from Ecovillage homes supplements the meter data from the homes and
allows extraneous data to be identified and potentially removed from the study to
enhance its accuracy. For example if a gas meter had a leak, it can be removed from the
study until the day it was fixed, whereas billing data from utility providers does not allow
for such interrogation.
d. Collection of a range of demographic data allows conversion of the home data to square
meters, or per person or make allowances for house occupancy (or lack thereof) over a
period.
e. The dual study permits utility data to be correlated to surveys of attitude, from the same
population unlike other studies that have typically focused only on consumption data or
attitude/environmental happiness or well-being.

2.2 Structure
2.2.1

Case study approach

The study uses a case study approach and hence applies to areas that are impacted by
southeast Queensland conditions and the homes available within the specific climate zone. The
results cannot directly be generalised to the wider Australian population, however, comparison
to State averages is possible for metrics that are equivalent e.g. Litres of water consumed per
house per day or energy usage per day per person. However, the case study information does
provide an exemplar for further work, which is invaluable in the field.
2.2.2

Measurement techniques

For homes that have an EcoVision system, this more precise data has been used when
available. Such data will enable more detailed case study analysis in the future. For homes
without an EcoVision system, energy and water data extracted from paper utility bills were used.
As part of the wider project, occupants also complete questionnaires to evaluate their
environmental consciousness, beliefs and behaviours; and perceived satisfaction with their
neighbourhood. Ideally a study of sustainable house design, environmental attitudes and the
resulting utility usage should incorporate the following aspects:
a. Measurement  of  the  dwelling’s  ability  to  provide  an  environment  that  is  comfortable  for  
human habitation all year around: Whilst this is not possible for every aspect it is
possible to measure passive house design and capability in categories including energy,
water, transport, waste, indoor environment quality, landscape and materials. Tools
available to measure such categories in Australia include the National Australian Built
Environment Rating System (NABERS) and NatHERS energy efficiency rating systems.
Additionally daylight, thermal comfort and shading modelling could be attempted for
each dwelling. Some of the homes of interest within The Ecovillage at Currumbin have
been rated (frequently approximately 7 Stars) using NatHERS tools demonstrating they
in theory should perform better than homes built to achieve minimum compliance
(currently 5 Stars). The covenant (codes) for building within The Ecovillage force owners
to build a highly sustainable home (measured against codes which are more prescriptive
and performance focused). Codes apply to all new homes in Queensland; however,
most only aim to achieve minimum compliance due to perceived capital cost burdens to
achieve a higher star rating.
b. Measurement of environmental attitudes is more difficult; however, standardised surveys
have been widely used before and have proved to be reliable. One such questionnaire
has been specifically used to study environmental attitudes in residential settings. Early
work   involved   the   use   of   the   ‘New   Ecological   Paradigm’   (NEP) scale to explore the
relationship between humans and the environment [13]. The NEP scale uses a single
dimensional construct of environmental attitude which measures it in a range from
‘unconcerned   about   the   environment’   at   the   lower   end   to   ‘concerned about the
environment’  at  the  high  end.  More  recent  work  by  Milfont  and  Duckitt is now used. This
comprises a questionnaire comprises twelve specific aspects represent to preservation
and utilization attitudes. A preservation attitude includes - enjoyment of nature, support
for interventionist conservation policies, environmental movement activism,
environmental threat, personal conservation behaviour, ecocentric concern and support
for population growth policies. A utilitarian attitude includes - conservation motivated by
anthropocentric concern, confidence in science and technology, altering nature, human
dominance over nature, human utilization of nature. The original questionnaire
developed by Milfont et al. is abbreviated to 36 items with seven point Likert scale, from

‘strongly  agree’  to  ‘strongly  disagree’,  for  this  research.     This instrument, developed by
Upadhyay and Wadley, is used to assess occupant’s attitudes to the environment.
c. Measurement of the dependent variable, namely total utility consumption: A range of
data could be collected including electricity, gas, water, waste, emissions, temperature,
and humidity. The measures would need to take account of all generation as well, for
example if the house provided (solar) energy back to the grid, to obtain a net
environment impact figure. Energy and water data are known to be two of the major
uses and are often the easiest to measure using electricity, gas and water bills. For the
purposes of this study, billing data has been used for the contemporary homes and the
real time monitoring systems will provide average energy and water usage. Conversion
of this data to greenhouse gas emissions is possible, for example using greenhouse
coefficients for the local energy type (coal fired generators) for local energy that is not
local solar energy (generation).
d. Demographic data: This must be collected to ensure the results can be adjusted for
occupancy, house usage (e.g. home business use) and other factors that influence utility
use. For example, an elderly couple constantly living at home may consume more
energy compared to a couple who are only home after work hours. Similarly, age,
education and other factors could then be controlled within a multivariate analysis to
enhance detection of key relationships by ruling out confounding variables.
2.3 Operationalisation
The main analysis will use a multiple regression to determine what relationships Sustainable
Design and Environmental Attitudes have with Utility use. The regression will also include other
variables. By controlling for other factors that may affect utility use we can highlight any SD and
EA impacts. These other factors include hours of use, size of homes and age of the house. To
summarise,  if  β1 or  β2 are statistically significant then we can state they are likely to impact utility
use hence the hypothesis is supported.
This can be written as:
Uᵢ =  βₒ+  β1SD ᵢ +  β2EAᵢ +  β3Sizeᵢ +    β4Ageᵢ +    β5Occupiedᵢ +  β6Occupantsᵢ + ɛᵢ
Where
i = 1, ... ,n and n is the number of data points (participants)
U=
Utility Usage (dependent variable)
SD = Sustainable Design (independent variable)
EA = Environmental Attitudes (independent variable)
Size = Size of the house (floor area)
Age = Age of the house
Occupied = Hours the house is used per annum on average
Occupants = Number of occupants using the house on average per annum
βₒ  =   Constant
βx =
Coefficients
The above multiple regression will enable testing of all hypotheses; however, the interaction of
terms will also be examined for exploration as there may be a relationship between SD and EA
in relation to total utility use.
That  is,  we  will  include      β7SD    x    β2  EA    in  the  above  regression.
This cross tabulation will reveal if those with high environmental attitudes and more sustainable
homes produce lower utility usage and if the opposite is true. Additionally we will be able to
determine if high EA and low SD relate, and vice versa.
The above regression is a valid method if relationships between variables are linear. If
preliminary analyses indicate the likely presence of non-linear relationships, the analytic
approach will be adjusted as appropriate.

3 Findings
This paper was completed in early April 2011, when data collection and analysis was still in
progress. However, data from the Information Monitoring and Control System (IMCS) and bill
data for the Ecovillage respondents were available at this time so this paper reports on this for
the first time. The IMCS data provide energy and water data from real time monitoring systems
within the homes. By April 2011, there were 66 completed homes in the Ecovillage. Of these
homes, 47 had operating IMCS systems or paper based bill data that contained usable data.
Preliminary results demonstrate that, on average, the Ecovillage homes used 54% less energy
compared to homes in the comparative contemporary estate in the same region. In terms of
water usage, the sustainably designed homes surveyed consumed only 2% less than those in
the contemporary estates. Of note, the Ecovillage dwellings typically had solar photovoltaic
systems and in total produced 61% of the energy they consumed which would help offset their
resulting total greenhouse emissions.

Figure 1 – Total Energy Use per District/Community/Estate
Other preliminary results at this point in time reveal:
f. Ecovillage homes consumed on average 6.6 kilowatt hours, per household, per day
(kWh/hh/pd) of electricity. This is 67% less than the Queensland State average of 20
kWh/hh/pd [14].
g. In terms of total energy (given that some homes use gas for heating and cooking), the
Ecovillage used an average of 10kWh/hh/pd compared to 24 kWh/hh/pd for six Silva
Park homes [15], 31 kWh/hh/pd for six The Gap homes [16] and 22kWh/hh/pd for the
Observatory homes in the comparison contemporary estate known as the Observatory.
See Figure 1 for a graph of the comparisons.
h. Ecovillage homes consumed on average 405 litres of water per household per day which
is 41% less than the Brisbane average of 685 litres [17].

i.

Per person, the water usage was found to be 175 litres on average per day. This is less
than that in traditional Gold Coast homes (180 l/pp/day)[15]. This is slightly more than
Silva park (136 l/pp/day) and The Gap (175 l/pp/day) [16].
The Ecovillage results are based on data from 27 homes with an IMCS and 14 homes
with household bill data only (totalling 41 homes), and 40 homes from the comparison
Observatory community.

At 14 April 2011, the following number of participants had been surveyed, however only utility
consumption data had been collated and assessed. One of the dwellings is a 7.2 Star rated
Energy Efficiency Award winning home (Figure 2).
Table 1 - Sample
Method

Number of
Ecovillage
Homes

Number of
Contemporary
Homes

Total

Utility consumption data collection
using IMCS or bill data

41

40

81

Survey Questionnaires

34

40

74

Total relevant study population

47

428

475

Figure 2 – Energy  Efficient  house  ‘1 Yagoi Place’  at  The Ecovillage in Currumbin

4 Discussion
In relation to electricity use, Ecovillage homes used on average 4,884 kWh per annum less than
the state average. This is likely to be primarily due to the fact that the homes are relatively new,
had to comply with strict sustainability building codes and are operated by people who are
potentially more environmentally aware and hence energy conscious and conservative. The
second part of the study should be able to confirm this last prediction through the environmental
attitude survey results.
In regard to total energy, the Ecovillage dwellings have access to an underground LPG (gas)
system which provides energy for cooking (stoves and ovens) and as a backup for solar hot
water systems which are mandatory. After converting the gas (from litres to kWh), the relative
energy component of the supplementary gas systems adds an extra 3.4kWh per day, taking
total energy consumption to 10 kWh/hh/pd. This is still far less than homes of a similar age at
The Gap and Silva Park at 31 and 24 kWh/hh/pd respectively. Primary reasons for this

difference are likely to be the designs of the homes (all homes within the Ecovillage must use
solar passive design). This includes ensuring the building orientation utilises solar north to
maximum effect, eaves protect homes from the sun in summer but allow it inside during the
winter, and insulation and glazing values suit the local climate.
Equipment uses also differ: non-ecovillage homes often contain pools and hence pool pumps
and are larger in size; Ecovillage homes preference energy and water efficient appliances and
air conditioning is prohibited (and not required) which is unusual give the hot humid climate (and
cool winter). Further analysis using the demographic data will be able to cater for and highlight
such differences to aid comparisons and enhance insights. Electric hot water systems were
standard in Australia until recently, so the solar hot water system use significantly reduces the
overall greenhouse gas emissions for this estate.
In terms of water, Ecovillage homes use only rainwater and recycled water to meet their needs.
Although there is a town mains at the main road, no homes are connected to it. One reason that
Ecovillage homes use more water is likely to relate to the fact that Queensland and local Gold
Coast areas enforce water restrictions, which do not apply within the Ecovillage where they
have their own off-grid supply. Each home typically contains over 44,500 litres storage capacity
for rain water and this is supplemented by a recycled water system where all water used within
the house is captured and treated to Class A+, treated and then return to homes to flush all
toilets and for garden irrigation. Hence an almost circular and sustainable water cycle has been
created. Most residents also maintain vegetable gardens and fruit trees which require water in
hot summer months, and would add to water requirements.
In  a  previous  study  titled  ‘The  Ecovillage  at  Currumbin  - a  model  for  decentralised  development’  
a small number of Ecovillage homes built in 2007-9 were compared to Gold Coast and state
averages for energy and water use [15]. The study found water usage in the Ecovillage to be
higher than the state average over the 2 year period (196 L/pp/day versus 180 L/pp/pd). It is
interesting to note that water restrictions applied in the Gold Coast City Council region during
the study period. Because the Ecovillage community has its own closed water cycle, Council
restrictions do not apply within the development area. In contrast to the present study, the
comparison homes were in different climate zones and of differing sizes to the Ecovillage
homes. In relation to Electrical Energy use, the Department of Natural Resources & Water
managed study [15] found the Ecovillage homes were using significantly less than the state
average and contemporary estate. The 2011 results for electricity use are likely to be more
accurate than the 2007-2009 study as the present study contains 71% more homes than the
previous study.
An important factor to consider when evaluating the effectiveness of sustainable housing is the
environmental attitude and knowledge of occupants. Hostetler and Noiseux found in one study
in 2006 that residents did not come equipped with the environmental knowledge, attitudes and
behaviours to make green communities function and suggested post-construction management
and educational programs to engage residents of green communities [18]. The study did not
record or compare consumption levels whereas this study will obtain and analyse this data
through utility usage. To determine the causes of lower utility usage we are seeking to
understand if people in sustainable homes who have pro-environmental attitudes and beliefs
are capable of practicing low energy and environment friendly behaviour and maximising the
passive sustainability features of their home through operational influences.
Studies of communities have suggested residents of intentional communities are capable of
supplementing built capital with social capital and hence can reduce total resource usage and
dependence [19]. This study will be able to supplement this research with more extensive data.
Follow up surveys and interviews will enable comparison to similar previous studies, for
example four sites studied by Hostetler and Noiseux in Florida, USA in 2006.

5 Conclusion
The preliminary results have revealed that the Ecovillage homes consume significantly less
electricity and total energy compared to average Queensland homes and those in contemporary
estates. The reasons for this will become clearer as the demographic and environmental
attitude survey responses are analysed for patterns and themes. The results should be
available in late 2011.
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Summary
This paper structures methodological steps for development of multidimensional (functional,
environmental and economic) indicators, involving eliminatory and classificatory criteria to select
the best descriptor(s) of a given element. It also proposes a specific approach for the selection of
proxy metrics, according to the data available at relevant building life cycle stages that would
provide the best description possible of the targeted element and monitor that information along
the design process and building life cycle. Focusing on impact and resource use intensity
assessment at early conceptual stage, analytic hierarchy process matrices were used to help
develop relative weights among proposed proxies and assist the selection of building morphologies
for an ongoing design case in Brazil, based on the pre-established environmental criteria and
descriptors. Further on, variations of such method can support optimization of a given selected
concept and aggregate indicators from other sustainability and performance aspects.
Keywords: multidimensional indicators; building life cycle; environmental criteria; integrated
design.

1. Introduction and background
Sustainability has been on spot for a while. The building construction sector is the greatest
consumer of natural resources as far as land use and material extraction are concerned. It is
responsible for 30% to 40% of primary energy consumption and GWP (global warming potential)
emissions. An important element to define sustainability goals for the built environment consists in
providing the quantified information about the effects of construction, use, maintenance and end of
service life of buildings on the environment [1].
The European Environment Agency defines an environmental indicator as “a parameter or value
derived from parameters that describes the environment state and its impacts on human beings,
ecosystems and materials, the pressures on the environment, the driving forces and the responses
from that system” [2]. As representative, straightforward and easily interpreted parameters,
indicators are used to illustrate the main characteristics of a given object of analysis. As the main
information elements over which the decision-makers knowledge is built, the use of indicators is a
useful and available strategy in the search for the built environment sustainability [3] [4].
Life cycle-based studies have consistently shown the envelope and structural systems as the
major contributors to the environmental loads of a given building [5] [6] [7] [8] [9]. This paper
structures methodological steps for development of multidimensional indicators, involving

eliminatory and classificatory criteria to select the best descriptor(s) of the elements and aspects to
be considered. Information to evaluate such metrics is often available late in the building life cycle.
This paper therefore also proposes the selection of proxy metrics that would provide the best
description possible of the targeted element at earlier stages and allow for information monitoring
along the building life cycle, as relevant data becomes available.
A preliminary set of indicators was derived to develop relative weights among proposed proxies
and tested in the building morphologies selection for an ongoing design case in Brazil, based on
the pre-established environmental criteria and descriptors. This paper focuses on environmental
impact and resource use intensity indicators assessment at early conceptual stage, showing the
results of an application of the proposed approach to a case study at its early design stages by the
time of writing. The methodology was applied for materials, water, energy, indoor comfort and
architectural design. For illustration purposes, the examples given here refer to the
materials/structural design team’s viewpoint.

2. Approach
2.1

Criteria for the selection and construction of indicators

The use of indicators demands three major steps: the initial relevance-based screening; research
on adequate methods and information to analyze their values; data collection and use of relevant
assessment methods for the selected metrics [10].

Definition of the element to be
represented
Definition of the stakeholder’s
demands
Assessment of the existing indicators for
the element to be represented

Development of
eliminatory criteria for
selection and elaboration
of indicators

Development of
classificatory criteria for
selection and elaboration
of indicators

Suggestion of
indicators
Indicator analysis under eliminatory
and classificatory criteria
Indicators proposal with their
metrics and description
Validation of
the Indicators
project
results
(through case
studies)

Definition of the analysis tools:
Hierarchy analysis process to classify the
selected indicators according to their
relative importance; selection of indicators
sets for each stage of life cycle/ design
process

Figure 1 – Approach to the selection and construction of indicators ([3]
[4] [14]).

Based
on
literature
review [11] [12] [13] [14],
an approach is proposed
for the building industry
sector (Figure 1).
From literature, advisors
consultancy and surveys
among the case study
stakeholders, in particular
client and design teams,
a set of eliminatory and
classificatory criteria were
defined. The first set
should determine what is
to be represented while
the last determines how
the indicator has to be
represented (Table 1).
The classificatory criteria
represent a second filter
to be applied in order to
restrict to a manageable
number of indicators to
be used in the envelope
and
structural
frame
selection, as well as in
the selection of the best
morphology in the early
stage design process.

Table 1 – Eliminatory and classificatory criteria for selection/construction of indicators (based on
[3]).

Eliminatory
Criteria
representativeness

comparability

reliability

logic-theoretical
basis

2.2

Reason/description
to represent accurately
the object in analysis.

Classificatory
Criteria
representativeness

to help monitoring performance, allowing
comparability
comparisons between
distinct solutions.
to regulate data acquisition and calculation
process regulated in a
reliability
way to allow others to
get the same results, if
wanted.
to show the respective
logic theoretical basis
between parameters, if
an indicator is based on
multiple parameters

Reason /
description
suggested by the
number of indications
in specific building’s
literature.
availability of application to various subsystems alternatives.
measured by its capacity to provide answers to specific
stakeholders’ questions.

Distribution of indicators along the building life cycle

Based on the approach shown in Figure 1 the ideal, most accurate indicator(s) for each object of
analysis would be obtained. Considering that the data needed for indicator construction might only
be available in a stage ahead in the delivery project process, the following step would be the
identification of potential substitute indicators (proxies), even if they are not the best or most
accurate descriptors.
Figure 2 below shows an example in which embodied energy (EE), one of the top ranked
indicators for envelope and structural systems, was related to the design stage in which all
necessary data for its calculation and assessment would be available.

Figure 2- Embodied Energy (EE), one of the targeted indicators for material intensity, and its
interpretation along the building life cycle.
Proxy indicators were desired to inform earlier design stages and monitor and check that
information against benchmarks at each stage.

2.3

Assignment of relative importance among indicators

Some sort of weighting should be applied to aggregate results and effectively assist the selection
of one from a given set of alternatives. Determination of relative importance across proxies can be
supported by techniques such as the analytic hierarchy process (AHP) [15], which compares items
by pairs, according to a five-point relevance scale. Finally, the indicators proposed for the early
design process stages can be calculated, weighted and applied to capture the various
stakeholders’ requirements and facilitate appropriate decision-making in an information scarce
scenario.

3. Application to a case study
A preliminary set of indicators was derived to develop relative weights among proposed proxies
and to assist the selection of building morphologies for an ongoing design case in Brazil, based on
the pre-established environmental criteria and descriptors.
From the building materials point of view, three main categories were proposed for the conceptual
design (briefing/volumetric study and preliminary): environmental impact, resource use intensity
and resilience. Three core indicators normalized per functional unit (FU) were selected: embodied
energy (MJ/FU), embodied CO2 (kg CO2/FU) and embodied water (m3/FU). Nevertheless, none of
them can be adequately calculated before the construction phase is concluded.
Proxies for such metrics were therefore suggested and distributed along the building life cycle,
according to the data available for their assessment, allowing for monitoring at earlier phases,
which hold opportunities for impact reduction, performance improvement and green value addition
significantly greater than later on in a project’s delivery process. The following sections detail the
interpretation of the embodied energy (EE) indicator.

Figure 3 – The three morphologies proposed for the case study (University “Living Lab”).
The referred case study is a university living laboratory, in Campinas, São Paulo. This lab aims at
being a pilot model of sustainability and innovation for research on sustainability of the built
environment. Three different building morphologies were proposed according to the briefing
derived from the integrated design charrettes.
AHP matrices, like the one shown in Figure 4, assisted the derivation of relative importance for the
selected proxies. The matrix shows the proxy metrics for energy efficiency (EE) in the conceptual
design stage and the resulting weighting factors from a design team member’s viewpoint, as well
as some of the targeted indicators selected to be used in the case study to help the morphology
selection process.

Impact
Resilience intensity Resource use intensity

Indicators
category

Table 2 – Embodied Energy (EE), one of the targeted indicators for material intensity, and its
interpretation along a building life cycle. The highlighted indicators were used in the Brazilian’s
case study conceptual design stage.

Design
Conceptual design
Briefing / Preliminary
Volumetric
design
Ind.1=
Afaçades/A net
area

[m2/m2]
Ind.2=
Aroof area /A net
2
2
area [m /m ]

Detailed Construction
design
EE
[MJ/UF]

Use

End of
sevice life

EE corrected
[MJ/UF]

EE corrected Deconstruct
x
ability
o
(design + losses+ n substitutions

Ind.2astructural
Ind.2benvelope

Ind. 3 =

Astructural area

waste)

[% vol]

Reciclability
[% vol]

/Anet area
[m2/m2]
Ind.4 =
Ind.5 = VEW*reused / A net area
Vearth movement /
[m3/m2]
A net area
3
2
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Ind.6 = degree of adaptation
No columns/ m2 net area [ m-2]
Ind.7 =

degree of prefabrication
m3pré-fabricated /m3cast in situ

* VEW = volume of excavation waste reused.

Figure 4 - AHP matrix used for relative weighting of multidimensional indicators for building
material (envelope and structural frame) assessment at the conceptual design stage.

4. Results and Discussion
The results of the application of the proxy metrics in the case study, as well as its interpretation are
shown in Table 3.
Table 3 – Weighted proxy metrics set (multidimensional indicators) applied to the three proposed
morphologies for the conceptual design stage of the case study.

Indicators name

Indicators value
/proxy metrics
B*

C**

AHP
Weights

T***

Weighted results for
the proxy metrics

B*

C**

T***

Ind.1a = A façades / A net area [m2/m2]

2.33 1.42

0.96

0.370

0.86

0.52

0.35

Ind.2b = A roof / A net area [m2/m2]

0.17 0.43

0.95

0.231

0.04

0.10

0.22

Ind. 3c = A structural / A net area [m2/m2]

1.50 1.95

2.67

0.293

0.44

0.57

0.77

Ind.4d = Vearth movement / A net area [m3/m2]

3.33 5.71

0.67

0.107

0.36

0.61

0.07

Total intensity of resources

1.34

1.20

1.36

Total intensity of impacts

0.36

0.61

0.07

* B = Beacon; **C = Cave; ***T = Terraces
a
The higher the value for the indicator, the worse (higher environmental impact and maintenance costs);
b
The higher the value for the indicator, the better (more available area for green roof and for secure alternative/complementary energy systems);
c
The higher the value for the indicator, the worse (higher environmental load and structural system’s costs);
d
The higher the value for the indicator, the worse (higher environmental load and initial costs due to excavation).

Applying the methodology (Figure 1), a set of functional, environmental and economic indicators
selected for the chosen elements of representation (structural and envelope systems) over the
main stages of a building life cycle was developed. Although the results address only to the proxy
metrics set for the early stage design process, they provide useful information concerning the pre
established criteria for the project, providing some integration of environmental and economic
aspects besides functional in the decision making process regarding morphology selection (Figure
3) for further integrated design development of the living laboratory.
The chosen resource use intensity indicators (Ind. 1, 2 and 3) are able to relate environmental,
functional and economic performance through direct consideration of impact loads, and of
structural optimization and maintenance costs, respectively, while the impact intensity indicator
used (Ind.4) is a consequential environmental indicator (earth movement volume), which also
indirectly relates to economic performance (initial costs).
From the resource consumption viewpoint, results based on three indicators (Ind. 1, Ind. 2 and Ind.
3) point to the "cave" as the most appropriate alternative (Table 3). However, when considering the
impact intensity, measured by a single indicator (Ind. 4), that morphology stands out as the most
striking alternative. Putting the impact intensity indicator in perspective, reuse options for the
excavated volume, like agriculture and landscaping, were not taken into account.
This approach allows the consideration, already at this early stage of design process, of some

sustainability aspects (environmental dimension), such as lower impact intensity on the
environment, and lower material’s resource use intensity. Their monitoring allows capturing the
evolution and inclusion of other indicators, as new data to their baseline measurements are
obtained throughout the design process.
It should be noted however, that only one impact intensity indicator was considered, which greatly
increased its relative weight in comparison to the three resource intensity indicators analyzed. In
addition, other indicators of impact may arise from other team’s contributions in this integrated
project process, which may change the obtained results. For example, this indicator did not
consider that the soil removed could be leveraged in other local projects, reducing impact intensity.
This exercise demonstrated that the combination and weighting of proxies for relevant indicators
provided useful design input. It is recommended that all three morphologies are developed one
stage ahead in the design process and the same line of thinking is reapplied, so that new
fundamental proxies/indicators can be incorporated into the analysis to define the best alternative,
or eventually, to point to a new one.

5. Conclusions
Extensive communication and information exchanges between stakeholders, in particular client
and design teams, are required to solve many design problems associated with the early stage
process, which shows the importance of a selected multidimensional indicators set to assure the
consideration of functional, economical and environmental performance since then.
The case study application highlighted the need to develop other impact intensity indicators that
not only point out the cause of a problem and its environmental impact (driving force, pressure,
state) but also present the solution (answer) for it. Also, the modification of the original indicator
(Ind. 4* – volume of discarded, non-reused earth movement) and inclusion of at least one more
impact intensity indicator for this stage would most likely provide a more balanced analysis.
It can be concluded that some degree of integration of multi-dimensional aspects was achieved.
Best integration shall be reached ahead in the design process, as data needed to describe more
accurate indicators gradually become available. Nevertheless, this approach allows various
requirements from project stakeholders to be captured and considered to ensure appropriate
decision-making at early design stages, where the opportunity for performance optimization and
green value addition is at its best. Variations of such AHP method can support optimization of a
given selected concept and aggregate indicators from other sustainability and performance
aspects.
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Summary
As sustainability becomes more of a focus for the built environment, various rating systems have
been developed in order to attempt at quantifying which buildings would be considered more
sustainable than others. Life Cycle Assessments (LCAs) have become a valuable tool in
establishing the material and energy uses of a facility and predicting the impacts on the
environment. An analysis of similar facilities based on a variety of building rating systems that use
LCAs as part of their evaluation criteria can provide valuable insight into effective methods for
ranking building performance. Lessons learned from these methods can be used to develop a
simplified model that allows for a more accurate prediction of the carbon foot-print and other
potential harmful effects of the building process.
Keywords: Building Ratings, Life Cycle Assessment, Carbon Foot-printing, Sustainability

1. Introduction
Henry Gifford, in   his   paper   on  “A   Better  Way  to  Rate  Green   Buildings”[1], points out many of the
problems associated with the current LEED system. One of his chief arguments is that actual
energy usage of LEED rated buildings in some cases actually use more energy than their nonLEED counterparts. His recommendation is that buildings should not claim to be sustainable until
they have actually demonstrated some form of energy savings instead of simply using predictive
models. Recently, Joseph W. Lstiburek, echoes  these  sentiments  in  “Insight  Prioritizing  Green:  It’s  
the  Energy  Stupid”[2] and puts emphasis on the design community. It is his philosophy that basic
energy saving should be a primary role of the architect just as structurally sound and safe facilities
are.
Despite the popularity and U.S. government endorsement of the LEED (Leadership in Energy and
Environmental Design) rating system, it has received wide spread criticism for giving certification to
facilities that may not prove to be beneficial to the environment. One of the current indicators of
sustainability can be measured through the Life Cycle Assessment (LCA) of the materials and
operating energy use through their cumulative carbon footprint. By performing a comparative
analysis based on Carbon Foot-printing of a LEED certified building versus a non-LEED building,
information can be gained regarding the effectiveness of the LEED rating system in categorizing
facilities. Once the gaps in data have been discovered, an effective methodology can be
developed to resolve the discrepancies and improve the future building rating systems. As a
detailed LCA can provide much more information beyond the embodied carbon, it is worthwhile to
also examine the other parameters of the data to determine if there are factors that may be more
environmentally sensitive or have a greater impact that have not been researched.

The current methods for calculating the Carbon Foot-print of a facility can require extensive
amounts of data and be very time consuming. This research intends to streamline the process by
developing efficient methodology to facilitate the review. Additionally, by integrating a more
rigorous methodology into building rating systems, it is intended that future generations of facilities
will be actually more sustainable.

2. Methodology
The overall intention of the carbon measuring is to find a method to evaluate materials and
processes based upon a similar constraint. In recognizing that a number of pollutants are released
in the extracting, processing, and manufacturing of products, the decision on what to use should
begin from the time the material is created and continue through the life of the product until it is
finally disposed or recycled. Recognizing the importance of reducing the dependence on fossil
fuels, plus minimizing the effect of power generated from carbon based products, and also
examining the contributions of green house gases – can all be analyzed through the atmospheric
emissions. In particular, all of these factors have emergy, carbon, and carbon dioxide emissions in
common. The term used to refer to the amount of environmental impact that a process has based
on  carbon  dioxide  emissions  is  “carbon  footprint”  or  “embodied  carbon”.      Therefore  by  looking  at  
the carbon footprint of several different materials or processes, the one with the smaller embodied
carbon should also have the least impact on the ecological system.
2.1 Comparing LCA Tools
In order to examine the emergy and carbon footprint for a large structure such as a building, it will
require looking at the LCA for each of the individual components that go in during the construction
process. An important aspect is to select a LCA process that includes most of the standard
building materials. The Environmental Protection Agency (EPA) currently recognizes over 20
various programs for calculating LCAs. The performance of an accurate LCA will require a review
of the available software and databases to determine which has the most applicable data relative
to the location of the building and specialty materials involved. This step will be conducted through
a thorough literature review of applicable technologies and their databases.
2.2 Performing LCA
The following paragraphs reflect steps recommended by ISO 14040 [3] and the EPA [4] to conduct
an LCA for a facility. By using a standardized method, the data is more readily acceptable for
review and duplication of techniques.
2.2.1 Diagramming
The first step in analyzing the LCA for a system is to develop a flow diagram of the process. In
building construction, this can be broken into four primary phases: material manufacture, building
construction, operation over the life expectancy for the facility, and demolition or disposal. From
this flow diagram, all the inputs and outputs from the system can be captured and used to establish
the parameters to be analyzed. For a typical building the boundaries can be set based on the
building site and what utility lines are connected to the main feeders.
2.2.2 Data
The next step is to develop a data collection plan. During this phase, the various materials that are
used in the building construction and operation are identified. This requires a detailed analysis of
everything that is required for that specific project plus an approximation of all the materials that
are used during the life cycle of the building assuming normal wear and tear. The last part of this
plan is to look at the disposal options available and anticipate how the material will be treated after
the building has been demolished.
Based on the data collection plan, a worksheet can be developed to organize the actual data in

their applicable phase of the building life cycle. The International Standards Organization (ISO)
has established procedures to address the wide variety of methods available for collecting LCA
data. By following the protocols of ISO 14040 [3], many of the problems of conflicting data should
be avoided.
2.2.3 Analysis
The final step is to enter the data in the LCA model and analyze the results. This can be done by
putting the emissions into a tabular format and looking for any discrepancies and statistical
significance. The data can be normalized in order to make assumptions concerning the
effectiveness of the method and permit comparison with other buildings. At this phase, other
information provided by a LCA can be examined to determine if there are significant elements
other than carbon.
2.3 Rating Systems
The next phase of the research involved looking at different rating systems and how they consider
LCA in their criteria. The most predominant systems are LEED version 2009 from the U.S.,
BREEAM from the U.K., Green Star from Australia, Green Globes from Canada, DGNB from
Germany, and CASBEE from Japan. With the exception of LEED, these rating systems all include
some aspect of a LCA in the determination of the environmental impact of the facility. Review of
the building rating systems to determine best practices established the groundwork of what
methods are being employed and provide indication of what improvements can be made. This
groundwork provides the basis for developing a computer based model that can readily identify the
carbon foot-print for a new facility in addition to highlighting other potential ecological impacts.
2.4 Case Study
The final step of the research involved a case study of a LEED and non-LEED building. During the
case study, each building was analyzed in accordance with evaluating techniques of the other
predominant building rating systems. This provided an indicator of how the rating systems
compare with each other and what carbon emissions they measure. As part of this analysis, the
newly developed computer model was used to examine the two buildings. This assisted in the
validation of the effectiveness of the model.
Finally, the constructed LEED building was reexamined based on the actual energy and material use. This provided the indicator of actual
performance and assist in the development of recommendations for future improvements.

3. Results
3.1

Selecting the LCA Tool

One of the primary goals of an appropriate LCA tool is that the data is easily viewable to determine
the documentation that provided the inputs for the database. Another criteria is that the individual
processes are easy to manipulate and add or delete functions without disrupting the remainder of
the model. Lastly, it was desired to have a program that could accept user supplied data in an
international format.
As there are hundreds of types of models available, the selection was refined based on the Society
of Environmental Toxicology and Chemistry (SETAC) [5] recommendations on applicable programs.
The GaBi tool was selected due to its transparency of information and its ability to perform
numerous analyses on the data in accordance with ISO and EPA requirements.

3.2

Facility Selection

In the comparison of a LEED and a non-LEED building, it was best to select facilities that are in a

similar climate, have the same function, are based on the same regulatory authority, and were
constructed at the same time. In 2003, the University of Florida did not require that all new
construction facilities would be built to a LEED standard. It was up to the individual building
occupants to determine if funding would be authorized in order to construct a facility to a
sustainable standard. Thus selecting two facilities constructed on the campus at that time would
be able to meet the criteria established for an unbiased comparison as long as the facilities had
similar functions.
For a LEED building, the M.E. Rinker School of Building Construction was chosen. This was the
first building in the state of Florida to be certified to a Gold level. The facility is a 4,322 square
meter, three story structure that is primarily used for classrooms and faculty offices. Primary
construction is steel frame with glazing and aluminium panel curtain wall. Approximately 450
students use the facility on a daily basis during the school year. Building occupancy occurred in
January 2004.
The Gerson Hall Accounting Building was selected as the Non-LEED facility. This 3,683 square
meter, three story building serves as the classroom facility for 350 students and offices for 25
faculty. Primary construction is CMU block with a brick façade. The facility was completed in
2004.

3.3 Data Development
The specifics of the two buildings originated from the construction drawings and specifications.
This provided all the data relative to the site boundary and the construction materials. Although
contractor estimates were available for the Rinker building, they were only used as a validation of
the material take-offs. This was determined to be the most effective means to keep the collection
of information consistent for the two buildings. The data was organized in accordance with the
Construction Specification Institute (CSI) Masterformat of 16 divisions. This will permit ease of
acquiring data for future projects in the United States that normally divide the work tasks and
material estimating in accordance with CSI standards.
Although complete material take-off estimates were developed for the two buildings, it was
determined to use only the most prominent items as part of the analysis. In addition to
dramatically simplifying the data entry process, this also complies with the ISO 14040 [3]
suggestion to only analyze data that makes up greater than 5% of the total building mass. Table 1
provides a summary of the most predominant materials in accordance with the applicable CSI
divisions. Since there is not significant LCA information on CSI divisions 10 through 16, they have
been omitted at this time.
The University of Florida Physical Property Division (PPD) maintains records of energy, water, and
maintenance requirements for all campus facilities. The most accurate and recent year of reports
was from 2008 and thus this was chosen as the benchmark for considering the utilities usage. An
evaluation on the energy usage of the two buildings [6] demonstrated that the demand was
relatively constant from year to year following construction. Additionally, personal interviews with
building managers was able to provide details regarding the operating times and building
occupancy. Based on the number of full time employees and students, the campus transportation
report [7] could be used to determine the estimated miles that were driven by occupants.

3.4 Comparison of Building Rating Tools
Kimberly Bunz et.al. performed a detailed analysis of some of the most prominent building rating
systems [8] in which programs in North America, Asia, and Europe were compared relative to what
areas they evaluated for sustainability. Expanding from that perspective, this research examined
how various building rating systems consider carbon and perform LCAs as part of the rating. Since
many of the building rating systems are adopted from other nations, the selection of rating systems
for this research was directed to programs that were unique with regards to how much information

they required and what detail of results were provided.
Additionally, the two buildings were
evaluated in accordance with the applicable rating system requirements to determine how they
would be certified.
3.4.1 LEED
The USGBC program [9] is primarily based on a questionnaire that covers 6 areas: Site Selection,
Water Efficiency, Energy and Atmosphere, Material Resources, Indoor Environmental Quality, and
Innovation and Design. Although there is currently a pilot program for conducting LCAs that can
earn one point for Innovation, there is no requirement that any formal LCA or Carbon calculation
must be followed to earn LEED certification.
The Rinker building earned a Gold level of certification from version 2.0 of the LEED rating system
for New Construction. Significant highlights for the project included modelled energy and water
savings of 50% each. The facility earned 39 out of a possible 69 points.
Using the LEED v2.0 scorecard, Gerson Hall was analyzed to determine the possible number of
points it could have earned. Based upon university construction regulations at the time, the
building would have earned 3 points with a possible 14 other points depending on construction
practices. The maximum points possible would have been 17, which is 9 points short of the
required 26 points for LEED certification.
3.4.2 Green Globes
Based on the Canadian Building Rating system, Green Globes [10] was developed by the Green
Building Institute. Although similar to LEED in that it uses a scorecard to determine the points,
Green Globes is specifically different in that it involves a third party verification process. The
specific areas for evaluation under Green Globes include: Management, Site, Energy, Water,
Resources, Emissions, and Indoor Environment. Additionally, Green Globes has a specific
category relative to LCA in which up to 35 points can be earned by using programs such as
Athena’s   Ecocalculator. The Athena program is based on the Uniformat division of construction
materials. It focuses strictly on calculating the square feet of building systems and then applying
those numbers in a matrix based on the type of materials. The results are based on manufacturing,
construction, and demolition; but do not include factors for operational and energy demands.
The Rinker building could earn 567 of 931 possible points for 61% of the total. This would qualify
the building for a certification of 2 out of a possible 4 Green Globes. By using the Athena
EcoCalculator [11] program, the carbon footprint for the building was estimated as 1824 tonnes
CO2eq. When normalized for size and building life, the emissions would be 7 kg CO2eq /m2-yr.
Gerson Hall would qualify for 213 of 931 possible points for 23% of the total. Since a minimum of
35% of the points must be earned in order to receive certification, the building would not receive
Green Globes certification. Using the building data in the Athena EcoCalculator showed that the
building would have a carbon footprint of 1422 tonnes CO2eq. Likewise, this would be normalized
to 6.4 kg CO2eq /m2-yr.
3.4.3 CASBEE
The Japanese developed the CASBEE [12] system in 2001 to evaluate their facilities to their
individual standards. The program has an in-depth questionnaire section that is used to develop
the bases for the two areas evaluated by the program: Environmental Quality and Environmental
Load Reduction. Additionally, information from either actual energy usage or from an energy
model can be used to assist in projecting the carbon footprint. The carbon footprint calculation
also includes a small section in which the amount of concrete, steel, and timber used in the
structure is factored into the overall carbon equation.
Using the computer based energy model from prior to construction, the Rinker building would
potentially be ranked  with  a  value  of  2.0  and  have  an  assessment  grade  of  “A”.    Based  on  the  Life  

Cycle CO2 the building would save 44% from a standard building. The results indicated an annual
carbon emission per square meter in kg CO2eq of 10.24 for construction, 16.68 for
repair/demolition, and 26.55 for operation. This provided an annual emission of 53.47 kg CO2eq
/m2-yr..
A simulation of Gerson  Hall  demonstrated  a  grade  of  “B-”  with  a  score  of 0.7. The annual carbon
emission was estimated to be 17% higher than the standard required for similar Japanese
buildings. The results indicated an annual carbon emission per square meter in kg CO 2eq of 10.24
for construction, 16.68 for repair/demolition, and 84.45 for operation. This provided an annual
emission of 111.37 kg CO2eq /m2-yr.
3.4.4 Green Star
The Green Building Council of Australia was founded in 2002 and shortly thereafter developed the
standards for the Green Star [13] rating program. In August of 2008, a version of the program was
designed to handle the specific issues relative to schools and universities. The rating system
included detailed analysis of the materials to determine such factors as durability, Eco preferred
content, or constructed in accordance with an Environmental Management System (EMS). A
portion of the rating system determines the carbon emissions based strictly on the predicted
operation phase by means of energy modelling and anticipated demands of the facility.
A simulated analysis of the Rinker building indicated that the facility would earn 53 of a possible
141 points for a potential score of 4 out of 6 Green Stars. Based on the energy modelling, the
program estimated the facility would have an annual carbon emission of 211,734 kg CO2eq or 49
kg CO2eq /m2-yr.
Using the actual energy demands and construction practices for the Gerson building estimated that
the facility could possible earn 2 Green Stars due to scoring 26 out of a possible 141 points. The
energy demands estimated an annual carbon emission of 421,932 kg CO2eq or 114.5 kg CO2eq
/m2-yr.
3.4.5 BREEAM
BRE (Building Research Establishment) Global Ltd developed the BRE Environmental &
Sustainability   Standard   BREEAM   (Building   Research   Establishment’s   Environmental   assessment  
Method) for evaluating the sustainability of various category of buildings in the UK. The current
version of BREEAM for educational facilities [14| was released in 2008. Third party verification is
an essential part of the rating process. Carbon calculations are based on actual or predicted
energy usage in addition to business and employee travel to the building site. As this method adds
the impact of transportation, an obvious increase in operational carbon emissions is noticed.
For the Rinker building, a simulated analysis of the BREEAM program indicated a rating 67.51%
and a score of Very Good. By using the Carbon Calculation tools, it was estimated that the annual
carbon emissions from the building would be 376.88 tonnes CO2 per year or an equivalent of 87.2
kg CO2eq /m2-yr.
The Gerson building had a simulated BREEAM score of 27.35% and was not considered to pass
the minimum requirements for certification. The Carbon Calculation tools provided an emission of
446.7 tonnes CO2 per year or normalized to 121.3 kg CO2eq /m2-yr.
3.4.6 DGNB
The newest of the building rating systems is the Deutsche Gesellschaft fuer Nachhaltiges Bauen
(DGNB) [15]. The system is based on a questionnaire that is backed up with a very detailed
analysis of the building systems in accordance with the Uniformat system. Additional life cycle
characteristics are determined by the predicted and actual annual energy use. The LCA
components are calculated using a GaBi  model  called  “Build-it”.

Using the Build-It program, the carbon emissions from the Rinker building were estimated to be 55
kg CO2eq /m2-yr per year based on actual energy usage.
For the Gerson building, the estimated carbon emissions were 74.7 kg CO2eq /m2-yr.
The following table depicts the results from the various rating systems relative to the amount of
carbon they would report for the same two buildings. The primary differences between the rating
systems are what phase of the life cycle is being analyzed and which data is included in the
measurements.
Table 1 Carbon emissions by building rating systems in kg CO2eq /m2-yr
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3.5 GaBi model
A GaBi model was developed that combined various reporting qualities from the analyzed rating
systems in addition to several factors that had not been previously addressed. Most of the
predominant reporting standards are preloaded into the GaBi database and thus the user can
select between such protocols as CMDL, TRACI, or a variety of similar systems. This facilitates
the analysis process by allowing the user to provide results consistent with the appropriate protocol
and change between systems as may be necessary for reporting requirements.
The GaBi tool was used to develop plans for each of the primary phases of the life cycle process.
This allows the user of the model to analyze the entire life cycle or just focus on either the
construction, operation, or demolition phase. The results of each of these phases can be reported
separately or combined for an overall performance of the building.
In the construction phase, the primary materials from each of the CSI Master-format divisions was
used. This allows the user to directly input data from the building material take-off or by using
material lists from Building Information Modelling (BIM) software.
The operation phase includes factors for utilities which include electric, gas, and potable water.
Another aspect of the operation phase is that it includes carbon emissions due to vehicular travel
such as for routine maintenance and building occupants. Additionally, factors were included to
account for renewable energy, carbon sequestering from vegetation, and the purchase of
Renewable Energy Credits (RECs). This should facilitate calculations to help determine if a facility
is carbon neutral due to the methods used to provide offsets.
In the deconstruction phase of the model, factors are included to account for material reuse or
recycling. Additionally, a space is provided to calculate the carbon emissions due to waste water
handling. Unless otherwise specified, the waste is assumed to end at the landfill and the

environmental impact is determined based on the inputs from the construction and operation
stages.
The model was initially run for the Rinker building based on the predicted energy usage. The
results indicated that there could be carbon emissions of 423,583 kg CO2 per year, which would
normalize to 98 kg CO2eq /m2-yr. Next, the model was run on the Gerson building as an indicator
of what emissions were expected from a non-sustainable building. The carbon emissions were
estimated to 511,500 kg CO2 per year, which would normalize to 138.8 kg CO2eq /m2-yr. Finally,
the model was run again on the Rinker building based on the actual energy usage. The results
indicated a carbon emission of 542,900 kg CO2 per year, which would normalize to 125.6 kg
CO2eq /m2-yr.

4. Discussion
4.1

Carbon emissions from other rating systems

For the most part, the results from other rating systems were in line with each other regarding the
carbon foot-printing. The differences in sources between various countries were relatively
insignificant. The major factor in the variations can be attributed to the data ranges that were being
collected as part of the evaluation.
In general, the scoring of the sustainable facilities put them in a close percentage of the available
points. However, some countries had more restrictive requirements that resulted in final ranking
that was not as high as others. For the non-LEED building, it was interesting to note that again,
some nations had a higher overall standard that resulted in the building being ranked at a lower
level. Some nations, through either regulations or standard practice, have a construction standard
that is more stringent and thus establishes a more sustainable baseline for evaluation.
4.2

Limitations of the GaBi program

One of the primary limitations in LCA investigations is getting accurate data to reflect the exact
material that is being used. Fortunately, there are significant similarities in parallel processes as
long as they abide by a consistent procedure for documenting the processes such as the ISO
140400 standards [3]. For the developed model, US systems were chosen when available;
although Germany was often the default scenario. The model is designed to permit easy alteration
of the databases as US (or other nation as applicable) data becomes available.
The GaBi model includes numerous functions that perform detailed analysis of the data. The user
has the option to analyze individual process or the entire LCA to evaluate the impact of changing
single or multiple parameters. A sensitivity analysis can be performed to determine what inputs
have the greatest effect and likewise which has the least impact. Additionally, the scenario that
was used for this analysis was based on the TRACI Global Warming standards as defined by the
Environmental Protection Agency (EPA). A user has the option of selecting a full range of
ecological triggers to determine the overall environmental impact of the construction.
4.3

Differences between planned results and constructed results

A significant deviation was noted between the planned energy usage and the actual recorded data
for the LEED certified building. The direct energy measurements as compared to the energy
modelling indicated that a 22% variation had occurred. The corresponding change in carbon
emissions also indicates a difference of 119,317 kg CO2 per year. The reasons for this deviation
can be attributed to a wide variety of factors ranging from inaccurate data during the design phase,
construction not occurring as planned, and/or operation of the building deviating from the modelled
process [16]. Further research would need to be conducted in order to determine the exact extent
of the variation.

5. Conclusion
Although the planned energy demands can be helpful for establishing an energy goal, it should not
be the final determinant in establishing the sustainability of the facility. An energy rating should be
based on actual verifiable results for the facility. It is imperative for Construction Managers and
Facility Managers to understand what can cause these variations and plan to take corrective action
early to avoid greater deviations.
An LCA for a facility to be comprehensive needs to include the full range of impacts from
construction through operation and finally consider the demolition at the end of life. The GaBi
model is able to provide a simplified analysis of the data based on the majority of factors affecting
the full building process. An understanding of the interrelation of these factors is important for
facility owners and operators to help in establishing objectives for reducing the carbon foot-print of
their building.
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Summary
This paper presents the Multi-annual Roadmap (2011-2013) and the long term strategy developed
in the framework of the Energy-efficient Buildings (EeB) PPP [1] launched under the European
Economic Recovery Plan. The preparation of the multi-annual Roadmap has been driven by
industry represented by the European “Energy-efficient Buildings Association (E2BA [2]). Identified
long term scenarios, key research areas, priorities for short term as well as a long term strategy
are here described.
Keywords: Energy Efficiency in Buildings, Public-Private Partnership, Roadmap, Research
Priorities

6. Introduction
The Energy-efficient Buildings (EeB) PPP [1], launched under the European Economic Recovery
Plan, will devote approximately € 1 billion in the period 2010-2013 to address the challenges that
the European construction sector and its extended value chain are facing in their ambitious goal of
researching new methods and technologies to reduce the energy footprint and CO2 emissions
related to new and renovated buildings. This represents the initial and highly strategic step of a
longer term set by the industry to create more efficient districts and cities while improving the
quality of life of European citizens.
A multi-annual Roadmap has been recently released [3] and driven by industry in the framework of
an Ad-hoc Industrial Advisory Group (AIAG). The private sector was represented by the European
“Energy-efficient Buildings Association” (E2BA) [2], as industrial interlocutor of the European
Commission in the EeB PPP. The dialogue with European Commission officers from DG RTD (for
Themes NMP and ENV), DG TREN and DG INFSO provided inputs for the preparation of the first
three Coordinated Calls, the last one released with Work Programmes 2012.
The scope of this paper is to present the list of research priorities for the definition of the MultiAnnual Roadmap and for a long term strategy, as identified by industry in the framework of the
European “Energy-efficient Buildings Association” (E2BA) and beyond, through its multiplier effect
within the broader stakeholder community.
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6.1

Strategic objectives

The construction sector accounts for 30% of industrial employment in the European Union,
contributing about 10.4% of the Gross Domestic Product, with 3 million enterprises, 95% of which
being SMEs3. Overall 48.9 million workers in the EU depend, directly or indirectly, on the
construction sector [4]. Within the construction market, the buildings industrial sector (residential
and non-residential) is the largest economic sector, as their construction and refurbishment
account for 80% (€ 1,200 billion) of the total construction sector output (€ 1,519 billion) of EU27 in
2007. Every day, the construction sector in the EU builds or renovates thousands of places where
people work, live, spend their leisure time or rest. Today, the construction sector is fully aware of a
huge responsibility, being the highest energy consumer in the EU (about 40%) and main
contributor to GHG emissions (about 36% of the EU’s total CO2 emissions and about half of the
CO2 emissions which are not covered by the Emission Trading System) [5]. In March 2007, the
European Council set clear goals for 2020:
• Increase energy efficiency to achieve a reduction of 20% of total energy use (below 2005
levels);
• 20% contribution of Renewable Energies to total energy use (11.5% above 2005
contribution);
• 20% reduction of Greenhouse Gases (GHG) below 1990 emissions (14% below 2005
emissions) [6]
In line with the European Economic Recovery Plan, further strategic targets impacting on Energy
Efficiency in Buildings and its innovation potential are associated to the EU policies such as
Europe 2020, the Innovation Union, the SET Plan and its Smart Cities Industrial Initiative, recent
Directives in the area of Energy Efficiency, the Kyoto Protocol and related international agreements
etc.
6.2

Elements of future scenarios

The vision for the Multi-Annual Roadmap is built on the E2B Scope and Vision document, where
the following statement is formulated: “By 2050, most buildings and districts could become energy
neutral, and have a zero CO2 emission. A significant number of buildings would then be energy
positive, thus becoming real power plants, integrating renewable energy sources, clean distributed
generation technologies and smart grids at district level.” [7]
Looking at energy use, the following example scenarios for building schemes in 2050 have been
identified:
Areas of high residential and work density with the following characteristics:
• Electricity generated elsewhere by means of renewable and/or CO2-free sources is used
with high efficiency.
• Sustainable electricity, heat and cold are generated on the spot at building level and district
level.
• Gas (methane – methane can take the form of natural gas or be produced from biomass –
and/or hydrogen) is an option where the combined demand for heat and electricity makes
this “exergetically” (Exergy is useful when measuring the efficiency of an energy conversion
process. The ratio of exergy to energy in a substance can be considered a measure of
energy quality. Forms of energy such as kinetic energy, electrical energy, and chemical
Gibbs free energy are 100% recoverable as work, and therefore have an exergy equal to
their energy. However, forms of energy such as radiation and thermal energy cannot be
converted completely to work, and have exergy content less than their energy content)
attractive, using advanced burners and fuel cells.
• Active gas connections are few and far between, relatively expensive and in practice only
found at major users and ‘energy routers’ (energy hubs at ‘district’ level); they are
connected to large storage systems, and in most places the hub also functions as a ‘filling
station’, for instance for local transport.
• Local energy management is taken for granted and small-scale energy buffering (thermal
and electrical) is used on a large scale to optimise cost.

•
•
•

The word ‘cost’ now relates to both internal and external factors, making optimisation
simple and socially worthwhile. Energy prices and revenues are highly differentiated (by
time and type) to enable the now complex energy system to be run economically.
Indoor thermal comfort is guaranteed, coping with heat islanding and dense population.
Energy usage will be measured in terms of user comfort, performance and added value to
the involved stakeholders through advanced performance-based business models.

Park city areas with the following characteristics:
• Sustainable power generation on a large scale, at building level and district level, with some
producers even being net exporters of electricity.
• The demand for heating and cooling is met entirely from solar and renewable energy
generated, captured and stored locally.
• Solar energy is an integral part of architecture (buildings and infrastructure).
• Energy management and buffering (thermal and electrical) are commonplace.
• Gas (methane and/or hydrogen) is used almost exclusively by energy routers.
Thinly populated areas with the following characteristics:
• Function as park cities, except that there are no energy routers.
• A large amount of generation, e.g. various types of solar power stations and wind farms
linked to the built environment. Major exporters of electricity.
Historic areas with the following characteristics:
• Can function as any other type of areas, except that the visible parts of the built
environment are protected implying that energy measures should not alter the appearance
of those parts and the needs of conservation of materials and objects have to be respected.
• The buildings often have a very specific energy signature (churches, museums, etc.),
distinctly different from the main part of the building stock.

7. Roadmapping approach and methodology
The Roadmap is based on a holistic approach, contributing to a proper integration of specific
solutions developed in the various technical fields to form a coherent, global solution. In this
framework, the Roadmap has been built on pillars, such as: 1) systemic approach; 2)
exploitation of the potential at district level; 3) geo-clusters. As a result, the Roadmap will fully
leverage on the GOLD rule: Globally Optimised, Locally Designed.
7.1

The methodology and large involvement of stakeholders

Through the E2BA members and their multiplying effects, a large community of Local Authorities,
Capital Providers, Developers (Designers, Engineers, Contractors), Supply chain (Materials and
Equipment Suppliers), Investors and Owners as well as End Users have been reached, providing a
broad overview of the research needs for the future of the sector. Indeed, over 200 contributions
highlighting research challenges and opportunities have been gathered from more than 100 E2BA
member organisations, organised in five Working Groups. An in-depth analysis of Strategic
Research Agendas, Implementation Plans and relevant R&D Position Papers from running
European Technology Platforms (ETPs) and Joint Technology Initiatives (JTIs) and other relevant
European Initiatives was performed in parallel..
The inputs collected from the E2BA members have been compared with research priorities
identified from the analysis of the Strategic Research Agendas, Implementation Plans and relevant
R&D Position Papers, as a crosscheck that relevant research challenges for the sector were not
missed.
An in-depth analysis and clustering exercise has been performed on the research gaps and
challenges gathered during this initial phase, considering key criteria such as impact, innovation
potential, time to market, geo-clusters, investments/funding requirements, inter-disciplinarity.

Five major areas have been identified, each grouping several research challenges. A qualiquantitative ranking of the research challenges towards the objectives of the EeB PPP has been
made at AIAG level, giving priorities in terms of implementation. The overall methodology at the
basis of the identification of research challenges and priorities is presented in the figure below.

Fig. 1 Overview of the methodology to identify future research priorities

8. Roadmap research areas
In order to accomplish the strategic vision highlighted, the Roadmap has been structured in 5
Research Areas:
• Refurbishment to transform existing buildings into energy-efficient buildings, where
breakthroughs are searched for in more efficient solutions for insulation or low carbon
integrated systems with low renovation cost (50% of a new building). Opportunities exist to
improve the energy performance of most of the existing buildings, reducing the thermal
energy demand and increasing the renewable energy production.
• Neutral/Energy-positive new buildings, where breakthroughs are required in new
efficient, robust, cost effective and user friendly concepts to be integrated in new buildings,
in order to increase their energy performance, reducing energy use and integrating RES.
Today the efforts focus mainly on local energy generation (integrating for example massive
PV, micro generation, etc.) without taking into account the global energy efficiency of
integration in buildings.
• Energy-efficient districts/communities, where innovation is required to enable new

•

•

methods of addressing the difference in dynamics of energy supply and demand, in the
diversity in energy demands (magnitude and type: heat, cold, electricity), in the energy
losses in distribution of thermal energy, in the difficulty to split the incentives, in the difficulty
to operate in existing buildings and districts and in the current absence of exchange/sharing
of energy by different decentralised suppliers.
Horizontal technological aspects, where current bottlenecks, irrespective of the
application area (new, existing buildings or districts), consist in the lack of cost-effective
technical solutions for demand reduction, optimal use of renewable energy, accurate
simulation tools to evaluate the expected impact of new systems and solutions in the
energy use in buildings.
Horizontal organisational aspects, where current bottlenecks exist in the individual
behaviour and social and economic development that have a strong effect on energy
demand in buildings. Moreover, the introduction of new products and technologies in the
construction sector is very slow (technological inertia), due to lack of information under real
conditions of the performance of these products in buildings.

9. Key priorities for 2011-2013
A quali-quantitative assessment of the research challenges has been made at AIAG level for the
definition of research priorities for the period 2011-2013. The analysis has been made considering
the relevance of each challenge towards the reduction of energy consumption in the built
environment and the associated decrease in greenhouse gas emissions as well as the expected
impact when addressing the challenge itself.
The folllowing thirteen Priorities have been identified within the framework of the EeB PPP
initiative:
•
•
•
•
•
•
•
•
•
•
•
•
•

Envelope (for existing buildings);
Systems and Equipments for energy use (for existing buildings);
Interaction (integration) between buildings, grid, heat network, etc;
Systems and Equipments for energy use (horizontal research challenge);
Systemic Approach (for existing buildings);
Knowledge transfer;
Relationship between User and Energy;
Retrofitting (for districts/communities)
Envelope and components;
Design – Integration of new solutions;
Systemic Approach (for new buildings);
Energy Management Systems;
Labelling and standardization.

Fig.2 shows the resulting Roadmap for 2011-2013.
Most of the Priorities support multidisciplinary collaborative and integrated research projects on
technologies, methods and concepts that are clearly oriented towards industrial application,
involving all the stakeholders in the value and innovation chain, from basic research to technology
demonstration.
Large-scale demonstration projects are also expected, where not only the components
performance is a key to success, but also the way the building industry will install, and people
accept these components. The projects have to be visible and made with public-private
partnerships approaches as often as possible.
Some of the research priorities associated with Horizontal organisational aspects would gain from
a set of Coordination and Support Actions to pave the way towards effective and large-scale
impact.

Fig. 2 Proposed Roadmap for 2011-2013

10. Examples of EeB PPP funded projects
The calls for proposals under the PPP for 2009-2011 have been well aligned with the priority areas
outlined in the research roadmap. The first set of projects responding to the 2009 calls are well
underway [8]. The selected projects are truly multidisciplinary teams considering not only bringing
scientific and technological excellence but also how these technologies can be taken to market
and which mechanisms are needed to ensure mass-deployment.
Projects varied in scope, and included the possibility of developing new business models by
exploring new techno-economic concepts, opening or creating new markets, and encouraging the
development of local supply chains.
This section provides examples of projects that align with the prioritised Challenges from the
multiannual roadmap.
Envelop components for existing building including materials
Development of a novel cost-effective nanotech coatings (COOL COVERINGS)
In order for the European buildings industry to improve their energy efficiency they must develop

associated products. COOL COVERINGS is an integrated envelope strategy, developed out of a
novel and cost-effective range of nanotechnology improved coatings, which aims to reduce heat
transfer to indoor spaces by developing high Near InfraRed (NIR) reflecting nanomaterials for
envelope application.
Systems and equipments for energy use for existing buildings
Building Energy Efficiency for Massive Market Uptake (BEEM UP)
Beem-Up will demonstrate the economic, social and technical feasibility of retrofitting to drastically
reduce energy consumption in existing buildings, and lay the ground for market uptake. The project
involves key expertise to implement and demonstrate innovative building and energy management
approaches. It improves energy efficiency in existing buildings, obtaining better indoor comfort
conditions.
Envelope and retrofitting
Towards Zero emission with high performance indoor environment: School of the future
The aim of the project is to design, realise and communicate good examples of future high
performance buildings. Both, the energy and the indoor environment performance of the
demonstration buildings under different European climates will be greatly improved due to holistic
retrofits of the building envelope, the service systems, the integration of renewables and
management systems
Design integration of new solutions fostering ICT technologies
SportE2 Energy Efficiency for European Sport facilities
SportE2 challenges the world of sport facilities to improve their energy efficiency. Through the
development of optimisation strategies, smart metering, integrated control system, and intelligent
control strategies dedicated to sport facilities, this project aims to deliver 30% energy savings and
CO2 emission reductions with a return on investment of 5 years.
Systemic approach link quality of indoor environment
Efficient Energy for Cultural Heritage (3NCULT)
3ENCULT bridges the gap between conservation of historic buildings and climate protection. Historic buildings will only survive if maintained as a living space. Energy efficient retrofit is important
for structural protection in heritage buildings but retrofitting can also improve the comfort of the
building.
Demonstration of envelop and systems and equipment for energy use
Self Powered Wireless Sensor Network for HVAC System Energy Improvement (TIBUCON)
The project focuses on the concept that a better knowledge of current building conditions can lead
to decision making and control strategies. However, gathering this data could be expensive due to
the cost of installation and maintenance of sensors. TIBUCON proposes a cheaper solution based
on Self Powered Multi Magnitude Wireless Sensor Networks (SP-MM-WSN).

11. Conclusion and longer term strategy
The 2011-2013 Multi-Annual Roadmap, focusing on the key priorities, have been successfully
developed and is being implemented through the EeB PPP calls and related funded project.
The development of the roadmap was based on a
long term strategy in which a stepped approach was
considered, namely:
• Step 1: Reducing the energy use of
buildings and its negative impacts on
environment;
• Step 2: Buildings cover their own energy
needs;
• Step 3: Transformation of buildings into
energy
Research until 2013 will mainly focus on Step 1.
Fig. 3 Multi-Annual Roadmap stepped approach
In the meantime an update of the Multiannual Roadmap, covering medium-long term is under
development. Such work is lead by the European “Energy-efficient Buildings Association” (E2BA)
and fully relies on two FP7 running Coordination and Support Actions, namely Building Up [9] and
ICT4E2BForum [10].
The action plan for the Multiannual Roadmap update is under definition and it will involve all
relevant European Technology Platforms and stakeholders at European, national and regional
scale. The updated roadmap will be instrumental to set the future research priorities and will be the
basis for any future Public Private Partnership in the area of research and innovation for an energy
efficient built environment, beyond 2013.
In addition E2BA will also work towards wide dissemination of project outcomes to ensure the
industry is aware of the new technologies available and the impact of the E2B PPP will be
maximised.
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Summary
The debate on sustainability and the built environment is currently very active, with several developed and developing countries attempting to encapsulate sustainable principles in planning policies and building regulations. Arguably, many pathways are being explored, corresponding to different applications of sustainability theories, different visions of the city, different building technologies recommended. In particular, many endeavours aimed at revitalising cities to make them better
places to live have high sustainability claims. Will such claims hold over a long-term perspective?
At the heart of sustainability is the notion of the future and of a positive legacy left to future generations. However, in this dynamic society in which global and local conditions are in constant evolution, the durability of the built environment requires a high degree of adaptation to a future which is
unknown and difficult to predict. The four-year UK Research Council-funded project ‘Urban Futures’ (www.urban-futures.org) attempts to question current strategies for sustainable urban regeneration in the face of long-term futures, detect their vulnerable aspects, and build a methodology to
establish conditions to optimise adaptation and therefore resilience. Key to this investigation is the
definition of a range of future scenarios considering a time horizon of forty years, against which
regeneration case studies are tested to detect their future level of performance. In particular, the
strand of research documented here looks at spatial configurations and their environmental, social,
and economic effectiveness by using appraising case studies. This paper illustrates the findings of
the first case study analysis: Masshouse, Birmingham.
Keywords: urban regeneration, scenario analysis, building energy efficiency

5. Introduction
The latest UN Habitat report ‘Cities and Climate Change 2011’ [1] states that currently cities are
responsible for 40 to 70 percent of total anthropogenic green house gases emissions. This is
mainly a consequence of fossil fuel consumption, with buildings using substantial quantities due to
electricity use and space heating. The high environmental impact of cities has been long acknowledged [2], and there’s an on-going debate on the urban forms that can effectively support a responsible use of resources [3]. In UK and in other European countries, the compact urban form is
believed to be energy efficient, and to offer the opportunity to urban dwellers to live in proximity of
services and facilities, to reduce car use, urban sprawl, and more [4]. Such view is consistent with
the pursuit of urban development through regeneration of previously developed urban land, promoted in UK national planning policies [5]. While in the 80’s the concept or regeneration was
strictly related to the physical transformation of degraded inner-city areas, in the 90’s such concept
was extended to encapsulate many sustainable development objectives. Today, EU countries
through frameworks such as the Bristol Accord, and the Leipzig Charter on Sustainable European

Cities recognise the important role that regeneration can play for the attainment of urban environments that can meet economic, social, and environmental goals [6].
In planning sustainable urban environments, it shouldn’t be underestimated that at the heart of the
concept of sustainability lies the concern about the long-term future [7]. The life cycle of urban assets can last decades, over which these can positively (or negatively) contribute to reduce carbon
emissions, and deliver the economic and social benefits they were designed for. Yet the evolution
of the future is unknown. Thus, planning and designing for the long-term entails acknowledging not
only the necessities of the moment, but also the uncertain evolution of the future, which is rarely
linear and incremental, but indeed unexpected, unforeseen and sometimes radical. Urban Futures,
a four year programme funded by the EPSRC1, has developed a methodology for this purpose,
aimed at appraising urban regeneration, since it is one of the strategies for urban development
most recommended. It is based on the assumption that in order to be resilient, any intervention
carried out in the name of sustainability needs to resist and adapt to unpredictable shocks that may
be deriving from external factors over which there is no control, and that cannot be foreseen.
Adaptability of the built environment is not a new concept, but within this research it is envisaged
as the ability to respond and adjust not only physically, but also in the economic and social dimension.
For the purpose of overcoming uncertainties, several methodologies for envisioning future scenarios have been developed in the past, which can provide narrations of plausible and diverse evolutions of current conditions [8]. They have been used to ‘identify uncertainty and risk, and to develop
new insights into how the challenges can be met’ [9]. Scenario analysis has been utilised for many
purposes such us harnessing insights for better decision making in drafting enterprise strategies
[10]; or defining pathways of sustainable development at a region/city level [11]. The methodology
herein documented uses scenario analysis in order to test urban regeneration strategies against a
range of diverging futures. First, an overview of the methodology is given, and the elaboration of
future scenarios fit for the purpose is discussed. Subsequently the entire process of appraisal is
applied to an urban regeneration case study in Birmingham, England. Findings derived from this
exercise are then discussed, and objectives of the final phase of the research programme are illustrated.

6. Urban Futures methodology and focus of the investigation
6.1

The Urban Futures methodology

The Urban Futures team is composed of eight working groups, each one investigating a disciplinespecific area related to urban regeneration2. The methodology elaborated by the team consists of
two main elements [12]. The first is a list of indicators, here intended as quantitative of qualitative
values that can express the performance of corresponding interventions carried out in regeneration
processes. Pertinent indicators identified in relevant discipline-specific literature were selected by
each working group. These refer to aspects such as water quality and consumption, tree coverage,
dwelling density, provision of open spaces, building energy efficiency, etc. Each indicator comes
with a recommended performance, which is usually suggested in policy or best practice, and that
can therefore be considered a benchmark. For example, in UK the ‘Urban Design Compendium’, is
a leading best practice urban design guide endorsed by CABE3. It recommends ‘brackets’ of num1
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ber of dwellings per hectare for specific urban areas (i.e. city centre, urban, suburban, etc) [13].
These have been therefore taken as an appropriate benchmark for the indicator ‘dwelling density’.
The second element is represented by a group of future scenarios, each depicting a very different
evolution of the present. A thorough literature review identified the scenarios developed by the
Global Scenario Group (GSG) at the Stockholm Environment Institute [14] as accurate, welldocumented, and consistent. Their study is supplemented with datasets reinforcing and underpinning narrations, and quantifying essential variables such as population, economy, environment,
equity, technology innovation, resources, etc. The Urban Futures scope of research is at an urban
scale, whereas GSG scenarios depict the global scale, disaggregated for broad geopolitical areas
(e.g. Asia, European OECD countries, etc.). Therefore the team derived from the GSG body of
work, as well as from relevant literature, characteristics that can portray the UK urban context with
the level of detail necessary. Four final UK urban scenarios were distilled, forty years into the future.
They range from the very positive to the very negative, so as to cover a wide variety of possibilities.
They are:
• Market Forces: Well-functioning markets are the key to resolving social, economic and environmental problems. It assumes the global system in the 21st century evolves without major surprise and incremental market adjustments are able to cope with social, economic and
environmental problems as they arise;
• Policy Reform: There is belief that markets require strong policy guidance to address inherent tendencies toward economic crisis, social conflict and environmental degradation. The
tension between continuity of dominant values and greater equity for addressing key sustainability goals will not be easily reconciled;
• New Sustainability Paradigm: New social-economic arrangements and fundamental
changes in values result in changes to the character of urban industrial civilization, rather
than its replacement;
• Fortress World: The world is divided, with the elite in interconnected, protected enclaves
and an impoverished majority outside. Armed forces impose order, protect the environment
and prevent a collapse.
Case studies analysis is carried out by assessing the compatibility of the indicators’ performance
against the characteristics of each scenario. The wide spectrum of narrations ensures indicators
are confronted and tested under many contrasting conditions, thus in the face of the uncertain.
This process brings out possible points of vulnerability for each planned intervention, whenever
conditions of a particular future hinder the degree of performance desired. For example, the proposed allocation of open spaces, which are meant to contribute to the quality of the public realm,
may be meeting the current benchmark, but be insufficient if considered against a scenario in
which values of equity, and participation to social and political life are collectively shared. In such
world an ample provision of open spaces is highly valued and the performance of the planned intervention retained low. The ensuing discussion should debate conditions necessary to eliminate
such vulnerability through higher provision of open space or other effective alternatives.
6.2

The focus of investigation

The case study herein illustrated was developed by the working group ‘Surface Built Environment
and Open Spaces’, with a particular focus on building energy efficiency. The rationale behind this
focus is that, as energy efficiency requirements become increasingly important in the endeavour to
decarbonise society, it is reasonable to surmise that in the next years mandatory standards will
become tighter. This will inevitably have a knock-on effect on the way the built environment is designed and delivered. For example, PV panels require correct orientation and rooftop space availability; community scale CHP units require space available within the development; maximised
sunlight and natural light require correct building distances and heights. The investigation of this
working group is therefore aimed at gaining a better understanding of the links between interventions for environmental efficiency and the quality of the public realm.

In UK, national planning policies indicate amongst the essential objectives for the attainment of
energy security: to save energy; and to develop clean energy supply. At a building and urban scale
this entails a good efficiency of building fabrics, and low/zero carbon technology for on-site energy
generation. Further, maximised solar access and daylight are also indicated as principles that have
the potential to reduce energy consumption at a low investment cost [15]. Thus, sun access; natural light penetration; building fabric; and on-site energy generation were selected as indicators for
energy efficiency. In additions, others were selected in order to express the quality of the public
realm. These are indicated in the ‘Urban Design Compendium’, and refer to aspects such as dwelling density, provision of open spaces, provision of a variety of dwelling types, etc. The following
section documents the application of the Urban Futures methodology to the case study.

7. A case study: Masshouse, Birmingham
7.1

Description of the context

Masshouse is a 1.8 hectares site (Figure 1), part of the ambitious 130 hectares regeneration project of Eastside, a dismissed industrial area adjacent to Birmingham city centre. In the initial Masshouse Design Statement approved by the city council, sustainability is delivered through the mixeduse nature of the development, as well as its connectedness through public transportation and
provision of pedestrian access, whereas there is no mention of particular measures concerning
sustainable buildings [16]. Ground floors overlooking the open spaces enclosed between buildings
host shops and restaurants, contributing to attract people, and create a thriving public realm. The
latest master plan drafted in 2003 proposes a series of high density/high rise buildings on two plots,
totalling 20,000m2 of residential space, and 80,000m2 of commercial space. The number of dwellings initially planned in the Design Statement totals 520 units, and the range of dwelling types in
the buildings already delivered is overwhelming composed of studio, one, and two
bedroom flats. This design
choice limits the variety of
occupants, which may result
mainly composed of singles
and couples. The development has not progressed on
site as originally planned, and
only a small part of it has
been constructed, which does
not completely reflect the
original conceptual design.
The future of the project is
unclear, but for the purpose of
this analysis the original master plan is appraised.
Fig. 1 – Masshouse master plan (in grey) drafted in 2003
7.2

Case study analysis

For each intervention to be sustainable, and to continue to be sustainable, a number of conditions
must be met over its life time. For example, good sun access and related solar gains achieved
through correct orientation and fenestration imply no overshadowing from obstacles. This condition,
which may subsist at the time of the planned intervention, can mutate in the future if a new adjacent development prevents sun access. The analysis of this case study aims at highlighting such
conditions and their likely permanence (or vulnerability) in different future contexts. Because of the

nature of this article, only two indicators/interventions are discussed in a concise form, while the
summary of the entire analysis is given in the template below (Figure 2).
Indicators

Benchmarks

Performance
in Masshouse

Market Forces

Policy Reform

New
Sustainability
Paradign

Fortress world /
Rich

Fortress World
/ Poor

Dwelling
density

160-275 dph *

290 dph

COMPATIBLE

PARTIALLY
COMPATIBLE

VULNERABLE

VULNERABLE

COMPATIBLE

Provision of
commercial
space
Provision of
open space
(civic space)

N/A +

80.000m2

COMPATIBLE

COMPATIBLE

VULNERABLE

VULNERABLE

COMPATIBLE

Provide a
setting for
community
events **

Rather small,
fragmented
civic spaces
in a very
dense
environment
Only studio,
one, and two
bedroom flats

COMPATIBLE

PARTIALLY
COMPATIBLE

VULNERABLE

VULNERABLE

COMPATIBLE

COMPATIBLE

PARTIALLY
COMPATIBLE

VULNERABLE

VULNERABLE

COMPATIBLE

20%

COMPATIBLE

PARTIALLY
COMPATIBLE

VULNERABLE

VULNERABLE

COMPATIBLE

25%

COMPATIBLE

VULNERABLE

VULNERABLE

VULNERABLE

COMPATIBLE

Walls U=0.35

PARTIALLY
COMPATIBLE

VULNERABLE

VULNERABLE

VULNERABLE

COMPATIBLE

N/A

COMPATIBLE

VULNERABLE

VULNERABLE

PARTIALLY
COMPATIBLE

COMPATIBLE

Provision of
a variety of
dwelling
types
Sun access

Natural light
penetration
Building
Fabric
On-site
energy
generation

Provision
given for a
wide variety
of households
*
Winter
Probable
Sunlight
Hours = 5%
***
Vertical Sky
Component =
27% ^
^^
Walls U=0.35
N/A ++

* Urban Design Compendium
** Planning Policy Guidance 17 – Companion Guide
***British Standards 8206 Part 2:
Code of practice for daylighting
^The Chartered Institution of British Services Engineers – Lighting guide LG10 - Daylighting and
window design
^^UK Buildings Regulations 2003- Part L
++ recommended in Planning Policy Statement 22- Companion
Guide with no specific target
+ necessary for a mixed use environment, but with no specific target

Fig. 2 template of Masshouse scenario analysis
Scenario analysis of the Indicator 1: ‘building fabric’
In order to analyse this indicator, it is important to consider that in the UK, mandatory standards for
energy conservation in residential buildings exist together with more ambitious voluntary standards.
In 2008 the government committed to progressively tighten Building Regulations by 2016, so as to
fill the gap between mandatory and voluntary standards. As a result, a review was issued in 2010,
in which standards were made tighter. In Masshouse, the indicator ‘building fabric’ complies with
the UK Building Regulations 2003.
Market Forces (MF) – In MF inefficient buildings are disregarded by those who can afford to live in
high quality environments that come at a cost, but can guarantee higher comfort. This may result in
a depreciation of the energy inefficient building stock, which risks to be predominantly occupied by
low income groups that can afford to live only in affordable dwellings. Thus, the intervention as
currently planned is only partially compatible with this scenario.
Policy reform (PR) - In line with current UK commitments to improve mandatory energy efficiency
levels, Building Regulations are made tighter in a PR world, where environmental concerns are at
the heart of policy making. Thus, the intervention as currently planned is vulnerable.
New Sustainability Paradigm (NSP) - In the NSP scenario, in which a collective cultural and social
shift towards responsible living has happened, only high standards of building insulation are implemented. The inherited building stock with insufficient building insulation is either upgraded or
demolished. Thus, the intervention as currently planned is vulnerable.
Fortress world (FW) - In FW, the poor have no choice but to accept the condition of the building
stock inherited, while the rich can afford (and demand) dwellings built at high specifications. There-

fore the current level of building fabric efficiency is acceptable only for the disadvantaged, which in
this world represent the majority.
The proposed intervention is therefore vulnerable in two scenarios (MF and PR). Conversely, it is
compatible with the other two scenarios, although dwellings may be occupied predominantly by low
income groups, given their relatively low energy standard (and relatively low value), thus possibly
contradicting the initial intention to deliver a mixed-use, thriving urban environment.
Scenario analysis of the Indicator 2: ‘dwelling density’
Masshouse’s dwelling density is of 290 dph. This indicator is above the top range of the benchmark established for an urban context (160-275 dph). The high number of units, together with the
substantial commercial space proposed, contributes to deliver a very dense urban environment.
Market Forces (MF) – Dwelling density as planned is compatible with the MF scenario, in which
urban development is market-led, there is a high demand for commercial spaces, and little attention to social integration.
Policy reform (PR) - In a PR world, planning policies favour the compact city, therefore the dwelling
density planned for Masshouse may be compatible. However, in this scenario, particular attention
is given to social integration, and a mixed-use development requires the inclusion of a wide range
of dwelling, as well as an ample provision of open spaces that families could use. In this light, the
amount of commercial space planned limits the availability of open space and contributes to build a
very dense urban environment, inappropriate for families.
New Sustainability Paradigm (NSP) – In a NSP world, dwelling density must be consistent with the
vision of an integrated settlement where work, dwelling and services are in close proximity. It also
must be compatible with the potential for solar gain, which is one of the sources of energy most
sought after, and the quality of the place. Residential density as currently planned, as well as the
limited range of dwelling types, is therefore not in line with the NSP world.
Fortress world (FW) – In FW the rich live in low density enclaves, and the poor in high density, degraded environments. As Masshouse becomes a development for low income groups, the vast
provision of commercial space is likely to remain largely unoccupied, unless partially adapted for
other purposes compatible with the social condition of the likely occupiers of the development.
As for the first indicator, there is compatibility with the two scenarios and a partial compatibility with
the other two.
The final phase of the analysis consists in discussing conditions which may build resilience in the
face of the vulnerabilities identified. If such conditions are of difficult accomplishment, the intervention may fail to deliver a good performance, and other strategies should be pursued. Building insulation could be improved, in order to be compatible with each scenario. This requires higher initial
investment. However, in the PR scenario, and to an extent in NSP, dwellings that don’t meet energy requirements must be upgraded, thus justifying the additional initial investment. Still, the density of dwelling and commercial space represents an element leading, in some scenarios, to the
future depreciation of the development. For this purpose, lower densities may be considered. Although this implies lower short-term returns for the investment, it can lead to retain the quality of
Masshouse in the long-term, and certainly attain to the initial planning principles (i.e. mixed-use,
thriving urban realm, etc.). Such considerations can be analysed more in depth through an iteration
of the appraisal, with different values of the indicators that show vulnerability (i.e. ‘dwelling density’
and ‘building insulation’), or of different indicators that could complement those weak performances.
For example, the option of using solar gains for supplementing building energy efficiency can be
explored by raising the related indicator, identifying repercussions on other elements, and performing the scenario analysis on the new combination of indicators. The unfolding of this exercise generates a range of possible arrangements, each one corresponding to an array of advantages and
disadvantages. Depending on the objectives dictated by planning priorities, it will be possible to
take an informed decision, in the full awareness of long-term consequences of the options evaluated.

8. Discussion
Some observations stem from the process of case study analysis described in this paper. During
the appraisal interdependencies between various issues have surfaced. For example, evaluating
levels of performance of the building fabric has led to considerations on the future social composition of the residents as well as of the allocation of open space. Identification of these connections
leads to an understanding of the interplay between diverse elements of the urban environment.
This type of scenario analysis uncovers synergies and conflicts, and ultimately helps to envision
the planning process as a whole.
Planning systems and building regulations, as well as political and social situations, greatly vary
depending on the context. Thus, the elements of the Urban Futures methodology need to be tailored according to the case study examined. However, the methodology is flexible in many ways
and can be utilised for manifold purposes. For example, it can be used at different scales and different levels of detail, depending on the nature of the indicators selected, which can relate to a
broad rather than to a narrow scale of intervention. It can also be used as a tool to probe a series
of alternative options (e.g. different profiles of water demand, of energy demand, of mixed use,
etc.), and therefore inform initial design decisions and/or planning guidance. For example, several
possible water demand profiles can be identified for a planned development, and long-term effectiveness of technologies that can meet all demands (i.e. grey water recycling, rainwater harvesting,
water efficient appliances, and more) can be assessed. It can also be used, as this paper documents, as an appraisal tool of design schemes. It is furthermore important to notice that this methodology is valid regardless of the range of scenarios utilised, as long as these are consistent, thorough, and offer a wide variety of directions, in order to ensure that interventions are tested against
the unpredictable.
Finally, a methodology for the long-term appraisal of urban regeneration can help overcome an
attitude to compartmentalisation implicit in the planning process, which is often fraught with erratic
progress and difficult mediation amongst diverging stakeholders’ standpoints [17]. Such obstacles
may hinder the ability to consistently pursue the initial objectives and constantly ensure that such
objectives are effectively met at all stages of the development/regeneration process. This methodology aims at focusing on the objectives rather than on solutions per se, as solutions may be infringed by situations that change over the time of the development process and over the lifetime of
the development itself.

9. Conclusions
As the urban population expands, it becomes more and more important to develop cities while limiting their impact on the environment. Planning sustainably, however, is very complex. It requires
the attainment of a very delicate balance amongst diverse, often competing, necessities. In order
to be truly sustainable, it needs to be carried out not only in response to the preoccupations of the
moment, but also with a view to the long-term imperatives of sustainable growth and correct use of
resources. One of the objectives of the Urban Futures research is to enable planners, urban designers, or stakeholders involved in planning processes to take choices informed by their future
consequences. The case study analysis of Masshouse is the first attempt to apply a structured
approach for assessing urban regeneration processes in this perspective. It has been carried out
as an academic exercise, aimed at applying and possibly evolving the Urban Futures methodology,
without the active involvement of planners or practitioners. However, their contribution seems fundamental for the purpose of gaining an understanding of how it is possible to integrate this academic research into practice. In the last phase of the research programme, case study analysis will
benefit from the input of experts who can help to shape the methodology into a toolkit. If operationally simple and easily repeatable, the toolkit can help developing a routinely attitude to integrate in
current practice a structured approach for thinking in the long-term.
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Summary
This paper reports on the research carried out to meet the challenge of learning from what works in
the  development  of  sustainable  communities  and  ‘close  the  gap’  in  what  Egan  (2004) [1] calls the
generic skills of socially-inclusive visioning. Those inclusive-visioning skills referred to as being of
‘first  order’  priority  for  the  reason  they  are  seen  as  key  in  raising  the  competencies  of  those  core  
occupations (urban planners, property developers and architectural designers) responsible for
sustaining the development of communities.
Keywords: neighbourhood renewal, sustainable community development, socially-inclusive
visioning, subject-specific and generic skills, competencies

1. Introduction
Previous evidence-based  reviews  of  neighbourhood  renewal  have  suggested,  ‘learning  from  what  
works’  provides  the  means  to  close  the  skills  gap  and  raise  competencies  of  the  core  occupations  
responsible for the development of sustainable communities. The common thread running through
all these reviews, be they governmental, academic, or professional, is their perception of the
problem (the skills shortage) and the solution (closing the gap between skills needed and
competencies required). Working within this shared perception, such reviews draw particular
attention to the over-dependence  on  ‘subject  specific’,  as  opposed  to  generic  skills  and  the  need  
for the core occupations to redress this by shifting their knowledge-base away from the technical
domains of the former and towards the social competencies required from the latter.
This paper wholeheartedly agrees with this interpretation of what needs to be done to effectively
meet the challenge which the Egan Report (2004) [1] poses. It proposes that to meet this
challenge we need to put learning at the centre of the actions taken to close the gap (between
subject-specific and generic skills), shift the knowledge-base (from the former to the latter) and use
this as a platform to raise the competencies understood as being required to do this. Indeed the
paper argues that: if we are to turn the situation around, the task is to learn about the generic skills
which are needed to shift the knowledge-base from the former to the latter and how the inclusive
visions they in turn generate can be put to work in raising the competencies of those core
occupations responsible for sustaining the development of communities.

2. Aim and objectives
Consequently the aim of this paper is to: put sustainable community development back on the right
track  by  learning  about  the  generic  skills  of  inclusive  visioning  as  a  ‘first  order’  priority  and  showing  
how this shifting knowledge-base can be used to raise the competencies of those occupations

responsible for what might best be referred to as sustainable community development. The
objectives are to:







generate a state-of-the art report on the new urbanist, urban village and neighbourhood
renewal-based models of sustainable community development;
consolidate what has been learnt about the development of sustainable communities
through an analysis of leading case study examples;
define sustainable community development in terms of the socially-inclusive visioning
underpining the community-based approach to urban regeneration;
simulate the community-based approach to urban regeneration as a process of sustianable
development;
subject this simulation of sustainable development to an evaluation;
draw a set of guidelines to support sustianable community development.

3. Method
The   research   undertaken   to   ‘learn   form   what   works’   is   based   on   the   following:   a   comprehensive  
and systematic survey of the literature available on the new urbanist, urban village and
neighbourhood renewal-based models of sustainable communities; a review of the leading case
study examples; a (re)definition of sustainable community development and a simulation of the
socially-inclusive visioning the community-based approach to urban regeneration is based on and
the development of villages and neighbourhoods as sustainable communities in turn rests. This
methodology in turn forms the platform for the guidelines aimed at those professional bodies
society sees as being responsible for regulating sustainable community developments.

4. Lessons learnt
The policy-related lessons that have be drawn from this radical reworking of socially-inclusive
visioning and the community-based approach to urban regeneration which it advances, are listed
in terms of the guidance they offer on:





the nature of socially-inclusive visioning;
the community-based approach to urban regeneration;
the step-wise logic;
sustainable community development.

It is noticeable the first step in this inclusive-visioning process is backwards. That is back towards a
diagnosis of social need which is undertaken as part of the planning stage. That stage which
underlies the inclusive-visioning of the community-based approach and material realities of the
master-plan supporting the property development scenarios. Those property development
scenarios that surround the design stage and are significant because they offer a platform upon
which urban regeneration is seen to rest. This step-wise logic draws particular attention to the
collaboration, consensus-building, securitisation and restorations of urban regeneration. In
particular:





the collaborative planning of the diagnosis step and consultations associated with these
tasks;
the consensus-built over the visioning step and property development scenarios associated
with such deliberations;
the securitisation of the environment linked to the design stage and reinvention of
government connected with the programming step;
the economic restoration of the construction stage that supports a revitalisation and which
in turn underpins this approach to urban regeneration.

Learning from What Works in Sustainable Community Development:
Closing the Skills Gap and Raising the Competencies of Core
Occupations
Abstract
The following reports on the research carried out to meet the challenge of learning from what
works  in  the  development  of  sustainable  communities  and  ‘close  the  gap’  in  what  Egan  (2004) [1]
calls the generic skills of socially-inclusive visioning. Those inclusive-visioning skills referred to as
being   of   ‘first   order’   priority   for the reason they are seen as key in raising the competencies of
those core occupations (urban planners, property developers and architectural designers)
responsible for sustaining the development of communities.
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1. Introduction
Previous evidence-based  reviews  of  neighbourhood  renewal  have  suggested,  ‘learning  from  what  
works’  provides  the  means  to  close  the  skills  gap  and  raise  competencies  of  the  core  occupations  
responsible for the development of sustainable communities. The common thread running through
all these reviews, be they governmental, academic, or professional, is their perception of the
problem (the skills shortage) and the solution (closing the gap between skills needed and
competencies required). Working within this shared perception, such reviews draw particular
attention to the over-dependence  on  ‘subject  specific’,  as  opposed  to  generic  skills  and  the  need  
for the core occupations to redress this by shifting their knowledge-base away from the technical
domains of the former and towards the social competencies required from the latter.
This paper wholeheartedly agrees with this interpretation of what needs to be done to effectively
meet the challenge which the Egan Report (2004) [1] poses. It proposes that to meet this
challenge we need to put learning at the centre of the actions taken to close the gap (between
subject-specific and generic skills), shift the knowledge-base (from the former to the latter) and use
this as a platform to raise the competencies understood as being required to do this. Indeed the
paper argues that: if we are to turn the situation around, the task is to learn about the generic skills
which are needed to shift the knowledge-base from the former to the latter and how the inclusive
visions they in turn generate can be put to work in raising the competencies of those core
occupations responsible for sustaining the development of communities. For while the Egan report
(2004) [1] ranks   the   generic   skills   of   inclusive   visioning   as   ‘first   order’   priorities, it fails to set out
what can be learnt about this shifting knowledge-base and how they can be successfully put to
work in raising the competencies of those core occupations responsible for sustaining the
development of communities.

2. Aim and objectives
Consequently the aim of this paper is to put sustainable community development back on the right
track  by  learning  about  the  generic  skills  of  inclusive  visioning  as  a  ‘first  order’  priority  and  showing  
how this shifting knowledge-base can be used to raise the competencies of those occupations
responsible for what might best be referred to as sustainable community development. With this in
mind, the objectives are to:


generate a state-of-the art report on the new urbanist, urban village and neighbourhood
renewal-based models of sustainable community development;







consolidate what has been learnt about the development of sustainable communities
through an analysis of leading case study examples;
define sustainable community development in terms of the socially-inclusive visioning
underpining the community-based approach to urban regeneration;
simulate the community-based approach to urban regeneration as a process of sustianable
development;
subject this simulation of sustainable development to an evaluation;
draw a set of guidelines to support sustianable community development.

3. Method
The   research   undertaken   to   ‘learn   form   what   works’   is   based   on   the   following:   a   comprehensive  
and systematic survey of the literature available on the New Urbanist, Urban Village and
Neighbourhood Renewal-based models of sustainable communities; a review of the leading case
study examples; a (re)definition of sustainable community development and a simulation of the
socially-inclusive visioning the community-based approach to urban regeneration is based on and
the development of villages and neighbourhoods as sustainable communities in turn rests. This
methodology in turn forms the platform for the guidelines aimed at those professional bodies
society sees as being responsible for regulating sustainable community developments.

4. Literature review
The review of the literature reveals why it is important to learn about the generic skills of inclusive
visioning. The current literature available suggests this is because the community-based
approaches of the new urbanist village an neighbourhood renewal models are still very
experimental and rest on a representation of an urban regeneration process too ill-formed for
professional bodies to be content with and see as sufficiently competent for core occupations to
learn from as good examples of what works in sustainable community development. For while it is
evident all the professional bodies associated with the new urbanism of the Urban Village Forum
and Neighbourhood Renewal Unit, want the inclusive visioning of their community-based
approaches to underpin the process of urban regeneration, the literature review provides evidence
to suggest the generic skills needed for them to be competent in sustainable community
development are still currently in the process of being worked out.
This review suggests what this means is important because it signifies that any effective
codification of the generic skills underlying the inclusive-visioning of a community-based approach
to urban regeneration, can only be drawn from case study examples of where they have been put
into practice. This is perhaps the key message coming from the literature review and critical insight
the report takes forward to consolidate what the said village and neighbourhood models represent
about the generic skills of inclusive visioning.
The case study reviews undertaken are of the inclusive-visioning underlying the community-based
approach to urban regeneration in the United Kingdom, North America and Canada and offer an
analysis of sustainable community development in London, Glasgow, Chicago, Vancouver,
Edinburgh and Birmingham. Together the use of London and Glasgow as reference cases for the
community-based approach to urban regeneration and ongoing studies of sustainable community
development currently taking place in Chicago, Vancouver, Edinburgh and Birmingham, provide
valuable insights into the relationship between: the area-based deprivation, poverty and social
exclusion of sustainable community development and the inclusive visioning of the communitybased approach to urban regeneration. In particular the collaborative planning and consensusbuilding of the property development that underpins the community-based approach to urban
regeneration and which in turn provides a platform for the design and layout of villages and
neighbourhoods as sustainable communities.

Together these case-study reviews do much to overcome the impasse that is associated with the
urban village and neighbourhood renewal models of sustainable community development. They do
this by providing a critical analysis of the heterotopias that currently underlie the community-based
approach to urban regeneration and which tend to surface in the more gentrified readings of
sustainable community development .

5. Towards an alternative representation
This alternative representation is drawn from a critical analysis of inclusive-visioning advanced by
the likes of Kearns and Turok (2003, 2004) [2] [3], Egan (2004) [1], the Regional Centres of
Excellence (2004) and Bristol Accord (2006) [4] in their respective accounts of the communitybased approach to urban regeneration. This analysis in turn provides the basis to uncover the
area-based deprivation, poverty and social exclusion underlying the inclusive visioning of the
community-based approach.
From this baseline, it develops an analytical framework to uncover the generic skills of inclusive
visioning and reveal them as the competencies of the community-based approach sought after by
professional bodies and core occupations alike.
This framework for analysis reveals:






the measures that core occupations draw upon to learn about what works are those
underlying the urban planning, property development, design and layout of urban villages
as neighbourhoods within the districts of cities and which in turn support their regeneration
as part of a civic renewal;
that it is the collaborative planning, visioning and consensus-building surfacing from the
property development scenarios, which offer the democratic means for this civic renewal to
secure the type of ecological modernisation needed to meet the bio-physical requirements
of the urban regeneration process and support this as a programme of environmental
improvements;
these programmes of environmental improvements are in turn important because they
provide the basis to plan the development of equity-sharing partnerships and develop
future building compacts strong enough for this knowledge of the said civic renewal and
ecological modernisation to reinvent the governance of urban regeneration.

It is this representation of urban regeneration, civic renewal, modernisation and reinvention, the
paper uses to take the new urbanist village and neighbourhood models of sustainable community
development  full  circle.  It  does  this  by  presenting  an  alternative  ‘transect’  of  sustainable  community  
development. An alternative which avoids the environmental determinism that is all too often
associated with such representations.

6. The framework for analysis
What follows represents the framework for analysis assembled to support the inclusive visioning of
the community-based approach and content of the urban regeneration process, as a simulation of
sustainable community development (see Figure 1). What this establishes is that the first round of
community-based approaches are flawed by virtue of the environmental determinism which the
design codes work to and recourse to the economic, cultural and media-based representations of
urban regeneration they in turn represent as part of their search for sustainable development. This
shows such community-based approaches represent false starts because their eagerness to
speculate over the possible value of such designs is ecologically damaging and for the reason this
produces a type of environmental determinism in which the social need and material realities that
underlie the urban regeneration process remain hidden.

Rather than trying to disguise such needs and realities, this representation of the communitybased approach asks the community to diagnose the social need of the excluded, poor and
deprived and collaborate with other stakeholders as part of an attempt to use planning as a basis
to consult about the material realties they encounter. The material realities they encounter and are
in turn required to take into account as a baseline for deliberating the merits of the inclusive visions
advanced by the property development sector. In particular those advanced by them as a means
to build consensus over the programmes of environmental improvements designed to turn the
fortunes of those communities subject to such a process of urban regeneration around.

7. The simulation
The more institutionally grounded model captured in this simulation draws heavily upon the
formative experiments of socially-inclusive visioning emerging from the following sources:






the community-based approach pioneered at Coin Street, London and Chapel Street,
Glasgow and as pathfinder Urban Regeneration Companies (URCs) in sustainable
community development. The regeneration of Coin Street, London and Chapel Street,
Glasgow, reported on by Brindlay et.al (1996) [5] . The Coin Street regeneration reported
on by Tuckett (1998) [6], Brindlay (2000) [7], Swyngedouw and Kaika (2003) [8]. The
Chapel Street regeneration also documented by Barton et.al (2003) [9], Thompson-Fawcett
(2004) [10], Boyle and Rogerson (2006) [11] and Roberts (2007) [12] ;
the lessons learnt about the socially-inclusive visioning of the community based approach
from urban regenerations currently underway in Chicago, Vancouver, Edinburgh and
Birmingham. Here it is Oakley and Tsao (2006, 2007) [13] [14] who report on the situation
in Chicago. Smith (2003) [15] and Blomley (2004) [16] who offer accounts of the situation in
Vancouver. Deakin and Allwinkle (2007, 2008) [17] [18] who document the position in
Edinburgh. Jones and Evans (2004) [19], Jones (2005) [20] and Barber (2007) [21], who in
turn go on to catalogue the experiences of sustainable community development in
Birmingham;
the formal synthesis of the lessons learnt from these experiments in the communitybased approach to urban regeneration advanced by Deakin (2007, 2008, 2009). [22] [23]
[24]

This evidence-based model augments the performance dominated criteria of both the Egan wheel
and   Bristol   Accord   with   the   ‘gearings’   of   the   community-based approach. That community-based
approach   to   urban   regeneration   which   is   represented   here   as   being   ‘geared-up’   with   the   skills  
needed  and  competencies  required  to  be  ‘rebooted’  as  a  platform  for  sustainable  development.  
In   contributing   to   this   ‘re-gearing’   of   sustainable   community   development,   the   model   draws  
particular attention towards the community of practice (CoP) that underlies the diagnosis of social
need and material realities of the environmental and economic conditions they encounter. Those
social needs and material requirements that in turn act as the baseline requirements of the
community-based approach and not only the environmental, but economic conditions which are
seen as offering a particularly revealing insight into the sustainability of urban regeneration for the
reasons:




the diagnosis of social need that takes place under the urban planning stage is a
collaborative exercise in assessing the material realities of the environmental and economic
conditions surrounding the community-based approach and building consensus on how
they can participate in developing representations of the future over which their fortunes
turn;
these representations in turn provide the opportunity for the deprived, impoverished and
excluded to be included in the diagnosis of social need, collaborating with one another over





how to plan for the material realities i.e. environmental and economic conditions the
community faces in their visioning of an alternative property development scenario;
the consultations underlying the visioning of such alternative property development
scenarios are not carried out to rubber stamp  new  urbanism’s  idealised  image  of  the  future,  
but to build consensus over a district-wide civic renewal brought forward as the
democratically legitimate means by which cities can deliberate over the equity of such an
urban regeneration;
this kind of regeneration is in turn democratically-legitimate and deliberate because the
vision of the future it builds consensus on as a district-wide process of civic renewal,
provides cities with the means to be innovative in creating the types of equity sharing
partnerships needed for their affordable housing strategies to sustain the development of
mixed-income communities.
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Figure 1: the framework for analysis
Ten key points on the framework for analysis
1. The revised model has been taken from the North East and Eastern Regional Centres of
Excellence for Sustainable Community Development and reconfigured into a cross-sectional
representation  of  the  model’s  components.
2 The components are those of the social, equity, built and natural environment and economy,
represented  known  as  the  ‘active,  inclusive  and  safe’,  ‘fair’,  ‘well  designed,  built’  and  ‘thriving’  
segments of the representation.
3 The circle is squared by means of the step-wise logic and stage managed representation of
sustainable urban regeneration and integration of the social, community, environmental and
economic measures of this community-based approach to sustainable urban regeneration.
4 The x axis of representation is taken from the sustainable urban regeneration steps drawn from
the LUDA project. The y axis is drawn from the findings of the BEQUEST project on the stages
of sustainable urban development (see Deakin and Allwinkle, 2007, 2008 [17] [18]; Deakin,
2007, 2008, 2009 [22] [23] [24]). How each of them relates to sustainable community
development is highlighted in the far right hand column and captures how they bottom out as
the social needs of communities and material realities of their environmental and economic
requirements.   These   ground   the   4   pillars   of   the   United   Nation’s   take   on   sustainable  
development in the institutional relations of their social, communal, environmental and

economic components. Here though the institutional is not represented as a separate
components, but integrated together as a network of communal, environmental and economic
relations and whose insitu stakeholder interests define the social needs of communities and
material realities of their environmental requirements.
5 Such an institutional   grounding   of   the   stakeholder   interests   as   a   ‘community   of   practice’   is  
unique in the sense it alone allows the governance issues underlying the social equity of
sustainable urban development to surface as a discourse on the social needs and material
realities of communities. That is as a discourse on the social needs and material realities of
communities and as those which underlie the urban planning and property development stages
supporting their regeneration as leading examples of environmental sustainability. In that sense
as leading examples of the socially-inclusive visioning that underlies the planning stage of the
community-based approach and property development scenarios which surface as
programmes of environmental improvement.
6 To be clear about what is being squared in this particular configuration, it is all the rings in the
circle. That is to say the inner core and outer ring. Under Egan, the Bristol Accord and CRE,
the core ring is presented as the point where the values of all the components converge and
provide the qualities needed to sustain community development. The   ‘squaring   of   the   circle’  
represented in this paper does not continue with this line of reasoning and instead deploys the
term:   ‘a  community-based   approach   to   urban   regeneration’   as  the  means   to  replace  the   core  
circle with a series of cells. The cells in question are those - reading them diagonally from
bottom left, to top right - components defined in this representation as the social, community,
environmental and economic and what the diagnosis, visioning, programming and
implementation steps of the urban planning, property development, design and construction
stages of this regeneration process each contributes towards their sustainable. In that sense
the step-wise logic of this representation can be said to be staged on a socially-inclusive vision
of a community-based and not centred approach.
7 Here the socially-inclusive visioning of a community-based approach is inclusive because it
offers equal access to life chances and for the reason only this representation makes it
possible to be integrative as opposed to and distinct from a more segmented representation of
what would otherwise be presented as sustainable community development (see Deakin, 2009
[24]).
8 This shift from a sustainable community centred to a community-based approach has the
advantage of getting underneath questions that are raised   about   ‘well-designed built
environments’,   making   it   possible   for   this   representation   of   sustainable   communities   to   start  
building consensus over the visioning step of the property development stage and diagnosis
step of the collaborative planning stage which  underlies  the  ‘arch’  of  this  regeneration  process.  
9 So rather than focussing attention on the architecture of design-led solutions, the
representation set out in figure 1 allows for such an examination to study the social equity and
ecology of the urban planning and property development stages of the regeneration as
platforms supporting the programmes of environmental improvements this in turn makes it
possible to construct.
10 This redirection from a community-centric design-led approach towards a community-based
approach founded on the social equity and ecology of the urban planning and property
development stages of the regeneration process is significant. For not only does it turn
attention towards the diagnostic and visioning steps supporting the programmes of
environmental improvements this in turn makes possible, but also reflects the outcomes of the
international debate emerging over what new urbanism contributes to sustainable community
development (Grant, 2005 [25] , Walters, 2007 [26]) As such this serves to highlight the
contributions   N.   America’s   HOPE   VI   Community-Building (Finkel. et.al, 2000 [27]),   Canada’s  
(Community) Agreement (Smith, 2003 [15]),   the   UK’s   New   Deal   for   Communities   (Lawless,  
2004 [28] )  and  Europe’s  URBAN  Community   Initiative (Halpern, 2005 [29] Rowe and Taylor,
2005 [30]) all make to the debate and growing recognition of the need for the diagnosis and
visioning steps of the planning and property development stages to be seen as the prerequisites of any design-led solution (Deakin and Allwinkle, 2007, 2008 [17] [18]; Deakin 2007,
2008, 2009 [22] [23] [24]).

8. Key distinguishing features
The key distinguishing features of this inclusive vision rest with the particular importance the
community-based approach places on being sufficiently embedded in social need. Those
conditions whose material realities they reflect on, face up to and seek to transform and it is the job
of the socially-inclusive vision advanced to provide the means for. Not only in terms of the master
plans and property development scenarios that are staged on the equality or legal justice of market
exchange, but supported by the participation of the public. The participation of the public in
consultations and deliberations that are ecologically sound, which are secure in environmental
terms and empowering. Sound, secure and empowering in the sense that the actions which the
community participates in are designed to be constructive in allowing their master plans, property
development scenarios and design codes to restore the economic and cultural media such a
diverse process of sustainable development rests on.
As such this community-based approach can be seen as a response not only to top-down
revanchist and gentrified visions, but call for a more balanced version of such an urban
regeneration process. This is because the particular communicative twist which this approach
represents is that of a local bottom-up, grass roots response to the social needs and material
realities attending the area-based deprivation, poverty and social exclusion of the environments
underlying economic liberalisation and supporting the cultural diversity of global market media. To
a large extent, it represents the doctrine of a post-Agenda   21   ‘self-help’   philosophy,   whose   own  
boot-strap theory of ecological modernisation not only aims to restore equity, but allow the
communities this empowers to participate in a democratic process of civic renewal. This process of
modernisation, empowerment and civic renewal is in turn seen as offering what has previously
been missing - the possibility of sustaining the integration of low income communities back into the
mainstream and quality of life such an environmental, economic and cultural revitalisation offers.
It is this focus on ecological-integrity, equity and participation as a democratic process of civic
renewal that singles the socially-inclusive visioning of such a community-based approach from
other representations of the urban regeneration process. This is because it uncovers, reveals and
captures the step-wise logic of the visioning that underlies the community-based approach and
which supports urban regeneration. What this reveals about both the planning and property
development stages of the community-based approach also provides a critical insight into the
rebooting of urban regeneration. That rebooting of urban regeneration which meets social need by
stepping back from the land and property market and diagnosing the material realities
(environmental and economic conditions) of the situation communities confront.
What these critical insights reveal about the commitment of renaissance cities to the development
of sustainable communities is equally important. This is because such a theoretical and
methodologically-informed reading of socially-inclusive visioning suggests the community-based
approach needs urban regeneration to rest on a platform of collaborative planning and support this
offers to build consensus over the property development scenarios surrounding their design codes.
For in the event collaboration gives way to competition and division is substituted for consensus, it
will not be technically possible for the design code supporting all of this - nor anything else for that
matter - to provide the services which are required for such a process of civic renewal to bring
about environmental improvements in the neighbourhoods and districts of the city undergoing
urban regeneration.

9. Lessons learnt
The policy-related lessons that have be drawn from this radical reworking of socially-inclusive
visioning and the community-based approach to urban regeneration which it advances, are listed
in terms of the guidance they offer on:






the nature of socially-inclusive visioning;
the community-based approach to urban regeneration;
the step-wise logic;
sustainable community development.

It is noticeable the first step in this inclusive-visioning process is backwards. That is back towards a
diagnosis of social need which is undertaken as part of the planning stage. That stage which
underlies the inclusive-visioning of the community-based approach and material realities of the
master-plan supporting the property development scenarios. Those property development
scenarios that surround the design stage and are significant because they offer a platform upon
which urban regeneration is seen to rest.
This step-wise logic draws particular attention to the collaboration, consensus-building,
securitisation and restorations of urban regeneration. In particular:





the collaborative planning of the diagnosis step and consultations associated with these
tasks;
the consensus-built over the visioning step and property development scenarios associated
with such deliberations;
the securitisation of the environment linked to the design stage and reinvention of
government connected with the programming step;
the economic restoration of the construction stage that supports a revitalisation and which
in turn underpins this approach to urban regeneration.

10. Research impacts
Further research is currently being undertaken to extend this work through the EPSRC Sustainable
Urban Environments (SUE 2) Programme and as an investigation into the diagnostics and
visioning of sustainable urban regeneration. This part of the SUE 2 Programme examines the
emergent technologies of digitally-inclusive regeneration platforms as a shared enterprise in:







the development of networked communities, virtual organisations and managed learning
environments centered on sustainable urban regeneration;
the collaboration of strategic alliances built around digitally-inclusion and as coalition of interests surrounding the ecological modernisation of urban planning and property development as platforms for the upstream stages of sustainable regeneration;
the development of an inter-disciplinary knowledge base underlying this ecological modernisation and community of practitioners emerging as learning organisations for managing
sustainable regeneration;
a visually-augmented toolkit for subjecting design-led solutions to the civic renewal of this
ecological modernisation and as a means to uncover the norms, rules and values that
guard against the risk of urban regeneration producing a new kind of environmental
determinism which is technologically deterministic and economically exclusive, as opposed
to culturally diverse and socially-inclusive communities capable of sustaining the quality of
life;
the use of such visually-augmented toolkits as the means for business, citizens and
government to create the trust needed to demonstrate how the active participation of
communities in digitally-inclusive regeneration is both intelligent and smart because it
provides a platform for urban planning and property development to support the civic
renewal of this ecological modernisation. The ecological modernisation whose culturally
diverse and socially-inclusive nature in turn calls for nothing less than a process of
democratic renewal and type of plan-led development in which it is the public who unlock

the environmental value of via their active participation in consultations and deliberations
surrounding such design-led improvements in the quality of life.

11. Conclusions
The following summarises the critical insights that can be drawn from LfWWs and in terms of those
lessons which can be learnt to guide others embarking on lines of action associated with
sustainable community development:


as an alternative, it is important to be clear why this particular model of sustainable
community development is not either a first or second way of approaching the community,
or using this as a basis to support the urban regeneration process. For it is clearly not the
rational comprehensive approach of community development prevalent in the late 1970s, or
the property market-led development of the 1980s and early 1990s. Nor for that matter that
brand of socially-inclusive visioning coming form the first round of design-led communities
aligned to the traditions of the urban village and their neighbourhoods. That approach
promoted under the title of new urbanism and gaining dominance following the policy
commitment which has been made to the notion of a renaissance.



for while sustainable community development is nothing so supply-side led, expert driven,
professional, or functionalist in nature, this approach can perhaps best be described as an
intention to base visioning on the material realities of social need and as such does not just
represent   a   ‘point   of   departure’,   but   a  ‘radical’   break   with  the   representational   logic   which  
has been responsible for so much criticism in the past. For what this kind of visioning
manages to do is undercut the previous criticism aimed at such representations and do this
by being social and inclusive. Social in the sense the visions are based on an
understanding of need. Inclusive in the sense the visions are understood to meet the
requirement  for  the  material  realties  of  everyone’s  needs  to  be  represented  equally.  It  is  in  
this way i.e. by being both social and inclusive, visioning can no longer be criticised as
being exclusive, only praised for being socially-inclusive, based on a representation of need
and how the materiality of such requirements can be met equally by the vision this relates
to.



this in turn means that socially-inclusive visioning is no longer tied to simple notions
surrounding post-utopian plans and their development scenarios, but grounded in need,
equality of access and opportunity and because of this, now at liberty to use the complexity
of  what  is  being  ‘envisioned’  as  a  positive  force  in  specifying  the  relationship  the  resulting  
vision in turn has with the communities it serves. This way socially-inclusive visioning
provides the basis for the community to be included in representations of future
development scenarios and what they mean. In this respect, socially-inclusive visioning is
about how these alternative development scenarios are used to empower the community,
allow them to tackle the poverty of exclusion, combat multiple-deprivation and lead the
collaborative planning needed to do this.



this requires the community to consult with planners about the complex and advanced
assessment methods available to evaluate the capacity which property development
scenarios have to build consensus and deliberate over the probabilities of a design
programme. Moreover do all of this as part of a legitimate equity-sharing partnership, as
much environmental, as economic, cultural, or media-based as anything else. For in this
scenario the diagnosis step of the collaborative planning and visioning of the property
development stage, do not leave consensus-building to operate on a shoestring, or the
signature  designs  of  the  ‘avant-garde’,  but  capacity  planners  and  property  developers have
to:

o

o
o
o
o

use such collaboration and consensus-building   as   a   platform   for   securing   a   ‘rear  
guard’   action   whose   collective   ‘back-filling’,   not   only   underpins   the   community,   but  
supports their participation in building consensus over the property development
stage of the urban regeneration;
backfill, underpin, support and participate in the consensus-building which develops
as part of such a shared enterprise;
represent themselves as those agents which have the knowledge to broker the
urban regeneration process;
broker this process of urban regeneration by entering into joint ventures with cities
and using the consultations and deliberations which such partnerships bring forward
as  a  means  to  ‘reboot’  the  built  environment;;
reboot of the built environment as a platform for designers to upload the content of
the built environment and layout as programmes civic renewal. As programmes of
civic renewal whose reinvention of government and revitalisation of the economy is
in  turn  capable  of  ‘laying-out’  a  ‘triple bottom-line’  (re)integration  of  neighbourhoods  
back into the mainstream. That mainstream which not only underlies the triple
bottom-line i.e. social, environmental and economic content of the regeneration, but
that also offers the prospect of moving above such a threshold by including the
cultural and media-related actions which also contribute towards the development of
sustainable communities.
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Summary

As part of its sustainability plan, on 6 December 2010, the Federal Government adopted farreaching measures for sustainable procurement. The first item of this plan is the procurement and
construction of sustainable buildings. For this purpose, the Federal Ministry of Transport, Building
and Urban Development presented a “Sustainable Construction Guide” which has become binding
for the construction of all federal government buildings by decree of 3 March 2011. The Guide was
notified with the Commission.
With the introduction of the Guide, reference is made to the corresponding assessment system for
sustainable building. A compliance rate of 65% of the criteria checklist for office and administrative
buildings has to be achieved, which corresponds to a silver sustainability certificate. However,
numerous users have requested the gold certificate (80% compliance rate or more) for their
buildings already before its compulsory introduction. The Federal Government is thus the first
major client in Germany that will assume building tasks in full accordance with sustainability criteria
in the next two years.
Keywords: sustainable building, assessment system, guide, government, good example

1. Introduction
1.1

General situation in Germany

55 % of all investments are made in the buildings sector. Over its entire value added chain, the
construction industry accounts for 11 % of output in Germany and employs 12 % of the workforce
subject to compulsory social insurance. The construction, housing and property sectors are
involved in a multiplicity of interrelationships with measures and objectives of the Federal
Government’s sustainable development strategy. Principal among these are climate change
mitigation, improving energy efficiency, improving the productivity of energy and raw materials,
reducing land take and shaping demographic change. Around 40% of all primary energy in
Germany is used for the operation of buildings. Around 50% of all non-renewable raw materials is
used by the construction sector which is also responsible for around 60% of all waste generated in
Germany. For this reason, the Federal Government’s sustainability strategy must be focused on
this economic sector [2].
The evaluation of the contribution to sustainable development made by individual structures results
in the call for the development of an overall system for the description and appraisal of buildings,
including the land on which they are built. Sustainability considerations are characterized by a
whole life cycle analysis and the comprehensive inclusion of ecological, economic and sociocultural aspects. Alongside energy balances, therefore, it is also necessary to study the material
flows and financial impacts, in particular. The development, trialling and application of systems for

describing, assessing and certifying the sustainability of buildings is tied to a number of
prerequisites. In particular, the changeover to an assessment and certification system based
predominantly on quantitative assessments poses a significant challenge [3].
The new sustainable construction assessment system that has been developed in Germany is
designed for office and administrative buildings as a voluntary market instrument and has been
trialled on such buildings. It is available to all users free of charge and can be downloaded from the
following website: www.nachhaltigesbauen.de. The assessment system is also publicly available.
In Germany it is being used by the Federal Government but also increasingly by the federal states
and local governments. Its criteria are basically in line with the German Society for Sustainable
Buildings’ system, which is used by private individuals.
The Federal Government applies this assessment system to its own buildings. By doing so, it aims
at strengthening its exemplary function. The federal states act in a similar way. The regional
government in Hessen for example, has taken a decision for a “Carbon-free regional government”
including the corresponding measures for federal state buildings. There are no further-reaching
obligations in Germany, since strict legal requirements for the energy performance of buildings
already exist. The system is based on voluntary participation and transparency. For privately
owned buildings, the German Sustainable Building Council (DGNB) offers certificates which could
be of interest to many market players.
1.2 Players and current measures
For over a decade, Germany has dedicated itself to the implementation of principles of sustainable
development in all sectors of the economy and society. The Federal Ministry of Transport, Building
and Urban Development’s efforts for sustainable buildings are based on its National Sustainability
Strategy In this context, the construction, housing and property sectors, or rather the “building and
housing” area of need in conjunction with sustainable settlement development, were identified as
fields of action of outstanding importance. The National Sustainability Strategy defines objectives
and indicators and is a benchmark for the Ministry’s departmental policy. Indicators are measured
by the progress report of the Council on Sustainable Development. The State Secretaries’
Committee for Sustainability monitors the implementation of the National Sustainability Strategy.
The Federal Government’s current coalition agreement states that the sustainable development
strategy is to be evolved within the tried-and-tested institutional framework. The coalition
agreement also states that the Federal Government, in its construction projects, will continue to set
an example of good practice for improving the quality of the built environment and for sustainability.
In 2001, as the outcome of a joint initiative involving the construction industry and the Federal
Building Ministry, the "Sustainable Construction" Round Table was established at the Federal
Ministry of Transport, Building and Urban Development. The responsibilities of this Round Table
include providing advice to the Federal Government and the Federal Ministry of Transport, Building
and Urban Development on all issues relating to sustainable construction, forming a discussion
platform for all relevant stakeholders, formulating positions on international legislation and
standardization, developing the bases for an assessment system, and presenting and discussing
recent research findings. These can be accessed at www.nachhaltigesbauen.de.

2. The Federal Government’s main objectives

The Federal Government tries to meet the following building policy requirements:
reducing the daily increase of land consumption for transport and new settlements to 30
hectares per day, among others by giving priority to the development of the inner cities
rather than the outer cities
improving energy quality by tightening requirements for the permissible primary energy
demand of new buildings by 30% by 2009 as compared to 2007 and then further tightening
them by 2012.
increasing the share of renewable energy for the heating supply of buildings from around
6% in 2006 to 14% by 2020
coupling investment and contract award decisions to life cycle costs, aiming at reducing
them

3. Sustainable Construction Guide

For the first time, the new Guide includes criteria and bases of calculation that help assess a
building’s contribution to sustainable development in a methodologically proven way. The Guide
consists of four parts and is complemented by an extensive annex.
Part A of the Guide illustrates general principles and methods for sustainable construction. They
can be applied to public and private construction projects alike. For this purpose, the Guide
describes the following:
principles of sustainable construction,
dimensions and qualities of sustainable construction and
general guidelines for assessing sustainability.
Part B of the Guide, „New Buildings“, illustrates task-related principles, scenarios and planning
principles for new and major construction projects in existing structures (e.g. extension of
buildings). They are mentioned according to their chronological order during the planning phase.
Indications regarding refurbishment of the existing housing stock (Part C), use and management of
buildings (Part D) and outside grounds are currently being added to the Guide.
With this assessment system the Federal Ministry of Transport, Building and Urban Development
aims at awarding “building marks" and describing the site characteristics. The “building mark” is
awarded after the assessment of individual criteria from the following main areas:
Ecological quality
Economic quality
Socio-cultural and functional quality
Technical quality of the building and
Quality of processes
For office and administrative buildings the number of individual criteria is specified. The criteria
checklist clearly defines benchmarks and calculation methods for every criterion.
The objective was, among others, to include all requirements relating to building regulations and all
other legal regulations and to make them compulsory. With regard to economic quality, an
environmental footprint is requested during the planning phase, in addition to all other required
certificates. Economic quality does not only include investment costs but also life-cycle costs. Only
little additional proof is required, if there had already been comprehensive deliberation and
documentation on sustainability during the regular planning phase. The certificate mainly certifies
significant quality inspections and planning that exceeds requirements.
In its efforts to develop, test and introduce a system for describing, assessing and certifying the
sustainability of buildings, the Federal Ministry of Transport, Building and Urban Development is
guided primarily by the current status of international and European standards like ISO TC 59 SC
14, ISO SC TC 59 SC 17 and CEN TC 350. The objective is to assess the sustainability of
buildings in all its dimensions by including ecological, economic and social aspects. This
assessment should be based on quantitative methods of life cycle analysis and whole life costing,
in other words on scientifically recognised methods.
Table 1 provides an overview of the criteria used in the system (as at December 2009). Germany’s
national objectives, which are usually also guided by requirements at the European and
international levels, are taken into account when defining the criteria and working out assessment
standards and measurement specifications.

Table 1: Overview of Germany’s BNB certification approach (Sustainable Building
Assessment System), Version 2009_4
Group of
Set of criteria No. Criterion
main criteria
Building Mark
Ecological
Effects on
quality
global and
local
environment

Resource
consumption
and waste
generation

Economic
Quality

Whole Life
Costs
Performance

1
2
3
4
5
6
7

Global Warming Potential (GWP)
Ozone Depletion Potential (ODP)
Photochemical Ozone Creation Potential (POCP)
Acidification Potential (AP)
Eutrophication Potential (EP)
Risks for local environment
Other effects on local environment

8

Sustainable material extraction/timber

9
10
11
12
13
14
15
16

Microclimate
Demand for non-renewable primary energy
Total primary energy demand /share of renewables
Other consumption of non-renewable energy
Waste, categorised
Demand for drinking water and volume of
wastewater
Land use
Building-related costs in the life cycle

17

Alternate use options

SocioHealth,
18
cultural and comfort, user 19
functional
satisfaction
20
qualities
21
22
23
24
25
Functionality 26
27
28
29
30
31
Design
quality
32
Technical
Quality of
33
quality
technical
34
specifications
35
36
37

Thermal comfort in winter
Thermal comfort in summer
Indoor air quality
Acoustic comfort
Visual comfort
Influence exerted by user
Outdoor
Security and risk of incidents
Barrier-free access
Efficient use of space
Convertability
Accessibility
Convenience for cyclists
Design and urban quality
Art in architecture
Fire safety
Noise insulation
Thermal insulation and condensation control
Backup potential of building services engineering
Operability of building services engineering

Weighting

22,5%

22,5 %

22,5%

22,5%

38
39

Quality of
processes

Quality of
planning

Quality of
construction
Quality of
management

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Quality of interior fittings of building services
engineering
Durability/adaptation of chosen construction
products, systems and structures to intended
service life
Cleaning and maintenance
Resistance to hail, storms and floods
Demolition, separation and recycling
Preparation of project
Integral planning
Optimization and complexity of planning
Invitation to tender and awarding of contracts
Prerequisites for optimum use and management
Construction site/construction process
Construction quality assurance
Systematic start of operation
Controlling
Management
Systematic inspection and maintenance
Qualification of personnel

10%

Location mark:
Locational
quality

55 Risks at the micro location
56 Circumstances at the micro location
57 Image and condition of location and neighbourhood
58 Access to transport links
100%
59 Vicinity to user-relevant facilities and institutions
60 Availability of IT services/accessibility
61 Planning law situation
62 Possibilities for expansion/scope
Note: the criteria highlighted in grey cannot be used since they have not yet been methodically
defined; in part more research is required. Management quality can be neglected when assessing a
new building.
All data that is required for the assessment has been made available by the Federal Ministry of
Transport, Building and Urban Development on the Internet, free of charge (also for private system
providers). This includes in particular:
Data for life cycle analysis of construction products and processes
As a prerequisite for the life cycle analysis of buildings and structural works, a national
database – "Ökobaudat" – containing information on the life cycle assessment of relevant
construction products and processes was created and has been constantly updated and
expanded.
Data for the service life of components
Information on the service life of components is a prerequisite for both life cycle analysis
and whole life costing. A database has been created on the basis of research findings.
Construction product and dangerous substance information systems
Construction product systems provide environment- and health-related data on construction
product groups (by using information that is freely available) and, in doing so, assist
decision-making in the planning process. Dangerous substance information systems
highlight environment and health risks involved in the processing and use of construction

products. WECOBIS, the relevant internet-based system, was developed for this purpose
by the Bavarian Chamber of Architects and the Federal Ministry of Transport, Building and
Urban Development.
Documentation Manual
Documentation is used to describe, manage and update relevant information on the
building over the whole life cycle.

4. Looking to the future

The Guide for the construction of new office and administrative buildings will be introduced
gradually. Starting in 2011, the Guide is planned to be binding and applicable first to projects with
an investment volume of more than 10 million euros, including all incidental construction costs.
After the application success has been reviewed at the end of 2011, it is planned to make the
Guide applicable also to all new major construction projects starting in 2012. At the same time,
modules for refurbishment projects, school buildings, laboratories and engineering structures are
made available.
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Extended abstract
Ecologically sustainable development is a major concern, and embodies both environmental
protection and management. The concept of sustainable development is broad and concerns
attitudes and judgments that help ensure long-term growth and prosperity. Project development
contributes to the economic and social advancement of society, enhancing the standard of living.
Often associated with the impairment of the environment, project development may result in the
loss of valuable agricultural land, forests and wildernesses, contributing to the pollution of both land
and water, generating noise, consuming non-renewable natural resources and minerals and
consuming large amounts of energy. In order to make a real difference in the future, project
development process must become more sympathetic to sustainability ideals and actions are
needed to make these construction activities more sustainable.
Sustainability in construction is often used as a buzz word rather than implemented as an actual
practice. Environmental building assessment tools have been developed and used to assist
planning and design of sustainable buildings. With increasing attention being paid on building
sustainability performance, current environmental building assessment tools are criticized as being
ineffective and inefficient in addressing the sustainability issues. Indeed, most of the tools available
only focus on assessing a building’s performance on a set of pre-determined criteria and the
assessment does not sufficiently take into consideration economic and social issues. Sustainability
is like a three-legged stool, with each leg representing areas: environment, economic and society.
Any leg missing from the ‘sustainability stool’ will cause instability because the three components
are intricately linked together. Therefore the challenge of sustainability in construction nowadays is
to integrate and manage these aspects in the building life-cycle that leads to sustainable results
other than just focusing on the planning and design stages of a building.
Further criticism to the current environmental building assessment tools relates to the fact that these
tools hide the real mass and energy flows which are critical in the determination of effective
environmental impacts. They do not help to reveal the carrying capacity of the environment.
Therefore no real comparison can be made to compare the impacts created by buildings during
their life cycle. Additionally, the current environmental building assessment tools do not consider the
impacts associated with the process of manufacturing products and transporting them to the site,
ongoing operations and maintenance, and the disposal of waste at end-of-life. Public participation in
the assessment process is also an area of concern as there are insufficient avenues for the wider
community to be involved in the decision-making process.
As the goal of sustainable construction is to balance environmental protection with economic growth
and social well-being, further improvement to the current environmental building assessment tools
is needed in order to deal with more sophisticated circumstances in the decision-making process.
The improvement includes taking the assessment from a triple bottom line approach that considers
economic analysis to be as equally important as both social and environmental assessments and
providing avenues for public participation.

As suggested in the literature, economic, social and environmental impacts associated with project
development will vary at different stages throughout its life cycle. Consequently, assessing and
incorporating sustainability performance into building process is essential. The impacts during the
life cycle of a project are highly inter-dependent, as one phase can influence one or more of the
other phases. Therefore, when the sustainability performance of a construction project is examined,
project stages and associated major activities must be specified first, so that issues affecting the
project characteristics for each stage can be identified and improved.
Given the previous discussion on the importance of incorporating economic, social and
environmental assessments into the building process, a model has been developed to facilitate the
assessment which aids decision making. In the paper the building process assessment model is
established to reflect the achievement of sustainable development principles in a project’s life cycle.
The project life cycle includes the inception, design, construction, operation and demolition stages.
At each stage economic, social and environmental impacts will be analyzed and assessed. The
model includes the quantification of both objective and subjective measures which give a complete
life cycle analysis of the buildings analyzed. The model recognizes the importance and usefulness
of conventional methods of economic analysis. It utilizes monetary values as a unit for measuring
resource efficiencies as it is readily understood by the decision makers and stakeholders. In
addition the subjective aspects of social and environmental issues are quantified using value scores
such as multi-criteria analysis to maximize their subjective attributes. The model presents an
alternative approach for assessing the feasibility of a built project during its life cycle in attaining
sustainable development. Based on the modeling principles, judgments can be made as to whether
or not the development of a built project is in line with sustainable development principles and
where improvements can be made accordingly. It reveals the sustainability performance at various
stages of the development so that resources can be focused on the stage that has the most
significant impacts in need for improvement. This way time, cost and resources can be utilized more
efficiently and effectively.
The paper is based on a research project undertaken by the University of Technology, Sydney in
examining the integration of economic, social and environmental considerations throughout the
building process of a development. The project comprises the first stage, a literature review and
model development, followed by the second stage, model implementation through case studies.
The paper presents the first stage of the research project in a literature review and model
development. The paper reviews the current application of environmental building assessment tools
and their impacts on the construction industry. The importance of building process in environmental
assessment is also indicated. The paper also seeks to analyze building performance using a triple
bottom line approach on a life cycle perspective. The major activities in the building process are
identified and presented on how they influence sustainable performance. Finally the paper presents
a model that combines economic, social and environmental assessments into a single indicator to
aid decision making.
Key words:

1.
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Introduction

Ecologically sustainable development has become a concern for people from all disciplines and in
all countries. The concept of sustainability in the context of the environment has been defined by the
World Commission on Environment and Development as “development that meets the needs of the
present without compromising the ability of future generations to meet their own needs” [1].
Ecologically sustainable development, from a project development point-of-view, is thus concerned
with the efficient utilization of resources, in order to meet the requirements and needs of present
and future generations, minimizing adverse effects on the natural environment. Project
development contributes to the economic and social advancement of society, enhancing the
standard of living. Often also associated with the impairment of the environment, project
development may result in the loss of valuable agricultural land, forest and wilderness, contributing
to the pollution of land and water, generating noise, consuming non-renewable natural resources
and minerals and consuming large amounts of energy.

Buildings have direct impact on the environment, ranging from the use of raw materials for
construction and renovation, to the emission of harmful substances during their entire life span [2].
According to UNEP [3], the building and construction sector in the Organization for Economic
Co-operation and Development countries consumes 25-40% of all energy used, and accounts for
40% of the world’s greenhouse gas emissions. In response to minimizing environmental impacts of
the industry, sustainable construction has become the main focus of research and development and
is considered to be a way for the industry to achieve the goal for sustainable development. It is also
a way to establish the construction industry’s responsibility towards protecting the environment [4].
An important achievement in sustainable construction includes the development of environmental
assessment tools for buildings as a benchmark for best practices in sustainable design and
construction of buildings [5].
Nowadays, almost every country or region has at least one environmental assessment tool to
improve sustainable performance of buildings. Initially, these tools focused on environmental
impacts, but this has now been extended into the wider domain of social and economic impacts.
According to Cole the specific definition of the term “building performance” is complex since
different stakeholders in the building sector have differing interests and requirements [6]. Economic
performance, health and comfort related issues, social stability, biodiversity conservation, and so
forth are all significant when environmental building performance is considered.
The tools developed currently vary a great deal, ranging from tools for individual building
components to a whole building assessment. They consider environmental issues at local, regional
and, in some cases, even global perspectives. However, few take economic and social aspects into
consideration. Since the release of the BREEAM in 1990 the environmental building assessment
tools have been multiplying throughout the world. There are growing concerns about the
effectiveness of building assessment methods as they are typically concerned with their
consequences on buildings as completed products. However, more attention is now also paid to the
impacts in the building process throughout the building’s life cycle [7, 8].
This paper is based on a research project undertaken by the University of Technology, Sydney in
examining the integration of economic, social and environmental considerations into the building
process to demonstrate the extent of sustainable performance to aid decision making. The project
comprises the first stage of literature review and model development, followed by the second stage
of model implementation through case studies. The paper presents the first stage of the research
project in a literature review and model development. The paper aims to review the current
application of environmental building assessment tools and their impacts on the construction
industry. The importance of the building process in the environmental assessment is also reviewed.
The paper also seeks to analyze building performance using a triple bottom line approach on a life
cycle perspective. The major activities in the building process are identified and presented on how
they influence sustainable performance. Finally the paper presents a model that combines
economic, social and environmental assessments into a single indicator to aid decision making.

2.

Review on environmental building assessment tools and their
impacts in the construction industry.

Building designers and occupants have long been concerned about building performance in relation
to user comfort and health [9, 10]. Considerable work has gone into developing systems to measure
a building’s environmental performance over its life span. They have been developed to evaluate
how successful any development is with regards to balancing energy, environment and ecology,
taking into account both the social and technology aspects of projects.
Currently a number of different rating systems are used to rate the environmental performance of
buildings. These include but are not limited to: Green Star (Australia), CASBEE (Japan), BREEAM
(UK), and LEED (USA) and BEPAC (Canada). In 1990, BREEAM was developed in the UK and was
the first assessment tool. It uses a scoring system and sets and maintains a robust technical
standard with rigorous quality assurance and certification. BEPAC in Canada was launched in 1993.
It is a voluntary tool that comprises a comprehensive set of environmental criteria and these criteria
have been structured in five major topics (ozone layer protection, environmental impacts of energy

use, indoor environmental quality, resource conservation and site, and transportation). In 1995, the
GB Tool was launched as the first internationally developed tool. It is a rating system that handles
both new building and renovation projects for multi-unit residential, office and school developments.
Potential energy and environmental performance of buildings are assessed in this system using
four levels of parameters. Green star has been used in Australia since 2003. It is a voluntary rating
system used for many different types of buildings incorporating seven assessment criteria.
CASBEE, which originated in Japan 2004, considers regional characters and assessing impacts for
four phases of buildings. The LEED in the US consists of four levels of certification and five
overarching categories correspond to the specialties that are available under the LEED Accredited
Professional program.
These tools are only representatives of some of the most popular tools that are used in the
construction industry that have been successfully implemented as an instrument to communicate
product information and environmental awareness to stakeholders in this industry. However there is
a growing concern that these tools may not fully support the sustainable development agenda in the
industry. Kaatz et al. support this view and state that current environmental assessment tools are
green building assessment tools which assess building performance against a pre-determined set
of environmental criteria but the assessment methods should go beyond this to address a broader
set of environmental, social and economic issues [11]. In addition, a majority of the tools are
designed to support decision making during the planning and design stages of a building. However
for the sustainability agenda to be maintained, a holistic building life-cycle must be considered. The
building life-cycle is usually portrayed as planning, design, construction, operation, and
deconstruction. However a full life-cycle of a building must be extended to include upstream
acquisition of raw materials and downstream disposal in landfill or reuse or recycling of materials
and these are largely ignored in the assessment of environmental performance in buildings.
The activities during these phases will influence the building performance in various magnitudes in
terms of economic, social and environmental aspects. Therefore environmental building
assessment tools may not be used solely to evaluate the quality of building performance but rather,
it should also be used to transform the contents of methods by incorporating the principles of
sustainable development directly into the building development process through information
exchange and knowledge transfer. As a result, it will help to influence the ways the buildings are
designed, constructed, used and demolished. The structure of the building process influences the
available opportunities for exploiting economics of scale. The incorporation of sustainability
measures into the building process are often more effective [12]. Greater emphasis should be
placed on the process and transformation that occur within a building system to reflect sustainability
values and principles of construction [7, 11, 13]. Indeed building environmental assessments will
need to be considered throughout the entire life span of a development. Through a close integration
of building assessments with the building process, sustainability principles can be explicitly
integrated with a building’s objective and goals.

3.

The challenges of assessing building sustainability

The goal of sustainable construction is to balance environmental protection with economic growth
and social well-being [14]. Some suggest that the sustainability domain of current environmental
building assessment tools is to establish an overarching sustainability framework of environmental,
social and economic criteria [15, 16]. This view supports the idea that sustainable construction does
not imply a complete halt to irreversible change in the natural environment. Some conversion of
natural into man-made capital is acceptable providing that the depletion rate of the world’s natural
capital does not exceed the rate of accumulation of man-made capital of lasting value. Sustainability
is like a three-legged stool, with a leg each representing the areas environment, economy and
society, and any leg missing from the ‘sustainability stool’ will cause instability because the three
components are intricately linked together [17]. Therefore the challenge of sustainable construction
nowadays is to integrate and manage these aspects during the building life-cycle that leads to
sustainable results. The challenge will rely on a holistic sustainable thinking and incorporation of
these three aspects into the building process.

There is a great number of environmental assessment tools for buildings [18] and these tools are
designed to help improve overall environmental awareness amongst construction professionals
towards sustainable practices and to achieve the goal of sustainability in the construction industry.
Environmental building assessment tools have moved beyond the voluntary market place
mechanism as they are now increasingly being specified as performance requirements, and are
being considered as potential incentives for development approval [19]. Some countries or regions
have even made environmental assessments of building projects mandatory at some stages of a
development, such as BASIX in Australia and EcoHomes in the UK for residential developments,
and Green Mark for all types of constructions in Singapore. They are expected to contribute in
reducing environmental impacts, increasing economic viability and satisfying client’s development
objectives.
The criticism of current environmental assessment tools state that most of the assessment systems
are relative, not absolute, by assessing building performance against a set of pre-determined
criteria and their corresponding weights determined by subjective judgments [20]. The subjective
nature of the tools has attracted much criticism due to lack of realistic basis [210]. Kohler goes on to
criticize the current assessment tools in hiding the real mass and energy flows of a development [9],
which are critical in the determination of effective environmental impacts. They do not help to reveal
the real carrying capacity of the environment and therefore no real comparison can be made to
compare the impacts created by buildings during their life cycle in different contexts.
Furthermore, the current environmental assessment tools do not consider the impacts associated
with the processes of manufacturing products and transporting them to the site, ongoing operations
and maintenance, and the disposal of waste at end-of-life. The challenges of existing environmental
building assessment tools will focus on further improvements in order to deal with the increasing
readiness of its target market for a more sophisticated discourse with respect to the understanding
of sustainability issues and in facilitating the integration of sustainability consideration in
construction decision-making [11, 22]. Stakeholders’ participation in the assessment process is to
be encouraged in order to respond effectively to the new challenges and requirements posed by the
sustainability agenda. In other words further improvement in building sustainability assessment may
be promoted as collaborative activities among building stakeholders in order that the vision of
sustainable construction can be valued and realized [11, 22, 23].
Project performance traditionally refers to the outcomes of construction time, cost and quality.
According to WCED [1] the concerns of building performance in line with the goal of sustainable
development includes the sustainability criteria of economic, social and environmental development
across the entire life span of a project. These three principles will have different impacts at various
stages of a development. As a result it will be essential to assess a development to the entire
building process [7, 11]. Van Paumgartten states that the performance of both economic and
environmental aspects of a development can be maximised through the integration of sustainable
principles into the building process [24]. Kaatz et al. suggest that the use of environmental
assessments will enhance its ability to impact the design and construction practice challenging the
existing norms and values of those responsible for the delivery of buildings [11]. It is beyond the
current narrow technical focus and provides opportunities for a more conscious use of such
methods to influence the quality of a building project through the building process. This is so that
sustainability can be integrated into the project life cycle and communicated in a structured way for
a more inclusive stakeholder representation during the building process.

4.

Environmental building assessment - the building process approach

Traditional procurement systems focus on optimizing cost, time and quality and they are used to
benchmark project success. This is often expressed by forecasting project benefits received and
project costs incurred in undertaking a project. The appraisal of the relationship between these two
elements is an important step in decision making. However this viewpoint limits the capacity for
performance improvement and restricts buildings of to achieve sustainability performance.
Following a decision by the developer with respect to the desired direction of investment, the next
phase is to discuss the project with the planning and pollution-control authorities. In many cases an
environmental impact statement may be required and there is always the possibility of a public

inquiry. The ultimate aim is to combine economic viability with environmental quality [25]. The
pursuance of sustainable development presents a challenge that sustainability of a construction
project development must be assessed before its commencement. That is to assess the feasibility
of a project investment by investigating into its economic ability as well as social and environmental
viability to determine whether a project is worth going ahead.
The impact caused by construction activities on the environment occurs throughout a project’s life
cycle. At the stages of inception and design, a construction project consumes many types of
environmental resources including both renewable and non-renewable resources. During the
construction stage, typical environmental impacts occur from implementing a project such as air
pollution, the degradation of water quality, noise pollution, and the generation of solid wastes.
During its operation, a project consumes a vast amount of energy and natural resources for
maintenance and refurbishment. At the end of a construction project’s life cycle, the demolition
activities generate a large volume of solid wastes and emissions. The assessment of various
impacts from construction activities during the building process shows potential opportunities for
making significant contributions to protecting the environment and attaining sustainable
development by properly implementing a construction project [13].
Kaatz et al. state that the fragmented nature of the construction industry is a barrier to achieve
sustainable construction and the fragmented nature has been the outcome of a variety of
stakeholders involved in the development process. Sustainable construction requires the
collaboration of the stakeholders at a very early stage of the development [8]. They go on to discuss
that effective implementation of the sustainable construction agenda requires that the principles of
sustainable development are to be reflected in the building processes [8]. If the building
sustainability assessment is to transform the quality of construction practice positively, it has to be
closely integrated with the building process.
There is no existing assessment tools that provide integration of building sustainability into the
building process and the impacts at various stages of a building have not been considered in most
environmental building assessment tools. Life cycle impacts are highly inter-dependent, as one
phase can influence one or more of the others. For instance, a careful selection of building materials
can reduce energy requirements, but might also increase construction cost and transport cost or
affect the aesthetic of building, and could even influence the generation of recyclable waste.
Therefore when sustainability performance of a construction project is examined, project stages and
hence the major activities in each phase must be specified first, so that the proper factors inflecting
the project characteristics of each stage can be identified. Table 2 summarizes the economic, social
and environmental impacts of a project at various stages of a development.
Table 2 – Summary of the sustainable impacts of major activities in each phase
Impacts
Developmen
Major activities
t stages
Environmental
Economic
Social
Inception
Establish project Site selection,
Land cost,
Cultural and heritage
proposal and
biodiversity, natural loan payment
protection,
undertake
habitat
infrastructure and
feasibility
public facilities,
studies
neighborhood and
safety
Design
Preliminary and Resource
Development
Quality of life, traffic
detail design
depletion, energy
cost (e.g.labour, problems, loss of
consumption,
plant &
income, productivity
aesthetics/visual
equipment,
reduction, social
impact
fees)
integrity
Construction Site activities
Land use, site
Construction
Employment,
dereliction,
costs (labour,
facilities, property
integrity
embodied energy,
plants and
materials)
emissions to air,
land and water,
construction waste

Operation

Management,
operation &
maintenance

Resource
consumption,
pollutant emissions

Maintenance
cost, salary,
utility bills

Demolition

Demolition &
disposal

Operation of
demolition
machinery, waste
disposal, landfill

Waste disposal
fees, labor cost,
energy cost,
deployment of
staff, land
redevelopment,
valued residues

5.

Health and safety of
occupants,
employment
opportunity
Community
betterment, safety
and security

A building process model for assessing building performance

Given the previous discussion on the importance of incorporating economic, social and
environmental assessments into the building process, it is necessary to develop a model to facilitate
the assessment to aid decision making. With respect to this, the environmental building assessment
may be considered as a continuous process, which takes place during the early stages of a
development. Generally, the environmental assessment goes through several distinctive and
inter-related stages. Figure 1 shows the building process assessment model (BPAM) for buildings.
The model breaks the development process down into various levels of hierarchical criteria. Level
one shows the various stages during a building’s life cycle and level two shows the associated
impacts in terms of economic, social and environmental performance. Finally each criterion is
further broken down into sub-criteria for detail assessment. At each stage of the assessment public
participation can be incorporated into the decision making process. This is a significant part of the
process as it is the public who will suffer any long-term effects arising from decisions regarding new
developments [8, 26].
The BPAM of a construction project is the value attributable to building project that reflects the
achievement of sustainable development principles in the inception, design, construction, operation
and demolition of built projects. As derived from related literature, the major principle of sustainable
development is a three-dimensional aspect. The three pillar model of sustainable development was
first introduced in 1987 which has formed the basis of almost every subsequent framework [14, 27].
Based on this principle, the three dimensions are variables that affect the level of contribution from a
construction project viewpoint to achieve the goal of sustainable development. Therefore, BPAM
can be used to indicate the significance of developing a construction project and its attainment of
the three dimensions of sustainable development. BPAM is the function of sustainability
performance at various stages of a project and can be expressed as follows:

BPAM

f { S I , S D , SC , SO , SDe }
LifeCycle

Where: BPAM = Building process assessment model
SI = Sustainability performance at inception stage
SD = Sustainability performance at design stage
SC = Sustainability performance at construction stage
SO = Sustainability performance at operation stage
SDe = Sustainability performance at demolition stage

(1)

Figure 1 The building process assessment model for buildings
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BPAM is measured for the five stages and it is a step function which assumes different values at
different stages of a project life process. This step function can be written in model (2):

BPAM

SI

f { E I , So I , Ev I }( t

inception )

SD

f { E D , So D , Ev D }( t

design )

SC

f { EC , SoC , EvC }( t

constructi on )

SO

f { EO , SoO , EvO }( t

operation )

S De

f { E D , So D , Ev D }( t

(2)

demolition )

SI is the sustainability performance at inception stage and it is the function of economic (EI), social
(SoI) and environmental (EvI). Similar models can be developed for other stages of the life cycle.
SI = f{EcI, SoI, EvI}

EI

n
i 1

Ec Ii Wi

(3)
(4)

where

EI = the performance of economic sustainability criteria at inception stage
EcIi = the performance of economic sustainability criteria for sub-criteria i
(where i = 1, 2, …n)
Wi = Weight of criterion for sub-criteria i

The building process assessment model includes the quantification of both objective and subjective
measures which gives a full life cycle analysis of buildings. The model respects the importance and
usefulness of conventional methods of economic analysis. It recognizes the need to use monetary
values as a unit of measuring resource efficiencies and it is readily understood by the decision
makers and stakeholders. In addition the subjective criteria of social and environmental issues are
quantified using methods such as multi-criteria analysis to best suit their subjective nature.
At the second stage of the project the model will be applied to assess the sustainability of a project
over its entire project life cycle and different design options will be assessed to reveal the best
option in balancing economic, social and environmental impacts.

5.

Conclusion

Ecologically sustainable development is a major concern, and embodies both environmental
protection and management. The concept of sustainable development is broad and concerns
attitudes and judgment to help ensure long-term growth and prosperity. The implementation of a
construction project will have various economic, social, and environmental impacts at different
stages across its life cycle. After reviewing the current assessment methods, it can be concluded
that there is a need to establish a model which considers the three impacts of a building from a life
cycle perspective. This building process assessment model is established to bridge the gap.
Whilst construction activities have been contributing to the development of modern societies, they
are also contributing adversely on the natural and man-made environment. Traditional construction
practices assess the viability of a built project mainly using economic feasibility. This paper reveals
that proper development consideration at an outset can make a significant contribution to achieving
better sustainability, in particular the goal of ecologically sustainable development. Most of the
existing environmental performance assessment approaches assess the overall performance of a
project but do not take into consideration the impact that may have at various stages across a
building’s life cycle. In achieving the goal of advancing the sustainability performance of building
practices, the building sustainability assessment should be integrated into the building process. The
model BPAM in this paper has been developed and presented to fill the gap. The model presents an
alternative approach for assessing the feasibility of a built project during its life cycle in attaining the
principle of sustainable development. Based on the modelling principles, the judgement can be
made as to whether or not the development of a built project is in line with sustainable development
principles and improvements can be made accordingly. The model offers opportunities to reveal the
sustainability performance at various stages of a development so that resources can be focused on
the stage that has the most significant impacts in need for improvement. This way time, cost and
resources can be utilised more efficiently and effectively.

6.
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Summary
The Austrian Green Building Council (ÖGNI) was founded in 2009. Thereby the German
certification system for sustainable buildings (DGNB) has been adapted to Austria. This paper
focuses on the adaptation process, caused by different building regulations, building standards and
guidelines between Germany and Austria. Furthermore it is indispensable to set the benchmarks
for national levels to ensure the fulfilment of local functional and technical requirements in an
adequate way as well as a transparently evaluation of the holistic building quality.
20 buildings have been labelled by the DGNB-Austria certificate until April 2011 and for about 30
further buildings the audit is in progress. Lessons learned from the Austrian certification process
are being presented and the DGNB International Board is also addressed in this paper.
Keywords:ÖGNI, DGNB, Sustainable building certification, National building regulations in Austria,
National benchmarks for sustainable construction

1. Introduction
The construction sector and the real estate economy are currently in a state of change. Climate
change, energy efficiency, scarcity of resources as well as human health and life cycle costing and
value retention are the upcoming challenges. Sustainability in general is a crucial topic at the present time. But sustainable development is only possible if ecological, economic and social goals
are equally emphasized and equally addressed.
The influence of the construction sector is of high relevance regarding sustainable development,
as the construction sector plays a key role in the consumption of energy and resources as well as
in solid waste accumulation [1] and [2]. It is therefore of high importance to quantify the environmental performance of buildings in order to communicate their potential environmental impacts.[3]
To apply the concept of sustainable development to the construction sector, quantifiable measurement methods for an assessment are needed, and these have been developed since the early
1990s. The International Standardization Organization (ISO) prepared the first standards that intended to address specific issues and aspects of sustainability relevant to construction works.
These standards refer to the Life Cycle Assessment methodology (LCA) defined in ISO 14040 series.

On the basis of this ISO work, the European Committee for Standardization (CEN) is currently
working on a set of standards to harmonize the methodology for a sustainability assessment of
buildings. These standards will include the environmental, economic and social performance of
buildings, and are related to the technical and functional performance of a building.
Beside this standardization work, a growing number of green/sustainable building certification systems have been emerging in the market [4] [5] in the past few years and endorse green and sustainable buildings. Recently, there has been an increasing demand for such labels .
1.1

DGNB - German Sustainable Building Council

The German Sustainable Building Council (DGNB) together with the Federal Ministry of Transport,
Building and Urban Affairs (BMVBS) developed a voluntary certification system for sustainable
buildings in 2007. It was developed by experts from the complete value chain of the construction
and real estate sector and gives a clear orientation for this future-oriented economical sector.[6]
The task of the German Sustainable Building Council as a member of the World Green Building
Council is to point out and advance paths and solutions for sustainable building. This includes the
planning, construction and operation of buildings. The DGNB considers itself to be the central
German organization responsible for exchange of knowledge, professional training and for raising
public awareness of this future-oriented part of the building sector. [7]
1.2

ÖGNI – Austrian Green Building Council

In 2009, the Austrian Green Building Council (Österreichische Gesellschaft für Nachhaltige
Immobilienwirtschaft - ÖGNI) [8] was founded with 125 members. Due to a cooperation agreement
with the DGNB signed in June 2009, a substantial basis for the operation of the council was
established with the aim of adapting the German sustainable Building Certificate (DGNB) to the
Austrian system. As a non-profit organization ("gemeinnütziger Verein") in Austria, the aim of
ÖGNI is to support the development of sustainable buildings and sustainable construction in the
country.
1.3

DGNB/ÖGNI Assessment Methodology

The DGNB/ÖGNI Certificate is a transparent and comprehensible rating system, which is based on
the CEN/TC350 approach. It defines the performance of buildings in a comprehensive way – with
5+1 topics, and enables auditors to conduct an evaluation systematically and independently.
The building’s performance, by reaching a defined degree of performance, is assigned a bronze,
silver or gold award. Furthermore, grades are given for the total performance of the building as well
as for the individual topics.
The DGNB/ÖGNI certification scheme criteria-set includes five weighted topics (main criteria
groups): Ecological Quality (22.5%), Economic Quality (22.5%), Social Quality (22.5%), Technical
Quality (22.5%), Quality of Process (10%) and one additionally not weighted, separately evaluated
topic (main criteria group) – Quality of the Location.
Each of these topics is divided into several assessment criteria. For instance, the Global Warming
Potential, Total Primary Energy Demands and Proportion of Renewable Primary Energy, Thermal
Comfort in Winter and Summer or Energetic and Moisture Proofing Quality of the Building’s Shell
are considered for the evaluation of a building. For each criterion, measurable target values are
defined, and a maximum of 10 points can be assigned. The measuring methods for each criterion
are clearly defined.
At the same time, each criterion has a weighting factor which defines the importance for the
evaluation of its respective topic. In this way, for instance, the energy consumption of an office
building is of more importance than the acoustical comfort. The weighting factor can also be zero –
the consideration of motorway bridges does not require the criteria for indoor air quality. [9]

The certificate follows the concept of integral planning that defines the aims of sustainable
construction with the related building performances at an early design stage. This means
sustainable buildings can be designed which are based on the latest state of technology, and their
performance can be communicated with the relevant criteria in the pre-certificate at the planning
stage and in the certificate after completion.
The consulting auditor accompanies the owners during the certification process and prepares an
accompanying planning and construction documentation in accordance with the specifications of
the documentation guidelines. Having completed the building, the auditor compares and checks
the building specifications with the realized project.
Finally DGNB/ÖGNI reviews the entire certification process and performs a conformity inspection
based on the documentation guidelines, makes plausibility checks and takes control samples, and
checks whether everything was executed properly according to the documentation. If all
requirements are fulfilled, the owner receives a certificate.[8]

2. Adaptation of DGNB-Methodology to Austria
The first task was to set up a structure with national experts to identify the main tasks for the
adaption of DGNB-assessment methodology to Austria. The Technical Committee (ÖGNI‘s
certification system committee) was therefore founded and began with the adaptation of the DGNB
system to Austria‘s standards and regulations. The need for an adaptation to the Austrian system
was mainly brought about by individual building regulations, national building standards and
national guidelines both in Germany and Austria that have not yet been harmonized at the EU level.
For a building certification scheme it is also indispensable for the benchmarks to be set at national
levels to ensure that local functional and technical requirements are fulfilled in an adequate way
and that the building quality is evaluated transparently to ensure the best performance of buildings.
2.1

The systematics of the Adaptation

The systematics of the adaptation applies as follows:
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Figure 1: Systematic of the adaptation [10]
Adaptation of DGNB-Methodology to Austria

With a pre-estimation of the required workload a first time line was defined. Several working
groups were installed and worked on the adaptation of the 56 individual rating criteria. The work
was split into the main topics and according to the main responsibilities of the expert group.
2.2

Standard of evaluation

The first step was to identify which assessment criteria were applicable directly without adaptation
and which were not.
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DGNB
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Germany.
Assuming a lower minimum requirement (G) than in Germany, but the same target value (Z), this
would result in a broader range for the assessment (see situation 1 in Fig. 2).
In situation 2 building regulations such as e.g. the acoustic performance as in [ÖNORM B 8115-2]
could be on a higher level than in Germany which leads to a very narrow range for the evaluation
and rating of this performance criterion.
National benchmarks needed to be defined for the Life Cycle Assessment criterion, as well as for
the criterion related to the economic and energy performance of a building. Examples would be:
“Building-related Life Cycle Costs”, “Thermal Comfort during the winter and summer“, “Acoustic
Comfort“, ”Fire Protection“, ”Noise Protection“, “Energetic and Moisture-Proofing Quality of the
Building’s Shell“ and many others. These examples should illustrate why it is that important to
adapt an assessment methodology to a national level.
In Austria, this applies especially to the high quality requirements for noise protection, fire
protection and thermal protection. The variety of national electricity producers had a big influence
on the adjustment of the benchmarks for the environmental life cycle assessment (LCA) indicators.
The Austrian electricity producers have about 50 % renewable energy sources and therefore the
LCA-benchmarks are considerably lower than in Germany. The Austrian framework for the
calculation of the energy demand (OIB directive 6) does not include a reference building as do the
German regulations (EnEV). Therefore, the LCA-benchmarks are absolute values and not
dependent on the technical equipment of the building. Absolute benchmarks also have the
advantages of international comparability.
The situation where European standards or regulations already exist and/or no direct performance
level is required for the assessment are explained as follows. E.g. assessment criterion “Risks for
the Local Environment“, where the risks for the local environment are minimized through a

purposeful choice of building materials during the operation of the building. The materials and
substance types that can cause environmental risks are queried individually and on a per-product
basis. Substance types that are considered are halogens, heavy metals, organic solvents and
substances and products that fall under the biocide and REACH guidelines. The assessment is
carried out by four defined action-levels that build on each other. The requirements of a higher
action-level include the successful implementation of all requirements of the level below it. Each
action-level contains a list of materials and products to be avoided. The more action-levels that can
be fulfilled, the lower the risks for the local environment. Proof for the successful implementation
includes declarations for the required materials and products, submission of material and product
lists, and a test certificate that confirms the compliance of the declared and used products and
materials with the requirements.[11]
The same principal applies to the assessment criterion “Other Impacts on the Global
Environment“, ”Potable Water Consumption and Sewage Generation“, ”User Influences“, “Roof
Design“, “Safety and Failure Risks“, “Accessibility“, “Assurance of the Quality of Design and Urban
Development in Competition“, “Art within Architecture“, “Ease of Cleaning and Maintenance of the
Structure“, “Integral Planning“, “Optimization and Complexity of the Approach to Planning“,
“Evidence of Sustainability during Bid Invitation and Awarding“, “Establishing Preconditions for an
Optimized Use and Operation“, “Construction Site / Construction Process“ and the assessment
topic for “Quality of the Location”.
2.3

Occupancy profiles

It could be recognized that the DGNB’s certification system is suitable for easy and quick
adaptation to the requirements of other countries and building cultures. After just a few months, the
certification of the first offices and administrative buildings began. In May 2010, the first certificates
for the Austrian version of the DGNB (DGNB-Austria) system were awarded for the certification
version office and administration buildings with DGNB-Austria bronze, silver and gold.
The certification methodologies for residential buildings, retail buildings, industrial buildings and
hotel buildings were adapted during 2011 and the adaptation for educational buildings and
modernization is still in progress (August 2011).
The practical experience gained during the initial certification stage, several comments from
professionals and new legal requirements (e.g. OIB directive 6, 2012 [13]) have been incorporated
in the DGNB-Austria 2012 version.

3. Lessons Learned from the first Certificates
3.1

International board

Parallel to the adaptation of the DGNB-Methodology to Austria, an international board was founded
to set up an international core system. This international system is based on the EU‘s sustainability
targets, CEN standards and EU regulations and serves as the basis for future developments. This
approach offers various benefits, e.g. if a certain criterion does not include a country-specific
standard, the European requirement in the international core system can be taken and does not
need to be adapted. According to the DGNB [12], the international core system has one major
benefit for international users: it can be largely adapted to country-specific building cultures, and
this increases acceptance and minimizes the work required for an international portfolio to be
certified. At the same time, buildings in one country can still be compared to buildings in another.
One important aspect in the process is that the requirements for a DGNB bronze certificate are
based on common building practice in the country in question. In contrast, the DGNB gold
certificate is based on an international standard that is the same for all countries. In this way, the
assessments are still meaningful on an international scale. [12]

3.2

Lessons learned

The DGNB-methodology was easily adapted to Austria and worked well for the first certificates. A
correlation between the assessment results and the energy performance could be observed. Five
buildings have been awarded with gold certificate and four of them fulfil the Passive House
Standard. The energy performance and thermal protection of a building made a high impact on the
assessment results because they influenced several criteria of the ecological, economic, sociofunctional and technical quality.
The assessment of life cycle costs (LCC) worked well with the Austrian cost classification system.
A further improvement of the LCC-assessment could be helpful for the certification of small
buildings. Smaller buildings have higher construction costs e.g. due to the unfavourable ratio of
expensive building shell to usable area. This has already been taken into account by the
requirements of the Austrian housing subsidy scheme and could also be implemented in the LCCbenchmarks.
The assessments of building chemicals and of indoor air quality should be further adjusted to the
high Austrian quality recommendations and proposals for an improvement have been derived.
Legal requirements for buildings as well as measures, technologies and components to achieve
sustainable buildings are being permanently improved. Therefore it is necessary to keep the
methodology transparent and flexible and to establish a learning system with the participation of
experts. Technical working groups with representatives from science and industry have been
started to further develop the assessment criteria for the next relaunch of the Austrian
methodology. Altogether, the introduction of the DGNB Certification in Austria has helped to raise
the awareness of planners and developers for all the sectors of sustainability.
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Summary
This study was based on descriptive bibliographic research about the Brazilian social housing
production through constructive techniques focusing on sustainability, also emphasizing the
analysis of two distinct cases which have recently been performed in Brazil. Those two cases
were federally funded and used some concepts of sustainability. The analysis and the
interpretation will be based on gathering information and through critical and reflecting reading.
This study is also intended to offer subsidies to analyze the real commitment of the Public
Housing Policy with a development aimed to the preservation of natural resources, quality of
environmental comfort and social participation, becoming a working practice where several social
agents can interact, in the reordering of the same, towards social inclusion.
Key Words: Sustainability, Social Housing, Sustainable Materials, Public Policy.

1.

Introduction

The changes occurred in recent decades in the scientific, technological and cultural areas have
influenced significantly the act of living in an urban center. They brought many challenges to
society, which seek to keep a balance between the social, economic and environmental
dimensions, requiring reorganization to fit before such changes. In view of this new condition, the
issue of sustainability and survival of modern cities have become easily observable when
considering the social effects of public policies as real indicators.
Bobbio et al. [1] sees politics as being [...] everything that refers to the city and consequently what
is urban, civil, public and even social and sociable. This assumption suggests that politics might
be understood as a couple of human activities performed within a socio-cultural community
focused on the needs and human interests, either individually or collectively.
In this study, the importance of sustainability - in all its aspects - applied to public housing policy is
seen as a housing key factor for almost the entire population, mainly in the form of new patterns
of behavior. And the use of materials and methods with sustainable characteristic is a quite
significant measure in the consolidation of contemporary society.

The aim of this paper is to provide a parallel between the debate about sustainability and how the
government treats this issue in the new projects for social housing in Brazil.

2.

The Importance of Sustainability in Everyday Life

2.1

What is Sustainability?

The meaning of the term "sustainability" depends on what its application is going to be qualified.
The first step is to delimit the concept of sustainability that is going to be adopted.
In 1987, in response to concerns that focused only on environmental issues, the concept of
Brundland was published for the term sustainable development, which is fairly disclosed today.
The concept puts the future of next generations in question.
Therefore, Sachs’ concept of eco-development [2] was included because some critics considered
the term sustainable development redundant. Sachs’ concept considers not only the ecological
issues but also social and economic. The Agenda 21 for Sustainable Construction in Developing
Countries defines sustainable development as “the type of development that we need to achieve
sustainability. It is an continuing process of maintaining a dynamic balance between the needs
and demands of people for fairness, prosperity and quality of life, and what is ecologically
possible” (CIB and UNEP-IETC, 2002 apud EGAS) [3].
Development, differently of economic growth, reaches good conditions from the moment it goes
beyond material wealth, from the moment it includes equality and solidarity, beyond the economic
vision and having, thereby, a very strong social character. Development must take into account
human rights, which involves political, civil, economic, sociocultural, besides collective rights to
the environment. As Sachs says: "the growth, even if accelerated, is not synonymous of
development if it does not expand employment, it does not reduce poverty and the inequality is
not attenuated." [4]
Finally, Sachs conceptualizes eco-development or sustainable development as changeable,
which depends on several aspects, proving the term is not really a single formula: “In short, ecodevelopment is a development style that, in each ecoregion, insists on specific solutions to their
problems, taking into account ecological data in the same way that the cultural, the immediate
needs but also those in the long term”. [5]
The concepts that must be included to achieve the eco-development are divided into five fields,
according to Sachs [6]:
 Social, because the socioeconomic gap between social classes exists in all countries;
 Territorial, which involves the distribution "of resources, people and activities" on the
territorial space;
 Economic, been the economic viability a condition for things happen;
 Political, the democracy and the freedom it provides are essential to make things happen.

3.

Social Housing: Concept and Its Implementation in Brazil

3.1

The Importance of Housing

The primary function of housing is to provide a safe place. With the development of their skills, the
men began to use available materials in the environment, making the shelter more elaborate.
Even with all the technological developments, its primary function has remained the same, which

is to protect humans from the elements and intruders. “Anyway we must live. In the country, in the
small town, in metropolis, living is such as dressing, eating, it is a basic need of individuals.
Historically the characteristics of housing changed, however you always need to live, because you
cannot live without taking up space”. [7]
Santos [8] says that housing is a basic need and an aspiration of all human beings. Home
ownership, food and clothing are the major investments for the establishment of a heritage.
3.2

The Housing Problem and History Process of Housing Policy in Brazil

Urbanization in Brazil "has already showed its first manifestations in the years that followed the
1930 Revolution". Schmidt Faret (apud França 1998). [9]
But it was from the 1960s that this phenomenon was accentuated, reaching in a different way, all
regions of the country. In 1940, the Brazilian urbanization rate was 26,3%, in 1980 reached
68,86% and in 2000 it was 81,2%, which shows a reversal to the place of residence of the
population. It is found, therefore, that in sixty years, urban settlements have expanded in order to
house more than 125 million people in urban areas. [10]
However, policies related to social housing in Brazil can be seen from the 1930s, when the
Brazilian state assumed responsibility for production and supply of housing, with the creation of
real estate cards of IAPs (Institutes of Retirement and Pensions), which care was primarily
provided to members.
In 1964, there was the creation of BNH (National Housing Bank), which was abolished in 1996,
and SERFHAU (Federal Service of Housing and Urban Development). These public services had
to develop the Brazilian housing policy, having as objectives: to coordinate housing policy, private
enterprise, encouraging construction of affordable housing, finance home ownership, providing
improvement for housing standard; eradicate slums, increase investment of the construction
industry and encourage private savings and investment. [11]
Managed by BNH, there was the SFH (Housing Finance System) which was actually an official
instrument which established the conditions for the capitalization of the companies related to civil
construction, besides allowing the creation of a private financial network, doing the financing of
production.
In the first year of operation of BNH, housing policy was directed to attend the demand of the
lower classes. Around 1975, the existing housing programs were directed to serve the middle
social class. So, it became evident that the number of houses included in the State proposal to
the social interest has not met expectations. [12]
Since 1986, when the extinction of BNH occurred, the Caixa Econômica Federal started to be
responsible for the development of housing policy in the country. In late 1990, the Brazilian
Government created the National Letter of Credit Program, which has provided the financing of
construction in association, providing a new way of living where people are grouped and
coordinated by organized companies, that build the housing estates and gated communities.
In 2003 the Ministry of Cities was created by the Federal Government. Today, it is dealing with
urban development policy and sectoral policies on housing, environmental sanitation, urban
transport and transit. Through Caixa Econômica Federal, operator features, the Ministry works in
coordination and partnership with states and municipalities and social movements, NGOs, private
sector and other segments of society. [13]

4.

Sustainability and Social Housing: Proposals and Challenges for
the Contemporary

4.1

Use of Sustainable Building Materials and Techniques

The need to attempt the housing deficit of a developing country like Brazil is faced with the debate
of sustainability, since the choice of materials, construction systems and processes to implement
them determine how the construction operates in Brazil and around the world, consuming high
levels of energy and generating waste and emissions.
Within the global framework, it is needed to seek a better way to produce housing, attempting not
only sustainable environmental policies, but considering the multidimensionality of the subject.
The environmental impacts of the flow of materials in production of the built environment are
evident. The production, transportation and use of materials contribute to global pollution.
Consequently, at any methodology of sustainable construction there will be procedures to select
materials based on sustainability.
The assessment of the sustainability of construction products presents difficulties as: the
peculiarities of construction products; the complex of viable processes throughout the life cycle of
these products; processes and supply chains of materials and components, environmental, social
and economic issues involved, which must be considered in an integrated manner.
Some criteria can be identified as the most common at the evaluation systems analyzed,
including: impacts on resource extraction, embodied energy, emission of greenhouse gases,
indoor environment quality.
Therefore, to have a write selection of materials to be used in sustainable building, it must be
taken into account the use of local materials, the use of renewable materials, the embodied
energy of materials and the analysis of life cycle cost, and the social function that the material and
technique to be used may have.
4.2 Production Methods of Social Housing in Brazil: Provision of Global Contract and
Task Force System
Social housing are produced mainly by two methods. The first method is the Provision of Global
Contract, where the state only enters as a funder and oversight, and the private sector produces
the dwellings. This method is very efficient in view of large-scale production, and commercial
character.
The second method is the Task Force system, organized with state funding for community
associations, which in turn makes the financial management of housing development. The labor is
unpaid and the work is done voluntarily by the associated public bodies and community
associations. This method is very effective, in order that community involvement gives the
community a sense of belonging to the site.
4.3

Case Study: "Minha Casa, Minha Vida" Program

Through the "Minha Casa, Minha Vida" Program, the municipality of São Bento do Sul, state of
Santa Catarina, is building 338 homes to attend families enrolled at the Municipal Housing

Company. The houses, which are being made by Implantec Construction, have 46,17 square
meters, divided into two bedrooms, living room, kitchen and bathroom.
The popular and public buildings require very efficient solutions because of the controlled costs
and the need to become a resistant construction and with easy maintenance. For housing, the
Construction needed a system that would include attributes such as ease of installation, speed,
ease durability and the less waste as possible. Moreover, the facilities needed to offer a high
degree of precision.
This is a standardized design, consisting of columns, beams and metal roof structures. This new
constructive solution is simple, fast and economic for people who build a large number of
dwellings. The system used in the housing structure was made with steel sections. So, the
alignment of the walls was provided. The margin of error was eliminated on the part of the
masonry because the structure has already been plumb.

Fig. 1 Stages of construction
The solution presented got an industrialization process, which provided greater speed to work.
Other advantages are the significant elimination of waste materials such as wood, concrete and
hardware, and the installation process has become the building area even more clean and safe.
Thus, the quick installation, eliminating errors and waste and ultimate cost compatible were got.
The system, which is lightweight and safe, offers resistance and allowed the use of conventional
tiles, following the original design.
4.4

Case Study: “Morar Melhor” Program

In the 1960s, the city of Londrina-Paraná won the title of "World Capital of Coffee," which won
repercussions in a lot of coffee houses in the world. This effect also gained ground in the country,
causing the city an accelerated urbanization, as well as the rest of northern Paraná.
The Marizia Slum, which later was renamed Mariza, began to emerge next to the highway that
connects the state of Paraná to São Paulo. Its residents, at first, consisted of workers from rural
areas who came to seek their fortune in the city.
The urbanization of Mariza Slum began in 1993 through the “Morar Melhor” Program from Cohab
(Housing Company) of the city of Londrina. Besides the basic urban infrastructure such as the
construction of new streets and the demarcation of plots, a task force composed of households to
the construction of embryo houses of 25 square meters each, which can later be increased in size
as the needs and conditions of each family. [14]
Basically, the task force's work included the collaboration of at least one member from each family
for a period of 44 hours per week. Through meetings with the community, it was decided on the
use of groups and a coordinator for each, so as to facilitate the prioritization of tasks to be
performed.

First, three houses models were built, and these were the only ones who had a previous definition
of the residents, who were single women with young children who had no other family member
who could participate in building the house.
This first stage of construction of the embryos houses lasted four months. It was used the
traditional way of construction system. The last stage of the urbanization of Mariza was completed
in 1996, helping at the time a number of about 151 families.
Another example of slum upgrading program in Londrina by the “Morar Melhor” Program is
“Jardim Morar Melhor”, which takes its name from the program of urbanization. The households
are also built by the same task force system of Mariza Slum.
But this case uses a different way system of constructive than the others. The bricks used in
construction of the houses are made of recycled building waste, being produced in the Rubble
Milling Center of Environment Autarchy of the City of Londrina. The rubble is collected by
companies that take it to the Rubble Milling Centre, where it is prepared to turn into products like
gravel, pebbles and sand. After that, they are transformed into blocks for the construction of
houses and for the construction of sidewalks. The Centre has a production capacity of 2,500
blocks of 20x40 cm per day.
The final cost of such households, compared to the cost of houses conventionally constructed is
20% smaller. But the main benefit is not economic, but social. This process avoids that tons of
rubble remain deposited in the valleys, damaging the environment, and are reused to build
houses for the population who lived under precarious conditions. Now the population is living well,
with dignity, and is qualified to seek employment in the construction area. [15]

5.

Conclusion

The segregation of Brazilian urban spaces, which began in the 1960s with the growth of the big
cities, reaches levels of problems that go far beyond the simple distance between downtown, well
served of resources, and the outskirts, with plenty of illegal housing.
In this context, there is an urgent need to create a new theoretical base for urban form, concerned
with social, energy and environmental issues, as well as the preservation and conservation of
natural resources, having the citizen as a transformer agent and central icon of the urban
discussions.
Housing, as a basic item of citizenship, must take its position of importance and urgency as to its
availability for the entire population. The cases mentioned earlier about Social Housing are just
two examples of solutions that can be adopted to the problem of Brazilian housing deficit and the
precarious living conditions of the slum population that, moreover, has as an obstacle the estate
speculation, which further impairs the less fortunate, increasing the gap between center and
periphery.
Therefore, to continue and expand the implementation of public policies that aims the guarantee
of the inclusion of the community on issues that are relevant to the city is the minimum to be
done, because a community that does not know itself and its space can hardly communicate its
importance in the broader context of the city and society. Public policies are the key to a society
concerned with the urban environment and how cities should be handled from now on.
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Summary
Urban form and spatial distribution of elements is a crucial factor for urban sustainability. Based on
complexity theory of urban form (Batty, Hillier, Salingaros) the paper will propose new
mathematical formulas for spatial and morphological sustainability indicators: intensity, diversity,
proximity, complexity, form, connectivity and distribution. Intensity measures the density or
concentration of an object on a given scale. It implies a relationship of efficiency between the result
and the means employed. This is the case for the carbon and emissions intensity for example.
Indicators of spatial distribution give the relative concentration or dispersion of objects on a given
scale compared to the totality of known objects on a bigger scale. The point is to quantify the
distribution of objects in order to evaluate the equitability. Proximity corresponds to the distance
between two things, for example between homes and leisure activities or between offices and
public transit stations. This distance must be minimized to minimize travel needs for day-to-day
activities. Connectivity corresponds to the relative accessibility or spatial interconnection of a
system or a network and will be assessed by the graphs theory and by fractal geometry. Diversity
refers to the mix and variety of objects of a similar type on a given scale, for example, the diversity
of land use or of housing size on the scale of a district. Unlike spatial distribution, diversity focuses
on the frequency and scale of different objects not on their more or less homogenous location in
space. The concept will be approached through scaling inverse power laws. Indicators of form refer
through shape factors to the geometry of elements, their volume and their footprint in space. They
measure this information as a basis for building formulas predicting energy consumption. These
indicators allow comparing urban projects by verifying the energy, social and environmental
consequences of choices of forms. Authors eventually present a table summarizing all the spatial
indicators that can be used to assess urban efficiency.

1. Introduction
These indicators are not so much prescriptive tools as aids in the decision-making and
communication process. They allow us to compare several projects by verifying the energy and
environment consequences of choices of forms. They are not intended to be used as absolute
targeted values, but rather as instruments of comparison between different types of form. Any
attempt to use them as absolute values would only fragment the urban conception in a series of
technical targets, forgetting thereby its character as a structured system. We hope the system we
are proposing will serve as a support for a dialogue-based investigative approach to the process of
form selection conducted by local stakeholders in urban development. In this spirit, instead of

target values, we propose gradients of reference values corresponding to measures implemented
on real cities. Moreover, our indicators offer the possibility of being adapted to specific projects,
notably by way of comparison to the structural objectives defined by public actors.
Our work is embedded in the factor approach to reducing resource consumption introduced by
Ernst von Weizsäcker in his book Factor Four: Doubling Wealth, Halving Resource Use [1]. He
starts from the principle that reducing our energy footprint can be facilitated by a breakdown into
factors, each of which can be examined separately as a lever for action. Ratti, Bakers, and
Steemers [2], adapted this concept specifically to the urban environment in the factor breakdown
below. Urban morphology can contribute to halving energy consumption and greenhouse gas
emissions. In this system of indicators, we have focused particular attention on the morphological
aspect and will take up building technology to a certain extent, being that it is sometimes hard to
separate the latter from the former, and that the latter is essential when it comes to measuring the
energy consumption of a district and a city.

2. Organization of the system
2.1. Three pillars
Sustainable development involves many disciplines and it has become increasingly obvious that
an innovative combination of these disciplines is indispensable for reducing greenhouse gas
emissions while improving life quality. After having analyzed the context constituted by the three
traditional pillars of sustainable development, we realized that the urban form synthesizes all of the
concerns and issues of the environment, society and the economy, while maintaining its own
autonomy. Urban forms develop according to dynamics that are influenced by social and economic
factors, without being reduced to them in a strictly deterministic way. We have thus retained the
three concepts: Urban form - Economic and social – Environment. This organization thereby
leaves room for a variety of combinations between the urban and the social, the urban and the
economic or the urban and the environmental.
2.2. Major themes
A thematic organization makes the system clearer for the reader. We decided to incorporate this
scale of analysis in our system, while precising it by other classification means. We thus chose
quite  classical   parts:   “land   use”,   “mobility”,   “water   management”,   “biodiversity”,  “energy”,   “equity”,  
“economy”,  “well-being  and  culture”,  “waste  and  materials”.
Once we had established the broad lines of our approach, we turned to the choice of indicators
within each major theme (land use, mobility, water, biodiversity, etc.). We started by examining the
nature of each indicator. This meant setting down limits to define its scope. The decisive question
rested on the definition of the role of each indicator. Why choose it? What information does it
provide? What information, on the other hand, does it not give? These questions were
indispensable for finding the most appropriate name and mathematical formula for the indicator. It
led us to think about the meaning of diversity for instance. Our analysis gave rise to the
classification based on the following indicator types: intensity, diversity, proximity, complexity, form,
connectivity and distribution. This typology tells us about the nature of the indicator, the information
it provides and the use that can be made of it.
2.3. Spatial scales
The spatial scales specify the area to which the indicators can be applied according to the
meaning that is attributed to them. The scales on which we have conducted our studies are the city,
the district, the group of block (called neighborhood below), the block, and the building. We are
aware of the interest of studying the urban area, notably for questions of supply to the city and city
limits, but we preferred setting down more precise limits for these indicators for reasons of data
availability, relevance of results and effectiveness of recommendations.
The city scale is the most comprehensive scale. It permits comparisons with other cities in overall

consumption per resident, in quantity of energy and resource consumption and waste produced.
On this scale, we can also study maps of communication roads, connectivity, and the distribution of
roads between users, notably public transit networks and the connections between different modes
of transit.
The district scale has to have sufficient aggregated yield data to take into account the structure,
complexity and connectivity, in particular of the street networks (for pedestrians, bikes, cars, public
transport). This scale also allows us to examine issues of diversity: be they in terms of social mix
by looking at the diversity of housing sizes and prices, of sectoral mix with the distribution and
concentration of different activities, or of the housing and job mix. These questions can be taken up
within the boundaries of a district, or by comparing several districts.
The city and district scale focused a lot on connectivity, which loses its significance on the
neighbourhood scale, save perhaps for the pedestrian and bicycle grid. On the other hand
morphology plays a significant role on the neighbourhood scale, as do physical phenomena within
the urban fabric: wind speed, wind directions, solar potential (sky view factor) [3,4]. These physical
parameters are influenced by the form of streets (H/L of urban canyons), their orientation in relation
to the sun and dominant winds, etc. The indicators of mixed use take on a different significance on
the smaller scale of the neighborhood. Segregation (social, residential, sectoral) that may have
been masked by this indicator on the district scale may show up on the neighborhood scale. This is
also an interesting scale for measuring proximity parameters: green spaces, public transport,
public spaces and facilities, etc. This scale corresponds to a selection of 200 m by 200 m in the
Haussmannian fabric, or between 1 and 4 blocks. For an American grid, or for Brasilia, the
appropriate scale will be approximately 400 m x 400 m, to maintain the coherence of the urban
fabric.
The block scale is particularly interesting for morphological parameters and in urban configurations
consisting of adjoining or homogenous buildings. The perimeter established depends highly on
local architecture as on the form and relationships between buildings. The block is a highly
versatile form with a millennia-old history a form that looks different in different civilizations around
the world. The block is the built part framed by streets. In Paris, it corresponds to a series of
buildings, which usually surround courtyards. But in skyscrapers, it corresponds to the building. It
can be used notably to calculate heat energy needs on the district scale without having to calculate
building by building, as is usually done. It is possible to extend the results to the block and even
district scale, when buildings have the same technology and level of insulation, in homogenous
fabrics, meaning those where either the buildings have approximately the same envelope area/
volume ratio or adjoining walls.

3. A typology of indicators
The recurrent concepts in our approach are translated notably by the use of seven different types
of indicators to evaluate the following aspects: intensity, distribution, proximity, connectivity,
complexity, diversity and form. These concepts constitute an analysis grid that serves to pinpoint
the significance of the result of the indicator and its objective.
3.1. Indicators of intensity
Intensity is an increasingly utilized type of indicator. It is used to measure the density or
concentration of an object on a given scale. It can then describe a concentration of people or a
density of housing, for example. It implies a relationship of efficiency between the result and the
means employed. This is the case for the carbon and emissions intensity that measures the
amount of carbon emitted to achieve a result and allows us to compare the energy efficiency of
activities. We have picked up certain intensity indicators that have already been published, notably
by  Barcelona’s  Urban  Ecology  Agency [5] and the Canada Mortgage and Housing Corporation , of
the University of British Columbia [6,7].

3.2. Indicators of spatial distribution
These give the relative concentration or dispersion of objects on a given scale compared to the
totality of known objects on a bigger scale – for instance, the distribution of parks or social housing
in specific districts compared to the whole of the city. The point is to quantify the distribution of
objects in order to evaluate the equitability. Usually the aim of the distribution is to be homogenous.
This is sometimes conflated with an indicator of diversity, which is why we will describe these
indicators hereunder.
3.3. Indicators of proximity
Proximity corresponds to the distance between two things, for example between homes and
leisure activities or between offices and public transit stations. This distance must be minimized to
minimize travel needs for day-to-day activities.
3.4. Indicators of connectivity
Connectivity corresponds to the relative accessibility or spatial interconnection of a system or a
network (network of streets or buildings, for example).
3.5. Indicators of diversity
Diversity refers to the mix and variety of objects of a similar type on a given scale, for example, the
diversity of land use or of housing size on the scale of a district. Unlike spatial distribution, diversity
focuses on the proportion of different objects not on their more or less homogenous location in
space.
3.6. Indicators of form
Indicators of form refer to the geometry of elements, their volume and their footprint in space. They
take this information into account as a basis for building formulas that tell us about energy
consumption or the relationship of people to their environment.
Indicators of intensity are being applied more and more. They do not present a particular problem
of comprehension or calculation and are often defined by a ratio. The indicators of form and
connectivity have been more and more developed theoretically but are rarely found in practice.
The indicators of proximity are fairly intuitive and provide average travel distances, which remain
relatively easy for readers to imagine and transpose. On the other hand, the indicators of diversity
are almost never used and cover different senses and modes of calculation. The indicators of
distribution are sometimes conflated with those of diversity, which is why it seemed appropriate to
expand at greater length on these two types of indicators.

4. Focus on a few concepts
4.1. Parameters of urban form
Indicators of urban form concern the elements that make up the urban fabric. These indicators
describe the morphology of buildings, street, or urban networks.
Volumetric compactness is one of the factors of form the most useful for a thermal analysis of
buildings since it impacts their theoretical heating needs. There are three varieties of compactness:
traditional compactness, equal to the surface area S of the building’s  envelope  over  the  volume of
the building; the size factor, corresponding to the equivalent cube of its length; and the form factor,
which is adimensional and from which the bias introduced by the different size of the analyzed
objects has been removed.

Table 1: three formulas for building compactness
Traditional compactness
𝑆
𝐶=
𝑉

Size factor
𝑉

Form factor
𝑆
𝐶= /
𝑉

/

The other form indicators of relevance to urban analysis relate to the morphology of streets and the
verticality. The index of street form is a determining factor for the wind effect in the city, impacting
as much the natural cooling as the dispersion of pollutants. The verticality index simply measures
the  city’s  verticality:  the  higher  the  index,  the  more  vertical  the  city
Table 2: indexes for streets morphology
Street form index

Verticality index

Where H is the height of buildings and
W the street width

where H is the height of buildings,
S the surface area of the selection (building,
district or city).

4.2. Complexity
Complexity plays a tremendous role in sustainability. However, it is a very hard-to-grasp concept,
and the indicator systems often deal with urban complexity in a non proper way. These issues have
been developed precisely into details in one of  the  authors’  earlier  paper [8]. We thus heavily rely
on this paper to implement this system of spatial indicators. We recommend to the reader to refer
to [8] for further explanation concerning urban complexity.
We distinguish three types of urban complexity.
-

The type of indicator that assesses the spatial distribution of parks, shops, amenities... This
index assesses how even the distribution is over the selection, compared to sub-selections.
The best example is the distribution of green areas within a city. Let us consider Q districts
in the city, each of them having an overall area of Si (m²) and Ai of green areas (m²). This
index quantifies how evenly the green areas are distributed within a city. The bigger the
index, the better the distribution.

𝐶𝑝𝑥

-

  

=

1−∑

  

(1)

The second type of complexity index stands for the situations for which an even-distribution
is   not   a   good   objective.   For   a   wide   range   of   situations,   the   ‘right’   distribution   of   elements  
relies on a wide range of constraints: socio-economic, policy orientations... Let us consider
the mix between offices, shops and housings within a district. The even-distribution (1/3
offices, 1/3 shops, 1/3 housings) would be arbitrary. In this case, the building use mix has to
be decided taking into account numerous socio-economic factors. An objective has to be
set by policy makers and local authorities, for instance 25% of offices, 25% of shops and 50%
of housing as a 10-years objective. The index we propose is a steering tool for such a
policy, quantifying the distance of the current distribution (ni) to the targeted distribution

(niobj). The smaller the value of this indicator, the closer the distribution to the structural
objective.
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The third type of complexity index aims at comparing objects with different spatial scales.
Numerous papers have shown that scale hierarchic structures are crucial for urban
efficiency. The scale hierarchy of urban structures and networks has a tremendous
influence on energy efficiency. Following   Alexander’s   recommendations [9], it also has a
significant role in urban projects financing. This formula quantifies the distance of the
current distribution of elements (ni elements of size xi) to the optimal distribution pi which is
given by the following formula, where A is a constant and m the fractal dimension
associated with the optimal distribution [8]:
(3)

𝑝 =

The last complexity index is then:
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The smaller the index, the closer the distribution is to a scale hierarchic distribution. This
complexity index is for instance useful to quantify the efficiency of street networks, urban
parcels distributions, how urban projects are financed given their scale...

5. Indicator system
The following table provides a comprehensive system of spatial indicators, ranging from classic
intensities (energy intensity, job intensity...) to more specific indexes dealing with urban complexity.
The first column indicates the theme of the indicator: land use, mobility...The second column
stands for the three pillars of urban sustainability: socio-economic, environment and urban form.
The third one stands for the type of indicator: intensity, distribution, proximity... The scale at which
the indicator should be calculated stands in the fourth column. Four scales are used: the city scale,
district scale (D), neighbourhood scale (N) and block scale (B).

Table 3: A new system of spatial indicators for urban sustainability

6. Conclusions
Urban sustainability is strongly related with urban morphology issues. Urban morphology though is
not limited to density issues. A wide range of parameters have a significant influence on urban
sustainability, be it on socio-economic, ecological or energy aspects. This paper summarized all
the spatial urban characteristics influencing urban sustainability, translated into indexes and
indicators that can be used as steering tools for urban policy.
Our approach aims at considering cities as a whole. Cities are complex multi-scale systems. As
such, indicators of urban sustainability have to translate these scale issues. The system we
propose is meant to integrate all urban scales: city, district, neighborhood and block scale. 9
classical categories have   been   chosen   to   structure   the   system:      “land   use”,   “mobility”,   “water  
management”,   “biodiversity”,   “energy”,   “equity”,   “economy”,   “well-being   and   culture”,   “waste   and  
materials”. Another classification of indicators is also used and stands in order to describe the
technical characteristics of indicators. We have set these categories to highlight the very structural
differences in the way these indicators are calculated. The categories are: Intensity, spatial
distribution, proximity, connectivity, diversity and urban form. Some of these indicators, such as
spatial distribution and diversity have needed a prior analysis aiming at clarifying both the concepts
involved and the mathematical formulas able to properly assess the phenomenon at hand.
These spatial indicators are not so much prescriptive as steering tools for policy making and
communication process. The indexes we propose cover a wide range of urban parameters, and
should not be used as prescripts for urban sustainability. No prescriptive exact target has to be
aimed at. Cities are complex and an overall sustainability optimization does not imply an
optimization of every parameter but a sub-optimization. Further reason arguing for suboptimizations of every single indicator is that some of them can vary in opposite directions. This
indicator system is thus meant to be used not with exact prescriptive recommendations, but with
prescriptive ranges to be targeted. This breathing space in the recommendations aims at giving
flexibility and smoothness to these steering tools. Prescriptive ranges have furthermore to be
adapted to every single city: recommendations are not universal and have to be adapted to local
characteristics such as climate, cultural and socio-economic aspects.
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Summary
This research work aims to assess the cost implications of improving the life-cycle sustainability of
a residential building. For this purpose, a multifamily cooperative housing building block, that is the
Portuguese pilot-project of the EU Project “SHE: Sustainable Housing in Europe”, has been
chosen. This work will compare the sustainability of the case study with the conventional design
approach in Portugal, i.e. when the conventional technologies and building materials are used. For
this outcome the building sustainability assessment methodology SBToolPT - H will be used. This
paper will highlight the usefulness of a building sustainability assessment tool in supporting and
recognizing the sustainable building design. It will also show that even with little investment in the
capital costs it is possible to archive high performance residential buildings.
Keywords: Building sustainability assessment, Life-cycle, Rating, Sustainability

1. Introduction
Due to the increasing awareness about the consequences of the contemporary model of
development in the climate change and to the growing international movement toward highperformance/sustainable buildings, more and more the current paradigm of building is changing.
This is changing both the nature of the built environment as well the actual way of designing and
building a facility. This new approach is different from the actual practice by the selection of project
teams members based on their eco-efficient and sustainable building expertise; increased
collaboration among the project team members and other stakeholders; more focus on global
building performance than on building systems; the heavy emphasis placed on environmental
protection during the whole life-cycle of a building; careful consideration of worker health and
occupant health and comfort through all phases; scrutiny of all decision for their resource and lifecycle implications; the added requirement of building commissioning; and the emphasis placed on
reducing construction and demolition waste [1].
Although there are several definitions for a sustainable building, generally speaking, it uses
resources like energy, water, land, materials in a much more efficient way than conventional
buildings. These buildings are also designed and used in order to produce healthier and more
productive living, work and living environments, from the use of natural light and improved indoor
environmental quality [2]. Therefore, sustainable building aims the proper balance between the
three dimensions of the sustainable development: Environment, Society and Economy [3].
To attain these goals and to support a sustainable building design, systematic, holistic and practical
approaches must be properly implemented. Developing and using building sustainability
assessment methods is one solution to explore in order to promote a more sustainable built
environment [3], [4]. Building sustainability assessments based on a life-cycle approach can

produce important long-term benefits for both building owners and occupants [5], namely: helping
to minimize environmental impacts; solving existing building problems; creating healthier, more
comfortable and more productive indoor spaces, and reducing building operation and maintenance
costs. Life-cycle analysis considers all the inputs and outputs of acquiring, owning, and disposing
of a building system. This approach is particularly useful when project alternatives, which fulfil the
same performance requirements, but differ with respect to initial costs and operating costs, have to
be compared in order to select the one that maximizes net savings [5].
This paper aims to highlight the contribution of the sustainability assessment tools to the
sustainable building design. Moreover it will present the role of the Portuguese Sustainability
Assessment Tool (SBToolPT) in promoting the design of a sustainable affordable residential building
by presenting a case study.

2. Brief presentation of the SBToolPT methodology
2.1

Framework and sustainability indicators

The Portuguese version of SBTool - SBToolPT - was developed by the Portuguese chapter of iiSBE,
with the support of University of Minho and the private company EcoChoice. In this methodology
all the three dimensions of the sustainable development are considered and the final rate of a
building depends on the comparison of its performance with two benchmarks: conventional
practice and best practice. This methodology has a specific module for each type of building and in
this paper the module to assess residential buildings (SBToolPT – H) was used.
The physical boundary of this methodology includes the building, its foundations and the external
works in the building site. Issues as the urban impact in the surroundings, the construction of
communication, energy and transport networks are excluded. Regarding the time boundary, it
includes the whole life cycle, from cradle to grave.
Table 1 lists the categories (global indicators) and indicators that are used in the methodology to
access residential buildings. It has a total of nine sustainability categories (summarizes the building
performance at the level of some key-sustainability aspects) and 25 sustainability indicators within
the three sustainability dimensions [4].
The methodology is supported by an evaluation guide and its framework includes (Fig. 1):
i) Quantification of performance of the building at the level of each indicator presented in a
evaluation guide;
ii) Normalization and aggregation of parameters;
iii) Sustainable score calculation and global assessment.
List of performance indicators supported in an assessment guide
Environment

Societal

Economy

Benchmarks

Quantification

Building in study

Normalization
Aggregation
Global Assessment
(Sustainable Score)

Fig. 1 Framework of the SBToolPT methodology

Table 1 List of categories and sustainability indicators of the SBToolPT methodology
Dimension

Categories
C1 – Climate change and outdoor air quality
C2 – Land use and biodiversity

Environment

C3 – Energy efficiency
C4 – Materials and waste
management
C5 – Water efficiency
C6 – Occupant’s health and
comfort

Society
C7 – Accessibilities

Economy

2.2

Sustainability indicators
P1 – Construction materials’ embodied environmental impact
P2 – Urban density
P3 – Water permeability of the development
P4 – Use of pre-developed land
P5 – Use of local flora
P6 – Heat-island effect
P7 – Primary energy
P8 – In-situ energy production from renewable
P9 – Materials and products reused
P10 – Use of materials with recycled contend
P11 – Use of certified organic materials
P12 – Use of cement substitutes in concrete
P13 – Waste management during operation
P14 – Fresh water consumption
P15 – Reuse of grey and rainwater
P16 – Natural ventilation efficiency
P17 – Toxicity of finishing
P18 – Thermal comfort
P19 – Lighting comfort
P20 – Acoustic comfort
P21 – Accessibility to public transportations
P22 – Accessibility to urban amenities

C8 – Awareness and education for sustainability

P23 – Education of occupants

C9 – Life-cycle costs

P24 – Capital cost
P25 – Operation cost

Global assessment and labelling

The used normalization process allows comparing the performance of the building under
assessment with two benchmarks: best practice and conventional. This process in addition to
turning dimensionless the value of the parameters considered in the assessment, converts the
values between best and conventional practices into a scale bounded between 0 (worst value) and
1 (best value). In order to facilitate the interpretation of results, the normalized values of each
parameter are converted in a graded scale, as presented in Fig. 2. The graded scale has 6
qualitative levels of sustainability, from A+ (more sustainable) to E (less sustainable).
P 1,00
0 ,70

P 1,00

0,40

P 0,70

0 ,10

P 0,40

0,00

P 0,10

0,00

P

Best practice

Conventional practice

Fig. 2 Conversion of the quantitative normalized parameters into a qualitative graded scale

Normally,
the
majority
of
the
stakeholders would like to see a single,
graded scale measure representing the
overall building score. Such score should
be easily for building occupants to
understand and interpret but also one
which clients, designers and other
stakeholders can work with.
Having it in mind, in SBToolPT the overall
performance of a building is represented
by a single score in a graded scale. The
methodology adopted a similar approach
to the one used in the existing labelling
schemes such as the EU energy
labelling scheme for white goods and the
European DisplayTM Campaign posters.
However,
due
to
the
possible
compensation between categories, the
global performance of a building is not
communicated using only the overall
score, but at three levels: sustainability
category, sustainable dimension and
global score (sustainable score). Figure
3 presents the certificate of the SBToolPT
system, which has three fields: i) building
profile; ii) global performance and
sustainability
label;
iii)
building
performance at the level of the
sustainability categories.

Fig. 2 Sustainability certificate of the SBToolPT system for an hypothetical case-study

3. Presentation of the case study
The case-study is a multifamily cooperative housing building block that is the Portuguese pilot project of the EU Project “SHE: Sustainable Housing in Europe” (http://www.she.coop). The
Portuguese pilot project was the second phase of the Ponte da Pedra housing state that was built
in the municipality of Matosinhos, Northern Portugal. It is a multifamily social housing project,
which promoter is NORBICETA - União de Cooperativas de Habitação, U.C.R.L. This project has
two building blocks, a footprint of 3105m2, a total gross area of 14.852m2 and 101 dwellings. It was
co-sponsored by the project SHE and by the National Housing Institute (INH) and had the support
of the FENACHE (national federation of social housing cooperatives), FEUP (Faculty of
Engineering of the University of Porto) and UM (University of Minho).
This case study building will be compared with the conventional design approach used in Portugal
using the abovementioned building sustainability assessment methodology. During the design
phase, the project team adopted a series of priorities in order to create a sustainable affordable
building block. The most important differences between the used design approach and the one
conventionally used in Portugal (only those considered by the SBToolPT – H system) are presented
in Table 2.

Table 2 Comparison between the conventional building design in Portugal and the design
approach used in the case-study
Sustainability
C1 – Climate
change and outdoor
air quality

C2 – Land use and
biodiversity

Conventional building design
Construction mass in conventional
buildings is very high (reinforced
concrete structure and floors and
brick walls) and therefore the embodied environmental impacts are
high and represent about 30% of
the total life-cycle building’s environmental impacts.
Almost 100% of the new buildings
are built in undeveloped land and
therefore have high impact in the
local natural systems.

C3 – Energy efficiency

When this building was designed,
the 2002 EPBD was not in force in
Portugal and it was not conventional to use solar collectors for hot
water or efficient lighting in public
spaces. Buildings are designed to
fulfil the minimum mandatory energy efficiency requirements.

C4 – Materials and
waste management

In average, the outdoor waste containers (for each of the four types
of household solid waste) are located in a distance between 50m to
500m from the building’s entrance.

C5 – Water efficiency

Rainwater harvesting and grey
water recycling systems are not
common in Portuguese buildings;
double flush toilets (3&6 litres) are
used in conventional buildings.

C6 – Occupant’s
health and comfort

Buildings are designed to fulfil the
minimum health and comfort requirements.

Case-study
A conventional construction system
is used

The land was occupied by decayed
industrial buildings. By contributing
to the regeneration of the land and
to the improvement of around urban area, this project had a positive local impact. On the other
hand, due to the fact of not using
new land it will contribute for the
maintenance of local biodiversity.
Although the construction permit
was obtained before the implementation of the 2002 EPBD to the Portuguese thermal regulation, the
building was designed to have a
primary energy consumption of
only 25% of the maximum allowed
energy consumption, according to
that document. It uses efficient
lighting in public spaces and solar
collectors for hot water.
All kitchens are equipped with
containers for each of the four
types of household solid waste.
The outdoor containers are located
nearby (<50m) to the building
entrance.
Building is equipped with a
rainwater harvesting system that
guarantees at about 100% of the
water supply for green areas and
toilets; and it is equipped with low
water flow devices (toilets, taps,
and showers).
The thermal and sound insulation
levels of the dwellings are improved which guarantees higher
comfort levels. The indoor air quality is improved since all window
frames are equipped with ventilation grids.

Table 2 (cont.) Comparison between the conventional building design in Portugal and the design
approach used in the case-study
C7 – Accessibilities

C8 – Awareness and
education for sustainability
C9 – Life-cycle costs

No special arrangements are made In order to minimize the transportaat this level.
tion impacts of the occupants, the
project includes a cafeteria in the
ground-floor, a public green area
and a park for children.
No special arrangements are made All occupants were educated to
at this level.
operate the building in a sustainable way and all dwellings have a
user manual.
The implication of higher construc- Compared to a convention building
tion costs on operation costs is (that have the same type of
architecture
but
uses
the
normally neglected.
conventional building technologies)
the construction cost was about 9%
higher. Nevertheless it is expected
a period of 5 to 6 years for the turnoff of this higher capital cost.

4. Results
Table 3 and Figure 3 present the values from the assessment of the performance at the level of
each sustainability category and dimension. Analysing the results it is possible to verify that all
priorities adopted by the project team were recognised by the SBToolPT methodology and therefore
almost all categories (except one) have a performance grade above the conventional practice. The
analysed building is only worst than the conventional practice in the category C1 “Climate change
and outdoor air quality”. This situation results from the fact that the building uses solid clay bricks
on the exterior cladding (one material with greater embodied environmental impacts than the
conventionally used materials). On the other hand, the building is above the best practice’s
benchmarks at the level of three categories: C5 “Water efficiency”, C8 “Awareness and education
for sustainability”, C9 “Life-cycle costs”. The good performance at the level of the water efficiency
is mainly influenced by the implementation of the rainwater harvesting system; the good
performance on category C8 is because all dwelling have a complete user manual that guides the
occupants for the sustainable management of it; and the good economy performance is quite
dependable on the lower market price of the dwellings (20% lower than average local’s market
practice).
Table 3 Results obtained from the SBToolPT – H for each sustainability category and dimension
Performance
Category (qualitative
value)
Environmental C1
E
C2
B
C3
A
C4
D
C5
A+
Societal
C6
B
C7
A
C8
A+
Economy
C9
A+

Dimension

Dimension
Weight
Performance
(%)
(IA)
13
B
20
32
29
6
60
B
30
10
100
A+

Fig. 3 Graphical representation of the results from the assessment

Figure 4 shows the SBToolPT sustainability label according to the presented
results. According to the results this building has an A grade, which means
that it has a performance similar to the best practice in the Portuguese context.

Fig. 4 SBToolPT- H label of the Ponte da Pedra’s real state

5. Conclusions
The actual environmental, societal and economy context shows that he case for creating
sustainable housing is substantial. Sustainable design, construction and use of buildings are based
on the evaluation of the environmental pressure (related to the environmental impacts), social
aspects (related to the users comfort and other social benefits) and economic aspects (related to
the life-cycle costs). The sustainable design searches for higher compatibility between the artificial
and the natural environments without compromising the functional requirements of the buildings
and the associated costs.
Although there are subjective aspects to the majority of assessment tools, hindering their adoption,
they still have an important role to play, not only in evaluating the impacts of an actual building, but
also, and even more importantly, in guiding the appropriate design for the attainment of
performance objectives. This paper presented how a building sustainability assessment tool,
namely the SBToolPT – H, can be used to support and recognize the sustainable building design.
By defining an objective list of indicators and related parameters, SBToolPT – H is a useful tool for
designers which help the implementation of the sustainable construction goals since the
preliminary phases of a design.
The case study presented in this paper was aimed to demonstrate the real feasibility of sustainable
housing in Portugal and it succeed since it proved the practical feasibility of designing a residential
building with lower environmental impacts, higher comfort and lower life-cycle costs, when
compared to the conventional design approach. The presented case-study showed that even with
little increase on capital costs (9%) it is possible to design a building with a good level of
sustainability, even in cooperative housing (dwellings price was 20% lower than the local
conventional practice). Being this pilot-project nationally and internationally recognized has a good
sustainability practice it is possible to conclude that SBToolPT – H is well adapted to the
Portuguese’s environmental, societal and economy contexts.

6. References
[1]
[2]
[3]
[4]
[5]

Kibert, Charles J. 2005. Sustainable construction: green building design and delivery, John
Wiley & Sons, New Jersey, United States of America
Syphers, G.; Baum, M.; Bouton, D.; Sullens, W. 2003. Managing the Cost of Green Buildings.
State of California – State and consumer services agency. October.
Bragança L., Mateus R., Koukkari H. Building Sustainability Assessment. Sustainability. Vol.
2(7): July (2010), p. 2010-2023.
Mateus R., Bragança L. 2011. Sustainability assessment and rating of buildings: developing
–
H.
Building
and
Environment
(2011),
the
methodology
SBToolpt
10.1016/j.buildenv.2011.04.023.
Hikmat, HÁ; Saba FN. 2009. Developing a green building assessment tool for developing
countries – Case of Jordan. Building and Environment 44 (2009), 5, p. 1053-1064.

Exergy-based index of building sustainability: definition and case
studies
Ahmed El shenawy
Ph.D student
Department of
Building, Civil and
Environmental
Engineering,
Concordia University
Canada
a_elshe@encs.concor
dia.ca

Radu Zmeureanu
Professor
Department of
Building, Civil and
Environmental
Engineering,
Concordia University
Canada
zmeur@encs.concordi
a.ca

Summary
There are several approaches, rating systems and indices for assessing the building
environmental impacts, which can be used to assess the sustainability level of a building. This
paper first summarizes the limitations of existing definitions, indices and rating systems for the
assessment of building sustainability. Second, the paper proposes a definition of a sustainable
building, followed by the calculation method of the exergy-based index of building sustainability
(ExSI). This index compares the exergy of solar radiation (considered to be the only renewable
energy source) with the exergy lost due to the building construction and operation. This new index
is an alternative approach to replace the use of weights that are generally given to different criteria
in order to generate one aggregate index. The paper presents the selection and transfer of data
from the SBTool, and the assumptions and additional calculations required for the assessment of
the exergy-based index of sustainability. A rating scale is also presented along with the index of
building sustainability. Finally, results from three case studies are presented.
Keywords: sustainable building, assessment tool, rating system, single index, exergy

1. Introduction
The lack of general consensus on the definition of sustainable buildings is a good reason to return
to the fundamental definition of sustainable development as given by the Brundtland report [1].
This definition does not identify the current and future needs, the type of resources that would be
used (renewable or non-renewable) and their availability. The definition implies that all resources
needed are available.
Previous research has led to the development of a number of tools, methods and indicators that
can be used for the assessment of building sustainability and which can be categorized based on
numerous factors or dimensions such as nature of data, approach, temporal focuses and
assessment level. Some of existing categorizations of the assessment tools of building
sustainability are introduced. Forsberg and von Malmborg [2] classified assessment tools in two
categories: qualitative and quantitative; the first category is based on scores and criteria (e.g.
BREEAM, LEED and SBTool), and the second category is based on physical life cycle assessment
with quantitative input and output data of flows of matter and energy. Gasparatos et al. [3]
suggested that sustainability assessment relies either on reductionist methodologies (e.g.
monetary tools and biophysical models) or holistic approach (e.g., multi criteria assessment). Ness
et al. [4] classified the assessment tools based on their temporal focuses: either retrospective
indicators/indices (e.g., Ecological Footprint) or prospective (e.g., Multi-Criteria Analysis MCA).
Haapio and Viitaniemi [5] mentioned two well-known classification systems for building
environmental assessment tools; one was developed by ATHENA Institute [6] and the other by IEA
Annex 31 [7].

Existing tools have different options to define, customize and quantify benchmarks to evaluate
indicators against them. LEED [8] uses fixed benchmarks which are periodically reviewed and
eventually modified in order to comply with new standards. SBTool [9] requires third party to define
some user-defined benchmarks to comply with regional applications.
Some existing tools use the approach of weighting different criteria in order to calculate one single
index of performance. LEED allocates equal weights to each criterion, and SBTool allocates
weights through a subjective voting process.
Existing tools are mainly based on relative performances as they evaluate buildings against
specific requirements rather than measuring its performance against carrying capacity [10].
This paper presents a new framework for the estimation, at conceptual design stage, of the
building sustainability over its life span Lservice, in years.

2. Exergy-based index for assessing building sustainability
The proposed framework is a combination of three categories: Multi-criteria assessment, Life Cycle
Analysis, and Single Index. The purpose of nesting the three approaches is to achieve the
maximum efficiency of measuring the building sustainability. Multi-criteria assessment uses the
holistic approach to cover all of the building aspects which help the designer understand the
building within its wider context. SBTool is the selected tool of this category. ATHENA Impact
Estimator is the selected tool for the Life Cycle Assessment of buildings and their consequences
on the surrounding environment. Finally, exergy is used as single commodity to aggregate the
multi-criteria scores into one single score.
A new definition of a sustainable building is proposed by using the concept of strong sustainability.
In the case of strong sustainability, a 100% sustainable building might be conceived to use only
solar energy for the construction and operation. Therefore, the exergy lost due to construction and
operation is substituted by the available solar exergy, which is harvested on the building footprint.
The new thermodynamically-based index of building sustainability (ExSI) gives the upper limit of
theoretical performance that a building can achieve, for instance in the case of strong sustainability
by using renewable energy sources only. It might be considered equivalent to the Carnot efficiency
for reversible heat engines, operating between two thermal energy reservoirs of given
temperatures. Although such a performance will never be achieved, the rating scale measures the
distance between any practical solutions and theoretical upper limit. This index is not affected by
geo-political or market conditions.
The proposed index along with a rating scale would enable the designer: 1) to measure the
building sustainability within its wider context, in relation with energy and non-energy natural
resources, 2) to easily adjust benchmarks to fit the need of temporal and spatial changes in the
building, 3) to provide an objective assessment and eliminate the use of subjective weights, 4) to
provide a yardstick that can be used to compare buildings in the same city or different countries,
and 5) to estimate the potential for improving the building performance.
2.1

Overall approach of proposed framework

The prototype tool is currently connected with the SBTool from which most data are extracted; it
assumes that SBTool was already used by a design team for assessing the building performance.
However it can be developed as a standalone tool. The steps of the proposed methodology are
presented below (Figure 1):
Step 1: Extract the results from the SBTool for each criterion. In this paper only the B issue (Energy
and resource consumption) is considered.
Step 2: Process the results from SBTool and perform additional calculations, if needed, to estimate
the energy use for each criterion.

Step 3: Calculate exergy lost for each criterion.
Step 4: Calculate the annualized total amount of exergy lost due to the building construction and
operation, as a sum of corresponding values for all criteria.
Step 5: Calculate the annual exergy index of renewability ex which is determined as follows:
ex

Annual ava ilable sol ar exergy (MJ)
100 %
Annual exergy lost (MJ)

(1)

Step 6: Calculate the annual exergy index of building sustainability (ExSI), by using the
corresponding index of renewability ex.

Step 1

Step 2

Conversion to exergy

Energy consumed
value (MJ)

Step 3

Exergy lost value
(MJ)

2
ExSI =100%
Step 4

Step 5

Step 6

Total exergy (MJ)

Index of
renewability

ex

Exergy Index of
Sustainability ExSI

ExSI =16.39% 1

Fig. 1 Flowchart of the proposed methodology
2.2

Evaluation of annualized exergy lost for the B issue (SBTool)

This section presents the calculation method of the exergy lost for selected criteria, based on the
SBTool results (Table 1).
The annual exergy lost for the B issue is calculated as follows:

EX B

EX b1.1

EX b1.2

EX b 3.1

EX b 4.4

EX b 4.5

EX b 4.6

EX b 4.7

EN b 5.1

EN b 5.2

where, for instance, the subscript b1.1 makes reference to the first criterion B1.1 (Table 1).

(2)

Table 1 Selected criteria of B issue as extracted from the SBTool
B
B1.1
B1.2
B3.1
B4.4
B4.5
B4.6
B4.7
B5.1
B5.2

Energy and Resource Consumption
Annualized non-renewable primary energy embodied in construction
materials.
Annual use of purchased electricity for operations, delivered
Use of off-site energy that is generated from renewable sources
(delivered)
Use of durable materials.
Re-use of salvaged materials from off-site
Use of recycled materials from off-site sources.
Use of bio-based products obtained from sustainable sources.
Use of potable water for site irrigation.
Use of potable water for occupancy needs.

Units
MJ/m2·yr
MJ/m2·yr
% by energy
% by cost
% by cost
% by cost
% by cost
m3/m2
L/pp/day

The calculation method for several criteria is presented in this section along with some numerical
results for the case study no.1, a large commercial and residential building located in Ottawa,
Ontario, Canada [9]. Results from other two case houses [11], both located in Montreal, Quebec,
Canada, are presented: Case study no.2 is an energy-efficient house, built in compliance with
current codes, and Case study no.3 is a Net-Zero Energy House.
2.2.1 B1.1 Annualized non-renewable energy embodied in construction materials.
The total annualized embodied energy ENb1.1, [MJ/yr] for the project as listed by the SBTool is the
sum of the total embodied energy for new structural elements ENNsb1.1 and walls ENNwb1.1, existing
structural elements ENEsb1.1 and walls ENEwb1.1, and heavy materials ENHb1.1 (Equation (3):

EN b1.1

EN Nsb1.1

EN Nwb1.1

EN Esb1.1

EN Ewb1.1

EN H b1.1

(3)

Lservice

The corresponding annualized exergy lost is calculated as follows:

EX b1.1

EX Nsb1.1

EX Nwb1.1

EX Esb1.1

EX Ewb1.1

EX Hcb1.1

EX Hmb1.1

Lservice

(4)

EX N b1.1 = exergy lost for new building components, calculated as follows:

EX Nb1.1

m

EN Nb1.1 1

TK o ,a
TK max

159,868,424 MJ

(5)

where ENNb1.1= energy used for new building components (e.g., 190,747,316 as given by SBTool
for new RC slabs, beam & columns), TKo,a is the average outdoor air temperature, in K; and TKmax
is the maximum temperature used in the manufacturing of building materials, in K.
Similar calculations are performed for the exergy lost due to existing structures and walls EXEb1.1
and heavy materials EXHmb1.1. Gradual reduction in the embodied energy for existing structures and
walls is applied by using the amortization rate AR=0.2 and the age of the existing structural
elements n=12 [9]:

EN Eb1.1

m

EN N* b1.1 1 AR 2 n

14,581,309 MJ

(6)

2.2.2 B1.2 Annual non-renewable delivered energy used for facility operations.
The annual exergy lost is calculated as follows, based on the information extracted from SBTool:

EX b1.2

EX Eb1.2

EX Fb1.2

2,579,200 1,239,916

3,819,116 MJ/yr

(7)

Where EXEb1.2 is the exergy lost due to the electricity delivered and used on site, and EXFb1.1 is the
exergy lost due the use of a natural gas fired boiler and Anet occ is the net area of each occupancy
type (e.g., apartment, retail and indoor parking).

EX Fb1.2
S gen

S gen TKo,a 1,239,916 MJ/yr
mwg

boiler

(Swout,g

(EN F b1.2 Anet occ )
TK flame

Swout,g

boiler

boiler

boiler

(8)

) (EN F b1.2 Anet occ )

1

boiler

TK o,a
(9)

4,445 MJ/K/yr

2.2.3 B3.1 Use of off-site energy that is generated from renewable sources
This item includes also the on-site generation of electricity from renewable sources. The exergy is
calculated as follows:
EX b 3.1

EN b 3.1

(10)

567,424 MJ/yr

2.2.4 B 4.4 Use of durable materials.
The calculation of the exergy lost due to the recurring embodied energy is composed of three
steps: 1) the percentage of initial embodied energy of durable materials (walls and heavy materials)
to the total initial embodied energy is estimated from the SBTool data as the ratio between the cost
of durable materials and the total construction materials costs; 2) the number of replacements (N)
of non-durable materials is calculated using the service life expectation of each material
(Mservice=40 years) [12] and the assumed building life span (from SBTool) (Lservice=75, 40, 40 yrs for
case studies no.1, 2 and 3, respectively; Equations 11 and 12 apply to new and existing building
materials, respectively; 3) the recurring exergy lost is calculated with Equation 13:

Lservice
M service

N new
EX Non

DUR

(1

N exit

(11)

DUR%
) (
100

m

Lservice

EX Nwb1.1 N new

M service M exist service
M service

m

EX Ewb1.1 N exit

m

M service M exist service
M service

(12)

EX H b1.1 N new )

(13)

The corresponding annualized exergy lost is calculated with Equation 14:

EX b 4.4

EX Non DUR
Lservice

(14)

2.2.5 B 4.5 Re-use of salvaged materials.
The annualized exergy lost is calculated as follows:
exc TEC salvaged
EX b 4.5
1,166 ,880 MJ/yr
L service

(15)

where: exc is the unit exergetic cost, in MJ/$:

exc

EXC
TEC

17.16 MJ/$

(16)

EXC is the exergy lost due to the initial embodied energy, in MJ, and TEC is the thermoeconomic
cost of construction, in $:

EXC

EX Nsb1.1

EX Esb1.1

TEC

TECTotal

(TEC salvaged

TECsalvaged

EX H b1.1

TECtotal

EX Nwb1.1

TEC recycled

EX Ewb1.1

TEC bio

based

329,379,751 MJ/yr
) 19,200,000 $

/ 100 5,100,000 $

(17)
(18)
(19)

occ

where: is the percentage, in % by cost, of materials that are salvaged and refurbished or re-used
from on–site or from off-site sources (from the SBTool).
2.2.6 B 4.6 Use of recycled materials from off-site sources.
The cost of recycled materials TECrecycled is calculated based on percentage of contribution of
recycled materials,
in %, of total building cost (Equation 20), while annualized exergy
consumption is calculated using Equation 21:

TECrecycled

TECtotal

/ 100 500,000 $

(20)

114,368 MJ/yr

(21)

occ

exc TEC recycled

EX b 4.6

Lservice

2.2.7 B 5.1 Use of potable water for site irrigation.
The annual energy used for water treatment to be used for the site irrigation, which are landscaped
with non-native species Anon-native (400 m2), (excluding stored rainwater or grey water used for this
purpose) is calculated using Equation 22:

EN b 5.1

Anon

native

I irrigation

rate

EN rate

(22)

where Iirrigation-rate = 2.5 m3/m2, irrigation rate, ENrate = 1.6272 MJ/m3, the specific energy used for
water treatment in Montreal [13]. The exergy lost EXb5.1 is equal to the electrical energy used ENb5.1
in the treatment process.
2.2.8 B 5.2 Energy use related to the usage of potable water for occupancy needs.
The predicted building annual water use (TAPWocc), in m3/yr, is calculated using Equation 23:

TAPWocc

L pt T pd

P d oper
occ

fix

(23)

1000

where: Lpt = amount of water in litres used per one use per person, Tpd = number of uses per day
per person, P = project population, and doper = number of days of operation. Since the electricity is
the energy used for the water treatment, the exergy lost is equal to the energy use:

EX occ w

treat

EN occ w

treat

TAPWocc EN rate

(24)

The annual energy used for the heating of domestic hot water (using either gas water heaters or
electric water heaters) is calculated with Equation 25:

EN hot DHW

1
(1000 TAPWhot
EF

occ

C P (Tsupply Tinlet )

247,302.9 MJ / yr

(25)

where Tsupply = 55ºC, supply water temperature; Tinlet = 10ºC, the inlet water temperature from city
main; TAPWhot-occ = total annual domestic hot water use for occupancy fixtures and uses, in m3/yr.
The annual exergy lost is calculated with Equation 26 for natural gas water heaters:

EX hot g DHW

TK o ,a

EN hot g DHW (1

TK flame

)

(26)

The annual electricity use for major house appliances (e.g., dishwasher) is calculated as follows:

EX oper

EN oper

fix

(Op h E Load Dcycle P d oper N fix )

fix

(27)

fix

where Oph= operating hours per day for the fixture; Eload= electric demand per fixture, in kW; Dcycle=
duty cycle, the proportion of time during which a component or device is in operation; and Nfix=
number of fixtures in the building.
The total annual energy use is calculated as follows:

ENb5.2

EN occ w

treat

EN hot DHW

EN oper

(28)

fix

The corresponding exergy lost is calculated with Equation 29:

EX b 5.2

EX occ w

treat

EX hot g DHW

EX oper

(29)

fix

Table 2 presents the annual energy use and the corresponding exergy lost for all three case study
buildings. The total exergy lost (Table 2) is the denominator in Equation 1.
Table 2 Total annual energy used and exergy lost for the B issue.
Annual energy use [MJ/yr]
Case study Case study Case study
no.1
no.2
no.3
5,387,335
25,307
46,064
5,154,200
63,158
33,196
567,424
0
40,478
107,323
0
0
1,430,720
0
0
140,295
0
0
1,150,421
0
0
1,627
113
57
635605
29,195
7,381
13,440,102 117,775
46,219

B
B1.1
B1.2
B3.1
B4.4
B4.5
B4.6
B4.7
B5.1
B5.2
Total
2.3

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

Annual exergy use [MJ/yr]
Case study Case study Case study
no.1
no.2
no.3
4,391,730
20,625
37,542
3,819,116
63,158
33,196
567,424
0
40,478
88,845
0
0
1,166,880
0
0
114,368
0
0
937,817
0
0
1,627
113
57
605013
29,195
7,380
10,557,972 113,093
37,697

Available solar exergy

Our planet is a thermodynamic open system to the solar radiation and almost closed to any
material flux from the universe. In this study the solar radiation is considered as the sole
sustainable energy source. The annual available solar exergy on the building footprint (BFP) is
calculated as proposed by Petela [14]:
EX sun

Ii

horz
i

1
1
3

Toi
Tsun

4

4Toi
3Tsun

ABFP

(30)

where Toi = the average environmental temperature for month i, in K; Tsun= sun temperature, 6000
K [14]; Ii = total incident solar energy per unit area of horizontal surface for month i (extracted by
using TRANSYS software for the given location, in kWh/(m2.month) [15] and ABFP= building
footprint of 800 m2 for case no.1 and 83.7 m2 for case studies no.2 and 3. The total available solar
exergy on the building footprint is estimated at 3,715,491 MJ/yr (case study no.1) and 381,336
MJ/yr (case studies no.2 and 3).

2.4

Exergy Index of Renewability

ex

The exergy index of renewability (Equation 1) is the ratio between the annual solar exergy on the
building footprint (Equation 30) and the total annualized exergy lost within the building (Equation 2).
The following values are calculated: 35.19% (case study building no.1), 337% (case study building
no.2, an energy-efficient house, built in compliance with current codes), and 1011% (case study
building no.3, a Net-Zero Energy House). In the last two case studies, the building consumes much
less exergy than it could theoretically harvest on its horizontal footprint.
If the total annualized exergy lost is less than or equal to zero, for instance in the case when the
renewable energy converted on site exceeds or is equal to the exergy used, the exergy index of
renewability is set equal to 100%.
2.5

Exergy Index of Sustainability

The Exergy Index of Sustainability (ExSI) is calculated in terms of exergy renewability
follows:
ExSI

100
1 exp

ex

ex

as

(31)

50

where = 0.11 is used to determine the slope and spread for the relationship, taking values
between 0 and 1. The value of is set by the developer of rating scale based on local or national
goals, market penetration of technologies and shareholders surveys. The ExSI is equal to 15.39 %
for the first case study, of a large commercial building, and 100% in the last two cases of energy
efficient houses.
2.6

Rating scale for building sustainability (ExSI)

The rating scale assigns the level of performance of the building in terms of the ExSI value, in
commonly understood terms (Table 3). The proposed rating scale is an extension of [16].
Table 3 Proposed rating scale
Rating scale
Sustainable +
Sustainable
Average sustainable
Less than average sustainable
Unsustainable

Range of ExSI value
96 % ExSI 100 %
75% ExSI 96%
25% ExSI 75%
4% ExSI 25%
0% ExSI 4%

3. Results and discussion
The Exergy Index of Sustainability (ExSI) of the large commercial and residential building located
in Ottawa (case study no.1) is equal to 16.39%. This result shows that under the ideal conversion
of 100% of solar energy, only 16.39% of the annualized exergy lost is compensated by the incident
exergy of solar radiation on the building footprint. According to the proposed rating scale, the case
study building with ExSI=16.39% receives only the qualification of “Less than average sustainable”
building (Figure 1). This is the maximum value of theoretical index of sustainability that this case
study building could achieve. This building will never become a more “sustainable” building.
The case study houses no.2 and no.3 achieve an ExSI=100%, and receive the qualification of
“Sustainable +” under the proposed thermodynamic-based index of building sustainability. If a PV
system with the overall system efficiency of 5% [17] is used, the exergy index of renewability ex
drops from 337% to 16.85% (case study no.1) and from 1011% to 50.55% (case study no.2). The
corresponding ExSI is estimated at 5% (“less than average sustainable”) and 50.5% (“Average
sustainable”), respectively. The results from the case with a conventional PV system emphasize

the large difference between the maximum theoretical index of sustainability and the potential for
sustainability of current technologies. The only house with a high potential to become more
sustainable is the case study house no.3. This is a Net-Zero Energy House [11], with the Energy
Payback Ratio of about 4, that is, the solar combisystem used in the house supplies about 4 times
more energy than the energy invested for manufacturing the system.

4. Conclusion
The proposed exergy-based index uses an innovative approach, in which the annualized exergy
lost is compared with a single benchmark, the available solar exergy that could be harvested on
the building footprint. The proposed exergy-based index attempts to overcome the limitations of the
subjectively defined weights that are allocated to different criteria used in the assessment of
building sustainability. The distinctive characteristic of the proposed framework is the calculation
and aggregation of different sustainability dimensions into a single commodity, the exergy. Future
work will cover other renewable energy sources and location on the building under investigation,
and the case of weak sustainability with partial use of non-renewable energy sources.
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Summary
The proposed study aims to establish an operational methodology that, structured in classes of
thematic integrability that ranging from a linguistic analysis to a construction interpretation, is addressed to identify more precisely processes, parameters and schemes of performance, relevant to
assessing the "quality" of photovoltaics integration. Similarly as already happens in the most widely
used protocols of score evaluation of the environmental performance, the preparation of a such
synthetic method of quality-control could allow, once tested and perfected, to have a rating scale of
values to use as a reference to control PV integration in the design phase or as a system of evaluation of existing buildings.
Keywords: BiPV, assessment, integrability, architecture, technology

1. Introduction
The building integration of photovoltaics (BiPV), implemented in the architectural project as an essential paradigm of "Net Zero Energy Building", today promises new expressive possibilities for
architectural language and opens to innovative technological-constructive scenarios the design of
building envelope [1], [3] . The concept of BiPV, now deployed in a growing complexity of the building organism, it becomes increasingly a place of experimentation in design and technology. In addition to numerous examples-guide of realizations, other criteria of "architectural integration" characterize the current methodological reference. These indications usually decline the concept of
BiPV in the definition of a set of general "rules" for the project, often expression of different disciplinary nature, that needs to be reconstruct in the design of the building. The analysis of the relationship between the PV system, building structure and context, calls into question the unitary coordination of a series of relationships that go beyond the single disciplines. The photovoltaic project is
therefore to be recognized as the place for discussion and mediation of different and, often conflicting, levels of complexity and scale of reference and observation. In this dialectical context, typical
of the architectural design, often emerge implications linked both to the landscape scale and to the
construction or figurative detail, or the need to compromise between scientific parameters (yield,
power ...) and interpretative aspects (spatial values, visual, cultural ...) that, at the planning stage,
need an unitary solutions with respect to a framework of needs and contextual values. Wanting to
outline this complexity through a schematic reading grid, we can recognize some classes of photovoltaic integrability [2] as a synthesis of various functional and hierarchical relations, on which
is based the evaluation method presented.

2. A multicriteria method of evaluation: BiPV.tool
Similarly as already happens in the most widely used protocols of score evaluation of the environmental performance, like LEED, BREEAM, Protocollo ITACA, etc., this synthetic method of quality
control specifically developed for BiPV, named Bipv.tool, is based on a multicriteria grid of evaluation that consider the main aspects of integrability problem of photovoltaic in architectural application, in the form of different scales of scoring and weighting criteria. The main aspects of assessment of BiPV level are the following classes of integrability with respective weights:
Class of PV
integrability
PROCEDURAL
MORPHOLOGICAL
-FIGURATIVE
TECHNOLOGICALCONSTRUCTIVE
BUILDINGPERFORMANCE
BIOCLIMATICECOLOGICAL
ENERGETIC PLANT
LANSCAPECONTEXTUAL

Object of assestment
Regulatory and legal system that addresses
procedural conditions, limits and incentives
Quality of perceptual and formal characterization of
the architectural language of the building envelope
Constructive role in the technological apparatus, as
a basis- functional component, or a fabric element
Level of satisfaction of the different buildings and
technological requirements
Reduction of energy consumption and environmental efficiency throughout the building lifecycle
Principles of solar design, functional and electrical
efficiency
Coherence and acceptability compared to a system
of values worthy of significant contextual protection

weight

5%
30%
15%
15%
15%
15%
5%

Table 1: list of the assessment classes for the evaluation of Bipv level in the method, with relative
weight of everyone for the calculation of final score
Each class is divided into more detailed paragraphs of analysis, which have a score from -1 to 5,
depending on the quality obtained from the PV system under consideration, and which in turn are
weighted by a certain percentage depending on the relative importance of the same. The scores
resulting from this series of qualitative and quantitative criteria, finally leading to a scoring summary
of the project concerned, which is associated with a grading scale of the degree of BiPV from G to
A +, similar to the energy classes.
2.1

List of the requirements and sub-classes considered for evaluation of BiPV degree

Class of PV integrability:

Sub-class 1.1:

1. PROCEDURAL

Description and object of assestment
Possibility to access to incentive tariffs

5%

weight
50%

The PV system allows access to tariffs generating an economic
attractiveness with the possibility of financial return on investment

Sub-class 1.2:

Possibility to access to bonus tariffs

20%

The project, with special care, access to the incentive awards or other
special contributions

Sub-class 1.3:

Compliance with special regulations

30%

The project must meet a number of provisions of regulations when placed
in areas of particular value

Class of PV integrability:

Sub-class 2.1:

2. MORPHOLOGICAL -FIGURATIVE

Description and object of assestment
Linguistic and morphogenetic role of PV

30%

weight
20%

Besides expressiveness of the building skin, PV may contribute to the
genesis of the shape of the architectural organism, through synthesis of
the main parameters of PV integrability (inclination, orientation, lack of
shading, albedo ...), with other kind of bioclimatic or architectural nature.

Sub-class 2.2:

Recognizability of the PV skin and dialectical relationship with the building envelope

15%

The recognizability of the PV system can take many different nuances,
from the minimum level where the building envelope is "obedient" to the
functionalist application of foreign PV systems, to the dialectical variations
in which the PV system becomes linguistically "dominant", "integrated " or
"subordinate" to the perception of the envelope, up to the limit case in
which, conversely, is no longer recognizable (mimicry).

Sub-class 2.3:

Dimensional-morphological coordination of PV surface

20%

The geometric and dimensional relationship of PV surface with the belonging building element, or in other words its modular coordination, plays
an essential role in the figurative reading of the building. The expression
of the joints and correlations often are integral part of the figurative outcome.

Sub-class 2.4:

Figurative control at component scale

15%

The expressive recognizability of PV and the different design strategies,
are often linked to the control of some basic figural parameters at scale of
the component (cell and PV module), such as color, texture and choice of
material, joints, fixings, different possible geometries and dimensions, etc.
...

Sub-class 2.5:

Innovation in design

15%

The integration of PV contributes to spatial and linguistic innovation of
architectural design, through the rethinking of forms and functions of the
envelope and of the interior spaces and through the emergence of innovative design concept.

Sub-class 2.6:

Figurative role of complementary parts
The integration of PV contributes to spatial and linguistic innovation of
architectural design, through the rethinking of forms and functions of the
envelope and of the interior spaces and through the emergence of innovative design concept.
2.6.1 wiring, connections, cables: The quality of the
figurative language of the system depends al5%
so on the integration of these complementary
parts;
2.6.2

structures and application systems: The figurative role of sub-structure of application of
PV modules (in the case of independent systems), or fixing system (clamps, profiles ...)
contribute to the expressiveness of the solar
surface;

2.6.3

Inverter, batteries…; The role of the complementary parts of the plant, different from the
generator, can enter into the reading of the
whole system, if not good integrated.

5%

5%

Class of PV integrability:

Sub-class 3.1:

3. TECHNOLOGICAL-CONSTRUCTIVE
Description and object of assestment
Tipology of integration

15%
weight
40%

The analysis of the type of integration, coincided with the recognition of
classes of building elements involved in FV integration between the different technological alternatives available. Although the concept of type is
very different than the degree of integration, each class may still be given
a mark of quality related to the potential level of linguistic and constructive
integration.
Roof, vertical enclosures, special envelope elements

Sub-class 3.2:

Constructive role

30%

The analysis of the constructive role is related to the recognition of the
hierarchy of PV in the different sub-systems and sub- components of the
building construction.
Base constructive element, funcional constructive element, fabric element

Sub-class 3.3:

Coupledability

30%

The ability to join in the case of PV integration, is due to the analysis of material and mechanical compatibility between the system of the building envelope (ie between the different functional layers) and the PV system (or its
various components), in order to define a constructive coupling capacity
respect the performance demand. The characteristics of “coupledability” is
usually conferred by a coordination of unions that is able to allow, through
the project of “joint” (understood as a system of correlation), the real possibility of a constructive integration of the various components.

Class of PV integrability:

Sub-class 4.1:

4. BUILDING-PERFORMANCE
Description and object of assestment
Degree of satisfaction of building requirements

15%
weight
60%

The technological quality of a BIPV system can be assessed in its ability to
meet the technological requirements of building enclosures. Building quality
increases with increasing degree of integration.
Independent application, overlapping, partial integration, total integration are
the different classes recognized for evaluation.

Sub-class 4.2:

Interference on technoloigal quality

25%

The ability to meet the technological requirements of the constructive enclosure can be increased or decreased by the installation of a PV system, because of constructive interference.
Performance decays, compromise performance, risk of deterioration of performance, increasing quality, are different aspects of evaluation.

Sub-class 4.3:

Strategy of technologal innovation

15%

The concept of the technological-constructive integration of PV is an indicator of technological innovation of the building envelope
Application/addition, optimization/stratification, Integration / Unitary PV fabric element, innovation are different degrees of assessment.

Class of PV integrability:

Sub-class 5.1:

5. BIOCLIMATIC- ECOLOGICAL

Description and object of assestment
Ability to satisfy the energetic elettrical demand

15%

weight
40%

The photovoltaic system must produce electricity useful in the time and
manner prescribed by the user, through the optimization of the productiondemand ratio and, therefore, with a correct sizing and calculation of its components (as a function of the presence of network or stand-alone systems).
The assessment of this requirements is expressed in the relation between
PV production and electrical demand in kWh/year.

Sub-class 5.2:

Contribution of PV in the global energetic demand

40%

Capacity of renewable energy (PV systems or other sources such as solar
thermal panels, wind turbines, geothermal, biomass boilers .... or passive) to
contribute to global energy demand of the building.
The assessment of this requirements is expressed in the relation between
annual CO2 saved with PV and CO2 (not renewable) required by the building (heating, cooling, electrical equipment…)

Sub-class 5.3:

Environmental impact of PV
5.3.1 Recycling: A proper recovery of materials requires the
minimization of waste and their reuse for creating new modules: most of the materials used in the panels, to date, can be
put back into production.
5.3.2 Embodied energy in PV plant: The embodied energy is
the energy required to produce the component. The Energy
Pay Back Time is therefore the number of years necessary so
that the energy equals the embodied energy. A different score
is assigned at systems with batteries or weight sub-structures
respect to more environmental friendly systems like thin films.

Class of PV integrability:

Sub-class 6.1:

6. ENERGETIC-PLANT

Description and object of assestment
Choice of PV material

15%

5%

15%

weight
10%

The choice of the photoactive material has to be made in consideration of
the climatic characteristics of the site, taking into account the spectral composition of light and the relative conversion capacity of the cell

Sub-class 6.2:

Maximising and optimizing the producible energy

20%

The PV system must produce the maximum power possible to fully exploit
its potential and its efficiency and avoiding any negative influences on the
output power: this can be obtained by optimizing all the parameters that
affect the entire solar system and its components (inverter, BOS, wiring,…).

Sub-class 6.3:

Adequate placement of PV modules

20%

The PV modules must be able to capture the maximum possible amount of
solar radiation, with optimal values of orientation and inclination. Are acceptable, however, slight variations compared to the optimal spatial arrangement, that reduces the solar irradiation of a few percentage points.

Sub-class 6.4:

Limitation of shading on PV modules

10%

The system configuration must minimize or avoid negative influences of
possible obstructions and shading, like projections of the building volume
(self-shading), surrounding elements (trees, other buildings, etc..) or orography and other factors related to exposure of the site.

Sub-class 6.5:

Limitation of dirty on PV modules

10%

Must be eliminated or limited the possible reduction of module efficiency,
caused from the accumulation of dirt or storage of weather and / or polluting
substances carried by the wind, through the provision of appropriate system
(self-cleaning glass, frequent maintenance and cleaning ...).

Sub-class 6.6:

Control of module temperature

20%

In the case of use of crystalline silicon cells (or other photoactive materials
sensitive to the temperature increase) is necessary to avoid overheating of
the modules, to prevent a decrease of conversion efficiency and additional
functionality issues of the components. In this case, it need to examine how
to ensure the heat loss (eg with an effective ventilation).

Sub-class 6.7:

Control of albedo factor

10%

Specific design strategies allow to increase the radiation incident on PV
modules through the use of reflective surfaces using natural factors or natural/artificial projected surfaces.

Class of PV integrability:

7. LANSCAPE- CONTEXTUAL

Description and object of assestment
Sub-class 7.1:

Landscape character of the intervention context

5%

weight
30%

Evaluation of natural features, landscape and / or historical context that
determine the value of intervention

Sub-class 7.2:

Intervention on the level of contextual quality

70%

Assessment of the degree of integration and transformation of connotative
character of the intervention (alteration, integrity, improvement)

2.1 The steps and the goals of the assessment procedure
Bipv.tool, in the actual version (in development phase), allows to make an assessment (through an
automated worksheet) of the BiPV degree of a new construction, giving an evaluation of each
requirement listed above, attributing the score (generally from -1 to 5) for the examined case with
qualitative description (i.e. the degree of characterization of architectural language) or quantitative
parameters (i.e. the percentage of PV energy used in the building) reported in the check-list as
detailed in each evaluation voice. The assessment is divided into independent scoring sheets for
each class of integrability, combined with different weight to make the final score, as above. The
aim of the procedure, recognized the complexity of the concept of BIPV, is to set up a method in
which, unlike the diffused criteria in which the principles of integration or remain in the form of
specific promiscuous requirements (of constructive nature or, at same time, of energetic or
architectural aspects) or just as vague indications, there is the need to deep the PV integration
theme specially respect technological-constructive and architectural aspects [4] and, at same time,
synthesize, in the face of a holistic evaluation criterion, the performance of integration through a
synthetic reference points, corresponding in this case to a performance class from G to A+,
likewise to more known and confidential energetic certification.

3. Application of the method: case-studies of BiPV in the postearthquake reconstruction in L’Aquila
3.1

Case-study 1: post-earthquake reconstruction of a damaged private residential house

Project:
Authors/ Architects:
Technological supervision:
Description:

Eco-sustainable aspects:

Energy demand
BiPV
BiPV.tool class

Building replacement of a damaged house
ing. Pierluigi Bonomo, ing. Iole Donsante
Prof. Gianni Di Giovanni
The volume of new home, simple, lightweight, earthquake resistant,
energy efficient and environmental friendly, consists of a box in x-lam
on a first floor of r.c., is lowered inside the traces of stone wall remains of the pre-existing building, as a sign of re-inhabit these places
in a contemporary way but with the indelible memory of the past.
Bioclimatic concept summer /winter: building envelope, opaque and
transparent, with excellent U-values and thermal mass, radiant heating panels, solar thermal, photovoltaics, micro-wind, rainwater storage, reuse of demolition materials, use of ecological and natural materials.Best current practice for “Protocollo ITACA” method, and high
score and incentives for local building regulations.
Heating: 45 kWh/mq year (A class for Italian legislation);
Cooling : not necessary - electrical energy in surplus on grid
Steel canopy cover with semi-transparent PV glass in thin film; PV
vertical ventilated-façade in thin-film opaque modules on southeast
B- good

Fig. 1: Views of the replaced house with BiPV in roof and facades

Fig. 2: Views of detail of BiPV in roof and facades

Fig.3 Final evaluation page of BiPV.tool: partial and total score of BiPV degree of the project
3.2

Case-study 2: project of an efficient tower in L’Aquila

Project:
Architect/ Engineer:
Description:

Office tower with bar, shops and exhibition halls
Thesis: student- Di Marco Aladino; professor: ing. Gianni Di Giovanni
Building consists of three parts of tower type with a central common
atrium space that accepts the elements of vertical communication and
a 3 winter garden every 8 storeys.
Eco-sustainable aspects: Energy efficiency of building elements with the presence of doubleskin with photovoltaic glass on vertical enclosures, green roof, greenhouse. Plant system with heat pump and air terminal "cold beam".
Energy demand
Heating: 33 kWh/m3year (A class for Italian legislation);
Cooling :40 kWh/m3year
electrical energy in surplus thank to BiPV
BiPV
Glass with semi-transparent thin film PV in amorphous silicon
integrated in vertical enclosures double skin.
BiPV.tool class
A- optimal

Fig.4 View of the tower and detail PV double skin

Fig.5 Final evaluation page of BiPV.tool: partial and total score of BiPV degree of the project

4. Conclusions
The Bipv.tool system, still under development, is conceived as a guiding tool for controlling the
level of integration of photovoltaic systems in the building organism, according to a semi-qualitative
and multicriteria approach with particular reference to architectural and technological-constructive
integration. The potential of the system is to become an instrument to promote the BiPV locally, if
introduced into sustainable building regulations, or a possible reference tool to incentives the
installation of PV in buildings with more precise criteria of the current. The subsequent deepening
of the system, as well as testing and verification on various case studies, provides a progressive
improvement of the scoring percentage and weight on real case, specialization for application to
existing buildings and implementation of a module for the cost-benefit analysis. It could also
become, in this way, a benchmark for the introduction of sustainability criteria in the plans for postearthquake reconstruction in the city of Aquila [5] .
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Summary
Building assessment systems can serve as powerful agents of change in efforts to reduce the
environmental impact caused by the building sector.
Building assessment systems provide building performance information such as that regarding
energy consumption, materials used, and operational costs. Assessment systems define various
levels of performance within the marketplace, above and beyond the minimum defined by codes
and standards. As a consequence, building assessment results can be utilised as a marketing
instrument, thus increasing the demand for cost-efficient, user-friendly, and environmentally sound
buildings. At the same time, they produce a substantial reduction in environmental impact.
In Austria, the TQB building assessment scheme has been in place since 2001.
This conference contribution describes the development of the TQB assessment scheme, and
presents an overview of TQB buildings, certified in the period from 2001 to 2010. It summarises
the experiences gained and lessons learnt during the past decade, and outlines requirements for
further development in the future.
Keywords: sustainable buildings, building certification, energy efficiency, renewable energy,
sustainable development, green building assessment scheme

1. Introduction
Energy consumption in the building sector accounts for more than one-third of energy consumption
in Austria. Residential buildings represent the majority of the Austrian building stock: according to
statistical analysis carried out by Statistics Austria, in 2001 there were 2.05 million buildings and
approximately 3.86 million dwellings. Three quarters of all Austrian buildings are single-family
houses and detached houses, and 14% are non-residential buildings. Concerning the number of
flats, the distribution is more or less equal between single-family houses and detached houses,
and apartment buildings. 21% of residential buildings were constructed before 1919, and 47%
were constructed in the period between 1945 and 1981. [1,2,3] The latter portion is most important
in terms of constructed buildings as well as in terms of energy consumption and thus also energy
saving potential.

While energy use for space heating and energy use for domestic hot water is predominant in residential buildings, energy consumption patterns are more diverse in non-residential buildings, depending on the purpose of the building: hospitals, shops, offices, schools, etc., and there is little
statistical information. However, it is evident, that electricity consumption is increasing dramatically,
mainly due to cooling needs. Studies carried out to analyse the impact of climate change on Austrian regions show that the number of days with temperatures above 30°C will increase fourfold in
the East of Austria. [4] As a consequence, electricity consumption is likely to skyrocket if no precautionary measures are taken.
In order to reduce heating and cooling energy consumption in the building sector, and to optimise
buildings as a whole in terms of sustainability, several policy instruments have been applied in
Austria, among others, the social housing scheme.
The social housing scheme has a long tradition, and has been a driver for sustainable buildings in
the residential sector. Criteria are set up in way so that the majority of Austrians is eligible to apply.
For many years, the social housing scheme has been extended towards including energy efficiency criteria, addressing renewable energy systems, and subsequently also to criteria targeting ecological materials. The social housing subsidy scheme provides additional money upon condition
that energy and other ecological criteria are met. Heating energy consumption has been decreasing due to defined heating energy indicators required by subsidy schemes, and since 2009 also by
the revised building codes, as required by the Energy Performance of Buildings Directive (EPBD).
Green building assessment schemes offer the opportunity to substantially facilitate the transition
towards a sustainable building sector by setting up performance requirements regarding energy,
materials, water, land, indoor air quality, emissions, and many others. Green building assessment
schemes address residential buildings outside the social subsidy scheme, and - even more
importantly – also address the non-residential sector. The application is voluntary and
requirements are more ambitious than those of the building code and social housing scheme.
Therefore, building assessment systems can serve as powerful agents of change in efforts to
reduce the environmental impact caused by the building sector.

2. Total Quality Building – development of TQB assessment scheme
In 1997, Austria joined the Green Building Challenge, an international platform for the development
of green assessment schemes for buildings (successor organisation IISBE - International Initiative
for a Sustainable Built Environment). At that time, the BRE Environmental Assessment Method
(BREEAM, developed in UK) was in place and experiences delivered valuable input for establishing an international platform for green building assessment. However, in terms of practical implementation it soon became evident that data generation, collection, and examination had to be adjusted to the Austrian planning and construction practice, in order to avoid high transaction costs.
In Austria, small and medium-sized companies are predominant, and it was the objective to provide a cost-efficient tool for widespread application. In 2001 the Total Quality (TQ) assessment
scheme was developed, and after a testing phase went into full operation in 2003. [5,6]
In 2009 the system was revised based on lessons learnt and renamed as Total Quality Building
(TQB) assessment scheme.
Since 2009, the ÖGNB – Austrian Sustainable Building Council runs the TQB assessment scheme
and the third party certification. ÖGNB also provides a platform for further developing the criteria
framework and a platform for creating innovations in the construction sector and associated industries, which are activated by the performance requirements.
Development of the TQ assessment scheme was based on a survey conducted among developers,
which clearly pointed out that performance criteria limited to energy efficiency measures, renewable energy technologies, and ecological materials would lack acceptance. However, developers
were willing to apply a comprehensive building assessment scheme, which includes aspects such
as noise protection, indoor air quality, flexibility, and others besides environment-related criteria.

Furthermore, the assessment scheme should be useful as a quality control tool as well as a marketing instrument.
Therefore, the TQB assessment scheme was composed of a comprehensive set of criteria to be
applied at the very beginning of a project and to adjust design targets according to the criteria to
achieve a good assessment result.
In order for buildings to pass the TQB assessment, checks are made twice, first at the end of the
planning stage and then after completion of construction. The objective is to ensure that the building was constructed in compliance with the design, which will be especially important if the building
is designed in an integrated way. In this case, architectural aspects and energy technology aspects
are intertwined and small changes during construction to reduce costs will result in substantial
problems concerning comfort and energy performance during building operation. After the planning
phase, drawings and calculations are checked, and after completion the compliance with the design is examined, and measurements are carried out.
The next figure shows the concept of the Austrian building assessment scheme.
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Fig. 1 The concept of the Austrian TQB green building assessment scheme
Since 2010, the TQB assessment is based on an internet-tool, which is free of charge and publicly
accessible at www.oegnb.net. The tool consists of an assessment framework with a detailed
description of assessment criteria, a description which data have to be provided and a guideline
how to achieve the best score. The tool is for free because it is the objective to encourage
architects, designers and building owners to use assessment criteria for design optimisation and
quality control during the design and construction process. Only if the building owner demands for
a third party certification, costs will arise for the certification procedure.
The TQB system does not assess architectural quality, but technical parameters that have to be
taken into account during the process of designing the building. At the beginning of the design
process, the design team and the client define the design targets for the building by means of
criteria for the assessment framework and the scores they want to achieve; after assessment, a
group of independent experts certifies that all the information used for assessment is correct.
The next table shows the latest version of the assessment criteria for residential buildings.

Table 1 TQB-Assessment categories and criteria (overview residential buildings, category and first
level criteria, version 2.2, december 2010)
Category and criteria (German original)

English translation

A
A.1
A.2
A.3
A.4

Standort und Ausstattung
Infrastruktur
Standortsicherheit und Baulandqualität
Ausstattungsqualität
Barrierefreiheit

Location and amenities
Infrastructure
Security
Amenities
Accessibility

B
B.1
B.2
B.3
B.4

Wirtschaftlich und technische Qualität
Wirtschaftlichkeit im Lebenszyklus
Baustellenabwicklung
Flexibilität und Dauerhaftigkeit
Brandschutz

Economical and technical quality
Life cycle cost assessment
Construction site management
Flexibility and longevity
Fire prevention

C
C.1
C.2
C.3

Energie und Versorgung
Energiebedarf
Energieaufbringung
Wasserbedarf und Wasserqualität

Energy and water
Energy consumption
Energy production
Water consumption and water quality

D

Gesundheit und Komfort

D.1
D.2
D.3
D.4

Thermischer Komfort
Raumluftqualität
Schallschutz
Tageslicht und Besonnung

Health and comfort
Thermal comfort
Indoor air quality

E
E.1

Ressourceneffizienz
Vermeidung kritischer Stoffe
Regionalität, Recyclinganteil, zertifizierte
Produkte
Ökoeffizienz des Gesamtgebäudes
Entsorgung

E.2
E.3
E.4

Noise protection
Daylight and sun
Resource efficiency
Avoidance of harmful substances
Quality of products (local production, recycling material, certified products)
Eco-efficiency of the entire building
Demolition and disposal

Although the assessment scheme was developed according to developers’ needs, market up-take
was quite slow, and especially the use of the assessment results in marketing communication was
lacking. It turned out that estate agents did not know how to use the assessment result in the selling or renting process, largely because they were not trained in aspects such as indoor air quality,
primary energy consumption of materials or CO2-emissions. It seemed as if the barrier for the construction sector was too high, with exception of a few innovators. Therefore, green building assessment was integrated in the climate protection programme “klima:aktiv”, launched by the Austrian Federal Ministry of Agriculture, Forestry, Environment and Water Management in 2004. The
programme targets a substantial reduction of CO2-emissions and a substantial increase in energy
efficiency in the building and transport sector, in industry, and households, by funding comprehensive activities such as the production of information material, consulting services, network development, and the elaboration of quality control procedures. [7]
The sub-programme “construction and refurbishment” offers the klima:aktiv building standard for
residential and non-residential buildings, and for new build constructions as well as for refurbishments. This standard consists of selected criteria of the TQB standard with focus on outdoor and
indoor environment, to communicate individual benefits along with the reduction of CO2-emissions.

The criteria system comprises the following categories:
•
A Design and Construction
•
B Energy and Supply
•
C Materials and Structure
•
D Comfort and Indoor Air Quality

3. To lower the barrier with a step-wise system: energy certificate klima:aktiv - TQB
Since the full implementation of the EU Directive 2002/91/EC (EPBD) in 2009, a step-wise system
has been in place. The combined model was chosen to lower barriers for companies to become
familiar with environmentally conscious design and construction. It was the objective to make use
of the dynamism stemming from the EPBD, and to facilitate market penetration of eco-buildings by
linking the voluntary building assessment schemes with the mandatory energy certificate. [8,9]
Therefore, the klima:aktiv category “B Energy and Supply” fully corresponds with the energy certificate. On the way towards a sustainable building, the first step is a good energy performance documented by the mandatory energy certificate. If the developer or building owner seeks good performance beyond the energy sphere, the klima:aktiv criteria “A Design and Construction”, “C Materials and Structure”, and “D Comfort and Indoor Air Quality” can be fulfilled, and after a plausibility
check the klima:aktiv label will be awarded. If the building owner or developer is ready to document
that the building achieves high quality also in terms of noise protection, flexibility, and other criteria,
then there exists the option to build upon the klima:aktiv data and to extend the data collection in
order to receive the TQB certificate. As a condition, the building must pass a detailed check of data
carried out by authorised staff.
klima:aktiv was developed based on a study commissioned by the Austrian Federal Ministry of
Agriculture, Forestry, Environment and Water Management, and TQB was developed based on
studies commissioned by the same ministry, the Austrian Federal Ministry for Transport, Innovation
and Technology, and the Austrian Federal Ministry of Economy, Family and Youth.
Since 2009, the ÖGNB – Austrian Sustainable Building Council has been involved in both building
assessment schemes. [10]

4. The role of research and demonstration
The Austrian research programme “Building of Tomorrow” is an integrated research program,
which supports the process of change towards sustainability by funding research projects, prototype development, and demonstration building projects. Since 1999, numerous projects have been
funded, among others the development of the TQB building assessment scheme. The building
assessment scheme has served as a guideline on performance criteria and how to achieve them,
and as a tool to make the building quality visible in the form of a building certificate.
Sustainability requirements resulted in development of new products and technologies, such as:
[11]
• Thermal flat collectors to be used as 'facade collectors', which can be installed without any
back ventilation onto facades. The new component represents a high architectural quality
and style element for facades, and can be recycled after the lifetime has ended.
• Photovoltaic modules for building integration. PV-modules provide energy and at the same
time take over additional functions such as building covering or shading. They can be manufactured on demand in various sizes, and due to their “break-through security” the modules are applicable for facades as well as overhead glazings.
• Single-stage adsorption chiller working with water as cooling agent and silica gel as adsorbent agent for a low range of performance (2 to 50 kW refrigerating capacity), and based
on energy supply with hot water, provided by solar panels or district heating.
• Product development for the inside thermal insulation for houses designated as having
special historic status, with restrictions concerning the insulation of outer walls.

Demonstration buildings were constructed using new concepts, products and technologies developed in the research programme. All demo-projects have been assessed and evaluated with the
TQB-tool and are easy to be found with the “Buildings of Tomorrow” roadmap, which is available
on the programme website. [12] TQB assessment results are available at www.oegnb.net.
Table 2 Buildings assessed with TQB (2009, examples)

Giefinggasse, Wien:
ENERGYbase
Client: Wiener Wirtschaftsförderungsfonds
Innsbruck, Tirol:
Josef-Franz-Huter-Straße / Sieglanger
Client: WE Wohnungseigentum
Tiroler gemeinnützige Wohnbau GmbH
Niklasdorf, Steiermark:
Eine Welt Handel AG Betriebsgebäude
Client: Eine Welt Handel AG
Linz, Oberösterreich:
Passivhaussanierung Markartstraße
Client: GIWOG

Ludesch, Vorarlberg:
Gemeindezentrum Ludesch
Client: Marktgemeinde Ludesch

Kierling, Niederösterreich:
Passivhaussanierung Kierling Planung
Client: BUWOG
Schwanenstadt, Oberösterreich:
Passivhaussanierung Schule
Schwanenstadt
Client: Stadtgemeinde Schwanenstadt

Stadl-Paura, Oberösterreich:
ChristophorusHaus
Client: MIVA

Office building with
research infrastructure
New construction

Residential building
New construction

Whole sale store
New construction

Residential building
Renovation

Community centre
New construction

Residential building
Renovation

School building
Renovation

Multifunctional building
New construction

5. Conclusions and outlook
The TQB building assessment scheme has an important role in the field of research and demonstration, and is widely accepted among innovators. However, broad market uptake has not been
achieved yet. TQB assessment is carried out voluntarily, and currently only few property valuators
and building owners require building certificates. Yet, building owners, architects and designers do
use the assessment scheme as guideline for optimisation during the design and construction process, and developers use TQB as internal quality control system.
If a builder sells a property for the first time and presents the building certificate, buyers do not
necessarily validate the certificate. Nevertheless, attitudes are changing, and owners increasingly
recognise the value of the certificate, if the property is about to be resold. In this case the building
certificate represents a source of independent and thus credible information about the property,
which is highly appreciated by potential buyers.
Regarding market uptake it is rather disappointing that the certificate is far from being an established part of the valuation process, although the TQB assessment system considers exactly those
aspects which will influence the property valuation results, if they are properly taken into account:
income from rent, operating costs and future risks influence the valuation results substantially, depending on the quality of indoor climate, the level of energy consumption and security of energy
supply, as well as on the amount of whole life costs. But even if the relation between technical
building performance and economic impact on valuation is clearly displayed, at the end of the objectively performed valuation the result will be always weighted according to the actual market demand for sustainable buildings, and market demand is not yet satisfactory in this respect.
Potential buyers do not fully understand the advantages of sustainable buildings and estate agents
cannot explain them very well. Building certificates could provide the required information, but lack
acceptance because they are either too simple (“gold standard”) or too complex (list of technical
parameters), and thus do not provide “ready to use” information for most realtors and also most
clients. Therefore, the ÖGNB – Austrian Sustainable Building Council has been seeking cooperation with this group, to further develop the TQB-tool to ensure useful results for both realtors and
estate agents, in order to strengthen the position of the building certificate on the market and to
enhance demand for sustainable buildings.
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Summary
Improving energy efficiency and combating climate change is one of the key targets in national and
international policies. The research project “Measuring and potentials of energy efficiency (EPO)”
was launched to develop a general approach to measure energy efficiency and to develop an
approach which could be used to calculate the potential achieved by improved energy efficiency.
The research covered the sectors of energy production, industry, buildings, communities,
transportation and logistics. This presentation is mainly dealing with the results obtained from the
communities sector.
Energy efficiency of communities can be defined as a ratio between an input of energy
consumption or emissions, and an output of services, such as number of inhabitants and
workplaces or floor square metres. There are several energy efficiency indicators which consist of
different parts and phases. System boundaries for measuring energy efficiency of communities can
be defined on the grounds of planning levels and areas or from functional bases. Communities
have a relatively high potential for energy efficiency improvements and thereby reductions in
greenhouse gas emissions.
The Grande Case part of the research study showed that potential for reducing energy
consumption and greenhouse gas emissions of a city area could be even 80 % of the most
consuming and emissions causing alternative. Two thirds of the total potential can be reached by
location and building efficiency, and structure, and third by improving energy efficiency of buildings.
Urban and regional planning has significant possibilities in improving energy efficiency and
combating climate change.
Keywords: Energy efficiency, climate change, greenhouse gas emissions, assessment, potentials,
urban and regional planning, communities

1. Introduction
The European Commission implemented a strategy for Climate Action in 2008 [1]. After that EU
has developed e.g. a new Energy Efficiency Plan [2]. According to that strategy, the Member States
will reduce their collective greenhouse gas emissions by at least 20 % and boost the share of
renewable energy to 20 % of total consumption by 2020. In addition, the European Union has set
an indicative objective to reduce its primary energy consumption by 20 % compared with the
projected 2020 energy consumption. This stresses the need to increase energy efficiency in the
EU. However, until now there has been no common methodology on how to measure energy
efficiency or evaluate the savings achieved by it. The research project “Measuring and potentials of
energy efficiency (EPO)” was launched in January 2008 to facilitate development in this field. [3], [4]
The research aimed to develop a general approach to energy efficiency measurement covering the
energy systems, process industry, buildings, communities, transportation, and logistics. A uniform
terminology and a way of measuring is a prerequisite for the comprehensive evaluation of energy
efficiency within each sector and between the sectors. In addition, the research aimed to develop
an approach that can be used to calculate the energy efficiency improvement potential. This is
needed in order to prioritise the activities towards increased energy efficiency. [3], [4]

2. Energy efficiency, eco-efficiency and sustainability
Energy efficiency can be defined as a ratio between an output of performance, service, goods, or
energy, and an input of energy [5]. Measuring energy efficiency is a part of a wider context (Fig. 1).
Increasing energy efficiency is not an intrinsic value but a means to gain other wider goals. When
measuring energy efficiency also other points of view should be considered. [3] [4]

Sustainable development
Eco-efficiency
Energy efficiency

Fig. 1 Energy efficiency, eco-efficiency and sustainability [3]
Energy efficiency can be defined as a part of eco-efficiency. Eco-efficiency is ecological efficiency
that measures use of natural resources and disadvantages in relation with results obtained. It can
be defined as a part of sustainability. Sustainability covers ecological, economic and social
sustainability. Especially because of climate change the ecological sustainability is becoming more
and more the hard core of the whole sustainability target. Eco-efficiency is a commonly used
indicator measuring the ecological sustainability. Energy efficiency in turn represents the hard core
of eco-efficiency, especially when non-renewable energy sources are considered. [3], [4]
Together with energy efficiency (kWh/product or service unit) it is possible to measure amount of
emissions or carbon foot print generated by production and operation (e.g. CO2-eq. kg/product or
service unit). Together with energy efficiency, material efficiency may be measured (decreasing
energy consumption may increase consumption of materials and vice versa). Assessment of the
complex requires at least presence of the next factors: energy efficiency, material efficiency,
relative amount of emissions and wastes, quality of environment and life as well as costs. [3], [4]
Energy use in communities (city regions, cities, towns, and other urban areas as well as rural communities) takes place in both buildings and infrastructure, during construction, use, maintenance,
repair, renovation, demolition, and recycling as well as during transportation of people and goods.
Energy efficiency of communities is a composition of energy used during the life-cycle of several
physical elements brought together for the community. Improving energy efficiency means
decreasing energy use needed in production of products and services in energy production,
transfer, distribution, and use. Energy efficiency in production means producing the same amount
of energy with less inputs or producing more energy with same inputs. Energy efficiency in energy
transfer and distribution means decreasing energy losses and specific energy consumption in
these operations. Energy efficiency in energy use means decrease of specific energy consumption.
Improving energy efficiency leads to energy saving. [3], [4]
Energy use of urban form consists of production and operation of physical structures and
transportation. Impacts of urban development on energy efficiency often turn up in connection of
impacts on other sectors. Changes in urban and regional forms affect energy consumption and
greenhouse gas emissions directly via amount and location of structures, and transportation
between functions, and in the other hand via other changes, e.g. changes linked with living
standard, motorizing, and amount of transport as well as their combined and multiplex effects.
Multiplex and circuit effects appear for example in modal split where motorizing increases share of
cars, which promotes urban sprawl, which again promotes the use of cars. [6], [7], [8]

Built-up areas in Finland typically use much more land per inhabitant than built-up areas in other
western countries, or even in the other Nordic countries. Finland’s regional and urban forms have
for long been characterized by the development where the regional form is becoming more
concentrated, while urban sprawl is causing fragmentation of the urban form. [6], [7]. This means
longer commuting and business distances, high infrastructure and transportation costs, waste of
natural resources and areas as well as greenhouse gas emissions. Integration of urban form is one
of the main targets in the national land use targets and long term climate and energy strategy.
Planning solutions may, according to the results of case studies, impact on primary energy
consumption and greenhouse gas emissions by 10 % at regional level, by 60 % at local community
level, and even by 200 % at dwelling area level. Impact on emissions caused by transportation is
even bigger: at least double compared to the impact on total emissions. Similarly large impacts
can be seen on consumption of energy and other natural resources as well as costs. [9], [10].

3. System boundaries
System boundaries for measuring energy efficiency of communities can be defined by different
areal, administrative, or planning levels, or by functional basis. Measuring energy efficiency of
communities is based on characteristics of urban form and consists of several factors: buildings,
networks and other structures (infrastructure), and transportation between functions. Possible
system boundaries for communities are presented in Fig. 2.
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Fig. 2 System boundaries for measuring energy efficiency of communities [3]
The most limited system boundary concerns residential or other neighbouring area planned by detailed plan. This boundary includes the following factors: residential buildings; premises
(neighbouring premises); fields, parks, green and leisure areas (neighbouring areas); networks
(infrastructure): transportation, energy, water, waste management, communications; transportation
(from functions of the area). System boundary for master plan level, area of a municipality, part of it
or several municipalities, includes in addition the following factors: city centre services; other
premises (wide area); green and leisure areas (wide, serving the whole community); connection
networks; transportation (from functions of areas and inside community). Regional level system
boundaries include in addition the following factors: scattered settlement; services outside
communities; wide forests and green and leisure areas; regional and nationwide networks;
transportation (from communities and inside regions). System boundaries by functional basis could
be defined for example: immediate surroundings: dwelling; neighbouring services (day-care centre,
school, shop, park, recreational area, bus stops), or daily environment; community: wider area, or
weekly environment; commuting area: dwellings, work places, centre services, recreational areas,
may include several communities. [3], [4]

4. Indicators of energy efficiency
Energy efficiency of communities can be defined as a ratio between an input of energy
consumption or emissions, and an output of services, such as number of inhabitants and
workplaces or floor square metres. Energy efficiency of communities measures efficiency of energy
use in production and operation of communities. Production of communities includes the whole
production process of building materials needed in buildings, infrastructure and construction.
Operation of communities includes use and maintenance of buildings and other structures as well
as personal and goods transportation needed by functions of communities. Important points of
view are for example primary energy demand, production of greenhouse gas emissions and use of
renewable and non-renewable energy sources. Life-cycle viewpoint is essential for energy
efficiency measurement. [3], [4].
Energy efficiency of communities can be defined as the amount of non-renewable energy sources
used in communities (production, operation and transportation) in relation to amounts of units
which describe the wideness or service capability (such as floor space or volume of buildings,
number of inhabitants and workplaces). Energy efficiency of a community or an urban form can be
considered in two ways (inverse with each other):
(1) "Energy efficiency of an urban form is (non-renewable) energy use and emissions relative to
services produced by the community, such as the number of inhabitants and workplaces or floor
square metres.” OR
(2) " Energy efficiency of an urban form is services, products and other quality of life produced by a
community relative to (non-renewable) energy sources and produced emissions by their production,
operation and transportation.”
Definition (1) can be seen as the principal and traditional indicator of energy efficiency. According
to it energy efficiency increases when this ratio decreases. Concrete indicators can be these ratios:
kWh, MJ/floor-sq. m
kWh, MJ/inhabitant (inh)
kWh, MJ/workplace (wp)
CO2 eq. t/floor-sq. m
CO2 eq. t/inhabitant (inh)
CO2 eq. t/workplace (wp)
Mathematical formulas for energy efficiency of communities may be described in several
alternative ways. For example, energy efficiency of communities (buildings, infrastructure,
transportation) presented as energy consumption per time unit (one year):

EEnCfloor

sq .m

kWhproduction kWhoperation kWhtransportation
floor sq.m, a

(1)

There are several energy efficiency indicators which consist of different parts and phases.
Indicators complete each other. [3], [4]

5. Intersectoral interfaces
Measuring energy efficiency of communities is strictly connected to other sectors. Buildings are
part of an urban form or built environment and their results on energy efficiency are directly
included in measuring energy efficiency of communities. Energy efficiency of buildings is
connected to energy efficiency of communities both by energy used in operation phase and energy
embodied in building materials. Energy efficiency of energy production chain is also connected
directly to measuring energy efficiency of communities. This concerns both energy consumption of
buildings and infrastructure and areal energy systems such as district heating and electricity
networks. Interfaces of energy efficiency of industry and communities concern e.g. production
efficiency of building materials and fuels. Interfaces of energy efficiency of logistics and
communities concern also efficiency of logistics of production of building materials and fuels. There
are significant interfaces also concerning waste logistics and transportation of communities. (Fig. 3)
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Fig. 3 Energy efficiency of communities and connections to other sectors [3]

6. Energy efficiency potentials - Grande Case: Kalasatama
A Grande Case was carried out as a part of the EPO project. Energy efficiency indicators and
potential calculation methods developed in the first phases of the project were applied in one
common study area. The Grande Case combined indicators and methods of different sectors. The
case study area was Kalasatama, a planned new residential and workplace area in City of Helsinki,
having an excellent location in urban form (Fig. 4). The Grande Case studied the real current plans
of the area combined with virtual factors, such as location and energy production.

Fig. 4 Location map and illustration of Kalasatama (City of Helsinki)
A basic alternative was developed for each sector, compatible with other sectors. Each sector
(communities, buildings, energy systems, transportation and logistics, industry) formed their own
calculation alternatives to study essential research issues. Communities sector studied energy
efficiency of the complex of buildings, infrastructure and transportation. Research issues were
impact of location, complementary building, and building density to energy efficiency. Energy
systems sector studied performance of district heating and cooling and their alternative solutions
for improving energy efficiency. Energy consumption of buildings was studied by three scenarios:
business as usual building, passive houses and close to net zero (solar) buildings. Transportation
and logistics sector studied energy efficiency of passenger traffic related to location alternatives of
communities sector. Industry sector studied indicators of energy production and industry.

Energy efficiency and energy saving potential of the case study area were estimated as follows:
1. Energy embodied in infrastructure
Structure of the area – amount of networks – amount of materials – primary energy
consumption and greenhouse gas emissions in production of materials
2. Energy embodied in buildings
Materials in buildings – primary energy consumption and greenhouse gas emissions in
production of materials
3. Energy consumption of buildings during operation phase
Space heating, hot water, cooling, use of electricity - primary energy consumption and
greenhouse gas emissions (including energy systems and production)
4. Energy consumption of transportation (passenger traffic)
Travel distances and modes - consumption of fuels and electricity - primary energy
consumption and greenhouse gas emissions
The calculation alternatives were as follows (in addition, two energy production alternatives were
studied):
1. Dispersed settlement: 18 000 inhabitants are located in periphery areas of the Helsinki
region, instead of Kalasatama. Premises are located in Kalasatama, as planned.
2. Loose structure: 14 000 inhabitants are located in Kalasatama, and 4 000 inhabitants are
located in car-zone of the Helsinki Metropolitan Area, instead of Kalasatama. Premises are
located in Kalasatama, as planned.
3. Basic alternative: 18 000 inhabitants and 10 000 work places are located in Kalasatama, as
planned. New buildings are built business as usual 2010 style.
4. Passive houses: Basic alternative with new buildings as passive house energy
consumption.
5. Solar energy: Basic alternative with new buildings as close to net zero (solar) energy
consumption.
The dispersed settlement alternative causes most and the loose structure alternative second most
energy consumption and greenhouse gas emissions. Differences between these alternatives and
the basic alternative are due to transportation, house types, living space, building efficiency and
heating systems. The basic alternative causes very small energy consumption and greenhouse
gas emissions from transportation and infrastructure. The passive houses alternative causes small
and the solar energy alternative very small energy consumption and greenhouse gas emissions.
Differences between these alternatives and the basic alternative are due to energy efficiency of
buildings. The share of embodied energy (material production) is about 10 % in the dispersed
settlement alternative, and about 50 % in the solar energy alternative. [11] (Table 1, Fig. 5 and 6)
Table 1 Primary energy consumption and greenhouse gas emissions, and relative differences of
the Kalasatama case study alternatives [11]
Indicator

%
Dispersed Basic
settlement alt.

GWh/a
kWh/floor-sq. m, a
MWh/(inh+wp), a
CO2-eq. 1000 t/a

673
335
24
102

CO2-eq. kg/fl.-sq. m, a
CO2-eq. t/(inh+wp), a

51 166 %
3,6 253 %

222 %
146 %
222 %
253 %

%
Loose
Basic
structure alt.
390
265
14
58

%
Basic
Basic
alternative alt.

%
Passive Basic
houses alt.

Solar
energy

%
Basic
alt.
42 %
42 %
42 %
60 %

128 %
115 %
128 %
139 %

304
230
11
40

100 %
100 %
100 %
100 %

231
175
8
34

76 %
76 %
76 %
86 %

127
96
5
24

38 125 %
2,0 139 %

30
1,4

100 %
100 %

26
1,2

86 %
86 %

18 60 %
0,9 60 %

Differences between energy consumption and greenhouse gas emissions per floor-sq. m and per
number of inhabitants and workplaces are due to differences between average living and working
space (floor-sq. m per inhabitant and floor sq. m per workplace). The results of the energy
efficiency potential calculation show that it is possible to reduce energy consumption and
greenhouse gas emissions by 80 % of the most consuming and emissions causing alternative. Two
thirds of the total potential can be reached by location and structure and third by improving energy
efficiency of buildings. Energy saving potential of buildings is 85 %, infrastructure 95 % and
passenger traffic 75 %.

EPO GRANDE CASE "KALASATAMA"
PRIMARY ENERGY CONSUMPTION kWh/floor-sq. m, a

VTT 2011
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Fig. 5 Primary energy consumption per floor square metre of the Kalasatama case study
alternatives [11]
EPO GRANDE CASE "KALASATAMA"
GREENHOUSE GAS EMISSIONS CO2 eq. tonnes/(inh+wp), a

VTT 2011

Greenhouse gas emissions CO2 eq. tonnes/(inh+wp), a

4,0
Transportation
Buildings, electricity

3,5

Buildings, cooling
Buildings, heating
Buildings, embodied energy

3,0

Infrastructure, embodied energy

2,5

2,0

1,5

1,0

0,5

0,0

Dispersed settlement

Loose structure

Basic alternative

Passive houses

Solar energy

Fig. 6 Greenhouse gas emissions per number of inhabitants and workplaces of the Kalasatama
case study alternatives [11]
The most important choices for energy efficiency improvements are: location of the area,
transportation system and habits, especially use of private cars, living space (floor-sq. m per
inhabitant), building density and energy systems. Primary energy consumption of the best
alternative is only 19 per cent of the least favourable alternative.

7. Discussion and conclusions
When measuring energy efficiency it is essential to define appropriate system boundaries to avoid
overlapping and part optimization. There are a lot of energy efficiency indicators which may
complete each other. The research showed that it is possible to assess energy efficiency and
potential for energy savings and greenhouse gas emissions reductions combining different sectors
in one common area. This brings possibilities and challenges for urban and regional planning.

Communities may have a relatively high potential for energy efficiency improvements. In order to
improve energy efficiency of communities attention should be paid especially on location and other
urban form choices, which affect transportation need and modes and thereby energy use of
transportation. Loose urban form increases substantially wideness of infrastructure. Energy
consumption of buildings forms most of energy consumption of communities and improving their
energy efficiency has a significant role in improving energy efficiency of communities. In addition to
new structure energy efficiency of existing built environment should be improved.
The Grande Case part of the research showed that Kalasatama is a very good area as regards
improving energy efficiency and combating climate change, thus aspiring to overall sustainability.
Kalasatama has an excellent location, an efficient and minimum energy consuming and minimum
emissions causing transportation system, relatively high building density, and good possibilities for
advanced energy systems. District heating proved to be justified also with smaller heating energy
need. Energy efficiency of building material production has a more important role as energy
consumption in operation phase of buildings falls. According to the planning material, Kalasatama
seems to have possibilities to be a good living environment, as well.
Location of new housing has great importance. Essential factors and choices are population
density, building efficiency, living space, house types, heating systems, energy systems,
transportation need and modes, and living styles. Prerequisites for sustainability can be generated
by urban and regional planning. Planning, however, is not enough to assure gaining sustainability.
Living styles especially concerning transportation and energy consumption have a great influence
on sustainability.
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Summary
SBToolCZ is sustainable building certification system based on SB Method by the International
Initiative for a Sustainable Built Environment (iiSBE). The certification scheme for residential
buildings was introduced in 2010, version for offices in 2011. SBToolCZ provides a localized tool in
full concordance with national and European standards. The selection of criteria and their weights
has been set by the national panel of experts from different fields of expertise. The certification
methodology is being developed at the Czech Technical University in Prague, Faculty of Civil
Engineering, that also provides courses for auditors and wide public. The certification process is
operated by the Technical and Test Institute for Construction Prague (or TZUS), official member of
the SB Alliance.
Keywords: sustainable building, assessment system, SBTool, certification

1. Introduction
Development of systems for complex assessment of buildings and their implementation into
construction practice is very difficult, but increasingly important process. Present legislation in
many countries does not still requesting such these assessment methods. But the progress shows
gradual interest, especially in countries with advanced economy. In some countries certification of
complex building quality became for some types of building developments obligatory.
Consequently work on EU standards within CEN TC 350 is progressing.
Standard approach to building quality assessment includes energy performance assessment,
evaluation of daylighting, acoustics, structural assessment, fire safety assessment and other
requirements. Behavior and request of users is gradually changing and we can look forward to
higher interest of high building performance, in spite of potential higher expense. If there will be
any higher expenses, the payback will be guaranteed with lower operation cost or in nonmeasurable items – like higher comfort and higher quality of living in building and surroundings.
SBToolCZ represents assessment method for design phase, which shows potential improvements
of building design in specific regional conditions of Czech Republic in Central European area.
Methodology respects climatic conditions, geomorphology, material and technology basis,
available local natural sources, population density, traditions and cultural aspects. SBToolCZ is not
just an assessment methodology with a certificate as an output, but it is possible to use it also as a
guideline for the better design of a building in a concordance with sustainable construction
principles.

The research centre CIDEAS at the Czech Technical University in Prague
provides a localized version of the SBToolCZ for wide usage in building
practice in the Czech Republic. Certificate of complex quality based on
SBToolCZ assessment is available since June 2010 for residential buildings
and for office buildings since June 2011.
Fig. 1 SBToolCZ logo.

2. Methodology
2.1

Criteria evaluation

SBToolCZ certification scheme is based on the generic framework of SBTool developed by iiSBE.
Criteria benchmarks convert physical measures, indicators and levels onto unified 0-10 scale.
Criteria weights setting procedure is in concordance with the SB Method.
The building and its surroundings are defined by a set of properties and constants that are within
the region stable and independent of the building (e.g. these are the emission factors and
conversion factors for converting final energy consumption of primary energy). This set of
characteristics and constants, which defines the terms of the building and its surroundings, enters
the criterion sheets. Criterion sheets are the core of the SBToolCZ methodology and there are
described algorithms for the evaluation of the criteria (using the properties and constants).
Criterion sheet contains the following items:
•
•
•
•
•
•

Intention evaluation (what is assessed, what is the purpose),
Indicator,
Background,
Literature and other sources of information,
Description of evaluation,
Benchmarks.

The value of indicator criteria is calculated using the assessment algorithm described in criterion
sheet. Subsequently, the value of indicator is converted using the benchmark to the relative scale
of 0 to 10. The value 10 corresponds to the best available technology (BAT), 5 points corresponds
to the very good quality of building, 0 expresses the usual condition in the region satisfying
minimum legislative requirements (given by technical standards).
Each criterion has its own weight, and that is multiplied by the obtained points. Various weighted
points are then summarized and gets the overall result. Weights are set by Panel of experts.
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2.2

List of criteria

SBToolCZ 2010 version for residential buildings in the design phase has in total 33 criteria.
Structure of the set of assessment criteria is divided in accordance with the three pillars of
sustainability into the groups:
! Environmental,
! Social,
! Economics and Management
These issue areas are complemented by a fourth group:
! Locality.
In the version for residential buildings, the group of environmental criteria consist of 12 criteria, the
group of social criteria has 11 criteria, group Economics and Management has 4 criteria and the
criteria covering the location of the building are 6.

Locality

Economics
and
Management

Social criteria

Environmental criteria

Table 1: Structure of criteria in SBToolCZ for residential buildings
E.01
E.02
E.03
E.04
E.05
E.06
E.07
E.08
E.09
E.10
E.11
E.12
S.01
S.02
S.03
S.04
S.05
S.06
S.07
S.08
S.09
S.10
S.11
C.01
C.02
C.03
C.04
L.01
L.02
L.03
L.04
L.05
L.06

Global warming potential
Acidification potential
Eutrophication potential
Ozone depletion potential
Photochemical ozone creation potential
Use of greenery on building site
Use of greenery on roofs and facades
Potable water
Primary energy consumption
Use of construction material
Land use
Outcome of rainwater
Lighting comfort
Acoustic comfort
Thermal comfort in summer
Thermal comfort in winter
Health safety of materials
User comfort
Accessibility for handicapped
Building security
Adaptability
Space Efficiency
Use of exterior building
Operation cost analysis
Provision of operation plans
Operation autonomy
Sorted waste management
Biodiversity
Provision of place for free time
Key amenities - provision and proximity
Public transport accessibility
Site security
Natural risk

2.3

Weighting

The method of weights setting is based on Panel method. Panel of experts consists of 30
professionals of several fields of expertise. Each criterion was scored by the expert in the range 13 in four categories:
! Intensity of potential effect (a view of the evaluator, when scores are how much is a strong
influence in the building design criteria for the built environment and how vigorously
pursued the building property affects a neighborhood or region): strong = 3, moderate = 2,
weak = 1
! Extent of potential effect (What is the size of the extent of criteria?): global = 3, regional = 2,
building & neighborhood = 1
! Duration of potential effect (What is the flexibility and ability to influence the intention of the
criteria evaluated in time? On how long the construction of a building determines the quality
of the evaluated criteria?): >50 years = 3, >10 years = 2, <10 years = 1
! Priority in the context of the Czech Republic (Expert personal insight into the question of to
what extent he thinks the criteria is or should be in the forefront of public interest): high
priority = 3, medium priority = 2, low priority = 1
The evaluation sheets from Panel of Experts were collected, statistically evaluated and
implemented into the method.
2.4

Certification output

The outputs from the assessment are:
! Certificate of building quality - a graphic symbol
! Certificate of building quality - a presentation document
! Assessment protocol - a detailed report of the whole evaluation process.
Building performance certificate SBToolCZ is based on the total score. There are four certification
levels, as follows:
!
!
!
!

Certified building (score 0 – 3.9),
Bronze certificate (bronze leaf, score 4.0 – 5.9),
Silver certificate (silver leaf, score 6.0 – 7.9),
Gold certificate (golden leaf, score 8.0 – 10.0).

Fig. 3 Graphic symbols of the performance levels – Czech linden leaves
The certification output is the final certificate which comes out along with the detailed charts of
building performance which stress the three main sustainability issues – environmental, social and
economic and a separate part - locality. The final result on the certificate displays not only the final
score, but also building performance within above-mentioned main issues. Detailed report
transparently presenting whole assessment process and details of each criteria evaluation is a part
of the final certificate.

Fig. 4 SBToolCZ certificates

3. Conclusions
The SBToolCZ certification system comes out from the international research in sustainable
building. The structure of the method and assessment procedures of each criterion was adapted to
the European conditions and accords with national standards and regulations. The core indicators
are incorporated according to the SB Alliance approach. SBToolCZ for residential buildings is
available since June 2010, version for office buildings is in operation since June 2011.
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Summary
Several international and national instruments for the assessment of the sustainable building
performance have been developed in the last years, such as BREEAM (Great Britain), LEED (USA)
and DGNB (Germany) and methodologies, like the SBTool (international) or LEnSE (Europe).
These tools and methodologies have the same intent: advancement of the sustainable building
performance, but they are based on different criteria and assessment baselines. To show the
differences and gaps of existing assessment methods and to develop minimum standards for
sustainable buildings in Europe the EU Commission started the project OPEN HOUSE. The
abstract will give an overview about OPEN HOUSE - a methodology for setting standards for
assessing the ecological, economical and social performance of buildings in Europe.
Keywords: Certification of Buildings, Assessment of the Sustainability Building Performance,
Assessment and Rating Methods, DGNB, LEED, BREEAM, OPEN HOUSE, SUPER
BUILDINGs

1. Introduction
Sustainable Architecture means more than an ecological, resource and energy efficieny planning
and construction process. Aspects like aesthetic, design, integral planning, site and socio-cultural
criteria have to be considered as well as economical, functional and technical characteristics
during the whole life cycle of a building (planning, construction, operation and demolition). To plan,
evaluate and assess a building, special instruments are needed, which describe the whole life
cycle of a building. In the last years a great variety of assessment tools and methodologies have
been developed for assessing the sustainability performance of buildings at a national and
international level [1].

2. Rating and Assessment Tools
2.1

Development and History of Rating and Assessment Tools

The development of rating and assessment tools started in the early 90s. The pioneer of these
instruments was the British label BREEAM in 1990. The French pendant HQE (Haute Qualité
Environnementale) has followed in 1996 and in 1998 the American system LEED has started with
the first certifications of office buildings. Based on the experience of BREEAM and LEED the
Japanese certification method CASBEE (Comprehensive Assessment System for Building
Environmental Efficieny) was developed in 2001, as well as the Australian system Green Star in
2002. Most of the international assessment method are based on the experience of further
assessment systems and have integrated the experience and knowledge of the existing ones into
the new systems.

2.2

Tools of the First and Second Generation

These labels are all instruments of the 1st generation (Green-Building-Approach). This means
methods like LEED or BREEAM, which are integrating mainly the “green”, (ecological and energy
efficiency) criteria of a building. The assessment labels of the 2nd generation (Sustainable-BuildingApproach), like the DGNB Certificate from 2008, are built-up on the experience of the 1st
generation tools. These instruments are performance-orientated, integrating the whole life cycle of
a building and consider next to ecology and energy efficiency also aspects like economy, sociocultural, technical, site and process specific indicators [2].

Fig. 1 Development of international assessment methods [3]

3. OPEN HOUSE
Each label and certificate is based on individual country, climate and political specific building
standards and structures. To promote an international comparability of these different assessment
methods and to develop a common structure for assessing buildings in different countries a variety
of research projects have been done by international green building councils, research institutes
and the building industry, as well as by the European and the international standardization
committees in the last years. The following aspects show the main identified gaps and barriers of
existing assessment methodologies [4]:
No common understanding of the concept of sustainable building in Europe
No common European building sustainability standards finalised yet
Still unresolved issues regarding accessibility, weighting, variables such as building type,
target user and climate
No European labeling to become a visible, comprehensible and a marketable asset
Lack of the necessary transparency and open engagement during the process of defining the

methodology
To define and evaluate gaps and minimum standards of assessment methods in Europe and to
benchmark the sustainability performance of European buildings, the EU Commission started two
projects under the seventh framework programme: OPEN HOUSE [4] and SUPER BUILDINGs [5].
The coordinator of the OPEN HOUSE project is Acciona Infrastructuras (Spain), the technical and
scientific coordination is held by the Fraunhofer-Institute of Building Physics (Germany). An
European consortium of 19 stakeholders - large companies, high-tech SMEs (Small and Medium
Enterprises), research organisations, end users and policy makers - started the project OPEN
HOUSE in February 2010 to develop and implement a common European transparent assessment
methodology. While the parallel project SUPER BUILDINGs is developing a “top-down” approach
with the focus on the development of data validity and reliability of the selected key indicators, the
OPEN HOUSE project started with a “bottom-up” approach. This means: no new system will be
developed, furthermore the OPEN HOUSE methodology will be based on existing standards, like
the ISO TC 59/SC17: “Sustainability in building construction” (international) and CEN/TC 350:
“Sustainability of construction works”(European), the EPBD Directive and its national transpositions
and on existing methods for assessing building sustainability at international, European and
national level. The project will give an overview about existing indicators and will fill the defined
gaps with new assessment rules and benchmarks. In the first work package a set of 48 indicators
was defined, evaluated and filled with sub-indicators, rules and benchmarks for evaluating
European buildings.
The development of the OPEN HOUSE methodology is based on five work packages:
1. Development of awareness and the methodology for sustainable building assessment baseline
definition
2. Designing of the OPEN HOUSE model and tools
3. Selection of case studies and mechanisms for decision making
4. OPEN HOUSE platform operation
5. OPEN HOUSE platform dissemination and exploitation
This OPEN HOUSE baseline is based on the following aspects: environmental, social-functional,
economic, technical, process and site criteria. In order to test, to improve and to redefine the
OPEN HOUSE model 68 case studies will be carried out by the consortium partners and by
external organizations (new office buildings). 22 projects will be evaluated with the “Full System”
(48 indicators) and 46 with a smaller “Core System” version of OPEN HOUSE (27 indicators).
Table 1 OPEN HOUSE “Full System” and “Core System” (status quo: April 2011)

1.

Primary Aspect

Nr.

Indicator (OPEN HOUSE “Full System”)

Indicator (OPEN HOUSE “Core System”)t

Environmental

1.1
1.2
1.3
1.4
1.5

Global Warming Potential (GWP)
Ozone Depletion Potential (ODP)
Acidification Potential (AP)
Eutrophication Potential (EP)
Photochemical Ozone Creation Potential
(POCP)
Risks from Materials
Biodiversity and Depletion of Habitats
Light Pollution
Non-Renewable Primary Energy Demands
(PEne)
Total Primary Energy Demands and
Percentage of Renewable Primary Energy
Water and Waste Water
Contamination of Undisturbed Areas
Waste
Energy efficiency of building equipment

Global Warming Potential (GWP)
Ozone Depletion Potential (ODP)
Acidification Potential (AP)
Eutrophication Potential (EP)
Photochemical Ozone Creation Potential
(POCP)

1.6
1.7
1.8
1.9
1.10
1.11
1.12
1.13
1.14

Non-Renewable Primary Energy Demands
(PEne)
Total Primary Energy Demands and Percentage of Renewable Primary Energy
Water and Waste Water
Contamination of Undisturbed Areas
Waste

(lifts, escalators etc.)
2.

Socialfunctional

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13

Barrier-free Accessibility
Personal Safety and Security of Users
Thermal Comfort
Indoor Air Quality
Water Quality
Acoustic Comfort
Visual Comfort
Operation Comfort
Service Quality
Electro Magnetic Pollution
Public Accessibility
Noise from Building and Site
Quality of the Design and Urban
Development of the Building and Site
2.14 Area Efficiency

Barrier-free Accessibility

2.15
2.16
2.17
2.18

Conversion Feasibility
Bicycle Comfort
Responsible Material Sourcing
Local Material

Conversion Feasibility
Bicycle Comfort
Responsible Material Sourcing
Local Material
Building-related Life Cycle Costs (LCC)

3.

Economic

3.1
3.2

Building-related Life Cycle Costs (LCC)
Value Stability

4.

Technical

4.1
4.2
4.3
4.4

6.1

Fire Protection
Durability of the Structure and Robustness
Clean and Maintenance
Resistance against ail, Storm High Water
and Earthquake
Noise Protection
Quality of the Building Shell
Ease of Deconstruction, Recycling, and
Dismantling
Quality of the Project’s Preparation
Integral Planning
Optimization and Complexity of the Approach to Planning
Evidence of Sustainability during Bid Invitation and Awarding
Construction Site impact/ Construction
Process
Quality of the Executing Contractors/PreQualification
Quality Assurance of Construction Execution
Commissioning, Monitoring, Use and Operation
Risks at the Site

6.2

Circumstances at the Site

6.3

Options for Transportation

6.4

Image and Condition of the Location and
Neighbourhood
Vicinity to Amenities

4.5
4.6
4.8
5.

Process

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

6

Site

6.5
6.6

[1]

Thermal Comfort
Indoor Air Quality
Acoustic Comfort
Visual Comfort
Operation Comfort
Electro Magnetic Pollution
Public Accessibility

Quality of the Building Shell
Ease of Deconstruction, Recycling, and
Dismantling
Quality of the Project’s Preparation

Construction Site impact/ Construction
Process

Commissioning, Monitoring and Operation
Risks at the Site
Options for Transportation

Adjacent Media, Infrastructure,
Development
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Abstract
Buildings and structures are responsible for a major share of global negative environmental
impacts, but they are also one of the main providers of positive social and economic services. The
current method of sustainability assessment of buildings and structures generally consists of an
attempt at quantifying the efficiency of resource use or environmental damage. While resource use,
energy transformations, emissions, and other environmental damages can likely be quantified, the
actual benefits provided are less simple to assess. In many cases, a simple metric, such as square
meters, serves as a proxy for service provided, when it may not actually be very meaningful. If an
environmental assessment is conducted with only a vague understanding of the goal of that
assessment, the results are then questionable in their usefulness or validity. Environmental
assessments are hampered by issues with clarity and precision, mainly a lack of willingness to
define what is actually meant by sustainability. Assessment of the somewhat vague notion of
sustainability can only be successful with a quantitative approach, defined benchmarks, and a
clear definition. This fundamental, underlying interpretation of sustainability should be explicit and
transparent. This paper provides an initial inquiry into environmental assessment of buildings and
structures, and especially the treatment of trade offs – namely between environmental impact and
service provided.
Keywords: Sustainability, Energy, Metrics

1. Background
Sustainable development and sustainability have become crucial issues globally since the terms
were highlighted in the report Our Common Future by the World Commission on Environment and
Development over 20 years ago. The report defined sustainable development as “…development
that meets the needs of the present without compromising the ability of future generations to meet
their own needs [1].” Sustainable development and sustainability encompass environmental as well
as social and economic factors, but it is the impending threat of global climate change that seems
to be driving the current agenda for action. Calls to define and implement sustainable practices are
becoming more frequent and more definite as evidence of anthropogenic climate change builds.
According to the Fourth Assessment of the Intergovernmental Panel on Climate Change “Most of
the observed increase in global average temperatures since the mid-20th century is very likely due
to the observed increase in anthropogenic greenhouse gas concentrations [2].”
It is becoming more and more apparent that definite action will have to be taken now in order to
‘meet the needs’ of the present without compromising the future. A recent report jointly produced
by the European Environment Association, the Joint Research Centre, and the World Health
Organization calls for “immediate action” on climate change “in order to safeguard the economy
and environment of Europe and the rest of the world [3].”

2. Introduction
Of human activities impacting the environment, building and construction are the cause and
foundation for some of the largest impacts. The building and construction sector is not only the
largest consumer of natural resources, in terms of both land use and materials extraction, but is
responsible for 30-40% of primary energy use and greenhouse gas (GHG) emissions worldwide [4].
While buildings are responsible for a major share of negative impacts affecting sustainability, they
are also a large provider of positive services affecting sustainability. According to the United
Nations, the building and construction sector “literally builds the foundations for sustainable
development” [4].
The metrics used to assess the sustainability of buildings should reflect this important feedback
cycle. Instead, the current method of sustainability assessment of buildings and structures
generally consists of an attempt at quantifying the efficiency of resource use or environmental
damage. The current system can be broadly divided into two categories, prescriptive and
descriptive, that would likely work best together in symbiosis, but remain generally distinct and
seemingly uncooperative.
The Passive House concept is one of the few approaches that mixes prescriptive and descriptive
methodologies. While the goal is to reach specific annual energy intensity targets, the concept
outlines prescriptive means for reaching the goals [5].
2.1

Prescriptive methodologies

The prescriptive approach is usually found in green/sustainable building rating systems. It usually
encompasses a checkbox approach that sets up rules and patterns, where the result of successful
completion is a sustainability rating of some sort. Many schemes have been developed to define
sustainable or green buildings, and “brand” them based on their achievement of some set of
predefined sustainability criteria. The rating system that has garnered the most attention, especially
in the United States, is the LEED (Leadership in Energy and Environmental Design) certification
scheme developed by the United States Green Building Council (USGBC).
A prescriptive approach is especially useful for metrics that are important, but are hard to quantify
because they represent a service/impact that is not generally measured or considered, or lacks a
current market value (e.g. storm water runoff).
2.2

Descriptive methodologies

Once a building is built and put into service, an assessment of “sustainability” can be made under
actual conditions. Instead of attempting to address some sort of holistic sustainability, this
approach tends to be based on some limited number of metrics, with a specific objective or focus
(e.g. use-phase energy consumption, indoor environmental quality). While not expressly
representing a claim of sustainable building, US Energy Star certification follows this approach [6,7].
2.3

Evaluation and criticism

Post-occupancy evaluations have been used as a methodology to bridge the gap between the
prescriptive and descriptive methodologies, to assess whether adherence to a prescriptive
approach results in the attainment of sustainability goals. Prescriptive methodologies are
alternately attacked or defended based on the results.
While green/sustainable building is known to encompass much more than just operational energy
consumption, energy use remains one of the main factors in affecting sustainability. At the very
least, sustainable buildings are generally expected to use less energy than standard buildings. A
recent paper [8] presents a critical review of LEED certification and the continuing lack of evidence
supporting its effectiveness in reducing building energy consumption. The USGBC commissioned
the New Buildings Institute (NBI) to study energy use in LEED certified commercial buildings [9],

and the results of the study have been used by other authors as proof of the effectiveness of the
LEED scheme. Scofield points out the methodological inconsistencies and flaws in the NBI
analysis, however, showing that on average, based on a re-examination of the same buildings
presented in the NBI study, there is “no evidence that LEED certification has collectively lowered
either site or source energy for office buildings” [8]. When buildings constructed to follow the first
approach (LEED rated) were “tested” with the second approach, they sometimes fail to perform
even as well as normal buildings.
When assessed quantitatively, it becomes apparent that qualitative approaches to assessing
sustainability may be useful, or they may present an ineffective distraction from valid attempts to
progress toward sustainability.
Why has the prescriptive approach gained such traction compared to the alternatives? If the goal is
to create a building that simplifies the attainment of specific performance targets, then why not just
measure and report those? It would be cheaper and easier to measure and report energy
consumption or indoor air quality – than to follow a circuitous prescriptive methodology which may
or may not achieve those goals.
On the other hand, does a “successful” post-occupancy evaluation assure the attainment of
sustainability goals? What are the metrics/indicators? And how far removed from what we actually
care about? Is the ultimate goal of green building practices a reduction in total environmental
impact while still meeting or exceeding service needs?
2.4

Efficiency and intensity

While sustainable building practices and assessment methodologies may include the word
sustainable, there is relatively little pertaining to promoting actual overall reductions in
energy/materials/water usage and emissions necessary to actually achieve a sustainable global
society. What is promoted is a more efficient use of resources, and a more efficient pollution
production.
Eco-efficiency: “has been accepted as the key strategic theme for global business in relation to
commitments and activities directed at sustainable development” [10] that can be defined as a ratio
of utility provided per environmental impact [10,11].
The concept of increasing efficiency alone as a worthwhile goal has been challenged, with some
authors concluding that the rebound effect may overcome any possible gains, leading to a situation
know as backfire [12-14]. Eco-efficiency has been called a “useful tool” which in “casual use” could
be mistaken as a solution to unsustainability, shifting burden “away from the search for effective
solutions” [10].
The inverse of eco-efficiency is eco-intensity, but the problematic choices of numerator and
denominator remain [10,11]. Are the metrics we are using good ones to measure or assess either
utility or environmental impact, or should the metrics prevalent in sustainable building be telling us
more?

3. Performance metrics
“The performance metrics must be directly related to the performance objectives” [15].
Currently the most prevalent sustainability metrics seem to be those that are most convenient.
While these metrics are likely accurate, they lack in the main point of having a metric – conveying
meaningful information and enhancing understanding, in order to compare alternatives and guide
decision making [16].
While resource use, energy transformations, emissions, and other environmental damages can
likely be quantified, the actual benefits provided are less simple to assess. In many cases, a simple
metric, such as area, serves as a proxy for utility or service provided, when it may not actually be

very meaningful. If an environmental assessment is conducted with only a vague understanding of
the goal of that assessment, the results are then questionable in their usefulness or validity.
3.1

Building energy use intensity

Building energy use intensity (EUI), commonly defined as annual energy use per floor area
(kWh/m2), is a common metric for assessing the energy performance of commercial buildings
[17,18]. Here it seems energy use is being utilized as a proxy for environmental impact, and floor
area is likely intended to represent the utility provided. This implies that the service being
performed by the building (the purpose for which it is built, or being used) is measurable in m2
terms. There is little evidence, if any, to support the assertion that a building’s service function is
directly correlated with its floor area. As is the case with many other indicators, this metric has
likely been chosen for convenience – it is already a metric in use.
Area alone is a poor proxy for utility, however. Perhaps the use of area in the denominator is not an
attempt to provide an estimation of utility. Does a square meter of floor space provide an inherent
service or utility? Is the purpose of a building merely floor area? Are there better metrics that might
provide a better indication of the service provided by the building (and its environmental impact?)
Perhaps volume or total surface areas, or a ratio of the two, are better measures with which to
compare energy performance?
The main argument for the use of the area metric would likely be then that it simply represents a
normalization factor, not an actual attempt to track service provision or utility. The normalization
factors commonly used (per capita and per area) are likely the factors that have high correlation
with consumption [17,18]. While true, the question remains how this knowledge is useful. These
metrics are chosen because they are convenient and easily understood, not because they are
useful.
While many programs, such as the US Energy Star program [7,19], as well as many research and
modeling projects [18,20] utilize regression modeling to predict EUIs, the result is a prediction or a
comparison to a similar hypothetical building. By normalizing to primary determinants of energy
use, EUIs can be a useful tool for benchmarking and comparing buildings [17]. In the development
of the Energy Star rating, the most dominant variables were found to be workers per area, number
of personal computers in the building, operating hours, and whether the building is owner-occupied
[17]. A normalized EUI comparison is particularly useful for finding wide differences between
buildings, indicating those that operate or are operated inefficiently compared to similar buildings.
Identifying buildings with gross inefficiencies is a worthwhile task, but does not in itself promote
sustainability. One could argue that inefficient commercial buildings should already be identified
through normal operations and maintenance. If green building truly is a win-win situation, then
businesses should already be pursuing such “low hanging fruit” in their daily profit-maximizing
operations.
The inability of EUI to capture utility is not lost on the firms that design green buildings. A design
firm with a dense work environment notes that they likely achieve an Energy Star rating by simply
using more space per employee [21]. While this particular firm chose not to follow that path, it is
easy to imagine that others might.
People use energy in buildings to provide utility and services for people. In designing and
assessing buildings, it is easy to forget that it is the human element that is the main factor.
Buildings can be designed to make it easier for people to use less water, energy, and materials, but
currently the ultimate decision rests with the person.
“Building occupants are the most significant factor in sustainable building operations” [22].
4.

Discussion

Metrics are chosen or created by people in order to simplify and enhance understanding. While

simple metrics are attractive precisely for their simplicity, any metric user will be aware that the
utility of the metric is dependent on a more in-depth system knowledge. Significant variables can
be deduced from regression analysis, but the deductive process remains a black box to most. But
exposing the explanatory variables (correlation) is not the same as exposing the reason behind
them (causation). The causative variables could instead be folded into the metric.
Kyoto and other approaches to limit greenhouse gas emissions tend to take a per-capita approach,
while green buildings take a per-area approach. This obvious disconnect will obviously lead to
limitations in the effectiveness of green building to contribute to GHG reduction goals. Worldwide,
houses keep getting bigger, as occupancy per building decreases. Consideration of energy use per
area, while overlooking area per capita, is a futile exercise if the goal is an overall reduction in
energy use.
The first step to creating a more utilitarian, yet simple, metric is to determine the actual service that
the building is providing. This act in itself may provide clues to opportunities for impact reduction
and/or service enhancement. A square meter is not a service.
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Summary
The common development goals of green buildings in Taiwan have been found through
establishment Taiwan green building evaluation system under the principle - “Think Globally, Act
Locally”. Due to unique natural environment and socioeconomic development, we see great
difference in natural environment conditions and seriocomic conditions between different regions in
Taiwan. To further meet “Act Locally” principle of sustainable development, the green building
evaluation system (EEWH system) need to be further developed to meet local circumstances and
then the local green buildings can develop their own characteristics. Farmhouses in paddy fields
are a major house type and landscape in Yilan. Current EEWH system fails to reflect its water
green environment characteristics. Therefore, based on the viewpoint of water green
characteristics of paddy fields, this study try to clarify the problems of using water green
environment related indicators of EEWH system to evaluate the green building performance of
farmhouses in paddy fields. The result, in addition to serving as reference of improvement on
evaluating green building performance of farmhouses in paddy fields in Yilan, will also help the
government in making policies on reconstruction of farm villages and further as evidence of
implementation principle of ‘‘Act Locally” of green buildings here.
Keywords: farmhouse, green building, paddy field, water green environment, Yilan, Taiwan

1. Introduction
Due to the “Think Globally, Act Locally” principle proposed by the Earth Summit, in 1996 the
Taiwan government included “green buildings” in the implementation priorities of “Sustainable
urban and rural development policy” for the Taiwan construction development. In 1999, the Taiwan
green building evaluation system (also named EEWH system) was established by Taiwan
government. However, due to the unique natural environment characteristics and society economic
evolution of Taiwan, there is an obvious difference of natural environment and society economic
situations between the east, west, south and north areas. Therefore, to further implement the
sustainable development “Act Locally” action principle, the following are the issues that the Taiwan
green building development should focus on: how to carry out EEWH system adjustments on local
natural and society economic environments to achieve the local conditions characteristics of the
green building rating system tools and prompt the green buildings in different areas of Taiwan to
show their local characteristics.

2. Goals and methods
According to the practice philosophy of the “Think Globally, Act Locally” on sustainable
development, to able the Yilan green building development and the local residents to be more
closely linked and for the green building to show their local characteristics, this study aims at the
important residential building type and the most important component of the Yilan rural landscape
characteristics, which are farmhouses in paddy fields. Based on the viewpoint of water green
characteristics of paddy fields (figure. 1), this study try to clarify the problems of using water green
environment related indicators of EEWH system to evaluate the green building performance of
farmhouses in paddy fields. Furthermore, according to above study results, this study also
proposes relative amendments for EEWH system. The result, in addition to serving as reference of
improvement on evaluating green building performance of farmhouses in paddy fields in Yilan, will
also help the Rural Regeneration Policy that the government has been vigorously promoting and
further as evidence of implementation principle of ‘‘Act Locally” of green buildings here.

Fig. 1 Yilan farmhouses in paddy fields
About the above mentioned EEWH system evaluation issues of the farmhouses water green
environment, according to the study purpose and paddy fields water green environment
characteristics, this study has set the five indicators in the EEWH system that are relative to the
climate, water, soil and biological issues as the main discussion subjects of this study: Biodiversity
Indicator, Greenery Indicator, On-site Water Retention Indicator, Water Resource Indicator and
Sewage & Garbage Improvement Indicator (the five water green environment indicators.)
According to the above mentioned study propositions, this study firstly confirmed the study
propositions and range through “Literature review” to complete the study preparation works. Then
this study grasps the water green environment characteristics and farmhouses usage situations of
the paddy fields areas through fieldwork. And then this study chose 10 farmhouse cases from the
fieldwork area to carry out applicability reviews of the five water green environment indicators in
the EEWH system to find the problems that might occur with the EEWH system on showing the
water green environment characteristics of the farmhouses in paddy fields in Yilan. Lastly,
proposing relative amendment suggestions for the usage problems of the above mentioned five
water green environment indicators of the EEWH system.
The fieldwork range of this study is the paddy fields areas that have modern and traditional
farmhouses, which are located in the plain areas in Yilan. The area chosen for the study
investigation base was the non-urban planning areas in Jiaosi county and Jhuangwei county in
Yilan. This area is a low elevation and humidity area in Yilan. Shi Tian Fu [1] described that it is an

appropriate place for planting and that it has good drainage, fertile soil, and abundant spring water
and is suitable for planting rice. This area has sufficient natural and human element conditions like
abundant natural rivers, artificial water canal systems and farmhouses in paddy fields. It can well
show the water green environment of the Yilan paddy field areas.
About the applicability review of the EEWH system water green environment five indicators
towards the farmhouses in paddy fields, this study chose 10 farmhouses out of the fieldwork range
to carry out the review. The 10 farmhouses included 4 modern farmhouses (established around the
year 2000 (figure. 2)) and 6 traditional farmhouses (established before the year 1945 and have
bamboo enclave surrounding them (figure. 3).)

Fig. 2 Modern farmhouses in paddy fields

Fig. 3 Traditional farmhouses in paddy fields

3. Discussions
3.1

The water green environment situation of farmhouses in paddy fields

To clarify the water green environment situation of farmhouses in paddy fields, this study has used
the landscape ecology viewpoint. Viewing “paddy fields” as the matrix in landscape ecology;
“farmhouses and its site earth fill area” as patches; and “water canals, roads and ridges” as
corridors. Then using the ideal of rural environment developments, included ecology, production
and life considerations, to generalize the water green environment issues of farmhouses in paddy
fields, Blue-Green Network, Ecological Green Island, Agricultural Land Resource, Inhabitant Space,
and Living Land Scenery, as analytical framework of the farmhouses in paddy fields water green
environment fieldwork. The fieldwork results are explained below:
(1). Blue-Green Network: In this fieldwork area, 90% of the roads are not greenery and over 80% of
the water canals do not have planting. Most of the road surfaces have asphalt concrete
pavement and the side wall material of the water canals are concrete and mortar pebbles. The
roads, water canals and paddy field ridges are becoming cement and unitary, and are in poor
ecological situations.
(2). Ecological Green Island: This study think that if the outdoor space of the farmhouses in paddy
fields can become rich greenery, it can become the ecological green island of the paddy fields
area and it can provide animals with an activity, eating and resting place. The study results
show that the greenery area of the outdoor space of the farmhouses is not over 50%. Over
50% of the low revetment material of the farmhouses base boundaries is concrete and over
40% is mortar pebbles. In general, the greenery amount and ecological of the outdoor space of
the farmhouses is insufficient.
(3). Inhabitant Space: The paddy fields are artificial wetland. To build farmhouses in the paddy
fields for inhabitant space, people have to fill the paddy fields with mud to make it taller to

create a smooth, dry and hard construction site and to provide building construction for the
farmhouses. But the large range of mud filling has caused the paddy fields dimensions to
reduce largely and it has also caused the production of many fractional paddy fields with small
dimensions. This has become a bad effect towards the production function of paddy fields. The
average dimension of the building construction site within the paddy fields in the modern
farmhouses is 5.6 times over the legally permissible value, causing an excess mud filing
condition. Furthermore, nearly 20% of the farmhouses within the fieldwork range have
fractional paddy fields because of farmhouses establishment. This is not beneficial for
agricultural usage.
(4). Living Land Scenery: The most important scenery characteristic in the Yilan paddy fields area
is the bamboo enclave scenery (figure 3). Bamboo enclave is the tall bamboo that surrounds
the outdoor space of farmhouses. It is the man made plant barrier that can withstand the strong
northeast wind and summer typhoons in Yilan. It is also a traditional architecture technique
created by the Yilan ancestors. There are 70% of the traditional farmhouses within the
fieldwork range that have the bamboo enclave scenery but there is not one modern farmhouse
that has this scenery. Furthermore, the traditional farmhouses within the fieldwork range are
low-floor types and the modern farmhouses are high-floor types. This is also a strong impact on
the Yilan paddy fields area scenery.
3.2

The applicability review of the EEWH system water green environment five indicators
towards the farmhouses in paddy fields

According to “Evaluation manual for green buildings in Taiwan-- EEWH-NC, 2009 edition” [2],
through the field survey and animals and plants ecology survey, this study has completed the five
water green environment indicators evaluation of the EEWH system towards 10 farmhouse
samples in paddy fields. Furthermore, according to the results of above evaluation, this study
carried out the applicability review of the EEWH system water green environment five indicators
towards the farmhouses in paddy fields. The results are the following:
(1). Biodiversity Indicator: The biodiversity indicator score of traditional farmhouses is higher than
modern farmhouses. The evaluations of ecological green network, habitat for small creatures,
botanical diversity, and light pollution of the traditional farmhouses are all higher than the
modern farmhouses. This shows that the biodiversity indicator of traditional farmhouses is
better than modern farmhouses. However, the importance of the commonly seen habitat for
creatures, for example: bamboo enclave, cone-shaped haystack, Melon awning, cannot be
seen within the EEWH system.
(2). Greenery Indicator: In general, the greenery situation of traditional farmhouses is better than
modern farmhouses. Each case can correspond with the basic requirements of greenery
amount that the EEWH system requires towards rural area constructions. Most of the cases
plant small trees and most of the plants are Taiwan’s native species. The ratio of native plant
species in traditional farmhouses is higher than that in modern farmhouses. However, the
EEWH system cannot carry out evaluation effectively towards the commonly seen bamboo
planting and vegetable planting in farmhouses in paddy fields. Furthermore, the greenery
benchmark of the EEWH system towards rural construction areas is very low. So, the EEWH
system lacks the ability to improve the greenery quality of farmhouse constructions in paddy
fields.
(3). On-site Water Retention Indicator On the water retention indicator, the traditional farmhouses
are better than modern farmhouses. The main water retention design of these cases is the
groundcover direct infiltration design. Looking at the average of these cases, the water
retention value of the traditional farmhouses is 15% higher than modern farmhouses. In
addition, the EEWH system cannot take into account the water retention ability of the paddy
fields. This will cause the underestimation of the water retention amount of the farmhouses in
paddy fields and will affect the water retention performance distinguish ability of the
farmhouses in paddy fields.

(4). Water Resource Indicator There are sufficient rain and groundwater resources in Yilan. None
of the cases used water-saving appliances; therefore the EEWH system evaluation was not
able to distinguish the differences between the cases. On the other hand, the EEWH system
was also not able to carry out evaluation towards the water usage situation for the commonly
seen water facility in farmhouses in paddy fields, “house vegetable garden”.
(5). Sewage & Garbage Improvement Indicator In all the cases, the general domestic sewage and
miscellaneous drainage are mixed together and after being handled by the house sewage
treatment facility it goes straight into the agricultural irrigation system. However, the house
sewage treatment facility lacks maintenance, therefore the quality of the water it discharges is
not good and it affects the cleanness of the irrigation. Furthermore, the garbage evaluation
indicator of the EEWH system cannot distinguish the difference between the farmhouse cases.

4. Conclusions & Suggestions
A good green building rating system should meet the local circumstances and should lead the
rated building showing their local characteristics. The study results show that the water green
environment five indicators of the EEWH system still cannot correspond with the characteristics of
the Yilan farmhouses in paddy fields. Therefore, this study has proposed amendments and
suggestions for the EEWH water green environment five indicators basing on the water green
environment situation of the Yilan farmhouses in paddy fields and applicability review of the EEWH
system water green environment five indicators.
(1). Biodiversity Indicator
A. Evaluation items, scores and benchmarks for habitat for small creatures, those all should
carry out adjustments in accordance with the environmental elements of the Yilan
farmhouses in paddy fields.
B. The evaluation content of the botanical diversity should classify edible plants as highlight
evaluation issues to reflect the functional characteristics of rural planting.
(2). Greenery indicator
A. The greenery amount calculation range should treat the mud filled area of construction as
“Greenery base”. The paddy fields should be not calculated as to clearly view the production
function of the original paddy fields.
B. The bamboo enclave should be calculated with the little trees or calculated with new
proposed method in the fixed amount of carbon dioxide.
C. Increase the incentive factor of ecological greenery of the Yilan native plants to encourage
the planting of native plants.
(3). On-site Water Retention Indicator
A. Besides considering the original amount of paddy field soil infiltration when calculating the
water retention indicator, the water detention volume of the paddy field should also be
calculated.
B. The effect of the hard clay layer should be considered for the infiltration capacity calculating
of the paddy field and should be the calculation reference for the base permeation.
(4). Water Resource Indicator
A. The water usage situation evaluation benchmark for the commonly seen “house vegetable
garden” should be added. And running water should not be used as irrigation as to save
water.

B. Utilize groundwater and water canal should be classified into the evaluation issues as to
show the water resource environment characteristics of Yilan.
(5). Sewage & Garbage Improvement Indicator
A. Strengthen the control over the discharge of sewage and mixed water as to correspond with
the evaluation indicator purpose.
B. We should encourage others to establish ecological purification systems treating the water
from the house sewage treatment facilities, avoid letting bad quality farmhouse water into
the irrigation ditch and causing irrigation pollution for the paddy fields.
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Summary
Buildings cause serious environmental problems during their whole life cycle periods. To decrease
these problems, it is important to take measures for both new and existing buildings. For this
purpose, applications such as insulating building envelope, using energy of wind and sun,
benefiting from solar cell and thermal power can be performed, but the life cycle impacts of these
applications should be assessed.
This study aims to assess the life cycle environmental impacts resulting from heat insulation
applications. Extruded polystyrene (XPS), expanded polystyrene (EPS) and rock wool (RW) heat
insulation materials, which are commonly used for insulating the building’s envelope in Istanbul,
are selected for this study. A representative building model is designated to examine the life cycle
environmental impacts of these heat insulation applications. In addition, the effects of the building
age on life cycle environmental impacts are considered. To calculate the environmental impacts in
the life cycle period, which mainly consists of production, construction and use phases, a Life
Cycle Assessment (LCA) Tool called SimaPro is used. According to the results; the substantial part
of the life cycle impacts occurs in the use phase, so it is the most harmful process in terms of
environmental effects compared to the production and construction phases. These impacts are
significantly harmful on resources, climate change, human health and eco-system quality. There
are very little differences among heat insulation applications in the use and construction phases
while these differences are considerably high in the production phase. In the life cycle period, as
the age of the building increase, the environmental effects in the use phase decrease because of
the rest service life of the building.
Keywords: Life cycle assessment, Residential buildings, Environmental impact, Building age,
Simulation, Heat insulation.

1. Introduction
Buildings and all their phases including design, construction, use and disposal stages cause a
huge amount of material, energy and natural source consumptions. In addition, the production of
construction materials and equipments in the industrial processes cause waste and environmental
pollution. Because of serious environmental problems during the whole life cycle, environmental
sustainability has become an issue of concern for built environment over the last ten years. To
decrease the environmental problems, it is important to take measures for both new and existing
buildings. For this purpose, applications such as insulating external wall and floors surfaces, using
energy of wind and sun, benefiting from solar cells and thermal power can be applied to the
building, but the life cycle impacts of these applications should also be evaluated. Recent studies
indicate that energy consumption and environmental impacts in use phase of buildings still
constitute the major part of the life cycle energy use and environmental impacts 1-3 . These
measures, however, result in a lower heating energy demand, but increased material use, and

hence increased energy demands for production. Thus, the relative importance of the production
phase may also be expected to increase in the future since the energy use in the use phase can
substantially be reduced by means of well-proven technologies 4,5 .
In Turkey, some measures have been taken to decrease energy consumption in the new buildings.
The large existing stock, however, cannot be improved due to lack of adequate interest in
environmental problems. In this context, a research project is being conducted to develop a
sustainable building assessment method and sustainable renovation techniques for evaluating and
improving the existing housing stock in Istanbul. The project consists of four main stages. In the
first stage, the current situation for the residential buildings in 6 different regions of Istanbul is
analysed according to the results of the case studies and research conducted in the associated
municipalities. Afterwards parameters and hypothetical renovations are defined in order to
generate renewal alternatives. Subsequently, the environmental and economic impact analyses
are performed. Ultimately, the results of the impacts are assessed. The parameters designated in
the context of the project are window to wall ratio, orientation, building age, window system,
building element and insulation material type. As a part of this research project, this present study
intends to assess the environmental impacts caused by heat insulation applications at production,
construction and use phases. The effects of building age and insulation type are also considered
for the evaluations. The insulation materials are chosen concerning the frequencies of their usage
in insulating building envelopes in Istanbul. Thus, extruded polystyrene (XPS), expanded
polystyrene (EPS) and rock wool (RW) heat insulation applications with related to building ages
are evaluated.

2. Methodology
In the research project, to evaluate the environmental impacts of the buildings, the Life Cycle Assessment (LCA) approach is used. LCA addresses the environmental aspects and potential environmental impacts (e.g. use of resources and environmental consequences of releases) throughout a product's life cycle from raw material acquisition through production, use, end-of-life treatment, recycling and final disposal (i.e. cradle-to-grave) [6]. In an LCA study, there are mainly four
stages, namely goal and scope, inventory analysis, impact assessment and interpretation [7]. In
the study, the life cycle assessment of the generated alternatives is performed by a simulation program, called SimaPro, considering LCA approach. It is chosen for the assessment of the project
because it is a professional tool to collect analyze and monitor the environmental performance of
products and services and to be used in the life cycle impact assessment studies. With following
the ISO 14040 standards, SimaPro offers users a wide range data including the well known Ecoinvent database which has nearly 4000 processes in energy, transport, building materials and
chemicals, washing agents, paper & board, agriculture, waste management industry sectors,
mostly in Switzerland and Western-Europe [8].
In the characterization step, it is possible to determine the contribution of a heat insulation application to all environmental impacts, but the calculation of total environmental effect is not possible
due to describing impacts in different units. However IMPACT 2002+ method, which is one of the
impact assessment methods used in SimaPro, can give the total environmental impact score. The
single score is a dimensionless figure, and it is called as the Eco-indicator point (Pt). The IMPACT
2002+ is an impact assessment methodology originally developed at the Swiss Federal Institute of
Technology - Lausanne (EPFL). The present methodology proposes a feasible implementation of a
combined midpoint/damage approach, linking all types of life cycle inventory results (elementary
flows and other interventions) [9]. IMPACT 2002+ considered 14 midpoint categories, namely: human toxicity (carcinogens and non-carcinogens), respiratory effects (due to in-organics), ionizing
radiation, ozone layer depletion, aquatic eco-toxicity, terrestrial eco-toxicity, aquatic acidification,
aquatic eutrophication, terrestrial acidification/nitrification, land occupation, global warming, nonrenewable energy consumption and mineral extraction. All midpoint scores are expressed in units
of a reference substance and related to the 4 damage categories as human health, ecosystem
quality, climate change, and resources [10].

3. Application
The environmental assessment is implemented on a sample building assumed in Istanbul by using
LCA method. The application is explained according to the stages of the LCA as follows.
3.1

Goal and Scope

The goal of the study is to examine the environmental impacts of different heat insulation
applications implemented in the building envelope of the existing residential stock in Istanbul with
regard to the building ages in order to reduce the energy consumption and successively
environmental pollution. The building envelope covers external wall, projected floor, the floor
between heated and unheated spaces and roof floor.
The scope of the study is to analyze the environmental impacts of different heat insulation material
applications used building envelope. The production, construction and use phases of the heat
insulation materials and auxiliary materials, which are insulation plate fixing anchors and anchors
stamps, glass fibre mesh, aluminium corner bead profile, adhesive mortar, and cement based
finish-coat plaster, are considered.
3.2

Inventory Analysis

In the inventory analysis stage, two types of data named the background data and foreground data
are used. The background data is provided by Ecoinvent database, including the data for generic
materials, energy, electricity and transport. The foreground data is provided with the research project analyses and Unit Price Analyses of Ministry of Public Works [11], including the building sample used in the simulations and the material quantities required for 1 m2 heat insulation applications
and natural gas energy consumption data needed for heating in the use phases of the building.
Inventory analysis is mainly fulfilled by designating the data related to building model and materials
needed for insulation and their applications.

Table 1 The sample building data.
Building Model
Plan form
Plan dimensionswidth x length (m)
Number of storey
(basement is not heated)
Floor height (m)
Insulation materials
Opaque area of the EW (m2)
Total PF area (m2)
Total HUF area (m2)
Total RF area (m2)
Window system type
Window to wall ratio
Building ages

To insulate
heated and
applications
used. In the

Description
Square
14,5 x 14,5
6
(1 basement + 1 ground
floor + 4 floors)
2.90
XPS, EPS, RW, GW
774,84
58
156,25
210,25
Double glazing
PVC system
%20
15
20
25
30

The Building Model:
In the research project, 6 different
residential building zones in Istanbul are
investigated. Building age, plan form,
storey area, the number of storey, floor
height, window to wall ratio and window
height are considered as important
parameters. According to the results of
the case studies, 4 building models are
formed and one of them is examined
within the scope of this paper. To
analyse the effects of different heat
insulation materials and building ages on
environmental
impacts,
some
parameters such as number of storey,
floor height, window system type and
window to wall ratio are accepted as
constant values based on the results.
The values related to the parameters are
given on Table 1.

Materials and their Applications:
the building envelope, external wall (EW), projected floor (PF), the floor between
unheated spaces (HUF) and roof floor (RF) are insulated. In the EW, PF, HUF
XPS, EPS and RW insulation materials and auxiliary materials mentioned before are
RF application it is assumed that GW insulation material is used. The applications are

examined in three parts which include the production, construction and use phases of the materials
and their applications.
The production phase data include all materials production from resource extraction to factory gate.
The construction data include transportation energy of materials during their transportation from
factory to construction area, energy of the electrical appliances during construction and
construction waste data.
In the EW, PF and HUF applications, it is assumed that 5cm thickness of XPS EPS and RW
sheets are used. After fixing the insulation board to the wall by anchors, the surface is covered by
the heat insulation plaster. It is reputed to be applied self-coloured cement based final coating
above the heat insulation plaster. The quantities of the materials used in XPS, EPS and RW
insulation applications are given in Table 2. In the RF application 6cm thickness of GW sheet is
directly laid out to the floor. The construction waste data are kraft paper bag of dust mortar, low
density polythene (PE) for packaging insulation boards and wrapping paper. In addition, insulation
sheet losses are accepted 3% by unit price analysis of ministry of public works.
Table 2 The material data related to the XPS EPS and RW for external wall, projected floor,
the floor between heated and unheated spaces applications.
The Material Quantities of
the Applications
Component Name

Component Material

Unit

Quantity
(1m²)

EW

PF

HUF

m³

0,053

39,48

3,07

8,28

Heat Insulation Board

Extruded Polystyrene
(XPS)
Expanded Polystyrene
(EPS)
Rock Wool (RW)

m³

0,053

39,48

3,07

8,28

m2

1,050

782,08

60,90

164,06

Anchors and Anchors
Stamps

Insulation Plate Fixing
Anchors with Plastic Nail

piece

6

4470

348

938

Adhesive Mortar

Heat Insulation Board
Adherance (cement based
polymer, elastic)

kg

4

2979,36

232,00

625,00

Glass Fiber Mesh

Glass Fiber Mesh

m²

1,10

819,32

63,80

171,88

Surface Plasters

Heat Insulation Plaster
(cement based polymer,
elastic)

kg

5

3724,20

290,00

781,25

Water based primer

kg

0,15

Water

m³

0,01

111,73
7,45

8,70
0,58

23,44
1,56

Self-Colored Cement
Based Coating

kg

3,01

2241,97

174,58

470,31

Cement Based Final
Coating

The use phase data include amount of the annual natural gas energy consumption and amount of
the electrical energy the boiler consumed. The amount of energy consumption values for every
alternative are calculated by the help of EnergyPlus programme, which has been developed to
model heating, cooling, ventilating, lighting and other energy flows and consumptions in buildings
12 . The annual amount of electrical energy (kWh) the boiler consumed is calculated considering
the heated area and the working time of the boiler.
Regarding with the building ages, it is admitted the service life of the building is 50 years.
According to the meetings with the construction firms and case studies, it is assumed the building
is renewed by painting the EW and PF in every 10 years. Until the building completes its service
life, the EW and PF are painted 3, 2, 2 and 1 times at the age of 15, 20, 25 and 30, respectively.

Generating Alternatives:
To evaluate the heat insulation applications 48 alternatives were generated based on the
parameters, building model and insulation types. These alternatives are coded in order to make
them clear. For instance 15-TI1-P means that the building at the age of 15 is insulated with XPS
for EW, PF and HUF applications and GW for RF application. Here, TI, 1 and P define total
insulation, XPS material and production phase, respectively.
3.3

Impact Assessment

In the impact assessment stage, the results related to environmental impact categories are
obtained. These results are calculated by the Impact 2002+ method based on the building data and
illustrated by single score graphics presenting either 14 midpoint or 4 endpoint/damage categories
to analyze the results for the interpretation stage of life cycle assessment. According to the Impact
2002+, each midpoint category is associated with one or several endpoint/damage categories.
Respiratory effects, Ionizing radiation, Land occupation, Ozone layer depletion and Photochemical
oxidation midpoint categories address to Human health endpoint/damage category. Ozone layer
depletion, Photochemical oxidation, Aquatic ecotoxicity, Terrestrial ecotoxicity, Aquatic acidification,
Aquatic eutrophication, Terrestrial acidification/nutrification and Land occupation midpoint categories address to Ecosystem quality damage category. Global warming addresses Climate change
damage category. Finally, Non-renewable energy and Mineral extraction categories address the
resources damage category. In this paper, the environmental impacts resulting from both the energy needed for the extraction, transportation and application of all insulation and auxiliary materials used in the phases of production and construction and the operating energy in use of the building are here calculated by simulating the generated alternatives by the help of SimaPro.
3.4

Interpretation

In this stage, the single score results are interpreted related with the midpoint and endpoint categories caused by environmental impacts.
Fig. 1 presents the environmental impacts in the production (P) and construction (C) phases
according to midpoint and endpoint categories for the building at the age of 15 which is insulated
with XPS (TI1), EPS (TI2) and TSY (TI3) in the EW, PF and HUF applications and with GW for RF
application. The results show that the production phases for all alternatives cause more
environmental effects than construction phases do. According to the Fig. 1a including midpoint
categories, the categories of the global warming, non-renewable energy and respiratory inorganics bring about the more environmental impacts than other categories do, for both production
and construction phases. According to the Fig. 1b including endpoint categories, the production
phase of TI3 applications affects on human health, ecosystem quality, climate change and
resources categories more than TI1 and TI2 applications do. While the production phase effect of
TI3 is 26% and 42% more than TI1 and TI2 production phases’ effects, respectively, the effects of
the construction phase are similar for TI1, TI2 and TI3 heat insulation applications.
Fig. 2 presents the environmental impacts in the use (U) phase for the same building in Fig. 1
according to midpoint and endpoint categories. When looking at the midpoint categories, the
categories of global warming, non-renewable energy and respiratory in-organics bring about more
environmental impacts than other categories do (Fig. 2a). According to the Fig. 2b including
endpoint categories, the ecopoint values show that the impacts related to use phases of the
alternatives cause more environmental effects when compared to the impacts related to the
production and construction phases in Fig.1. This is because of the operating energy in use of the
building. In addition, the values of these effects are almost the same for TI1, TI2 and TI3 heat
insulation applications (Fig. 2b).
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Fig. 1 a) The environmental impacts caused by heat insulation applications at production and
construction phases according to the midpoint categories.
b) The environmental impacts caused by heat insulation applications at production and
construction phases according to the endpoint categories.
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Fig. 2 a) The environmental impacts caused by heat insulation applications at use phases
according to the midpoint categories.
b) The environmental impacts caused by heat insulation applications at use phases according to
the endpoint categories.
Fig. 3 presents the environmental impacts in the life cycle period according to endpoint categories
for the buildings at the ages of 15, 20, 25 and 30 which are insulated with TI1, TI2 and TI3 in the
EW, PF and HUF applications and with GW for RF application. According to the figure, the building
at the age of 15 consumes more energy than the other buildings at the ages of 20, 25 and 30
because it will need the energy for operating along 35 years before completing its service life.
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Fig.3 The environmental impacts caused by heat insulation applications in the life cycle period
considering the building ages.

4. Conclusion
This paper evaluates the life cycle environmental impacts resulting from heat insulation applications. According to the results;
These impacts are significantly harmful on resources, climate change, human health and ecosystem quality.
The substantial part of the life cycle impacts occurs in the use phase, so it is the most harmful
process in terms of environmental effects compared to the production and construction phases.
There are very little differences among heat insulation applications in the use and construction
phases while these differences are considerably high in the production phase.
In the life cycle period, as the age of the building increase, the environmental effects in the use
phase decrease because of the rest service life of the building.
These results will be improved with the other simulations which will be done in the context of the
project and will help to develop a sustainable building assessment method for assessing the
existing residential building stock in Istanbul in terms of environmental and economic sustainability.
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Summary
Achieve a green performance and the sustainability of built environment involves different scales,
from cities to smaller urban areas, like neighbourhood, and even building and materials. Being so,
different scales and the respective interlink can be an important aspect in order to achieve higher
sustainable levels in an efficient way. Actually there are green (in some cases sustainable)
assessment systems (even with some limitations) at different scales, covering from urban zones,
neighbourhoods to buildings and materials (LCA base or simplified). The paper analyses the key
challenges to assure an appropriate interlink system at different scales. Based on those key
aspects, using LiderA system (a voluntary Portuguese assessment system) an application to a
case is analysed in the framework of urban, building and material scales and types of
interrelationships. The LiderA case analyses interlink is due to the fact that, in the system, similar
criteria involve the specific level (building) and also lower (materials) and upper levels (urban
zones). The challenge is to assure an effective interlink with an optimal economic life cycle, that
will need further research and development.
Keywords: sustainable building, urban sustainable, link scales, system assessment

1. Sustainable building and urban zones involve different scales
Since the early 1990’s, modern societies have witnessed the widespread of environmental
performance assessment systems, like BREEAM in the United Kingdom, LEED in the United
States, HQE in France, LiderA in Portugal, VERDE in Spain, DGNB in Germany, CASBEE in
Japan, amongst many others Nordic systems and schemes, supporting the process of sustainable
construction and development.
However, most of the schemes of the Environmental (or sustainable) Performance Assessment
Systems mentioned above were initially designed to be applied at the building scale, leaving aside
broader scales, such as blocks or quarters, neighbourhoods or even more complex built
environments. Having found the need to consider these wider scales of application, most systems’
development teams have since then created new schemes that can generally be applied to more
complex built environments, that go from the block or quarter scale, through the neighbourhood
scale, up to bigger urban scales, that can involve, for example, several different neighbourhoods.
That makes sense since achieve a green performance and the sustainability of built environment
involves different scales, from cities to smaller urban areas, like neighbourhood, and even building
and materials. Flows and solutions to get sustainable energy, water and materials can be achieved
through the engagement of solutions at a different scale, e.g. energy besides a reduction strategy
at all levels, can be effective in the use of wind energy at the city level or neighbourhood and in the

use of solar heat collector at the building level. So different scales and interlink logic raises as an
important aspect in order to achieve higher sustainable levels in an efficient way.

2. Systems interlink scales?
The question remaining is to know if the green or sustainable assessment market systems can be
effective in an interlink approach of the different scales, since sustainability, especially higher
sustainability (strong) is a result not only of a specific building or a neighbourhood, but of the global
performance. In order to better understand and enlighten the problem of addressing sustainability
at different scales, it is important to understand the systems’ approaches to scale.
For example most know systems, like BREEAM and LEED, use different schemes to address the
search for sustainability at the building scale, according to different uses. They can also generally
be use to assess the environmental performance of any type of building (new and existing). When
using BREEAM, standard versions exist for common building types and less common building
types, can be assessed against tailored criteria under the Bespoke BREEAM version. LEED, on
the other hand, offers a new scheme that can be used to assess mixed-use projects, but does not
generally offer the chance to adjust the set of criteria used to a specific assessment environment.
As far as the approach to the Building scale goes, these systems seem to agree that the building
scale corresponds to a given development that includes the building itself plus the existing facilities
and surrounding spaces that are part of the building’s allotment. Furthermore, these systems also
enclosure the particularity of considering that within the same use and allotment, the respective
assessment scheme can be used to assess more than one physical building. This would be the
case of assessing buildings such as schools, shopping centres, offices that enclosure more than
one physical building but area restricted to the same global use and built in the same allotment and
therefore can be considered as a single unit.
Although BREEAM, LEED have dedicated schemes to address the neighbourhood scale,
consensus on the neighbourhood concept itself and its scale, still seems somewhat blurred by the
lack of objective and global definitions. Nevertheless, by pinpointing and comparing specific
neighbourhood characteristics, defined by each of the systems mentioned above, it is possible to
define a set of features that can restrain and objectify the neighbourhood scale.
The most basic interconnection between schemes that address the building and the
neighbourhood scales is given through the attribution of extra points for neighbourhoods that have
certified units by any of the building schemes available. This characteristic is a common
relationship between BREEAM’s and LEED’s schemes that address both scales. This means that
any given building that is already certified will contribute to partially improve the neighbourhood’s
environmental or sustainable performance, by achieving extra points. However, the schemes do
not work the other way around, which means that a certified neighbourhood does not contribute
directly to a building’s environmental performance, by achieving extra points. It can only contribute
indirectly, as the sustainable features of the neighbourhood will almost certainly influence positively
the building’s environmental performance.
So one way of include interlink option in the assessment system is make an assessment to the
contribution (some points) that is already available, meaning to consider a contribution from upper
scale or lower scale. For example materials and solutions have an assessment that allows
including the contribution (credits, points or other way).
The approach use are “system base” that would open a possibility of interlink, due to the
conceptual definition of the systems, meaning that a system have a frontier, a goal, an
organization form but is also constituted by sub systems and the same is applied in each scale,
what means that interlink is conceptual simplify. The system logic opens other possibilities
(besides addictive another logic) to another type of approach that can interlink criterion in the
different levels in a system. In that logic LiderA is a Portuguese system that when assess one level

(e.g. building) includes other levels opening possibilities to consider explicitly other scales and
interlinks.

3. LiderA approach and the ways of interlink
LiderA (Leadership for Environment) is a Portuguese voluntary assessment system that has been
in use since 2005 (1) and in 2010 published a new version (version 2.0) that is based in
environmental areas, but also includes economic and social areas (2).
The LiderA as other voluntary assessment system has a logic that is defined in the base of a
detailed criterion set, defining the several classes or levels and the respective weights. The
demand for sustainability in the built environment is based on principles, which cover the main
aspects considered in six different categories and twenty two areas, and they are:
•
Enhance local dynamics and promote proper integration (Site and integration), with regard
to Soil, to Natural Ecosystems, and to Landscape and Heritage;
•
Promote the efficient use of resources (Resources) including Energy, Water, Materials and
Food Production;
•
Reduce loads’ impact both in value and in toxicity (Environmental Loadings) involving
Wastewater, Atmospheric Emissions, Waste, Noise Emissions and Thermal and Light Pollution;
•
Ensure environmental quality, focused on environmental comfort (Environmental Comfort),
in the areas of Air Quality, Thermal Comfort and Lightning and Acoustic;
•
Promote sustainable socio-economic experiences (Socio-economic), which includes the
Accessibility for All, Economic Diversity, Amenities and Social Interaction, Control and Participation
and Life Cycle Costs;
•
Ensure the best use for built environments, through environmental management and
innovation (Support sustainable use), which includes Environmental Management and Innovation.
LiderA is based on the concept of re-positioning the environment in construction, under a
sustainable perspective, assuming itself as a leading system for the environment.
This system is organized into categories that include areas of intervention and are operated by
criterion (43) which allows the guidance and evaluation of the level of demand for sustainability
(Figure 1). LiderA performance in each criterion has a scale that is defined from usual practice
(Class E) to progressive incremental performance, like 12,5% (Class D), 25% (Class C), 37,5%
(Class B), 50% or factor 2 (Class A) 75% or factor 4 (Class A+) and 90 % or factor 10 (class A++).
The criteria depend of the phase, if it is prescriptive (in initial phase) or a performance base (in
detail design, or construction, or operation).
In the LiderA systems the criterion set are focused not only in a specific analysis scale but also
include lower and upper scales. For example, if a building is analysed, besides the specific building,
half set of criterion concerning other scales is included in the analysis involving:
Material and solutions of lower scale that are interlink and assessed by:
o Performance of the solution, in energy (C9 - Carbon intensity), water (C10 - potable
water consumption) and other;
o Materials durability (C12) and low impact (C14), controllability (C36), life cycle cost
(C40);
Neighbourhood and others upper scales that are interlink and assess by:
o Structural
Site and integration, like: territorial valorisation (C1), habitat connection (C4),
landscape integration (C5),
Resources like: passive design performance(C8, in this case include the
building and urban morphology) local materials (C13), local food production
(C15), waste;
Socioeconomic aspects, like public transportation access (C28), local
economic dynamic (C31), community interaction (C35), ...
o Complementary – Passive design performance (C8), local water management (C11).

Figure 1 - LiderA (version 2.0) categories, areas and criterion

4. Application example
To demonstrate how schemes’ interconnection can be applied aspects like energy, water or
mobility are analysed. This is illustrated with summary aspects of a recent certification zone by
LiderA, namely “Belas Clube de Campo”. Located in Belas, Sintra, is essentially a residential
building ensemble, representing a new development started in the 90's of the twentieth century.
The urban plan for “Belas Clube de Campo”, defined for phases 1 and 2 (Built gross area involves
286 942 m²), although not yet completely finished, is composed by a plan zone, global infrastructures and various multi-storey apartment buildings and single-family houses, completed by
several community equipments, that contribute to improve the services offered to local residents
such as, for example, the Club-House and the Health Club, amongst others. Belas global
intervention is certified by LiderA in class A+.
In the urbanization there is also the prevision of other equipments, though not yet constructed, that
will allow the development and adaptation to future needs of the resident population (as
exemplified by plot nº.14 of phase 1), which is dedicated to the construction of a new school). This
venture also offers several recreational areas, like a golf course and a Leisure Club where adults,
teens and children can spend their leisure time.

Figure 2 – “Belas Clube de Campo” – Phases 1 and 2 (photo example)
In the energy at urban level is define a insulations solutions, bioclimatic charter and design that will
support not only at global level but also potential building orientation, that is assess in passive
design performance at building and urban zone (C8) and assures a interlink process between
different scales, including the thermal mass of the materials. A concerted action by the operator of
the site allowed the implementation of a systematic assessment of energy performance
certification (EBPD scheme) to most of the villas and building (energy certification, C7), as well as
find solutions to each one, including the promotion of solar hot water and identify interventions
(such as wind and photovoltaic) on a global scale that will reduce the integrate form of the carbon
intensity (C9).
In water the permeability of the global zone design is assured, giving an important base to local
water management, global and individual (C20) to support not only water dynamic but also
ecological aspects (C3) and the habitat interconnection (C4) that is present in global area but also
each villa and building can provide an important contribution in its intervention.
In this venture, there was the commitment to optimize permeable area and local green spaces, that
house over 150 species of plants and animals, as well as to achieve local integration of the
venture's buildings. In terms of resources, there was a clear bet on the management of local
waters, namely the storage of water runoff to irrigate the golf course. Over 75% of the materials
used are local materials and more than 50% are low impact materials. It is also important to note
the efforts in the waste area, especially recycling.
Nowadays “Belas Clube de Campo” has a population around 2000 working inhabitants. Near 75%
of the current population uses a private vehicle during daily commutes and the remaining
population either does not own a car, uses public transports, prefers to walk or cycle, or simply
doesn’t have the need to commute daily. This means that on a daily basis there are around 1250
cars circulating.
If better public transportation was provided, at least 10% of the population that uses cars will walk,
cycle or use public transport, another potential 10% will use exclusively public transports and 20%
will buy an Hybrid or Electric vehicle, assuring the reduction of car circulation by 250 vehicles, and
guarantee that 55% of the neighbourhood’s population does not use private cars for daily
commutes. That means that 55% of the population can use low impact means of transport. This
means that annual CO2 emissions will sum up to 2190 ton of CO2 annually, with a reduction of
31%, meaning beneficial impact at building and urban level. The examples show a potential
interlink between scales of design and assessment of villas/ buildings and urban level, what shows
an interlink liaison that involves also other cited aspect like energy and water.

5. Interconnections and links- Potential and limitations
Criterion with different scales and threshold like LiderA, uses standard versions to assess the
levels of sustainability of different uses, but also offers the ability to adjust and tailor criteria to
specific assessment sustainable and potentiate interlink, mainly when use with life cycle cost that
could be use to assess the better performance scale to the solutions, like apply to individual (solar
heating collectors, transport or collect of rain water) or global level (wind energy, public
transportation and dam storage).
On the other hand, interconnected schemes, such as the ones generally foreseen by LiderA will
allow system users to have a glimpse at narrower or wider horizons without having to recur to the
scheme that assesses the scales that are immediately above or below. In other words, this
strategy will allow users to understand a building’s integration in local surroundings, without having
to use the neighbourhood’s development scheme, for example. Using interconnected schemes
also means that system users are able to use criteria that are specifically adapted to the accessed
scale, as narrower assessment horizons will imply more objective goals and wider assessment
horizons will imply more comprehensive goals.
Furthermore, the usage of interconnected schemes means that it will be easier to assess or
establish successive goals that contribute to the common goal of meeting bottom-up with top-down
sustainable development policies. This will enable transforming the search for sustainability into a
process that ensures the accomplishment of environmental performance goals either if policies are
implemented top-down or bottom-up. One of the main benefits of such contribution would be
underpinned by the fact that the implementation of sustainable development strategies can more
easily interconnected and become complementary so that bottom-up and top-down policies can
actually be implemented at the same time, guaranteeing that they actually meat somewhere along
the way.
Also scheme’s complementarily of most of the systems should not be underestimated.
Complementary schemes of the same system allow its users to assess sustainability at different
scales, considering also the environmental performance of different or mixed uses. It also means
that, nowadays, it is possible to establish a complete set of environmental performance criteria to
address the search for sustainability of a certain built environment. However, complementary
schemes, such as the ones offered by BREEAM or LEED, also imply that it is not likely to
understand the complete picture of sustainable development without using more than one scheme.
Consequently, users will have to recur to the usage of the Building and Neighbourhood’s
development schemes if they intend to foresee, for example, how the building is locally integrated.
On the other hand, using interconnected schemes for different scales would definitely imply a
better adjustment of each scales’ goals, thereby contributing to a better management of the
sustainable development process. Many decisions that affect long-term economic, environmental,
and social functions at larger scales are made at a lower level (the community). Conversely,
broader-level sustainability depends on the combined effects of both comprehensive policies and
large number of smaller-scale decisions or policies. These decisions are dependent since there
are effects that spill across socioeconomic and environmental boundaries. Yet, most of schemes
that have been proposed, were not yet developed in order to promote full interconnection between
scales.
This theory and the approach at stake will probably be easier to understand if we focus on three
themes that are dear to most sustainable development frameworks, namely Energy, Wastewater
and Low impact mobility. For example if we start from the Building scale up, one could argue that
one way to promote low impact mobility, would be to install parking spaces for bicycles inside
residential buildings or outdoor parking within the building’s allotment. Furthermore, buildings could
also have dedicated parking spaces for electric cars, and promote comfortable sidewalks within the
allotment. Office buildings, on the other hand, could promote the same measures and include
locker rooms and showers for the employees that adopt the bicycle as their mean of transport.

When considering a broader horizon, for example at the Neighbourhood scale, one could probably
implement measures, such as: bicycle paths, comfortable and appealing sidewalks, quick access
to public transport, comfortable waiting stops, and quick charge points (which are still expensive,
and would probably imply a significant investment at the Building scale) that would complement the
electric car parking spaces. If once again we consider the scale above, for example the City scale,
these measures could probably be complemented by an efficient system of public transport, low
impact transports, such as electric bus or trams, comprehensive nodal transport facilities, car
sharing frameworks and facilities, and so on and so forth. As a result, the combination of all these
measures, at different scales, would promote walking, cycling, the use of public transport, the use
of low impact mechanical means of transport, with all the respective environmental, social and
economical benefits that would be visible in a given built environment.
As far as wastewater treatment goes, one could probably promote local grey water treatment at the
building scale. This means that building infrastructures would be prepared to treat grey water, and
eventually reuse the treated water for secondary water consumptions such as toilet flushing. This
would imply local grey water treatment and thereby reduces the pressure on the neighbourhood’s
wastewater infrastructure. If this is complemented at the Neighbourhood scale by black water
treatment, city infrastructure could be downsized, as the pressure on municipal infrastructure
would decrease.
Once again, interconnected schemes at different scales would bring a reduction of expenses and a
better use of resources, once wastewater would not have to travel tens of kilometres in order to be
treated, wastewater facilities would probably be larger in number, but smaller in size, and would be
adapted to local treatment needs. Consequently, environmental impacts and costs related to
wastewater treatment would be reduced and local authorities would be one step closer to
completing local water cycles.
When considering the energy aspects, within an urban environment, one must also consider the
physical implications of applying measures such as energy production from renewable sources. If
we take into consideration the Portuguese reality, it is easy to understand that steps have already
been taken in order to reduce energy consumption, through energy production from renewable
sources in new buildings. Nowadays, Portuguese energy legislation implies that every new building,
regardless its use, must guarantee that a percentage of the energy used to warm water comes
from renewable sources. This means that additional costs must be supported in order to meet
legislation demands. As a result, few projects have the economic ability to support further
measures of energy production.
At the building scale, planners and builders guarantee that more passive design measures are
taken into consideration and that buildings comply with current energy Legislation, buildings will
play an important role on reducing energy demands. If on the other hand, at the Neighbourhood
scale, other energy production strategies are applied such as photovoltaic systems, wind turbines
or any other form of energy production from renewable sources, communities will have the ability
to converge to zero energy policies, that will be implemented in the European Union in the near
future.
Furthermore, by creating an energy framework that complements itself at different scales, costs
can be reduced, as more expensive systems, with larger pay-back times, would be applied at
larger scales, serving a wider population and therefore reducing the direct costs that a single
inhabitant would have to support. Creating energy strategies that are not only complementary but
also take into consideration pay-back times of the implemented systems to define which scale is
more appropriate to each system can definitely improve local Energy policies, contributing to a
better management of energy related resources.
Interconnecting schemes of the same system, optimizing the foreseen sustainable measures and
adjusting them to the respective scale of application will allow users to better understand and
explore the search for sustainability enclosure in such system. This will also allow all involved
stakeholders to consider which measures are more appropriate to a given scale, without
compromising the narrower or wider horizons of other scales. As a result, development fees and

costs as well as other socioeconomic interests may be correctly weighed and adjusted to local
needs.
Consequently, it is important to discuss the true potential in exploring interconnected schemes of
different scales. Therefore, one should recommend that future studies in the approach to
sustainable development should be conducted, in order to better understand the problem and
likewise optimize and adjust system’s schemes to local needs and different scales of approach.
These studies should help practitioners to fully understand the benefits of interconnecting
sustainable development bottom-up and top-down policies. In order to proper envision the future of
sustainable communities, practitioners will have to understand environmental, social and economic
consequences of measures applied through a set of interconnected criteria that can be applied
throughout the set of scales that constitute present and future urban environments.
Assess the link between global structures and individual (buildings) is not the only fundamental
interlink. Other link is the relationship between structures and the use in common situation,
resulting that the global performance is depending of the use. Also the deviation of usual
performance under natural risk and other questions must be researched at different scale. Another
area is the process of weighting ratings and certifications upper and lower scale, that can be
integrate, namely with a more strong LCA approach.

6. Conclusion
This conceptual paper analyses the potential interlink in assessment system. Actually there are
green (in some cases sustainable) assessment systems (even with some limitations) at different
scales, covering from urban zones, neighbourhoods to buildings and materials (LCA base or
simplified). The systems approach presented by environmental or sustainable system assessment
like BREEAM, LEED have some potential levels (building to neighbourhoods), but in most cases
there is only a partial interlink between scales. Although somewhat more direct than BREEAM’s,
LEED’s interconnections between the two scales are still not as direct or homogeneous as the
ones found in LiderA. LEED’s two schemes are also mostly complementary, meaning that the best
approach would also push LEED’s user towards certifying both the buildings and the
neighbourhood, in order to understand the full degree of sustainability achieved. Unlike LiderA, and
like BREEAM, LEED Neighbourhood complements LEED “Building” (any of the schemes
available), by addressing the building’s integration surroundings, completing the performance
analysis that results from the usage of the Building’s scheme.
LiderA is the only one of the three systems that uses exactly the same structure or categories and
criteria for both the Building’s and the Neighbourhood’s schemes. Generally, most criteria refer to
more specific targets and actual physical conditions when addressing the Building scale and
thereby using the Building’s LiderA scheme. When addressing the Neighbourhood scale and
thereby using the Neighbourhoods LiderA scheme, most criteria refer to broader and more generic
targets that are not as specific as in Building’s scheme. The potential contribution and limitations
presented and discussed in LiderA system, highlight that it is possible to have a system with
interconnections and interlink principles and system can be use in order to give an upgrade in the
search of higher sustainability levels. Nevertheless, interlink and integration is yet a field of
research that is fundamental, because in some cases that allows not only to be more effective, but
also to define the precise scale of integration.
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Summary
According to the current and future development needs of urban construction in China, the paper
sets up the structure of system of environmental infrastructure improvement of urban community,
establishes the index and calculation method of efficiency assessment of environmental
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1. System of Environmental Infrastructure Improvement of Urban
Community
In 2009, the urbanization rate has reached 46.6% and the urban population has reached 621.86
million in China [1]. Chinese government claims that one of the most important tasks of
urbanization and sustainable development of state is “To raise the level of infrastructure for the
traffic, communication, power supply, heat supply, gas supply, water supply and drainage, sewage
and waste treatment” in 2011-2015, and puts forward the “Ecological environmental protection” as
the construction principle [2].
Based on several study achievements of national research programs taken by our research team
from Huazhong University of Science and Technology (HUST), the paper sets up the structure of
system of environmental infrastructure improvement of urban community (EIIUC), establishes the
index and calculation method of efficiency assessment of EIIUC. Taking the Yanhe ecological
community in Xiangyang city of China as example, the paper introduces the construction
demonstration projects on EIIUC, and makes the case study of efficiency assessment.
In China, the environmental infrastructure of urban community mainly refers to the infrastructure
system consists of water supply and drainage, energy-using facilities, garbage disposal facilities
and other related facilities, which ensure the daily usage of environment functions at urban
community. Sustainable improvement of environmental infrastructure of urban community refers to
all kinds of the activities to adjust, change or update the status or development pattern which can
improve the environmental quality in the process of urban community construction and usage by
human beings [3].
EIIUC is a system organically combined of four sub-systems.
Sub-systemĉ, water supply and drainage facilities improvement. Its improvement objects are
safety water supply, sewage treatment, water saving and recycling etc.

Sub-system Ċ, energy-using facilities improvement. Its improvement objects are solar energy
utilization, gas supply, building energy-saving, wind and geothermal energy, biomass energy etc.
Sub-system ċ, garbage disposal facilities improvement. Its improvement objects are collection
and sorting, harmless treatment etc.
Sub-system Č, other related facilities improvement. Its improvement objects are landscaping,
disaster emergency, environmental management etc.

2. Efficiency assessment of environmental infrastructure improvement
of urban community
The efficiency of community environmental infrastructure improvement can be defined as: the
environmental value strength of all the activities in community environmental infrastructure
improvements to reduce pollutants, to minimize the environmental influence and to raise the
environment quality [4]. The paper establishes the index and calculation method of efficiency
assessment of e EIIUC based on the comparability and operability principles.
2.1

Index of efficiency assessment

The efficiency of community environmental infrastructure improvement is the sum of the
contribution to environmental efficiency when we carry out the environmental infrastructure
improvement and reduce the pollution in community. It is expressed by symbol E. The formula as
follows:
n

E ! " Ei

(1)

i !1

Here:
E1 is the efficiency of water supply and drainage facilities improvement. It is used to measure the
effect of sewage reduction through the improvement of safe water supply, sewage treatment, water
recycling etc. Usually, the reduction of COD is used to calculate E1.
E2 is the efficiency of energy-using facilities improvement. It is used to measure the effect of
pollutants reduction through the usage of solar energy, gas supply, building energy-saving, wind
and geothermal energy, biomass energy etc. Usually, the reduction of waste burning gas, such as
CO2, SO2, NOx, TSP, are used to calculate E2, which can be respectively expressed by E21, E22, E23
and E24.
E3 is the efficiency of garbage disposal facilities improvement. It is used to measure the effect of
wastes reduction through the collection and sorting, harmless treatment etc. Usually, the reduction
of waste is used to calculate E3.
In practical application, Ei = Equivalent value of one pollutant reduction (EVPR)i × Unit environment
value though reduction Ci; (EVPR)i = Pollutant reduction (PR)i / Equivalent of pollution (EP)i.
Therefore, Ei can be calculated by the follow formulas:

Ei ! ( EVPR)i # Ci

(2)

( PR)i
( EP)i

(3)

( EVPR)i !

In above formulas, i = 1, 2, 3…
The calculation methods can be different according to the different pollutants. (EP)i and Ci can get
from “Administration Measures of Collection Standard of Pollutant Discharge Fee” issued by the
National Development and Reform Commission of China [5].
2.2

Calculation of efficiency assessment

Step 1: Calculate E1
From definition of E1, reduction of COD = Sewage emission × Cut concentration of COD by
sewage treatment facilities, then

( EVPR)1 !

( PR)COD
( PR)1
! ( EVPR)COD !
( EP)1
( EP)COD

E1 ! ( EVPR)1 # C1

(4)
(5)

Step 2: Calculate E2
From definition of E2, using the same method of step 1, we have

E2 ! E21 $ E22 $ E23 $ E24

(6)

Because
(PR)21 = Reduction of CO2 !

( EVPR)21 !

n

n

i !1

i !1
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(7)

( PR)CO2
( PR)21
! ( EVPR)CO2 !
( EP)21
(EP)CO2

Then

E21 ! ( EVPR)21 # C21
Here
(PR)21 = CO2 emissions when use traditional energy - CO2 emissions when use clean energy;
αi --- unit emission of traditional energy;
βi --- unit emission of clean energy;
Mi --- consumption of traditional energy;
Ni --- consumption of clean energy.

(8)

Step 3: Calculate E3
From definition of E3, the reduction of waste is used to calculate E3, nominate reduction of waste
as RW, then

( EVPR)3 !

( PR)3
( PR)RW
! ( EVPR)RW !
( EP)3
( EP)RW

E3 ! ( EVPR)3 # C3

(9)

Step 4: Calculate E
According to the formula (1), we have

E ! E1 $ E2 $ E3

(10)

3. Case Study of Environmental Infrastructure Improvement in Yanhe
Eco-community
With the application of the system of EIIUC and the method of efficiency assessment of EIIUC that
have been established in this paper, our research team from HUST has made a five-year
cooperation project with Yanhe community in the field of eco-community environmental
infrastructure improvement. The demonstration projects of environmental infrastructure
improvement and the application of efficiency assessment are introduced.
3.1

Demonstration of environmental infrastructure improvement in Yanhe community

Yanhe community is located in Xiangyang city, Hubei province, the centre of China, with beautiful
landscape. There are 242 households with about 900 residents. Since 2006, HUST research team,
the local government, Yanhe community committee and residents have carried out the planning
and demonstration projects of environmental infrastructure improvement of Yanhe community. After
five years, Yanhe community has become the famous model of eco-community construction in
China.
Demonstration 1: Water supply and drainage facilities improvement in community. Including two
projects: (1) Water supply facilities improvement. Local residents get potable water from wells and
springs, our cooperation research team made the safety water supply planning for community to
solve the water shortages because of the increasing tourism population in recent years, and built
the concentrated water supply facilities to meet the water needs of community sustainable
development. (2) Sewage treatment facilities improvement. We planed and constructed the small &
integrative sewage treatment facilities, and promoted the water-saving facilities used in kitchen and
toilet.
Demonstration 2: Energy-using facilities improvement in community. Including three projects: (1)
Solar energy. 130 households have installed solar water heaters, 37 solar street lamps have been
installed in community to reduce the energy using. (2) Biogas utilization. More than 80%
households in Yanhe community now use the methane tanks, and LPG is used as auxiliary energy
in winter. (3) Building energy-saving. We have built an energy-saving demonstration building in
which 27 energy-saving integration technologies were used, and the energy-saving rate of
demonstration building reached 57.78%.
Demonstration 3: Garbage disposal facilities improvement in community. Yanhe community has

built the rubbish recycling centre. Due to the investigation, 1115.4 kg rubbish is produced everyday,
in which, 43% of them is organic, 12.3% is recyclable, 44% is inorganic and 0.7% is harmful, such
as batteries and fluorescent tubes. After carrying out the residents participatory garbage sorting
and collection, classification and treatment projects, all of the organic wastes are deal with in
methane tanks; inorganic wastes, such as building garbage, are backfilled; recyclable wastes,
such as papers and rubbers, are collected by a special and disposed; harmful wastes are collected
and managed intensively. Now the rate of garbage collection and classification is larger than 90%,
harmless treatment rate is larger than 95%, and garbage recycling rate is larger than 74.5%.
The achievement of demonstration shows that through the improvement projects of environmental
infrastructure, the environment of Yanhe community has been improved radically and sustainability.
3.2

Efficiency assessment of environmental infrastructure improvement of Yanhe community

Step 1: Calculate E1
As an ecological tourism community, Yanhe community can receive 500 visitors per day. The total
sewage of community may reach 138300 kg/d, COD concentration is 83.1 mg/L, and less than
60mg/L after disposed. Due to the related standard [4], the charge of unit price of COD is
0.7yuan/kg, so C1 = 0.7yuan/kg. (RMB Yuan)
Due to formula (4) and (5) we can calculate, (EVPR)1 = 1166.08kg/year, then

E1 ! ( EVPR)1 # C1 ! 1166.06 # 0.7 ! 816.3(yuan/year)
Therefore, the efficiency of water supply and drainage facilities improvement is 816.3yuan per year.
Step 2: Calculate E2
According to the investigation by our team, more than 80% households (194 families) in Yanhe
community now use the methane. Every household can produce 620m3 methane per year. Based
on the standard [5], we can take the utilization of methane as the main assessment index of the
efficiency of energy-using facilities improvement. Similar the calculation of E1, we can calculate E2
using formula (6), (7) and (8). We have

(PR)21 = 6.65×105kg/year, (PR)22 = 3872.8kg/year, (PR)23 = 583.1kg/year, (PR)24 = 2660kg/year;
(EP)21 = 20kg, (EP)22 = 0.95kg, (EP)23 = 0.95kg, (EP)24 = 0.53kg;
C21 = C22 = C23 = C24 = 0.6yuan/(EP)
Then: (EVPR)21 =33250.0, (EVPR)22 = 4076.6, (EVPR)23 = 613.8, (EVPR)24 = 501808
From formula (2), we have

E21 = 19950(yuan), E22 = 2446(yuan), E23 = 368.3(yuan), E24 = 3011.3(yuan)
E2 ! E21 $ E22 $ E23 $ E24 ! 24775.3(yuan/year)
Therefore, the efficiency of energy-using facilities improvement is 24775.3 yuan per year.
Step 3: Calculate E3
Yanhe community produces 1.1154 ton wastes per day. Due to the ways of classification and

recycling, filled to field, and used in methane tanks, the reduction rate of wastes is 74.5%. Based
on the standard [5], we can make C3 = 25yuan/t. So, we can directly calculate (EVPR)3, and
calculate E3 by formula (9).

( EVPR)3 ! 1.1154 # 365 # 74.5% ! 303.3(ton) E3 ! ( EVPR)3 # C3 ! 303.3# 25 ! 7582.5(yuan/year)
Therefore, the efficiency of garbage disposal facilities improvement is 7582.5 yuan per year.
Step 4: Calculate E
Due to the formula (10), the sum of the efficiency of environmental infrastructure improvement of
Yanhe community is:

E ! E1 $ E2 $ E3 ! 816.3 $ 25775.3 $ 7582.5 ! 34174.1(yuan/year)
The calculation result shows that through three kinds of improvement projects of environmental
infrastructure in Yanhe community, the efficiency (or value) of environmental infrastructure
improvement reaches more than 34000 yuan per year (evaluated by current standard). The
efficiency of improvement is very obvious.

4. Conclusion
The improvement of environmental infrastructure of urban community is very important both in the
nowadays and the future at China. The system of EIIUC needs to be supported by the promoting
mechanism and the demonstration project. The efficiency of the environmental infrastructure
improvement is very obvious both in the ecology and the environment at urban community. The
case study shows that the efficiency assessment method of environmental infrastructure
improvement which established in this paper has the characteristics of good practicality and
convenient for application.
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Summary
Energy use during the user stage of a building is, historically, one of the parameters contributing to
the main environmental impacts during the building’s life cycle; the proportion is approximately
80% from the user stage and 20% of the production stage. The focus on the reduction of the
operating energy during the past decade has resulted in an improved energy performance of new
buildings. Consequently, the environmental impacts related to production stage became almost as
considerable as those related to the energy use and the analysis of environmental impacts of the
production phase is, therefore, important in purpose to improve the building’s overall environmental
performance.
Since 2008, NCC, as the first construction company in Sweden, has calculated environmental
impact in climate change impact category of buildings on a regular basis. The calculations are
based on cost estimation calculus that is combined with environmental data by a supporting
software application, Anavitor. The software is based on life cycle assessment (LCA) methodology.
The environmental data are provided by Swedish Environmental Research Institute, and it includes
also quality report about limitations. The calculations result in unique competence about various
construction materials, system designs and their environmental impact, and the results are
communicated to the market as climate declarations.
The aim of this paper is to present climate calculations issued by NCC, and to discuss lessons
learned from the climate declaration process. The process can be improved by supplying
information that is out of control of the contracting company but can be provided by producers and
suppliers. For these purposes, use of Environmental product declarations is proposed.

Keywords: Climate declarations, LCA, LCA-tools, EPD, building sector

1. Introduction
Energy use during the user stage of a building is, historically, one of the main parameters
contributing to total environmental impacts during the building’s life cycle; the proportion is
approximately 80% from the user stage and 20% of the production stage. Reduction of the energy
amounts have been, therefore, in focus for a long time which has resulted in an improved energy
performance of new buildings built during the past decade. For example, passive houses have
been introduced on the market and the energy use of such building solutions is very low in
comparison with the more traditional housing construction. Moreover, environmental impacts
related to energy use can considerably be reduced by using renewable energy sources.
Consequently, the environmental impacts related to the production stage has become almost as
considerable as those related to the energy use and the analysis of environmental impacts of the
production phase is important in purpose to improve the building’s overall environmental
performance.
In the construction sector, life cycle assessment (LCA) is often considered as a complex technique

and therefore, in the detailed form, it is seldom used on a regular basis. The majority of LCA
studies have been conducted with purpose to identify the most significant sources of
environmental impacts. LCA is also used in development of components and building products,
and for communication of environmental information of these products via environmental product
declarations (EPD) [1]. To reduce the complexity of the LCA-based environmental assessment,
focus on one impact category has become frequently used and presented as carbon footprint or
climate declarations. A climate declaration can be considered as single-issued EPD; e.g. only
information about environmental impacts for one impact category, climate change, is presented.
Since 2008, NCC, as the first construction company in Sweden, has calculated environmental
impact in climate change impact category of housing on a regular basis. The calculations are
based on cost estimation calculus that is combined with environmental data by a supporting
application based on LCA. The calculations result in unique competence about various
construction materials, designs and their environmental impact which is communicated to the
market as climate declarations. The aim of this paper is to present climate calculations for buildings
and other construction projects, as well as to discuss lessons learned from the climate declaration
process.

2. Method for climate calculations
2.1

Early activities and development of climate calculations in NCC

NCC is a construction company that compete with other companies and where the environmental
work is regarded as an essential part of the added value for a sustainable business and to
contribute to a more sustainable future. However, since the bidding often limits the opportunity to
change the design or the construction, a supporting tool for environmental assessment is required
in cases that can support alternative solutions that include environmental improvements. Also in
the case of development and construction on proprietary basis there is a need for a decision
support to evaluate the environmental improvements of different construction alternatives in a life
cycle perspective.
This need was the starting point for development of a tool that could provide environmental
evaluation. NCC initiated a pilot project together with the architecture company White, and
Swedish Environmental Research Institute (IVL) as consultant and project leader, with the aim to
develop a tool based on LCA and which could use information that already exist in IT tools and
systems running workaday. A market investigation was made that identified private owners as the
initial target market with the strongest added value; therefore, residential buildings and multifamily
houses were in focus. These founding corresponded well with other activities on this market when
NCC launched the very low energy buildings [2] and buildings that fulfilled the Swedish
requirements on Passive House [3]. NCC was the first construction company in Sweden that took
Passive house concept from experimental (single building object) to a common platform available
for everybody.
2.2

The pilot project Anavitor

In the pilot project, it was absolutely clear that the aim was not to develop an LCA tool for
specialists (like TEAM, SimaPro, Gabi, Ecolab, KCL-ECO etc.) but to take one step beyond and to
make use of information that already exist in IT tools and systems running workaday in today
business. A number of essential requirements and specifications were defined [4] such as:
•
•
•
•

The user of the software shall be able to make the calculations with a limited extra work
The calculations shall be found of a realistic trustworthy data already used within the organisation and generated by existing IT tools
The calculated environmental performance shall be based on established LCA assessment
methods, but company specific assessment methods may be utilised
A routine has to be implemented to handle uncertainties in the source data and assumptions made, and report them for the final calculations.

•
•
•
•
2.3

Life cycle costing (LCC) shall be possible to handle by the tool.
The applications architectural design and interfaces must be divided into reasonability that
follows internal working and management routines.
The application must allow central control and update of administrative matters
The results shall be applicable from product improvements and business deals
A modular application layout following responsibility areas

Based on the aim to take LCA to the practice by non-environmental specialist, an architectural
design was outlined for the software application, Anavitor [5], and divided in three domains:
•

•
•

Client, handled by non-environmental specialist, with the aim to get supporting environmental information based on information from e.g. CAD (White) or from cost estimation tool
MAP (NCC).
Resource database handled by the company system administrator; this part includes data
on how to link data from the source application to the generic resource data within Anavitor.
Environmental database handled by IVL and shared by several companies, i.e. readymade LCA data that are documented and applicable for use in calculation.

The aim with the software structure was to divide different responsibilities of the users and
organisations involved into logical interfaces. The structure was made modular to allow business
unique methods. The client is a non-environmental specialist that would like to get an
environmental view point of the designed object. This means that the additional work should be
rather limited (typically to 30 minutes). Therefore, the client needs support from the resource
database and from a system administrator that handle link between the environmental issues as
the construction and life cycle issues of construction work. In practice, this approach requires an
initial investment to establish working resource database that will reduce the work efforts of the
client, and to design generic solutions that streamline the LCA calculation. This administrator work
is the basis for the quality and standardised pre-designed reports, for communication products as
results of the calculations etc.
The Anavitor Client interface is limited and restricted to the aspects that are essential for an adequate calculation result. The major steps for the user is to 1) import the source data from CAD,
MAP, etc. and add information about the analysed object such as identification details, building
area and other area definitions, valid time span for LCA respectively LCC calculations etc. The next
step will be to 2) evaluate the cross reference result to the generic resource database and evaluate
the result, complement and make improvements if requited. If data for service life operations like
heating and domestic electricity shall be included in the analysis, these figures have to be added in
this step. The last step is to 3) select a report predefined at the company level to communicate the
results, and the generic data quality report.
2.4

The key role of the system administrator

On a company level, the main work efforts with Anavitor are moved from the client to the system
administrator. The system administrator is a key person, or at team in the case of NCC, that
support the application with all information that the calculations on client-level are streamlined and
homogenous. Typically tasks that are handled by the system administrator as part of the resource
database are:
•
•

Cross references: Build and update the cross-references between the identities from the
source resources that are imported to Anavitor, which are linked to the generic life cycle resources in the Resource database.
Resource replacements: When resources that are imported to Anavitor Client do not have
a perfect match with the generic resource, these can be replaced by a substitute resource

•
•

2.5

or a number of resources. All replacements affect the quality of the results and will be dealt
with the data quality system.
Life cycle data: Data required for a life cycle perspective of the source data that describe
the specific resource, such as density (for transport weight), service life time prediction, resources for operation and service, waste handling, material losses etc.
Mapping to environmental data: The company generic resource register will be mapped
with the LCA-based data found in the environmental databases housed by IVL. The system
administrator is responsible for the mapping and for the quality of the cross-reference.
System analytic approached calculations

Traditionally, climate calculations are made by using LCA that is a system analytic tool well
established in science as well as on the market. The framework of LCA is defined in ISO 14044 [6],
and use of LCA results as part of the communication of product environmental or climate
declaration is regulated in ISO 14025 [7]. This approach enables an easy adoption of new aspects
like accounting of biotic carbon or carbon sequestration by land use if these will be required.
Furthermore, an LCA accounts for more than one single impact category. Anavitor is designed to
cover a full LCA concerning all impact categories as well as a full life cycle. The applied LCA
methodology used by Anavitor is the Product-Category Rules (PCR) for building products [1].
2.6

Handling of data quality and uncertainties

Data quality in LCA is traditionally handled by documentation and the LCA standard ISO 14044
outlines a number requirements: time-related coverage, geographical coverage, technology
coverage, precision, completeness, representativeness. Each of these data quality aspects is
subdivided in four sub-criteria that can be found in PCR [1]. Each dataset in Anavitor is classified
according to these four classes per quality aspect, which makes it possible to calculate an average
quality for the LCA data. These quality classes are then named perfect, acceptable, weak and
unacceptable. Besides quality classes for the LCA data used, the final calculation results also
depend on uncertainties and assumptions made within the inventory, see Figure 1. Even these
uncertainties are classified in the same manner as the LCA-data. The data quality requirements
are briefly defined as follows:
Class 1 – Perfect: The
mapping is exact and the
error in calculations is
assumed to be less than
+/- 10%.
Class 2 – Acceptable: The
mapping
between
resources is not perfect
but the uncertainties are
assumed to be less than
+/- 20%, or calculations
and assumptions made
may lead to a calculation
error +/- 20% between
potential resources within
the mapping. In the case
that
both
mapping
Fig. 1 Illustration of the data quality of LCA data and handling of
between resources are
uncertainties in the calculations
not
perfect
and
calculation assumptions may lead to an error, the overall error is assumed to be less than +/-20%.
Class 3 – Weak: The mapping and/or the calculations and assumptions made is assumed to not
fulfil requirements for class Acceptable, i.e. an error more than +/- 20% might occur, but the data is
anyway found to reflect the relation in an adequate way.
Class 4 – Unacceptable: The data are are assumed to be a conservative estimate that will indicate

the importance of the inadequate data applied (and therefore better zero), and/or calculations and
assumptions made may drastically reduce the data quality.
The data quality system developed for Anavitor goes beyond what is normally the case in an LCA,
making this approach unique. The data quality system is supporting the communication of the
result to public. Moreover, the data quality system is also an integrated part aimed at continuous
improvement of LCA data, but also for improvements of other calculations and assumptions made,
that significantly affect the final result. This means that the quality system supports both IVL as
responsible for the LCA data, and the company that performs the calculations by Anavitor.

3.

Practical experience and calculations results

3.1

Climate calculations as basis for climate declarations at NCC

In January 2008, NCC introduced climate declaration for all proprietary housing, i.e. small houses
as well as multi-residential houses. A climate declaration was developed; it provides the customer
with information about environmental impacts on climate change related to production as well as to
operation and maintenance of the building and the environmental impacts are presented as
emissions of greenhouse gases in CO2 equivalents. Production stage includes manufacturing of
materials and building products, transports to and from the construction site, and the whole
construction process. The user stage includes operating energy for the building and its
maintenance, such as heat and electricity use including household electricity. The life time of the
calculation for the user stage is 50 years. The results are used for external communication to
customers and as market information. The ambition is, in the long term, to use the climate
calculation for evaluation of alternative technical solutions and to use the results for decision
making in the early design.
Further step in development of climate declaration was to include all other types of building which
was done successively during the year 2010. During the same year, NCC introduced a concept
known as Green tenders, where climate declaration is one of three compulsory parts; the other two
are Green Construction and offer for Climate neutral project. Climate declarations issued within the
concept Green Tenders differ from those for residential projects. The difference is not in the
calculation process, but in the scope of what life cycle stages are included in the calculations.
These climate declarations are calculated only for the production stage since the possible climate
compensation is linked to the product itself. Furthermore, Green Tenders concept comprises all
construction projects including infrastructure and industrial projects etc. and to predict the scenario
for utilization of such objects within life span about 50 years is complex and therefore, difficult to
predict. Climate declarations have been issued for office buildings, kinder gardens, sport halls,
infrastructure projects in various extents, for example roads and city streets. Especially, the climate
calculations of infrastructure projects have met a strong interest on the market which can be
explained by the fact that the quantitative evaluation of environmental impacts for the climate
change impact category is desired by various actors, private as well as public. Historically, climate
change impact category has not been in focus in the transportation industry but in the past years
has become more important due to increased requirements on environmental performance of
infrastructure projects. In fact, climate calculations can be also used for documentation of
improvements of the environmental performance of such projects. NCC is able to calculate this
performance of the project, as well as of construction activities, and thus meet the requirements of
the customer, which is a strong motivation for continuous improvements of the concept. Currently,
calculations for climate declaration for power-generating station have started and they will be
presented to the customer together with the finalized project.
3.2

NCC specific routines and calculation experiences

3.2.1 MAP as source data for calculations
As described earlier, the established process for climate calculations at NCC is based on cost
estimations (MAP) that are used as input data for the software application to calculate

environmental impact of the production stage. For buildings when also the operation stage of life
cycle should be included in the calculations, the predicted operating energy has to be quantified.
Also these calculations are made regularly at several project stages to check that requirements on
energy performance of the building will be fulfilled. The quantified amounts are then combined with
background environmental data and the environmental impact is calculated. The company
resource database uses environmental data for general building products and components and
energy for various operations and services like transport. This data is categorized for climate
change, acidification, eutrophication, photochemical ozone formation, ozone depletion and primary
energy use. The environmental impacts presented by NCC are for the climate change category
only. Life cycle information (LCI) data for materials, including the content of recycled materials, is
representative for Swedish conditions. For example, the reinforcement rod is assumed to be fully
produced from recycled steel, whereas the structural steel sheet contains twenty present of
recycled steel. Data for electricity is based on a mix representative for the Nordic market; data for
district heating are an average basis for Sweden but also specific data for the different district
heating net are available. Transportation of the component materials is included in the calculation
two-way. Transportation involved in the manufacturing of the specific materials is included in the
LCI data for the specific materials. Transportation of materials to the construction site is calculated
according to a generalised scenario. The reason why a generalised scenario is chosen is the fact
that in the early stages, it is not known what specific suppliers of the various materials will be
contracted for the specific project.
Within the project organization, specific routines and procedures were implemented to make the
calculation process effective and to assure the quality of the results. Project leader is responsible
that the process for Climate Declaration will be initiated and performed in accordance with the
quality routines. The routines cover primarily the MAP calculation procedure, since all cost
estimation shall follow a specific structure to fulfil the quality requirements on the climate
calculations. MAP calculus is the key information for the procedure. Similarly, the predicted energy
use for the user stage of the building shall be estimated in accordance with quality routines for
energy calculations. Finally, results of climate declaration are calculated and checked by the
environmental specialist.
3.2.2 Calculation based on BIM-models
Calculations based on information through cost estimation are not always satisfactory for the parts
that are procured from subcontractors since the total cost for the total subcontract is not always
specified in desired detailed level. Therefore, alternative way of importing information about
materials and products is demanded and NCC initiated a study where the preconditions for
performing the calculations based on input data through a BIM-model were analysed [8]. Focus of
the study was on consequences for modelling rules, for the company unique environmental
resource database and on management of the design systems and tools. In the study, two different
models were analysed; one at a very early design stage and one at detailed maturity stage. The
results show, that there is no important difference with respect to climate declarations between
these two models. The environmental database linked to the construction parts contains general
information and therefore can be used also for calculations of the model with less detailed
information about specific products. However, the more detailed model contains information about
systems for heating, ventilation and air-conditioning (HVAC), which is information still lacking in the
early BIM model. The information about HVAC system can be used to more precise calculations.
The MAP calculus often contains only cost information about HVAC systems, since these are
purchased as sub-construction which results in total cost estimations but without detailed
information about materials and components used. In such cases, resource replacements have to
be used. In spite of the fact, that the resource replacements are based on real projects, and key
performance indicators are specific for various types of buildings, the quality of calculations is per
definition affected negatively. The model based information, which can be used at detail stage of
design, is thus much better information about the technical system. The conclusion of this study is
that using BIM-models contributes to even more effective calculation process. It improves the
quality of calculation and decreases uncertainties. To be able to use this type of calculations, the
software for climate calculations shall be further developed.

3.3

Communication of products/results

Climate declarations are presented to the
client together with information about the
energy performance of the building, see
Figure 2 for an example. Climate declaration
for housing projects can be found on the
NCC global website [9]. The information
brochure
contains
explanations
and
references to all assumptions made in the
calculations. Additionally, key performance
indicator (kg CO2 eq) related to daily activities
of citizens are also presented in purpose to
facilitate, for the customer, interpretation of
the results. Examples of such indicators are a
fly trip to Thailand, and the assumed
sustainable level of annual Green House
Gases for a person. Additionally, the energy
performance of the building is presented as
energy class on a scale where class A is the
best class.
Ambition of NCC is to present climate
declaration for all proprietary housing projects,
which is the basic requirement in the further
development process of this approach.
Currently, the process is implemented in the
design practice and in the project
management.
Layout for communication of climate
declarations issued within Green tenders
differs from that for housing due to the fact
Fig. 2 Example of climate declaration for a
that the system limitation differs. Besides the
multifamily house, developed by NCC
total environmental impact of the product, it
includes more detailed information about the environmental impacts from specific construction
materials and activities that contribute the most to the climate change. Results of these climate
calculations may be used for climate compensation of the project, which is an optional measure of
the customer. The climate declaration is including 10 percent to cover possible uncertainties of
calculation process including LCI.
3.4

Examples of climate calculations and the application in the design process

Results of climate calculations are primarily used for communication of the environmental
performance of the product to the customer. In climate declaration of housing, the customer can
study the environmental impact from the house in comparison with the operation stage during
50 years. For a passive house, for example, the production stage represents about 80% of the total
environmental impacts during the whole life cycle and the operation stage contributes with the rest
[10]. Thus, this is an inverse proportion compared to a traditional existing house. It should be noted,
that these results are strongly affected by energy source used for the calculation of environmental
impact from the operation energy, as it is in the most LCA studies. In this example, the passive
house is driven, in the operation stage, by green-certified electricity source, and the same
electricity is assumed to be used also by the tenant. If the electricity source would be a generic mix
representative for the Nordic conditions, the proportion between the production and the user stage
might be more similar the traditional conditions. In this example, the main contributing construction
materials are concrete, reinforcement and steel products, other metals such as aluminium, and
plastic; their contribution is approximately 80% of the environmental impact from the production
stage.

Climate calculations for an infrastructure project can be exemplified by a city street project that was
conducted for the Traffic office in Gothenburg. The main activities contributing to the overall impact
of this project are transports during the construction and other construction vehicles and equipment
(41%), asphalt coating inclusive the work on the site (24%) and concrete for a protection wall that
is designed along the road (16%). Based on this analysis, a possible improvement was identified;
i.e. the environmental impacts from the asphalt coating could be lowered by approximately 25% if
the traditional asphalt would be replaced by asphalt coating known as Green asphalt, which is a
unique product of NCC. However, this analysis was conducted in a late project stage and only to
exemplify for Traffic office the possible environmental studies. Therefore, the project is being
fulfilled in accordance with the originally designed project documentation. Nevertheless, the
possibility to conduct analysing studies not only with focus on declaration of the environmental
impacts, but on improvements of the total environmental performance of construction project was
met with strong interest.

4. Conclusions
Climate calculations in accordance with the concept presented in this paper give NCC practical
possibility to widely work with LCA-studies. The evaluation of environmental performance of
building and construction projects is thus integrated in the product development as well as in
marketing and communication to the public. NCC has been actively involved in the development of
this concept and works continuously with improvements of the calculations routines as well as
quality of databases and all included information. The process can be further improved by
supplying information that is out of control of the contracting company but can be provided by
producers, suppliers and subcontractors for example by use of Environmental product declarations.
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Summary
This kindergarten sustainability assessment of formed part of the SUSPROC research project
aimed at developing knowledge and methods for sustainable building processes. The kindergarten
case study tested the evaluation of the usability and usefulness of sustainability indicators in target
setting and monitoring of the building project. Assessment was conducted in conjunction with
representatives of Espoo and with project designers. The study resulted in a complete life cycle
inventory involving assessment of greenhouse gases, natural raw material use and energy
efficiency on the building site, design options, and operation [1]. The study highlights all relevant
sustainability factors that need to be considered according to the sustainability indicators
presented in ISO DIS 21929 “Sustainability in building construction” [2]. The research describes
the assessed environmental impacts of alternative design options, and of the different areas of the
construction work. Consideration was given to all materials used and to HVAC systems, as well as
to use in normal kindergarten operation, involving energy consumption, commuting and day care
trips and daily waste management. Results of the study highlight the factors that need to be
considered when sustainability forms the criterion in building design.
Keywords: Sustainable building, building processes, environmental impacts, sustainability
indicators, LCA

1. Background and objectives
Sustainability in the building sector can be defined in many ways. According to the World Business
Council for Sustainable Development (WBCSD), the key factor in the building sector is the
reduction of energy use. Energy efficiency in new construction is being regulated and improved
with the help of increasingly demanding building codes. On the other hand, the annual volume of
new constructions is limited. To achieve a significant reduction in building energy consumption and
environmental impacts, all new buildings would need to be at a better level than required by the
building codes. In the Nordic countries, passive, zero and nearly zero buildings are an effective
means of reducing operational energy and related emissions.
A life cycle assessment was conducted on a kindergarten design intended for Espoo, Finland with
the aim of achieving an understanding of the significance of the environmental impacts of different
sources over an entire building project. With one of its targets the fulfilment of the passive house
criteria for Nordic countries [3], the kindergarten project provided a stern challenge. The passive
house solution is an overall concept with low or almost zero energy consumption, well-insulated
structures, improved air tightness and highly efficient heat recovery from ventilation. Besides the
structural and operational goals, the site itself, located in the planned new area of Suurpelto in the
centre of Espoo, proved particularly demanding. Soil at the site is an unfavourable blend of
moraine and soft clay. This reaches to 15 m in parts, with a consequent environmental impact
when preparing the land for construction. The criteria for a passive structure were discussed in the
context of this case.

One powerful tool for this purpose is Life Cycle Assessment (LCA), which refers to defining the
potential environmental effect of used products, functions or buildings. According to the definition
[4], LCA addresses the environmental aspects and potential environmental impacts (e.g. use of
resources and the environmental consequences of releases) throughout a product's life cycle from
raw material acquisition through production, use, end-of-life treatment, recycling and final disposal
(i.e. cradle-to-grave). The LCA evaluation method was used for describing the aspects that need to
be considered when the target is building sustainability and low environmental impacts. The LCI for
the entire building project was made as comprehensive as possible, based on the building plans,
and taking into account the dynamic building design. LCA studies concentrating on the building
design phase are often limited, focusing on energy consumption and building framework materials.
Simplified methods nonetheless fail to show the full picture regarding sustainable building, and the
relevance of total material use remains unclear.
The functional unit in environmentally friendly building design is the building itself. The building
fulfils the functionality and space requirements throughout its life span with low material and
energy consumption, and thus negligible impact on environment, resources, emissions and natural
biodiversity. The sustainability assessment was conducted with the help of sustainability indicators
presented in ISO DIS 21929-1 “Sustainability in building construction – Sustainability indicators –
Part 1”. The themes include the following aspects: access to services; aesthetic quality; land use;
accessibility; emissions to air; use of non-renewable resources; fresh water consumption; waste
generation; indoor conditions and air quality; safety; serviceability; adaptability; costs; and
maintainability. The kindergarten case was used to test and monitor sustainability indicators.
This study brings out all relevant life cycle phases and their impacts, giving consideration to all
relevant materials, appliances and HVAC systems, as well as to large site works and the building
use phase. A study was made of the significance of the alternative heating options – heat produced
locally by ground source heat pumps, and Espoo’s district heat production.

2. Description of the building site and building
The kindergarten was designed for building in the Suurpelto area, in Espoo, Finland. The building
site was particularly demanding, requiring a large amount of infrastructure work. Foundation
structures were in need of strengthening, appreciable ground work, soil exchange, stabilisations
and concrete piles, as well as drainage plumbs. An architectural competition was held to obtain the
best available solution. The target of the design was to take into account the principles of
sustainability and the passive house criteria for Nordic countries. Figure 1 and Table 1 show details
of the kindergarten solution assessed and chosen for construction.

Building location: Suurpelto, Espoo,
Finland
Site area: 3,238 m2
Useful floor area: 1,293 m2
Gross area 1,475 m2
Building volume 6,300 m3
Designed to accommodate 87 children
in day care and 19 staff.
Yard 1,762 m3
Parking spaces: 7
Figure 1. View of the kindergarten design.

Table 1. Details of the kindergarten and the options studied.
Structures/systems
Base floor: 880 m2
Intermediate floor :
710 m2
Roof :1,026 m2
External wall:
1,068 m2
Partition wall:
1,349 m2
Doors: 67 internal
and 7 front doors
Windows: 234 m2
Stairs: 4 units
Load-bearing
structures
Yard

u-value,
W/m2K
0.10

Description of implementation

0.07 and
0.09
0.09

Hollow core slab, PU, asphalt mastics for roof covering

Reinforced concrete slab, PU, surface concrete slab
Hollow core slab

Concrete, mineral wool or PU
Different structures

Front doors
0.7

Steel-structured front doors
Wood / aluminum, 3 glazing
1 spiral steel and 3 concrete stair elements
Steel beams, steel pillars, glued laminated beams

4 different structures, depending on subsoil condition and on the need for
strengthening. A typical coating was asphalt, gravel and concrete slab pavement. The playground has green zones for different activities.
Two alternative options were compared:
Heating and cool- Ground source heat pump for heating and cooling (designed for maximum
ing
heating capacity 100%, covers space heating, cooling and hot water. Two
pumps, 12 wells 180 m each, heat storage to water)
- District heating for heating and blower cooling (heating power 400 kW)
Heating system
Floor heating
Heating and prima- 20–30 kWh/m2 (heating demand), 130 …140 kWh/m2 (primary energy dery energy
mand) (criteria for passive house, Nordic) [3]
Air exchange rate
n50 = 0.6 l/h (criteria for passive house, Nordic) [3]
Ventilation
Plenum and exhaust ventilation, heat recovery rate 80%
Energy supply
District heat produced in Espoo’s heat and power plants, carbon footprint
193 g CO2 eq/kWh. Electricity production and possible changes in the
production mode were covered by two alternatives:
- Case 1, no influence of electricity use on electricity production method,
use of annual average electricity production mix, carbon footprint 224 g
CO2/kWh
- Case 2, influence in winter of electricity use on electricity production,
electricity produced in separate coal condensing power plant, winter
carbon footprint 966 g/CO2 eq/kWh, other months 224 g/CO2 eq/kWh)

3. Sustainability and Life Cycle Assessment
Ecological goals should be set for the building use phase, and for all materials used and building
solutions influencing the material and energy flows and bringing about environmental impacts. The
evaluation method should be appropriate, however, to achieving a reduction in environmental
impacts from the building. The setting of requirements is only useful when matched by consistency
of design of the executed building.
This evaluation tests sustainability indicators, verifies and monitors the sustainability targets set
according to the design plan, and studies the more significant of chosen options by comparing
alternative selections and improvements. The results are shown in Table 2.

Table 2. Sustainability indicators, targets and verification according to the kindergarten project.
Aspect and indicator
Access to services –
public transport, private mode of travel,
services and green
areas

Design plans and target
The area goal is reconciliation of
work, family life and leisure. Residential, office and service buildings consisting of 7,000 apartments and 9,000 workplaces will
be built in the Suurpelto area.
The site is connected to the park.
Pedestrian and cycle paths are
planned. The area target is for
public transport to serve 80% of
transport needs.
Aesthetic quality – Aesthetic quality was not set as a
evaluated
against quality level, but described acthe fulfilment of local cording to the chosen solutions.
requirements

Land use – changes Avoidance of land use was not
in land use caused the target in this case.
by the development
of the built environment

Emissions to air – The target was to reduce carbon
global warming (car- dioxide emissions by 28% over a
bon footprint)
standard building. This was considered fulfilled through the adoption of ground source heat pump
and passive building structures.
Use
of
non- No target was set for the use of
renewable resources non-renewable resources.
– amount by type

Energy consumption

The plan is for ground source
heat pumps to provide heating. A
district heat comparison was also
made. The criterion was passive
house, Nordic.

Result and relevance
Accessibility good according to all four
indicators. Estimated average duty travels covered an area of 18 km2; distance
from the children’s homes was around 1
km. The kindergarten site contains 7
parking spaces for employees. According to the LCA these journeys cause
fossil raw material consumption of 132
tons/50 years, fossil energy use of 7,130
GJ/50 years and a carbon footprint of
518 tons/50 years.
The goal was for "scales”, colours and
materials to be chosen appropriately to
match the playful kindergarten character.
The architect competition was arranged
to ensure good architectonic quality.
This indicator is significant because the
building will be centrally located and the
area’s first public building, giving character and providing guidelines for development.
The land is centrally located, undeveloped and fragmented. Site development
completes the Espoo area and makes
use of already available infrastructure.
Once completed, the area will be integrated into Espoo. Conversely, challenging land induces several environmental
impacts. This is dealt with in the LCA.
LCA conducted, giving a carbon footprint
in case 1 of 826 tons/50 years for GSHP
and 1,230 tons/50 years for district heat.
In case 2, the carbon footprint for the
GSHP system was 1,650 tons/50 years
and for district heat 1,750 tons/50 years.
Non-renewable resources estimated in
the LCA were ~17,100 tons/50 years.
The infrastructure share of the total was
70%, while that of building structures,
building services, GSHP structures and
material use in building maintenance
amounted to 30%.
Heating energy consumption for GSHP
was 12 kWh/m2/year, and for district
heat 40 kWh/m2/year. Electricity consumption in both cases was 38
kWh/m2/a.

Table 2. Continue.
Aspect and indicator
Adaptability – flexibility, convertibility,
adaptability
Maintainability
–
assessed
against
service life assessment
Fresh water consumption – amount
Waste generation –
amount by type
Indoor
conditions
and air quality – air
quality and subaspects of indoor
conditions

Design plans and target
Adaptability was taken into extensive consideration through
clear headways, with lighting,
space, colour and sound world all
in support of clearways.
Project planning point out that the
economic service life for the
building is 50 years, allowing for
one renovation. The designed
service life for load-bearing structures is, however, 100 years.
The target for annual hot water
consumption was 0.3 m3/gross
m2 with corresponding energy
consumption of 17.5 kWh/m2.
The kindergarten will be connected to the waste suction system,
which processes mixed waste,
bio waste and paper waste.
No special target for indoor conditions was set in project planning. It was mentioned that spaces should be functional, healthy
and safe. All noisy spaces were
separated from those requiring
silence.

Result and relevance
Physical clear headway was tested during the building supervision process.

The LCA also covered building maintenance. The carbon footprint for building
structure materials was 660 tons,
whereas building maintenance increased
this by ~30 tons (service life 50 years).
All water fittings would be chosen according to the water saving parameters,
using automatically operating taps.
The daily bio waste amount is assumed
to be 150 g/person. The carbon footprint
for waste management was estimated at
130 tons CO2 eq/50 years.
Indoor quality for heated spaces should
fulfil S2 class requirements; all finishing
materials should comply with the M2
class for building materials, M1 for ventilation appliances, M2 for cleanliness,
and building works P2 for purity. The
possibility of overheating will be simulated prior to final heating source selection.

A life cycle assessment was conducted for the soil and infrastructures, building production, the use
phase (use of heating and electricity, commuting and day care trips, waste management), the
production of building services, the heat production system (ground source heat pump or district
heating) and building maintenance. The inspection period was 50 years. The results for carbon
footprint and the consumption of non-renewable raw materials and energy are shown in Tables 3, 4
and 5.
Table 3. Carbon footprint and consumption of non-renewable raw materials and energy for the
building structures.
Fossil energy
consumption
GJ/50 years

Building structures

tons/50 years

Non-renewable raw
material consumption
tons/50 years

Base floor

151

2,960

1,640

Intermediate floor

93

539

789

Roof

101

282

1,376

External wall

151

595

1,904

Partition wall

69

405

568

Load-bearing structures

35

9

564

Foundation

49

273

360

Windows, doors, stairs

16

27

186

Total, building structures

664

5,090

7,386

CO2 eq

Table 4. Carbon footprint and consumption of non-renewable raw materials and energy for the
building, infrastructure, HVAC and other building installations.

ton/50 years

Non-renewable raw
material consumption
ton/50 years

Fossil energy
consumption
GJ/50 years

472 + 105

7,462+4436

3,540 + 790

Building structures, total

664

5,090

7,386

Electric system

10

13

15

Heat distribution system

<1

<1

8

Sanitary engineering

5

58

131

Ventilation system

3

2

56

GSHP system, incl. wells

26

12

423

District heat system (incl. only
building connections)

3

12

36

Material transport

54

14

1,309

Total (GSHP system)

1,372

17,119

14,113

Total (District heat system)

1,349

17,120

13,726

CO2 eq

Infrastructures (building site + yard)

Table 5. Carbon footprint and consumption of non-renewable raw materials and energy for the
building use phase, Espoo, kindergarten, service life period 50 years.

ton/50 years

Non-renewable raw
material consumption
ton/50 years

Fossil energy
consumption
GJ/50 years

32

31

451

CO2 eq

Building maintenance (50 years)
Heating and cooling with GSHP (50
years)
Heating with district heat and
cooling with blower (50 years)

826* / 1,650 **
1,230* / 1,750 **

Commuting (50 years)

350

85

4,960

Day care travel (50 years)

160

52

2,171

Waste management (50 years)

129

132

7,130

* Electricity production Case 1
** Electricity production Case 2
4.1 Discussion and conclusions
It is often believed that increasing energy efficiency leads automatically to a reduction in the overall
carbon footprint and other emissions. In fact, more raw materials may be needed to achieve better
energy efficiency, not only for insulation and better windows, but for heating systems such as
ground source heat and solar panels. Advanced building systems actually increase the use of
electricity, while in winter the already inadequate electricity production means the use of stand-by
power plants that are less effective for heat production than CHP plants. Passive house structures
can also be produced in a dozen different ways, from different materials with different service lives,
different maintenance needs and different effects on the overall carbon footprint.
The LCA evaluation method was used for describing the aspects that need to be considered when
the target is building sustainability and low environmental impacts. The LCI for the entire building
project was made as comprehensive as possible, based on the building plans, and taking into
account the dynamic building design. LCA studies concentrating on the building design phase are
often limited, focusing on energy consumption and building framework materials. Simplified
methods nonetheless fail to show the full picture regarding sustainable building, and the relevance

of total material use remains unclear.
Total non-renewable material consumption for the kindergarten case was ~ 17,000 tons, whereas
~12,000 tons was used for infrastructure construction (this omits raw-materials used in building
heating) (Table 4). The extensive infrastructure work and attendant quantity of materials are often
forgotten in LCA assessments of buildings. The simplified LCA method normally only covers
building structures, with site impact regarded as an inevitable consequence and outside the scope
for consideration. The remarkable finding here is that the carbon footprint of soil and infrastructure
construction was practically of the same magnitude as that of building structures (Figure 2).

Figure 2. The carbon footprint of the total built area was ~1,370 tons.
The significance of building appliances and HVAC systems, on the other hand, was relatively low
in terms of use of natural resources and carbon footprint. The disproportionate share for
infrastructure derives from a particularly demanding building site in need of much strengthening,
material and stabilisation. The share for building services remains as low as it does because of the
massive, heavy nature of all other structures. The study also shows that the carbon footprint of a
building can be significantly affected by its location and related transport.
It is claimed that building materials have a roughly 5–15% effect on energy use and emissions. The
kindergarten assessment shows that over a reference period of 50 years the choice of materials
(all structures) may be the cause of almost half the total carbon footprint.
From the point of view of energy efficiency, the ground source heat pump is an effective way of
producing heat. On the other hand, when electricity required for the heat pump operation is
produced during the winter, with the help of separate coal condensing power plants, the impact on
the carbon footprint is less favourable. This kindergarten study involved two alternative electricity
production scenarios. Electricity was responsible for over 55% of the total carbon footprint in Case
2, but where electricity could be produced as average production, as in Case 1, the figure drops to
38% (Figure 3).
The kindergarten evaluation tests sustainability indicators, verifies and monitors the sustainability
targets set according to the design plan, and studies the more significant of chosen options by

comparing alternative selections and improvements.

Figure 3. Carbon footprint from building materials and infrastructures.
Generally it can be said in the case of the Suurpelto kindergarten that sustainability issues were
widely taken into account when targets were set. For some indicators, such as life cycle costs,
energy efficiency, carbon footprint and indoor air quality, targets were comprehensive and
demanding. Other indicators were expressed in more general terms. From the viewpoint of
sustainable construction, target setting in relation to environmental impact is better the smaller
(more ambitious) the target. However, other targets related to social and cultural aspects are linked
more to user needs. The better the target setting reflects and takes into account user needs, the
better the results that can be expected. Target setting is the starting point for sustainable building,
but the process still requires guidance on target monitoring and updating, as well as help in
recognition of user requirements.
The case study concluded that a systematic approach and sustainability indicators assist projectspecific management of sustainable building and support continuous improvement. The usefulness
of sustainability indicators would be considerably enhanced, however, by their improved
measurability.
4.2 References
[3]
[4]
[5]
[6]

VARES, S., HÄKKINEN, T., and SHEMEIKKA, J., “Sustainability assessment of day care
centre in Espoo Suurpelto”, Research Notes 2573, VTT, Espoo 2010, 48 pp + app. 34 pp.
ISO DIS 21929 “Sustainability in building construction – Sustainability indicators. Part 1 –
Framework for the development of indicators and a core set of indicators for buildings”.
NIEMINEN, J., KNUUTTINEN, J., “Passive houses for the Northern climate”. Sustainable
Building conference, SB10 Finland. 22–24 September 2010. Conference proceedings, pp
134–135.
ISO 14040, “Environmental management – Life cycle assessment – Principles and
framework”, 2006, International Organisation for Standardisation (ISO), Geneva.

Reducing thermal bridges for more sustainable buildings
Caterina Arnò
PhD Student
Politecnico di Torino
Italy
caterina.arno@polito.it

Summary
The discontinuity of the building envelope are usually at the base of the phenomena of "thermal
bridge", which will take on increasing importance with the growth of the insulating power of
continuous elements. The study would propose a research method of technical solutions about
specific needs for individual studied case.
Keywords: reduction energy needs, technical solutions of thermal bridges

1. Introduction
Themes about technical architecture and energy conservation are well integrated with the
concepts of environmental protection and preservation for the sustainable building education.
For this reason, in to the building systems research, the main objective is to achieve energy
savings and optimize the resources available through the use of technological devices with high
efficiency and with the help of passive systems.
The themes of energy savings are not limited to the use of modern technology, but also concern
the reorganization and improvement of the entire building process by offering an integrated and
dynamic model construction that fits the specific needs of individual case.
It aims to combine elements of traditional building method with new technology solutions and it
aims to return, at the same time, to building envelope, the role of passive element controller,
reducing, in this way, the energy needs for the artificial (air or water) conditioning system.
Meeting the energy efficiency targets is one important area where the Italian legislation has
produced important tools of implementation. In particular, in the construction industry, solutions and
construction techniques play an important role both in the continuous elements both in terms of
points/area of discontinuity.

2. Analysis, study and correction of thermal bridges
The discontinuity of the building envelope are usually at the base of the phenomena of "thermal
bridge", which will take on increasing importance with the growth of the insulating power of
continuous elements.
A thermal bridge is a fundamental of heat transfer where a penetration of the insulation layer by a
highly conductive or not insulating material takes place in the separation between the interior (or
conditioned space) and exterior environments of a building assembly. Thermal bridging is created
when materials that are poor thermal insulators come into contact, allowing heat to flow through
the path of least thermal resistance (R-value or a materials effectiveness in resisting the
conduction of heat). The bridging has to be eliminated.
Areas with a thermal bridge (Fig. 1) - corners, joints between walls, or simply areas where the
insulation is missing - have a thermal resistance lower than the average value of the global
building envelope. Surface moisture due to condensation, typically occurring in such regions as

floor-wall connections and window installations, as well as mold growth in humid environments can
also be effectively prevented by means of multi-dimensional evaluation during planning and detail
design.

Fig.1 Location and code of the thermal bridges[3]
The same discontinuity influence both the development of phases of construction, both the
technology and the design decisions during the design phase. For these reasons it is essential to
consider the problem of thermal bridges both during design both during the construction of a
building.
We can identify four types of thermal bridges:
A) Thermal bridges due to materials
Systems composed of different materials having a coefficient of thermal conductivity greater than
the surrounding material (fasteners in aluminum or steel, metallic frames in the perimeter insulating
glass).
B) Geometric thermal bridges
Elements where the interior heated surface is less than the outer cooled surface (corners of buildings, flat roofs, etc.).
C) Thermal bridges caused by varying boundary conditions
Local heat sources such as heating pipes in the floor or in the wall.
D) Thermal bridges caused by bad construction phase of architectural design detail
Lack of insulation material.
To a better explanation, in Figure 2, are shown different types of thermal bridges illustrated. The
image is taken with a thermal camera.

Fig.2 Four types of thermal bridges

The heat loss through thermal bridges can reach and exceed 20% of total losses. They should be
avoided for several reasons:
the coefficient of local heat loss U [kW/m2K] is higher than elsewhere, and for this reason
the heat flux is higher. This increases the need for heating;
internal surface temperature in areas where there are thermal bridges is lower than in the
continuous elements. In these areas the temperature can easily be below the dew point
causing surface and / or interstitial condensation of water vapor, having problems of different types:
o degradation of the materials from in the zone affected by the phenomenon;
o health and hygiene problem because of formation of damp patches with mold appearance;
o occupants thermal discomfort.
Thermal bridges can never be totally avoided, but can be minimized:
in the design phase: analyzing by appropriate methods critical points in the building envelope and offering solutions to mitigate those discontinuities;
in the construction phase: verifying the correct execution of design specifications.
This method of analysis is applicable to both new projects, with consequent materials performance
testing at the end of construction phase, both existing buildings with reverse control procedure.
The diversity of form and structure of the buildings are of course inevitable: the recent national legislation, require careful evaluation aimed at reducing energy uses.
You can correct the thermal bridges in three ways:
applying an internal insulation;
applying an isolation from the outside;
creating a "thermal break" that can obviously be provided only in new buildings realisation
because of construction problems.

3. The research and future developments
The research will provide, for each type of correction, a solution with assessments about the economic viability and about constructive method for the realization.
For this reason it is essential to study and analyze, through visits to construction sites, the different
construction techniques combined with the use of specific materials.
The construction sites, for new buildings, have the function of providing a precise picture of state of
art about traditional building practice and about technical details for the correction of the discontinuity.
The analysis is aimed at improving the technological solutions to their exportable and replicable in
recovery existing buildings sites.
This analysis is supported by use of the thermal camera to identify the real areas of greatest heat
loss. Using infrared images you can get a direct comparison between the solutions proposed in the
design phase and the real performance of the building.

4. Conclusion
The research proposes to build a repertoire of technical solutions to be used as a tool during the
design phase. It provides a code of good practice to export and to extend the proposed method.
The result of the research may be applied to several and different existing buildings, to be reclaimed, giving the possibility to activate a monitoring and study activities of applications to test
the real performance over time.
4.1

References

[1]

COLOMBARI, M., CESARATTO, G. A., ZECCHIN, R., "Ponti termici nelle strutture edilizie Alcune osservazioni sui coefficienti lineici e valutazione delle temperature superficiali
minime” parte 1,2,3.

[2]
[3]

UNI EN ISO 6946:2008, "Componenti ed elementi per edilizia - Resistenza termica e
trasmittanza termica - Metodo di calcolo"
UNI EN ISO 14683:2008, Ponti termici in edilizia - Coefficiente di trasmissione termica lineica
- Metodi semplificati e valori di riferimento.

Development of assessment method for an energy efficient housing
area, Case Penttilänranta, Joensuu
Corresponding Author:

The co-author:

Sakari Pulakka
Senior Research Scientist
VTT, Technical Research Centre of Finland
sakari.pulakka@vtt.fi

Tarja Häkkinen
Dr, Chief Research Scientist, Team leader
VTT, Technical Research Centre of Finland
tarja.hakkinen@vtt.fi

Summary
As the target of case study it was to estimate economical but also environmental and social
influences of sustainable areal housing compared to diverged small house production both from
the standpoint of inhabitants and town of Joensuu and areal entrepreneurship.
Keywords: life cycle analysis, economics
1. Introduction
The research project Sustainable Building Processes (SusProc) aimed at adopting new
processes for eco efficient building and sustainable built environment (figure 1). Development
of assessment method of eco-efficient housing area in the town of Joensuu was one of the pilot
cases in SusProc project.
As the target of this case study it was to estimate economical but also environmental and social
influences of sustainable areal housing compared to diverged small house production both from
the standpoint of inhabitants and town of Joensuu and areal entrepreneurship.

IMPACTS
BARRIERS

NEW
WORKING
PROCESSES

NEW
BUSINESS
MODELS

EFFECTIVE
STEERING
MECHANISM

SUSTAINABLE BUILT
ENVIRONMENT

Figure 1. Drivers of sustainable processes.
2. Analysis model
As the target of this case study was to estimate influences of sustainable areal housing in
Penttilänranta compared to diverged small house production both from the standpoint of
inhabitants and town of Joensuu and areal entrepreneurship.

The calculations were based on following alternatives:
- ordinary and low-energy construction
- low-energy and passive house construction
- ordinary small house construction and low-energy construction in Penttilänranta
- low-energy construction and passive-house construction in Penttilänranta
The application of LCC methodology is based on systematic analysis process as shown in
figure 2.
Defining the objective of the proposed LCC analysis
!
Preliminary identification of parameters and analysis
requirements
!
Confirmation of project and facility requirements
!
Assembly of cost and performance data
!
Carry out analysis, iterating as required
!

! It was analysed both investment, heating and
life cycle costs and economical, social and
environmental effects of Low-energy Concepts
! It was utilized both general information
gathered from literature and detailed information
gathered from Joensuu
! Specified tool was developed for basis and
iterative calculations
! Integration with social and environmental
aspects

Interpreting and reporting results

Figure 2. Application of the economical methodology.

3. Results of case study
It was noticed that acquisition of a smaller home in passive-energy apartment house in
Penttilänranta and a summer cottage mean altogether lower life-cycle cost (taking account
traffic too) than a bigger detached low-energy house. The results were concurrent to general
principles of life cycle economics of advanced real estates
• very low energy consumptions and very small carbon footprint
• moderate investment cost and relatively low life cycle cost
• high resale value
Concepted areal eco-efficient construction means better manageability of increasing company
activities and employment with minor risks in performance of technology and inner
circumstancies. Use of renewable energy resources is more economical in areal energy
production than in individual facilities. The results of assessment also emphasize the
importance of areal efficient construction, accessability of services, possibilities to varying traffic
arrangements and minimizing of soil use.
The differences in acquisition and life-cycle cost between energy classes will be minor
compared to sentence of choice of way of living and living area. The areal construction project
in Penttilänranta is however remarkable more eco-efficient and economical than constructing
small houses here and there.
Living in a dwelling house in Penttilänranta means alltogether about 3 000…4 000 euros lower
annual cost per dwelling unit compared to living in small house when taking also traffical needs
in account (meaning about half of the savings).

When comparing a passive house and low-energy house with each other it may be noticed that
the life-cycle cost of a passive house are a little smaller (about 200 euros/y).
In principle it is possible to significantly improve both thermal conditions and the quality of
indoor air by means of Low-energy Concepts. Also physical risks may be lower.
Other impacts of refurbishment and renovation are gathered to Figure 3. Environmental
perspective is emphasized but also social effects may be positive.

Comparison basis
A smaller department in an
energy efficient block of
flats at the same price in
Penttilänranta with a larger
small house far away

DRIVERS
Energyefficiency-related
directives
Strictening national building
codes

Recommendations for
Penttilänranta Case

Results
Cost differences between
different energy-efficiency
classes are marginal.
The Penttilänranta case is
remarkably more eco-efficient
(50…75 %) and life-cycle
economical
(15…20 %)

Areal investments are
lower and both social and
environmental aspects
better manageable in
Penttilänranta Case.

- Taking the economical,
social and
environmental aspects
as a whole in areal
planning
-

- Choice of sertified
passive house
construction with good
quality management
ensuring userguidance

Figure 3. Sentence of Penttilänranta Case.
Heating systems are moving towards decentralized and smaller solutions and the use of
renewable energy sources (for example making use of wind, ground soil, water and solar
energy). As the need for heating energy decreases, large energy production companies face
the need for remarkable development programmes regarding the reduction of carbon foot print
and changes in pricing methods.
The assessment method was proven to be working and was recommended by representatives
of Joensuu to be utilized for similar kind of comparisons.

INFORMATION BASIS
Project plan of Penttilänranta 2008.
Joensuun Energia; review 2008.
Motiva. Energy consumptions and emissions of cars.
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Summary
To reduce energy consumption and CO2 emission, it is necessary to design smart buildings which
use minimum energy materials and resources. For this purpose, it is necessary to determine the
intensities of energy consumption and CO2 emission associated with building materials. Although it
is important to compare the intensities internationally from a global standpoint, there are few
studies of a comparison of the intensities with common methods. The purposes of this study are: to
estimate energy and CO2 intensities of building materials in Japan and U.S. and China using inputoutput analysis technique; to compare the intensities between Japan and U.S. The results of this
study demonstrate that Embodied energy and CO2 per unit floor area in China is high compared to
U.S. and Japan due to the high embodied CO2 of main building materials.
Keywords: Input-Output analysis, Embodied energy intensities, Embodied carbon dioxide
intensities, Building materials

3. Introduction
The increasing level of concern about environmental issues among both the general public and the
architectural community has led to a major focus on the development of environmental strategies,
such as smart buildings design to reduce enegy consumption and CO2 emissions. Therefore, embodied energy and CO2 of building materials may play an important role in the design of smart
buildings. In addition, it is important to compare these energy and CO2 intensities internationally
from a global point. Although several studies have examined embodied energy and CO2 as a result
building construction, there are few reports focusing on a comparison between nations.
The purpose of this study was to quantify embodied CO2 within the construction sector in Japan,
the United States and China and to characterize embodied CO2 of building materials in each country.

4. Methodology
CO2 emissions from building construction can be characterized as direct and indirect CO 2 emissions. Collectively, they are called embodied CO2 emissions. Direct CO2 emissions are emitted as
result of activities directly related to construction on site (for example: excavation, energy inputs
during the assembly of building materials and components on-site, plant operation). The latter are
associated with the use of energy in construction-related activities. These activities are 'upstream'
of site work in the construction procurement supply chain (for example: energy use of the manufacturing of building materials, raw material procurement, final product delivery to construction-site).
Several studies have examined embodied CO2 intensities from building construction in Japan and
China (Yokoyama et al. [1] and Sasaki et al. [2]). We cited these intensities of those studies about
Japan and China to compere embodied CO2 of building materials in each country. However, we did
additional research on data associated to building materials such as construction cost, consumption of building materials and floor area of buildings in each country. As for conducting Input-Output
analysis, we did Input-Output analysis in the U.S.
A detailed explanation of the methodologies used to quantify embodied CO2 emissions in the U.S.
is given below.
4.1

Input-Output accounts

The methodology uses U.S. benchmark Input-output (I-O) accounts for 2002. The Bureau of Economic Analysis (BEA) has released! its! benchmark input-output (I-O) accounts every five year
since 1972. These accounts provide an accurate and comprehensive picture! of! the! inner
workings of the economy, showing! relationships among 426 industries and 428 commodities. The
U.S. I-O accounts are based on the system of national accounts (SNA) and consist of a use matrix,
a make matrix, final! demand columns and value-added rows. The classification of industries in
the 2002 benchmark I-O accounts was based on the 2002 NAICS.
Table 1 show number of sectors in the I-O accounts in each country. Number of sectors in the I-O
table in China is less than numerous than the other counties because we did I-O analysis of Chinese I-O accounts using regional I-O tables.
Table 1 Number of sectors in the I-O table in each country

4.2

Country

X row x Y column

year

The United States

426x428

2002

Japan

517x405

2000

China

30x30

2000

Direct CO2 emission intensities

Direct emissions are emissions that are calculated using primarily energy data collected for each
subsector. However, I-O tables don't have tables that have information about consumption of materials including fossil fuel. Therefore, we need to estimate consumption of fossil fuel. A summary
of the date that we estimate is presented in Table 2. This indicates sources of sectoral fuel consumption.
The direct emissions intensities can be represented by equation 1.

!! !

!"!"
                         !!!
!!

Ei: Direct emissions intensities of subsector i
CO2i: Quantity of CO2 emissions from subsector i [t-CO2]
Xi: Output of subsector i [yen]
4.3

Embodied CO2 emission intensities

The direct requirement coefficient matrix of the U.S. I-O tables was used to evaluate the direct I-O
energy intensity and the Leontief inverse matrix used to calculate the total domestic energy intensity. This methodology estimates domestic I-O indirect energy and emissions intensities since the
U.S. I-O tables do not account for imported goods and services.
Our basic I-O model is as follows. Assuming a competitive imports structure, we get

! ! ! ! !!

!! !

! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

where
X is Domestic production (yen/year)
Ad is I-O coefficient matrix which represents input coefficient that are domestically produced
Yd is the vector of domestically-produced final-demand products and exports (yen/year)

The domestic production X, calculated by inputting Y (1 million yen; 125 yen=1 dollar in 2002)
shows the ultimate domestic production including the repercussion effect. Environmental load can
be calculated by multiplying the domestic production X by the calorific value or the CO2 emission
value of various fuels, or alternatively the environmental load unit per value of production in various
industrial sectors.

Table 2 Sources of data on fossil fuel
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5. Results and analysis
5.1

Embodied CO2 intensities

Table 3, 4 show embodied CO2 intensities associated with building construction in U.S. and in
Japan respectively. These tables show embodied energy and CO2 intensities by input of each subsector to a million yen. These intensities are subsectors related to building construction. This table
were listed embodied CO2 as purchasers’ prices in descending order of high to low in top 20 subsectors of input cost to the building construction sector.

From table 3 and 4 it can be seen that Electric power generation and transportation sector are particularly high in both countries. In manufacturing sector, ceramic and clay product industry such as
cement and lime and gypsum products ranks higher in both countries.
Table 3 Embodied CO2 intensities in U.S. associated with building construction

Subsectors

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Electric power generation, transmission,
and distribution
Cement manufacturing
Truck transportation
Fertilizer manufacturing
Steel product manufacturing from purchased steel
Lime and gypsum product manufacturing
Asphalt paving mixture and block manufacturing
Asphalt shingle and coating materials manufacturing
Sand, gravel, clay, and ceramic and refractory minerals mining and quarrying
Ready-mix concrete manufacturing
Rail transportation
Plastics pipe and pipe fitting manufacturing
Stone mining and quarrying
Mineral wool manufacturing
Paint and coating manufacturing
Polystyrene foam product manufacturing
All other crop farming
Concrete pipe, brick, and block manufacturing
Coating, engraving, heat treating and allied
activities
Other concrete product manufacturing

Embodied energy
(MJ / million yen)
PurchaProducers’
sears’ priprices
ces

Embodied CO2 (kg-CO2 /
million yen)
Producers’
prices

Purchasers’ prices

909,284

909,284

72,871

72,871

375,057
349,802
458,052

293,623
349,802
379,889

30,756
22,708
24,739

23,934
22,708
20,543

234,761

225,257

15,963

15,316

232,000

183,296

18,361

14,386

180,834

150,847

13,290

11,074

168,112

142,092

12,507

10,503

66,837

156,195

5,011

10,486

167,337
128,079
201,280
62,793
145,920
114,367
135,949
107,612

128,012
128,079
138,654
128,315
139,239
97,107
113,942
101,444

11,690
8,827
12,812
4,622
8,881
9,896
8,827
7,537

8,938
8,827
8,824
8,662
8,475
8,370
7,397
7,101

124,970

94,662

8,656

6,517

82,808

81,780

5,641

5,571

94,744

81,470

6,279

5,391

Table 4 Embodied CO2 intensities in Japan associated with building construction

Sectors
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

5.2

Gas supply
Electric power generation, transmission,
and distribution
Cement manufacturing
Steel product manufacturing from purchased steel
Truck transportation
Transit and ground passenger transportation
Copper products manufacturing
Other concrete product manufacturing
Ready-mix concrete manufacturing
Transit and ground passenger transportation (taxi)
Glass product manufacturing made of
purchased glass
Ceramic product manufacturing
Sand, gravel, clay, and ceramic and refractory minerals mining and quarrying
Lime and gypsum product manufacturing
Stone mining and quarrying
Flat glass and double glass
Metal tank manufacturing
Ornamental and architectural metal products manufacturing
Concrete pipe, brick, and block manufacturing
Coated and laminated paper

Embodied energy
(MJ / million yen)
PurchaProducers’
sears’ priprices
ces
426,971
426,971

Embodied CO2 (kg-CO2 /
million yen)
Producers’
prices

Purchasers’ prices

23,859

23,859

306,093

306,093

22,089

22,089

347,970

238,787

30,249

20,633

169,451

149,554

14,694

12,962

159,150

159,150

10,876

10,876

148,087

148,087

9,940

9,940

114,401
111,405
92,890

94,763
82,097
69,151

9,819
8,157
7,518

8,125
5,995
5,566

87,671

87,671

5,465

5,465

90,196

70,194

6,521

5,068

95,854

70,498

6,544

4,812

63,498

69,218

4,374

4,734

66,535
62,864
66,639
54,008

52,411
57,645
52,790
47,653

5,364
4,372
4,911
4,397

4,201
3,983
3,881
3,871

51,497

47,348

4,168

3,827

61,637

46,601

4,971

3,723

60,038

51,113

4,371

3,711

Embodied CO2 in the building work sector

Embodied CO2 in the building construction sector used to derive the embodied CO2 intensities are
presented in Table 5. It can be seen in Table 5 that total embodied CO2 from construction sector in
China is highest followed by U.S. and Japan and percentage of embodied CO2 in domestic CO2
emission in China is particularly higher than the other countries.

Table 5 Embodied CO2 from building construction sector
Embodied CO2
(Mt-CO2)
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Percentage of Embodied
CO2 in domestic CO2 emis
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5.3

Comparison of per unit floor area

3.3.1 Building cost
Building construction costs per unit floor area are presented in Table 6. There isn’t so much of a
difference between residential and nonresidential buildings cost per unit floor area in both Japan
and China. However, nonresidential building cost per unit floor area in U.S. has 1.5 times residential building cost. The exchange rate in 2000 is 1$=8.28 Yuan=107 Yen.
Table 6 Total building construction cost in each country

CH

Nonresidential buildings
 US
JP
CH

7,834



19,405

13,622

1,345 

133
145



Residential buildings


Total construction
cost (billion yen)
Floor area of buildings (million sq. m)
Cost9thousand
yen/sq. m:

US

JP

31,115

22,305

312

125

100

179

6



Total




US

JP

CH



50,519

35,926

12,360

70

475 

445

194

1,820

195

7

113

185

7

4,526

3.3.2 Consumption of building materials
Table 7 shows consumption of building materials per unit floor area in U.S. and Japan.

Table 7 Consumption of building materials per unit floor area








Residential building
US

JP



Nonresidential building



US

JP

Steel products

kg

26

58

50

74

Cement

kg

35

19

21

20

9Ready-mixed concrete:

1000cu. m

358

213

107

332

9Concrete products:

1000cu. m

2.2

0.3

3.5

0.4

kg

1,190

102

0

98

Plaster and gypsum board

1000sq. m

1,790

1,900

690

1,660

Timber

1000cu. m

146

202

72

45

Plywood and veneer

1000cu.m

27

11

35

Concrete

Sand and Gravel

40 

3.3.3 Embodied energy and CO2 per unit amount of building materials
Table 8 shows embodied energy and CO2 per unit amount of building materials in each country. It
can be seen in Table 9 that embodied energy and CO2 per unit amount of steel products, aluminum
and cement in China are the highest figures in three countries. That figures in China have 1.4 to
4.6 times that in U.S. and Japan.
Table 8 Embodied energy and CO2 per unit amount of building materials
Building materials

Unit

Embodied energy
9<;/Unit:





US

JP

CH

Steel products
Aluminum
9including aluminum reclamation:

t

21,364

16,528

t

26,162

Aluminum products

t

Copper
Cement
Ready-mixed concrete
Sand and Gravel
Plaster and gypsum board
Flat glass

Embodied CO2
9kg-CO2/Unit:
US

JP

CH

41,058

1,453

1,432

4,030

10,201

42,380

2,054

840

3,910

22,986

36,234

-

1,314

3,024

-

t

7,448

7,096

-

499

547

-

t

3,126

2,141

4,508

255

185

420

cu. m

1,462

1,130

-

102

91

-

t

244

175

-

16

12

-

sq. m

53

57

-

4

4

-

20,437

18,740

13,707

1,098

1,378

1,270
-

t

Lumber

cu. m

829

781

-

57

54

Plywood and veneer

cu. m

1,858

1,583

1,267

126

112

115

3.3.4 Embodied energy and CO2 per unit floor area
Embodied energy and CO2 per unit floor area arising from intensities and statistics is presented in
Table 9. Embodied energy and CO2 from whole building construction in China are particularly high.
Embodied CO2 in China has 1.5 and 1.8 times that in Japan and in U.S. respectively. This is re-

sponsible for high embodied CO2 of main building materials such as steel products and cement
shown Table 8.
Table 9 Embodied energy and CO2 per unit floor area




Embodied energy
9<;/sq. m:
Embodied CO2
kg-CO2/sq. m

5.4

Residential buildings
US

JP

4,238

4,253

292




316 

Nonresidential
buildings
US

JP

4,255

5,380

290

Total




407 

US

JP

CH

4,243

4,568

6,047

292

349

522

Discussion

Embodied energy and CO2 intensities in U.S. are calculated using Input-Output analysis
techniques and are contracted with that in Japan. As a result, the electric power generation and the
transportation sector are particularly high in both countries. In manufacturing sector, ceramic and
clay product industry such as cement and lime and gypsum products ranks higher in both
countries. As for figures of embodied CO2, main building materials intensities for cement and steel
products are similar at about 30,000 and 16,000(kg-CO2/million yen). However, the electric power
generation and the truck transportation sector in U.S. have 3 and 2 times those in Japan.
Although national CO2 emissions in U.S. were highest in three countries, embodied CO 2 in the
construction sector in China has the highest figure and percentage of embodied CO2 compared to
the other two countries. The construction sector’s percentage of embodied CO2 in domestic CO2
emissions in U.S. and Japan are 5.4%(318 million tonnes of CO2) and 16.1%(199 million tonnes of
CO2). However, percentage in China is 25.7%(950 million tonnes of CO2).
Japan was the most expensive building cost per unit floor area in three countries. In contrast,
figure in China is particularly low and has 0.04-0.06 times those in the other countries.
In concrete products, there are significant differences in the amount of building material per unit
floor area between U.S. and Japan in both residential and nonresidential building. Consumption of
concrete products in U.S. has 7 to 9 times that in Japan. High percentage consumption of concrete
products can be expected to shorten the building work period and to need fewer building workers.
Consumption of steel products in Japan has 1.5 to 2 times that in U.S. Earthquake-resistant design
contribute to high consumption of steel products in Japan.
Chinese embodied CO2 of main building materials such as steel products and cement is
particularly high. Although steel products in U.S. and Japan are similar at about 1,400(kgCO2/tonne) and cement in those is 255 and 185(kg-CO2/tonne) respectively, figures in China are 2
to 3 times those in U.S. and Japan.
Embodied CO2 per unit floor area in China is high compared to U.S. and Japan. Although figures in
U.S. and Japan are 292 and 349 (kg-CO2/sq. m) respectively, figure in China is 522(kg-CO2/sq. m).
This is because of the high embodied CO2 of main building materials in China.
Although several studies have examined embodied CO2 caused by building construction, there are
few reports focusing on a comparison of embodied CO2 in the world. In this study, we compared
embodied energy and CO2 emission of building materials with three countries. This is an initial
study about decreasing CO2 emissions associated with building construction by using building
materials that emit low levels of embodied CO2. The general public and the architectural
community are encouraged to use building materials of low embodied CO2. They should be made
more aware of how much embodied CO2 of building materials in each country.

6. Conclusion
In this study, the embodied energy and CO2 emission associated with building materials in Japan,
U.S. and China were analyzed. The following conclusions can be reached:
•

The electric power generation and the transportation sector are particularly high in both
countries. In manufacturing sector, ceramic and clay industries such as cement, lime and
gypsum products rank higher in both countries.

•

Compared to the other U.S. and Japan, the construction sector in China has the highest figure
and percentage of embodied CO2. Chinese embodied CO2 of main building materials such as
steel products and cement is particularly high.

•

Embodied energy and CO2 per unit floor area in China is high compared to U.S. and Japan
due to the high embodied CO2 of main building materials.

•

To reduce the embodied energy and CO2, there is a need to focus during the design stage on
reducing the amounts of materials and components used, and to select those with low energy
and CO2 intensities.
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Summary
This work spins out from a research project that approaches the energetic rehabilitation process in
the built environment sustainability’s framework, namely in historic urban areas. The criteria used
to analyze the rehabilitation of old buildings are presented, which have intrinsic characteristics
linked to the Portuguese traditional architecture, as well as the indicators to assess those criteria.
The definition of the criteria was carried out based on a characterization work of portuguese
historical areas, in downtown Coimbra district, involving data on 770 buildings. This work involved
the dimensional survey of buildings, with the elaboration of projects, the constructive
characterization, the pathologies diagnosis, with the documentary and photographic record, etc. In
this sense it was possible to perform housing, sociologic, demographic, economic, architectural,
built and public space characterization of the district. To each criterion it was defined indicators,
assessed according to three measurement levels. This methodology allows analysing the
rehabilitation strategies defined as to what was preferable to improve the building´s and urban area
sustainable performance. The assessment of each criterion provides a final score that allows
analyzing the global performance of the building. The work carried out leads to a definition and
application of an energetic rehabilitation’s assessment model to historical urban areas in Portugal,
a system based on the built environment and its characteristics.
Keywords: Sustainable rehabilitation; old urban areas; sustainable approach; energetic consume;
renewable resources

1. Introduction
In OECD countries buildings are responsible for 25% to 40% of the total energy consumption. In
Europe buildings are responsible for about 40% to 45% regarding the same indicator. In this sense
buildings were (also) a tool to accomplish the 2010 goals, namely the CO2 emission cutback in 40
million tons through the increase of energetic efficiency in new and old buildings. [1]
The reducing of resources consumption has become essential to define strategies which promoted
the sustainability of development.
This work has as main goal to define the guidelines to interventions towards the improvement of
old buildings thermal behaviour. These principles were based on the definition of criteria which
allows a better behaviour having in mind the current state and characteristics of buildings.
It’s important to analyse the implementation of rehabilitation actions confronted with the building
conservation level and its characteristics. It’s also relevant analyse the impact of these actions on
the buildings’ facades in order to grant its architectonic value and that its place in urban structure
remains intact.

2. Energetic Rehabilitation
2.1

Approach and goals

The energetic rehabilitation aims to improve the building energetic performance creating more
suitable comfort conditions, besides improving the economy and the rational consume of energy.
It’s possible to classify the interventions in this area according to four types of actions: increasing
of thermal resistance (reducing U value); controlling air infiltrations; using passive solar
technologies and improving the efficiency of energetic equipment and systems. These actions can
be implemented according to several solutions which are following presented as well as
contributes to the elaboration of an analysis about its application in old buildings. [2]
Beyond the improving of constructive performance at the building use level it is also important to
refer that its lower impact will lead to other benefits as the lower emissions of GGE or reduction of
consumption of non-renewable resources to the energy generation.
Portugal presents, along the recent years, a steady increasing of energetic consume in the
housing building sector which was responsible for about 16% of the total energetic consume in
2010. Figure 1 presents the energetic consumption in the interior of housing buildings as a result of
the activities developed by occupants. [3]
Others
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Figure 1 Energetic consume of housing buildings
The heating and cooling of interior environment are responsible for about 17% of consumption as
well as the lighting for 12%. These elements are directly related with the design and construction
quality, mainly in a country as Portugal which presents a temperate climate characterized by
extreme temperatures only in short periods along the year (a few months in the summer and
winter). The assessment system proposed is based on the evaluation of these elements and also
in the analysis of energetic quality of installed equipment in the housing building (having in mind
the energetic efficiency label and the ecological label).
2.1.1 Reinforcing the building envelope
Increasing the resistance of the building envelope will avoid thermal exchanges which are
responsible for decreasing the building performance due to thermal losses. The reinforcing can be
done through the increase of isolation in building’s exterior elements like walls, roofs or glass
surfaces. [2]
The increasing of the walls resistance might be carried out with solutions applied in the exterior,
interior or in the middle, the latter one in cases where there's an air layer available. The application
of these systems in old buildings has been contradictory due to some incompatibilities problems
such as, for example: the exiguity of interior spaces, the type of coating materials and the building
characteristics. In this sense, it must be considered some elements as:
! Exterior isolation – these buildings are typically characterized by stone walls with a great
thickness without coating materials; it’s also possible to find some solutions with coating
materials applied, namely ceramic elements or lime paintings (compatible with the stone
structural wall).
! Interior isolation – decreasing interior areas is one of the consequences of interior isolation;
in old buildings, the interior spaces already present small dimensions, some of them without
openings. This solution has the advantage of not promoting changes in the building exterior
appearance.

Isolation inside the wall – this kind of solution can’t be applied in stone walls which don’t
present an air layer in the interior to be filled.
The reinforcing might be executed at the floor/ceiling or the cover level. Using the actions
previously mentioned is a way to improve the old buildings behaviour, meanwhile is necessary to
consider which are the strategies more adapted to the rehabilitation of existent elements:
structures and coating materials made with wood in the floor/ceiling; structures made with wood
and coating with clay tiles in gable roof.
The reinforce of open surfaces allows, besides the thermal behaviour improvement through the
reduction of U value, the decrease of air infiltrations which consists in an existing problem of these
buildings due to the poor conditions of the windows. This intervention will encompass the need to
recover or to substitute damaged components, or to apply a second window adjacent to the
existent one, creating a double window.
!

2.1.2 Controlling solar gains
The managing of incident solar radiation allows controlling the levels of interior natural lighting as
well as overheating of interior environment, either through the thermal mass storage or through the
air heating. The existing ways to control will permit balancing the use of solar radiation, allowing (or
not) its incidence according to the period of the year and the need to have it (heating or cooling). It
is also important to consider the privacy according to the type of occupation developed in the
building (opening or not the building to the exterior, increasing its relation with the surrounding
environment). [4]
This control can be accomplished, for example, with the application of solar protections, shadowing
exterior devices or thermal isolation into the rolling shutters (in cases where it exists or will be
applied). The existing glass surfaces hold a wood structure, simples glass and, in some cases,
interior protections with wood. The solutions presented to reinforce openings are achievable,
meanwhile applying rolling shutters or exterior devices for shadowing (overhangs or others) must
be carefully analyzed and justified, besides the fact that they must be adapted to the building and
surrounding environment.
2.1.3 Passive solar technologies
The use of passive solar systems for heating or cooling consists of options which must be carried
out at the design stage and are closely connected with elements like the housing surroundings, its
solar orientation, the materials and solutions applied during the design process. At the
rehabilitation context applied to old buildings, the use of passive solutions turn out to be the main
challenges, namely by the urban mesh that typify the areas where these buildings are located or
the narrowing streets and buildings side by side. [4] [5]
The solar radiation incidence becomes very hard as the ventilation in some interior spaces, both
because the surrounding conditions and the interior organization of the housing building
(rectangular floor configuration with openings in the opposite walls).
However, the mentioned difficulties might be overcome by reorganizing interior and exterior spaces,
as well as by adapting systems and solutions to allow reinforcing the building’s envelope by means
of application of shadowing devices.
The adoption of passive solar systems should be incremented, answering to environmental issues
with the buildings and with the behaviour of its elements. It's important have in mind the existing
potentialities at the level of energetic storage systems, namely the ones related with the materials
characteristics, which allows the storage due to the high thermal inertia.

3. Sustainability
The construction sustainability consists of a comprehensive concept, which involves analysis of the
building throughout its life cycle and considering all the stakeholders in the process. The energy
performance is one of these components, assuming a greater importance today due to the effects
of the GGE emissions on global warming. [5]
The concept of sustainable construction, according to Kibert, is the "creation and responsible
management of a healthy building environment based on ecological principles and effective
resources" [1]. The effectiveness of the resources depends on the efficiency of equipment and

supplies used. Effective management of resources for energy generation is a central element of
sustainable development and human activity, and contribute to the achievement of comfort in the
indoor environment.
This paper addresses the sustainability assessment only in the scope of the energy performance of
housing in the rehabilitation process. The redevelopment of the built environment was a
sustainable option, leading to the reuse of urban areas already built, often left abandoned and
degraded, instead of opting for urban expansion and creation of new built areas. [6] [7]

4. Sustainable Rehabilitation of old buildings
4.1

Definition of assessment criteria

The reusing of built environment it is a sustainability factor, however we must act to ensure that
interventions result in spaces that meet the needs of society and the urban environment, an
operation that streamlines the use of resources, providing for occupation, maintenance and
flexibility of spaces. [8]
We can summarize the intervention areas in matters of approach: i) local ii) transport, iii) resources
management (water, materials and energy), iv) use, v) indoor and outdoor environment vi) social,
cultural and heritage sustainability.
Then, considering these main areas, were defined assessment criteria for Resource Management
Sustainability – Energy. We have considered some critical factors to set the indicators to this
criterion: i) the current state of construction; ii) the prevailing conditions in buildings, iii) the
regulatory requirements related in this field, iv) the existing solutions that can be adapted and
applied to old buildings, and v) the performance levels that are intended to achieve. [9]
Taking into account these elements were then defined the criteria and indicators presented in Table
1.
Table 1 Evaluation criteria and indicators [10]
SE1 Defining minimum performance levels
SE1.1 U value
SE1.2 Performance expected / verified
SE2 Types of equipments used
SE2.1 Energetic and ecological efficiency
SE3 Types of Lighting used for interior and exterior
SE3.1 Interior lighting
SE3.2 Natural lighting
SE4 Controlling energetic consume
SE4.1 Monitoring
SE5 Use of renewable resources
SE5.1 Type of systems
SE5.2 Monitoring the energy save
SE6 Strategies to maximize passive solar potential
SE6.1 Evaluation of solar passive potential and systems used

The identification of criteria and indicators allows guiding interventions by identifying sensitive
spots. The definition of levels of measurement, discussed in the following section, allows
technicians to meet the expected performance and the improvements that can be implemented.
4.2

Indicators and measuring levels

The definition of levels of measurement to the proposed indicators results of the analysis of
possible improvements to meet the conditions of buildings, regulatory requirements and the
possibilities of changing attending to the materials conservation and to the available techniques. In

this sense, we determined some improvement actions as part of energy rehabilitation and,
afterwards, we analyzed the behaviour of some buildings, before and after the interventions. This
method allowed us to assess levels of potential and actual improvement over the existing fabric
and to the current requirements in terms of interior comfort.
Table 2 shows the levels of measurement set and the score given to each of them. The
assessment A is equivalent to the lowest value of the scale, and, therefore, assigned with a
negative score. This method aims to analyze the behaviour of buildings and improvements
resulting from interventions; however it’s only a methodology of analysis and is not intended to
penalize. Penalizing rehabilitation initiatives of degraded buildings, at least at this early stage,
could discourage interventions and leave these urban areas to a condition of abandonment for a
longer period. [10]
Table 2 Measuring levels of indicators

SE1

Assessment Grade Defining minimum performance levels
SE1.1 U value

A
-3

U < U reference
values*

> 10% and < 30%

>30%

> A (Energy label)

Ecological label

CFL** / Halogen

LED***

Open surface area >
RGEU

Glass surfaces
oriented to
South

Same

< 20% Annual
energetic consume

> 20% Annual
energetic
Consume

No use

< 40% Energy
produced with
renewable

No contribution

< 40% energy save

Performance expected /
Inferior of 10%
Verified
SE2 Types of equipment used
Energetic and ecological
< A (Energy laSE2.1
Efficiency
bel)
SE3 Types of Lighting used for interior and exterior
Incandescent
SE3.1 Interior lighting
light
Open surface
SE3.2 Natural lighting
area =
RGEU
SE4 Controlling energetic consume
Monitoring the energetic
Consume

SE5 Use of renewable resources
SE5.1 Type of systems
SE5.2 Monitoring the energy save

C
3

U < U maximum
values*

Same

SE1.2

SE4.1

B
0

SE6 Strategies to maximize passive solar potential
Evaluation of solar passive
SE5.2 potential and systems
No use
used
* Defined by the Code for Evaluation of Thermal Building Behaviour
** Compact fluorescent light bulb
*** Light-emitting diode

Glass surfaces
correctly oriented

> 40% Energy
produced with
renewable
> 40% energy
save
Use of other
passive solar
systems

Limit

According to Table 2 we can see that some levels of measurement are directly related with
mandatory Codes, as for example the case of the U value. The assessment depends on the
conversion of current values, usually much higher than the maximum possible, to new, lower,
values or, in the case of more profound improvements, below the reference values that can be
interpreted as a performance suggested by the Code.
In other cases, the assessment depends on the energetic label implemented at EU level and that
allows knowing the equipment performance. In addition to implementing improvements in the
construction, it is essential that a deeper concern involves the use of housing; in this sense we will
need to assess the performance of the equipment used since they also accrue to the final energy

consumption.

5. Application Example
Using two landmark buildings, as an example of the type existing in old urban areas, it was
possible to apply the model and define the performance graph of each one. One of these buildings
is illustrated in Figures 2 and 3.

QT
SL

SL

CM
IS

IS

CZ

CZ

IS

0 Floor

AD

Piso 0

A

SL

1st Floor

Piso 1

Piso 3nd

2

Floor

QT
QT

IS
CZ

Piso 4

3rd Floor

Sotão

4th Floor

Cobertura

Cover

Abbreviations: CM – commerce; AD – storeroom/storage; IS – toilet; CZ – kitchen; SL – livingroom; QT – bedroom.

Figure 2 Plants of one of the buildings
According to Figure 2 it’s possible to understand the type of organization of spaces, as well as the
volume of construction. The buildings are mostly side by side, which means that only two facades
are free and possess glazing (usually in the lower facade). In some cases there are interior
compartments without lighting or natural ventilation. This housing is an example of the type of
buildings located in old areas: although there are features and materials specific to certain regions
of Portugal, the shape and internal organization are similar.

Alçado Nordeste
Front
view

Alçado Sudoeste

Back view

Slice
Corte A

Figure 3 Buildings’ images
For the application of the criteria it was required to mediate some intervention actions that would
allow improving the energy performance of the building. In this sense there were taken two actions

that are described in Table 3. The solutions were defined by considering aspects such as
maintenance of existing materials, safeguarding of exterior characteristics in order to not affect the
image of the urban area, improving thermal performance without prejudice to other aspects such
as indoor air quality or the occurrence of anomalies currently observed (eg interior moisture).
Table 3 Description of intervention solutions adopted
Element

Intervention

- Exterior walls
- Walls between
buildings

Application
of
isolation in the
interior

- Glazing

Application of a
second frame

Advantages
- U value reduction;
- Prevention of anomalies arising from
infiltration;
- “Cool surfaces” effect reduction
U value reduction;
- Prevention of anomalies arising from
infiltration;
- “Cool surfaces” effect reduction;
- Higher security level

Disadvantages
- Turn null the benefits
of thermal inertia

- Impact of the image of
the building

Starting from the application of criteria it was possible to assess the improvements implemented
with the proposed actions. In the previously presented building it was possible to improve the
performance of the criteria according to Table 4.
Table 4 Assessment after interventions
Grade attributed after interventions:
SE1 Defining minimum performance levels
SE1.1 U value
SE1.2 Performance expected / verified
SE2 Types of equipments used
SE2.1 Energetic and ecological efficiency
SE3 Types of Lighting used for interior and exterior
SE3.1 Interior lighting
SE3.2 Natural lighting
SE4 Controlling energetic consume
SE4.1 Monitoring
SE5 Use of renewable resources
SE5.1 Type of systems
SE5.2 Monitoring the energy save
SE6 Strategies to maximize passive solar potential
SE6.1 Evaluation of solar passive potential
and systems used

C (3)
B (0)

SE1.1
4

SE6.1

B (0)

3
2

SE1.2

1
0

B (0)
B (0)
B (0)
B (0)
C (3)

-1

SE5.2

SE2.1

-2
-3

SE5.1

SE3.1
SE4.1
Minimum

SE3.2
Achieve

Maximum

B (0)

The results allow verifying the performance of the building in terms of sustainability in energy
resource management. Some criteria are measured in terms of improvements implemented while
others result from the application of solutions with improved performances.
By applying the same criteria to a set of buildings it permits to analyze the performance of different
buildings. The existence of standards of measurement, according to the constructive reality of the
old areas, can direct interventions in relation to expected performance and to the solutions that are
assessed.

6. Conclusions
The old urban spaces are part of the built environment and cultural heritage of cities. These areas
are now characterized by degraded buildings and, in many cases, abandoned. The construction of
new urban areas that promote the use of non-occupied areas and the consumption of resources by

contrast, rehabilitation is a tool that allows urban renewal benefits, such as:
! Built urban areas use, without the occupation of new areas;
! Reuse of existing structures, with a lower resources consumption;
! Urban image recovery;
! Community and social relations strengthening;
! Mixed poles according to the existing typology and organization (mixed uses by tradition);
! Economy and tourism stimulation;
! Urban mobility improvement.
These benefits are central elements in the overall strategies of development and sustainable
construction and can be recovered through the retrieval of these urban areas. The relationship
between the site and construction is one of the factors that are lost over time and because of
technological advances. The mastery of technologies that meet the comfort with the use of
equipment was one of the reasons that motivated some contempt by the relationship between
environment and building.
The proposed changes by sustainable development concept will require the adoption of
rehabilitation strategies defined for a larger scale than that of the building, each intervention should
be considered in context. The buildings belong to the place and should be seen as active elements
in the process of coexistence in which human activity takes place.
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Summary
Education has a vital role in creating a fair and just society, building strong communities and
developing knowledge based economy. Education is the route to equality of opportunity for
communities and is able to release people potentials’ not only during their time at school/university
but also throughout their working lives [1]. Learning is an act of receiving and processing
knowledge. Such an act does not always occur intentionally. But whether consciously or sub, one
learns even while proceeding with familiar and daily tasks. In his/her act of knowledge intake, the
learner opens mind and senses to income. And as the mind translates and processes, the senses
absorb the context; environment and condition. Thus, the very nature of the learning material is
positively or negatively affected by the learning environment, as the material cannot be separated
from its context. True, one sometimes learns in implausible conditions. Maybe even the more
severe the accompanying sensual intake, the clearer the learning material is perceived. Yet, such
painful learning is an exception that although might be memorable, but inhibits and discourages
future revision and learning as the experience itself is cumbersome.
Learning in the 21st century requires new spaces that connect school, home and community
learning, increasing flexibility and supporting learning outside the boundaries of learning spaces
and beyond the conventional learning time. As a critical approach, the paper proposes Key
performance indicators (KPIs) and priority setting that can be used as an approach to design
sustainable innovative Adaptable Eco-class (AEC) model - as the fundamental unit of learning
space - where the learning experience is student centred, creative, but also systematic. This Ecoclass model should reflect on the following concepts; Learning environments that are not just fit for
purpose but are “fit for future” in terms of condition, suitability and sufficiency; Learning
Environments that are Good, flexible, sustainable, value-for-money design; Well-designed learning
spaces inspire creative, productive and efficient learning; Enhancing people’s health and well being
and strengthening the communities they serve; Learning environment which is flexible and
responsive to future changes in demand and in learning & teaching.
School buildings have a crucial part to play in helping not only to raise educational standards, but
also the community standards and the whole society. Generally, there are many poor school
buildings which have high running costs and do not provide the learning and working environments
needed today. There are also many school buildings that, while functioning well, are not interesting
places for children or adults to be in. The paper therefore, seeks new ideas for school design that
offers an opportunity to transform and develop the educational built environment with reference to
Egypt.
Keywords: Sustainable learning environments, Fit for Purpose, Key Performance Indicators (KPIs),
Eco-class, Learning Spaces, Future of Egyptian Schools.

1. INTRODUCTION
Among developing countries, Egypt appears to be in a good position to benefit from equitable
education-led growth. It has managed throughout the post-war period to make substantial public
investments in education, with a healthy emphasis on full and equitable access. However, the
increase of pupils' numbers in educational facilities, mostly schools in its classical essence, has
been both welcome and problematic. Besides, the high density rate in the classrooms, the long
and compulsory educational duration of nine years, the phenomenon of multiple schooling shifts,
the non-existence of schools in many regions, and the deteriorating condition of the existing school
buildings, are all factors which have created an urgent need for searching new ways and concepts
of schools. [2] Conversely, raising educational standards is one of the government's top priorities,
and this is reflected in the current increases in capital investment in schools taking place [3]. To
ensure this is put to best use, the research needed to test out new ideas and construct a vision of
how these educational environments should be designed in the future.
As buildings last a long time it is important they are of a sustainable design. Sustainability is
defined by the World Commission on Environment and Development as “meeting the needs of
today without compromising the ability of future generations to meet their own needs” [4]. This
paper is tempting to propose learning units in optimum conditions to provide for and adapt guiding
ideas for a sustainable stimulating learning environment in Egypt. An atmosphere that is
comfortable through generous lighting and ventilation, appropriate furnishings and wide flexible
zones should define the experience of such space.
Essentially, the classroom is the basic unit of the educational environment for a learner and his
physical and emotional state. The paper also focuses on the classroom environment which
stimulates learning in a positive manner. However, classrooms that offer over-stimulation could be
just as repulsive as that display none. In Egypt, the classroom - away from theoretical lavished
models - is much harsher and poorer in its larger remit [2,4]. Successful elaborate models would
fail, not to any fault of their own, in a teaching environment where computers and such apparel are
sparse, and if found are prized and actually not put to any use.
Though the conceptual long-term aim of educational facilities entails the rooting of correct moral
behaviours and the spawning of productive intuitive adept pupils, the specific objectives are the
building stones by which this primary aim will be eventually accomplished. These objectives
include:
- Enveloping equally accessible learning zones that are continually adaptable to variable
learning functions and site conditions.
- Developing and positively stimulating the learning process, pupil behaviours and interaction
techniques. The effectiveness of the applied techniques - whether spatial or ecological - will
encourage the development of productive and interactive learning processes.
- The architectural style/identity and orientation will take advantage of the local environment to
familiarize the users with the unit and the local abundant materials all while construction
techniques shall be incorporated.
- Envisions for a new Eco-Class; flexible, sustainable, modular and futuristically oriented.
- Providing a flexible, modular and zoning of activities, while provide a sustainable design for
form and materials, and the encouragement of indoor-outdoor interaction through controllable
enclosure of the Eco-Class's zones.
Successful, as they should theoretically be, they will be genuinely difficult to apply in the majority of
local communities. It would be imperative to address present conditions and applicable solutions to
eventually aspire to refined models of learning environment. The product of that gradual propelling
of the educational process will contribute to realizing convenient spaces that could later aspire to
achieve the long-term educational moral standards.
Learning spaces – such as Kindergartens, schools, universities, research centres, etc. - are
complex spaces where acquired skills, knowledge, and culture are taught, shaped, encouraged,
transformed, and then positively or negatively experienced. Notably, regional deficiencies in
Middle-East and Egypt regarding education and learning quality, facilities, and economical factors

lack research for development. Therefore, the specific scope of this study, the classroom is
handled as the enclosing environment in which the learning process takes place. All surrounding
stimulate directly affect the pupil and define the nature of the learning experience as a whole. The
objective of study, therefore, is to design the most encouraging learning space/classroom for the
Egyptian environment. This objective entails the manipulation of all design elements within the
context of the classroom to serve the function of learning in the most efficient manner.
Subsequently, it was inevitable to address concerns of functional requirements, ecological
measures and economical efficiency. These subsidiary objectives are prerequisites to successfully
manifest a dynamic, adaptable and pleasurable learning classroom environment; our main
objective. That said, it must be noted that the regional and local environment of the learning space
is an active agent in all mentioned prerequisites. But rather than being a prerequisite itself, the
surrounding local environment acts more as an established background upon which the
prerequisites must fit in accordance with, and use the utmost of. Thus, the specific environmental
conditions in Egypt inherently affected the overall design process as an underlying common
element.
The current climate in governmental schools in Egypt is one that requires change and
development. The Government needs to put forward a vision that is 20 years overdue now of high
quality, forward-looking school accommodation that will improve opportunities for students and
produce a competitively skilled workforce for the 21st Century [5]. The current activity and the
Government’s ambitions to re-think schools as resources for the whole community offer significant
opportunities to the building industry and stakeholders of schools. However, to date, the vision of
designers, architects and educators has not been matched by a similar level of innovation from the
building industry, with the result that many projects are failing to live up to the ambitious agenda set
at the beginning of the tender process. Unfortunately, school interior design and layout often
receives little consideration within overall project management, and detailed specification of class
layout, furniture and equipment is often extremely vague. This has led to the selection of poorly
designed or inappropriate products. Now is the time to make a change. Classroom layout does not
have to be stuck in the post war era. We call on architects, designers, manufacturers, teachers,
students and other stakeholders to work together to create adaptable learning environments which:
• support the widest range of teaching and learning strategies, are efficient and sustainable
• safeguard the well being of children
• Remove barriers to concentration, communication and information.
• strengthens the communities they serve;
• Are flexible and responsive to future changes in demand and in learning & teaching.

2. Conventional Classrooms and Traditional Assumptions
“Many school administrators and planners are
unfamiliar with the unique learning needs and
interior
design
principles
for
learning
environments” [5].
For many people, the public image of education
is the classroom: school talking, with students
intently listening and taking notes. The
classroom is defined by Egyptian Government as
"a closed room or space, designed and equipped
for certain numbers of pupils in which theoretical
classes are taught and learning and educational
lessons are conducted” [6]. Pupils’ progress
toward a degree is measured by time spent in
these classrooms. The daily pulse of a school is
largely dictated by the classroom schedule as
bells ring and the halls fill with pupils and school
rushing to the next class. Many educators,

Fig. 1 The factory model, Adapted from "Anne
Taylor, 2009"

however, argue that such classrooms are largely ineffective as learning environments and they
should not continue to be built [7].
Classroom design has a profound impact on the success of students and teaching staff of any
school. But classroom design is plagued by numerous issues: lack of awareness of the problem,
ignorance of possible solutions, inadequate feedback from students, and budget constraints. All
learning environments must be designed to maximize student engagement and face similar
limitations [8]. Therefore, an innovative personalized instruction program’s needs to challenge the
existing conventional classrooms.
Before such program, there are some improper traditional assumptions about what classrooms
should look like. However, some of these views are challenged by advances in learning theory,
which emphasize the active construction of knowledge by the learning depicted in Figure 1:
- Learning is an individual activity that only happens in classrooms, at fixed times.
- A classroom always has a front. It should encourage privacy and the removal of distractions.
- Students will misuse or even abuse expensive furnishings.
- What happens in classrooms tends to be the same from class to class and day to day.
- Flexibility can be enhanced by filling rooms with as many chairs as possible.

Fig. 2 Classroom analysis and the uneven distribution of learning zones
The classroom design makes a powerful statement about how students view education. For
instance, whether a classroom has straight rows of desks or is filled with sofas and computer
workstations tells us much about how teaching occurs, how learning takes place, and to what
extent students are engaged in their studies. The uneven division of the space weakens its
effectiveness and would be unfair to pupils offering the following zones;
Zone A;
Zone B;
- Best lighting & ventilation.
• Least lighting & ventilation.
- Best access to tutor and visibility.
• Minimal access to tutor & board visibility.
Generally, educational environments that provide experience, stimulate the senses, encourage the
exchange of information, and offer opportunities for rehearsal, feedback, application, and transfer
are most likely to support learning. In addition, facilities that place a priority on improving students’
learning environments can save energy, resources, and money, but more importantly, a correlation
between sustainable buildings and improved student performance. This seems intuitive, and a
growing number of scientific studies now show the relationship between a school’s physical
condition and student performance as it is discussed more on the next section.

2.1 Teaching Strategy in Egypt
In Egypt, classrooms are usually organized in rows (presented in Figure 2) which - in most cases minimize possibilities of interaction with the tutor and among the pupils themselves. Traditionally,
teachers led in the classroom while pupils were taught in a layout of rows of desks and chairs.
Teaching styles are changing and students now get individual pathways in a curriculum diet,
learning through a variety of mediums. To support the latest teaching methods, adaptability in
layouts is desirable. Furniture should be easy to rearrange into a variety of configurations to move
from group to individual work as required. Current classroom layout and lighting does not
encourage the flexibility required to suit individual learning environments. The classroom layout
and interior needs to be designed to meet the needs of 21st Century pupils. It should integrate into
both the building design and the
curriculum.
Classroom
layouts
needs to be flexible and can be
changed or rearranged easily,
quickly and quietly, these collectively
create the essence for adaptable
designs.
The current available classroom
designs available in most Egyptian
schools is restrictive and the
consequence is that it will not suit all
the pupils who use a classroom;
they need a flexible layout that can
be adjusted to suit their varying
dimensions.
Poorly
designed
schools
are
hampering the goals and ideals for
tomorrow’s learning environments.
Fig. 3 The Triad whole-approach investigates a learning
School designs that meet the needs
space relating; Content representing the human mind,
of children, teachers and schools
Learning
Process how it is learned representing the human
and are well laid out with clear
spirit,
and the Context whole setting for learning
circulation will provide real benefits
environment
representing the human body [9].
for all. A change in direction is
needed from the current cost driven approach towards selection which understands the needs and
provides the flexibility required in today’s learning environments. It is of vital importance that all
those involved in the design, building, manufacture, selection and use of school design to work
together to make sure the correct approach is chosen for a specific learning environment. By
taking into account the whole approach provided in Figure 3 – Learning Process, Content and
Context. As shown in Figure 3, The whole -approach investigates a triad learning space relating;
what is learned (content) representing the human mind, how it is learned (learning process)
representing the human spirit, and the whole setting for learning immediate (context) representing
the human body.

3. Re-Imagining Educational Environments – A Sustainable Approach

“Sustainable buildings are prerequisite to the creation of sustainable environments in which people
will be happy to live; their needs and aspirations are met without damaging their environment or
causing problems for other communities or future generations” [10].
Approaches to education in educational settings are changing; new teaching methods and
curricula, changes in student populations, and information technology are all reshaping learning in
fundamental ways. It is, after all, one thing to create sustainable environments that support
learning. Additionally, Egypt lacks such innovative educational environments which are intensely
studied for the future generations where learning experience is pupil centred, creative and also
systematic in order to collectively pass to learners and enhance the quality of education.

3.1 Conceptualizing the Sustainable Learning Environment (SEE)

Fig. 4 Conceptual approach of the Sustainable Educational Environment (SEE) [11].
The Sustainable Educational Environment (SEE) depicted in Figure 4 is intended to help raise the
standard of education at all schooling levels and overcome the local Egyptian deficiencies through
a critical integrated approach to design, construction, renovation, and operation and formulating
appropriate design strategies at the outset. Such approach differs from the traditional design/build
process, as it illustrates a balanced integration of all building components and systems with the
education determining how they best work together.
The paper focuses at the physical setting in which learning occurs; the built, natural, and cultural
environment. This means that the entire school site, grounds included, is part of the planning and
the learning. The physical setting of the Sustainable Educational Environment (SEE) implies
habitability, culturally, ecology integrated with the user, community and environment with reference
to the Egypt.
3.2 School Building shared with the community
The design of any school - particularly in the Middle Eastern region in which it holds a great history
- learning space should display a physical representation of its culture, identity, vision and strategy
of learning. Besides, for a school to be sustainable, it must respond to the social and economic
conditions of the context within which it exists, and, similarly, these sustainable schools have the
power to bring about a change in social behaviour, leading in turn to changes in students' attitude
in the enhanced connections between the school, and its community providing sense of belonging
and interaction between the pupils and the surrounding community. Correspondingly, these cultural
values can be guided to foster innovation and engagement with new learning spaces. Architecture
and education intersect when it comes time to plan, design, build and use new learning
environments” [9, 11]. Such major values as designing school with history and place in mind and
integrating the school into the community, share the school facilities with the community,
incorporate long-term fiscal policies and will educate community about sustainability.
In Egypt, The architectural language of the schools should be modern/futuristic yet oriental,
reflecting its strong Egyptian historical roots .The below sketch illustrates the ceiling vents of the
unit that may contain slit opening to allow dynamic controlled air circulation within as the air will
enter from one side and circulate within the space to exit from the opposing side adjacent to the
court according to the prevalent wind directions and temperatures. Such shape of these ceiling
vents can provide an Egyptian identity.

Fig. 5 Conceptual school elevation (Modular Cluster formation)
The school of today and of the future no longer conforms to the traditional corridor/classroom
concept, in which long rows of similar classrooms are connected by a hallway. Rather, the new
school building is often analogous to the urban environment; it resembles a small community or
village built around a square. The square is the scene of information searching and processing,
meals, encounters and social intercourse. School is a multifunctional concept, not only a place for
teaching and learning but also a place for social interaction, both for children and adults. Outside
normal school hours, schools can become small community centres [12].
3.3 A vision of the future
Although no one can predict the future with any degree of certainty, the approach attempts to draw
a number of conceptual visions for the future AEC. "There is nothing more difficult to take in hand,
more perilous to conduct, or more uncertain in its success than to take the lead in the introduction
in a new order of things". [13]

Fig. 6 Conceptual school elevation (Modular Cluster formation)
It is crucial to account for future modifications and changes in the educational process as the
learning process is continually developing and evolving according to the technological apparel and

techniques that science achieves. The Eco-Class is to be of sustainable high-performance, great
acoustics, good environmental conditions, good natural light, good controls on the artificial light
and access to technology. It had to be able to do all these things, and be quick to deploy, mobilize,
and use intelligent production to make it affordable. Architects and designers need to understand
the changing educational requirements and apply this when planning spaces that are futureorientated, encouraging new pedagogies, connecting to local and global communities and are
sustainable and adaptable [14].
Taking such sustainable future view will allow the participants to envision where they hope to be in
the future. It shifts the process from one that serves to satisfy only pressing, detailed needs to one
that focuses on the long term benefit of the whole community and adapting to educational and
technological change.

4. The Basic Unit of SEE and the Eco-class Vision
“Nowhere else are large number of
individuals packed together for so
many hours, yet expected to
perform at peak efficiency on
difficult learning tasks and to
interact harmoniously.” [15]
Sometimes that learning occurs in
classrooms (formal learning); other
times it results from serendipitous
interactions
among
individuals
(informal learning). Space - whether
physical or virtual - can have an
impact on learning. It brings pupils
together;
it
may
encourage
exploration,
collaboration,
and
discussion. Or, space can carry an
unspoken message of silence and
disconnectedness. The power of
built pedagogy is the ability of
space to define how one teaches
[16].

Fig. 7 Exemplar Eco-class design [21]

The
Eco-Class
entails
the
manipulation of all design elements seeking to achieve the most with the least as an ambitious
undertaking approach to help improve education in one of the world’s poorest countries, Egypt.
Using indigenous techniques and materials are prerequisites to successfully manifest a prototype
for a modern, flexible, adaptable and pleasurable learning classroom environment that is uplifting
and inspiring to use; the Eco-Class vision shown in Figure 6. Whether they are possibilities or
limitations are followed to propose an Eco-design that would specifically address the local
environment's considerations. The regional and local environment of the learning space is an

active agent in all mentioned
prerequisites; but rather than

Fig. 8 Possible Eco-class environment [21]

being a prerequisite itself, the surrounding local environment acts more as an established
background upon which the prerequisites must fit in accordance with using the utmost obit. Thus,
the specific environmental conditions in Egypt inherently affected the overall design process as an
underlying common element. In addition, The Eco-Class is also to be proposed as hands-on
teaching tool for pupils to study "green "principles and learn the significance of their role in the
protection of the environment and resources. “A Sustainable School not only embraces the
concept of sustainability but is, in itself, a teaching tool for sustainability” [17].
The future sustainability of the projected Eco-Class is envisioned by its modular flexibility and
capability of changing. Such modular system embraces floor, walls and roof on a flexible plan and
can be easily assembled and reconfigured to meet the different demands of communities in Egypt.

Fig. 9 Single classroom unit, two units connected with possible common space, and two units
connected in one teaching space (optional resizable service units in blue)
The result is to establish a design
prototype through close collaboration
with the local community to create a
series of highly flexible buildings with
larger classrooms, effective ventilation
and natural light.
A key aspect of this vision is
flexibility because whatever visions of
education school buildings design
around, they will need to perform in a
very different way in a few years’ time,
and the more flexible the classroom
design, the better as depicted in
Figures 8 & 9 [21]. A flexible design
looks at ways of designing inspiring
schools that guides future decisions
and allows for changing needs and
facilitates various activities to be
accommodated
without
cost
or
Fig. 10 School cluster open plan arrangement with a
variety of partially screened and enclosed spaces [19]

inconvenience. Therefore, different forms of flexibility are considered as an attempt to envision a
stimulating and creative sustainable future of the anticipated AEC as a step forward towards the
SEE in Egypt. Flexibility in space; flexible modularly; flexible clustering and flexible to support
technologies.
The abstract learning spaces should be modulated to maximize its flexibility. The fact that one
governing module composes the whole learning cluster allows for numerous design incarnations,
spawned according to other governing site and orientation considerations. Eventually, the flexibility
of a modular zoned design will permit future sustainability. The mentioned modular units and zones
ensure that the learning space is adaptable to future concepts and design changes providing a
continually sustainable space.
Architects and educators will have to collaborate with computer programmers, engineers, and
equipment specialists to share new information and problem-solving techniques done with smart
walls, intelligent paintbrushes, tactile and facial cues, and other biofeedback systems that affect
walls windows, doors, and floors [18].
To accommodate both current and evolving users; a classroom may be used by a single teacher,
by several teachers throughout the day, or may be reconfigured through moving walls to allow for
team-teaching or multiclass projects shown in Figure 10. The need to accommodate diverse
options places a premium on the flexibility and adaptability of the classroom.
Table 1 Linking pedagogy to classroom: Exemplar organizing space furniture [20]
Learning
activity

Delivering

Applying

Creating

Communic
ating

Approach
This setting implies
clustered arrangements
directed towards the tutor
implies an arrangement
where the two individuals
are situated opposing each
other
proposes the division of the
audience or pupils into
groups where various
activities are performed and
the pupil contributes
significantly on his own to
the learning technique or
process
Centralized arrangement
where the tutor is
centralized in a circle of
pupils

Characteristics

Spatial
icon

classroom
design

Tutor controls
presentation
Focus on presentation
Passive learning
Controlled observation
One-to-one / Informal
Active learning
Multiple disciplines
Leaderless
Egalitarian casual
Active learning
research
Knowledge is
dispersed
Impromptu delivery
Organize information
Information is shared

Decisionmaking

encourages decision
making skills and abilities
for the pupils

Leader sets final
direction
Semi-formal to formal
Make decisions

As much as these specific objectives are branched from this common root, they all serve to

achieve the overall required end upon the final realization of the SEE in Egypt. These five core
organizational learning activities as discussed in Table 1 are to demonstrate an integrated
sustainable design approach offering some design aspects for tomorrow’s flexible and modular
Eco-Classes which enhance learning, conserve resources, be environmentally responsive and
engage the surrounding community. However, they differ from one location to another according to
the cultural, social, political, economic and other conditions of the region.

5. Conclusions and Recommendations
In this paper the functional basics and requirements of a productive learning experience were
addressed along with a design concept that is modularly flexible. Those were manipulated and
eventually optimized to benefit from appropriate ecological strategies that positively exploit the
environment to full potential. The basic requirements in order to sustain a learning space include
Energy efficiency, resource efficiency, and learners’ and teachers’ health.
It is indeed daunting to conceive of the ideal setting in which to raise future generations. The
attention
to
the
school's
structure
should
not
take
away
from
what is supposed to be taking place in the classroom. Yet, that is the challenge to raise learners
increasingly in organized classes outside their homes. There is a wide range of factors impacting
on the so-called Next Generation Learning Environments .Space and place have tended to take
the back seat and only really come to the fore when learning spaces become so run down or
dysfunctional that action has to be taken.
In Egypt, the decay of school facilities has required urgent action due to the rapid risen student
numbers and to the drift to private schools, the inefficiency of operating assets which in some
cases are only 50 %or less utilized, and to the insufficient environmental performance.Education in
Egypt will continue to face shortages of teachers, schools, and equipment unless the state makes
a far greater financial commitment.
The paper is to guide creatively such critical approach striking to support the link between the
education and the educational environment with reference to Egypt. Designing the learning
environment requires awareness of varying learning styles. Each person has a different intellectual
composition. Education can be improved by addressing the multiple intelligences of our students.
Howard Gardner, a professor and psychologist at Harvard University, developed a theory of
multiple intelligences that has challenged former assumptions about human competencies. Thus,
when designing an Eco-Class these former studies discuss that different pupils needs to be
considered and implemented.
As a conclusion, the design case study implements a number of high standards that would be
taken for a high-performance sustainable classroom building and applied to achieve the optimum
adaptable Eco-Class. Therefore, this AEC is to be of high-performance, sustainable, and have
good site lines, great acoustics, good environmental conditions, good natural light, good controls
on the artificial light and access to technology. It had to be able to do all these things, and be quick
to deploy, mobilize, and use intelligent production to make it affordable.
It would not be out of context to mention that other educational system revisions and refining to
curriculums would positively enrich and stimulate the educational process, and thus driving the
subsequent design revisions to facilities. Nevertheless, under current conditions such interactions
and stimulation can be encouraged by the teaching staff.
We hope that this call to action presented in this paper raises awareness of the difficulties in
selecting appropriate school design and provides a framework for moving forward. However this
research is in continuous development and will be progressing over time. The main aim is to
design, retrofit and construct new schools’ that enable greater community cohesion and school
improvement and are considered:
• Schools fit for purpose.

• Flexible curricular provision.
• Flexibility to adapt to needs of the learners of the future predicted and unpredicted.
5.1 Recommendations
Researches on education are full of disappointing findings especially about the discussion of
interaction, creative stimulation and such topics which is merely theoretical. Even the private active
space of the pupil is invaded in most contemporary regional conditions. Care and attention to
standardizing the basic functions and facilities of learning spaces should precede more innovative
design enhancements or elaboration. Such basic requirements as aesthetic acceptability and
plausibility, encouraging learning procedures and relations are absent. The application of
secondary objectives will fail without the basic primary functions fully realized first. Measures were
taken to eliminate such deficiencies in the suggested AEC presented in this paper.
It is worth noting that there is no standard policy and many public schools fall short in
accomplishing the target given by the government to educate every child. They lack in
accountability, proficiency, infrastructure and assessment. Most times, the available number of
teachers is less than the number of students, making it difficult for the teachers to pay personal
attention to each student. For the purpose of this paper these are some compiled
recommendations for development of learning spaces in Egypt.
• Till today public schools use the One-way teaching process thus, public schools may not be
able to meet the basic necessities of every student on the same level. However, teachers can
make teaching and learning interesting through innovative methods like storytelling, games,
painting and dancing. Therefore, the learning space needs to be user-friendly and user-centric,
and at the same time, it should also motivate the teachers.
• Learners have a tendency to capture new concepts. They imitate things the exact way they
see and perceive them. In today’s world, talent and competition merits are considered important.
Therefore, public schools should enforce the latest learning and teaching guidelines every year.
• Lack of Extracurricular Activities; many pupils switch to special private classes after school,
because public schools include limited activities that may not be up to the mark. Extra curriculum
activities include games, painting, religious activities, speech, gathering and workshops. They
are recreational activities that help build self-esteem, confidence and satisfaction.
• Social Problems; Social aspects play a vital role in education. Pupils may be affected
adversely by violence, race and gender discrimination.
• Problems with Flexibility; Learning spaces have no flexibility in use. Teachers find it difficult to
manage classes accordingly, thus it to them to try to creatively adapt their current classrooms.
• Environmental Problems; The shortcomings as sub-bar ventilation, lighting, and poor overall
visual contact throughout the classroom causes functional inadequacy. Many existing schools
have narrow, poorly lit corridors with low ceilings. These spaces are unattractive and lead to
congestion and, in the worst cases, behavioural difficulties, which can affect subsequent learning
time. The standard of circulation design needs to be improved.
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Summary
Cities are society’s centres of human interaction, creativity, knowledge, diversity, culture,
commerce and economic creativity. The accretion of several layers of history tends to reveal a
great deal about the city's past, present and even future. Historic city centres are usually endowed
with a multitude of historic buildings, heritage sites and the like. However, it is also these historical
centres that are most prone to the undesirable and consequential effects of growth and rapid
technological advancement, where a range of environmental and developmental challenges find
their crude expression. The rehabilitation and conservation of historic city centres serves as a
fundamental catalyst for change. Furthermore, urban regeneration of historical city centres also
promotes social interaction between inhabitants of the city, and the adoption of its urban spaces
encourages public activity. This paper scrutinizes the city centre of two historical cities which are
Barcelona, Spain and Istanbul, Turkey. Successful aspects of their ecological performance are
highlighted. The two downtown areas discussed in this paper represent the downtown of two
Mediterranean cities, and both are distinguished historical cities who have contextual similarities.
The historical city centres of these Mediterranean cities have undergone variety of projects and
strategic plans for urban regeneration, development and beautification. Moreover, various attempts
have been made for the improvement of their environmental quality and ecological performance.
This is through increases in urban green spaces and public parks, increased dependence on
renewable energy technologies (RETs) and adopting sustainable transportation modes as opposed
to undesirable and harmful vehicular transport. In essence, many urban regeneration plans have
been aimed at conserving and preserving buildings and sites that are considered symbolic of the
two cities heritage and legacy. Concomitantly, the paper presents a review of sustainability issues
related to these two city centres and analyses the strategies that have been used through various
urban regeneration projects and development plans. The paper particularly focuses on
investigating the strategic plans and attempts that have been made at urban regeneration level by
the Barcelona City Council and the Greater Municipality of Istanbul for the revitalization of their
core areas.
Keywords: Historical City Centres, Urban Regeneration, Environmental Quality, Core City of
Barcelona, The Historical Peninsula, The Greater Municipality of Istanbul, Sustainable Strategies
and Strategic Plans.

1. Introduction
In order to comprehend the nature of cities, it is essential to look back into history and identify their
beginnings, growth, development and the multiple layers time has bestowed upon them. It is
interesting to note how the historical quarters of the city tend to represent their origins. The
beginnings of most world-famous cities, such as Alexandria, Egypt, Istanbul in Turkey and
Barcelona in Spain, were originally constructed in the area that nowadays represents the historical
beginnings of these cities.
The importance of historic centres is that they serve as a place of identity, memory and belonging
[1]. Historic city centres tend to forge an urban identity for the rest of city, and for surrounding
districts to adopt. In many cases, historic districts are representative of the entire city, the result of
the outstanding multitude of historic buildings and heritage and archaeological sites, which manage
to endure time, contradicting new functions and development that take place around them, at
expeditious rates.
City centres usually tend to serve as the city's central business districts (CBDs), as they are often
referred to. This is owing to the high percentage of commercial functions, public buildings and
offices that exist within. City centres are also critical geographical units in the formulation and
implementation of sectoral policies – in water, transport and communications, energy, waste
management and construction – that will shape cities futures for better or worse. In this way, the
city centre tends to both represent and reveal a great deal about the city's economic and
environmental performance and success, thus adding notable eminence and value to it.
The necessity of generating a global action plan for proactive engagement of mayors to improve
sustainability locally, and promote the sustainable green development was promoted by the Local
Agenda 21 enshrined in the 1992 Rio Convention. This is a challenging time, when governments
need to take a step further ahead the Local Agenda 21. Cities will be central in conveying
tomorrow’s economic benefits and welfare, along with the stipulation of decent jobs and human
wellbeing within an environment liberated from the risks and threats of pollution, climate change,
resource depletion and degradation of ecosystem.
Achieving the transformative change in cities requires that we urgently integrate urban
regeneration in our planning policies, co-integrate social and cultural aspects; ecology and nature
and human economic development harmoniously. The urban regeneration projects undertaken in
the city centres of two Mediterranean cities, Barcelona in Spain and Istanbul in Turkey are
discussed in this paper, along side the changes those projects brought to their cities.

2. Urban Regeneration as a Catalyst for Change
Urban regeneration as described by Roberts [2] is, “a comprehensive and integrated vision and
action which leads to the resolution of urban problems which seeks to bring about a lasting
improvement in the economic, physical, social and environmental condition of an area that has
been subject to change”. In essence, urban regeneration intends to change the nature of a place
by involving not only residents but also other partnerships working among different stakeholders,
embracing an agenda of multiple objectives and activities. Since, Gibson and Kocabas, 2001 [3]
states urban regeneration as a holistic, comprehensive and integrated approach that embraces the
three E’s – Economy, Equity and Environment.
Urban regeneration and the conservation of historic city centres contribute largely towards
upgrading environmental quality, thus serving as a fundamental catalyst for change. Development
projects taking place in historic districts tends to attract a variety of creative economic activity and
competition, therefore, encouraging both new inhabitants and visitors to revisit and rediscover
these restored vicinities of their cities. Moreover, upgrading the physical built environment, social
fabric and urban spaces within the historical urban structure all contribute towards increasing their
adoption as places for public congregation and activity. This consequently increases social
interaction and cohesion between citizens. Furthermore, conservation and regeneration of historic
city centres tends to re-affirm residents' feelings of identity and sense of belonging.

Urban regeneration is often witnessed as an approach towards sustainability. According to Stren
and Polese [4], one of the main aims of sustainable urban policy is to "bring people together, to
weave parts of the city into a cohesive whole, and to increase accessibility (spatial and otherwise)
to public services and employment [4]." In addition, sustainable areas are those which are created
to support sustainable living, with a prime focus being placed on economic, social and
environmental sustainability [5]. This is of distinguished importance in historic districts which tend
to represent and symbolise a diverse set of ideals of the city's identity, including its history and
culture on one hand, and its local economic viability on the other.

3. Historical Background and Spatial Development
3.1 Core City of Barcelona, Spain
Barcelona city is examined in this paper as an example of Mediterranean city, a Waterfront city that
has experienced successful processes of structural, community, institutional, urban and physical
development and readjustment. The Core City of Barcelona is a relatively overlooked city, being
considered the central hub of the Metropolitan Region of Barcelona (MRB), the capital of
Catalonia, in Spain [6]. It is also Europe's largest metropolis on the Mediterranean coast. As shown
in Figure 1 below, the Core City of Barcelona is situated directly along the Mediterranean Sea. It is
bounded by natural elements in several directions; the Collserola mountain ranges to the North
and rivers Besos and Llobregat to the east and west respectively [7].
It is important to identify Barcelona as an historical city, whose urban structure has evolved over
time, until it reached the present state. The city's compact and dense urban structure can be traced
back to Cerda's 1855 Memorandum for the Preliminary Project for the Barcelona Extension where
the city began as a medieval town bounded by the sea, with a series of peripheral villages around
it, and final revised 1967 General Theory of Urbanisation [8].
However, throughout
the
20th
Century
notable development
began to take place in
a concentric direction,
one which is very
much a mark of the
1980s and 1990s
urban
regeneration
strategies of many
Fig. 1 (Left) An Aerial View of the Core City of Barcelona's
cities in the Mediterranean
Mediterranean Location. (Right) Metropolitan Rings Surrounding
region.
Observers
as
the Core City (Left: Photo Courtesy Ajuntament de Barcelona.
Warman [9] who highlighted
Right: After: Domene, E. & Sauri, D.[6], 2006, p1608.)
the
relationship
and
juxtaposition
between
waterfront
sites,
regeneration and inner city areas. “The waterfront is now a magic ingredient quenching the desire
of many companies for an environmentally pleasing workplace.” This has consequentially resulted
in the urban fabric found today; with the Core City at the centre, and seven metropolitan rings
surrounding it. This Core City currently covers an area of 159.8km² [10], and serves a population
density of 366 people/ha [11].
3.2 The Historical Peninsula, the Greater Municipality of Istanbul, Turkey
Istanbul has as many layers of history beneath the foundation of its buildings as any ancient city. It
has been the capital city of three, or perhaps four, empires, and is still shaped by the surviving
fragments of Greek, Roman, Byzantine, Venetian and Ottoman Civilizations. It has Christian
churches, Sunni Mosques, and Sephardic synagogues.

The Greater Municipality of Istanbul, or Istanbul as it is widely known, is a linear city located on the
divide between Europe and Asia. The city extends for sixty km along the Sea of Marmara, which
forms its southern boundary (Kubat, A. S). The Sea of Marmara is the inland sea that connects the
Black Sea to the Aegean Sea, as shown in Figure 2.

Fig. 2 (Left) Map of Istanbul showing the Bosphorus, Golden Horn, Marmara Sea & Black Sea
After: Joint Icomos/Unesco [13], (Middle & Right) Maps revealing the relationship between Istanbul
as an Asian and European city, and its surrounding waters
Similar to the Core city of Barcelona, the Historical Peninsula (HP) is the city's traditional and
historical centre, dating back to BC700 [12]. It also forms Istanbul's CBD. In 1985, the HP was
added by the United Nations Educational, Scientific and Cultural Organisation (UNESCO) to the
World Heritage List [13].
Istanbul was founded as a Greek colony around the Golden Horn in BC700 in the area of the HP,
and continued to expand under Roman, Byzantium and Ottoman rule [14]. By the 19th Century,
Istanbul had evolved into an urban metropolis with the main centre located on both sides of the
Golden Horn [15]. The Golden Horn, or Halic, is a 7.5km estuary, separating the HP once again
[15]. By the mid-20th Century, the CBD had asserted itself in the HP and around the Golden Horn
shown in Figure 2.
Istanbul covers a total area of 480, 577ha, with richness in topographical levels that have been
formed by hills, valleys and river basins [16]. Approximately 40% of the city's total land area is
covered in forest, comprising most of the northern areas [16]. Heavy urban expansion has
occurred in the southern areas and on either side of the Bosphorus, the result of heavy migration
that has taken place over the centuries [16]. The city's rapid and uncontrolled expansion has
overwhelmed its available ecological resources.
The Golden Horn is said to have lost its Byzantium and Ottoman magnificence, as a result of
squatter settlements that inhabited its shores during the 1950s [17]. Industrial establishments that
were set up on either side during the 1960s also increased pollution [17]. Renovation projects took
place during the 1980s in
Before
After
an attempt to integrate
both sides of the HP, and
to preserve the area's
cultural identity depicted
in Figure 3 [17, 18]. A
masterplan, under the title
'Golden Horn Culture
Valley Project' was drawn
up to replace heavy
industries
and
squatter Fig. 3 (Left) The Golden Horn before rehabilitation and (right) after
elements with recreational
rehabilitation.Photo Courtesy Dursun Ali Codur
and touristic facilities, and
twenty-two parks to improve the city's destructed green network [17].
The Bosphorus is important for separating the city across two continents. The Bosphorus is a
20km strait, who's eastern and western sides are covered with hills, the result of topographical

evolution [19]. The inauguration of the two bridges over the Bosphorus facilitated the
decentralization of the northward CBD and laid the road for other urban regeneration projects.
Similar to the Golden Horn, industrialisation and uncontrolled planning reduced the Bosphorus'
natural vegetation and exquisite scenery [19]. In addition, the Strait is one of world's busiest sea
lanes, as all commercial traffic travelling to and from the Black Sea must cross it [20].
An attempt at preservation began in 1971, with the 'Bosphorus Shoreline Preservation Act,' and
1973 'Old Buildings Act' [19]. These attempted at preserving and restoring natural landscapes and
texture, as well as historical buildings whose architecture had been distinctive for those parts of
Istanbul. These were followed by the 1983 'Bosphorus Building Act,' which enforced strict laws
concerning construction particularly in frontal areas [19]. It also prohibited new constructions on
plots of land reserved for traditional use, stating that these empty plots should be preserved as
green areas.

4. Urban Regeneration for the Improvement of the Ecological
Performance of the two Mediterranean Cities
A variety of strategies have been adopted by the Barcelona City Council, aiming at both urban
regeneration and upgrading the ecological performance of the Core City of Barcelona, which is
considered the city's historical centre. The historic urban regeneration carried out in the two
Mediterranean cities presented in this paper is studied through an analysis of six main strategies
as seen in Figure 4. However for the purpose of this papers only three of these strategies will be
discussed namely; Improvement of Natural and Man-Made Environments; Enhancing SocioEconomic Equality and Social and Cultural Sustainability.
Strategies used for Urban Regeneration and Upgrading the Ecological Performance

Improvement of
natural Improvement
of Natural & Man-Made
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Optimization of energy
consumption &
generation; Waste
Management
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Transportation
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Fig. 4 Strategies that may be used for Urban Regeneration and Upgrading the Ecological
Performance of Chosen Districts of the City
4.1 Improvement of Natural and Man-Made Environments
In Barcelona Significant growth in green areas has taken place between the years 1994 to 1998,
as part of the Region's Strategic Plan to protect natural spaces and biodiversity, and increase the
breathable areas of green spaces within the city [21]. Parks and gardens alone take up 933ha,
excluding Collserola Park, and 2,822ha if included (Ajuntament de Barcelona, 2004). This provides
each inhabitant with 6.2 m² excluding Collserola Park and 18m² per inhabitant if it is added [22].
The following table reveals increases in green spaces that have taken place between the years
1994 and 1998.

Table 1 Growth of the city's green areas between 1994 and 1998 in hectares (ha).
From: Estadistic de la Ciutat de Barcelona, 1994-1998
1994

1995

1996

1997

1998

Urban Green*

856.8

912.6

923.4

933.4

939.4

Trees Along Streets

84.1

79.0

79.8

81.0

82.4

Parks and Gardens

13.8

16.5

17.5

22.4

27.0

Total

961.0

1014.4

1027.0

1043.1

1055.1

Furthermore, being a Mediterranean city, the beaches of Barcelona are considered an integral part
of the historical city of Barcelona. For this reason, the beaches located within the Core City of
Barcelona undergo regular checks, under the Integral Management Programme for the Barcelona
Coastal Area that was set up in 2004. This programme incorporates measures such as sand and
water analysis, ecological sifting of sand and collection and recycling of waste materials found both
in nearby waters and on the beaches. Moreover, environmental audits and checks are performed
to ensure that environmental laws are strictly enforced.
A large part of the city council's commitment towards sustainability, involves protection and
improvement of public spaces within the Core City, as man-made elements integrated within both
the natural environment and the built one. Public spaces in Barcelona follow a distinct style and
tradition that date back to Cerda's planning [8]. The need for development of the Core City's public
spaces was initially recognised during the 1980s, and improvement began prior to the 1992
Olympic Games as discussed earlier in this chapter, in an attempt to transform Barcelona into the
"City of Public Space" [23]. Consequently, entire districts, such as La Vila Olimpica, where
designed, and existing urban areas such as the Raval Rambla, were further developed. The Raval
Rambla continues to stand as an important aspect of Barcelonian public space design, giving
priority to pedestrian activity, providing a meeting point and enhancing social interaction between
citizens and tourists alike.
Istanbul covers a total area of 480, 577ha, with richness in topographical levels that have been
formed by hills, valleys and river basins [16]. Approximately 40% of the city's total land area is
covered in forest, comprising most of the northern areas [16]. Heavy urban expansion has
occurred in the southern areas and on either side of the Bosphorus, the result of heavy migration
that has taken place over the centuries [16]. The city's rapid and uncontrolled expansion has
overwhelmed its available ecological resources.
Some of the most significant open spaces that can be found in the HP include the renovation
projects along the Golden Horn and the Bosphorus Straits. Those renovation projects took place
during the 1980s in an attempt to integrate both sides of the HP, and to preserve the area's cultural
identity [17, 18]. A masterplan, under the title 'Golden Horn Culture Valley Project' was drawn up to
replace heavy industries and squatter elements with recreational and touristic facilities, and twentytwo parks to improve the city's destructed green network [17].
Additions and improvements of parks and the green network along the Golden Horn can be seen
in package projects such as 'Kagithane Regional Park,' the 'Sadabat Promenade Area,' the 'Halic
miniature Istanbul and landscape project,' and several more, which have all contributed to the
increase in urban green and open spaces in the HP [17]. Despite these additions, however, each
resident of Istanbul has only 1.65m² of green space, as opposed to the optimum 10m²/person [16].
4.2 Enhancing Socio-Economic Equality
It is arguable that the success of Barcelona's economic activity and employment is related to the
Olympic Games, which were held in Barcelona in 1992 [25, 26]. The Olympic Games, as well as
the urban transformation that took place to accommodate them, has benefitted the city in many

ways as mentioned earlier. For example, the Olympic Village, located on the seafront, has helped
provide a model of sustainable urban infrastructure and services that have been used in many
areas of Barcelona. Apartment buildings constructed for the Games became quickly attractive to
potential buyers later on. Easy accessibility to public facilities, health services and disabled mobility
considerations may have been principal aspects that contributed to this. As a large part of
Barcelona's economic viability depends largely on tourism, it is essential that the city administration
both preserves and enhances valuable local resources. This is evident in measures taken by the
city administration to protect Barcelona's beaches, coastal areas and heritage sites, as explained
above.
Similarly in Istanbul, revitalisation projects aimed
at preserving the area's historical heritage, while
adding a touristic aspect to the HP's already
dense
and
multi-functional
nature
[18].
Development in the HP began prior to the
Second World War and continued to grow until
the 1980s. Demand for office space in the HP's
CBD increased during and after the 1980s and,
along with renewal and revitalisation projects, the
HP continued to grow [24]. These developments
and revitalisation projects have therefore had a
highly positive effect on the area's socioeconomic performance. Istanbul's status as
Fig. 5 Photo depicting the high densities in
Turkey's main socio-economic centre has
the historical Galata District in the HP
increased the city's urban build-up in recent
(Photo Courtesy Zekiye Yenen)
years, particularly in the HP. Both building
densities and population densities in the HP are
very high, and urban blocks are separated by narrow streets, the characteristics of early Ottoman
settlements [24], this is clearly depicted in Figure 5.
For a variety of reasons, it is difficult to determine levels of socio-equity in the HP, because of the
significant changes in population between day and night hours. Eminonu, for example, is one of
the HP's most thriving districts. The district hosts a daytime population of 2.5 million people, which
decreases to only 50,000 people at night [12]. It is noticeable, however, that the minor population
left behind at night are usually low-income workers [12]. These residents usually consist of families
with a low income, who have migrated to Istanbul from surrounding regions. Facilities that serve
these residents, including health services, educational facilities and basic social and cultural
services are found inadequate [12].
4.3 Social and Cultural Sustainability
The advantage of social and cultural activities has a vital role in providing successful result in the
competition between cities and in creating stimulating city’s image [27]. Despite a multitude of
definitions of sustainable development, (what it means and how it might be implemented) the
concept now plays a crucial role in urban policy across Europe – not just for environmental policy,
but also as a guiding principle for social and cultural policies [27]. It is the proper understanding
and interpretation of the definition of sustainability by the UN “sustainable development is
development that meets the needs of the present without compromising the ability of future
generations to meet their own needs"- the United Nations World Commission on Environment and
Development [28,29] that underpins justice in all features including environmental, economic and
political as well as social and cultural justice. This was adopted by the Barcelona government and
highlighted within the strategies they adopted for regeneration and urban development.
Contemporary official discourses in Barcelona emphasize on sustainability (with its broader term)
as one of the fundamental assets of public parks and public spaces [30]. The regeneration carried
out to transform Barcelona into the "City of Public Space" [31] discussed earlier in this paper
underpins a broad interpretation of sustainability, integrating social, political, and environmental

dimensions of sustainability. .
Having exerted several years on developing cultural sustainability Barcelona hosted the first
Universal forum of Cultures in the year 2004. The event was organised by Barcelona City Council,
the Catalan autonomous government and the Spanish Government, and was heavily supported by
186 member states of UNESCO during their 29th General Conference [32]. The universal forum of
cultures has been generated in order to mobilize societal energy for the regeneration of degraded
parts of the city and to develop higher standards of physical urban qualities. The cultural event
hosted different themes that evolved around cultural diversity, sustainable developments and
conditions for world peace. The debates and dialogues included people from all over the world with
different races, backgrounds and cultures, from international students to world leaders. Over a
period of four months hundreds of international mass events have been organised along side
those interesting debates, ranging from exhibitions to carnival parades, music festivals and other
expressions of mass communication and entertainment.
All of Barcelona’s cultural energy was efficiently mobilised to create social consensus and
momentum for a structural economic and spatial transformation. Those plans for cultural and
physical regeneration were initiated by the public sector, which in turn is actively involving the
private sectors by incentive methods and business type implementation for the regeneration plans
(Competitive Metropolises). It is thus worth noting that Barcelona City has the credit of promoting a
‘citizen oriented’ strategy for urban planning and regeneration.
Concomitantly, it was of great pride to Barcelona that the Forum 2004 turned out to be an
international arena that was a celebration of diversity, respect and coexistence, of the path that
lead to the acceptance of common values, which aspires to peace all over the world [33].
Equivalent to Barcelona Istanbul has a rich social and cultural heritage. It has being a settlement
centre during the different civilization periods, and has a distinct traditional urban pattern. One of
the main events that put Istanbul into action is preparing for the Culture Capital title 2010 with the
efforts of the Metropolitan Municipality, the Istanbul Governorship, and the 2010 European Culture
Capital Coordination Board. The city has been transformed into a city of tourism with conventions,
fairs, cultural events, art, and sports activities. Racing with the world’s renowned capital cities in
these fields, Istanbul has leaped to the 17th position, up from 49, in tourist conventions in the last
couple of years.
Renewing its infrastructure in conceivably all fields, Istanbul has been applauded loud for its
successful hosting of international organizations, such as the Champions League Football Final
Match, Formula 1, Moto GP, and the Red Bull Air Race. Among other social policies implemented
are increasing basic education level and the number of schools in the area.
It is worth noting that Istanbul opportunities lie in the existence of its coastal and culture potential
that is manipulated by the Metropolitan Municipality as a tool for economic revival.

5. Discussion and Conclusion
‘Urban regeneration’ has become the ultimate urban policy since the 1990s. It is in this period
when strategic and comprehensive planning approach in urban planning has started to be
universally used in regeneration projects of many cities [2, 34]. These projects have been
inaugurated to revitalise the declining ancient city centres, old industrial and harbour site, the old
residential areas and diluted historical heritage sites of the cities.
The so called ‘Barcelona Model’ of urban regeneration is known world-wide as a ‘Success Story’.
This urban regeneration scheme was based on the collaboration between different tiers involving
government, public and private bodies. These diverse network of actors involved political and
administrative decentralization and large scale citizen participation.
It is interesting to note that the Barcelona City Council has used several strategies which have
contributed towards urban regeneration of its historical city centre that were discussed in this

paper. This has solved problems that have resulted from overcrowding, pollution and
environmental degradation, while preserving the Core City of Barcelona as an area whose unique
identity serves as a place of memory, and forges an example for other parts of the city to follow.
This is inclusive of governmental policies, strategic plans, energy-efficiency codes and laws that
have recently been implemented and various City Council publications such as the Mobility Pact.
Public participation had played a crucial role in the successful application of many of the strategies
adopted by the City Council of the City of Barcelona. Moreover, allowing the public to have a say in
the development that takes place within their city enhances their personal sense of belonging. In
the case of the historic centre of Barcelona, the empowerment of its citizens and sense of
belonging have had a detrimentally positive contribution towards the development and success of
the urban regeneration of its Core City.
In comparison, successful aspects of Istanbul's HP can be attributed to its ancient urban structure
and significant geographical location. However, fewer strategies than those used in the Core City
of Barcelona have been implemented in Istanbul's HP to improve its ecological performance.
Urban regeneration projects in Istanbul and its HP were initially inaugurated to promote tourism. It
is worth noting that major developmental projects along with urban regeneration projects are aimed
to be implemented in the near future for a comprehensive shift in the city.
The bounding edges of any district, city or even governorate should be directly related to historical,
social and cultural aspects that take place in it. Cities rebuilt and keep their identities with their
cultural and historic characteristics that remain constant while continuously changing on the one
hand. However, even though the change is inevitable its effects need to be foreseen beforehand.
The governments and public should recognize the deep connection between the historic city centre
and its larger context that even might spread to the structure of the whole city. Evidently, more
comprehensive approach is needed to protect the urban structure and pattern of the city as much
as civil architectural artifacts in the historic centre.
Sustainable cities can partly be achieved by increasing participation in urban regeneration,
planning and decision making in and around cities. Concomitantly, local awareness and ensuring
public participation are important factors that contribute positively to the improvement and
regeneration of any urban area. All members of the community, often representing a range of
socio-economic groups, are encouraged to contribute with their ideas. As a result, citizens are
empowered, and each inhabitant begins to contribute, with what little part they can, in both
decision-making and in safeguarding and maintaining the architectural artefacts and beauty of their
city.
Finally, the ‘Sustainable – Green Urban Revolution’ will occur through the joint collaboration of
stakeholders, local community-based organisations, international organisations and governmental
agencies.
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Summary
The Agenda 21 pointed out: “Education is critical for promoting sustainable development and
improving the capacity of the people to address environment and development issues.” The
education in primary school is the foundation of the national education; it is also the important
stage to cultivate the values of sustainable lifestyle. The physical environment of a sustainable
elementary school is not only the environmental education centre of local community but also is
important to the growing children’s health.
This paper studies on the elementary school campuses in Taiwan, and finds the related indicators
groups and assessment indicators by literature reviewing and expert survey. It sieves out the
appropriate assessment factors for sustainable campus’s physical environment with Fuzzy Delphi
method, and get the relative weight value of each indicators group and assessment indicators with
AHP method.
This paper also studies on the evaluation items and criteria of sustainable schools’ each phase of
life cycle. Furthermore, we deduce the assessment formula, establish an assessment tool for
evaluating the sustainable campuses’ physical environment of elementary schools in Taiwan, and
provide the designers and administrations guidelines for physical environment design and self
evaluation.
We chose an elementary school campus located at suburb of New Taipei City in the northwest
region of Taiwan to be a study case to check the feasibility of the Sustainable Campus’s Physical
Environment Assessment Tool. The results of the case study proved the assessment tool is
practicable for elementary schools in Taiwan.
Keywords: sustainable campus, physical environment, elementary school, Fuzzy Delphi method,
AHP (Analytic Hierarchy Process) method, assessment tool

1. Introduction
The concepts of sustainable development had become the guiding principles for all countries and
international organizations to deal with the problems caused by global climate changing. The
chapter 36 of Agenda 21 pointed out: “Education is critical for promoting sustainable development
and improving the capacity of the people to address environment and development issues.”
According to the definition of W.H.O., “physical environment” encompasses the school building and
all its contents including physical structures, infrastructure, furniture, and the use and presence of
chemicals and biological agents; the site on which a school is located; and the surrounding
environment including the air, water, and materials with which children may come into contact, as

well as nearby land uses, roadways and other hazards. The school physical environment has the
functions of environmental education, cultivating one’s mind and inspiring one’s potential.
Especially, the education in primary school is the foundation of the national education; it is also the
important stage to cultivate the values of sustainable lifestyle. The physical environment of a
sustainable elementary school is not only the environmental education centre of local community
but also is important to the growing children’s health.
This paper aims to establish the framework of physical environment assessment, discuss the
relative weight values of sustainable campus assessment indicators and provide the physical
environment assessment tool for elementary schools in Taiwan.

2. Method
2.1

Literature review

We widely collected the literature related to the categories of “sustainable building assessment
tools”, “school environment assessment indicators” and “campus healthy environment”. The
content of these three categories can be generalized to the assessment aspects of “response to
sustainable site”, “water resource”, “energy”, “indoor environmental quality”, “ecological circulation”,
“resource and material”, “sustainable and healthy environment”, “transportation and traffic”,
“pollutant prevention and waste management”, “function, operation and durability”, “planning and
innovation design procedure”, “maintenance and management of equipment”, “participation of
students, teachers and communities”, “disaster-preventing, safe and barrier-free environment”,
“society and economy”, “purchasing and finance”, “diet, nutrition and health”, “teaching and
guidance of sustainability”, “environmental management”, “environmental education”,
“environmental policy” and “practice of environmental protection”.
2.2

Expert consultation

2.2.1 Establishment of the assessment indicator groups
We investigated the opinions of the specialists who were expert in sustainable development of
school environment and healthy campus environment to establish the assessment indicator groups.
There were 15 specialists consulted. The specialists can be divided into the cluster of academic
researchers and the cluster of campus users. Their specialized fields include “architecture”,
“ecology”, “energy”, “water resource”, “environmental education”, “engineering”, “public health”,
“community culture”.
According to the opinions of all experts, we rearranged the related categories to be 6 indicators
groups: “Response to sustainable site”, “Ecological circulation”, “Energy circulation”, “Resource
circulation”, “Healthy environment”, “Maintenance, operation and innovation”.
2.2.2 Establishment of the assessment framework
We collected 191 original assessment factors from the literature review and compiled the
correlative items into 90 factors.
This paper sieves out the appropriate assessment factors for sustainable campus’s physical
environment with Fuzzy Delphi Method, and obtained the relative weight value of each indicators
group and assessment indicator with A.H.P. Method. The framework of assessment for elementary
school’s physical environment is shown as Fig 1:

Goal

Indicators Groups

(S) Response to
Sustainable Site

Assessment Indicators

(S1)Planning and Design
(S2)Environmental Load

Assessment Factors

(S-1)Complete Design and Assessment
(S-2)Participation of Students and Teachers
(S-3)Pollutant
(S-4)Impact on Site

(S3)Response to Natural Environment

(S-5)Sensitivity of Site
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(S-6)Perfection of Site Green System
(S-7)Response to Local Climate Environment

(N) Ecological
Circulation

(S4)Response to Existing Environment

(S-8)Relations between Building and Environment

(S5)Protection of Site Environment

(S-9)Application of Ecology Green Building Materials
(S-10) Minimum of Decoration Materials

(N1)Water Circulation

(N-1) Divergence of Rainwater and Wastewater
(N-2) Ratio of water percolation area

(N2)Biodiversity
(N3)Multilevel Organic Planting

(N-3) Preserving of Surface Soil
(N-4) Preserving of Biological Habitats and Pathways
(N-5) Initial Species of Planting and Biodiversity
(N-6) Multilevel Planting
(N-7) Application of Composting

(E) Energy
Circulation

(E1)Energy Management

(E-1) Energy Efficiency

(E2)Energy Conservation of Building Envelopes

(E-2) Strategies of Energy Management
(E-3) Construction Energy-saving
(E-4) Opening and Sunshade Management

(E3)Energy Conservation of Illumination

(E-5) Application of Daylight
(E-6) Remarkable Illumination Planning

(R1)Water Resource Management

(R-1) Application of Water Consumption Utilities
(R-2) Use of Potable water

(E-7) High Efficiency Lighting System
(R) Resource
Circulation

(R2)Reuse of Water Resource
(R3)Resource Recycling Management
(R4)Sustainable Materials
(R5)Waste Management
(H) Healthy
Environment

(H1)Acoustic Environment

(H2)Lighting Environment

(H3)Thermal Environment

(R-3) Rainwater Efficiency Management
(R-4) Rainwater Reusing System
(R-5) Strategies of Resource Recycling
(R-6) Sustainability of Materials
(R-7) Recycling Use Design
(R-8) Maintenance of the Dump
(R-9) Reducing of Waste
(H-1) Zoning of Acoustic Environment
(H-2) Indoor Noise Control
(H-3) Classroom Reservation Time Control
(H-4) Building Orientation and Application of daylight
(H-5) Evaluation of Classroom Lighting Environment
(H-6) Light Planning
(H-7) Building Layout and Thermal Environment

(H4)Air Environment

(H-8) Requirement of Indoor Air Quality

(H5)Safety, Sanitation and Diet Environment

(H-9) Integrity of Campus Environment
(H-10) Forbiddance of Toxic Materials
(H-11) Control of Portable Water Quality

(M) Maintenance,
Operation and
Innovation

(M1)Equipment Durability

(M-1) Plan of Equipment Maintenance

(M2)Sustainable Innovation Design

(M-2) Sustainable Innovation Design Method
(M-3) Instrument and Consultation of Experts

Fig 1.The framework of assessment for elementary school’s physical environment

3. Discussion and conclusion
3.1

The relative weight values of assessment indicators

We obtained the original relative weight value of each indicators group and assessment indicator
with A.H.P. Method. The original relative weight value of the 6 indicators groups are as followed:
“Response to Sustainable Site” (0.290), “Ecological Circulation” (0.205), “Energy Circulation”
(0.142), “Resource Circulation” (0.108), “Healthy Environment” (0.215), “Maintenance, Operation
and Innovation” (0.040).
After the difference analysis by F-test, we can find out the relative weight values of “Response to
Sustainable Site” and “Ecological Circulation” has significantly difference between the opinions of
specialists coming from different areas, and the location of the campus is the key impact factor to
assessment of sustainable campus’s physical environment. So it is necessary that we should
modify the original relative weight value based on the location of campus. The results of the
modified relative weight value of indicators groups and assessment indicators based on the
location of campus are showed as Table 1 and Table 2. .
Table 1 The modified relative weight value of indicators groups based on the location of campus
Indicators
group

Original
Relative
Weight Value

Response to
Sustainable
Site
Ecological
Circulation

Code of modified
relative weight
value

Location
Northern

Central

Southern

Eastern

0.290

0.391

0.318

0.278

0.129

0.205

0.104

0.117

0.217

0.366

Table 2 The modified relative weight value of assessment indicators based on the location of
campus
assessment
indicators

S1: Planning and
Design
S2: Environmental
Load
S3: Response to
Natural Environment
S4: Response to
Existing Environment
S5: Protection of Site
Environment
E1: Energy
Management
E2: Energy
Conservation of
Building Envelopes
E3: Energy
Conservation of
Illumination

Original
Relative
Weight
Value

Code of
modified
relative
weight value

Location
Northern

Central

Southern

Eastern

0.050

1

0.067

0.055

0.048

0.022

0.066

2

0.088

0.072

0.063

0.029

0.102

3

0.137

0.111

0.097

0.045

0.035

4

0.047

0.038

0.033

0.015

0.038

5

0.052

0.042

0.037

0.017

0.097

1

0.050

0.084

0.103

0.174

0.086

2

0.044

0.074

0.091

0.153

0.022

3

0.011

0.019

0.023

0.039

3.2

The comprehensive assessment formula

We deduce the assessment formula of sustainable campuses for physical elementary school
environment in Taiwan as followed:
S* + N* + 0.142E* + 0.108R* + 0.215H* + 0.04M*
(
1S*1 +
2S*2 +
3S*3 +
4S*4 +
5S*5 ) + (
1N*1 +
2N*2 +
3N*3 ) +
( 0.043E*1 + 0.074 E*2 + 0.026E*3 ) + ( 0.028R*1 + 0.018 R*2 + 0.026R*3 + 0.021R*4 +
0.015R*5 ) + ( 0.042H*1 + 0.044H*2 + 0.048H*3 + 0.053H*4 + 0.028H*5 ) + ( 0.028M*1 +
0.012M*2 )
APE SES : Assessment of Physical Environment Sustainable Elementary School
: the weight value of “Response to Sustainable Site” modified by location of the campus
: the weight value of “Ecological Circulation” modified by location of the campus
S*: the assessment value of “Response to Sustainable Site” indicators group
N*: the assessment value of “Ecological Circulation” indicators group
E*: the assessment value of “Energy Circulation” indicators group
R*: the assessment value of “Resource Circulation” indicators group
H*: the assessment value of “Healthy Environment” indicators group
M*: the assessment value of “Maintenance, Operation and Innovation” indicators group

APE

SES

3.3

Case Study

In order to check the feasibility of the Sustainable Campus’s Physical Environment Assessment
Tool for elementary schools, this paper chose an elementary school located at suburb of New
Taipei City in the northwest region of Taiwan to be a study case. The results of the assessment are
shown in Fig2.-Fig 9. .
(S) Response to Sustainable Site

(M) Maintenance, Operation
and Innovation

(N) Ecological Circulation

(H) Healthy Environment

(E) Energy Circulation

(S) Response to
Sustainable Site

(R) Resource Circulation

Fig 2.The comprehensive performance of each indicator
groups for case study school

(N) Ecological
Circulation

(E) Energy
Circulation

(R) Resource
Circulation

(H) Healthy
Environment

(M) Maintenance,
Operation and
Innovation

Fig 3.The score of each indicator groups for case study
school

(S1) Planning and Design
(N1) Water Circulation

(S5) Protection of Site
Environment

(S4) Response to Existing
Environment

(S2) Environmental Load

(S3) Response to Natural
Environment

Fig 4.The performance of the indicator group of
Response to Sustainable Site for case study school

(N3) Multilevel Organic
Planting

(N2) Biodiversity

Fig 5.The performance of the indicator group of
Ecological Circulation for case study school

(E1) Energy Management

(R1) Water Resource Management

(R5) Waste Management

(E2) Energy
Conservation of
Building Envelopes

(E3) Energy Conservation
of Illumination

Fig 6.The performance of the indicator group of Energy
Circulation for case study school

(R4) Sustainable Materials

(R2) Reuse of Water
Resource

(R3) Resource Recycling
Management

Fig 7.The performance of the indicator group of
Resource Circulation for case study school

(H1) Acoustic Environment

(R5) Safety, Sanitation
and Diet Environment

(H4) Air Environment

(H2) Lighting
Environment

(H3) Thermal Environment
(M1) Equipment Durability

Fig 8.The performance of the indicator group of
Healthy Environment for case study school

3.4

(M2) Sustainable Innovation Design

Fig 9.The performance of the indicator group of
Maintenance, Operation and Innovation for case study
school

Conclusions

The results of this research can come to the conclusions as followed:
1. The issues of ‘response to sustainable site’, ‘healthy environment’ and ‘ecological circulation’ are
the top three priorities for sustainable campus’s physical environment. The issue of ‘maintenance,
operation and innovation’ obtains lower value, which means the topics in the use and maintenance
phase of a school’s life cycle do not get much attention in Taiwan generally.
2. The cluster of the academic researchers emphasizes on ‘healthy environment’, and the cluster
of campuses users think ‘response to sustainable site’ is the most important. It shows there are
noticeable differences between the two clusters’ opinion on ‘ecological circulation’, ‘resource
circulation’ and ‘healthy environment’.
3. The location of campus is the critical factor to the relative weight value of sustainable campus
assessment indicators for the physical environment of elementary schools. The weight values of
‘sustainable site’ and ‘ecological circulation’ should be revised to suit the local circumstances, and
this paper deduces the assessment formula of sustainable campuses for physical elementary
school environment in Taiwan.
4. This paper also studies on the evaluation items and criteria of sustainable schools’ each phase
of life cycle. Furthermore, we establish an assessment tool for evaluating the sustainable
campuses’ physical environment of elementary schools in Taiwan, and provide the designers and
administrations guidelines for physical environment design and self evaluation.
5. The physical environment assessment tool of sustainable campus concluded by this study is
proved to be practicable for elementary schools in Taiwan.
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Summary
While the quality schemes defined according to Building Sustainability Rating Tools (BSRTs), such
as BREEAM, DGNB and LEED, exhibit some identical categories, criteria and weighting factors,
there is also variation. The simultaneous existence of different BSRTs leads to confusion among
potential users. Decision-makers
makers and those responsible for office building occupants, i.e. the
demand side of the BSRTs, play a key role in furthering sustainable construction, as they are often
involved with a building for up to 30 years. This survey highlights
highlights an example of how users can
define sustainability, which specific BSRT they consider to be the most suitable, and why they are
interested in BSRTs. The results reveal that ecological, economic, and social as well as site
aspects are important for sustainable
inable office properties. The highest ranked categories, “Occupancy
Cost,” “Waste of Resource for Heating and Power” and “Thermal Comfort” correspond to the three
pillars of sustainability. There are not only fiscal reasons why companies are interested in Building
Sustainability Rating Tools. However, the most important reason to build, buy or rent certified office
property is the reliability of low operating costs. The comparison with weighting factors of
international BSRTs shows that each system pursues slightly varying objectives, and none of them
is exactly identical according to the point of view of users. Although the survey demonstrated a
high level of concurrence, even amongst the group of users there exist different goals regarding
single aspects. This leads one to question the possibility of universal sustainability standards.
Instead, BSRTs could adopt assessment methodologies that define criteria and weighting factors
individually for each project by a discourse among experts and occupants.
Keywords:: sustainability rating tool; BREAAM; LEED; DGNB; occupants; office real estate; survey

1. Introduction
Quality assurance of sustainable real estate has grown rapidly since the 1990s. Currently, the
number of assessment tools available has increased at an even higher rate. This phenomenon has
occurred mainly in countries that deplete large amounts of energy and resources. New laws aiming
to increase environmental protection are in force, the ecological awareness of the general public
has expanded, and the
he costs of resource consumption have continued to grow. This fact has
pressured the industrial sector and is a significant reason why the construction industry has
become aware of an urgent need to change [1]. Although investors, owners and tenants still lack
long-term
term experience in the field of sustainable real estate and its evaluation, they agree that, from
an economical point of view, they must take action. Worldwide, several assessment tools have
appeared.

2. Building Sustainability Rating Tools
2.1

Development and Growth of Building Sustainability Rating Tools

One of the first environmental certificates for real estate, BREEAM (Building Research
Establishment Environmental Assessment Method), was launched in 1990 in the United Kingdom.
The development of BREEAM was motivated by a real estate company wanting to distinguish their
real estate from the competition by offering a label for environmentally friendly buildings [2]. The
World Green Building Council was founded in 1996 with the aim of establishing a Green Building
Rating Tool in each country, which would take local climate, cultural and legal context into account.
National establishments were deemed responsible for local standards in reference to their local
context [3]. Some of the local establishments have broadened their assessment activities on an
international level, for example BREEAM, DGNB (German Sustainable Building Council) and
LEED (Leadership in Energy and Environmental Design). In Germany, for example, buildings can
be certified by BREEAM [4], DGNB [5] and LEED [6]. Such establishments which create and award
sustainability certificates are non-profit as well as non-governmental. In fact, their members are
experts and organizations from all the sectors of the construction industry [7]. For example,
members are organized into different forms of working groups, and can thus further the work of the
establishment [8].
2.2

Assessment Methodology

Quality can be defined as the usability of an object for a special purpose. This definition includes all
single aspects relevant to the fulfillment of this intention. Assessment goals, as well as the object of
assessment, are defined either by one subject or a group of subjects. The potential to compare the
quality of objects with one another depends on the defined goals. These definitions are set at a
specific point in time. Changing one factor (point in time, definition of goals and assessor) can
change quality judgment. Thus, quality assessment can be neither objective nor universally valid,
but a descriptive assessment scheme might lend transparency regarding value judgments to third
parties. [9-10]
The definition of building quality, according to BREEAM, DGNB and LEED, is divided by type of
occupancy (office, home, industrial, etc.) and life cycle stage (planning, new construction,
renovation, usage optimization). Every scheme has concrete assessment categories that are
divided into several criteria. Some categories and criteria of the three schemes are identical, but
others vary. All schemes are based on limited compensatory assessment methods, using criteria
with minimum requirements and a point-score system for higher levels. The BREEAM and DGNB
assessment categories are weighted by ‘factors’. With the DGNB label, weighting is based on the
principal of the three-pillar system of sustainability [11] and the weighting of single aspects is based
on a discourse among expert groups [12]. With BREEAM, the category weighting occurs due to the
environmental importance, as judged by regular surveys among building industry experts [7]. The
overall result is ranked in assessment classes (e.g. bronze, silver, gold and platinum). [13-15]

3. Research Problem: Lack of Consensus Among BSRTs Causes Confusion
BSRTs differ regarding categories, weighting factors and criteria. It is nearly impossible to compare
the tools and their results [1]. There are no universal quality definitions for a building’s sustainability.
It is difficult to find an overarching agreement about universal assessment standards that includes
all dimensions relative to sustainability [16]. The coexistence of different BSRTs leads to confusion
among clients and occupants [17]. It is necessary to survey users in order to understand the
factors that influence the choice of a particular tool from this user perspective.
Studies show that there are companies in the US market which are willing to pay higher sale prices
in order to own certified property. These studies compare the market performance of certified
versus non-certified properties (Energy Star, LEED) [18-21]. The sale prices of certified properties
per square feet can be higher than those of their non-certified counterparts in case of both Energy
Star and LEED certified properties. It is assumed that a reason why companies are willing to pay
higher prices could be the unique sale properties accorded by possession of the label. Eichholtz et

al. [22] analyze characteristics of companies that made the decision to rent certified office space.
They identify two groups of tenants that are often met in green office space: one of them is the oil
and banking industry, the other government-related and non-profit-organizations. This study shows
that there are companies willing to pay higher prices for green and sustainable property, and that
by renting ‘green’ it is assumed that they expect either a better image or a better working
environment. These results were drawn from analyzing companies’ attributes, as well as rental and
sale prices of the properties that are certified.
By doing a survey among companies, the goal of our study is to show how the client defines
sustainability according to their point of view, which Building Sustainability Rating Tool is the most
comprehensive for their needs, and finally, the reasons why they are interested in Building
Sustainability Rating Tools.

4. Methodology
This study is based on two-phased research to answer our questions. In the first phase semistandardized interviews with experts of building life cycles and companies of different industries
were conducted, to complete and define sustainability criteria and decision criteria from the
literature review. Based on this, an html/php-based online survey was made among 55 German
companies of different industries that occupy office buildings. The survey structure was developed
to address companies of diverse industries and major office locations. The participants were
contacted via newsletters, group emails and personal emails between March and April of 2010.
The questionnaire consists of two thematic areas with closed questions. In addition, there are
questions that elevate the attributes of the respondent’s companies and their portfolios. The
anonymous written survey allowed the participants to decide for themselves the best time for
completion of the questionnaire, without pressure or external influence. The questionnaire provided
the opportunity to gather information about each individual criterion. An average time of fifteen
minutes resulted from our pre-test.
4.1

Defining the Entire Population

Our entire population consists of German institutions that occupy office buildings. Currently, the
office typology indicates the highest concentration of certified properties in Germany; additionally,
the office market is characterized by the coexistence of different international BSRTs [23]. In the
survey, service companies, administrations of different industries, and administrations of the public
sector were questioned; this included chief operating officers, managing directors and employees
of real estate and facility management departments. In addition, managers and employees of
departments specialized in sustainability and corporate social responsibility were questioned. They
all represent the demand side of BSRT’s and thus play a key role in enhancing sustainable
construction; Building Sustainability Rating Tools predict the long term quality of the building’s
entire life cycle. Owners, occupants and tenants, who use property for up to 50 years [24], benefit
from long term quality: their working and business performance is influenced by the built
environment, they might benefit from a green image, and they have to pay for occupancy costs.
4.2

Defining the Aspects of Sustainable Property

The first thematic section of the questionnaire deals with definitions of sustainable office buildings.
The respondents evaluated the relevance of sustainability aspects for office buildings in a fivestaged ordinal scale [1=Unimportant, 2=Rather Unimportant, 3=Partially Important, 4=Important,
5=Most Important, 0=Not Sure]. These aspects were defined by comparing the thematic areas of
existing assessment methods [4-6] supplemented by semi-standardized interviews with experts
and companies [Table 1]. The classification of aspects is categorized according to the three-pillarmodel of sustainability [25]. The location was listed separately. The special feature of the definition
is that aspects concerning building management were excluded. Existing assessment methods
possess the characteristic of evaluating the spatial objects of “buildings” and “locations” as well as
the dynamic processes of “management” within a given system [13-15]. For the survey, the object
of assessment was defined as the quality of the built environment according to “office building” and
“office location”. Even though the management quality might have a high influence on the
occupant’s satisfaction, it is not necessarily an immediate consequence of the built environment.

The following closed questions were made:
•
•
•

According to your views, how important are the following ecological/economical/social
aspects for the sustainability of office properties?
According to your views, how important are the following aspects for the sustainability of
office property locations?
According to your views, how important are the following quality groups for the sustainability
of office properties?
Table 1 Definition of Sustainability Aspects

Building

Site/Location

Ecological

Economical

Social

Grey Energy/Pollution

Investment Cost

Thermal Comfort

Public Transport

Waste of Resources

Occupancy Cost

Visual Comfort

Protection of Natural

(Heating, Power)
Regenerative Energy

Sites
Flexibility

Acoustics

Efficiency of Space

Health

Sources
Water Consumption

4.3

Defining the Reasons to Use Building Sustainability Rating Tools

The second thematic section of the questionnaire deals with the reasons for companies to build,
rent or buy office buildings. The respondents were asked about their motives for building, renting or
buying certified office properties. It is assumed that commercial occupiers see office property as an
asset to their core business. Thus, besides cost and revenue, benefits and risks provided by the
built environment are taken into account, i.e. employee productivity and sick days. Causes in favor
of and against office buildings were defined in three categories: First, costs and expenses
(monetary values); second, income and revenues (monetary value); and thirdly, benefits and
external factors (non-monetary values). Using the same methodology as stated above, the causes
were supplemented by experts and weighted by respondents in a five-staged ordinal scale [1=Not
Relevant, 2=Not Always, 3=Partially Applies, 4=Applies, 5=Fully Applies, 0=Not Sure]. The
following closed questions were made:
•
•
•

Which cost reduction / revenues / internal and external benefits do you expect from
sustainable office property / certified office property?
Which cost increase / price increase/ internal and external risks do you expect from
sustainable office property / certified office property?
In your mind, how important are the causes above?
Table 2 Definition of Causes

Monetary Values

Not Monetary Values

Cost & Expenses

Income & Revenue

Benefits & External Factors

Construction Costs

Subsidies

Internal Images

Occupancy Costs

Credit Terms

External Images

Audit Costs

Employee Productivity

Rental Prices

Reliability of Low Impact

Purchase Prices

Canvassing of Customers
Recruiting Employees

4.4

Evaluation Method

The method of successive interval was used to organize the pre-defined responses (objects)
without over-estimating the discriminative skills of the respondent [26]. The respondent sorted the
objects into one of the sub-groups from “Unimportant (1)” to “Most Important (5)” or “Not Relevant
(1)” to “Fully Applies (5)”. The classification of one attribute puts the objects into regular intervals.
Thus, the frequency distribution can be measured. The number of answers in each sub-group was
multiplied by a factor (1-5), dividing the outcome by the total number of responses. This means
that the closer the average value (x ̅ ) is to the maximum scale step (5), the higher an object is
allocated in the ranking. The average value (x ̅ ) can be influenced by a high frequency of one
interval or by a high frequency of different or even opposite intervals. The values (x ̅ ) provide no
information about the distribution of responses. Thus, the variance of responds was calculated by
(sx²) and the standard deviation (sx) [27]. That means that the lower the sx value, the higher the
degree of agreement among the respondents according to one attribute.
4.5

Limitations

During the research, there was no access to the entire population defined above. The respondents
were contacted via different property owners associations and operator associations, as well as via
internet research and cold-calling. Thus, the group of respondents was no random sample. Instead,
the survey was conducted according to quotas where the population is defined by statistical
attributes. The primary geographical locations for office case studies were concentrated in
Hamburg, Berlin, Düsseldorf, Frankfurt, Munich and Stuttgart,, all cities that exhibit a high density
of office real estate, high rental revenues and a high variety of industries [28-30]. Questions
according to these attributes were part of the survey. It is also assumed that the rate of
respondents with a general interest in sustainability might be higher than the typical population.

5. Analysis of the Respondents’ Companies and Office Property Portfolios
5.1

Response of the Sample

The sample of respondents is characterized by the following attributes: about 70 percent of the
respondents work in areas with a higher level of responsibility. They are the company’s CEO (n=6)
or employees with staff responsibility (n=24). Their active area is mainly in facility management
departments (n=27), followed by property construction departments (n=21).
The respondents were contacted via personal emails as well as newsletters, and group emails
through real estate and facility management associations. The size of the entire sample was 1709
respondents. As members of the associations consist of owner occupants, tenants, as well as real
estate and facility management service providers, analysis of the membership data provides
information that only about 45 percent were relevant contacts to the survey. Although for pragmatic
consideration the emails were sent to 1709 people, in fact, the sample consists of about 789
individuals. The total response consisted of approximately 55 questionnaires; 41 were fully
completed. Single questions left unanswered were evaluated in the category “not sure”. The
sample (789) to respondents (41) ratio is about 5.2 per cent. Generally, it is difficult to trace back
why respondents completed or did not complete questionnaires, because of the survey’s
anonymity. Sometimes target people simply forget to complete the questionnaires [31]. However, in
this survey, it is assumed that the respondents received the questionnaires at their workplace,
where they were busy and regularly receive commercial emails. Newsletters and group emails
have demonstrated a pragmatic way of reaching a high number of respondents, but the reliability
of the respondents to answer the questions has been low. Another reason might be the online
technique that required the respondents to enter a password and download a security certificate,
which the user may have perceived as a waste of time or too demanding.

Table 3 Respondents

5.2

Kind of Address-

Number of Ad-

Relevant Target

Number of Res-

Response Rate

ing

dressing (ca.)

Group

pondents

%

Personal Email

250

250

16

6.4

Group Email

349

262

20

7.6

Newsletter

1110

278

19

6.8

Sum

1709

789

55

7.0

Frequency Distributions of Industries, Portfolios and Real Estate Activities

Tables 4 and 5 show that, corresponding to our quotas, the respondents exhibit a high variety of
industries; most of them are from office locations with high density of office real estate and high
rental revenues. A detailed look at the individual industries shows that the response of the
manufacturing and construction industry was higher than expected, while the response of
transportation and communication was much lower than expected. More than 50 percent of the
companies surveyed employ more than 5000 people. The companies own or rent an average
office space of about 10,000 square meters of gross floor area. Table 6 illustrates that the sizes are
different from industry to industry. Notably, the manufacturing industry owns or rents less office
space, and therefore they lower the average. The construction activities of the companies
surveyed are mainly characterized by operational enhancements (73%), followed by
modernizations (63%), both with an increasing tendency. The actual trend of renting new office
space (37%) and new construction (37%) is declining. For the majority of the companies,
Corporate Social Responsibility (CSR) plays no role. Only 35 % publish a CSR report. Generally,
companies’ properties are part of these reports.
Table 4 Activity Profile
Activity Profile
Industry

Field of Activity (Multiple Answers Possible)
Respon-

Real Es-

Facility

Sustain-

dents

tate

Manage-

able

ment

Con-

CSR

Other

struction
Manufacturing

10

6

9

3

2

1

Energy and Water Supply

2

2

2

-

-

-

Construction

8

5

3

3

1

-

Transportation and Com-

2

2

2

1

-

-

Banking and Credits

3

2

3

1

-

-

Real Estate and Rental

2

-

2

-

-

-

Commercial Services

6

1

4

1

-

2

Public Administration

3

2

-

1

-

1

Education Services

3

1

1

2

-

1

Other

2

-

1

1

-

1

Sum

41

21

27

13

3

6

munication

Property

Table 5 Office Building Real Estate Portfolio
Industry

Locations (Multiple Answers Possible)
Berlin

Düssel-

Frankf.

Ham-

dorf

a.M.

burg

Munich

Stutt-

Others

gart

Manufacturing

2

1

2

1

3

6

3

Energy and Water Supply

0

0

0

0

0

0

2

Construction

4

2

3

3

4

4

1

Transportation and Com-

2

1

1

1

1

2

0

Banking and Credits

1

1

1

1

1

1

2

Real Estate and Rental

1

0

2

1

1

1

1

Commercial Services

3

3

4

4

3

3

1

Public Administration

2

1

1

1

2

1

1

Education Services

0

0

0

0

0

0

3

Other

0

0

0

0

0

0

2

Sum

15

9

14

12

15

18

16

munication

Property

Occupancy Cost (s = 0,56)

4,68

Waste of Resource for Heating a. Power (s = 0,58)

4,61

Thermal Comfort (s = 0,63)

4,49

Public Transport (s = 0,83)

4,44

Acoustics (s = 0,58)

4,41

Efficiency of Space (s = 0,90)

4,34

Investment Cost (s = 0,84)

4,32

Flexibility (s = 0,90)

4,22

Interior Hygiene (s = 0,76)

4,10

Regenerative Energy Sources (s = 0,91)

4,05

Visual Comfort (s = 0,81)

4,02

Water Consumption (s = 1,05)

3,93

Grey Energy/Pollution (s = 0,99)

3,73

Protection of Natural Site (s = 0,90)

3,66
0,00

0,50

1,00

1,50

2,00

2,50

3,00

Fig. 1 Relevance of Sustainability Categories
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6. Results - User’s Point of View and Motivation
6.1

Relevance of Sustainability Categories

The respondents were asked for the relevance of the given sustainability categories to allow the
interpretation of their views on sustainability. A high ranking means that a category has a higher
relevance for sustainability, from the point of view of the user. The average value of all categories
lies within x ̅ = 4.21; the average standard deviation sx = 0.80. All sustainability categories were
judged more important than “partially important=3”, which means that all categories were relevant
from the respondent’s point of view. The low standard deviation shows a high degree of
concurrence among the respondents. The highest ranked categories, “Occupancy Cost” (x ̅ =
4.68), “Waste of Resource for Heating and Power” (x ̅ = 4.61), and “Thermal Comfort” (x ̅ = 4.49) (a
social aspect) correspond to the three pillars of sustainability: the ecological, the economical and
the social dimension. It is notable that environmental factors like “Grey Energy/Pollution” (x ̅ = 3.73)
and “Protection of Natural Sites” (x ̅ = 3.66) that do not directly influence the operating costs are
ranked lower among the given categories. This observation is confirmed by the weighting of
sustainability categories by the respondents: the economical dimension (x ̅ = 4.54) is more highly
ranked than both the ecological dimension (x ̅ = 4.20) and the social dimension (x ̅ = 3.93).
However, while site selection (x ̅ = 4.32) was evaluated as the second most important factor, the
respondent’s focus mainly lies upon access to public transportation.
6.2

Concurrence of Sustainability Definitions with BSRTs

Among the respondents, the certificates of DGNB (German Sustainable Building Council) (80%)
and Leadership for Energy and Environmental Design (LEED) (78%) possess the highest level of
recognition. Only 10% of the respondents were familiar with none of the international BSRTs. The
answers to the question “which certificate best corresponds to your definition of sustainability”
show that the DGNB scheme was the most highly ranked. The analysis of these questions is only
based on those respondents who knew all of the different schemes (n=9).
This perception was verified by a comparison between the relevance of sustainability definitions of
different BSRTs for Office Property and the results of our survey (Table 7). The structure of our
survey, derived from DGNB, was used to sort the sustainability categories; sustainability categories
of BREEAM, LEED and DGNB were sorted according to the different dimensions, and the
weighting factors for different categories were summed. Categories that didn’t respond to the
dimensions above, like process quality, were not considered in this comparison. The columns A-D
below compare the different weightings.
Table 6 Comparing the Weighting of Sustainability Dimensions
Survey

DGNB Office - NBV

BREEAM Office -

LEED Office - NC

NC 08

V3

09
Weight-

Ratio A-

Weight-

Ratio A-

Weight-

Ratio A-

Weight-

Ratio A-

ing

D%

ing

D%

ing

D%

ing

D%

A Ecology

4.2

24.7

22.5

33.3

55.0

62.5

59.0

56.7

B Econ-

4.5

26.7

22.5

33.3

0

0

0

0

C Social

3.9

23.1

22.5

33.3

15.0

17.0

15.0

14.4

D Site

4.3

25.4

0

0

18

20

30.0

28.8

Sum

17

100

68

100

88

100

104

100

omy

While the relevance of the DGNB scheme is distributed evenly among the dimensions “ecology,”
“economy,” and “social,” the “sustainable site” is not taken into account. The focus of BREEAM and

LEED, however, lies on ecology; in those cases, the “sites” are taken into account. The economic
dimension is not part of the BREEAM and LEED schemes. This comparison confirms that the best
reflection of the respondent’s relevance is achieved by DGNB. However, even DGNB fails to fulfill
the requirements of the users regarding site assessment. According to the users’ point of view, the
site is as important as all other dimensions of assessment.
6.3

Weighting Reasons For and Against BSRTs

So far, only 22% of the respondents had previous experience with certified properties; of these,
they were mainly with DGNB and LEED. In the future, nearly half of them (46%) plan to buy, rent or
build certified properties. Notably, all respondents with a certified property in their portfolio (n=6)
plan to increase the number in the future. This figure specifically regards LEED as well as DGNB.
The survey of reasons to or not to certify was completed by n=41 respondents. As four of them
were not familiar with any of the certificates available on the German market, it is assumed that at
least these respondents possessed a general idea about Building Sustainability Rating Tools, e.g.
from other areas such as product or management certification.
The most important reason to build, buy or rent certified office property is the reliability of low
operating costs (x ̅ = 4.22, s = 1.05). This motive is followed by the reliability of low impact and the
possibility to improve the company’s public image. On the other hand, reasons against certification
are found in high audit costs for the assessment process (x ̅ = 3.88), higher sale prices of certified
property (x ̅ = 3.80) and the administrative effort required by the assessment (x ̅ = 3.78). Even
though the respondents had the possibility to add additional reasons, there were no reasons
added. This means that, from the respondents’ point of view and based on their knowledge, the list
of motives was complete. Notably, the average value of reasons for (x ̅ = 3.48) and reasons
against (x ̅ = 3.34) certified property is nearly equal.

Reliability of Low Operating Cost (s = 1,05)

4,22

Reliability of Low Impact (s = 1,01)

4,10

Improve External Image (s = 1,12)

4,02

Reliability of Low Resource Waste (s = 1,09)

3,80

Reliability of Occupant's Satisfaction (s = 0,86)

3,71

Negotiation Argument (s = 1,46)

3,68

Well Organized Property Documentation (s = 1,16)

3,63

Reliability of Low Maintenance Cost (s = 1,23)

3,59

Improve Internal Image (s = 1,01)

3,56

Reliability of Employee Productivity (s = 1,04)

3,46

Comparison with Internal Standards (s = 1,13)

3,44

Inspiration for New Internal Standards (s = 1,05)

3,32

Canvassing of Costumers (s = 1,30)

3,07

Recruit Employees (s = 1,15)

3,05

Favorable Loans (s = 1,38)

2,54

Subsidies (s = 1,43)

2,51

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

Fig. 2 Reasons for the Certification of Office Property
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Audit Cost (s = 1,06)

3,88

Purchase Price Increase (s = 1,11)

3,80

Administrative Effort (s = 1,07)

3,78

Rental Price Increase (s = 1,19)
Additional Service Cost (s = 1,16)

3,32

Missing of Relevant Criteria (s = 1,18)

2,68

Coflicts of Interest with Internal Standards (s = 1,12)
0,00

2,39
0,50

1,00

1,50

2,00

2,50

3,00

3,50

4,00

4,50

5,00

Fig. 3 Constraints on the Certification of Office Property

7. Discussion
The results of the survey revealed that for the respondents, ecological, economic, and social as
well as site aspects are important for sustainable office properties. The relevance of certain
aspects throughout all areas is similar. The comparison with weighting factors of international
BSRTs shows that each system pursues slightly varying objectives, and none of them is exactly
identical according to the point of view of users. Although the survey demonstrated a high level of
concurrence, there exist different goals regarding single aspects even amongst the group of users.
This leads one to question the possibility of universal sustainability standards.
There is need to reflect upon the current influence of different interest groups responsible for the
definition of BSRT goals. For example, the DGNB creates weighting factors through a discourse
among experts [12], rather than among users. The constitution of the DGNB [32] reveals that
around four-fifths of their members are representatives of the construction industry. Around onefifth consists of building owners, investors, scientists, NGOs and public authorities. Decisionmakers of owners, occupants and tenants form about 6%. The occupants themselves are
represented even less. That means that stakeholders who are directly or indirectly involved with
the long term perspective of building’s life cycle are rarely represented. There exists a need to
think about ways to supplement the weighting process by additionally involving the occupant’s
perspective.
A possible direction for the further development of BSRTs could be to question in general universal
standards. Instead, BSRTs could adopt assessment methodologies that define criteria and
weighting factors individually for each project by a discourse among experts and occupants, as
some international approaches propose [16]. This would not be accomplished by comparing the
“best” building to others, but rather the best solution for an individual site could be awarded with a
certificate.
Within the context of this study, perhaps there can be overarching agreements developed
regarding the assessment methodology and assessment categories of BSRTs. A universal
assessment methodology and structure could help clients to at least have more transparency
regarding sustainability standards. Regarding weighting factors and single criterions, a universal
assessment should be questioned, because this aspect of the assessments may be closely related
to the local context and local stakeholders - especially the users. The question remains how to
formally integrate the users into a project-specific discussion on quality definition, and how they
can be trained to reach a satisfactory level of knowledge for active participation. Are companies
willing to model complex evaluation processes (with the active involvement of several
stakeholders?)
The weightings of arguments reveal that there are not purely fiscal motivations behind why
companies are interested in Building Sustainability Rating Tools. Arguments with an influence on
the company’s core business, such as employee’s satisfaction and the company’s image, are
relevant to the respondents. However, the most important reason to build, buy or rent certified
office property is the reliability of low operating costs. On the expenditure side, the audit costs are
most important. This argument may have an influence on the further development of the BSRTs

regarding the complexity of the assessment procedure and the access and the data collection. On
the other hand, as buildings are usually unique and complex objects, there might be need for
complex assessments and realistic simulation in order to identify optimization potential, e.g.
regarding the reduction of operating costs.
It remains to be seen if properties which have already been certified will confirm low operating
costs during the first years of occupancy. As operating costs are not only influenced by building
construction and building services, but also influenced by the occupant’s and facility manager’s
behavior,this is another argument for the need to integrate occupants and facility managers into the
discussion about sustainability standards. Such interdisciplinary discourse might help to create a
high level of knowledge and identification among occupants and facility mangers for the operation
of sustainable buildings.
Last but not least, it is notable that, in further sustainability discourses, it is necessary to retain a
perspective acknowledging the effects of limited resources. In this survey, environmental aspects
like “Grey Energy/Pollution” and “Protection of Natural Sites” that do not directly influence the
operating cost of buildings (for example, “waste of resources”) are the lowest ranked aspects. Thus,
in participatory discourses about sustainability, another important question concerns who will
support the aspect of environmental concerns.
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Summary
Railway construction in China has been accelerating these years, leading to that over 1000 new
railway stations have been built. Railway station, as a large public building, due to its huge volume,
multifunction, manifold equipments, massive passenger capacity etc., always consumes a great
deal of energy and resources, as well as emits more greenhouse gas than other buildings.
Therefore, it is quite necessary to promote the railway stations to be green by applying green
building assessment systems (GBASs). This paper analyzes the necessity of establishing a green
railway station assessment system (GRSAS) in China, summarizes the features, existing problems
and development trend of Chinese railway stations as well as GBASs in other countries, and
presents the assessment indicators of the GRSAS in China. For verifying the system, Shanghai
South Railway Station, one of the most important railway stations in China, is selected as a study
case and corresponding suggestions for the station are also presented.
Keywords: Green railway station, assessment indicator system, weighting

1. Introduction
Nowadays, climate change is not just a scientific issue, but a combination of global political,
economic, social and scientific problems. Being as the main source of greenhouse gas emission,
building industry has a strong influence on climate change. The CO 2 emission caused by energy
consumption from building industry accounted for 33% of the total CO 2 emission in the world [1].
The proportion of building energy consumption to the total energy consumption in the European
Union has amounted to 40.4% [2]. The Chinese government attaches a great importance to
dealing with climate change. In 2008, the Chinese State Council published a report on the policies
and action for dealing with climate change. In this report, the forth chapter “Polices and Action for
Slowing Climate Change” addresses that promoting green building, developing new mandatory
standard for building energy saving and speeding up energy efficient retrofit for existing residential
buildings are effective ways to solve this problem.
Meanwhile, the railway construction has been accelerating these years in China. The operation
length of railway has increased from less than 70,000km in the year of 2005 to 91,000km in the
year of 2010. Such large-scale railway construction will certainly lead to numerous new railway
stations. 188 new railway stations started being built one after another in 2010; 27 ones are
planned to be built in 2011; as well other 1000 new railway stations will be built in 2012 [3]. China’s
railway station construction will increase rapidly over the next few years.
Railway stations, as public buildings, have made contributions to the railway service for the public.
But due to their huge volume, multifunction, manifold equipments, massive passenger capacity etc.,
they always consume a great deal of energy and resources, as well as emit more greenhouse gas
than other buildings. Moreover, the impact of railway stations on natural and urban environment
and the indoor environment quality of railway stations should also be paid more attention.

2. Necessity of green railway station assessment
The public buildings not only speed up the economic development, but also enhance the service
for the public. However, some problems have arisen with the increase of the public building -railway stations.
First of all, the large public buildings consume a great deal of energy. Currently, the area of public
buildings only occupies 5%-6% of the total urban building area in China, while the energy
consumption of public buildings constitutes a large part of the total building energy consumption.
Some survey shows that the energy consumption per floor area unit of public buildings, amounting
to 70-300kw·h annually, is 10-15 times as that of residential buildings [4]. In some Chinese cities,
the total energy consumption of public buildings even exceeds that of residential buildings. Hence,
effective measures should be taken to control the growth of energy consumption of public buildings.
Secondly, the large public buildings occupy too much land resources, because of their huge
volume. Take some existing railway stations in China for example, Chongqing North Railway
Station, Beijing South Railway Station and Shanghai North Railway Station occupy floor areas of
250,000m2, 399,200m2 and 600,000m2 respectively. The Nanjing South Railway Station which will
be built soon occupies about 667,000m2. Nevertheless, the land resources, especially the farmland
resources, are considerably precious in China. That is to say, the land scale for railway stations
should be controlled, the idle land should be used effectively in order to save the land resources.
Thirdly, public buildings in China, especially railway stations, are deemed as representatives of the
city image besides carry out their basic functions. Therefore, this kind of projects tends to be paid
more attention on the appearance, whilst the requirements of green building are easily ignored.
Additionally, the service provided by railway stations, which are popular transport buildings in
China, is always criticized by the public. Under the specific background in China, the constitution of
the users of railway stations is complicated. The difficulties in the management of railway stations
result in inferior safety in railway stations and their surroundings. Furthermore, in festivals and
holidays, the visitor flow rate goes up sharply within a short time, which makes the environment of
railway stations poorer. Consequently, the specific situation in railway stations and the way to
provide better service for the public should be taken into consideration seriously.
With regard to the design of railway stations, a green assessment system is needed to direct it.
The traditional railway stations in China have weak connections with other types of transportation,
namely the transfer function is not strong enough to meet the needs of transportation development.
Moreover, the auxiliary functions of railway stations such as the commercial and entertainment
functions are also discontented. The traditional railway stations provide the service just for those
who have train tickets, not for the public who are without tickets.
There is a big difference between the problems mentioned above and those of general public
buildings; therefore, a special green railway station assessment system (GRSAS) should be
developed to appraise new railway stations. However, the study on the special GRASA has not yet
been reported to date.
In the past 20 years, several green building assessment systems (GBASs) have been developed
in developed countries [5], as shown in Table 1. The first GBAS, Building Research Establishment
Environmental Assessment Method (BREEAM), was developed in the UK. In sequence, the USA,
Canada, Finland, Japan and Australia have developed their own green assessment systems. In
2003, China established its own assessment system for green building of Beijing Olympic
(ASGBBO).
As to the assessment contents of these assessment systems, BREEAM is made aiming at the
following categories: energy use, health and well being, pollution, transport, land use, ecology,
materials, water and management. GBTool is designed to evaluate resources consumption,
loadings, indoor environment quality, quality of service, economics and operation management.
LEED consists of categories as sustainable sites, water efficiency, energy and atmosphere, indoor

environment quality, materials and resources, and innovation.
In view of the assessment objects and contents, it is evident that current GBASs do not evaluate
railway stations specifically, as most assessment systems focus on official buildings, residential
buildings and commercial buildings. Even though the objects of some assessment systems contain
public buildings, they do not take the specific features of railway stations into consideration. For
example, the railway station service (commercial facilities, ticket selling facility, etc.) and the
transfer convenience are not assessed in special. The railway stations, not being the general
public buildings, should be assessed by a special GRSAS.
Table 1 Assessment objects of different assessment systems
GBAS

Year

BREEAM

1990

Country or
Region
UK

LEED
HK-BEAM

1995
1996

USA
Hong Kong

GrenCalc+
GBTool
ASGBBO
CASBEE
NABERS 2003

1997
1998
2003
2003
2003

Holland
Canada
China
Japan
Australia

Green Building
Evaluation Criteria

2006

China

Assessment Object
new buildings, existing buildings (commercial
buildings, residential buildings, superstores)
new buildings, existing commercial buildings
new official buildings, existing official buildings
and residential buildings
public buildings, residential buildings
new buildings, rebuilt buildings
Olympic buildings
new buildings, existing buildings, rebuilt buildings
commercial buildings, residential buildings, official
buildings
residential buildings, official buildings, department
stores, hotels

3. Establishment of GRSAS
3.1

The hierarchy frame of assessment indicators

By summarizing and analyzing GBASs, this paper develops a GRSAS as shown in Fig. 1. The
system contains 7 level-1 indicators, 26 level-2 indicators and several level-3 indicators. The level1 indicators can be classified into 3 groups (Input, Negative Output and Positive Output) according
to the connotation of green building. The "Energy", "Materials and Resources" and "Water"
represent the “Input”; while the "Environment Loading" represents the “Negative Output” and the
"Indoor Environment Quality", "Site Quality" and "Quality of Service" represent the “Positive
Output”, as shown in Fig. 2.
In Fig. 1, the service quality mainly represents the service provided by the railway station buildings
instead of the service from the staff of the railway stations, with aims to assess the transfer
convenience and user-friendliness. Specifically, the station service means the service provided by
the hardware facilities in railway stations.
3.2

The analysis of characteristics of indicators

The GRSAS not only contains the common indicators of those popular GBASs, it also pays
attention to the following aspects:
(1) Adding the indicators for assessing the service of railway stations, which refers to the station
service and the transfer service [6]. The transfer service contains the means of transportation
connecting to the railway stations (subway, urban transit, bus, etc.), transfer distance and parking
service; while the station service contains the indicators such as the floor area of ticket lobby, ticket
selling window, the degree of intelligent design of ticket selling, commercial facilities and so on, as
listed in Table 2.

Green Railway Station Assessment System

Positive Output

5. Indoor Environment Quality
6. Site Quality
7. Quality of Service

Green Building

3. Water

Fig. 2 “Input-Output” model

7.1 Service duration
7.2 Station service
7.3 Transfer service
4. Environment Loading
1. Energy

7 Quality of Service

5.1 Indoor acoustic environment
5.2 Indoor thermal comfort
5.3 indoor luminous environment
5.4 Indoor air quality

Negative Output
Input

6.1 Site acoustic environment
6.2 Site thermal comfort
6.3 Site wind environment
6.4 Greenery
6.5 Visual landscape
6.6 Disaster prevention

5 Indoor
Environment Quality

4.1 Influence on land resource
4.2 Influence on ecological environment
4.3 Influence on physical environment

6 Site Quality

4 Environment
Loading

3.1 Renewable water use
3.2 Waste water treatment
3.3 Rainwater use
3.4 Landscaping water use
2.1 Old building material use
2.2 Local building material use
2.3 Renewable material use
2.4 Solid waste treatment and use

2. Materials and
Resources

3 Water

2 Materials and
Resources

1 Energy
1.1 Energy-saving architectural design
1.2 Energy-saving technological design

Fig. 1 Hierarchy frame of assessment indicators

Table 2 Indicators of “Quality of service”
Level-1 indicator

7 Quality of service

Level-2 indicator

Level-3 indicator

7.1 Service duration

——

7.2 Station service

7.3 Transfer service

7.2.1 The floor area of ticket selling lobby
7.2.2 The ticket selling windows
7.2.3 The degree of intelligent design of ticket selling
7.2.4 The degree of openness of the ticket information
7.2.5 The commercial facilities
7.2.6 The passenger flow design
7.2.7 The guide logo design
7.2.8 The openness degree of the public to use the
facilities
7.2.9 Non-barrier design
7.3.1 The number of the means of transfer
7.3.2 The transfer distance
7.3.3 The parking service

(2) Adding the indicators for assessing the right of the public to use hardware facilities in railway
stations. Since the railway stations in China are the ‘limited’ public buildings, the right of the public
to use the facilities in railway stations is considerably limited. People without train tickets cannot
use most of the facilities in railway stations; therefore the degree of the public service is reduced
substantially. In order to direct the design of railway stations, the indicator "the degree of openness
of hardware facilities" is set in this assessment system.
(3) Adding the indicator for assessing land use. The land occupancy of railway stations, especially
the large railway stations, exerts adverse effect on land resources and surrounding environment.
Thus, two level-3 indicators, including "the occupancy degree of farmland resources" and "the
brown-field redevelopment", are set under the level-2 indicator "the influence on land resources".
The brown-field indicates those contaminated fields.
3.3

Weightings of Indicators

The GRSAS uses the analytic hierarchy process (AHP) to define the weightings of the level-1 and
level-2 indicators. Following the steps of AHP, the pairwise comparison matrixes are firstly
constructed for the level-1 and level-2 indicators; then, the elements, namely the data in the
matrixes, are obtained by questionnaires; finally, the weightings of the indicators are calculated by
the software yaahp (v 0.5.0).
The data base on 72 validated questionnaires from 80 questionnaires. The respondents who are
experts or professionals can be classified into 7 types according to their job categories: universities
and research centers (10 respondents), designing institutes (14 respondents), construction
sections (8 respondents), the railway bureau (16 respondents), the government (6 respondents),
enterprises (6 respondents) and other (2 respondents). The respondents also can be divided into 8
categories according to their major background, including architecture (12 respondents), structural
engineering (6 respondents), heating ventilation and air conditioning (12 respondents), engineering
management (8 respondents), environmental engineering (10 respondents), transportation (6
respondents), urban planning (8 respondents) and other (2 respondents).
As it can be seen from Table 3, the indicators "quality of service" and "energy" have the biggest
weightings of 0.19 and 0.18 respectively. The "quality of service" has the largest weighting
because the assessment object is railway stations, which makes all the respondents realizing the
importance of the functions of railway stations. There is no doubt that the specific service provided
by railway stations should be assessed in the system. As for the "energy", all the popular
assessment systems address this indicator, so does the GRSAS. The weightings of the "materials
and resource", "environment loading", "indoor environment quality" and "water" are around 0.14;
however the weighting of the "site quality" is 0.08. It is possible that the "site quality" is more easily

influenced by the atmosphere quality, climate condition, etc., which cannot be controlled or
modified by the railway station buildings themselves. Therefore, respondents take it as the least
important indicator, though it is very crucial for the planning of projects.
The weighting of the level-2 indicator "disaster prevention" reaches 0.38, and that of the "indoor air
quality" is 0.62, which embodies the great importance in the system. Among the level-2 indicators
under the "energy", the weighting of the "energy-saving architectural design" is twice as that of the
"energy-saving technological design". The reason is that the respondents consider the energysaving architectural design is much less-consuming economically and easier than the application
of the energy-saving technologies and equipments. Exactly, the applications of solar cell, solar
heating equipments or some other equipments and technologies will give rise to much more
expenditure. Moreover, these applications may be limited by some conditions. For example, the
solar equipments just can be used in the areas full of sunlight. All in all, the weightings represent
different importance of the indicators in the GRSAS.
After determining the weighting of each indicator, the assessment system can mark the indicators
by assessment methods such as the assessment scale of “0-5” or “0-100”. Finally, the green score
can be calculated to assess the degree of the “green” of railway stations.
Table 3 Weightings of indicators
Level-1 indicator (weighting)

Level-2 indicator (weighting)

1 Energy (0.18)

1-1 Energy-saving architectural design (0.66)
1-2 Energy-saving technological design (0.34)
2-1 Old building material use (0.19)
2-2 Local building material use (0.15)
2-3 Renewable material use (0.36)
2-4 Solid waste treatment and use (0.30)
3-1 Renewable water use (0.26)
3-2 Waste water treatment (0.30)
3-3 Rainwater use (0.23)
3-4 Landscaping water use (0.21)
4-1 Influence on land resources (0.22)
4-2 Influence on ecological environment (0.46)
4-3 Influence on physical environment (0.32)
5-1 Indoor acoustic environment (0.10)
5-2 Indoor thermal comfort (0.14)
5-3 Indoor luminous environment (0.14)
5-4 Indoor air quality (0.62)
6-1 Site acoustic environment (0.10)
6-2 Site thermal comfort (0.11)
6-3 Site wind environment (0.07)
6-4 Greenery (0.20)
6-5 Visual landscape (0.14)
6-6 Disaster prevention (0.38)
7-1 Service duration (0.27)
7-2 Station service (0.30)
7-3 Transfer service (0.43)

2 Materials and Resources (0.13)

3 Water (0.15)

4 Environment Loading (0.13)
5 Indoor Environment Quality (0.14)

6 Site Quality (0.08)

7 Quality of Service (0.19)

4. GRSAS software and case study
In order to make the assessment process easier and more widely-used in future, a GRSAS
assistant software is established based on the programming language VB. It consists of welcome
window, information window, assessment window and calculation section.

4.1

Information input

By the Information window, assessors can learn about the assessment process and input the user
information; furthermore, the project information including project introduction, engineering data
and file information should be input.
4.2

Assessment window

Assessment section is the key section of the GRSAS software. Fig. 3 shows the 7 level-1
indicators. When one indicator assessment is completed, the background color of the indicator key
will turn green. The assessment criterion window can be divided into two kinds: one is “measure
point ratio”, assessors can chose “good”, “medium” or “bad” for the measures adopted by the
project; the other one is “quantified point”, assessors can assign a quantified point 1, 2, 3, 4 or 5 to
each criterion.

Fig. 3 Assessment window 1
4.3

Check window

After the indicator assessment, assessors can check the project information, the indicator point
and the assessment result. For the assessment indicators, the points are shown by three ways:
excel table, radar chart and bar chart.
4.4

Case study

For the sake of verifying the software, the project -- Shanghai South Railway Station is selected as
the study case. Shanghai South Railway Station is one of the most important railway stations in
China. The assessment materials are from the design drawings, construction drawings and the
book “Construction of Shanghai South Railway Station” [7].
The final point of Shanghai South Railway Station is 3.38 (Fig. 4). The level-1 indicator “Energy” is
3.36, its level-2 indicators “Energy-saving architectural design” and “Energy-saving technological
design” are 4 and 3 respectively. The level-1 indicator “Materials and resources” is 2.92, its level-2
indicators “Old building material use”, “Local building material use”, “Renewable material use” and
“Solid waste treatment and use” are 1, 5, 3 and 3 respectively. The level-1 indicator “Water“ is 3.67,
its level-2 indicators “Renewable water use”, “Waste water treatment”, “Rainwater use” and
“Landscaping water use” are 3, 3, 5 and 4 respectively. The level-1 indicator “Environment loading”
is 2.01, its level-2 indicators “Influence on land resources”, “Influence on ecological environment”
and “Influence on physical environment” are 4, 0.5 and 2.8 respectively. The level-1 indicator “Site
quality” is 4.08, its level-2 indicators “Site acoustic environment”, “Site thermal comfort”, “Site wind
environment”, “Greenery”, “Visual landscape” and “Disaster prevention” are 3, 3, 5, 2.5, 5 and 5
respectively. The level-1 indicator “Indoor environment quality” is 2.975, its level-2 indicators
“Indoor acoustic environment”, “Indoor thermal comfort”, “Indoor luminous environment” and

“Indoor air quality” are 1, 3, 4.25 and 3 respectively. The level-1 indicator “Quality of service” is
4.16, its level-2 indicators “Service duration”, “Station service” and “Transfer service” are 3, 4 and 5
respectively.
Energy

Quality of service

Indoor environmental
quality
Site quality

Material&Resource

Water use

Environmental loading

Fig. 4 Assessment result of Shanghai South Railway Station
According to the assessment result, the suggestions for Shanghai South Railway Station can be
made: (1) use adjustable shade facility in order to reduce indoor thermal gain and light pollution; (2)
roof greening is a good way for this station to not only better the greenery environment but also
reduce the energy use; (3) adopt the facility for sound insulation in the station to reduce noisy
especially in waiting hall; (4) ventilation design should be optimized to control indoor air quality; (5)
ecology protection should be planned to preserve and recover the biodiversity; (6) monitor energy
consumption.

5. Conclusion
This paper develops a GRSAS and an assessment software, which are helpful for the assessment
of green railway stations in China. It has been validated by the assessment of Shanghai South
Railway Station.
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Summary
Sustainability is becoming a more widely used term in construction from all parts of the supply
chain and has been used as a synonym for the environment, carbon or anything that appears
‘green’. This paper uses the more holistic approach to sustainability of social equity, economic
progress and environmental preservation. This paper outlines the existing methods and practices
that are applied to construction projects and identifies tools that are used to assess the
environmental impacts of products; such tools use Life Cycle Assessment (LCA) as a means of
making an assessment. Previous academic research has focused on the assessment of
construction assets which demonstrates the lack of product level sustainability assessment. As
currently available practices do not consider the wider sustainability impacts of construction
products the British Standards Institute (BSI) have recently published BS 8905 “Framework for the
assessment of the sustainable use of materials – Guide” which sets out general principles for a
broader sustainability assessment of any material. The aim of this research is to use this BS 8905
standard as a basis from which to develop a sustainability assessment framework for construction
products. A number of environmental, social and economic issues are identified from this BS 8905
standard and other leading sustainability standards and assessment schemes commonly used in
the UK construction sector. The three aspects of sustainability are equally significant and are
therefore equally weighted. The sum of all the issues would be aggregated to provide the
sustainability index score for that product. The sustainability assessment framework will; allow the
profiling of existing products to better inform product choices; prioritise new product development
projects and concepts and increase transparency of information to suppliers and customers.
Keywords: Sustainability assessment, construction products

1. Introduction
Sustainability is becoming a more widely used term in construction from all parts of the supply
chain and has been used as a synonym for the environment, carbon or anything that appears
‘green’. This paper will use the more holistic approach to sustainability and the ‘triple bottom line’ [1]
concept of social equity, economic progress and environmental preservation.
The construction sector in the UK is served by sustainability assessment schemes such as
BREEAM (Building Research Establishment Environmental Assessment Method), Ceequal (the
assessment and awards scheme for improving sustainability in civil engineering and the public

realm) and the Code for Sustainable Homes which have a strong bias towards environmental
issues. These are well established in the UK and are evolving with legislation, best practise and
increasing aspirations of sustainability. There has been increasing segregation, from a
sustainability assessment perspective, of buildings and civil infrastructure works with a growing
emphasis on the building sector in the UK for both new and existing buildings as such the focus
has shifted to the construction asset rather than the product. Developments in responsible sourcing
for construction products have gone some way to redress this imbalance but remain focused on
social and environmental issues.
This paper will outline the existing methods and practices that can be applied to construction
projects and identify tools that are used to assess the environmental impacts of products; such
tools use Life Cycle Assessment (LCA) as a means of making an assessment. Previous academic
research has focused on the assessment of construction assets which demonstrates the lack of
product level sustainability assessment. As currently available practices do not consider the wider
sustainability impacts of construction products the British Standards Institute (BSI) have recently
published BS 8905 “Framework for the assessment of the sustainable use of materials – Guide”
which sets out general principles for a broader sustainability assessment of any material. The aim
of this research is to use this BS 8905 standard as a basis from which to develop a sustainability
assessment framework for construction products. A key objective of the research is to identify a
range of social, environmental and economic indicators which can form the areas of assessment.
In order to reflect a balanced view of the importance of these three aspects of sustainability it is
proposed that all three are equally considered; it will therefore be possible to rate an individual
product against a known benchmark product by means of an overall sustainability index. Outputs
such as this will support the decision making process in the supply chain and potentially lead to the
procurement of more sustainable products. It will also give a construction products manufacturer
the opportunity to better understand the sustainability credentials of different products.

2. Sustainability assessment in construction
This section gives an overview of the key sustainability schemes of Ceequal and BREEAM and
product related standards and processes that are available in the UK. LCA is explained as a
mechanism that has traditionally been used to assess the broad environmental impacts of a
product through the BRE Green Guide to Specification in particular. Previous research has focused
on the application of LCA for construction assets or products but has not developed it beyond
environmental impacts. There is however a growing ideology that LCA can be used as part of a
broader assessment process. As single environmental indicator analysis such as carbon or water
footprinting become more common there is a risk that broader sustainability assessment for
construction products will be perceived as complicated and burdensome. The BRE (leading UK
building research organisation) have gone some way to resolve this issue with the publication of a
responsible sourcing standard but this still leaves economic issues relatively untouched. The lack
of focus on broader sustainability issues for the assessment of construction products has resulted
in a recent publication from BSI; BS 8905-”Framework for the assessment of the sustainable use
of materials – Guide” which presents an ideal base to develop a specific construction products
sustainability framework. The development of such a framework will need to consider forthcoming
developments at an EU level through a LCA harmonisation project to ensure longevity and
adaptability.
Ceequal is the assessment and awards scheme for improving sustainability in civil engineering and
public realm projects [2]. The Ceequal scheme was developed to enhance the environmental and
social performance of civil engineering projects to give clients, designers and contractors an
incentive to adopt and improve upon best practice [3] and has been compared to BREEAM for
Buildings [4]. Ceequal does not prescribe how construction products should be assessed and the
requirement is placed on the project to provide evidence to demonstrate the sustainable use of the
products.
BREEAM (BRE Environmental Assessment Method) is a scheme for non-domestic buildings
whereas the Code for Sustainable Homes is for domestic dwellings, both schemes are technically
similar and therefore only BREEAM will be referred to from this point. BREEAM assess the

building over a range of issues from Waste, Water, Energy, Materials, Pollution, Health & Well
Being, Management, Transport and Land Use & Ecology [5]. Part of the materials section is the
LCA of the building elements, BRE have developed the Green Guide to Specification [6] which is
based on the BRE Environmental Profiles LCA methodology which assesses the environmental
impacts of building products over a 60 year life [7]. This methodology has been used to assess the
impacts of materials in bridges [8] precast concrete products in buildings [9] and asphalt materials
in road construction [10].
LCA was initially developed in the late 1960s and has since grown into a methodology to assess
the environmental impacts of products or services [11]. Procedures of LCA are harmonised in the
ISO14040 series which itself sits within the widely applied ISO14000 series of environmental
management standards [12]. The ISO 14040 [13] framework highlights the different stages of an
assessment, most notably the process steps flow back as well as forwards indicating that this is an
iterative process; A specific ISO standard has been developed for the environmental declarations
of construction products [14] this coupled with the generic LCA standards [15,16] creates an
environment where it can be straight forward to create product declarations which may not be
comparable which in turn makes products selection or specification increasingly difficult.
The use of LCA for a single environmental indicator has emerged in recent years with the growing
focus on carbon and water. Carbon footprinting has become commonplace and brings with it a
series of opportunities and threats [17]. There exists a suite of standards and methodologies for
carbon calculation [18, 19] and the Water Footprint Network has published extensive guidance on
their own methodology [20] for water footprinting. Some academics propose a ‘broadening and
deepening of LCA approaches’ [21] and others utilise LCA as part of a wider decision support
methodology [22]. CEN (the European standards body) have been working on the harmonisation
of building level LCA sustainability assessment through the Mandate 350 and Technical Committee
350; part of this work is to establish a pan EU member state agreed LCA methodology for building
products [23]; this will mean that the structure of the framework must be arranged in a way to allow
future calculation methods for environmental LCA to be incorporated.
The BRE launched the ‘Framework Standard for the Responsible Sourcing of Construction
Products’ in October 2008 in the form of BES 6001 [24]. This has partly arisen due to the
prominence of certification schemes for timber such as the Forestry Stewardship Council (FSC)
which meant that other construction materials such as concrete and steel were disadvantaged in
schemes such as BREEAM where credits are available for responsible sourcing [11]. This
responsible sourcing standard looks at the organisation management, supply chain management
and a range of environmental and social issues but largely ignores economic issues. As a
certification scheme production sites are audited against the standard and can be collated into
broader product groups e.g. concrete and aggregates. This means that broad comparisons can be
made against one product group to another or between different production sites the assessment
of individual products is however not possible.
The recently launched British Standard BS 8905 – “Framework for the assessment of the
sustainable use of materials – Guide” was published to fill the gap left by the numerous standards
and tools mentioned above that do not give a broad sustainability assessment of materials. The BS
8905 standard “seeks to maximize positive social, environmental and economic contributions and
to minimize negative impacts .These three aspects typically form the basis of any sustainability
assessment”. The generic approach for all types of materials within this standard make it an ideal
platform from which to develop a construction products assessment framework [25].

3. Developing the framework
This section outlines the development of the framework. The recently launched BS 8905 standard
was used as the basis of the framework because it provided a set of non-prescriptive guidelines
which could be tailored to construction products. The social, environmental and economic issues
were identified and the next section describes in more detail the specifics of each issue and how
each one would be measured. The consolidation of these measures in to an overall sustainability

index is described at the end of the next section.
The general principles of the framework will follow that of BS 8905 which has three main phases
[25]. The first phase is the scoping phase which:
a)
b)
c)
d)

Sets the scope of the sustainability assessment
Identifies relevant stakeholder groups
Develops a list of prioritized parameters for each of the three aspects of sustainability
Determines key parameters

The second phase is focused on the data collection and the actual assessment, stages within this
phase include acquiring the data; using tools and applying methodologies and a sensitivity/review
analysis of the findings. The third phase is the reporting phase where the outputs are presented to
the relevant stakeholders. The aim of this paper is to complete phase one but with a great level of
insight into the methodology of assessment for each issue which will essentially create the
framework. By explaining how each issue will be assessed it will make subsequent research into
phase two clear and transparent.

4. Identifying the issues
The BS 8905 standard contains signposts to a number of existing methodologies and standards for
environmental, social and economic issues. In order to arrive at the list of issues for the framework,
the most recurring issues mentioned in BS 8905, BES 6001 (responsible sourcing), BREEAM,
Ceequal and previous research were identified. Social and environmental issues were consistently
referred to in BREEAM and Ceequal and reasonably well in BS 8905 and BES 6001. Previous
research was also consulted which consisted of a series of 25 semi-structured interviews with a
range of industry stakeholders [26] this work provided a number of the economic issues. Table 1
shows the issues that were carried forward to the framework developed for this research and
where these issues are referred to in other standards, schemes and research; such an approach
will reduce the barriers to the use and application of the framework. The remainder of this section
will focus on the environmental, social and economic issues in turn and explain how each one will
be assessed as part of the framework. The BS 8905 standard recommends that the measurement
of parameters should be done in a clear and transparent manner.
Table 1: Mapping of Framework Issues
Issue
Life Cycle Assessment/Carbon
Water (embodied in product)
Waste (to landfill)
Biodiversity
Recycled/Secondary Content
Durability/Longevity
Product Properties
Mode of Delivery
Employment & Skills
Community Engagement
Profit Margin
Life Cycle Cost
Internal Supply of Materials
Operational Equipment
Efficiency
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4.1

Environmental issues

As identified earlier in this paper, environmental issues are traditionally well represented in
sustainability assessment schemes and standards. It is therefore not surprising to see that all five
issues selected for assessment were referred to in BS 8905, BES 6001, BREEAM and Ceequal.
The first issue is the Life Cycle Assessment (LCA) of the product. Identifying this as a separate
issue will mean that the framework will be flexible enough to accommodate different LCA
methodologies and life cycle phases. At the time of writing the sponsoring company had a
reasonable consistent methodology to calculate the embodied Carbon Dioxide (CO2) of products
on the basis of process impacts and embodied impacts of constituent materials; Defra factors were
used to arrive at the CO2 numbers on a per tonne basis. This formed the basis of individual product
footprinting with the acknowledged limitation that a generic process impact was used for that
product type; the overall CO2 number was therefore very dependant on the constituents of the
product. As systems become refined and LCA capability increases to whole life and other
environmental impacts the base case will need to be recalculated and the thresholds for scores
revised.
Water is emerging as an important issue and already there are competing methodologies to
calculate the water footprint of a product. So as not to penalise products that use lots of direct
water (concrete) against products that use very little direct water (asphalt) the base case will be
calculated on a per tonne basis. The water consumed in the final product is the measure however
where no water is present in the bill of quantities the water usage for the site will be benchmarked
against the average for that type of operation so as to encourage reduction of water use on site.
Waste is the third issue in the environmental section. This is measured at a site level as individual
waste arising from a product is sometimes not a function of the product itself but can be due to
human error during the manufacturing process. However it is acknowledge that some products
(especially precast concrete products that have secondary processes such as rumbling etc) will
increase the level of product waste. Much direct product waste can be recycled back in to the
process as feed material and therefore does not leave the site. This issue seeks to identify the
percentage of waste going to landfill at the site level. Records are kept for all land filled waste and
therefore this issue can be measured using average levels of waste going to landfill.
Biodiversity is managed at a site level and therefore difficult to attribute to a single product. It is still
a fundamental environmental issue that should be addressed. All sites should have objectives and
targets and will be assigned a biodiversity Tier level according to the risk the local environment
could face; i.e. a site on an industrial site will not be as high a tier level as one in a Site of Special
Scientific Interest (SSSI). All sites in the sponsoring company have been assigned a tier level so
this can be used easily to assess the site based on its tier level. Where policies and metrics are
already in place they are utilised to minimise bureaucracy.
Recycled/Secondary content is the fifth issue in this aspect. Whilst recycled/secondary material is
often accredited with low or zero embodied carbon the processing of such materials can in some
cases appear to be less ‘environmentally’ friendly. The inclusion of this issue is to reflect the use of
material that would otherwise have been virgin material which would have had more direct impacts
on the environment (not necessarily more).
4.2

Social issues

Social issues are traditionally difficult to quantify for construction products. The definition of the
boundary is therefore limited to five issues for this aspect. The durability of a product can reduce
the need for maintenance and therefore create less inconvenience to people; this may be very
minor when considered for precast paving in a garden to significant disruption on the UK motorway
network for an asphalt product. It would need to be demonstrable that the product is more durable
than the standard.
Products can offer secondary benefits such as improvements in thermal mass, better acoustics,
higher skid resistance, early strength and longer shelf lives to name but a few. This issue has been
included to make allowances for novel and innovative products that seek to address a particular

concern. Due to the variation in products this framework seeks to assess there will be no base
case or an average to compare against. Scoring for this issue will be demonstrable evidence of
one or more benefits that the product can provide.
Transport accounts for a significant proportion of CO2 impacts for the sponsoring company. Road
transportation is the normal mode of distribution for most products but other forms of transport
have been proven to offer alternative routes to market. This issue will be assessed on a product
group basis as ready-mixed concrete can not be feasibly transported by sea or asphalt delivered
by rail. Similarly pre-cast products are not all manufactured at every factory and some products
have a defined shelf life which again limits the mode of transportation but not the efficiency by
which it can be delivered i.e. larger volume vehicles which reduce the number of vehicle
movements.
The last two issues assessed under the social aspect are employment and skills and community
engagement both of which are assessed at the site level. An individual product will not necessarily
be the difference between the opening or closing of a plant and thereby keeping people employed.
The portfolio of products that a site can manufacture collectively has an impact on the employment
of people, their safety (the lost time injury frequency rate) and the skills they learn. Health and
safety has been a key area of concern for the construction sector for a number of years. Significant
efforts have been made in having a consistent approach to health and safety in the sponsoring
company over the past few years. Whilst statistically health and safety is easy to measure there
are more subtleties such as workplace attitude and general ‘looking out for one another’ that are
difficult to quantify.
Engagement with the community is an issue that is monitored within the sponsoring company
regularly and the majority of sites should have active community engagement plans in place. It is
this information that will be used to ascertain the level of community engagement appropriate for
each site.
4.3

Economic issues

Economic indicators proved to be more challenging as costs are traditionally omitted from
sustainability assessment schemes such as BREEAM. As the research is for an existing
construction materials company senior managers were consulted about the most important
economic issues that should be included in the framework, this is headed under previous research.
Of the four issues suggested by the company only Life Cycle Costing was mentioned by the other
schemes/standards i.e. BS 8905 and Ceequal. Most of the issues are self explanatory but
Operational Equipment Efficiency (OEE) is an existing production management performance
indicator that measures plant efficiency and downtime; in order to best utilise existing metrics it
was deemed important enough to be included.
Profit margin or contribution per tonne of product is the first issue in the economic aspect; although
commercially sensitive it is important that such information is present as part of the multi criteria
process. A standard margin for the base case is calculated and improvements on this are
recognised accordingly. In order for a product to be sustainable it must make a positive contribution
to the overall profitability of the business. Historically ‘green’ products were considered to be loss
leaders, the marketplace is evolving and customers are expecting all products to be ‘green’. The
thresholds for improvements in profit will be set as to deter excessive profiteering which would
result in a sub-optimal market growth. Sustainability includes a very clear economic aspect but
organisations have been reluctant to outwardly promote this aspect. This framework is making it
clear that in order for an organisation to be sustainable it must be successful and therefore
profitable.
Life cycle costing is a well established mechanism but one that is rarely fully utilised. This issue
rewards the exercise being undertaken for the product to promote greater life cycle thinking, further
recognition is possible where comparisons have been made and a tangible reduction in whole life
cost is feasible and realistic. The boundaries and scope of the costing exercise should be well
documented and the calculations transparent so that the same procedure could be used again for

different products, where multiple product are being costed it should be against the same reference
case. Vertical integration is a key part of the company business model. A product that uses more
constituent materials that can be sourced from within the business can have a greater economic
benefit than the profitability of the product in isolation. It is acknowledged that due to the location of
some operating units it would be uneconomical to source raw materials from elsewhere in the
company. Operating Equipment Efficiency (OEE) is a measure of the productivity of the plant on
site. This data is already collated and an average for 2010 for each production type can be set as
the benchmark.
4.4

The sustainability index

An assessed product would be scored against each of the issues identified in the previous sections.
The three aspects of sustainability are equally significant and are therefore equally weighted. The
individual issues within each aspect of sustainability can be weighted and this will be carried out as
a separate piece of research; stakeholder engagement for the weighting exercise is recommended
in BS 8905. The weighted sum of all the issues would be aggregated to provide the sustainability
index score for that product. A number of products would need to be assessed so that some sense
could be made of the overall score and the base case explained so that meaningful comparisons
could be made. The sustainability indices for a range of products could lead to a better
understanding of the key issues that help to create a more sustainable product.

5. Discussion
This paper has presented a framework for the sustainability assessment of construction products.
Research on the limitations of LCA by Udo De Haes et al [27] would refer to this developed
framework as a ‘toolbox’ which they argue lacks consistency and propose that a hybrid LCA
approach is a stronger methodology which would essentially end up becoming an extension of
LCA. Whilst this point of view is acknowledged it is also necessary to understand the context in
which the LCA is being applied. In an organisational context a toolbox approach that has an
element of LCA built into the system is easily usable, transparent, does not require the
employment of specialist LCA practitioners and relies on datasets and information that has mostly
already been collated. In addition, having an elemental approach to the environmental aspect
allows future developments in construction product LCA such as CEN TC 350 to be used and
issues merged together. The approach may appear simplistic however this was the aim of the
framework that it could be easily understood and therefore utilised. A clandestine approach where
data is supplied from an operational site and then a rating is achieved is not a transparent process
and one which is not favourable to members of the construction products industry. The user of the
assessment could easily communicate where the hotspots lie in the overall sustainability index.
As a number of the issues are covered in existing assessment schemes (albeit for a construction
asset) it would nevertheless aid the procurement process to select the most sustainable materials
for a project. The Ceequal scheme is evidence based and less prescriptive than BREEAM so the
use of an assessment framework such as this would be the evidence an assessor could provide
for credit. The Responsible Sourcing standard (BES 6001) addresses a number of these issues at
a site level and the base information would be the same and interrogate the same management
system; there would not be any duplication of effort from a site perspective. At a time when there
are increasing numbers of standards and guidance relating to sustainability it is fundamentally
important to reduce duplication and for developing frameworks such as these to build upon
standards and schemes already in use in this case the construction products sector.
The inclusion of basic economic issues such as profit margin may be commercially sensitive and
not communicated externally as would perhaps not the thresholds where points are scored in
relation to the benchmark (the overall economic section score could be communicated if an
organisation wanted to do so). Ness et al [28] conclude that “Like many facets of the concept of
sustainability itself, proper tool development can only happen when all parameters are considered
simultaneously”. This is the approach that has been taken in developing this framework.

6. Conclusion
Sustainability is becoming a more widely used term in construction from all parts of the supply
chain but much of the focus has been on a range of environmental issues. Sustainability
assessment in construction has progressed through the use of BREEAM and Ceequal.
Responsible sourcing has brought some attention to assessment at the product level but largely
ignores economic impacts. This paper has tried to take a more holistic approach to sustainability
and the ‘triple bottom line’ [1] concept of social equity, economic progress and environmental
preservation. This clear gap in product assessment was identified by the British Standards Institute
who has recently published BS 8905 “Framework for the assessment of the sustainable use of
materials – Guide”. The aim of this research was to use BS 8905 as a basis from which to develop
a sustainability assessment framework for construction products. The standard itself is a guidance
document for the sustainable use of materials and as such a very generic and non-sector specific
framework. A key objective of the research was to identify a range of social, environmental and
economic indicators which formed the areas of assessment of the framework. By drawing on
existing standards and assessment schemes a list of environmental, social and economic issues
were identified. These issues were; Life Cycle Assessment/Carbon, Water (embodied in product),
Waste (to landfill), Biodiversity and Recycled/Secondary Content. The social issues are;
Durability/Longevity, Product Properties, Mode of Delivery, Employment & Skills and Community
Engagement. The economic issues are: Profit Margin, Life Cycle Cost, Internal Supply of Materials
and Operational Equipment Efficiency. A core part of the framework was the consideration of life
cycle impacts across all three aspects of sustainability i.e. LCA, durability and life cycle cost. This
concept of extending the application of LCA as part of a broader assessment methodology has
been proposed by leading academics for a number of years. The three aspects of sustainability are
equally significant and are therefore equally weighted. The sum of all the issues would be
aggregated to provide the sustainability index score for that product. A number of products would
need to be assessed so that some sense could be made of the overall score and the base case
explained so that meaningful comparisons could be made. The sustainability assessment
framework will:
•
Allow the profiling of existing products to better inform product choices
•
Prioritise new product development projects and concepts
•
Increase transparency of information to suppliers and customers
Further research is required to conduct trials of the developed framework on a particular
construction material to test the validity of the framework and to make any necessary modifications
to the methodology. This research has important ramifications for the wider construction products
industry as there has been a historic focus on environmental impacts and products used in
buildings. This work has demonstrated that construction products can be assessed from a more
holistic perspective for environmental, social and economic issues.
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Summary
Sustainable construction is essential for attaining sustainable development. The construction
industry, besides being a great consumer of natural resources (construction materials, water, etc.),
is the main cause of unwanted side effects such as solid waste, air and water pollution,
deforestation, health hazards, and other consequences. Despite the studies aiming at impact
reduction in their source, it is not always possible to counteract them. Thus, this study, conducted
through a critical analysis of a literature review, suggests the adoption of compensatory measures
to counterbalance the remaining impacts. Environmental compensation is a reimbursement
mechanism for the effects of non mitigated impacts, which occurred during the execution of some
activity or project. This study discusses the application for the construction of buildings in urban
areas, while taking into consideration the previous experiences of many countries, involving
infrastructure projects
Keywords: buildings, construction site, environmental compensation, sustainable construction

1. Introduction
The construction of any building is responsible for a significant share of negative impacts to the
environment. Therefore, the quest for sustainable construction should begin with sustainability in
the initial stages of the undertaking. This includes an improvement in the quality and durability of
buildings, which depends on the skilled execution of services at the construction site, such as a
reduction in residue and an increase in the use of recycled materials which are dependent on
reducing wastes and quality management of residues. Although water and energy are of more
relevance during the time that a building is occupied, rational use of these two elements can also
be achieved at the construction site by measures affecting the areas of living and production
(specifically the machinery). The construction stage presents a great potential for improving social
conditions due to the high number of labourers employed who receive low incomes and have poor
educational backgrounds.
One possible way of achieving sustainable construction is by a reduction of the environmental
impacts caused by civil engineering through implementation of policies aimed at their reduction
during the planning stage. However, it is not always possible to achieve a reduction in the
environmental impacts at their place of origin whether it be from a lack of efficient technology or the
high cost of implementing such measures. Therefore, this work suggests the adoption of
compensatory measures which will counterbalance such losses.

Environmental compensation is a mechanism of reimbursement for the effects of unavoidable
impacts which occur during the execution of some activity or project. This paper, therefore, has as
its objective a discussion concerning the application of measures for the environmental
compensation of building construction sites in urban areas.

2. Methodology
This work is based on a bibliographic review. An effort was made to gather data from a variety of
countries in order to develop a scenario portraying environmental compensation. Although the
search involved a large number of countries, the selected ones, Australia, China, Holland,
Germany, Spain and Brazil, were chosen for the study based on their bibliographies and the
diversity of information available.
From the collected data, a view of environmental compensation showing how it is performed and
under what circumstances it is applicable, was composed. The data was used as a base for the
main discussion of the work, which is the application of environmental compensation to building
construction sites in urban areas.

3. Environmental Compensation
The terminology “Environmental Compensation” has several meanings, varying in accordance with
country and organization. In Holland, for example, ecological compensation is used to denote the
substitution of functions or ecological qualities damaged by development projects. The objective of
this compensation is to rehabilitate areas which have been impacted and/or create a new habitat
with equal characteristics [1][2]. The Australian government, on the other hand, defines
environmental compensation as a combination of actions implemented outside the site in question,
and having the objective of counter balancing the direct and indirect impacts on projects under
development [3]. In those countries which have fees destined for environmental compensation, the
objectives of these in general are to: encourage, in financial terms, the originator of the damage to
control his activities; obtain funds to make reparation to the victims; and to subsidize efforts to
protect the environment, among others [4].
The IUCN (International Union for the Conservation of Nature), published a document that show
that there are two terms being used for compensation: compensate and offset. In many countries
these terms are confused and/or utilized to express different meanings. The document, however,
proposes a differentiation between the two. For the authors of the document, offset refers to a type
of compensation which involves an action to counterbalance the impact, as for example, in the
Kyoto protocol. There, offset was understood to compensate for carbon emissions with
mechanisms that absorb carbon gases. On the other hand, the term compensate encompasses
other forms of compensation, such as financial, or some other action which, in some way pays for
the damages [5].
3.1

Examples

3.1.1 Australia
Environmental compensation is an instrument used by the Australian government to assist in
applying the Environment Protection and Biodiversity Conservation Act, of 1999, which prohibits
any action that generates significant impacts to the environment. The term “action” is amply used
to incorporate development projects and activities in general [6]. Hence, the government requires
that the originator elaborate a plan to mitigate the impacts caused by the action. In case this plan is
not approved for not being able to mitigate all the impacts, a secondary plan is allowed for the
compensation of residual impacts [3]. Two types of compensation are possible, direct and indirect.
The objective of direct compensation is to maintain or improve the habitat or landscape, including
the restoration or reconstruction of the degraded sites. Indirect measures involve actions which
promote research directed at the improvement and conservation of habitats.

3.1.2 China
China is trying to reduce negative environmental impacts by controlling activities through the use of
economic incentives. It has implemented fees for environmental compensation that are directed at
the exploration of resources and the construction of infrastructure projects such as highways and
irrigation structures. The fees are calculated based on the environmental loss caused by these
activities and utilizing market prices to arrive at final values. The resources collected by means of
the fees are destined for projects aiming to improve the natural environment [4].
3.1.3 Holland
In Holland, environmental compensation was initially and formally adopted as environmental policy
in 1993 by the national Structure Plan for Rural Areas, the objective being to conserve rural areas
due to their environmental importance, and as areas of leisure for the local population. The
principle of environmental compensation in this case is that the losses caused by interventions into
the environment should either be balanced at the same local or at some other adequate area. This
type of compensation implies that the development of a habitat in whatever area is chosen as
compensation, in terms of extension and quality for the environment, should be comparable to the
area lost or affected by the intervention [1][7].
A well studied case concerning this theme was the development of Highway A50, in the province of
Noord-Brabant in the southern region of the country. In this case a plan for environmental
compensation was carefully elaborated employing measures that were carried out either at the site
or some other region which also needed intervention, thus, excluding the payment of fees [1].
3.1.4 Europe
The European Union has a project called REMEDE- Resource Equivalency Methods for assessing
Environmental Damage in the EU, the objective of which is to develop, analyze and disseminate
methods that will determine the magnitude of the compensatory measures needed to adequately
counterbalance environmental damage. The Environmental Liability Directive was adopted in
Europe in 2004 and became effective in April 2007, with the objective of compelling those that
cause damage to the environment financially responsible for reparation. These directives are also
meant to harmonize the different compensation schemes existing in Europe.
3.1.5 Germany
Since 1976 compensatory measures have been utilized in Germany. The method is called “The
Compensation Principle”. The objective is to conserve and develop the capacity of nature and the
landscape in performing their basic functions, and also to define the appropriate mitigation and
compensatory measure aiming to reach environmental equilibrium. The Principle establishes that
the causer of the damage must first foresee the mitigation of the impacts and compensate that
which is unavoidable. Compensation should, preferably, attempt to recover the damaged
environment, and if that is not possible, apply the compensatory measures to some other site.
However, the terms compensation and restoration are strictly legal, seeing that the environment or
landscape can become different after application of the compensatory measures [8].
3.1.6 Spain
The term compensation is derived from EU Directives on Environmental Impact Assessment (EIA).
The regulation states that all projects should include measures of prevention, mitigation and
compensation for environmental impacts. When environmental impacts in the autonomous region
of Andalucia are irreversible, the authorities charge the culprits with fines with which to develop
projects for compensation. The region of Aragão makes compensatory measures obligatory for any
eventual damage in the areas of wind farms. In the region of Navarra any reduction in the size of
forest areas must be compensated with the re-forestation of equivalent areas [9].

3.1.7 Brazil
Financial compensation in Brazil has been applied to the use of natural resources since 1991 and
includes taxing the production of electricity, oil and mining with a fixed percentage based on the
gross revenues of these activities and then used to compensate the municipalities and states
where the production is taking place.
The system of environmental compensation was established by federal law in the year 2000. Here,
federal law requires that projects which generate environmental impacts of a significant nature
must reserve at least 0.5% of the total costs for supporting activities of implementation and
maintenance of the nature conservation units, which is in accordance with the federal decree that
regulates several questions referring to environmental compensation and the calculation of the
values. It is important to point out that the projects included in this legislation are of significant
magnitude, like highways, ports, airports, hydraulic works, urban development, those involving
areas larger than 100 hectares or those that are likely to cause impacts in areas considered to be
of relevant environmental interest. Therefore, this system is not applicable to building construction
sites in general.
There still are, though, some rare cases in which compensation for environmental damage caused
by the construction of condominiums was demanded. However, no calculation of an equivalent
monetary value or other method was used in these cases. They were settled by stipulating that a
compensatory measure such as a square/playground or other area of leisure be constructed.

4. Discussion
The first difficulty that appeared during this discussion was a definition of the terms involved. For
environment, the ISO 14001 [10] definition, “surroundings in which an organization operates,
including air, water, land, natural resources, animal and plant life, humans and their interrelation”
was chosen. Considering the scope of the study, the environment in question is urban areas.
Rather than “offset”, the term “compensate” is used in this study as it involves diverse measures,
as fees, not just an action to counterbalance the impact.
Having defined the concept of environmental compensation, the discussion turns to its objective:
restore the original condition of the site where the construction is built, or raise funds with the
objective of improving the environment?
In the case where trees have been cut down at the construction site, it is important that the
measure be applied in the near vicinity, as those who live in the surrounding areas are the most
affected by the impact and, in general, the application of measures such as planting trees locally is
viable. However, when non-renewable natural resources are consumed, the impacts have a much
farther reach and a fund must be created to be used in an array of compensating projects.
An important, common characteristic of the examples cited above is the fact that the compensatory
measures do not substitute the desire for mitigation of the impacts. To the contrary, they only
function in a complementary manner. Therefore, first of all, it is necessary to elaborate a project
which minimizes the generation of impacts and, if finding a solution to all the interferences is not
possible, compensation becomes the means to counterbalance the inevitable damage. A
representation of this principle is presented in Figure 1 where the term “environmental function”
designates the quality of environment under analysis.
One other important question is the evaluation of environmental impacts. In order to calculate the
compensation it is necessary to evaluate the possible environmental impacts generated by the
project. Among the methods, this is one that stands out more than the others, “methodology for
predicting the severity of environmental impacts related to the construction process of residential
buildings” [11]. The interesting point here, though, is that this proposal is specifically designed for
construction sites, although more specifically for residential building. Being so, studies which can
verify the proposal for other types of buildings are necessary.

Environmental
function

Environmental compensation

Project using the best environmental practices

Inicial situation

Project without environmental concerns ambientais

Figure 1- Representation of environmental compensation concept
The introduction of environmental compensation is also an important point for discussion. This can
be done by laws which obligate the developers to take adequate measures, as outlined throughout
the text. However, another form of encouraging the introduction of compensation would be the
elaboration of a stamp of approval or certificate for those buildings which have had the
environmental impacts caused during their own construction compensated. In this case, studies
about how this instrument works would be necessary. Another interesting idea would be to
elaborate a comparative index between buildings that served as an award by showing which
project better compensated the impacts.
When considering the introduction of any compensation mechanism, verification of positive and
negative points from earlier experiences must be included in the process. A research developed in
Germany [12] shows that the compensatory measures applied to the construction of highways
reached their objectives in only 33% of the cases, with 67% being partially fulfilled or not at all.
The main failures were: Inadequate conditions at the site, improper methods of execution and
inadequate management and maintenance of the measures applied. This study recommends
standardizing the procedures for applying the compensatory measures, including planning,
implementation, verification of objectives attainment, accompanying the development and
maintenance of the measures implemented. The purpose here is to avoid errors throughout the
process and detect mistakes early which will permit correction.
This research alerts for the essential points to be considered in the elaboration of mechanisms for
environmental compensation even if the focus is on the construction of buildings. In this way, from
the beginning of planning the project, measures for reducing negative interferences as well as
compensation for any unavoidable negative impacts, can be adequately forecast. It is also
necessary to assure that the adopted measures are accompanied over the length of the project to
be able to verify their success and in the case of errors, apply speedy correction.

5. Final Remarks
This study has presented the characteristics of environmental compensation as practiced in
several different countries, showing both the differences and common points. The examples
indicate a lack of congruity as to how environmental compensation is put into effect and under
what conditions it is applicable.
While most of the countries in the research apply environmental compensation principally to large
projects, Spain, in the region of Aragão, applies it to wind farm areas. And in Navarra,
compensation is applied only when there has been a reduction in forest areas and, the
environment in general is not considered.
China, on the other hand, applies environmental compensation to the exploitation of natural
resources and uses the selling price of those resources as a base on which to calculate the value
of the compensation charged. This form of calculation was not found in the other cases studied,

although it is similar to that practiced in Brazil where the value is calculated using the total cost of
the project.
Another difference is in the way the compensation itself is used. For example, in China and
Australia the value can be converted into research or projects for the environment. However, in
Germany and Holland the values can be used to recuperate areas where the natural environment
has been damaged.
It is essential to know the experiences of the different countries in dealing with environmental
compensation, although necessary that each site evaluate its own characteristics in order to apply
the compensation to its necessities in the best possible manner.
This discussion has identified the chief points involving environmental compensation which need to
be thoroughly investigated when elaborating an environmental compensation proposal. The term
environmental compensation needs to have an established, recognized definition and, the
objective and mechanism of compensation must also be elaborated along with a complete
evaluation of the environmental impacts, a method for calculating the compensation and a scheme
for implementation and control. Not all the issues were completely answered, although areas for
further research were demonstrated.
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Summary
At international level there is a powerful concern for the elaboration of some complex instruments
for the buildings quality assessment from the durability point of view. They aim especially at the
designing stage and include an important number of criterions capable to quantify the actions having in view the achievement of four objectives categories: environment protection, economical,
social and cultural.
The achievement levels of these criterions are estimated on the calculus and measurements base.
This purely scientific approach makes that the estimation system does not take into account in a
sufficient measure the users’ requirements/expectations, there are some opinions and studies in
the field that emphasize the necessity of taking into account the users’ real satisfaction level of
existent buildings during the whole span.
The present paper proposes a model for estimation level of building quality, based on the total
quality concept that integrates the quality criterions resulted from the respect of Sustainable Development principles with the criterions concerning the inside environment quality, perceived by
users.
Keywords:sustainability, indoor environment quality, total building performance, users' satisfaction.

1. Introduction
Efforts to formulate measurable criteria for assessing the extent to which buildings meet the
objectives of DD were completed by developing complex assessing tools like: LEED, CASBEE,
BREAM, Green Star Australia etc. They are focused mainly on technical issues such as energy
consumption, water and resources use. Meanwhile, investigations are conducted to demonstrate
the importance of knowing at what level the user’s aspirations and expectations are satisfied on
indoor environment quality, but also the functionality, architectural appearance, urban unit
relationship etc., requirements included in the Sustainable Development goals, which are directly
subjected to users’ perception [1,2]. In fact, the starting point in approaching the issue concerning
the quality of the buildings through the concept of performance (Performance Based Building),
which is based on current codes and systems assessment of quality, is precisely the
transformation of users’ requirements into requirements and performance criteria.
Satisfaction of needs and aspirations of customers / users is viewed from two angles:

- In terms of construction industry manager interested to know how the building quality is perceived
by the client, in order to provide more facilities and services, including the field of aesthetics and
interior design, which results in an increase in market value; the significance of customers’
satisfaction is even more pronounced as the competition is more intense;
- From the viewpoint of the user, who spends a great deal of time in a certain space and is
interested in functionality, services quality, but also in indoor environment quality in terms of
comfort and optimal composition of the air; the users’ perception is important for improving the
design codes, for adopting the most appropriate rehabilitation solutions or for improving the
operating conditions.
In both cases, the investment, operation and maintenance costs have an importance.
The second approach, from the user’s point of view, generated a new concept “Post Occupancy
evaluation” (POE) [3]. Its theoretical and philosophical foundation is to assess the buildings on the
base of performance concept and consists in the comparison the users' objectives and
performance criteria associated with the current performance levels, set both in subjective and
objective ways. Application of performance analysis in different life cycle stages is justified by the
fact that, over time, there are changing both the characteristics of technical solutions used in
building achievement and the aspirations of users, as well. This diagnostic method is attractive in
the short and medium term for managers and designers because it can effectively contribute to the
development of standards and design codes, but in long term, through the environmental impacts
resulted from the implementation of these codes.
But, whether if the analysis of the customers’ / users’ requirements is carried out during pre-design
stage, in order to choose the most appropriate strategy or at a certain time of operation (POE), it is
evident the trend to assess the quality on a global indicator base, Total Building Performance
(TBP). The concept, emerged in the last decades of the century, provides a tool for assessing the
building quality, in the design, construction or operation stages, by considering the extent to which
all requirements are met.
An essential component of the TBP concept, which is still subject of debate and research, consists
in weighting each requirement / criteria involved in the total performance. In order to weight the
share in which each criterion intervenes in the assessment of the TBP index, in literature there are
several possibilities. Thus, in the paper [4], it is proposed to provide each criterion a weighting
proportional to the cost of works, done to equip a new or an existing building, with materials and
devices that guarantee a certain performance. The method is criticized because of the difficulty of
estimating the costs for each criterion. Thus, works on increasing the level of thermal insulation of
glazed areas contribute also to achieving a higher level of acoustic comfort. As a result, in most
studies, the weight of each criterion is determined by experts on the base of the importance played
in the design frame, or it is based on users’ assessment, which is evaluated by processing a set of
responses to questionnaires.
Total Building Performance Index may indicate the building quality by the level of performance for
each requirement based on calculations and / or measurements, or by the extent to which users’
expectations are satisfied that is assessed by processing responses to questionnaires. This latter
mode of assessment is suited to the performance analysis of buildings during the operation stage
and makes complete the objective assessments in the frame of POE studies. Simultaneous
evaluation of performance levels, by measurements and by assessments of users, of some
buildings that include spaces with long time occupation, emphasizes the importance of taking into
account the users’ perception in setting the strategies to ensure the design quality or energy
conservation by rehabilitation works [5].
The need for integration into a single quality indicator of measure, in which are achieved the
Sustainable Development indicators, seems to be a conclusion of the majority of studies
conducted on this topic. Quality Function Deployment, QFD, is a methodology to transform users’
requirements into design targets or means of quality assessment.
Assessment of building quality in terms of the measure in which are satisfied the DD may be

integrated into a general concept of evaluation, Performance Based Building, applicable in all
phases of building lifecycle. Essential contributions in this regard are registered in the European
Performance Based Platform. The main instruments, underpinning the performance approach are:
requirements management tools, QFD for performance priorisation, process/performance models
tools to integrate in DD model, by means of some interoperability standards [6, 7].
This paper presents a case study of an evaluation model of a building in service by integrating the
level of satisfaction of users’ requirements, derived from the Sustainable Development criteria, with
the actual performance, obtained through performance analysis.

2. Assessment model of total quality of a building in service
The proposed model for assessing the quality of buildings in operation aims to establish an overall
performance indicator, TPB index, able to reflect both users’ perception about the level of
satisfaction of requirements, as well as the technical solutions adopted for this purpose. This
involves the following steps:
a. Quality analysis on the base of users’ perception
- Selection criteria and sub criteria of sustainability that can be evaluated based on users’
perception and / or by calculation;
- Formulation of the quality requirements associated with the selected criteria;
- Evaluation of users’ satisfaction relative to expectations quality requirements selected by
statistical data provided by responses to questionnaires;
- Specification of the weight of each criterion involved in the total performance;
- Determination of Total Building Performance Index.
b. Analysis of the performance level offered by the technical solutions applied in the construction
achievement
- Identification of the used technical solutions based on existing technical information or some “in
situ” investigations;
- Evaluation of performance level, compared with standardized values set by design codes;
- Specifying the weight of each criterion involved in the total performance;
- Determination of Total Building Performance Index.
c. Integration of the performance level resulted from the evaluation of users’ perception with that
assessed on objective bases, as a global quality indicator, able to characterize the building both
from the viewpoint of the user and also of the evaluator, who works with criteria expressed by
measurable values. For this aim, it may be used the Quality Function Deployment (QFD).
QFD is a systematic process to bring the customer requirements in the conception / design of a
product, in order to meet them at a higher level. Adapted to assess buildings quality, QFD has
been applied in different ways, offering a wide range of possibilities, from the architectural and
structural optimization to the design of an apartment [8], to the implementation of Sustainable
Development criteria in the design and rehabilitation of buildings or districts or to the evaluation of
performance of design / construction companies.
Using QFD in evaluating the quality of buildings in operation within the model proposed in this
paper involves the application of the algorithm presented in [9].

3.

Total Building Performance Index. Application on a case study.

Post occupancy performance analysis was conducted on an education building made in 1980,
characterized by low energy efficiency level, determined by:
- Configuration volume;
- Large surface of the glazed areas
- Low thermal insulation of opaque envelope elements.

The building has undergone rehabilitation works focused on thermal energy, which consist in
replacing the wood windows with double pane windows with PVC window profiles with insulating
glass. This measure, coupled with improved operation of the heating system, leads to the increase
of energy efficiency, the building energy certification changing from class D to class C. It should be
noted that the rehabilitation strategy has not included measures to increase indoor air quality, the
ventilation being realized by natural way, through windows, without respecting their opening
program.

3.1. Total performance index estimated on the base of users’ perception (TBPU)
The measure in which the users’ requirements were satisfied was analyzed by processing the
information obtained from responses to a set of questionnaires distributed to a number of 80 users.
The first questionnaire consists of questions related to the importance attributed by users on a scale of 15, the following criteria, derived from the indicators: functionality(1), aesthetical architectural appearance
(2), thermal comfort
during hot season (3),
thermal comfort during
cold season (4), visual
comfort (5), indoor air
quality (6), acoustic
comfort (7). The average
scores obtained for each
criterion show that users
give the most importance
to functionality and
minimum importance to
acoustic comfort (Fig.1).
The 2nd questionnaire
includes
questions
concerning
to
the
Fig. 1 Importance given by users for different performance requirements satisfaction level of the
same requirements. The
and criteria
maximum
level
of
satisfaction is recorded for functionality and minimum for air quality (Fig. 2).

Fig. 2 Satisfaction level of quality requirements perceived by users: a- functionality; b-indoor air
quality
It was determined the Total Building Performance resulted from the perception of users, TBPU,
(Table 1), introducing the scores get for each requirement, as performance level, and as weights,
the values resulted from the responses processing to the first questionnaire. TBPU index was
obtained by comparing the actual level of satisfaction to maximum level, according to the situation
in which all requirements were met at maximum level, with 5 points, and has a value of 66%.

Table 1 Assessment of performance level on the base of users’ perception
Users’ requirements
UR 1 Functionality
UR 2 Architecture
UR 3 Thermal comfort winter
UR 4 Thermal comfort summer
UR5 Indoor air quality
UR5 Visual comfort
UR 7 Acoustic comfort
Total SL
Max SL
TBPU

Satisfaction
level (SL)
3.93
3.23
3.46
3.14
3.25
3.24
2.92

Weight
Pi,u
0.16
0.14
0.145
0.156
0.134
0.135
0.130

Pi,uxSL
0.629
0.452
0.502
0.489
0.435
0.437
0.379
3.32
5.00
0.664 (66%)

3.2. Total performance index estimated on the base of the evaluation of real performance levels of the building system and of the sub-systems components (TTBP)
From the list of assessment criteria, which have been analyzed by users, there were selected
those for which the performance level can be assessed by calculation or measurement, which was
added to the criterion concerning the energy performance and operation costs. Each criterion was
rated on a scale of 1-5; the score is given by comparing the actual performance levels to the
standardized values, recommended by design codes. The share importance of the criteria was
established by authors, taking into account the preferences expressed by users.
The evaluation and the obtained results are presented in Table 2.
Table 2 Assessment of performance level offered by technical solutions
Requirement

Criterion

Effective
performance
level (PL)

Weight
Pt [%]

PL x Pt

5

0.16

0,80

0.17

0,51

0.12

0,48

5

0.13

0,65

TR1 Thermal
comfort -winter

Operative temperature

TR2 Thermal
comfort - summer

Annual number of hours when is
necessary air conditioning

3

TR3 Acoustic
comfort

Acoustic reduction index
Interior noise level

4

TR4 Visual
comfort

Lighting level on the work plan
Lighting uniformity
Number of hours for natural
lighting insurance

TR5 Air quality

Ventilation rate
CO2 maximum content

2

0.14

0,28

TR6 Energy
performance

Annual specific necessary of energy
for heating, conditioning, lighting

3

0.14

0,42

TR 7 Operation
costs

Energy cost
Current operating costs
Total Performance Level
Maximum Performance
TTPB index

3

0.14

0,42
3,56
5,00
0.712

The effective total performance index related to the maximum one is 71.2%.
3.3 TPB index evaluation by integrating the performance of technical solutions to the users’
perception, the application of QFD
The QFD using requires the resolution of three matrices:
a. The original data matrix (Table 3) showing the users’ requirements and building performance
criteria, and also the relationships. Direct relationship is quoted with a point and indirect
relationship with 0.5 points.
Table 3 Initial data matrix
User requirements
UR1
UR2
UR3
UR4
UR5
UR6
UR7

weight
0.160
0.140
0.145
0.156
0.134
0.135
0.130

TR1
0.16
0.5
0
1
1
0.5
0.5
0.5

Technical buildings performance requirements
TR2
TR3
TR4
TR5
TR6
0.17
0.12
0.13
0.14
0.14
0.5
0.5
0.5
0.5
0
0
0
0
0
1
1
0.5
0
0.5
1
1
0.5
0
0.5
1
0.5
0
0
1
0.5
0
0
1
0
1
0.5
1
0
0
0.5

TR7
0.14
1
1
1
1
0.5
1
0.5

b. The evaluation matrix of the actual performance level (Table 4), where there are introduced the
performance levels resulted from the users’ perception, and those get by objective evaluation
means, and also the importance weights for each of the requirements / criteria taken into account.
Table 4 Evaluation matrix of actual performance level
User requirements

weight

level
UR1
0.160
3.93
UR2
0.140
3.23
UR3
0.145
3.46
UR4
0.156
3.14
UR5
0.134
2.92
UR6
0.135
3.24
UR7
0.130
3.25
Actual performance level

Technical buildings performance requirements
TR1
TR2
TR3
TR4
TR5
TR6
TR7
0.16
0.17
0.12
0.13
0.14
0.14
0.14
5
3
4
5
2
3
3
0.357 0.285 0.277 0.320 0.227
0
0.524
0.000 0.000 0.000 0.000 0.000 0.436 0.436
0.651 0.505 0.245 0.000 0.195 0.461 0.461
0.644 0.500 0.242 0.000 0.192 0.455 0.455
0.297 0.225 0.000 0.000 0.335 0.202 0.202
0.309 0.000 0.000 0.543 0.000 0.428 0.428
0.305 0.233 0.451 0.000 0.000 0.210 0.210
2.563 1.748 1.215 0.863 0.950 2.192 2.716

Maxim
perform.
level
1.990
0.872
2.518
2.488
1.261
1.708
1.409
12.247

c. The evaluation matrix of the maximum performance level (Table 5), which preserves the weights
of criteria importance, but it is presumed that both users’ requirements and performance criteria
are satisfied at the maximum level (5 points).

Table 5 Evaluation matrix of maximum performance level
Technical buildings performance requirements
Maxim
User requireTR1
TR2
TR3
TR4
TR5
TR6
TR7
perform.
ments
0.16
0.17
0.12
0.13
0.14
0.14
0.14
Weight
level
Level
5
5
5
5
5
5
5
UR1
0.16
5
0.200 0.212 0.350 0.362 0.375 0.000 0.750
2.249
UR2
0.14
5
0.000 0.000 0.000 0.000 0.000 0.700 0.700
1.400
UR3
0.145
5
0.762 0.787 0.331 0.000 0.356 0.712 0.712
3.660
UR4
0.156
5
0.790 0.815 0.345 0.000 0.370 0.740 0.740
3.800
UR5
0.134
5
0.367 0.380 0.000 0.000 0.685 0.342 0.342
2.116
UR6
0.135
5
0.368 0.000 0.000 0.662 0.000 0.687 0.687
2.404
UR7
0.13
5
0.362 0.375 0.625 0.000 0.000 0.337 0.338
2.037
Maxim performance level
2.850 2.569 1.651 1.024 1.785 3.518 4.269 17.666
Comparing the actual performance level (effective) to the maximum possible index, it results the
TPB index of 69,32 %.

4. Discussions
Comparing the TBP index values get by the three methods, it can be noticed:
- The TBP index, get on the base of users’ perception, has the lowest value, of 66.4% compared
with 71.2%, which is the value of the total performance level achieved considering the technical
performances; this difference may be explained by the presence of some subjective criteria, such
as: functionality, architectural appearance, and also by some weaknesses of design codes.
- The TBP index resulted from the integration of the two evaluation methods is 69,32 %, which
represents a intermediate value between the values get on users’ perception and on the
performance evaluation of technical solutions.
It can be said that the integration of the two evaluation possibilities offers a more realistic possibility
for estimating the building performance level, in a given life cycle stage.

5. Conclusions
The quality of a building, being in a certain stage of life, can be assessed by estimating the real
performance level of systems and subsystems that form it, each of them having its own
contribution to the performance level of the building. These can be assessed by calculation and / or
measurements and reflect the state of materials under the action of environmental factors, but also
the effect of restoration and rehabilitation works on the structure, envelope, or building services.
Studies and research on this subject, conducted in Europe and elsewhere, show that the
evaluation of the buildings quality is not realistic unless it takes into account also the extent to
which users’ needs and expectations are satisfied, which expresses the quality factors that can
not be objectively assessed (functionality, architecture, finishing state, etc.).
The total performance indicator of the building, TBP index provides a tool for global assessment of
quality, which takes also into account the importance of different criteria that, not in all cases, is the
same whether it is expressed by users or by specialists/evaluators.
The evaluation model, proposed in this paper, addresses the need to a quickly estimation of a
building, being in a certain stage of life, that integrates the performance level of building to the
degree of satisfaction of users’ needs / expectations.

The application of the model on a specific situation (a building of higher education) emphasizes the
following aspects:
- The quality level, assessed on user’s perception, is lower than that obtained by considering the
performances of the building measured by objective means; this reflects the weight of subjective
criteria for quality assessment, but it may be a consequence of the deficiencies present in design/
evaluation codes.
- Integration into a single TBP index indicator of the two components of quality (users’ perception
and technical performance) offers the possibility of a more realistic assessment of buildings quality
and a means of comparing the quality level of a building in a certain stage of the cycle life, in
relation to the initial quality (the one provided in the project) or to the quality characteristic of other
similar buildings.
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Summary
Developing a comprehensive certification system for sustainable buildings is a complex and costly
challenge. So why not adapt an existing one which seems fit for purpose? As an example, this
paper describes the process of adapting the DGNB-system in Switzerland. The experience gained
through adjusting the so-called core system to fit e.g. local standards, guidelines and construction
phases is described and a generic adaptation model is presented.

Keywords: certification system, adaptation model/process, sustainable building

1. Introduction
Sustainable Construction in Switzerland
The Swiss construction industry is internationally renowned for its high standards (e.g. building
culture, building technology, construction quality and architecture). The industry is also considered
to be at a high level in terms of sustainability. There are indeed a variety of sophisticated
sustainability tools and standards in Switzerland. Seven years ago, the SIA 112-1 for sustainable
building construction was introduced: an instrument which is also seen as the "mother" of
sustainable construction in neighbouring countries. The umbrella brand eco-bau [1] also provides
many other useful tools for ecological construction free of charge (with measurable criteria for
materials, material flows or indoor climate). These were originally developed for public clients and
include various resources for all the life cycle phases of buildings, from strategic planning to
management [2]. Due to the need for a global approach to sustainability issues, the vision of a
2000-watt society has also been proclaimed. This is designed to reduce the consumption of nonrenewable primary energy per capita in Switzerland by one-third in the coming years [3].
Buildings are central to the achievement of this objective. The SIA (Swiss association of
professional architects and engineers) has therefore developed an energy efficiency path for 2000watt-compliant construction.

Besides the traditional operating energy used for air-conditioners, hot water, lighting and
appliances, the areas of construction materials (grey energy) and induced mobility (according to
building location) are taken into account. New and innovative ways of transforming buildings in
order to achieve low CO2 and energy-efficient building operation are also suggested by the
viaGialla Initiative launched by Professor Leibundgut of the Swiss Federal Institute of Technology
(ETH) [4].
Focus on energy efficiency [5] and high building quality each represent only one criterion for
sustainability and are no guarantee of a holistically optimised building [6]. Furthermore, there is a
risk that planned measures to optimise sustainability may be dropped to achieve savings, where
no directly measurable or monetary value can be shown [7]. This reflects the basic truth, which
applies to both private persons and businesses, that good should not only done, but also seen to
be done. Accordingly, in Switzerland, as in other countries, a need has been expressed for an
appropriate sustainability label. Despite the fact that the number of certification systems for
sustainable buildings is constantly increasing, it is still a little ironic that we talk of a “label jungle”
(in some countries, also in Switzerland) – against the background that “sustainability” has its origin
in forestry.
Current situation of certification systems in Switzerland
This demand has recently led universities, rating agencies, banks and construction companies
from all over Switzerland to develop various assessment tools. But do these tools comprehensively
fulfil sustainability requirements? For example, the Centre for Corporate Responsibility and
Sustainability at the University of Zurich developed an Economic Sustainability Indicator (ESI) as a
complement to conventional real estate appraisal. The SPIN concept (Sustainable Property
INvesting), created specifically for investors by the INrate rating agency, has a similar orientation.
The construction companies Implenia and Losinger have produced self-developed assessment
tools in the form of GeNaB (Gesamtbeurteilung für nachhaltiges Bauen) and the ICD (Indice
Construction Durable). In 2009, investment managers from major banks also entered the market
with the NIS-assessment system (for the investment group Sustainable Real Estate Switzerland)
from the Bank Sarasin, and the CS REF Green Property Label (for the real estate fund Green
Property) from the Credit Suisse. These instruments are either not freely available (only for internal
purposes) or do not have a holistic perspective due to their particular focal point.
Various foreign labels such as BREEAM in the UK, HQE in France, TQB in Austria and Klimahaus
in Italy also aim to provide comprehensive assessment of sustainability. The LEED-label, wellknown worldwide, has been used in Switzerland for the first time to evaluate buildings belonging to
international concerns. The first and only building in Switzerland to be certified in accordance with
the German DGNB original system (still at the pre-certification stage) is the service centre "twist
again" in the Swiss capital of Berne [8].
Here (as with LEED), verification using nonSwiss standards, guidelines and reference
values involves considerable time expenditure,
which hinders the rapid spread of the label.
A
truly
comprehensive
sustainability
assessment, tailored to local conditions, cannot
be
provided
by
the
above-mentioned
assessment tools, which do not even lay claim
to such an ambition.

Fig. 1 Service center “twist again”, Berne/CH [8]
The demand, however, shows that a remedy needs to be discovered for the deficits described. To
this end, and to give the Swiss real estate industry a new impetus, the Institute of Facility
Management at the Zurich University of Applied Sciences founded the Swiss Sustainable Building
Council (SSBC).

The SSBC is a non-profit association intended to promote environmental, health and socio-cultural
objectives [9]. These objectives are to be achieved by means of a rating system with quality marks
for buildings and related educational activities. Through supporting voluntary commitment to high
quality objectives for buildings, the SSBC aims to promote positive results for society, nature and
the economy in Switzerland.
For cost reasons, a new certification system will not be developed. Instead, those systems already
available have been examined in terms of the comprehensiveness of their approach as well as the
applicability of their underlying principles to the Swiss construction and property industry. The
DGNB system, whose adaptation to Swiss conditions is described below, was chosen.

2. The adaptation project: basics, process and complexity
The so-called international core system of the DGNB has been the basis for this adaptation. All its
criteria are based on European standards and also some Swiss standards, which of course has
been advantageous for adaptation. A precondition for global acceptance and compatibility is that
the guidelines and structure of the core system remain the same for all occupancy profiles in each
country. This applies in particular to the structure of the evaluation matrix, the target-oriented
nature of the evaluation, and the general ease of use of the system [10]. Each modification must
therefore be carefully considered.
SGNI as the local partner organization of the DGNB in Switzerland started the adaptation phase at
the end of August 2010. Before this, the DGNB system and its planned adaptation were presented
in several briefings. In addition, an adaptation working group was formed under the leadership of
the SSBC. Its members come from various operational areas of the Swiss construction and real
estate industry (architects, civil engineers, planners, project controllers and consultants). A core
team was defined within the working group, to ensure that each focal point of the system was
represented by experts in these areas.
In regular meetings (about three weeks each) the various steps of the adaptation process were
identified and processed. The original criteria guidelines were distributed among the adaptation
team according to expertise and availability of resources. In the initial phase were some additional
people joined the adaptation team, so that the 54 criteria to be modified were finally distributed to
21 team members. This collaboration was supported by a modified web-based content and
collaboration platform [11].
A two-stage approach was chosen for the way forward. In a first stage, the respective managers
revised "their" criteria guidelines. First of all, it appeared reasonable to search through the criteria
guidelines regarding relevant country-specific standards, guidelines and other information sources
and to make these available to all participants in a single document. Based on this compilation, it
was thought advisable to set up a project library for access by all participants. Unnecessary
gathering of information, for example repetitions of standards in the various criteria guidelines,
could thus be avoided. Those responsible for the individual criteria guidelines then began with the
adaptation process (duration ca. 3 months) and sent a first draft to their appointed tandem partners
for review. The tandem partner was selected according to technical criteria to be a valuable
discussion partner and provider of feedback. Once those responsible and their tandem partners
had finalised the first draft (duration ca. 1.5 months), the 2nd-stage was activated. Each first draft
of a criteria guideline was sent to a small group from the adaptation team, the so-called review
team, for review and comment provided. Feedback from the review teams was then discussed and
incorporated into the drafts. The certification system was now available in a beta version and was
tested in pilot projects for the next three to four months. Up to that time, the adaptation process
took about seven months. The following graphic shows the chosen course of action.

Fig. 2 Process of adaptation
After implementation of the pilot phase, the system will be evaluated for applicability and optimised
where necessary. This mainly concerned the evaluation parameters, which needed to be adjusted
to reference values. Finally the SSBC will present the certification system to the Swiss construction
and real estate industry in summer 2011 and the training of auditors will start.

3.

Lessons learned and recommendations

The need for a Switzerland-specific, comprehensive assessment tool for sustainable buildings is
considerable. Only when local characteristics regarding building culture, quality and processes,
and geographical constraints are taken into account can meaningful assessments be made. If no
country-specific certification system can be developed in other countries, and a foreign system is
to be used, then in our opinion this system must without fail be adapted to the particular country,
and not applied without due reflection. This is because different countries will have significantly
different foci for the evaluation. For Switzerland, these include, for example, a completely different
way of measuring sound insulation as well as other target values reflecting hazards caused by
radon and avalanches. In particular, existing well-established instruments for energy efficiency (e.g.
Minergie®) must be taken into consideration. If one does not wish to rely on international data sets
in ecological and economic matters (cost structures for life-cycle-cost analysis), it may be necessary to generate a data source. In Switzerland, items of information on life cycle assessment were
located in various sources, but these items have now been combined.

For the adapted system of certification to be sustainable and of high quality, gain wide acceptance
in the market, and ultimately achieve the primary goal of catalysing truly sustainable building, the
following points should be adhered to:
The people and expertise involved should represent a broad cross-section of the local
construction and real estate industry.
The entire adaptation process should be predefined and centrally controlled.
Adjustment in two steps is recommended: first a revision by individual experts and then a
review by a larger circle from the adaptation team.
The adaptation team should be provided with an online library and collaboration platform.
New, sustainable local standards should be reviewed and possibly integrated, even if they
are not yet widespread.
Whenever available, national standards should be applied, and compatibility with e.g EU
standards should be maintained as far as possible.
Usage of existing, accessible local data bases (for e.g. ecological criteria). If there are no
appropriate ones, combine different (new) data sources to provide necessary information.
Third way is to fall back to “international” data bases.
The pilot phase currently in progress has already shown that the criteria-guidelines adapted have
been so carefully reworked, thanks to the centrally controlled process, that they are very easy to
handle and apply and hardly any improvements are to be expected.
The approach described can not only serve as a blueprint for the adaptation of the DGNB
certification system, but is also recommended for country-specific adaptations of other systems.
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Summary
This article explores the relationship between decisions undertaken by architects at the beginning
of an office building life cycle, at stages of planning, architectural programming and conceptual
design, and the performance quality and sustainability of offices.
It specifically examines performance categories of an office building which can provide substantial
improvements of the sustainability of office buildings and the quality of their indoor environment.
The article presents how some of the concepts, tools, techniques and methods of office buildings’
quality researches are used in the research projects conducted at the Faculty of Architecture,
Silesian University of Technology.
This paper includes examples of case studies: the examination of an office building efficiency three
years after commissioning to operation, both from the point of view of its users and its owner and
quality assessment of the head office of the Local Government in Wodzislaw Slaski as a support
for functional programming.
The article also presents the List of categories of building performance - a tool for initial
assessment of the quality of office buildings, the author’s own tool which may be used in
architectural design and programming practice to define main design assumption, to check if all
essentials design problems were considered, and to verify the design before implementation.
Conclusions reinforce the need to invest greater effort in evaluating existing office buildings and
understanding how they function.
The new approach to the design of sustainable office buildings, based on holistic, multidisciplinary
quality researches, is a way of provision of substantial improvements of built environment quality
while achieving sustainable development and energy savings.
Keywords:building quality assessment, building quality evaluation, functional programming in
architecture, office buildings, sustainable buildings

1. Introduction
Quality evaluation is an important element of enhancing quality in any field of human activity,
including designing, building and occupying sustainable, high performance office buildings. Across
the world many office buildings that have recently been erected are inflexible, showing poor quality
of the internal environment, because they are still the outcome of a traditional approach to the
building delivery process, disregarding planning, quality analyses, architectural programming and
conceptual design. The buildings of the twenty–first century will have to be created with a thorough
knowledge of the needs and expectations of their future users. Their performance will have to be
radically better than the performance of the twentieth century offices.

The assessment of the quality of the built environment allows us to make the right decisions about
our buildings and support the natural environment. On the one hand, the methodology of quality
evaluations makes it possible to describe the newly emerging needs and requirements on the part
of users. On the other hand, the methodology serves as a tool for systematising the knowledge of
organisational, behavioural, functional, technical or even economic quality of offices and for
converting such knowledge to design guidelines useful in architectural practice. Many office
buildings are responsible for unsustainable resources consumption and it is impossible to eliminate
their negative impacts altogether but if building professionals take a more systematic approach to
designing and monitoring building performance, making the best of office buildings will be possible.
The Faculty of Architecture at the Silesian University of Technology, Gliwice, and, especially the
Department of Strategy of Design and New Technologies in Architecture has been involved in
quality evaluations of the built environment since the late 1990s. The main aims of research
projects run by the Department staff include:
1) developing functional and spatial programming in relation to users’ needs, expectations and
requirements;
2) creating models of quality assessment of different building types;
3) establishing interdisciplinary cooperation and participation of users in the building delivery
process.
One of the most important goals in sustainable high performance office buildings design is the
organisation of interdisciplinary research and design team. Research projects carried out by the
Faculty staff have an interdisciplinary nature, with the participation of sociologists, engineers,
facilities managers, building owners and occupants. The Faculty of Architecture in addition
performs research works commissioned by external entities, for example, County Governments.
They involve mainly building quality evaluations and functional programming.
This paper specifically examines how building quality evaluations can support sustainable
development by improving performance of office buildings and building delivery process.
Sustainable development should not generate additional costs whereas quality evaluations allow
us to create buildings for long–term gain with clearly defined goals.

2. Building evaluations and the delivery of performance improvements
The development of an environmentally responsible office building is a complex process. Thinking
about sustainability starts at stages of strategic planning and architectural programming, and
decisions undertaken by architects at the beginning of an office building life cycle influence the
quality of built environment in the highest degree. If the decisions have positive impact on the
quality of work environment they will inevitably result in increased occupant satisfaction, gains in
productivity and decreased absenteeism. Salaries paid to employees over the life of an office
building are the major cost associated with office buildings. The significant investment by
organisations in the people who use buildings underlines the importance of providing workplaces
that fully meet employees’ needs. If organisational objectives are to be met, it is vital that office
workers are not performing below their full potential. Quality evaluations are a core tool in the
delivery of performance improvements.
But it is crucial to understand that building quality is a relative concept and it results from the
degree to which the building fulfils the requirements of the people who occupy and use it.
Therefore it is important that before building quality assessment the needs, activities, and goals of
the people and organisations using a facility are identified.
“List of categories of building performance - a tool for initial assessment of the quality of office
buildings” is the outcome of studies of well established quality evaluation methods (Building Quality
Assessment (BQA), GBTool v.1.31 Green Building Challenge ’98, GBT2k v.1.07 Building
Performance Rating System - Green Building Challenge ’00, Serviceability Tools and Methods
(STM), and The Real Estate Norm (REN)), recent achievements in the designing of sustainable
office buildings, and published guidance, legislation, and recommended standards.

The tool is designed for comparing reliably the quality of office buildings and was devised to allow
evaluators to conduct office building quality researches in short time. It may be used for briefing
and architectural designing purposes. The use of the building evaluation can be extended to
verifying the design before construction phase of building delivery.
"A tool for initial assessment of the quality of office buildings" contains 105 performance categories
important for the performance of office facilities. Each performance category has some comments
on what type of information should be collected and what measurement units are required to
record certain quantitative parameters, for example: height between two floors, floor area as
percentage of total gross floor area, width of a corridor, bearing capacity of the floors, etc. The list
does not provide a precise scoring regime – clear and explicit performance criteria against which
the quality of an office building can be appraised. The information on quality standards for each
performance category contain the boundary conditions – high quality and poor quality. As a result
the tool can be used to reveal areas where the building quality is substantially below minimum
standards or exceeds the quality of its competitors. Moreover categories are weighted with respect
to their importance to the overall quality of the building.
The identified categories of building performance are organised into four groups: Flexibility, High
quality of the workplace, Efficiency of the use of floor area, Other. The assignment results from the
fact that high performance office building has to fulfil three major requirements:
provide flexibility – spatial and functional solutions that respond easily to the changes in the
size and structure of organisations and in the nature of office work,
provide high quality of indoor environment which results in occupant comfort, health and well–
being,
provide and maintain operational efficiencies in energy use.
The performance categories are also divided into five sets: Site, Entrance, Building, Floor, Working
area. The sets reflect what places researchers visit during a walkthrough and provide a useful
framework for evaluators to collect data. Such assignment was made in order to improve the
process of data collection during the analyses. This way of systematisation of categories shortens
the required evaluation time and reduces the risk of overlooking key issues.
"A tool for initial assessment of the quality of office buildings" can be described as a shortcut
method because it makes possible the collection of valid and useful information about office
building performance in a short time–frame. It also enables the evaluation process to become
cost–effective. Quality researches are often considered too costly for a typical building project’s
budget. In Poland the analyses have to overcome other obstacles, including reluctance of
practitioners in the construction and real estate industry, lack of understanding of quality evaluation
issues, and scarcity of specialists with practical experience in this field. In view of these obstacles,
an efficient method has to enable short evaluations, to reduce to a minimum interference into work
processes and activities in an office building, and to enable flexible adjustment of the program of
assessment.
The “List of categories of building performance - a tool for initial assessment of the quality of office
buildings” was applied to the quality analyses of the following buildings:
offices of the Local Government,
modern office building in Warsaw.

3. Case study: offices of the Local Government
The main objective of the quality evaluation of offices of the Local Government was to formulate
strategies that would enable the organisation to improve their services and enhance the quality of
the workspace, and to devise goals and performance criteria documented in the functional
program. In the 1990s, a period of the political system transformation in Poland, the trend was to
adapt old buildings, for example, schools and hospitals, and create offices for newly created local
governments. The focus was on maximising the use of the existing estate, not on the quality of
work environment. This led to poor investment decisions, since a systematic assessment of the
physical environments in terms of how people are using them was lacking. Buildings were repaired
and adapted with haste and without a general strategy.

As a result of the reform of public health service in Poland, the ambulance service building was
obtained by the Local Government. The previous experiences proved that repairing and adapting a
building to new uses without thorough analysis generally led to low quality of work space (for
example, the main office of the Local Government). The government needed information to assist
it in making its own decisions.
The following options were considered:
to repair and adjust the received building to new office work requirements,
to place the future of the ambulance service building in doubt and reduce maintenance budgets
to emergency repairs,
to demolish the building and create a new Head Office on the site.
The evaluation team, consisting of two researchers from The Faculty of Architecture, the facility
manager, and an administrative assistant, worked out the strategy for the evaluation program, and
reviewed progress against plans, and the results. To collect the data about the present state of
buildings and the most important information on the needs and requirements of the office staff and
visitors a quality assessment based on the POE method was conducted. The subject of the quality
evaluation were 3 buildings that formed part of a group of local government office buildings. Two of
them were erected after World War II, and the main office is located in a building from the second
half of the nineteenth century.
Building evaluations can be carried out in a variety of ways. Various research techniques were
used to collect the relevant data. Examples of these techniques include focused interviews, focus
groups, walkthroughs, and occupancy surveys, as well as inventories of facilities and equipment.
For the studies the following structure was assumed:
1. First visit – introductory meeting with Governor of County, Dep. Governor of County and facility
manager:
purpose of the evaluation, timetable for the assessment, budget, and predicted scope of
cooperation were discussed,
users’ representatives from key categories of staff were selected for analysis,
a tour of the ambulance service building to observe the overall quality of the building was
made,
the existing documentation was reviewed.
2. Analysis of received documentation and digital recording of floor plans needed to conduct
further analysis and inventories.
3. Second visit:
selected members of the staff were interviewed in order to identify the nature of their work,
walkthrough was made (observed or indicated by the staff defects were recorded,
photographs of the visible defects were taken),
the inventory of the ambulance service building was carried out,
the documentation needed for the development of the functional program was selected and
copied.
4. Analysis of the data collected in the course of the walkthrough, focused interviews and the
analysis of received documentation.
5. Development of the preliminary functional program and design concepts (the scope of the
document: data ordered in sequential format, summarised areas of workspaces, the
organisational structure of the Local Government, concepts of the alternative uses of the
ambulance service building, architectural design concepts).
6. Third visit:
the preliminary functional program and design concepts were reviewed by a focus group of
users’ representatives,
the complementary on–site information gathering (walkthrough) took place (questions arisen
from the analysis and the development of the preliminary functional program were
investigated and critical data not obtained in the course of the second visit were collected).
7. Analysis of the complete data.
In the course of the quality analyses the data essential for the development of a comprehensive
picture of the organisation were collected and analysed:
the real estate situation of the government,

the organisation’s specific processes or activities,
the kinds of organisational challenges that the Local Government would have to face in the
future,
the co-operation with other people required by the employees for the executing of the
assigned tasks,
the occurrence of specific activities in space and time,
the spatial adjacencies,
the identified public and private zones,
the flow of employees, visitors, and materials,
the government employees’ attitude to the changes that may result from the quality analyses,
the benefits and costs associated with the potential changes.
The intent was to build a picture of the work the government did and the context within which
the work occurred.
8. Development of the final functional program – a written document that qualified and quantified
the users’ needs for the Head Office of the Local Government.
9. Fourth visit – the presentation of the complete program for client approval (the results of the
quality analysis process were presented to those key senior people who had been involved in
the evaluation, the final suggestions and recommendations were discussed).
10. Development of the final document.
As a result of the quality assessment, the researchers were able to establish that 2 out of 3 of the
buildings evaluated were functionally unsuitable for the users they served and utilised to their
functional limit. In the course of the quality assessment a number of defects were reported, for
example:
the Local Government Head office was incapable of housing all its departments - it rented floor
area from the neighbouring Municipality Head Office;
the Local Government Head office and the Municipality Head Office were not connected;
low standard of the head office building construction;
the head office had problems of flexibility, and life safety due to the lack of standards at the
time of its erection;
the layout of the head office created oversized circulation spaces, the insufficiency of floor area
led to the utilisation of every available floor area;
the elderly and handicapped visitors were unable to reach crucial departments (for example,
Department of Architecture) in the main building, since they were located on the higher floors
and there was no lift;
emergency exit routes and the open four levels main stairway in the head office were
insufficiently protected from smoke and fire;
the waiting spaces (for example, of the Transportation and Communication Department) were
cramped and crowded;
low standard of construction and overall low quality of working area in the ambulance service
building (for example, the interiors of the building needed general repair to comply with the
binding requirements of office work quality and customer service, open and narrow stairways
did not meet fire requirements).
One of the main objectives of the quality evaluation process was to devise strategies of the
utilisation of the ambulance service building and to deliver data that would assist the Local
Government in making its decision on the most appropriate action to be taken. The three above–
mentioned options were considered but one of them that had suggested demolition was no longer
politically acceptable. The evaluation team was not expected to undertake detailed costing of the
proposed options and there was no simple way to determine the proper cost for upgrading.
However, to help the government find an answer to which strategy would be appropriate, the
evaluation team provided three alternatives. The alternatives presented were:
3 million PLN (3500 PLN/m2) to repair and adapt the ambulance service building to new needs
(the government would obtain time for planning a major upgrading or demolition),
6 million PLN (4000 PLN/m2) for a complete modernisation of the ambulance service building,

12 million PLN (4000 PLN/m2) to demolish the old building and create a newly constructed
sustainable technologically advanced Head Office that would entirely meet the requirements,
needs and expectations of the employees and visitors, and could be a landmark of the city
promoting technological and organisational innovation, and sustainable development.
The Criteria Matrix and Relationship Diagram techniques completed the professionally thorough
pre–design analysis. Although the conventional written functional program is a complete and
documented understanding of the analysed users’ requirements and expectations, the Criteria
Matrix technique enables the multipaged program to be organised and reduced into a shorter
format, with program elements organised in a practical sequence. The Criteria Matrix is a
rectangular arrangement of program elements into rows and columns, where functions are
categorised and grouped in relation to the project’s adjacency requirements. At the completion of
the architectural designing process the matrix can be used as an evaluation tool to check if the
design proposals fulfil the functional program requirements. The Relationship Diagram is a graphic
technique, that renders the interrelationships and adjacencies between the programmed functions.
It presents the required workspaces as circles, their relationships to the other spaces, and the
circulation adjacencies in the form of connecting lines between the circles. The final functional
program set the stage for the planning and design process.
The evaluation revealed that the Local Government in Wodzislaw Slaski did not have buildings
suitable for the activities to be carried out within them but the assessment process resulted in three
architectural concepts that met requirements and had been received with enthusiasm by the
government employees. The design concepts provided a physical, spatial, and visual environment
in which staff and visitors could be comfortable and safe.

4. Case study: modern office building in Warsaw
The “List of categories of building performance - a tool for initial assessment of the quality of office
buildings” was also applied to the quality analyses of a contemporary office building situated in the
centre of Warsaw. The main objective of the research process was to collect consistent, key data
describing the performance quality of the analysed office. The next goal of the assessment was to
investigate the performance of the building three years after it had been commissioned to
operation. In the course of the studies, users’ point of view was regarded, as well as buildings
providers’ one. Popular, well established research techniques of data collection were applied, for
example, focused interviews, walkthroughs, reviews of archival documentation, and surveys. The
following results were obtained. Most performance categories were rated as good and acceptable.
Especially the efficiency of the use of floor area was high, as well as the flexibility – the capacity of
the building to accommodate change. The typical centre core building with few interior columns
permitted easy space planning. The greatest number of defects pertained to the quality of indoor
environment. The building orientation caused that a vast part of floor area was insufficiently lit by
sunlight, moreover, the access of daylight into the building was below the acceptable level (only
52% of the office floor area). The workspace arrangements present at the time of the evaluation
limited employees access to windows. In practice, it was found that the individual control over air
quality was only hypothetical. People could not intervene to adapt the environment to relieve
discomfort, on account of the fact that due to partition changes over time, heating control
thermostats were not located in the spaces they were supposed to control. The environmental
discomfort felt by employees had been confirmed by frequent complaints. Solar gains into building
had a negative impact on environmental comfort and energy consumption, because no facade
shading strategies were applied.

5. Conclusions
On the one hand, building quality evaluations are certainly considered by many designers to be too
time-consuming and expensive. On the other hand, the methodology of quality assessment
provides a way of systematising the knowledge that helps to improve existing buildings and perfect
future designs. Evaluation methods have been devised to allow researchers to obtain the up–to–

date data about the present state of buildings, to systematise and analyse them, and to translate
the knowledge to building performance standards, guidelines, norms, architectural manuals and
regulations. Acquiring and sharing knowledge about building performance is of fundamental
importance because it is a direct way to achieve sustainable high performance buildings. Quality
researches are the crucial link in the chain of steps to get building delivery process into a
sustainable trajectory.
Since the late 1990s numerous quality analyses have enabled the researchers from the Faculty of
Architecture at the Silesian University of Technology to verify and update the devised quality
evaluation tools and assessment processes. The results of the studies are published and widely
disseminated (see selected publications and academic textbooks in references). The acquired
knowledge is disseminated among students within the subject Design Strategies (in the successive
years the subject was labeled as: Quality Assessment in Architecture (1994 – 1997), Facility
Management in Architecture (1997 – 2000) and since 2000 as Design Strategies). Finally, it should
be noted that for the last years a scientific school oriented at quality assessment of the built
environment and considering behavioral issues has been established at the Faculty. Further
researches are conducted, including several habilitation projects devoted to sustainable intelligent
high performance offices, facades and their impact on the indoor environment quality, and
residential homes for seniors, as well as university buildings. This is critically important that
building evaluations are routinely applied at every stage of a building’s life. Our objective is to
create a ripple effect that would echo across Poland.
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Summary
This paper° reports the first results of an on-going research, which aims at bridging the gap
between the sustainable building design and its expected potential benefit or impact considered at
different urban scales. It proposes the concept of the urban matrix as a tool allowing a more
holistic analysis and design of sustainable buildings. Some key performance indicators are singled
out for reporting the relationships between sustainable design and the metabolism of the urban
matrix; they are expected to be holistic, and usable as a tool for a sustainable design integrating
buildings and cities.
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1. Introduction
Although sustainable building practices are considered crucial to promote a sustainable urban
development, many perplexities still remain concerning their efficacy and many questions still need
to be dealt with [1,2,3]. The consciousness that climatic change processes as well as urbanisation
processes represent two trends characterising future urban development, to which resource and
energy uses and CO2 emissions unsustainable for the planet survival must be associated, is so
strong that such practices are often incorporated tout court in any urban policy or spatial planning
tool as consolidated building and design methods and techniques.
In fact, this perspective on sustainability of building practices has determined that the energy
efficiency of a single building, and a prevailing technology-based solution for it, has emerged as
the dominant feature. Despite this, sustainable building practices are still a largely open field, both
from the point of view of evaluation processes and design, and experimentation of buildings and
urban development. When observed from the urban policies point of view, building practices now
carried out by almost standardised solutions for green buildings with low or zero energy
consumption, pose some problems [4]. For example, we are not yet able to evaluate the
cumulative efficacy of sustainable building practices on urban environment, nor if and how their
use interferes with the functioning of local as well as global environmental systems; in fact, the
spatial dimension of sustainable buildings and their indirect impacts on different forms of urban
development are largely neglected.
When observed from the building point of view, open questions are even more complex. There is
some confusion between green and sustainable buildings, generated by the now prevailing
technological determinism. Eco-technologies for building solutions and a strong focus on energy
saving and efficiency of single buildings mainly prevail, so that we often confuse green with
sustainable buildings. This is the situation also shown by current systems and tools for energy and
environmental assessment and certification [5], which are increasingly used nationally and

internationally; moreover, they are still systems based on scores, which at the end of the
assessment do not make the weights of various components explicit and, even more important, do
not solicit an integration process of the components themselves.
The research described here aims at improving the environmental performances evaluation of
sustainable technologies, going beyond the building scale, and verifying the suitability of
application of technologies in relation to a specific urban context. It proposes the concept of the
urban matrix as a tool permitting a more holistic analysis and design of sustainable buildings.
Instead of being linked to a specific scale, the urban matrix offers a complex vision of the
sustainability of a building as an outcome of relationships between technologies, lifestyles and a
particular urban metabolism. As such, it can help the design process taking into account the
complex interactions between urban spaces and buildings. Some key performance indicators are
then singled out as a tool for a sustainable design integrating buildings and cities.

2. The performance approach for sustainable building assessment
For many years, we have been using a performance approach when dealing with buildings, which
is also based on the regulations in force. It means that the attention is focused on the behaviour of
a building, as a whole as well as of its parts, in real working conditions; building performances are
then seen as the means by which a building and its parts satisfy building needs, and so determine
the ‘building quality’ [6]. This is an essential perspective in designing buildings, since every choice
of design must be made to assure the required building quality, which is articulated in several
aspects including the technological one, but in the end we must consider the building as an
integrated system of technical solutions respecting the necessary requirements. Moreover, the
performance approach suggests that the building quality can, and must be, evaluated, just by
evaluating building performances during operation.
More recently the ecological design of building, both for new and renovated constructions, has
been added to the usual background of building design; this is not only based on increasing
individual and collective interest and awareness in sustainability, but also in compliance with recent
norms addressing building sustainability. Referring to the Italian context as an example, the norm
UNI 11277 [7] defines ecological compatibility related needs and requirements of building design,
considering the whole life-cycle of a building, and aiming at the environmental evaluation process.
The same norm states that ecological compatibility is: the compatibility between the built
environment and physical environment, including several categories of impact and various lifecycle stages of a building. To verify ecological compatibility of building materials, elements,
components and processes, two things are necessary: defining requirements to be met, and
evaluating performances provided; the UNI 11277 is thus a first step in a set of norms, which
intend to develop a national reference method for evaluating the ecological compatibility of
buildings.
Following the performance approach, while regulations and norms are continuously updated,
including more classes of requirements, or a greater number of requirements, performance
evaluation methods have become increasingly interesting to assess results of building design and
operation. These methods are usually based on indicators able to measure performances of
buildings and building parts so that indicators can be referred to expected as well as actual
performances of a building, allowing on the one hand comparison of different design solutions and
on the other monitoring of the actual behaviour of a building during operation. The drive towards
sustainable buildings has made the use of performance evaluation methods even more significant,
particularly stressing the environmental indicators in them, so as to use the results of the
assessment of a building for promoting environmentally friendly practices by the various
stakeholders in the building sector. This is the reason why the current environmental assessment
systems for buildings are usually based on ranking methods and assignment of scores [8], on
which a certificate may be issued, facilitating the end-user interpretation of sustainability
performances deriving from design solutions and operational behaviour of a building.

3. Strengthening the evaluation of environmental performances
3.1

Assessment tools and eco-technologies

At present, there are many environmental assessment tools for buildings [9]: some are
internationally known and used, although they can be locally interpreted; others have been mainly
developed for specific countries, and therefore used in those countries. However, they show some
common features; at a glance, they are: 1) environmentally driven; 2) score based; 3) based on
indicators of building performances. Despite the common goal to measure sustainability of
buildings, and their common features, these environmental assessment tools use different
indicators and areas of evaluation; and moreover, they use different criteria to evaluate scores in
different areas and to link partial scores in a single final score of the building under assessment.
For this reason, it appears useless to assess the same building using different tools, since the final
score certainly diverges among the different tools; on the contrary, looking at premises, methods,
and results of different assessment tools, leads to the recognition of the ‘vision’ of sustainability of
buildings underlying each tool. In such visions, the ‘context’ appears the most influential element of
the assessment, where the context has to be intended in a large, comprehensive way, including
physical aspects –like geography, climate, etc.– and non-physical aspects –like legislation, local
habits, etc., all in one culture– of a place [10]. Environmental assessment tools are then the
expression of an interpretation of sustainability, and consequently, sustainable buildings are
affected by this, thus gaining a better or worst score depending on the vision implicit in the tool.
The indicators used in assessment systems are mainly focused on a rational utilisation of
resources, with an emphasis on energy saving and efficiency, and on the health and well-being of
building’s occupants. Moreover, indicators are chosen on the basis of building performances,
assessable not only during operation but also as expected, thus encouraging the utilisation of
assessment systems to compare different choices and solutions of building design, for shifting
from usual to ecological construction practices, for a better compatibility of the building with the
physical environment. It follows that we often assess potential performances instead of actual ones,
referring mainly to new buildings, though we now know that the construction activities should be
carried out mainly on existing building stock [11], just because of the sustainability concerns.
Thus the present situation in the building sector is characterised by some key elements:
sustainability is mainly interpreted from the environmental perspective; a building is sustainable if it
is built or renovated, and if it operates, in an ecologically oriented way; the contribution of buildings
to a sustainable development is measured by means of environmental assessment systems based
on performance indicators [12]. In such an action scenario, focus on technologies has been
growing, by specifically developing technologies that ensure requirements of environmental
protection, rational utilisation of resources, health and well-being of the building’s occupants, and
for these reasons considered as sustainable technologies. Some eco-technologies emerge today
as essential for guaranteeing a sustainable behaviour of buildings; a few examples may be
technologies related to: energy efficiency, saving, production from renewable resources; water
saving, collecting and recycling; construction and demolition waste reduction; endogenous and
exogenous recycling and recycled materials utilisation; indoor environmental quality; building
management and maintenance. Using these sustainable technologies in a building to be built or
renovated, influences design solutions concerning building materials, elements, components, at
every stage of the building process; performances of such building design solutions can then be
evaluated by environmental assessment systems [13]. This means that technologies used in
designing or re-designing a building are not assessed per se, but based on the environmental
contribution that they can express through the building performances, the latter being instead
assessed by related indicators.
What is mentioned above shows that the approach refers to the scale of the individual building. Of
course, ecological design criteria and flows of materials and energy are considered as crucial
factors contributing to urban sustainability, but the vision is mainly buildingcentric, directing all
efforts –normative, technological, designing, assessing methods development– towards the single
sustainable building, as if each building was isolated from other buildings, infrastructures and the

many other physical and non-physical factors characterising a built environment in a specific
context, while on the contrary it is essential to consider their interrelated wholeness [14].
Following this approach, even building technologies have been increasingly studied and developed
with the aim of mainly saving non-renewable resources, particularly for energy production and use,
ranging from building materials to components –like envelopes–, from plants to management
systems; but always focusing on the performance of the individual building, for selecting design
choices more ‘sustainable’ than others according to assessment tools [15]. Therefore, two
essential questions arise: (i) can technologies used for making a building sustainable really be
considered sustainable technologies for the built environment, as a whole and over time?
Consequently, (ii) are performance indicators used in actual assessment systems really able to
measure the contribution of individual sustainable buildings to the sustainable development of the
built environment, particularly the city? We want to be able to answer questions like: how
sustainable can a 500m tall building be in a desert, although it is green, and technologically
advanced? Or more simply, which renovation works are most effective, using what kind of
sustainable technology, for an existing building stock, if we consider the whole set of buildings
rather than each individual building?
Making an example to clarify the concept, consider that at the current state of knowledge, we know
that centralised building HVAC systems are more energy efficient, easily controllable and
manageable, and cost-effective, than single house/flat systems; however, autonomous system are
still preferred in practice for many reasons, including market orientation and user satisfaction
requirements, and this is despite the fact that the building can have a good energy performance.
Scaling up, from an environmentally friendly perspective, centralised service systems for a whole
building stock, assisted by a co-generation plant, perhaps drawing on renewable resources, may
be a more effective choice than single building systems; however, it is very rare that this option is
considered when designing renovation works instead of new buildings, and almost never
considered as a potential design scenario when we deal with the individual building. In this way,
we miss the opportunity to exploit design and technological solutions from the building to the built
environment scale.
3.2

The need for holistic indicators

Using the buildingcentric approach to sustainable building assessment, we can compare different
expected building performances in relation to a specific context, but we are not able to evaluate the
contribution of the individual building to sustainability of its context. From this perspective, it seems
that the whole sustainability of a set can be derived from the simple sum of individual sustainability
of its parts; yet sustainability calls for using a systemic approach, considering many factors and
their relationships, respecting the complexity and dynamism that affects territorial contexts [16].
The prevailing idea is that the building–city relationships are linear: the more we build or renovate
buildings in a sustainable way by using eco-technologies, the more we produce sustainable cities.
As a result, and due to a scarce knowledge of the main features shaping the relationships between
a building or an aggregation of buildings and the built environment, when the sustainability of a
building is referred to the built environment, then the housing or neighbourhood scale seems the
most appropriate, while the global perspective appears to be the most relevant to appreciate the
building environmental impact in terms of natural resources consumption and flows of energy and
matter.
Analogously, the evaluative frameworks of urban sustainability ignore the building level and focus
on the environmental impacts produced by a city considered as a homogenous urbanised land or a
neighbourhood. Thus, using an urban centred approach, we can measure how a city is moving
along a path of sustainable development, but we are still not able to consider to what extent
sustainable buildings effectively participate in the process. It is essential to relate the bottom-up
and top-down visions of sustainability by linking these two different scales of evaluation. Despite
the many efforts of scholars and institutions, each system only concerns the particular study being
carried out, and thus ‘isolated’ on a certain scale, with the result that the systemic vision –urban,
regional, national oriented– is limited, although very complex [17]. What we still lack is the link
between assessment systems, from the micro to the macro scale, from local to global sustainability.

We argue that, if we want to evaluate the actual sustainability of a specific context and understand
the suitability of building technologies applied to that context, there is the need to enrich the current
buildingcentric approach to sustainable building assessment by identifying some holistic
performance indicators. Such indicators should be able to grasp the sustainability of relationships
between buildings and the built environment (Fig. 1), and make it possible to evaluate different
paths towards a sustainable development. In particular, such indicators should allow us to grasp
the specific requirements of sustainability emerging from a local context so as to link building to
urban design, and drive the development and implementation of technologies which are
appropriate in a particular situation.

Built
Environment

Holistic
Indicators

Sustainable
Buildings

Fig. 1 Holistic Indicators
3.3

The urban matrix

In order to proceed along this line of thinking, we propose the concept of the urban matrix as a
heuristic instrument aimed at acquiring better insight into the complexity which characterises the
relationships between a building and the urban environment, and identifying the holistic indicators.
It draws on the idea that a first necessary step to bridge the gap between sustainable buildings and
their contribution to territorial scales above the individual building consists in defining what we
mean by ‘the built environment’ or ‘the context’. In fact, as some authors have highlighted, one of
the reasons which prevents the integrated design and evaluation of a building within an urban
context is the absence of a comprehensive theory of the built environment [18, 19] and the lack of
adequate knowledge on processes and mechanisms linking urbanisation patterns to the
ecosystem function [20]. As a result, despite the existence of globally accepted goals and solutions
to urban and building sustainability, “knowing if we are actually making any progress towards
sustainable cities is problematic” [21]. What we have are bits of theories focusing on different
aspects of the built environment. Nevertheless, they provide us with some crucial insights into the
definition of the built environment.
On the one hand we have well-established studies which conceptualise the built environment as
urban form or land use patterns and their achievements –although sometimes conflicting– in
identifying the less environmentally impacting spatial organisations of human settlements in terms
of consumption of environmental resources and/or conservation of local ecological processes.
Typical of this approach is a search focused on urban and building design criteria and
technological solutions contrasting the unsustainable land consumption and pollution produced by
cities, and land use patterns that provide ecological benefits that cannot be substituted with
technological alternatives. For example, following Forman [22] there are four “indispensable
patterns” which any urbanisation process would guarantee: large natural vegetation patches, wide
vegetation corridors surrounding waterways, connectivity among large patches for movement of
target species, and small patches and corridors that provide heterogeneity in developed areas.
Others have highlighted the role of institutions and local communities –be they considered as
lifestyles or through their collective action– in shaping the built environment.
The conceptualisation of urban environment as ecosystem and the urban ecology approach have
enriched the urban form perspectives with a specific interest in ecological dynamics and flows of
matter and energy. Within the conceptualisation of the built environment, the urban metabolism [23]
has introduced crucial issues concerning the role of buildings and building technologies and their

environmental impact extending it from the local to the global. As result, the building technologies,
which in the green building perspectives function as means of environmental and human wellbeing, have come to play a very important role in sustainable development because they represent
one of the most significant ways in which we interact with our environment by minimising the use of
non-renewable energy and natural resources, satisfying human needs and aspirations with
sensitivity to cultural contexts; minimising negative impacts on the earth’s ecosystems; changing
unsustainable lifestyles and minimising consumption (Fig. 2).
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Fig. 2 The crucial role of Eco-technologies
Nevertheless, none of these theories, if taken separately, is able to consider the complexity of
relationships between human settlements and the environment [24] and grasp the contribution of
buildings to sustainability of the built environment. More recently an understanding of the built
environment as social-ecological systems (SESs) has been proposed to break such an impasse.
By blurring the usual division between urbanism and nature, the SES perspective reconsiders the
built environment as constituted by complex social-ecological relationships and dynamics within
and across levels and scales. The urban metabolism is just one of such relationships. In order to
assure the sustainability of the built environment, it is important to assure the resilience of the
system, i.e. the persistence of conditions that would allow the system to adapt to change and stay
within a preferred stability regime. This would require not only a vision of built environment as
environmentally dangerous, but also as an entity having the capacity to learn and respond and
adapt to changes.
If seen from such a perspective, before evaluating the sustainability of a building or the built
environment, there would be the need to characterise the built environment as composed by
different forms of urbanisation each having specific signatures, which represent the dynamics
within and between social and ecological systems. Recent studies have also hypothesised that the
metabolism is not uniform within an urban system. Urban morphology and practice of urban
transformation may translate into different behaviours with respect to energy and matter flows, and
thus affect metabolism. The definition of urban typologies becomes the determining base for the
establishment of thresholds in the identification of critical impacts of energy and matter flows [25].
The urban matrix concept draws on such a debate. In particular, the word matrix is used to
redefine the built environment as a mosaic of specific matrices of social-ecological relationships
and for this reason highly differentiated in terms of form, structure, function, specific lifestyles and
flows of matter and energy (Fig. 3). Thus it draws on an enlarged notion of urban metabolism [26,
27].
Within the urban matrix, buildings not only interact with the built environment in terms of
morphological or technological contributions to sustainability of the built environment, but they
represent entities which shape and interfere with social-ecological and economic processes and
contribute to define and change urban sustainability in a non-predefined way, despite their ecotechnological content. The role played by building technologies towards the sustainability of the
built environment operates at different levels and on different aspects of the urban matrix.

The Metabolism of the Urban Matrix
Flows
Buildings
Structure

Lifestyles

Fig. 3 Buildings in the Urban Matrix

4. Discussion
At this early stage of the research, on the one hand, we have begun to spell out some variables in
order to identify the matrices composing the built environment and select the most suitable
analytical method to carry out our analysis in contexts characterised by scarce knowledge and data
on social-ecological processes and dynamics. Such method must also be suitable for a future
improvement of our approach which implies the involvement of local stakeholders and experts. On
the other hand, we have tested the robustness of our approach by verifying, although in a
qualitative way only, the potentialities of the urban matrix for singling out some holistic performance
indicators, specifically aimed at highlighting the contribution of sustainable building technologies to
environmental sustainability of the matrix.
One of the problems concerns the definition of the meaning of sustainability of the building and the
matrix, and how to evaluate it. In fact, the current evaluative frameworks of the sustainability of a
building define an absolute value for the sustainable building; this is despite the idea that
sustainability is a process rather than a goal. Furthermore, we are aware that it is quite impossible
to determine the absolute contribution of a single building to sustainability; thus, we have defined a
holistic performance indicator as a tool enabling the identification of the positive or negative
changes in social-ecological relationships from the current status of the urban matrix (Fig. 4). This
perspective avoids the risk of assuming that the contribution to the sustainability of the urban
matrix corresponds to the sum of individual building sustainability values.
Holistic Performance Indicators
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Fig. 4 Holistic Performance Indicator as a tool
From our point of view, what needs to be assessed in term of building sustainability is the ability of
a building or a building stock to change existing social-ecological relationships. We have thus
identified some classes of social-ecological relationships which are recognised as crucial for
shaping not only improvement towards a sustainable urban development but also the adaptive

capacity of the urban matrix to face environmental changes. We have defined some provisional
holistic indicators, which are: structural reorganisation, ecological regeneration, community
adaptivity, organisational change, and local and global flows inversion.
When we compare categories for assessing sustainable buildings with classes of social-ecological
relationships, it becomes evident –at least in the tools used at present– that they mainly refer to
flows of materials and resources, and the environmental quality, particularly indoor quality. Other
categories, when present, try to consider different aspects, for example taking into account some
relationships of the building under assessment with the specific context, or including building
management solutions and plans, in order to assure the required performances over time; however,
the weight assigned to these categories is still insignificant in the overall assessment. Furthermore,
it clearly appears that eco-technologies contribute only slightly to structural reorganisation and
ecological regeneration.

5. Conclusions
Looking at the urban matrix, we can (i) focus on the main features characterising a specific context;
(ii) evaluate them through indicators for sustainability; (iii) compare the requirements for
sustainability of the urban matrix with categories used for evaluating sustainable buildings; (iv)
understand what features are not influenced by present sustainable building design practice; (v)
deduce which technologies should be developed, assessed, and implemented. Thus, the urban
matrix can work as both a heuristic and analytical tool, supporting the acquisition of better insight
into the complexity characterising the relationships between a building and the urban environment.
Therefore our approach can enrich the evaluative frameworks currently adopted to design or
assess a building’s sustainability which only marginally assess the contribution of a sustainable
building to the urban sustainability.
At present, the final goal of our research to evaluate the environmental performances of
sustainable technologies beyond the building scale has only been partially satisfied. Nevertheless,
our approach seems to permit the singling out of key performance indicators that are able to report
the relationships between a sustainable building and the urban matrix. Moreover, despite the
environmental focus of this paper, our approach shows a potential for easily including other
aspects of sustainability.
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Summary
This paper represents the ongoing study of theory and practice in relation to the development of
sustainable buildings and the embedding of sustainable processes and features to minimise their
environmental impact, and to positively influence sustainable behaviour throughout their lifecycle.
This has involved an extensive literature review, an online survey, analysis of project
documentation and the assessment of buildings via case studies involving face-to face interviews
and questionnaires. The wider project investigates the development of five exemplar sustainable
buildings; The WISE building [1], The DACE Centre [2], Sidwell Friends School [3], The Core
building [4] and The Genesis Project [5]. Each have environmental education and the promotion of
sustainable building practices as key functions. For the purposes and limitations of this paper only
the WISE building is featured.

1. Introduction
Since the Rio Earth Summit, 1992 [6] it has now become widely recognised that the Earths’
resources are finite, pollution levels must be controlled and the burning of fossil fuel impacts
climate through global warming with local, national and global implications such as flooding,
extreme weather conditions and associated negative social and economic consequences [7].
Buildings currently account for around 50% of total carbon emissions in the UK totalling 360 million
tonnes of CO2 per annum [8]. The Climate Change Act 2008, UK [9] sets legally binding national
greenhouse gas reduction targets of 34% by 2020 and at least 80% by 2050 compared to 1990
levels. This is equivalent to 61.2 million tonnes and 144 million tonnes respectively. The
recognition that building practices need to change are evidenced by revisions in legislation with
targets for zero carbon and low water usage new-build housing by as early as 2016 and new build
non-domestic buildings by 2019 for England and Wales [10].
Clearly, in order to achieve these targets we need to develop and utilise low carbon technologies.
Equally, the behaviour and attitudes of individual stakeholders and organisational practices has a
significant role to play in reducing the environmental impact of the built environment. Design

decisions, material specification, working practices, building operation and user behaviour can all
combine with new technologies to achieve low or zero carbon buildings which enable low
environmental lifestyles, considering we spend up to 80% of our lives within buildings [11].

2. Definitions
2.1 What is a sustainable building?
There are a number of international standards developed over recent years that have reached a
high level of complexity in defining and assessing the environmental impact of buildings ranging
from highly technical requirements including BREEAM [12] and LEED [13] to more esoteric
considerations such as the Hannover principles [14] and One Planet Future [15] which consider,
for example, human rights and sustainability, social and spiritual aspects of sustainability and
buildings, responsibility for the effect of design decisions and the use of nature as a model for
design. For the purpose of this study the Building Research Establishment Environmental
Assessment Method (BREEAM) has been adopted as a benchmark of sustainability in order to
compare and contrast selected buildings under the following categories: Management, Health &
Well-being, Energy, Transport, Water, Material & Waste, Land Use, Ecology and Pollution.
BREEAM has developed over time to reflect the environmental lifecycle of a wide variety of
building typologies, assessing environmental, social and economic impacts at each stage of
design, construction, operation and use. BREEAM assessed buildings are awarded credits
depending on their environmental performance and can achieve a rating of either unclassified,
pass, good, very good, excellent or outstanding. BREEAM In-Use is a scheme to help building
managers reduce the running costs and improve the environmental performance of existing
buildings. Operating a building represents a major economic, as well as environmental and social
cost, with rising energy prices and an uncertain economic outlook, cutting energy waste and other
such measures can improve profitability as well as sustainability and can enhance the corporate
social responsibility (CSR) profile of an organisation.
In addition, BREEAM Education assigns credits for integrating sustainable features in buildings
that have educational benefits for users, utilising the building and landscape as an educational
learning and teaching resource.
Innovation credits are also available for sustainable procurement, responsible construction
practices, reducing CO2 emissions, use of low/zero carbon technologies, water consumption and
flood prevention, life cycle impacts, responsible sourcing of materials and construction site waste
management.
However, even when adopting this industry recognised standard there are many different
approaches to achieving a sustainable building under the BREEAM guidelines with broad
variability because of, for example, design limitations and aspirations, wasteful construction
practices, poor operation and use of buildings.
2.2 What is sustainable behaviour?
A broad definition of sustainable behaviour is behaviour that results in the satisfaction of our needs
today without diminishing the prospects of future generations to do the same [16]. This can be
refined by applying the triple bottom line concept of sustainable development to individual and
organisational behaviour that achieves economic, social and environmental sustainability-how we
think about our place in the world, the things that we value, and how we relate to other people.

3. Theoretical Principles
Obstacles faced by the green building movement are no longer primarily technological and
economic. Instead they are social and psychological. It is often the behaviour of individuals,
organisations and institutions that determine the level of engagement with the sustainable
construction agenda [17].
3.1 The Value-Action / Intention-Behaviour Gap
The gap between our attitude toward urgent environmental and social issues and our actions or
behaviours in tackling them has been well researched and can be applied to the design,
construction, operation and use of buildings. Even the best efforts to develop an effective
sustainable building will be undermined if, in its design, construction, operation and use,
sustainable practices and technologies are not understood or made explicit at each phase. This is
variously known as the ‘value-action’ or ‘intention-behaviour’ gap.
The reasons for these gaps are a highly complex set of human responses in relation to the
perception of environmental, social and economic problems. Gaps exist between designed and asbuilt performance due to problems of communication between stakeholders, lack of integrated
design practices between professionals, operational difficulties and unplanned behaviours of
building users.
3.2 Individual Behaviour
People are inherently subject to and highly influenced by social and organisational norms. Those
who are well informed about sustainable practices are more likely to adopt responsible views and
those views translate into corresponding behaviour [18]. Simply educating people is not wholly
effective and environment is critical in facilitating behaviour [19]. It was also concluded that general
positive attitudes to the environment are not very predictive of eventual behaviour [20]. Factual
knowledge can lead to a change in attitude toward behaviours linked to social and moral values
that lead to subjective norms (socially appropriate action) and will eventually lead to behavioural
intention and outcomes [21].
On an individual level people tend to over-discount the future in their consumptive behaviour [22]
e.g. individuals purchase energy inefficient appliances despite the implications for future energy
costs by failing to calculate and make decisions based on payback periods. Substantial empirical
work shows that people tend to make self-serving, or egocentric, judgements of what is fair [23].
People also tend to see themselves, their future, and the world in a better condition than it is or will
be (positive illusion). Public opinion polls on environmentally responsible behaviour show that
people want to project an aspiration of their values rather than a reality of their lifestyle or action,
commonly known as ‘greenwash’ or in more contemporary language ‘eco-bling’ . At the most basic
level people continue to associate sustainable buildings with ‘hippie’ culture and create the false
assumption that all green buildings are associated with the environmental movement and see
economic competitiveness and environmental protection as mutually exclusive or opposed.
Interventions and strategies can modify individuals’ environmental behaviour. Antecedent
interventions (intervention before unsustainable behaviour) such as signs and prompts can be
incorporated into a building to remind us that we have attitudes which are favourable to sustainable
behaviour. Consequent strategies involve intervention after a given behaviour and can include
positive reinforcements through rewards for pro-environmental behaviour e.g. feedback on CO2 or
money saved. Consequent strategies have proved better than antecedent ones in relation to some
individual pro-environmental behaviour [24]. “The practical challenges for such initiatives are farreaching and would involve sizeable shifts in the culture of planning and building practice: if we are
serious in understanding the conditions for a more sustainable society, we need to recognise that

the more directly involved people are in the construction and preservation of their dwellings, the
more likely they are to care for and cherish the planet we all inhabit” [25].
The key to encouraging sustainable behaviour is to remove barriers. People consciously and sub
consciously tend towards congruency in their environments, they want their actions to match
perceived outcomes based on social norms (cause and effect) therefore in a sustainable building
where operation, services, technologies and materials are inherently sustainable, it can be argued
that sustainable and ecological behaviour is more likely. Individuals who believe it will be difficult to
carry out environmentally responsible behaviour are unlikely to engage in that action [26]. “It is
behaviour, lifestyles and peoples aspirations that are at the heart of achieving a sustainable
environment. The form of urban areas and buildings within them, do not determine sustainable
behaviour, but they might provide the right setting for it” [27].
Attitudes formed from direct behavioural experience tend to be stronger and are more predictive of
later behavioural change than are passive or abstract attitudes [28]. Therefore the more we use
buildings as an experiential teaching and learning resource the more likely sustainable behaviour is
to occur.
3.3 Organisational behaviour
It has clearly been established that behaviour and environment mutually affect each other [29] and
that “environment-behaviour researchers need to participate in design decisions as part of the
design team in an attempt to put greater emphasis on building users and their effect on the
performance of the building as well as the effect of the building on the sustainable attitudes and
behaviours of the users” [30].
The development of buildings presents a complex set of processes and sustainability can often be
seen as an extra layer of complexity. From case study analysis and evidence from other sources
[31] it is clear that the built environment professions will have to make significant changes in their
collective sustainable and organisational behaviours, partly driven by changes in mandatory
legislative requirements.
Information available to individuals regarding the viability of green building options becomes a
reflection of subjective organisational goals, routines and culture as much as objective facts [32].
Barriers to green construction on an organisational level are due to internal structure and
interaction, language and terminology, rewards and organisational resistance [33].
3.3.1 Internal structure and interaction
The design and construction of a building creates a distinctive form of organisation in which a
temporary culture becomes set, one which includes the roles, decision rules and power balances
among each of the team members. Power and influence in the team can be a critical factor, often
compromising the overall sustainability of the project as new environmental technologies and
practices are introduced. Often when sustainability requirements are ‘added’ to a standard
construction project, the roles and relationships become reconfigured into a form that is outside the
standard operating procedure and will inevitably incur additional costs. This will invite resistance.
Structural relationships within the design and construction team are traditionally linear; clientarchitect-engineer-contactor-subcontractor, which tends not to promote the tight integration of
sustainable systems (water, heating, power) needed in a high performance building. In a
sustainable building, the team must engage early on and in a more integrated and collaborative
fashion. Team members are challenged to discuss and adjust parameters that are traditionally
made in isolation.

3.3.2 Language and terminology
Many of the new sustainable technologies, processes, materials and standards involved in
sustainable buildings comprise of new terms that may not be understood or may be misinterpreted
and can therefore cause resistance to adoption. Also the language of sustainability challenges
conventional terminology requiring a new knowledge base. This new terminology can identify
participants in the team who aren’t yet embedded in the sustainable construction industry [34].
Lack of environmental literacy makes the link between energy conservation and climate change
more difficult for people to understand and creates a reduced sense of urgency or motivation for
addressing environmental issues, much less to develop sustainable building practices.
3.3.3 Organisational Resistance
Organisations tend to resist change [35]. People within them generally prefer long term certainty of
structures and routines that have been historically in place and resist the process of changing
them. Habitual routines can take form in taken-for-granted design practices or construction
methods. Typically, the costs of learning new forms of sustainable design and construction
practices are not charged to the client. With fixed resources, architects and contractors must invest
in this learning process potentially to the cost of other critical activities.
Fear of the unfamiliar can also drive organisational resistance, particularly when the consequences
of change cannot be predicted and can put individuals off embracing sustainable practices in the
future. Psychological blocks can prejudice managers away from certain actions or responses to
demands for change. This may deny a developer, architect or engineer any opportunity to consider
longer term gains. Cost is an important issue for the client and the design and construction industry
and when financial decisions are made on whether to invest in sustainable features and funds are
limited, often the sustainable option is the first to be rejected. There needs to be full consideration
of capital costs versus lifecycle costs and payback periods which are rarely factored in to project
costs and are often not seen as a priority for both architects and contractors.
The consideration of sustainable technologies requires more time. New technologies must be
identified, integrated and tested as the technologies themselves develop and improve. Time
pressures can prevent full investigation and solving of environmental issues in the production of
sustainable buildings. Sustainable design and construction can challenge established authority
within organisations which can result in interdisciplinary rivalry or organisational resistance [36].
Does the addition of a new skill set fall to the architect, contactor, engineer or a new green or
integrative design consultant? [37]. Existing professionals in building design and construction may
resist these changes to protect their professional status.
Adoption of changes in practice is easier if presented as a positive and attractive option rather than
as an issue of sacrifice [38]. Some professionals are put off by the phrase green or sustainable
buildings and are much more engaged by terms like smart, intelligent or high performance
buildings. The WISE building design aspiration was to have a clean, modernist and professional
looking building, deliberately avoiding references to its green credentials in order to appeal to
mainstream corporations in order to hold their events there.
3.3.4 Educational transformation
Construction professionals are highly influenced by the norms and rules introduced in their early
training experiences. One approach is to integrate environmental education into existing curricula
in the built environment sectors. This involves architecture and engineering curricula in the
University, apprenticeships in the building trades, and even training of owners and building
managers [39]. There are a growing number of sustainable construction training courses emerging
in programmes related to architecture, engineering management, urban planning and
environmental issues. Unfortunately, many do not foster cross-disciplinary collaboration necessary

for this holistic approach to understand the relationship between the built environment and the
natural environment [40]. However, professional bodies are increasingly becoming engaged in
driving the agenda through the accreditation of courses requiring sustainability in the curriculum.
There is also a growing market in sustainability-related continuing professional development (CPD)
courses for post qualification professionals.
Professor D.W. Orr [41] a leading academic in this field, speaks of “the hidden curriculum that is
the building itself”. Much can be learnt throughout the entire construction process of an innovative
sustainable building but there are inherent financial and technical risks in using the process as a
research and development exercise when the ultimate aim is to produce a building to fixed
schedules and budgets. In operation, a building has significant potential for research and study by
both building professionals and students.

4. Case study
4.1 Methodology
Case studies involved interviewing key stakeholders at critical phases of the lifecycle of the
buildings being studied, each aspiring to, or having attained the BREEAM ‘Excellent’ standard. The
investigation of the interaction of factors and events highlighted successful common practices and
innovative approaches whilst revealing problems and barriers encountered. This work is intended
to highlight best sustainable practice, not only in the design, construction, operation and use of
sustainable developments but how sustainable methods, materials, technologies and practices can
be embedded in order to facilitate learning and teaching that ultimately encourage greater
sustainable behaviour beyond the building development itself.
Face-to-face interviews were conducted over a period of two years from 2009 to 2010 for the five
buildings, each in various stages of development. The interviews were designed to elicit responses
to a set of semi-structured questions aimed at a wide variety of stakeholders throughout the four
phases of development. This allowed for analysis of individuals’ perceptions and insights, as well
as the collection of empirical data for quantifiable and generalisable conclusions.
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Fig.1 The WISE lecture theatre. Source:CAT

As well as having impeccable environmental
credentials
in
terms
of
sustainable
technologies, energy efficiency, passive design
techniques and use of natural materials the
Wales Institute for Sustainable Education
(WISE) building (see Figure 1) provides
feedback to its occupants’ data about their
resource use and the thermal performance of
the building fabric in the hope that this
experience will influence their behaviour. The
building is being used as a resource to teach
and learn about a wide range of environmental
topics providing sustainable space for
research, workshops, lectures and seminars as
well as accommodation and restaurant facilities
all offering an experience of sustainable
solutions in practice to influence and effect
behavioural change. The main features of the
WISE building include:
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Low embodied-energy construction materials such as earth and hemp
Bio-composite, natural fibre technologies using hemp and lime
Energy efficient glazing for maximum natural day lighting and passive solar heat gain
Minimal energy requirements
Solar water heating integrated into a district heating system
Semi-transparent PV technologies used to provide both energy and shading
Biomass combined heat and power linked to the heating system and grid
Biological zero energy input sewage treatment systems
Green transport systems using sustainable fuel sources.

4.3 Face-to-face interviews (key findings)
4.3.2 Design
One of the key design aspirations of the WISE building was to bridge the gap between
preconceptions of ‘hippie’ culture and the needs of modern building users. From interviews
undertaken many respondents stated how the building fulfils its corporate function by being
aesthetically pleasing, modern, cutting-edge and ‘non-‘rustic’ whilst maintaining its sustainable
credentials. It was stated by many respondents that the building has the ‘wow-factor’ which
stimulates questioning from visitors who did not necessarily have an interest in sustainability.
The architect worked on a number of CAT buildings previously and was fully aware of the
ecological ethos of the organisation, as well as the educational aims and objectives of the building
and its potential for influencing sustainable behaviour. Clearly, having a shared sustainable vision
between as many stakeholders as possible added to the success of the project.
The design team took an unconventional approach in the form of a partnering contract PPC 2000
[42] which involved the contractor from the start. They also engaged in a collaborative process
called ‘Planning for Real’ which involved client, potential users, contactors, architects and
engineers which, according to the project manager “achieved a good understanding of the purpose
and function of the building at an early stage”. Experiences gained from this showed that more
detail should be written-in, particularly quality control and working practices.
It is not surprising that CAT as an organisation is dedicated to promoting sustainability and is a
highly immersive environment for its staff in every aspect of sustainability and many of them stated
that The WISE building had a highly positive impact on their sense of well-being, working practices
and productivity.
4.3.3 Construction
Sustainable building requires innovative technologies, methods and materials, and sub-contractors
reticence is shown either through higher pricing, reluctance to engage with new processes or
outright refusal to perform the work. However, contractors are increasingly realising that this is an
emerging market and must embrace sustainability to remain competitive. They justifiably fear that
equipment or process failure will fall on their shoulders. On the WISE project there was a
catastrophic failure with the innovative rammed-earth walling structure due to unfamiliarity with the
building techniques required, a lack of expert site supervision and training, which instigated a circle
of blame between architect, project manager and contractor.
This ultimately led to litigation, significant financial losses, delay and ultimate withdrawal of the
contactor from the project. When a new contractor was employed who had considerable
experience of sustainable materials and techniques there was a palpable change in on-site
confidence. Contractors, engineers or architects who are familiar with the technologies can avoid
these situations by offering some form of indemnification for certain conditions of technological or

material failure. It should also be noted that they will have learned from this failure and they are
now in a stronger position, having developed expertise in this field.
Working practices and methods were not that technically difficult but required some training and
skills enhancement. Training in principles of ecological building were perhaps more important. This
has more up-front costs but would have ultimately benefitted the project in terms of quality,
longevity and durability of the building. There should be more consideration by contactors of
lifecycle and sustainable thinking. Financing should reflect sustainable benefits.
Interestingly, contractors’ perceptions of sustainability changed through the use of environmentally
responsible materials e.g. site workers were impressed by the health benefits of working with low
VOC paints rather than their environmental credentials.
It was found that mainstream contractors view many of the sustainable technologies and materials
as experimental and untested which require duplication of processes to perfect their application
and to achieve the same standards as more conventional methods. This suggests that one of the
new processes might be for the contractors to build full scale mock-ups of the building components
so that they are able to then duplicate the final solution in the real building, another example of a
change in practice.
4.3.4 Operation
Several respondents from the interviews stated that there hadn’t been enough time since the
opening of the building in June 2010 to establish anomalies between design aspirations and
operational performance and that the building needed to be operated for at least a whole year to
fully develop the operating systems and potential implications for building users.
One respondent noted that “increased sustainability can lead to decreased functionality” e.g. the
bleeding from untreated knotty timber caused finishes to be spoilt and was far less resistant to
moisture, leading to rotting and the need to replace and redecorate far sooner than its intended
design life.
The rammed earth walling system that is highly sustainable, in terms of embodied energy did not
perform well acoustically in-use, and sound-buffering had to be installed retrospectively. Also
excessive solar gains were alleviated by the addition of shading. It should be noted that despite the
problems with the rammed-earth wall it is considered one of the main attractions of the building
and elicited a lot of questioning and learning.
Errors in detailing and lack of understanding of sustainable construction techniques during the
construction phase led to a disproportionate amount of reactive maintenance being required and
impacted on the day-to-day operation of the building which had significant financial implications
reducing available space for teaching and high yield corporate events.
It was stated that a new profession in the field of building management is required, one that
understands environmental design, wider sustainability issues and building technology and should
be engaged early on in the design process.
In terms of the space and sustainable behaviour, the building enables closer interaction of both
staff and students increasing organisational efficiency and productivity. Natural daylight and the
vistas were cited as a highly positive aspect of the building impacting on the general health and
well being of occupants. It was also stated that the quality of finish compared to other buildings on
the site caused people to dress differently and operate more professionally.
The educational function of the building as a teaching and learning resource is limited as it had
strategically focussed on corporate events and the provision of educational space but teachers

stated that being able to physically point to real examples of sustainable practices, materials-in
use, systems in-use and finishes that have been achieved was a great educational benefit.. Some
respondents stated that it is not obvious that the WISE building is an eco-building and this had a
big impact on corporate visitors and offers an opportunity to influence visiting organisations once
the sustainable features of the building were highlighted. An opposing view is that the building
should ‘explain itself’. The WISE building certainly demonstrates architectural honesty but it can be
argued that it could have incorporated more educational features.
The ability to guarantee a given temperature for teaching and corporate events proved quite
difficult in a low energy climate-responsive building. From the user survey (see Figure 2) a
significant number of people considered the building to be cold whereas others thought it to be
warm, some stuffy and others airy. This is consistent with many other building evaluation surveys
and illustrates the variability of comfort levels. Staff tend to be more environmentally aware and
therefore know how to maintain comfort levels but students and visitors’ lack building knowledge,
and unsustainable behaviour was cited as a contributing factor to poor in-use performance.
Generally, it is not understood how the thermostats work and they are often set too high, not
allowing for the time lag associated with under-floor heating, and they tend to open windows
despite there being adequate natural forced ventilation.This impacts on the imbalance between
designed energy use and actual energy usage.
4.3.5 User Survey
Twenty one students taking the MSc
Architecture: Advanced Environment and
Energy Studies course, based in the
WISE building, were asked to complete a
questionnaire in order to elicit their
responses as users of the building, its
impact on their teaching and learning
experience as well as physiological
responses to environmental conditions
and how the building has influenced their
behaviour. The students are from a wide
variety
of
backgrounds
including
architects, project managers, planning
consultants, trades people and nonspecialists in the field. Figure 2 illustrates
Fig.2 User survey responses
wordle.net
by way of a ‘word cloud’ responses to the
question ‘what 3 words come to mind
when you think about The WISE building?’ The ‘cloud’ gives greater prominence to words that
appear more frequently in the source data.
Overwhelmingly the responses were positive with greatest prominence given to natural light,
space, aesthetics, natural materials and sustainability. Some negative responses related to
acoustics, thermal comfort, sterility and unpredictability which were reinforced by responses from
the face-to-face interviews.
As part of the survey students were also asked what they considered to be the most and least
sustainable features of the WISE building. From their responses the top three most sustainable
features are, in order of popularity, natural daylight, natural materials and passive solar design.
The least sustainable features are shown to be poor ventilation and air quality in the living
accommodation, the high cost of the project, remote location, poor acoustics in the lecture theatre
and poor internet access.

5. Conclusion
If we are to live more sustainable lifestyles our built environment should be responsive to our
needs in a sustainable way whilst our behaviours should not undermine the potential for our
buildings to achieve their sustainable design aspirations.
Among all stakeholders in the provision and use of buildings there needs to be a common
language of sustainability. In their design, construction and operation buildings need to avoid giving
incongruent messages to users and allow them to easily engage with the buildings functions and
operations whilst understanding inherent sustainable features and how they can be realistically
interpreted and made relevant to their lifestyles.
All sustainable buildings have the potential to be a valuable teaching and learning resource for
developing an understanding of sustainable methods, materials, technologies and behaviours over
the whole of their life cycle. It has been proposed that raising peoples’ awareness in terms of the
sustainability of their own built environment and landscapes can have considerable impacts on
embedding lasting sustainable behaviour, tackling pressing environmental concerns.
The study of exemplar sustainable buildings and the interaction of factors and events can highlight
common practices and innovative approaches and methods as well as revealing problems and
barriers encountered in achieving sustainable environments.
It is hoped by highlighting best practice, not only in the design, construction, operation and use of
sustainable educational and community buildings but also how sustainable and educational
features can be embedded throughout the building which will inform sustainable building design
and enhance sustainable teaching and learning practices, change attitudes and ultimately
encourage sustainable behaviour.
It can be argued that sustainable buildings allied to sustainable education can have a significant
impact on environmentally responsible behaviour through combined technical and pedagogical
interventions embedded into the design, construction and operational processes.
The research will continue to try and establish the correlation between sustainable buildings,
environmental education and pro-environmental behaviour to ultimately inform the built
environment professions through dissemination of research findings and to develop strategies that
will have optimum environmental and educational benefits.
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APPENDIX A
Summary of findings from case studies
General lifecycle considerations
A new role of carbon/sustainability manager/champion with real power to take responsibility for the
carbon performance during the design, construction & operation of the building
A single organisation with whole life responsibility for a building, ensures a low carbon approach to
design, construction, fit-out, maintenance, refurbishment, retrofitting.
Creating a low carbon construction industry would develop skills and expertise that would be of great
value to other sectors.
Governments and industry need to work together to identify best practices that stimulate the market
for low carbon and energy efficiency measures.
Potential clients need clear explanations of the social, economic and environmental benefits of
sustainable and low carbon measures, materials, technologies and methods.
Common language for sustainability is required throughout the construction professions.
Poor built environments reinforce unsustainable behaviours
Design considerations
Early and comprehensive stakeholder involvement (BREEAM assessor, contractors, facilities
managers, users and educationalists)
Industry should agree a standard method of measuring embodied carbon for use as a design tool,
and for the purposes of scheme appraisal e.g. Inventory of Carbon & Energy [?]
Interdisciplinary working practices needed. Integrated design practices.
Embed sustainable materials and technologies into buildings and make them ‘transparent’ to enable
users to better understand sustainable principles and the functionality of their buildings.
Embed sustainable and educational aims & objectives into building design, construction, operation
and use to encourage greater learning and sustainable behaviour.
Balance technical solutions with human interaction and behaviours.
Participatory design. Encourage participation of local community and building user groups early in the
design process.
Construction considerations
Comprehensive training to move sustainable systems, methods, techniques and skills in mainstream
construction.
Early contractor involvement will ensure that the design does not compromise sustainable
construction
In most construction companies the sustainability manager has a facilitation role, rather than power to
drive real change. Sustainable/carbon management needs to be a high level role.
A construction-specific accreditation scheme for companies committed to improving their
environmental credentials.
Accredited courses for specialist low carbon technologies and techniques to ensure adequate skills &
expertise to avoid undermining the credibility of sustainable building projects by unskilled workers and
poor performing materials and technologies.
Operational considerations
A well-managed project handover (soft landing) with training for occupants and facilities managers on
new low carbon systems, materials and technologies. A building should not be considered as
complete until it performs in accordance with its design criteria
Incorporate and embed features that enable the sustainable operation of the building and
opportunities for user engagement.
A need for up-skilling energy, carbon & sustainability knowledge with the maintenance of buildings.
The role of sustainable building/facilities manager could have effective power to take responsibility for
the energy and carbon operational performance.
User considerations
A need for raising awareness and training in the operation and use of buildings for occupants in order
to maximise energy efficiency, carbon saving and use of sustainability features of buildings
Connect lifestyles and working practices to daily/seasonal cycles.
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Summary
Tourism is one of the largest and fastest growing industries in the world and a major source of
income in many developing countries. Conversely the damage caused by tourism development
not only has negative implications for a national economy but can threaten the livelihoods of
many in the locality, and also the natural environment. As with other sectors of the economy,
concern has been expressed about environmental problems associated with tourism and
pressure is growing to ensure ecologically sustainable forms of tourism development. Tourism
assessment and certification systems were developed to be one of the drivers to assist resort
development internationally. The development of different tools in the tourism sector has been
active, different organizations and research groups have contributed new knowledge through
experience to create resorts that are environmentally conscious. Some of these tools have been
applied beyond the borders of their countries of origin, due to either the need for environmental
performance verification by clients and building professionals or the lack of it in the project
country, especially in developing countries. In order to address this situation, many developing
countries including Malaysia tried to modify or adapt existing tools that came from inherently
different environmental, social and economic contexts. The issues and concerns related to
sustainable tourism vary from one tourism destination to another as the local resort might not be
able to adapt and comply with new imported standards and ideals that are more suitable in
highly advanced societies and tourism industries. The aim of this research is to review and
analyse the existing sustainable tourism assessment certification system operating
internationally. This research will summarise the main components of each system, including
the implementation structure, its main criteria, organizations involved, and associated costs.
Based on the above evaluation, the research will justify the modification and potential
adaptation of some of the international tourism assessment systems for resort facilities in
Malaysia.
Keywords: Sustainability in developing countries, sustainable water and waste management,
cultural and regional issues, social and economic changes.

1. Introduction
Various commitments and interventions have been implemented to reduce the negative impacts
of development and for promoting sustainable development in developing countries. Tourism
developments are considered critical because most developing nations rely on tourism to solve
poverty problems and support rural economic empowerment and community social
development. Research done by Lee [1] concludes that tourism in the South Asia market is
particularly noteworthy, and as economic development proceeds from newly industrializing
country to advanced industrialized country status, tourism remains one of the biggest shares of
GDP in most countries in Asia. Hence the tourism industry needs to be better understood to
enable improvement, and resort development is one of the major components of the tourism
industry.
The tourism industry as a whole has a significant impact on the environment. Conventional
tourism is estimated to be responsible for about five percent of global carbon emissions, as the
transportation required to reach tourism areas releases a large amount of greenhouse gases
[2]. Resort and accommodation development for tourists is one of the main contributors to total
energy consumption in tourism development, in terms of embodied energy within the materials
specified and the cost of running the building to maintain the required human comfort levels.
Resorts are designed to protect tourist from nature’s extremes, yet they also affect the
environment of tourism destinations in countless ways. Resort developments also have
significant impacts on the economic and social aspects of host nations. Environmental
examples include water pollution, land degradation and greenhouse emissions [3], and on the
economic front tourism resort development sometimes creates negative impacts on the local
community. For example agricultural land may be converted to commercial development for
tourism purposes. As the environmental impacts of resort development in tourism become more
apparent, procedures for sustainable tourism assessment are gaining momentum [4].
Sustainable resort development is the practice of creating and using healthier and more
resource-efficient models of construction, renovation, operation and maintenance. Sustainable
tourism assessment systems bring together a vast array of practices and techniques to reduce
the impacts of tourism facilities on energy consumption, environment, human health, society
and local economies. Sustainable resort development still faces barriers in the tourism market
and is often perceived as involving more expensive initial design and construction costs than
standard resort development [5]. It is argued that the extra cost will gradually be reduced during
the operational stage of the resort development and also that new, more sustainable
technologies will be developed and accepted by the market because they will create competition
[6]. The implications of sustainable tourism facilities development have captured the attention of
building stakeholders across the world [7]. Resort development in tourism destinations is now a
major concern of professionals in the tourism industry [8] and sustainable tourism assessment
has emerged as one of the major areas of interest in sustainable tourism development in most
countries [7]. In order to protect the natural environments on which the tourism industry depends
in developed nations, a range of sustainable tourism certification, awards schemes,
environmental quality assurance, eco-labelling schemes and evaluation tools are currently being
utilized [9]. A resort assessment system provides an efficient framework for assessing tourism
facilities environmental impacts and also integrating sustainable development principles into
resort development processes, as it provides design guidance by setting sustainable design
priorities and aims, appropriate resort design approaches, and determining performance
measures to guide the sustainable design and decision making process [10]. Using a
sustainable assessment system in the resort development process can reduce significant
impacts which conventional practices are unlikely to address. Furthermore an assessment

system to measure sustainability in resort development can produce long term beneficial
consequences for the building owner and occupants [11]. Most assessment systems for
sustainability measurement help to solve existing resort development problems, creating
healthier and more productive places, reducing environmental impacts and reducing operational
cost. However, to make sustainable development practices easier to implement in the tourism
industry, all countries reliant on tourism should develop technical services and resources to
determine the sustainability of resort development in tourism areas. Gibberd [12] and Libovich
[13] explained that different countries have different priorities for sustainable development, for
example developing nations focus more on social and economic issues and cannot afford to
focus only on the environmental performance. This provide some context to the development of
building assessment for resort development in Malaysia, which needs to be based on local
culture, tradition, needs, climate and governance.

2. Resort development in Malaysia and the need for a sustainable
rating tool
In Malaysia tourism is a major source of income and continues to grow both in scale and scope.
Concerning scale, the nation is one of the fastest-growing tourism areas in the world. Based on
the world tourism barometer Malaysia ranks ninth for the most visited country in the world with
about 23.6 million tourist arrivals in 2009. Regarding scope, the nation is experiencing changes
in the types of tourism. Long-haul international tourism from Europe and Australasia is now
running alongside growing regional tourism from both the East Asian industrializing economies
and other ASEAN countries. Tourism from all three categories is increasingly concentrated
spatially along in the coasts and islands of Malaysia. Whilst governments and investors plan
huge multi-billion dollar integrated developments such as Langkawi International Beach Resort,
across the country hundreds of small-scale coastal resort destinations have emerged. These
have grown - often outside the formal government tourism planning frameworks – to cater for
backpackers and independent travelers. Islands are particularly attractive to tourists with many
examples of small-scale tourism including the Southern islands [14]; the Pangkor islands of
Perak [15]; and Malaysia’s Perhentian islands [16]. The main attraction of tourism in Malaysia is
the coastal region. Increasing the rate of development in the eastern states through
encouraging growth of the tourism Industry is one way to ensure more uniform economic growth
within the nation and to maintain the competitiveness in the tourism industry [17]. The eastern
coastline of Malaysia includes some of the most pristine beaches, and the coral reefs that offer
world-class diving due to the rich biodiversity of marine life in the region. Such biological assets
have the potential to support a thriving tourism industry which is particularly important in eastern
Malaysia where there is a recognized need to develop industries to provide jobs and income to
the eastern states. Currently the job market in eastern Malaysia is more agricultural-based, and
this often results in high intra-national migration of people towards the cities in western
Malaysia. Malaysia has recognized the growing disparity in greater poverty rates in the rural
areas of Eastern Malaysia compared to Western Malaysia. The tourism industry could solve
many of these social issues, while increasing economic growth. Presently there is a trend for
building large, four-star coastal resorts in the south-east Asia region. In order to attract tourists,
Malaysia needs to build resorts of similar caliber to have a competitive advantage over other
resorts in Thailand, Indonesia or the Philippines [15]. However, although a booming tourism
industry would support the economy, irresponsible resort development could ruin the delicate
ecosystems, which is detrimental for tourism in the long term.
As with other sectors of the economy, concern has been expressed about environmental
problems associated with tourism and pressure is growing to ensure ecologically sustainable
forms of tourism development. In recent years, this concern has increased significantly,

manifesting itself in anti-tourist development sentiment in some sections of the community.
Unless potential threats can be identified and eliminated, tourism could compromise the
environment that is attractive to tourists and on which the industry depends. The Malaysian
Government shares this concern and has recognized the need for the tourism industry to plan
and operate in ways which seek to conserve the environmental resource base while allowing
sustainable growth and development.
Undeniably resort development in Malaysia has the potential to create negative ecological
consequences that could ruin or alter the environmental resources of host destinations [19]. In
the light of this issue and the need to maintain the balance between social and economic
development in this region, appropriate management and planning are essential to create
healthy tourism development. One consequence is that recommendations for regulating a
sustainable tourism assessment system for Malaysia are being put forward by tourism and
construction stakeholders [18].

3. Sustainable assessment systems world-wide
The concept of developing an assessment system to evaluate how well the development meets
the sustainability principles for tourism destinations is new and needs considerable work in
developing countries like Malaysia to be comprehensive and to include different strategies for
resort development. The four international assessment systems Green Globe, Earth Check,
Blue Flag and STEP will be reviewed for the purpose of this research. These assessment
systems provide comprehensive criteria for their regions, provide operational resort
development evaluation, use measurable criteria to identify how well the resort development
integrates sustainability principles; moreover they are the most widely known assessment
systems in tourism industries world wide.
The developed countries such as Australia, United States of America and United Kingdom are
more aware about pollution issues and environmental degradation; they have attained
significant progress in environmental management in their tourism sectors through developing
sustainable assessment systems and sustainable practices. On the other hand developing
nations are unlikely to have addressed many of the key aspects required for sustainability.
Dealing with sustainability objectives is therefore likely to be a main agenda item in developing
nations.
There is a growing number of sustainable assessment systems developed for the tourism sector
worldwide. This study will focus on sustainable assessment tools for resort development. The
field of tourism assessment tools is vast. These assessment systems have been developed by
various institutions and for different purposes. The emerging role of the tourism assessment
systems requires discussion of both the structure and the context of the different systems (Table
1).

Table 1 Comparison of four influential sustainability assessment systems for the tourism sector
Assessment method

Green Globe [20]

STEP [21]

Earthcheck [22]

Certification for Sustainable
tourism: CST [23]

Origin

United States
of
America
(1994)

United states
of
America
(2002)

Characteristics

No
of
evaluated
Malaysia

!

Evaluates sustainability of travel and tourism
business performance

!

Covers operation and management

!

Web-based evaluation process and third
party evaluation on site

!

Developed
International

!

Assessment process addresses sustainable
policy and performance, environmental
impacts, socio-cultural impacts, economic
Impacts and innovative best practices.

!

Rating system based on a scale of 1 – 6
stars

!

Evaluates operational aspects of tourism
businesses

!

Operational
assessment
for
tourism
accommodation,
tourism
activities,
administration offices for tourism activities,
cruise vessels, display & retail, restaurants
and spas, vehicles & visitor centers.

Australia (199)

by

Sustainable

Travel

!

Assessment criteria based on four main
areas: energy, water savings, waste
minimisation, lower staff turnover

!

Uses third party audit and online assessment

!

CST - is regulated by the Costa Rican
National Accreditation Commission and
consists of a scale of 5 "levels" of
sustainable tourism achievement

Costa Rica

1

!

Uses a purpose-design questionnaire to
evaluate the level of sustainability of
business in the tourism sector.

!

Seeks to categorize and certify each tourism
company according to the degree to which
its operations comply with a model of
sustainability.

!

Operations must comply with 5 main criteria,
Physical-biological implication from tourism
development, Infrastructure and services
quality, Service Management, External
clients input, Socio Economics and
Environments impacts.

1

7

0

resorts
in

There are common concerns between these four tourism assessment systems, such as
emphasizing energy and water efficiency and both indoor and outdoor environmental quality. At
the same time each assessment/certification system focuses on certain aspects more than
others according to local context: for example CST considers energy, water and waste
management as one item in the assessment categories and gives them an overall credit; on the
other hand Earthcheck evaluates these element as individual items and awards more
substantial credits. Although all four systems rate energy efficiency highly, (it forms more than
20% of the total credits for each system) each system treats the assessment categories
differently in respect to the context of its country of origin. For example, Green Globe ranks
environmental impacts very highly, at more than 50% of the total – as a system designed for
developed nations like the USA, Green Globe places the environment as its main concern.
However, tourism sustainability assessment systems suitable for developing nations will need to
give greater weight to economic and social development.
Earthcheck and Green Globe use software based assessment and on site third party
assessment measurement based on accepted energy and environmental principles. The
Earthcheck framework consists of the following six major categories: energy, emissions, water,
waste, community involvement, paper use, cleaning and pesticide use. Green Globe focuses on
four main areas: sustainable management, socio-economic, cultural heritage and
environmental.
CST uses an evaluation questionnaire developed specifically for accommodation facilities
operators. The questionnaire for hotel and resort establishments consists of 153 questions,
divided into 20 descriptors grouped into four categories: physical-biological environment,
infrastructure and services, external client and socio-economic environment. Each question
reflects a positive condition in terms of sustainability, so the evaluation seeks to determine what
percentage of these positive conditions is being met in a particular company. STEP on the other
hand focuses mainly on the sustainability policy and action plans of hotels and resorts.

Criteria comparison

Sustainable Tourism rating systems
Green Globe

STEP

Earthcheck

Certification
for
Sustainable tourism:
CST

Energy Efficiency

X

X

X

X

Water efficiency

X

X

X

X

Material
resources

and

X

Waste and Pollution

X

X

X

X

Community
involvement

X

X

X

X

Cultural

X

X

Economics

X

X

Social

X

X
X
X

Table 2: Evaluation criteria for international sustainable assessment

4. Modification and adaptation of international tourism assessment
systems for resort facilities in Malaysia
Most sustainable tourism assessment systems were developed for specific locations and
sometimes do not meet other national or regional needs and variations. To certain extent, the
weighting processes used in sustainable assessment systems may provide opportunities to
revise the assessment scale to reflect regional variations and priorities. For instance STEP
aspires to provide an assessment system that can be used in different locations. However,
social, cultural and regional issues are complex and the boundaries are difficult to define. Some
of these variables are critical to development of the tourism industry: climate, building materials
and construction techniques, earning levels, building stock, appreciation of local culture and
historical value [24]. Ko suggests that dimensions, indicators and data gathering methods could
vary from one tourist destination to another, in order to adapt the methodology to the specific
conditions of each tourist destination. Many countries have adapted international sustainable
assessment systems (Green Globe and Earthcheck) for their own use, giving rise to new
systems such as Fair trade in Tourism South Africa and Certification for Sustainable Tourism
Costa Rica.
Malaysia needs to develop its own rating tool to solve local tourism and resort development
problems. For instance, a Malaysia rating assessment system will be for a tropical climate and
zones. There are no assessment tools developed by Asian countries specifically for resort
development. The scoring priorities of international sustainable tourism assessment systems
are very much customized for the current state of developed nations. For example, significant
priority is given to energy and water efficiency scores (Earth Check and Green Globe). In
addition some assessment systems give little priority to the planning and design of tourism
destinations in relation to public transport systems because most developed nations already
have public transport networks in place. This is in contradiction with Malaysian government
policy, whereby the government wants new tourism developments to provide proper transport
systems to enable tourists to reach them. Malaysia differs markedly in these areas and thus
understandably a sustainable assessment system should be customized to suit both the local
climate and the current state of Malaysia’s development and existing resources in tourism
destinations.
In Malaysia new buildings constitute the greatest fraction of the total resort building stock.
Conversely, most of the resorts that dot the landscape of developed nations have been in
existence for a longer time. The Malaysian government through its economic transformation
program 2010 plans to build more resorts by 2020 in order to enhance the economy and
maintain Malaysia as one of the global tourism hubs. A core element in this economic
transformation plan is sustainable development.
4.1 Towards a sustainable tourism assessment system for Malaysia
Based on the above analysis, it is proposed that a Malaysian sustainable tourism assessment
system should incorporate existing criteria from international systems where they are
appropriate, and also some important elements which are rarely found in international
assessment systems to acknowledge the local context and government policies, as set out
below.

4.1.1 Adaptation of alternative energy sources
Government strategies to achieve its economic transformation program include among others
diversification of alternative energy sources and technologies, maximizing use of indigenous
energy resources and minimizing negative environmental impact in any development. The
Tenth Malaysian Plan (2011-2015) focuses on renewable technology to be a significant
contributor and also better utilization of existing energy sources. Malaysia as a tropical nation
must harness more of its potential especially in solar and rainwater, which Malaysia is blessed
with all year round, and turn these into energy sources through application of sustainable design
and technology. Research done by Darus et al [18] found that the potential of solar and wind
energy and possible integration of other form of renewable energy can be achieved successfully
in Malaysia.
4.1.2. Manipulation of passive building design elements to improve environmental sustainability
for the resort industry
Most resort and hotel developments in Malaysia were built near beaches or highland areas
because these are the main attractions for tourists visiting Malaysia. According to Malek [25],
two ideal building locations to take advantage of natural ventilation are, (i) locations which
receive land and sea breezes, and (ii) locations which receive prevailing winds in valleys,
normally found in hilly areas. At a seaside location during the daytime the land is heated more
rapidly than the sea. It is possible to integrate passive building design to curb the current trend
of reliance on energy dependent ventilation and/or cooling mechanisms for achieving good
indoor air quality in resorts which can be extremely costly and may still be insufficient. For that
reason, any plan to minimize the energy consumption needed to achieve good IAQ conditions in
resorts must exist alongside a plan to naturally and passively improve the overall IAQ.
Furthermore, studies in the Southeast Asian regions have shown that the use of daylighting can
reduce overall energy consumption by 20% and also reduce the sensible heat load on air
conditioning for hotel and resort buildings [26]. Lighting energy consumption in Malaysia is
about 25–35% of the total energy supplied to buildings. Incorporating passive building design to
provide natural light should be implemented in Malaysian resorts because Malaysia receives
significant natural daylight.
4.1.3. Using traditional/local materials in resort design
The use of local materials has given Malaysia some wonderful natural benefits because these
materials required little processing or transport and their economic costs are low. These include
renewable resources such as trees and straw, and some non renewable resources such as
rocks and sand which appear to be so abundant that supply seems almost inexhaustible. One of
the advantages of building with local materials is that they seem to fit perfectly with a sense of
place. Local materials available in good quality can often be found in the vicinity of planned
resort and can be used in the development process. Use of local materials will make the resort
building more aesthetically acceptable and also should provide the same mechanical strength
and ability to withstand the effects of climatic conditions. The profit from local material used in
the development process will provide economic benefits to local communities.
4.1.4. Cultural adaptation
Tourists come to Malaysia for two main reasons for culture and for landscape. It is important to
protect these two elements in order to maintain international competitiveness. Most international
tourism assessment systems do consider preservation of culture as an element of evaluation
criteria (in architectural design and tourism activities that involve local communities and people).

However, these assessment systems do not match the local context of Malaysia and tourists’
expectations in relation to the local culture. For example cultural traditions regarding nature
appreciation differ between Malaysia and the west, affecting eco tourism behavior, tour
operation management and infrastructure design [18]. Social-cultural implications such as over
development of cultural landscape and heritage sites, shifting attitudes of local society and
erosion of cultural identity are likely to be down-played by assessment programs, due to the
methodological complications associated with measuring these impacts and resolving them [27].
4.1.5. Design, site selection and construction phase evaluation
Most sustainable tourism assessment systems internationally only incorporate criteria for the
operational phase and existing building while in Malaysia more than 60% of the resorts are new
developments [1]. Furthermore, under the government’s new economic program [17], more
resorts will built by 2020 in order to enhance the Malaysian economy. However, most
assessment systems do not consider design, site selection or the construction process in their
assessment criteria. It is important for Malaysian resort development to include early stage
evaluation as well to provide a more holistic approach to match the Malaysian local context and
align with new government policies.

5 Conclusions
A sustainability assessment system for resort development in Malaysia would be highly
important for tourism development. The potential for an assessment system to maintain and
even enhance the physical environmental attributes of tourism enterprises and foster
environmentally sensitive business operations among such enterprises would make the concept
particularly appealing to Malaysia. Furthermore it can ensure maximum beneficial social and
economic impact, rather than merely concentrating on the more conventional approach of
minimizing environmental impact. Existing sustainable assessment systems have their
limitations examined in this paper; these reduce their effectiveness and usefulness in the
Malaysian context. Most international assessment systems concentrate on site specific
environmental impact assessment, rather than “triple bottom line” sustainability assessment,
and are not easily adaptable for other nations, especially developing nations. The opportunity to
modify international assessment systems is important for resort development in Malaysia
because existing systems may not contain all the elements relevant to many resort development
goals, local conditions and government policies in Malaysia. None of the systems have yet
tackled the problem of adaptation to different social, economic and technological environments
and conditions. The potential of sustainability assessment can be achieved successfully if the
assessment system can be applied to the local context. The combination of local elements and
existing criteria in international assessment systems will provide a more comprehensive
assessment and allow the best possible decision making process. Additional research is
recommended to support the development of a more efficient and effective sustainable tourism
assessment system for the Malaysian context.
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Summary
Every year since 2004, the Building Contractors Society (BCS), an industry organization (general
incorporated association) of general contractors working in building construction throughout Japan,
has conducted a questionnaire survey of 23 member companies having in-house architectural
design divisions with regard to the Comprehensive Assessment System for Built Environment
Efficiency (CASBEE) and “Energy Saving Plan” data, in order to grasp the situation of
environmentally conscious design of member companies. The questionnaire covers a wide range
of topics, including the situation of CASBEE utilization, CASBEE evaluated data, values of
indicators in “Energy Saving Plan”.
Through these surveys, we have learned that more than 80% of companies are actively
introducing CASBEE, and that more than 30% of companies are using CASBEE to evaluate all of
the buildings they design. There can be seen tendencies of improvement of CASBEE rank and
environmental values from the member companies' project data acquisition in recent years.
Through the analysis of the survey results, some unique correlations are found, for example, in the
gross floor area and BEE value.
Keywords: Design for Environment, Assessment Tool, CASBEE, Energy Saving Plan, PAL, CEC,
ERR, General Contractor, Design-Build, Environmental Voluntary Action,

1. Design Build by BCS in Japan
1.1

Building Contractors Society (BCS) and its design and construction activities

The Building Contractors Society (BCS) was an industry organization (general incorporated
association) established in 1959 by general contractors working in the building construction
industry in Japan. BCS has 61 member companies (as of March 2011), which employ a total of
about 112,000 employees (as of July 2010) and handle approximately ¥10,388 billion in
construction completion (FY2009, including civil engineering projects), about 70% of which
consists of building construction orders (ca. ¥7,366 billion).

In April 2011, BCS has made a new start with other construction industry organizations as newly
established "Japan Federation of Construction Contractors" (JFCC).
One important characteristic of large-scale Japanese construction companies is that they include
in-house architectural design divisions. With this kind of corporate organization, they can provide
design and construction in so-called "Design Build" services according to the client's preferences.
The architectural design divisions of BCS member companies were involved in the design of
46.5% (FY2009) of all the building construction orders they handled. The buildings designed by
BCS member companies include some architecturally and technologically outstanding works which
have won a variety of awards.
1.2

Promotion by BCS of environmental responsibility throughout a building's life cycle

The role of the organization is to make more contributions to society by developing building
technologies, creating and preserving the architectural culture, and helping to build safe,
comfortable and vibrant communities. BCS (JFCC at present) has adopted an action plan
indicating its goals and the role of its activities with regard to society; and is implementing this plan
in collaboration with member companies. The second of five goals under the BCS action plan is
"to contribute to environmental protection with sustainable building construction." To achieve this
goal, it is important to continue the efforts to reduce environmental load throughout the life cycle of
a building. Because many member companies have been involved not only in construction, but
also in planning, design, and
Measures to reduce the
environmental burden throughout a
operation after building completion, it
building's life cycle
is taking the following three specific
Planning and
actions: promoting conceptualization,
programming
planning and design of buildings
(3) Operational stage
Applying lessons learned
which take environment concerns
into consideration.; searching for
Collecting and evaluating
(1) Design stage
data from the operational
construction processes which take
stage
environmental
protection
into
Environmentally
• Checking given design
friendly design
consideration.;
and
improving
conditions
environmental performance during
• Verifying actual reduction
• Predictions of planned carbon
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operational phase of buildings. Many
dioxide reductions
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member companies have in-house
architectural design divisions and are
Operation
capable of involvement for the sake
(2) Construction stage
of environmental responsibility at all
• Facility operation with low
stages, having organizations that
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Environmentally friendly
facilitate the effective application of
construction
lessons learned through experiences
and information at each stage.
Fig. 1 Measures to reduce the environmental burden throughout a building’s life cycle

2. Survey of BCS companies
2.1

Outline of survey

Considering the Comprehensive Assessment System for Building Environmental Efficiency
(CASBEE) to be an effective tool for promoting environmentally conscious planning, programming,
and design, BCS regarded the widespread adoption of CASBEE as important, not only among its
member companies but also in society at large. In order to grasp the situation of environmental
conscious design of member companies, BCS has conducted a questionnaire survey every year to
23 of its member companies with regard to CASBEE (since 2004) and “Energy Saving Plan” data
(since 2005). The 23 surveyed firms have active in-house architectural design divisions. The
volume of building design and construction orders taken by these 23 companies accounts for over
90% of the total handled by these BCS member companies.

The questionnaire covers a wide range of topics, including the situation of CASBEE utilization,
CASBEE evaluated data, values of indicators in “Energy Saving Plan”.
2.2

Survey topics

The following topics are surveyed.
2.2.1 Situation of CASBEE utilization
Survey items: The projects subject to assessment (in-house voluntary implementation or only
indicated by local administrative guidance, client’s brief), Target setting (Rank and/or BEE Value).
The most recent survey was in June 2010.
2.2.2 Values of indicators in “Energy Saving Plan”
The coverage of the survey: All projects (total floor area 2000 ) that an “Energy Saving Plan”
was submitted from FY2004 to FY2009 designed by 23 member companies of BCS.
Survey topics: Building use, floor area, values of PAL and CEC
2.2.3 CASBEE evaluated data
The coverage of the survey: CASBEE evaluated projects among the above “Energy Saving Plan”
submitted. And CASBEE evaluated housing projects larger than 2,000 of total floor area
Survey topics: CASBEE rank and related values (BEE, environmental load (L), quality of building
performance (Q), ERR), Rate of LCCO2 to the reference building, Third Party certification
2.3

Indicators of researched topics in questionnaire

2.3.1 CASBEE rank

and BEE value

CASBEE Comprehensive Assessment System for Built Environment Efficiency was developed
in 2003 in Japan with the support of the Ministry of Land, Infrastructure and Transport. CASBEE
distinguishes environmental load (L) and quality of building performance (Q) as the major
assessment targets, and applied the concept of eco-efficiency as BEE (Building Environmental
Efficiency). Give L and Q, BEE is defined as Q/L to indicate the overall result of environmental
assessment of buildings. CASBEE rank (S, A, B+, B-. C) is defined based on the BEE value.
2.3.2 PAL and CEC
PAL (Perimeter Annual Load) and CEC (Coefficient of Energy Consumption) are environmental
performance Indicators defined in “the Energy Conservation Law”
PAL and CEC values must be reported in the “Energy saving plan” which shall be submitted under
certain conditions (building use, floor area) based on “the Energy Conservation Law”.
Although standard values of PAL and CEC are shown in “Standards of Judgment for Construction
Clients and Owners of Specified Buildings on the Rational Use of Energy for Buildings”
(abbreviated as “Standard of Judgment” ) under “the Energy Conservation Law”, achieving these
standard values is not a mandatory legal obligation.
(1) PAL Perimeter Annual Load
Indicator regard to prevention of heat loss through external walls, windows, etc. If this value is low,
energy loss from building skin is low.

PAL

Annual thermal load of the indoor perimeter zones (MJ/year)
Floor area of the indoor perimeter zones ( )

(2) CEC Coefficient of Energy Consumption
Indicators regarding the efficient use of energy of building systems. If this value is low, efficiency
of building system is high.
CEC/AC air conditioning equipment, CEC/V mechanical ventilation equipment other than air
conditioning equipment, CEC/L lighting fixtures, CEC/HW: hot water supply equipment,
CEC/EV vertical transportation

CEC(/AC, HW)

Annual primary energy consumption of the target equipment (MJ/year)
Annual assumed load of the relevant use (MJ/year)

CEC(/V, L, EV)

Annual primary energy consumption of the target equipment (MJ/year)
Annual assumed primary energy consumption of the target equipment (MJ/year)

2.3.3 ERR (Energy Reduction Rate)
ERR is an index regarding the energy deduction rate compared with a reference building. This
index treats the total energy consumption that integrates CEC Indicators. If this value is high,
energy reduction rate is high. This unique index is defined for CASBEE evaluation.
2.3.4 Rate of LCCO2
Rate of LCCO2 is an index regarding the rate of life-cycle CO2 compared to a reference building of
CASBEE. This value is calculated in CASBEE automatically since CASBEE version 2008. If this
value is low, reduction rate of LCCO2 is high.

3. Result and Analysis
Here, we report the findings from surveys conducted in past years. When no fiscal year is
specified, the results from the FY 2009 survey are indicated.
3.1

Situation of CASBEE utilization in design activities

The situation of CASBEE utilization in the
design activities of 23 companies is shown
in Figure. There are various criteria in
conducting CASBEE evaluation by each
company, from passive level to active
initiative level.
The passive level is only follows the external
conditions. Several local governments in
Japan (23 local governments as of January
2011) require CASBEE evaluations for
construction projects above a certain total
floor area volume; and also some clients
require self evaluation results of CASBEE.
The number of companies with active
criteria is increasing every year. In 2010, 19
of the 23 surveyed companies (83%)
Fig. 2 Criteria for conducting CASBEE evaluation
actively utilize CASBEE based on their own
criteria, even without external requirements.
These companies have established a wide variety of criteria, including the use of CASBEE for
certain specified projects (e.g., Design Competition), or for projects of certain building usage or
volume (e.g., more than 2,000 square meters of total floor area). Also, 7 companies (30%)
answered that they use CASBEE for all their projects.

Figure 3 shows targets for CASBEE
assessment results. The number of
companies with targets of CASBEE
evaluations is increasing.
In 2010, 16 companies (70%) had
established targets regarding CASBEE
self evaluation results.
7 companies had no targets, but 6 of
them revised performance and design in
some cases according to the results
obtained. This means that companies
conduct design with an awareness of
CASBEE evaluations.
14 companies have targets of a certain
rank or BEE value (e.g., at least B+, or
BEE scores of at least 1.3, etc.).
3.2

Fig. 3 Setting of Target Rank or Value

Analysis of CASBEE evaluation records

Q: Building's environmental
quality

Figure 4 shows the CASBEE rank rate of
buildings evaluated using CASBEE by
FY2005
the 23 surveyed companies from FY2005
N=366
to FY2009. (Only in FY2008, Data of
FY2006
Housing projects are not included.)
N=540
There are trends of S rank increasing
FY2007
and B- & C rank reducing.
N=547
Among these projects, only 0.8%
FY2008
(FY2005 FY2009) obtained third party
N=375
certification. Seeing only in FY2009, this
FY2009
rate was 1.3%. CASBEE is widely used
N=380
but mainly for self evaluation by
architects and engineers or for
explanation to the client.
Fig. 4 CASBEE rank rate
According to third party certification
organization, the number of all CASBEE certificated projects in Japan at the end of FY2009 was
94, 31 of them involved companies of these 23 BCS surveyed members.
S

A

Figure 5 is a scatter plot of environmental
efficiency rates (Q/L) in FY 2009. The number of
points plotted rises sharply for environmental
efficiency rates (BEE:Q/L) of 1.0 (ranked B+) and
higher, implying efforts at the design stage to
meet a standard of at least B+ rank.

BEE
Average

B+
B-

C

L: Building's environmental load

Figure 6 shows assessment results by building
use. Various tendencies can be seen in the type
of building use. In the case of Office, School,
and assembly hall, more than 60 projects have
tended to earn high CASBEE scores of A or
higher.

Figure 7 shows the assessment results from
FY2005 to FY2009 classified by the building's
total floor area.
Larger-size buildings have
tended to achieve better results, with a higher proportion of S and A ranks. The rate of S ranks is
between 20 and 30%, when total floor area is larger than 50,000 square meters.
Fig. 5 Q/L scatter plot (FY2009)
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Fig. 6 CASBEE by building use (FY2005

FY2009)
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Fig. 7 CASBEE results by total floor area (FY2005
3.3

FY2009)

Correlations between indicators

Figure 8 shows correlations between “ERR” and “Rate of LCCO2 to reference building” as for
building use as office, school, factory and hospital. Correlation ratios are high regardless of the
building use except factory. In the case of factory, the correlation ratio is relative low which is
different from others. The reason is surmised to be that ERR of factory refers only to CEC/L and
V|CEC/HW.
Rate of LCCO2
to reference building

Rate of LCCO2
to reference building

OFFICE

SCHOOL

Rate of LCCO2
to reference building

FACTOR

Rate of LCCO2
to reference building

HOSPITAL

Fig. 8 Correlations between “ERR” and “Rate of LCCO2 to reference building”
Figure 9 shows correlations between “BEE” and “Rate of LCCO2 to reference building”.
Correlation ratios are lower than those in Figure 8. But Correlation ratio for office use is higher
than that for other building use. The reason is assumed to be as follows. In the case of office of
lower “Rate of LCCO2 “, also environmentally effective designs other than CO2 reduction other
than CO2 reduction, which help to bring higher BEE values, are much more applicable than with
other building use.

OFFICE

Rate of LCCO2
to reference building

SCHOOL

Rate of LCCO2
to reference building

FACT
-ORY

Rate of LCCO2
to reference building

HOSPITAL

Rate of LCCO2
to reference building

Fig. 9 Correlations between “Rate of LCCO2 to reference building” and “BEE”
Figure 10 shows correlations between “ERR” and “BEE”. Correlation ratios are lower than those in
Figure 9. In the case of office, there is a resemblance to those in Figure 9. When “ERR” becomes
higher, there is a rough tendency for “BEE” to also become higher.
SCHOOL

OFFICE

FACT
-ORY

HOSPI
-TAL

Fig. 10 Correlations between “ERR” and “BEE”
Figure 11 shows correlation between “BEE”
and “Total floor area”. When “Total floor
area” becomes large, there is a tendency for
“BEE” to also become higher.
The correlation ratio of office use is higher
than that of other building use.
Figure 12 shows correlation between “Rate of
LCCO2 to reference building” and “Total floor
area” of office. When “Total floor area”
becomes large, there is a rough tendency
for “Rate of LCCO2” to also become lower.
Figure 13 shows correlation between “PAL”
and “Total floor area” of office. There is no
correlation.
3.4

Analysis of PAL and CEC

OFFICE

TOTAL FLOOR AREA ( )

Fig. 11 Correlation between “BEE” and
“Total floor area”
Rate of LCCO2 to reference building

OFFICE

TOTAL FLOOR AREA ( )

Fig. 12 Correlation between “Rate of LCCO2 to
reference building” and “Total floor area”

PAL “Standard of Judgment” for OFFICE 300MJ/
Specified Values as “Standard of Judgment”
under “the Energy Conservation Law” are
OFFICE
various for types of building use. For rational
comparison, we have noted a decreasing
rate for all data from the “Standard of
Judgment” PAL and CEC value of each
building use. Numbers of data
TOTAL FLOOR AREA ( )
acquisition were as bellow.
Fig. 13 Correlation between “PAL” and “Total floor area” of office

(between FY2004-FY2009, and in FY2009)
PAL (FY2004-FY2009:1,539, FY2009:199), CEC/AC (1,493, 194), CEC/V (1,494, 180), CEC/L
(2,995, 333) , CEC/HW (443, 66) , CEC/EV (639, 44)
3.4.1 Frequency distribution of decreasing rate from the value of “Standard of Judgment”
Figure 14-19 show the distribution of decreasing rate from the value of “Standard of Judgment” by
PAL and five CEC indicators. The value at 0% equals the “Standard of Judgment”
Figure 14 shows PAL values decreasing rate. The distribution mode concentrates from the
“Standard” to 30% decreasing (better performance than standard).
Figure 15-19 show CEC values decreasing rate. The distribution mode concentrates from the
“Standard” to 20% decreasing as for CEC/AC, CEC/V, CEC/ HW, CEC/ EV.
In the case of CEC/L, the distribution mode concentrates from 30% decreasing to 40% decreasing.
The CEC/L (lighting fixtures) data shows a tendency toward superior performance regardless of
the “Standard of Judgment”.
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Fig. 14 PAL values
decreasing rate
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Fig. 15 CEC/AC values
decreasing rate

Fig. 16 CEC/V values
decreasing rate
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Fig. 17 CEC/L values
decreasing rate

90%

40%
30%

90%

20%

20%
30%

10%

40%
50%

0%

60%
70%

10%

80%

100%

90%

(Ave.: Total 38.9%, FY2009 39.6%)

40%

0

0

0

50%

100

FY04-09

09FY2009

60%

FY04-09
09FY2009

200

of
04Total
08

100

70%

04Total
08 of

150

80%

300

90%

500

(Ave.: Total 30.0%, FY2009 31.3%)

(Ave.: Total 38.9%, FY2009 39.6%)

Fig. 18 CEC/HW values
decreasing rate

Fig. 19 CEC/EV values
decreasing rate

Though achieving “Standard of Judgment” values is not mandatory legal obligation.
the achievement rates are very high as 99.80 (CEC/L) 95.97 (PAL).
These are outstanding results compared with the achievement rates of 85% in a survey of all
Japan in 2005 by the Ministry of Land, Infrastructure and Transport.

3.4.2 Annual trend of average decreasing rates from value of “Standard of Judgment”
The averages of decreasing rate are various from 15 to 40 for each indicators. Of these
indicators, CEC/ L shows the best value at ca.40 %, while PAL shows 15 to 20% as lowest.
Annual trends of CEC/AC and CEC/V are similar. There are trends toward better improvement of
PAL, CEC/L, CEC/HW. (Figure 20)
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Fig. 20 Averages of decreasing rate of PAL, CEC
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Fig. 21 Frequency distribution of ERR

3.4.3 Frequency distribution of ERR (Energy Reduction Rate) value
The ERR indicator shows primary energy consumption reduction rate of building systems.
Numbers of ERR data acquisition from CASBEE evaluated projects were 450 (FY2008: 222,
FY2009: 228).
Nearly 70% of ERR data are widely distributed from 0% to 30% reduction without a high peak. The
range at more than 35% reduction, which is the highest evaluation level 5 in CASBEE, account for
ca. 30% of all. (Figure 21)

4. Future outlook
No other organization in Japan conducts a survey that rivals the BCS survey regarding CASBEE
and Energy Saving Plan, excluding certain local governments. This survey shows that CASBEE is
increasingly prevalent as a self evaluation tool among BCS member companies and that
improvements of environmental or energy performance are recognized in some indicators of
CASBBE and Energy Saving Plan. It is becoming possible to measure progress in the prevalence
of CASBEE by means of these large numbers of cases and assessment results.
BCS (now JFCC) will continue this survey and also actively keep communicating these findings to
all kinds of stakeholders (CASBEE development committee, national or local governments, end
users, architects & engineers, contractors, financial institutions, real estate appraisal organizations,
etc.) and listen to their reactions.
Today, there is growing demand for truly effective performance from buildings that are planned with
a consciousness to prevent global warming. In other words, it is becoming imperative to measure
energy consumption in completed buildings, to publish these figures, and to promote further
reductions. This suggests the importance of assessments under the "CASBEE, Existing Buildings"
edition. It is important for BCS to increase the number of properties evaluated in this way.
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1. Introduction
Sustainability is the keyword of the 21st century. It has become a central issue for governments
worldwide. The ambitious goal of sustainable development is to provide society with satisfactory
living conditions, now and for generations to come. In order to break down this aim into operable
steps, great parts of the scientific community agree that sustainability has to comprise three areas:
environmental, economical and social aspects. These aspects should be considered equally
important [11] [6]. However, since urgent environmental problems, from acid rain to global warming,
are prominent on the political agenda, efforts traditionally have been focussing on preserving a
capable environment. Recently a shift to a more comprehensive view could be observed. Building
owners and investors in the private and public sector became aware that the design of sustainable
buildings serves general public interest [26]. Furthermore they recognized that lifecycle oriented
planning yields additional value. This means optimized buildings exhibit economic planning
reliability, a healthy working environment [12] as well as an adaptability to changing conditions and
terms of use. In consequence of the introduction of the certification systems for the sustainability of
buildings e.g. BREEAM (Great Britain), LEED (USA), BNB or GeSBC (Germany) sustainable
construction has become measurable. From then Investors started to gain interest in buildings that
comply to a certain rating of sustainability. For the German Systems BNB and GeSBC this is
shown by an increased demand for a certain certification level like "Gold", Silver" or "Bronze". But
as certification systems are complex instruments this demand poses a challenge for architects,
engineers and planners. Especially when they are faced with performance oriented systems they
often lack experience for the interaction of the complex criteria ratings and the possibilities to
influence and optimize the certification results. Especially since they cannot asses the degree in
which building characteristics that act positively on the rating in certain criteria might have a
negative effect on others. This might lead to an overall reduction of the reached certification level
that displays the buildings sustainability performance. Buildings that are less optimized will be less
accepted and do not support the ambitious goal of sustainable development as well as optimized
buildings [1].

2. Classification of certification systems for the sustainability
of buildings
2.1

General approach: Procedure and performance oriented certification systems

Existing certification systems for sustainable buildings are hardly comparable. They differ in their
complexity and in the interpretation of the term sustainable building. With respect to their
complexity systems with few criteria are as well available as systems that refer to certain sub
domains of sustainability, as ecology or economy, or system that rate sustainability holistically. The
criteria thereby are rated with system specific methods under the consideration of specific
influences. Therefore buildings rated with different rating or certification values are - with respect to
the rating results - not comparable in their sustainability performance. As this issue is described in
detail in [1], the main focus of the article will be laid on the difference of procedure and
performance oriented systems.
In a procedure oriented certification system for the sustainability of buildings the performance of a

building is rated and optimized by procedures that are explicitly named in the system. So if in the
system the realization of a hedge or an air conditioning system means an improvement for the
rating, the improvement is directly achieved by the realization of this distinguished attribute. The
advantage of a procedure oriented certification system therefore is that the realization costs of
rating improvements can be directly calculated. In addition to that, the technical feasibility can be
appraised predominantly without the necessity to account for interaction between criteria. This is
due to a generally strict separation between criteria ratings which is true for most procedure
oriented systems [see 1]. Regarding to this for procedure oriented systems field manuals for the
cheapest way to reach a certain certification level are common. An overview to this is given in
chapter 2.3. Before discussing the selected field manuals a survey of selected procedure oriented
systems is shown in 2.2.
Besides the procedure oriented systems performance oriented certification systems for the
sustainability of buildings are available. They can be distinguished from procedure oriented
systems by an analysis of the rating background. In performance oriented systems, the rating is
not improved by the realization of a building feature but by the impact the building feature has on
the building performance. For instance Applying a sunscreen doesn't improve the rating of
sustainability by its realization but by the effect it has e.g. on the thermal comfort in the building, it's
user friendliness and the visual comfort for the user. When the realization of a certain sunscreen
has a positive effect on the rating of a single criterion, it is possible that the rating of other criteria is
negatively influenced. This could happen when, referring to the mentioned example, an
obfuscation curtain is used to prevent heat transfer into the building. There it is expected that the
visual comfort of the building users is low when the curtain is drawn. Due to the multiple and
system specific interactions between criteria, field manuals for performance-oriented systems e.g.
"the cheapest way to the highest certification level" have not been accomplished up to now. But
even though they do not exist so far, there is a market demand for their development and
introduction. A survey of selected performance oriented systems is shown in 2.2.
The systems selected in 2.2 are attributed to the categories "procedure oriented systems" or
"performance oriented systems" when they predominantly exhibit the mentioned features.
2.2

Survey of selected procedure oriented systems: BREEAM (GB) and LEED (USA)

The chosen procedure oriented schemes BREEAM and LEED, on which a general survey is given
in the following section, stand exemplarily for a great range of procedure oriented approaches.
Both are broadly accepted in practise.
Great Britain: BREEAM
The BRE Environmental Assessment Method, BREEAM, was developed in the early 1990’s in the
UK in response to requests for the assessment of new buildings. It is long established, regularly
updated, and widely used. The assessment scheme is generally applicable to both new and
existing buildings and available for different types of buildings like homes and apartment buildings,
offices, industrial buildings, schools, retail buildings, etc. and even for courts and prisons.
Although the method was primarily designed as an environmental assessment, it adresses also
economical and social aspects of sustainable building. Topics include global, local and indoor
impacts. They cover management (general procedure), energy use (energy for operation and CO2
emissions), health and well-being (indoor and outdoor), pollution (air and water), transport (CO2
emission and locality influences), land use (greenfield and brownfield sites), ecology (ecological
value of a site), materials (environmental impacts of materials used) and water (consumption and
efficiency). Assessments are carried out by trained and licensed assessors who can be
organizations or individuals. Each topic is assessed by means of a checklist with credits rewarded
according to the performance of the building. Via environmental weightings, credits are added to
display a single overall score. A building certificate is issued which rates the building on a scale of
“Pass”, “Good”, “Very Good” or “Excellent” (For further information see http://www.breeam.org and
[13], [14], [15]).
USA: LEED
The certification system LEED (Leadership in Energy and Environmental Design) was developed in

1998 by experts of the US Green Building Council (USGBC) in co-operation with specialists from
practice [16]. The members of the Council represent all segments of the American building industry.
LEED has a high market penetration. This is due to the strategy of the USGBC to develop
continuously systems of evaluation for further types of use. In an evaluation of building qualities
according to LEED ecological, sociocultural as well as process-referred aspects of the building
performance regarding global, local and building-internal effects are considered. The system refers
to the importance of economic aspects but an evaluation of those aspects does not take place at
present [20] [17]. In the rating of the building performance the life cycle phases "production of the
building products and elements", "planning and realization" as well as the use phase of the building
are considered. The phase of the "end of life" is not considered at present. Basis of the
predominant number of the system’s existing variants for LEED is the rating system “LEED for new
Construction and major Renovation” [16] [17]. For the evaluation of the building performance a
simple, measure-oriented point system is used. It contains a differentiation between the
prerequisites (basic conditions) and the credits (valuation criteria). The fulfilment of the
prerequisites represents a condition for the certification. The number of fulfilled credits however
serves as basis for the determination of the reached evaluation stage. Altogether the evaluation
stages "Certified", "Silver", "Gold" and "Platinum" can be reached. The lowest certificate stage
"Certified" corresponds to a targeted degree of fulfilment (DOF) of 40-49%. Silver corresponds to
a DOF of 50-59% and gold to a DOF of 60-79%. Platinum can be achieved starting from a DOF of
80%. Additional to this a building monitoring is to be accomplished over the first operational year.
In the system reached credits can be added up over a spread of categories. A minimum score in
the categories per certificate stage which can be reached is not defined so far. Small scores in a
category can thus be compensated by high scores in a further category. This means a high degree
of freedom for the evaluation. Since a strong divergence between individual criteria and the
resulting costs is possible, it is obvious that necessary measures for reaching the desired
certification stage are selected in dependence of the realization costs. So the same score can be
obtained for instance with the decontamination of building ground and the realization of a sufficient
number of bicycle parking areas. The degree of freedom of the evaluation allows that the
performance quality of two projects certified with LEED doesn't have to be the same. Each building
investor can decide individually which characteristics he would like to apply to his building to reach
a certain certification level. The degree of freedom is lowered however with a rising certificate
stage, since reaching higher scores in this context requires an evaluation of a ever larger number
of criteria. (For further information see http://www.usgbc.com and [16],[17],[19]).
2.3

Survey of selected performance oriented systems: The BNB and GeSBC Certification
System

The German systems BNB and GeSBC arose from a research project, which was carried out by
Prof. Dr.-Ing. C.-A. Graubner, Technische Universität Darmstadt, and Prof. Dr.-Ing. habil. Thomas
Lützkendorf, Karlsruhe Institut of Technology in the year 2006-2008 [28], [29]. The project was
commissioned by the German Federal Ministry of Traffic, Building Structures and Urban
Development (BMVBS) and introduced into practise in the beginning of 2009. System girder in the
beginning was the BMVBS the operational accomplishment was carried out by the GeSBC
(German Sustainable Building Council) which also contributed to the development of the German
system [20] [22] [23] [24].
In 2010 after an augmentative coordination process between the governmental department and the
privately operated GeSBC and due to disagreements between the participating parties the system
has been divided into two similar parts. The BNB-System's organizing institution is the BMVBS, the
GeSBC-System is organized by the GeSBC [27].
There are some unique characteristics of the German approach that differ from most other
established building assessment schemes. In addition to the three aspects of sustainability
(environment, economy, society) the functional quality of a building will be added as a fourth aspect.
The scheme will hence be structured by four main performance aspects: environmental,
economical, social and functional performance. These four topics are considered equally important.
Therefore the German building assessment scheme will not emphasize environmental aspects
alone, in search of a holistic, balanced view on sustainable buildings. The German approach
concentrates on the building itself. Therefore, criteria like “availability of public transportation” will

not be taken into account. The certificate consists of a single label and a short folio, which gives
details on the rating to ensure a transparent assessment.
2.4

Existing approaches to estimate the performance quality of buildings

For each of the certification systems LEED, BREEAM, GeSBC and BNB [25] a certificate can be
issued only at the time of building completion [13][16][20]. Hereby the realized building
characteristics are considered. With such, only few possibilities remain to influence the building
quality, especially for the procedure oriented systems optimization approaches were developed.
Here a planning and realization-accompanying optimization is possible using simple checklists.
The item to be valued is the realization of building qualities. Optimization can be made by
denominating measures, which were so far not considered in the building design. An example
therefore is the „Pre-assessment Estimator for BREEAM” [15]. It is based on a checklist, with
whose assistance the evaluation of a criterion can be determined by checking fulfilled and/or not
fulfilled measures. If the item to be valued is e.g. the binding to the public suburban traffic, then
one point is reached, if this is ensured. For LEED the measure orientation of the system was used
to identify economical parameters per achievable rating point. According to this in the year 2004
the U.S. General Service Administration [17] accomplished a study focussing on the most
favourable possibility for the fulfillment of the requirements of individual certificate stages.
Moreover for measure-oriented systems a certification level oriented planning can be
accomplished. The instruments and studies compiled for measure-oriented certification systems
are not suitable for performance-oriented systems. Besides the possible ways to influence the
building quality on criterion level the final grade of sustainability arises as a result of the
aggregation of the single building qualities reached on criteria level. So e. g. in the GeSBC-system
the certificate stage “Silver” can be achieved by a constant rating of all criteria which comply to the
requirements of the certification level silver as well as each possible combination of criteria ratings
which also comply to those requirements. How the certification level is reached does not have any
importance for the rating result. Due to the performance orientation interaction between criteria has
to be considered within any optimization. This enhances the difficulty in optimizing the building's
performance. For the BNB-System a method was developed which is described in detail in the
document "Leitfaden Nachhaltiges Bauen" [11]. The method is called "Pre check BNB version
2009_4". In the method it is assumed that each criterion reaches at least 50% of the possible
rating points in a rating. This is due to a generally high quality level and special federal
requirements in the construction of public buildings. The 50% assumption displays a score as a
pessimistic estimation that is basically reached by every building. To optimize the estimated rating
result single checks for criteria, which are highly weighted in the certification system e.g. life cycle
costs are made. The denomination of the criteria takes place without consideration of the
evaluation-time-specific data situation. Even though the Pre check BNB version 2009_4 is only
suitable for public buildings it represents a well manageable instrument. As a result of the
instrument’s application a pessimistic estimation of the attainable certificate stage arises. The
attainable certification stage and the coherent performance provisions are not taken into account.
As the attainable certification level can clearly deviate from an pessimistically estimated
certification level the instrument is more suitable for a planning and realization-accompanying
prognosis than an enhancement of a performance rating.
For the GeSBC system the GeSBC has developed the so-called “Vorzertifikat” [20] [22] [23] [24].
With its assistance an estimation of the attainable certification level can take place anytime in the
conception, planning and creation process. The user of the Vorzertifikat assures for every criterion
in which way which performance will be reached. In the rating the associated assessment is
considered. The estimated certification level can be reached when the performance characteristics
are realized following the guidelines of the Vorzertifikat. Every change of performance
characteristics modifies the rating and therefore outdates the Vorzertifikat.

3. Framework of the development of a PreAssessment Estimator 1.0 to
rate and enhance the performance of buildings
As the certification date in the performance oriented certification system is the building completion
and as the certification level can hardly be influenced at that stage an optimization of the
performance level should be carried out in an earlier stage in the planning an realization process.

As input data for the certification is determined in little steps along the planning and realization
process (as shown in fig.1) and as the possibilities to influence the buildings´ performance sinks
with the advancement of the planning- and realization process an instrument is needed to estimate
the building performance in every stage of the buildings life cycle. Moreover this is to show of
planning stage related optimization potential and to enhance the estimated sustainability grade.
Here to identify the cost-effectiveness of procedures economic aspects should be considered.
Such an instrument is -as shown in 2.4- available for procedure oriented systems. For performance
oriented systems it is missing. Available are only the approaches mentioned in section 2.4. To
develop the needed instrument a research project was carried out which is described in Chapter 4.

4. Setup an Application of the PreAssessment Estimator 1.0
4.1

Introduction

Subject of the research project is the development of an instrument that allows the evaluation of
the building performance and the identification of cost effective optimization procedures at any
stage of the building life cycle. Exemplary the configuration of the instrument is shown for the
GeSBC system, version NBV09 (New construction of office and administration buildings). It stands
as an example for the range of available performance oriented certification systems. The
instrument and the methodology which it is based upon can be adapted with slight modifications to
further building and types of use, for which a GeSBC certificate is available. A transferability on
further performance-oriented sustainability evaluation and certification systems is to be examined
in individual cases. Without limitation an application is possible for the BNB system. In order to
guarantee the praxis-oriented practicability of the PreAssessment Manager 1.0, its application
should be simpler than a complete certification of a buildings´ sustainability. This can be reached
by the inclusion of selected simplifications, that are described in detail in [1]. The PreAssessment
Manager 1.0 can be applied, as fig 1 shows, at any time of the planning and realization process. Its
application facilitates the examination of the sustainability performance quality of a building in
regular intervals. The intended application period of the PreAssessment Manager 1.0 ends with the
completion of the building. A suitability of the instrument for finished objects is, regarding the
version NBV09, not necessary as then a complete GeSBC certification can be accomplished. The
PreAssessment Manager 1.0 consists of two partial instruments that are built on each other: The
instrument PreCheck 1.0, for the determination of the actual sustainability performance of a
building and the prognosis of the attainable certificate stage in the GeSBC system, and the
instrument PerformanceUp 1.0 for the strategic optimization of the sustainability performance
quality of the examined building considering individual building characteristics as well as economic
criteria. Both parts of the PreAssessment Manager 1.0 can be applied separately. The structure
and application of PreCheck 1.0 and PerformanceUp 1.0 are represented in chapters 4.2 and 4.3.
4.2

The Instrument PreCheck

Fig.2: Flowchart of the instrument PreCheck 1.0

The PreCheck 1.0 facilitates the determination
of the actual performance quality of a building.
It can be applied at any time of the buildings
planning and realization process. To consider
the time-specific data situation PreCheck 1.0
contains proposals for the handling of varying
completion of input data. To secure the
practice-orientation of the PreCheck in its
conception different simplifications for the
evaluation are considered. In particular it deals
e. g. with the reduction of the documentation
extent, the use of redundancies, the grouping
of criteria, the selection of leading criteria and
the use of simplifications. In addition to this
research was done to increase the reliability of
the prognosis of the sustainability level.
Concerned are e. g. the warranty of

performance characteristics, the handling of
partially determinable rating results, the
consideration of reciprocal effects between
the rating results, the use of statistic input
data as well as the integration of indistinct
input data. The single steps of the application
of the PreCheck 1.0 are shown in Fig. 2.
Subject of the first step is the ascertainment of
the projects framework. Thereby the individual
characteristics of the project and the stage of
the planning- and realization process are
examined. This is followed by the identification
of the input data and the criteria rating. In the
rating selected approaches to simplify the
rating considering different possibilities to
Fig. 3: Probability density function for the prognosis of the
enhance the rating's reliability are considered. random variable BPIST
The approach to handle varying completion
stages of input data is shown in Fig. 3. The variable BPIST displays the attainable rating. If the input
data is not complete, the attainable rating result cannot be determined precisely. But it is possible
to limit the attainable rating result to a range of possible rating results. These will be better or
worse compared to the attainable rating result. The maximum rating score is thereby displayed by
the variable BPMAX, the minimal Score by the variable BPMIN. The probability to attain a score within
the range of scores between BPMIN and BPMAX is not uniformly distributed. There rather exists a
score in between the range which is called BPZIEL here. This variable displays the score that will
most likely be attained in the rating. BPIST displays a random variable in the prognosis of the
attainable score. The PreCheck ends with the forecast of the project specific attainable level of
sustainability. A detailed description of the instrument is shown in Schneider 2011 [1]
4.3

The Instrument PerformanceUp

On the results of the application of the PreChecks 1.0 the instrument PerformanceUp 1.0 touches
down as the second method within the PreAssessment Manager 1.0. It should be applied, if the
client of the PreCheck, on the basis of the prognosis result, strives for a higher certificate level.
PerformanceUp 1.0 here supports the optimization of rating results. In the application of the
PerformanceUp 1.0 different combinations of performance enhancing procedures are examined.
Thereby the legal and technical feasibility of the procedures are considered as well as the related
cost-effectiveness. For the cost-effectiveness the efficiency value Reff is introduced. It allows the
sorting of different procedures to identify the most economic way to reach the next certification
level. The application of PerformanceUp starts
with the analysis of the gap between the
forecast result and the different levels of
sustainability. This means that if the result of
the forecast yields, that the lowest level of the
certificate (Bronze) is actually reachable, it can
be shown which degree of improvement has to
be realized to reach the next (Silver) and the
second next certification level (Gold). In the
next step tasks to optimize the buildings´
performance and to realize the degree of
performance are identified. The single tasks
are then combined and sorted considering
Fig. 4: Flowchart of the instrument PerformanceUp 1.0
economic aspects and technical feasibility. This
results in a recommendation for the selection and combination of single tasks to optimize the
buildings´ performance. A detailed description of the instrument is shown in Schneider 2011 [1]
4.4

Programming and model validation

To facilitate the use of the PreAssessment Manager 1.0 it is available as a software version . In it

all the steps described in the chapters 4.2 und 4.3 are implied. The software is based on MS Excel
[Microsoft (2003)]. This is combined with the risk analysis software @RISK 5,5 [Palisade Europe
(2010)]. To validate the instrument PreAssessment Manager 1.0 it is exemplarily utilized to rate two
selected newly built office and administration buildings. The buildings differ in their level of
sustainability, the project framework and the stage of the planning and realization process. Thereby
it can be shown, how varying completion stages of input data can be handled in the system
application. A detailed description of the validation is shown in Schneider 2011 [1].

5. Recapitulation and domains for further research
The objective of the project was to develop an instrument for the optimization of the performance
quality of newly built office and administration buildings. Starting point for this was the rising
demand for sustainable buildings. In particular if a concrete performance quality in form of a certain
level of sustainability is targeted for certification, planners and architects often cannot serve the
demand comprehensively as they lack experience in handling the various adjustment possibilities
and reciprocal effects of the certification systems. In addition it can be shown that a concrete,
generally accepted definition of a sustainable building as well as a concrete planning manual is not
available at present. In order to satisfy this demand, exemplary for a selected performance
definition (GeSBC-NBV09) and the exemplary type of use "newly build office and administration
buildings" an instrument is developed that allows to rate and optimize a buildings performance
quality at any time in the planning and realization process. The PreAssessment Manager 1.0
therefore is composed of two partial instruments. The Pre check 1.0 supports the prognosis of the
performance quality, the instrument PerformanceUp 1.0 assists the optimization of the building
performance. The PreAssessment Manager 1.0 is finally validated by its appliance for the rating of
two selected office and administration buildings.
In the carried out research project it is shown that a prognosis and an optimization of the
performance quality of a building needs a concrete definition of the term sustainability. This can be
found e. g. in the available certification systems which can be separated in procedure and
performance oriented systems. As the available certification systems, especially those based on an
holistic definition approach are really complex, the certification of a buildings sustainability is
expensive. It becomes even more expensive the later the investor starts with the implication of the
general principle "sustainable construction" in the planning and construction process. Therefore an
optimization of the sustainability performance should be started as early as possible.
If an owner targets a sustainable building he should reflect his motives before ordering a building
certification. Here two fundamental attitudes can be differentiated according to experience of the
authoress: The investor needs an honour, in order to express a buildings performance for reasons
of marketing or the investor aims at a building that is sustainable in its performance, protects the
health of the users, yields long-term economic security and represents a long-term increase in
value for it and/or the users. If the owner pursues the first mentioned attitude, then a complete
certification is recommended. The marketing aspect dominates the building characteristics. The
honour displays a design element that expresses the quality of the building for externals. In striving
for a certificate the owner by all means has to realize performance characteristics for his buildings
despite the value that a single criterion really has for his buildings life cycle. This is due to the fact
that the catalogue of criteria of a certification system is a listing of general topics that should be
suitable to rate different building projects. There doesn't exist any fixed standardization for criteria
catalogues and the attributed rating methods. In particular with privately operated, performance
oriented certification systems it is possible that the aim of individual criteria ratings does not carry
the original concept of sustainability anymore. The major focus is rather to be seen in the increase
of the economic profit for system owners and their enterprises. The evaluation methods here often
increase the certification costs. If the owner has the secondary mentioned attitude he doesn't
inevitably need a performance certificate. A confirmation that the building confirms to his
interpretation of sustainability is sufficient for him. His interest is mainly focussed on the increase in
value offered by an optimization of the buildings performance. His building can reach a
performance quality, which is definitely higher than the conventions of the certification systems.
The PreAssessment Manager 1.0 can be used for owners of both attitudes. An adjustment of the
implied criteria can take place by simple means.
The research project’s results reflect the need for further research. Here to mention is the

enhancement of the precision of the term sustainable building. It should not be the convention to
increase the complexity degree of the definition but to enhance its practicability. Moreover the
interpretation clearance of the definition should be further reduced. This interpretation clearance
can also be found in performance-oriented systems. So two buildings can achieve the same
certificate stage by different realized performance qualities. Their performance quality can differ by
the selection of procedures to optimize the performance which should be limited prospectively. Aim
of an improved performance definition should be the global concept of sustainability. Modifications
of performance definitions that result from privately operated ambitions can lead to
misinterpretations of the definition by the user. From the rationalisation and a specification of the
requirements of sustainable buildings the existing certification systems can also profit. They
momentarily represent extremely complex instruments and with their application a high expenditure
can be attributed. Specification and rationalisation of the definition of a sustainable building leads
to a limitation of the complexity of the certification systems. Therefore they will find a higher
acceptance in practice. With a general increase of the acceptance an increase of the market
potential is connected as well. Further research needs to be stimulated also in further development
for instruments to optimize the performance quality, as is achieved by the PreAssessment Manager
1.0.
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Summary
Raised by the European Commission (Mandate M/366), the demand on the leaching behaviour
assessment of the building products is continuously growing. The leaching data could represent up
to 90% of the whole life cycle water emissions of products. Nevertheless, presently these data are
little or not at all taken into account in the environmental assessment tools, such as the LCA. The
existing leaching data concern various exposure conditions (experimental or numerical
simulations), the results are heterogeneously expressed (e.g. mg/L, mg/m2, mg/kg) and spread in
different bibliographic sources. This makes them hardly exploitable.
The objective of this paper is to help exploiting the data on the leaching behaviour of products. In
order to do so, we have first conducted a bibliographic study, recovering data on more than 50
building products (e.g. metallic roof, treated wood, concrete slabs), tested under various exposure
conditions and at different experimental scales. Secondly, we have centralized this data, in the
LixiBat database (DB), which is structured into 4 main sections: product, experiment, results and
references. The attributes included in LixiBat are the main parameters, which as a whole can
define the set of data found in the literature. The DB management system chosen to build LixiBat is
Microsoft Access 2007 and the software for implementing an interface to feed and to query the DB
was Microsoft Visual Studio 2008. Summing up a total of 226 parameters, assembled into 35
tables from experiments and numerical simulations, LixiBat is a rigid DB. Still, its structure makes it
flexible and adaptable to a wide range of data.
The bibliographic study needs to be continued, in order to assemble more and more data about
different leaching behaviour of building products. LixiBat is a user-friendly DB, containing precise
data that can easily be integrated in the environmental assessment tools like LCA or environmental
and health risk assessment methods.
Keywords: leaching, building products, life cycle assessment, data base, environmental
assessment

1. Introduction
The building during its life stage is responsible for multiple environmental impacts at local scale
(indoor air quality – air as transfer vector, water and soil pollution – water as transfer vector). The
pollution transfer vector of concern in this paper is water. The demand regarding the assessment of

environmental performances of building products placed in real scenarios implying contact with
water is continuously growing. At European scale, this problem has been raised by the European
Commission mandating the European standardisation Committee (Mandate M/366) in 2005 to start
the work on defining experimental methods for characterising emissions from building products
during the stage of service life [1].
Recent researches have shown that a large typology of pollutants originated in building materials is
present in the environment’s compartments. Biocidal active substances are often used in renders
and paints for exterior façade coatings to avoid growth of fungi and algae [2]; afterwards they are
found in surface water [3]. The latest research on the Zürich (Switzerland) sewage show a three
times higher concentration than admitted in biocidal substances [4,5]. In Paris (France) the high
level of heavy metals present in the roof runoff water is due to the great number of metallic roofs
[6]. Many similar results have been proved in other European countries, such as Netherlands [7],
Sweden [8] or Germany [9].
Started more than 30 years ago, the study on the leaching behaviour of different building products
has provided quite poor exploitable data until now, mainly due to the difficulty to properly
understand the leaching mechanisms and to predict its long term behaviour. Current literature
offers experimental data at laboratory, pilot and field scale [10], as well as numerical data [11],
coming from modelling and simulation. Unfortunately these data are hardly exploitable, being very
heterogeneous. Moreover, recent research [12] showed that the release due to leaching could
represent up to 90% of the whole life cycle water emissions of products. Nevertheless, presently
these data are little or not at all taken into account in the environmental assessment tools, such as
the LCA – Life Cycle Assessment, which are largely used in the construction sector in order to
produce the EPDs – Environmental Product Declarations.
Databases and software have
already
been
created
to
characterise
the
leaching
behaviour of waste or polluted
soil, but none focuses on the
leaching phenomenon of the
building products. An example of
such a database is LeachXS,
created by the Energy research
Centre of the Netherlands
(ECN). It is a data base but at
the same time an expert system
for
characterising
and
evaluating the environmental
impact
of
the
leaching
phenomenon [13]. The data
refers to leaching experiments
mainly made on wastes, in the
context of their use as
secondary raw materials (SRM)
in the Netherlands.
The objective of our work is to
help exploiting the data on the
leaching
behaviour
of
construction
products
by
creating a specific database –
LixiBat. This database should
permit an easy access and use,
Fig. 1 LixiBat and its applications
as well as the integration of its
content in different environmental assessment tools, such as LCA or environmental and health risk
assessment methods (see Fig. 1).

2. Methods
The work has started with the collection of data on the leaching behaviour of different building
products in order to cover a wide domain of application and construct a flexible database.
Investigating the gathered data has showed a high diversity in the type of experiments, exposure
conditions, or representation of results. The building products analyzed can come from different
parts of a building, the results can be expressed in various measuring units (e. g. mg/L, g/kg, mol/L)
and characterize experiments at different scales, under different exposure conditions. Also, the
concerned data can come from numerical models and simulations of the leaching behaviour of
gp
building
products. The bibliographic study showed the existence of a whole variety of leaching data:
Studies at various scales: laboratory, pilot, field and also numerical simulations;
Products of different structures: organic, mineral and metallic;
Various functionalities for the construction products: façade, roof, terrace, foundation.
Thus, we have classified the source data by:
building product,
type of experiment and
form of results.
Classifying and reusing this data set rises up quite many problems and confronts difficulties. Taking
into consideration the complexity of data that comes from leaching experiments, we have decided
to group this information using a relational scheme, i.e. to construct a relational database. Such a
construction matches data by using common characteristics found within the data set. The data are
organized in a collection of relations, the so called tables. A relation is defined as a set of tuples
that have the same attributes. A tuple represents an object and the information about this object. A
relation is described as a table, which is organized into rows and columns. All the data referenced
by an attribute are in the same domain and conform to the same constraints [14]. The software
used to do the grouping of a relational database is called a database management system (DBMS).
We have developed the LixiBat database under Microsoft Office Access 2007 as DBMS in French.
Furthermore, we have conceived a graphical user interface to feed the database and to search
information in it, developed in Microsoft Visual C# 2008.

3.

LixiBat database: an overview

The first step in the construction of LixiBat was to identify all the parameters that need to be
integrated in the database, a stage which is based on the bibliographic research mentioned here
above. We have retained the pertinent data for the characterization of an experiment. Thus, we
have organized these parameters in the following categories: Product, Experiment, Result and
Reference. These categories are briefly described hereafter.
Product. The building products have numerous characteristics of which we are interested to define
the most relevant for: i) identifying the product, and ii) interpreting the leaching results. We have
decided to associate to the object “Product” the following attributes: name, shape (i.e. granular or
monolith), structure’s matrix (i.e. mineral, metallic, organic or composite), function, fabricant, age,
type of aging, porosity, permeability, density, moisture and chemical composition. The data on the
product’s chemical composition allows us to better identify the product and it gives information
about the substances susceptible for emission by leaching. There are several options to express
the chemical composition data such as: elementary, mineral and organic composition, registered
by mass of wet matter (mg/kg), or mass of dry matter (mg/kg DM), or concentration in the pore
water (mg/L). Information about the methods for the chemical analysis can also be stored in this
section. With each new product introduced in the database, the list of chemical substances grows,
considering a full name, the CAS number, the chemical formula and the molar mass of the
substance. The same list of chemical substances will be used later for the detailed results, offering
the possibility to enlarge it, if the concerned substance doesn’t yet exist in the database.
Experiment. This part is the widest section in the LixiBat database. The information referred to,
describes the experimental conditions in detail - data that is essential for the interpretation of the
results. All these parameters have been classified in the next sub-sections: leachate, atmosphere,

sample, experimental conditions and numerical simulation.
The leachate plays an important role in the leaching phenomenon and therefore we have
characterized it by attributes that can influence the leaching: pH, conductivity, oxidation/reduction
potential and chemical composition.
The bibliographic research proved the importance of the air quality involved in the experiment. For
example, different pollutants (e.g. SO2, NO2, O3) can contribute to the acidification of rainwater,
which is the main leachate in natural conditions. In consequence, the chemical composition of the
atmosphere is an interesting parameter for the leaching phenomenon and therefore it has been
included in LixiBat at the section “Atmosphere”.
Once used in an experiment, the building product is reshaped at particular dimensions or is
changed in different ways (crushed, compacted …), becoming a sample. The parameters
characterizing the sample, essential for the leaching behaviour are: a binary parameter to define
the shape of the sample, i.e. crushed or monolith, the geometrical surface of contact, the
geometrical shape and the compaction.
The experiment itself is characterized by other parameters, depending on the scale, i.e. laboratory,
pilot or field. The laboratory experiments are defined by the following attributes: total duration,
contact time, temperature, leachate volume, volume/surface ratio, liquid/solid ratio, agitation. More
specific, for the dynamic, static and percolation experiments at laboratory scale, we have the
attributes: static or dynamic, standard and flow rate of the leachate. On the other hand, for the pilot
experiments in controlled conditions, we can add values for the runoff flow and the inclination angle.
The outdoor experiments, in natural conditions, at pilot or field scale, have also specific parameters,
like: the geographic site, total duration, period of contact, rainfall, temperature, UV intensity,
direction of the wind, inclination angle of the sample.
In case of leaching data coming from numerical simulations, we need to store the information
concerning the numerical model and simulation. As each simulation is based on a real experiment,
the parameters taken in account are the same as for the corresponding experiment. Still, some
extra information needs to be added: the duration of the simulation (the numerical simulation can
predict the leaching behaviour on a larger time scale than the experiments do), the type of
simulation (static or dynamic), the simulation tool used (e.g. the name of the software), the
simplifications considered in the model.
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Fig. 2 Representation of cumulative and pinpointed periods
Results. Being the target of our study, the information concerning the results needs to be as
complete as possible. First of all, we observe that the results from laboratory experiments in static
conditions are taken only at one moment of time, while others are taken in more steps, which
introduces the term “period”. Among these results, some are taken under a cumulative form, while
others are pinpointed results (see Fig. 2).

Cumulative results allow measuring the total quantity of substance that has leached from the
beginning of the experiment up to a certain sampling moment. The pinpointed results show the
evolution of a substance’s concentration in the leachate, as a function of time. In the studied
references, the leaching results are presented either in the cumulative or noncumulative form.
According to this, the attributes used to define the results differ. Cumulative results are
characterized in LixiBat by the following attributes: surface mass concentration (mg/m²), mass

Fig.3 LixiBat diagram
composition (mg/kg), percentage of the total mass (%), mass and molar concentration for each
substance (µg/L, mol/L), cumulated duration (days), cumulated volume of the leachate and rainfall
for each period (L, mm). On the other hand, noncumulative (or pinpointed) results are defined by
the next parameters: mass and molar concentration for each substance found in the leachate;
duration, leachate volume, rainfall and liquid/solid ratio in L/kg and cm3/cm² for each period; pH,
conductivity and oxidation/reduction potential for the leachate.
References. To prove the pertinence of the data introduced in LixiBat, and to offer the possibility to
search for more details about the concerned data, the section “References” contains bibliographic

references. The attributes characterizing this section are: author(s), editor (magazine, conference,
etc.), title, type of publication (article, book, report, etc.), volume and year of publication.
To sum up, LixiBat is composed of 35 tables and 225 attributes, defining a complex database,
adaptable to many types of existing leaching experiences (see Fig. 3).

4.

Conclusions and perspectives

LixiBat is a complex database, when regarding its structure, but it is also a simple to use database,
where one can track back a wide range of details concerning a certain type of leaching behaviour.
Covering the experimental, as well as the numerical aspect of the leaching phenomenon, LixiBat
offers exploitable data. The main advantage of this database is that it is focused on the leaching
behaviour of building products, which makes it more reliable and precise (its structure takes into
account the specificities of the various construction products). Although its structure is rigid and
implies a deep knowledge of the leaching phenomenon, LixiBat is a flexible database, allowing the
introduction of various types of experimental data, coming from both standardized and nonstandardized tests.
LixiBat can be used not only for validating new leaching results, but also for integrating data on the
leaching behaviour of building products in the environmental assessment tools or environmental
and health risk assessment methods. Starting from experimental data from leaching tests in laboratory or natural conditions, one can use a numerical model to simulate the leaching behaviour of the
concerned building product throw out its service stage period and use the obtained results in LCA
tools for instance. This approach can help, for example, improving the quality of the EPDs of building products, by providing reliable data, where it is mostly missing nowadays.
Until now, LixiBat is summing up a total of 226 parameters, assembled into 35 tables from experiments and numerical simulations. Its structure makes it flexible and adaptable to a wide range of
data. At the moment, LixiBat contains leaching data on more than 50 different building products,
data coming from all types of experiments and simulations. The database is continuously updated,
in order to assemble more and more data about different leaching behaviour of building products.
Our target is to integrate as much leaching data as possible in LixiBat and to make it a reliable database in its domain, for specific leaching studies and for integration in the environmental assessment tools like LCA or environmental and health risk assessment methods.
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Summary
The MINERGIE standard was introduced in 1998, with the more stringent MINERGIE-P and
MINERGIE-P-ECO standards appearing later. Together they set performance criteria for energy
efficiency, as well as for comfort. A MINERGIE-building consumes around 60 percent less energy
regulatory building standards.
MINERGIE-ECO is an extension of the MINERGIE label, covering the aspects of health (e.g.
optimized daylight condition, low noise emissions) as well as healthy and environmentally friendly
products (good available resources, low environmental impact, easy to dismantle and reuse or
recycle). The application process demands to answer 240 questions (yes 1. or 2. priority and no)
as well as a daylight calculation. A project running between 2006 and 2008 was working on the
to allow an uptake in energy
performance calculation tools for buildings. Besides the existing calculation of energy consumption
for heating, cooling, hot water and electricity these software would also offer a full Life Cycle
Assessment (LCA) of the building and check its healthiness and comfort.
Since then, the DLLs have been implemented in two existing building energy performance
software (Lesosai 7.0 and Thermo) and the methodology has been integrated in an existing online
Building Component Catalogue (www.bauteilkatalog.ch) for the calculation of the embodied energy
(non renewable primary energy) of building components. This allows professionals without an
energy performance software to calculate the embodied energy. Additionally, a procedure to cover
the most commonly build interior parts (e.g. interior walls, concrete slabs) and building equipment
allows the calculation of these parts with a few mouse clicks.
Methodologies for the calculation of the threshold value for the embodied energy had to be
developed. The methodology has been tested with 15 case studies (5 new and 10 retrofit
buildings) and proofed its practicability.
For the first time it is possible to optimize a building with a holistic energy approach.

The Evolution of MINERGIE
MINERGIE

a Successful Label in the Building Sector

In Switzerland, there is just one building label that was able to establish itself on the market. Ever
since its launch in 1998, the MINERGIE label, carried by the association under the same name,
was able to achieve a market share of almost 25%, which is unique even by international
comparison. This excellent market penetration is likely due to its simple procedure, tightly coupled
integration with official regulations, the inclusion of all interest groups by means of events and
courses, and its outstanding marketing. But its practicality and the tools provided by the MINERGIE
association also greatly contributed to its success.

Fig. 1: MINERGIE-ECO-certified building (administration building company Zaugg, Rohrbach,
Canton Bern)
MINERGIE-ECO

an Extension to MINERGIE

Since 2006, buildings with healthy and eco-friendly construction may be awarded the label
MINERGIE-ECO. This is in addition to the labels MINERGIE, MINERGIE-P and MINERGIE-A,
which evaluate energetic aspects and comfort criteria. Since then, more than 300 buildings with
approximately 950,000 m2 energy reference area were certified according to the MINERGIE-ECO
standard. Thus, this label has received outstanding acceptance in the market. At the same time,
MINERGIE-ECO influenced the building material market. The availability of recycled concrete
improved significantly and the number of solvent-free products significantly increased.
Over the past few years, the American LEED-label established itself at the international level for
large buildings. So far, there are still very few certified buildings in Europe. The reason for this is a
failure to adapt to the European standards with the exception of the LEED-Version for Italy and
the high expenditure involved in producing documentation. This is why the German Sustainable
Building Council (DGNB) also expects to get a foothold in this market. Some 150 buildings were
certified with the thematically broad DGNB-label thus far. It has already been adapted to the
Austrian, the Bulgarian, and the Swiss market.

Fig. 2: Number of MINERGIE-ECO and MINERGIE-P-ECO certifications between 2006 and 2010
(provisional and definitive certificates)
Particularly when compared with these labels, MINERGIE-ECO is simpler in its design and highly
practice-oriented it demands significantly less effort for everybody involved. Of course this also
has some disadvantages. MINERGIE-ECO is limited to only six criteria and when compared to the
aforementioned other labels it appears at first glance to have some gaps as regards its content. On
the one hand, this is intended to keep the process simple. The system limit, for example, was
defined so as to only comprise the building. On the other hand, the criteria were nevertheless
chosen so as to cover the most important aspects of sustainable construction. So, for example, the
issue of legionella prevention in potable water is dealt with under the criterion indoor climate
because the underlying mechanisms are associated with indoor air.

Fig. 3: The criteria of the current MINERGIE-ECO procedure
After more than five years of almost unchanged requirements it was time to review and optimize
the process and to expand its application to modernizations. The revision did not focus on
supplementing criteria but on improving the meaningfulness while simplifying the procedure and
enhancing its practical orientation at the same time. This aims at broadening the unique selling
points of MINERGIE-ECO in these areas in comparison to other labels.

MINERGIE-ECO has established itself but has a few weaknesses
In the procedure in its previous form, the issue of daylight is evaluated by a calculation and by
means of catalogues with prerequisites regarding the additional criteria noise, indoor air, raw
materials and construction/deconstruction. In this context, there are mandatory prerequisites that
must be met (exclusion criteria such as using a minimum amount of recycled concrete in analogy
to LEED prerequisites).
Health
Biocides and wood preservatives indoors
Solvent dilutable products indoors
Using products emitting formaldehyde in
relevant quantities
Missing building check for harmful
substances when refurbishing

Building Ecology
Heavy metal bearing materials (lead and
large-area copper or titanium-zinc claddings
outdoors without a filter for meteor water)
Insufficient use of recycled concrete
Non-European wood without sustainability
certificate
Construction foams and filling foams

Fig. 4: MINERGIE-ECO exclusion criteria
Complying with the remaining other requirements generates points with a minimum requirement for
each criterion. The total number of points must reach the applicable area specific threshold.
Adequate proof must be submitted at two different times after project completion and before
completing the implementation. During the preliminary study period and the planning phase, the
structure of the prerequisite catalogue follows the MINERGIE-ECO criteria; during the invitation to
tender/implementation phase the structure follows the respective trades participating in the
construction effort.

Fig. 5: Criteria and minimum requirements of previous MINERGIE-ECO procedure with the
example of the area of health
The specifications were for the most part taken from existing instruments provided by the
association eco-bau [eco-building], a platform existing for several decades and focused on
sustainable building within the public sector construction in Switzerland. Especially notable are the
a regular basis. The methodology of these leaflets is based on a best-of-class approach, i.e. the
most ecological alternatives within a functional unit (such as a wall cladding) are marked on two
different levels either as ecologically interesting or as limited ecologically interesting. This

classification is based on a method considering not only grey energy, but also emitted solvents,
components relevant to the environment or health, work-hygienic risks and deconstruction/disposal
friendliness.
The MINERGIE-ECO evaluation procedure has proven to be very flexible because it provides the
applicant with several alternatives that are to be implemented only in some parts. In addition, there
is no requirement to rely on the services of a sustainability expert because specifications are
practice-oriented. The simple procedure not only diminishes certification costs but also
expenditures for the overall certification process.
Nevertheless, the existing procedure does have a serious disadvantage: The evaluation is only
performed within the same functional unit which does not allow for a cross-unit comparison, for
example between a wall cladding made of fibrous cement and a compact façade, because the
effect of suboptimal alternatives cannot be shown using this method. This, in turn, may lead to a
distortion of partial results.

Further Development while Incorporating the LCA-approach.
This was one of the reasons for starting to adapt the MINERGIE-ECO methodology already in
2008. A project supported by the Swiss Federal Office for Energy created the basis for a procedure
that was integrated into the new MINERGIE-ECO Version 2011. To this end, new software
components had to be developed that are compatible with most programs calculating the energy
consumption. The overall goal is to have a software at some point in the future that is not only
capable of calculating the operating energy but also the overall non-renewable primary energy
throughout the life cycle of a given building even at a minimum additional data input.
The leaflet 2
Architects (SIA) serves as the basis for calculating grey energy. This paper fixes the applicable
useful life of a building and its parts, of building elements that have to be included, and the
ecoinvent data base.

Fig. 6: Newly structured criteria of MINERGIE-ECO 2011

This way it is possible to introduce the calculation of grey energy within MINERGIE-ECO 2011
while simultaneously getting rid of more than half of all specifications of the procedure because
these mainly focused on aspects like raw materials and environmental impact during production
and processing. As an environment indicator, grey energy is able to sufficiently cover these
aspects. First and foremost, this allows for an overall view of the used materials and their
respective quantity which facilitates a significantly more precise statement on the environmental
impact of a building. However, there are a few aspects that may not be depicted by means of a
calculation such as the use of recycled concrete or wood with sustainability labels (resource
conservation). This is why we continue to need a specification catalogue. However, this was newly
structured.
Shifting the focus towards aspects of the project phase
In contrast to the previous procedure that, in terms of scope, focused on the invitation to tender
and implementation phases, MINERGIE-ECO 2011 shifts the focus towards the project phase.
During this phase, the potential to exert influence is significantly higher. The experience from the
certification process has shown that this is where MINERGIE-ECO meets the most difficulties,
because choosing material and products is much more easily managed than conceptual aspects.
At the same time, the applicants should receive better support in implementing the specifications
during the tendering and realization. This is achieved by means of a check list for those
specifications that the applicant wants to implement. The list includes all steps that must be taken
during the tendering and the implementation phase as well as the proofs that must be turned in for
documentation purposes. This check list is an important step towards building practice, thus also
increasing implementation security.
Evaluation method with traffic light system
Most sustainability labels within the building industry are based on different certification levels
(LEED: Certified, Silver, Gold, Platinum). MINERGIE, however, has a different approach and
markets different performance levels as independent products (MINERGIE, MINERGIE-P,
MINERGIE-A). The part ECO is an extension that is freely combinable with the other products.
Because there are no certification levels, the result of a certification process is either pass or no
pass. This result can actually be achieved via different steps. The new MINERGIE-ECO 2011
evaluation system realizes this via a traffic light system.
Results
Prerequisites

Criteria

Section
50%

Health

Daylight

70%

70%

Noise protection

63%

Indoor climate
Building ecology

Total

90%

Building concept

35%

Materials and
Processes

55%

Embodied Energy
Bldg. Materials

232 MJ/m2 EBF
250

130 MJ/m2 EBF

Fig. 7: The result representation of MINERGIE-ECO provides an at-a-glance summary of how a
specific project is evaluated.

With the exception of the exclusion criteria that must be fully implemented, the partial results are
divided into green, yellow and red based on threshold values determined by examining
approximately 30 case studies. A red partial result means that a certification cannot be granted.
This replaces former minimum performance degrees. The graphic display of results makes
grasping and interpreting the results at a quick glance possible.
Newly developed instruments
Whoever was involved with the process of a LEED certification knows the difficulties caused by a
lack of tools. Right from the beginning, MINERGIE-ECO took the approach of providing all the
necessary instruments. The purpose of a building label is not exclusively about documenting the
finalized status quo, but also about striving towards project optimization. This, however, is only
possible with an instrument that is able to depict all important features and capable of immediately
displaying the results. The existing MINERGIE-ECO instrument for proof assumes exactly this
function and has in principle proved its value. It will be adapted to the new structure and to the new
evaluation method of MINERGIE-ECO 2011.

Fig. 8: Easy and fast calculation of grey energy for building components or complete buildings is
possible with the electronic building components catalogue
The electronic building component catalogue [4] can be used for calculating grey energy. It allows
the choosing and adjusting of predefined building components, capturing dimensions, and it shows
results in relation to threshold values as defined by MINERGIE-ECO. The evaluation of the daylight
situation is done as before using an excel-tool that was equipped with a new feature to also
consider modernizations.

Fig. 9: Different instruments used within MINERGIE-ECO
2011.

At the same time, the basis for a fully integrated instrument that is capable of simultaneously
calculating the operating energy consumption and grey energy was created while also allowing
results outputs in accordance with SIA-Norm 380/1 (Thermal Energy in Buildings) [5], SIA-Norm
380/4 (Electrical Energy in Buildings) [6], SIA-Leaflet 2031 (Energy pass for Buildings) [7], SIALeaflet 2032 (Grey Energy of Buildings) [2], MINERGIE and accordingly MINERGIE-P and
MINERGIE-ECO. That way is significant easier to optimize a project because there is no need to
switch between different tools and because data only has to be entered once. To this end, we
designed progr
bases. As of today, one software developer completely implemented these modules, and a second
company partially implemented them. Negotiations are currently taking place with further software
providers.

Conclusions
MINERGIE-ECO 2011 is making a large step forward with these adjustments

not in the direction

integrated approach allowing for the easiest, most practical application possible. In so doing,
MINERGIE-ECO does not want to reach so much a scientifically oriented audience but rather a
high market share, thus coming closer to the objective of a sustainable way of building in
Switzerland.
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Summary
A Green Building Council has been established aiming to introduce, adapt and manage an
international certification scheme for sustainable buildings in Denmark. It was therefore decided to
test BREEAM, DGNB, HQE and LEED on two new Danish office buildings to gain knowledge of
how well the buildings were performing, of the extent to which the required documentation existed
or could be obtained, of the resources needed for certification, and of the extent to which the
criteria fits into a Danish context. Information on these issues is presented together with
information on the influence on the total life cycle costs and on the current situation in Denmark.
Keywords: buildings, sustainability, certification, BREEAM, DGNB, HQE, LEED, test, adaptation

1. Introduction
Buildings are increasingly traded in an open and global market place. This development makes
building performance evaluation more important than before. The stock market investors’ therefore
needs highly aggregated information, which makes a building’s performance in one part of the
world comparable to another. As the information gathered on buildings is often complex and not
understandable by all stakeholders it is important to identify new means for displaying data and
performance reporting in a clear and understandable manner, as stated in [2] and [4]. One option
for obtaining information that is clear, transparent, traceable and auditable is to make use of the
international oriented certification schemes for sustainable buildings like BREEAM and LEED,
especially, if the investors’ business model includes a CSR policy.
Based on these arguments and a growing interest in the Danish investor and building sector,
Green Building Council Denmark (DK-GBC) has recently been established aiming to introduce,
adapt and manage an international certification scheme for sustainable buildings in Denmark. The
test of four international certification schemes on two Danish office buildings was therefore initiated
by an ambition to support the choice of a certification scheme for sustainable buildings in Denmark
through knowledge about the most well-known schemes on the market, and knowledge gathered
through real life testing on real buildings in Denmark. Based on this and on further information and
discussion, DK-GBC afterwards chose DGNB for adaptation and use in Denmark.
In the project the internationally recognized certification schemes LEED, BREEAM, DGNB and
HQE was tested on two Danish office buildings to gain knowledge on:
how well the buildings performed,
the extent to which the required documentation could be obtained,
the extent to which the criteria fits into a Danish context, and
the resources needed for certification.

A supplementary study was performed to analyse the life cycle costing aspects of certification of
buildings.
This paper are primarily based on the test reports, see [X] and [Y], and Danish experience on this
field so far, but are also to a limited extend based on literature surveys. Supplementary, an afterword shortly presents the on-going Danish efforts mid-2011.

2. Test procedure
The schemes were tested on buildings already constructed, knowing that this is not the intended
approach for the certification schemes. The reason for this was both because of a very short time
horizon for the choice of certification scheme, and because it is difficult to introduce several
schemes from the beginning of a building process.
To characterise the certification schemes and their intended use in practice, the LEED consultant
stated that LEED was designed to recognize that each credit should not be perceived as a
separate and independent issue; rather, many of the credits are deeply interrelated. Accordingly,
the education component of LEED constantly stresses that project teams understand synergies between credits by encouraging an integrative design process that optimizes these reciprocal
interrelationships, thereby discouraging project teams from conceiving each credit as an
independent piece, or superimposed fragment.
The test was done on two office buildings from 2009: Building 1 a 6000 m2 EU Green Building
labelled building meant for a small number of companies, and Building 2 a 8800 m2 building for a
layer company. The project team for Building 1 included three representatives from NCC
Development and NCC Construction. The project team for Building 2 included an engineer from
Rambøll and an architect from 3XN.
The tests were conducted in 2010 in the form of workshops led by foreign consultants with
expertise in the certification schemes involving the design teams as data providers and the project
consultants as facilitators and observers making their own registrations during the workshops.
Experienced consultants for each of the method performed “pre-assessment”, collected documents
and evaluated possible classification. The consultants came from 7Group (LEED), Arup (BREEAM),
PE International (DGNB) and Transolar (HQE).
At the workshops, the consultants introduced the schemes. After that, the consultants went through
all the criteria and registered, to which extend the criteria could be fulfilled listening to the design
teams and looking at the documentation presented or send to the scheme consultants afterword.
Based on this, the scheme consultants made a report on both of the buildings inclusive a table with
comments and the points given for each criterion.

3. Classification of test buildings
The buildings performed relatively well taking into account that the buildings was not designed to
be certified as sustainable buildings, except that one of the buildings was labelled a EU Green
Building, which only focus on the energy consumption for operation. An extraction of the main
results of the consultants’ assessments of the buildings is shown in table 1.
The table shows that there is a pretty good relationship between the overall classifications, where
all schemes provide Building 1 with a better classification than Building 2. It also appears that
LEED and DGNB agree on their classifications despite differences in detailing and resource
consumption for the assessments.
It should also be noticed that the BREEAM and HQE classifications is significantly lower than the
LEED and DGNB classifications. The differences in the obtained points refer to different scheme
ambitions, different reference values used, and different documentation needs. But unfortunately
the differences also refer to differences in the consultants' approach to the test.

Table 1: The overall results of the buildings classification in the schemes. For LEED, BREEAM and
DGNB the possible score, if all unresolved criteria are achieved, is indicated in brackets.
Building
Classification
Building 1

Point
Classification

Building 2

Point

Scheme classification

LEED

BREEAM

DGNB

HQE

Silver (Gold)

Pass (good)

Silver

(Achieved)

57 p (66 p)

35% (48%)

69% (71%)

Certified (Gold)

Pass

Bronze

49 p (67 p)
Certified ≥40 p
Silver ≥50 p
Gold ≥60 p
Platin ≥80 p

34% (43%)
Pass ≥30%
Good ≥45%
Very good ≥55%
Excellent ≥70%
Outstanding ≥85%

62% (63%)
Bronze ≥50%
Silver ≥65%
Gold ≥80%

2/5/6/1
Not achieved
2/1/7/4
Achieved:
Very good ≥ 3
Good (4)
Base ≤ 7
No “Not achieved”

The scheme consultants all stated similar to the BREEAM consultant that overall it can be seen
that several credits can be achieved with little additional work, had these requirements been known
and considered at the time of project development. But it was also stated that there are several
credits that would have a high financial impact on the project and would be ruled out if the project
were attempting to achieve a high rating.
Additionally, as stated by the DGNB consultant, methodological, geographical, and cultural
differences between Germany and Denmark caused a lower overall result. But Building 2 could
only ever receive a certificate in bronze because the construction costs are very high and therefore
the result of the economical quality low. To receive an overall DGNB certificate in silver, each of the
five qualities has to have at least the bronze level.

4. Criteria, achieved points and need for adaptation
The criteria in each of the certification schemes and the points achieved by the two buildings are
analysed together with reflections on the need for adaptation to Danish conditions.
The analysis shows that the four schemes to a high degree contain criteria on the same topics
implicating that the differences primarily relate to how and at which level of detail these topics are
addressed in the schemes, also stated in [3] and [4].
Testing of the 4 certification schemes have provided a good insight into the academic areas as the
arrangements cover and in the methods each uses. Moreover, the trial provided important
indications of where there may be a need to strengthen Danish efforts, and where there is a need
to adapt the criteria to Danish practice guidelines and other Danish conditions, keeping in mind
that this is a semi-quantitative pre-assessment.
Because the four certification schemes have categorised their criteria rather different, it was
chosen to establish 9 overall topics to further investigate the points given and to identify Danish
strengths and weaknesses regarding the four sets of criteria, see Table 3.
Table 2 gives an overview of the extent to which buildings met the criteria within the 9 topics being
aware that LEED also provides some minimum requirements, that the weighting of the categories
are not recognized, and that the bases for calculation of % was not possible for HQE. But the
figures nevertheless provide a clear picture of where the buildings performed well and not so well,
and where the schemes gave different assessments.
Building 1 excelled for the energy topic, while Building 2 excelled in the Indoor Environmental
Quality category for most of the schemes. This makes sense for both projects, given the Building

Table 2: Summary of results presented as obtained % of the achievable points for the considered
sustainability topics. For HQE is applied the classification scheme: Basic, Good and Very Good.
Topic
Energy
Water
Materials
Waste
Local
environment
Transport
Indoor
climate
Process
Economy

Building

LEED

BREEAM

DGNB

HQE

Building 1

61 %

43 %

88 %

Good

Building 2

35 %

22 %

78 %

(Basic)

Building 1

60 %

33 %

53 %

Basic

Building 2

40 %

22 %

52 %

Basic

Building 1

25 %

0%

60 %

Basic

Building 2

25 %

0%

65 %

Basic

Building 1

0%

57 %

50 %

Good/Basic

Building 2

0%

71 %

100 %

Good/Basic

Building 1

29 %

26 %

50 %

Very good

Building 2

43 %

21 %

61 %

Basic

Building 1

71 %

33 %

71 %

Very good

Building 2

71 %

56 %

86 %

Basic

Building 1

33 %

50 %

67 %

Good/Basic

Building 2

47 %

71 %

84 %

Good/Basic/0

Building 1

67 %

10 %

49 %

(Very good)

Building 2

67 %

20 %

56 %

(Basic)

Building 1

(not incl.)

0%

88 %

(not incl.)

Building 2

(not incl.)

0%

43 %

(not incl.)

1’s focus on energy issues, while the Building 2 focused on indoor air quality and human comfort
issues, since they were designing for a specific high-end tenant. The HQE consultant was rather
critical regarding a south orientated and un-shaded glass façade in Building 2.
For the last question, one must be aware that the ambition level may vary from scheme to scheme
and that the consultants' approach during the trial also influenced the results. This is especially true
here because the trial did not include an exhaustive documentation of the schemes' criteria were
met or not. Assessment of the criteria under the theme of Energy demonstrates that energy
requirements are stricter in BREEAM than in LEED, so that both buildings will have more points in
LEED than in BREEAM. Assessment of the criteria on materials demonstrates that the consultants' approach has been different. The BREEAM consultants gave no points due to lack of
documentation, while DGNB consultants performed an assessment and gave the buildings points.
For BREEAM, very few points were achieved for Land Use and Ecology, which might be because
this credit group is also strongly influenced by the municipal planning approach to town and site
development. The site feasibility studies done by the municipality’s impact on several credits
including also the Water credit group were not taken into consideration, see the comments on
certification on neighbourhood or develop level in the afterword.
The achieved points showed that the buildings did well in terms of the criteria within the categories:
energy, waste, transport and indoor environment, and less well with regards to the categories:
water, materials and neighbourhood. In order to clarify what lies behind these results, table 3
displays some of the Danish strengths and weaknesses that have influenced the test results. There
is a considerable need to adapt the schemes criteria to Danish conditions, and to strengthen the
Danish practice on certain points.

Table 3: Overview of Danish strengths and weaknesses regarding the four tested schemes for
certifying sustainable buildings.
Danish strengths
Focus on low consumption of primary energy
Environmentally friendly district heating
Good central wastewater treatment
High degree of recycling of construction waste
Good dialogue on municipality local planning
Location close to public transport
Widespread use of bicycles incl. infrastructure
Focus on thermal, acoustic and visual quality
Good dialogue in the building process

Danish weaknesses
Limited documentation of construction products
Lack of environmental assessment of materials
Limited assessment for open spaces
Limited restrictions concerning parking spaces
Limited focus on emissions of VOC’s
Limited documentation by simulation
Different practice concerning commissioning

Finally, tests determined that it is necessary to adapt the schemes to Danish conditions. The need
for adaptation relates mainly to the following four factors:

•
•
•

Objectives for the criteria are relevant for Danish buildings, but Danish practice - including a
lack of practice - and Danish rules deviate from the criteria and indicators, e.g. the municipal local planning’s inclusion of a number of criteria and the lack of environmental assessment of the consumption of materials.
Objectives for the criteria are relevant for Danish buildings, but the Danish context differs
from the assumptions in the scheme, e.g. the Danish practice regarding recycling of
construction materials and use of environmentally friendly district heating.
Objectives for the criteria are relevant for Danish buildings, but requirement levels and
weighting to be adapted to the Danish context, e.g. strong energy regulations and short
distance to public transportation.
Objectives for the criteria are not relevant in a Danish context and should be deleted; e.g.
inventory of water use for irrigation of green open space.

The adaptation and implementation is expected to be easiest done, where Danish strengths like
energy and indoor climate have been identified, and more difficult where weaknesses were
identified and where tools and normal practice is missing like assessment of materials and
demands on commissioning.

5. Time and resources needed
For each scheme the costs for carrying out the certification was estimated by BEC including an
estimated additional time beyond the time already spent on documentation in the projects. The
costs also includes registration and certification fees, and estimates of costs for consultants.
Table 4: Overview of the estimated resources needed to carry out the certification for each of the
schemes. Estimates are based on certification of the buildings as built and include time for documentation of unresolved criteria.
Building
Building 1 Price for
certification
Time spent by
design team
Building 2 Price for
certification
Time spent by
design team
Need for consultants

LEED

BREEAM

DGNB

HQE

48 DKK per m2

47 DKK per m2

90 DKK per m2

98 DKK per m2

160 hours

100 hours

110 hours

250 hours

38 DKK per m2

34 DKK per m2

63 DKK per m2

77 DKK per m2

200 hours

120 hours

110 hours

290 hours

Voluntary
Limited Need

Mandatory
Moderate need

Mandatory
Large need

Voluntary
Moderate to large need

For each scheme the total price per m2 for carrying out the certification was estimated for each of
the two buildings. The price includes an estimated time, expressed as additional time beyond the
time already spent on documentation etc. in these construction projects. The price also includes
registration and certification fees, and estimates of costs for consultants. The overall results are
shown in table 4.
Testing and subsequent assessments of the time etc. shows that prices for implementation varies
from approx. 40 kr. m2 approx. 100 kr. m2. LEED and BREEAM settles in the low end, while
DGNB and HQE is more expensive. The price per. m2 to certify Building 2 will be lower than for
building 1, because it is significantly larger in m2. Compared to the construction costs represent
certification costs approx. 0.1% to 0.5%. But it can be expected that the time consumption of the
design team would fall in line with growing experience in the certification scheme.

6. Life Cycle costing
Parallel to the test of the schemes an analysis of the life cycle costing aspects of certification was
performed by some other researchers at SBi. The conclusion is that only BREEAM and DGNB
contain criteria with actual calculations for life cycle costing, but all schemes contain considerations
about the subject in a broader context.
The study included that all the criteria was characterised in four groups related to their direct or
indirect influence on the construction costs and the costs for use and operation of buildings. Based
on this and on literature surveys, it was stated that there will very likely be an economic benefit by
certifying the building, despite the extra cost associated with constructing a sustainable building
that can be certified. These benefits are higher building price and better rental value, higher user
productivity and lower operational costs.
The four groups of indicators were:
•
•
•
•

Group A criteria include direct use of life cycle costing (LCC).
Group B criteria include quantitative estimates that can be used for partial calculations of
the total economy like consumption of energy and water.
Group C criteria include measures to promote a resource saving operation like user guidelines, energy meters and adaptability measures.
Group D criteria include processes that indirectly can affect the operating economy like integrative planning and environmental management.

The literature surveys showed that when it comes to the economic effects of sustainable construction by the use of total economic calculations, the government of California Sustainable Building
Task Force in 2003 conducted a survey of the economy in Green Buildings [6]. Data has been collected from 25 LEED-certified office buildings and 8 LEED-certified schools in the U.S. Construction costs are compared with the costs of the same buildings where they had been listed as conventional buildings. It is concluded that the total economic benefits far outweigh the additional
costs of execution. It costs less than 2% in additional costs on average to build sustainable, and
the total economic benefits estimated at 10 times as large.
In addition, greater productivity and better health that is measured at 8 to 10 times the additional
costs of execution. The basis for this assessment is a series of studies that have analysed the relationship between a building's characteristics, such as ventilation, lighting, daylight and indoor climate, and employee productivity and wellbeing.
In office buildings, staff costs represent 60 to 75% of total expenditure, while operating expenses
of the building is around 10%. By only looking at energy savings of building green are opportunities
to utilize other benefits lost. In other words, play the advantages in terms of greater productivity
and better health an important role.

7. Discussion, conclusions and acknowledgements
The aim of the test of the certification schemes LEED, BREEAM, DGNB and HQE on two Danish
office buildings to gain knowledge on how well the buildings performed, the extent to which the
required documentation could be obtained, the extent to which the criteria fits into a Danish context, and the resources needed for certification. Here some short statements will be done to present and comment upon the findings of the test project, including some comments from the project
teams, who represented the two tested buildings. The statements will include statements from the
supplementary study was performed to analyse the life cycle costing aspects of certification of
buildings.
The buildings performed relatively well taking into account that the buildings was not designed to
be certified as sustainable buildings obtaining a classification in most of the schemes: Silver for
Building 1 according to LEED and DGNB, less for BREEAM and HQE, and Bronze for Building 2,
less for the others. But is important to note that this is the result of a pre-assessment, where the
scheme consultants assessing procedure play a strong role beside the differences between the
certification schemes.
During the test and afterword it was stated that the schemes to in high degree include criteria on
the same issues, the differences is to a high degree related to the categorization of the criteria and
to approach, degree of detailing and documentation requirements.
The buildings performed relatively well for criteria on energy, waste, transport and indoor environment, and less well with regards to the categories: water, materials and neighbourhood. In order to
clarify what lies behind these results, some of the Danish strengths and weaknesses were identified: strengths such as strong energy regulation and focus on indoor climate, recycling and bicycling, weaknesses such as lack of third party commissioning and assessment of materials and
emissions.
Finally, the analysis concludes that there is a considerable need to adapt the schemes criteria to
Danish conditions. The adaptation and implementation is expected to be easiest done, where Danish strengths like energy and indoor climate have been identified, and more difficult where weaknesses were identified and where tools and normal practice is missing like assessment of materials and demands on commissioning.
In [7] questions are raised on the degree of adaptation to other countries than the home-countries
of the schemes: Can building certifications schemes, such as BREEAM and LEED, which are developed for regionally specific circumstances and priorities, adequately address the regional and
local intricacies of all sites around the globe? Sustainable design solutions must be site-specific,
but how regionally bespoke can certification methodologies be and still maintain international relevancy and comparability?
Some of the project participants stated that there is a clear connection between criteria and points
in LEED and BREEAM, which makes it easy to communicate the means needed for classification.
For DGNB it is more difficult for suppliers and customers to connect the chosen means with the
classification, primarily because the use of LCA calculations means additional costs and time, because LCA is a black box for non-professionals; but also the Green Guide connected to BREEAM
was criticised.
According to [4], one of the major issues that define the success of building assessment schemes
is the balance between usability and technical rigour. Whilst any scheme must be built on strong
scientific foundations it is also important that the approach not be so academic as to render the
scheme unwieldy in terms of either requirements or the time taken to carry out the assessment.
Tools are therefore needed to facilitate the needed LCA assessments during the design process,
as commented upon in the afterword.

One of the project participants stated, that for all schemes, there is a need for adaptation to Danish
conditions. In this context it is appropriate to establish a strategy for which criteria adapted nationally and which is maintained by international criteria. Current practice where countries in the EU
develop energy requirements according to national practices should be preserved and used in the
LCA calculations. Concerning the assessment of construction products, the information should be
based on European standards and labels.
The resources needed for certification were estimated during the tests shows that prices for implementation varies from approx. 40 kr. m2 approx. 100 kr. m2. LEED and BREEAM settles in the
low end, while DGNB and HQE is more expensive. The price per. m2 to certify Building 2 will be
lower than for Building 1, because it is significantly larger in m2. Compared to the construction
costs certification costs represent approx. 0.1% to 0.5%. But it can be expected that the time consumption of the design team would fall in line with growing experience in the certification scheme.
Concerning the test procedure and the actual performance of the scheme consultants, two statements should be done. One is that unintentionally, the consultants actually conducted the workshops in a somewhat different way related to personal and contextual reasons, which among others involved, that the extend of assessments and documentation carried out by the consultants
varied. The other is that especially for Building 1 the project team has a strong overall knowledge
about their project, which contributed to the quality of the workshops.
The separate analysis of the life cycle costing aspects of certification included that all the criteria
was characterised in four groups related to their direct or indirect influence on the construction
costs and the costs for use and operation of buildings. Based on this and on literature surveys, it
was stated that there will very likely be an economic benefit by certifying the building, despite the
extra cost associated with constructing a sustainable building that can be certified. These benefits
are higher building price and better rental value, higher user productivity and lower operational
costs.
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7.2

Afterword

In January 2011 Green Building Council Denmark (DK-GBC) decided to choose DGNB for adaptation and use in Denmark, half a year after the end of the test project, The decision was beside the
test project based on further discussions and evaluations including close contact also to BREEAM,
The main arguments for this decision was that DGNB was seen as a second generation scheme,
which equally focused on environmental, social and economic sustainability aspects including a
strong focus on the use of life cycle assessment (LCA) in accordance with the new Construction
Products Regulation (305/2011/EC - CPR) replacing the Construction Products Directive
(89/106/EEC - CPD) and the
Afterwards, DK-GBC in collaboration with the governmental building authorities (EBST) and the
Danish Building Research Institute (SBi) have pointed out a number of working groups having the
task to adapt the DGNB criteria and documentation methods to a Danish context. This will in the

first place be done with focus on new office buildings. Afterwards, Danish criteria will be established for existing building having a strong market demand in mind.
To strengthen the Danish capacity regarding the use of LCA for environmental assessment of the
consumption of energy for operation and of materials for construction, a Danish project (InnoBYG)
has started up aiming to establish a LCA database containing relevant environmental data for Danish construction practice, a scheme regular update of this based on environmental declarations of
Danish construction products, and simulation tools designed to be used for environmental assessments throughout the design process. This is highly needed, because the challenges and
difficulties in creating the next generation of decision support instruments lie as much in the further
development of IT-systems and tools as in the improvement of the informational data basis available in the property industry, as mentioned in [2].
As a supplement to these efforts, the Danish Nature Agency (NST) and Byggesocietetet (The Danish property and construction Society) are testing the first version of DGNB criteria for neighbourhoods on three Danish area development plans including both residential and commercial buildings. The test is expected to be a first step towards the establishment of a Danish certification
scheme for sustainable communities expected to be managed by Green Building Council Denmark.
A strong argument for this is that many of the issues related to building impacts (especially social
and economic) are difficult to influence when considered on the basis of a single building and
would be more suitably addressed at a neighbourhood or development level, as stated in [2]. It is
clear that it is next to impossible for a single building to live up to the full definition of environmental,
social and economic sustainability. As a project scope broadens to address sustainable development issues, the scale of the scheme under consideration necessarily increases again, to include
for example, social infrastructure and community development. Thus, building projects must move
more and more towards community-scale solutions to contribute to sustainable development.
A future certification scheme on neighbourhood level is expected to increase the demand and raise
the level of ambition for sustainable communities in Denmark.
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Summary
This paper describes and presents the results of the actual measurements of variable refrigerant
flow (VRF) systems in a cold region. Recently, VRF systems for air-source heat exchangers are
being adapted for use in small and middle-scale office buildings. However, the factors that affect
the performance of the equipment during actual operation are not clearly understood. In this study,
we developed a simple measurement technique to evaluate the performance of a VRF system by
measuring the performance of the outdoor units. This method does not need entry access to an
office for evaluation. We measured the performance of outdoor units of gas engine-driven (GHP)
and electrical motor-driven (EHP) VRF systems that were already installed in buildings located in a
cold region. The measurement period was from summer to winter to observe both cooling and
heating. A strong association was found between the loading factor, outdoor temperature and
coefficient of performance (COP).
Keywords: VRF system, actual measurements, GHP, EHP, cold region

1. Introduction
VRF systems are considered to perform well. However, the actual performance of the VRF system
is not clear. Furthermore, the performance of VRF systems is examined by settled loading in test
chambers; this examination does not provide accurate results because it is not carried out under
actual conditions. Given this background, we have developed a simple measurement technique
that evaluates the performance of a VRF system by measuring the performance of the outdoor
units of GHP and EHP VRF systems already installed in buildings in a cold region.

2. Method
The Probe Insertion Method
The probe insertion method combines computer modeling and direct measurements of the heat
exchange in an outdoor unit. The computer modeling of the heat exchange in the outdoor unit is
based on energy supply data of the system and an income and expenditure equation. The heat
exchange measurements in the outdoor unit are based upon actual data and thermal and air
volume calculations.

2.1

Method of computing the heat exchange in the outdoor unit

We measured the performance of the outdoor units of GHP and EHP VRF systems already
installed in a variety of buildings at different locations. Figure 1a and b shows the energydistribution diagram of an artificial air cooling and heating system (EHP). Figure 2a and b shows
the energy income and expenditure equation for an artificial air cooling and heating system (EHP).
Figure 3a and b shows the energy-distribution diagram of an artificial air cooling and heating
system (GHP). Figure 4a and b shows the energy income and expenditure equation for an artificial
air cooling and heating system (GHP). Using these energy-distribution diagrams, and the income
and expenditure equations, we calculate the efficiency of the unit, which is expressed as the COP.
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2.2

The heat exchange measurement of the outdoor unit

Air that flows into the heat exchanger of the outside unit passes over the fins and then it is blown
out of the unit by the fans. Part of the air that passes over the fins commutates and the heat
exchangers change the air state quantity. In the probe insertion method, we calculate the heat
exchanger efficiency by measuring the difference between the air in the outside heat exchangers
and the air in the inside heat exchangers. Figure 5 shows the measurement of the heat exchange
in an outdoor unit.

t in .1 s1 v1 t out .1
t in .2 s 2 v 2 t out .2
t in .3 s3 v3 t out .3

Fig. 5 Measurement of heat exchange in outdoor unit
Equations
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Names and unit
EI is the dissipation power. EIE1 is the dissipation power for inside the unit, EIE2 is the dissipation
power for outside the unit. ET is the motive energy of the compressor.
. EF
is the dissipation power of the fan. EEV is the heat quantity of the evaporator. ECD is the heat
quantity of the condenser. EP is the heat exchanger efficiency. ER is the heat quantity of the radiator.
EX is the exhaust heat quantity. COPC is the coefficient of the performance during air cooling.
COPH is the coefficient of the performance during air heating. Vfan is the wind velocity of the fan. Sn
is the delegating area of the heat exchanger.
is the air density. Cp is the constant pressure
specific heat. tout.n is the air temperature of the inside heat exchangers and tin.n is the air
temperature of the outside heat exchangers. n is the wind velocity ratio.

3. Outline of actual measurements
A long-term on-site performance evaluation
of VRF systems was undertaken from 2009
through 2010. The measurements were
performed using the probe insertion method.
The measurement period extended from
summer to winter to observe cooling and
heating, and the survey sites were in coldclimate region. Sapporo has a measurable
temperature difference between day and
night. In addition, Sapporo’s outdoor air
temperatures are frequently below -10 °C
with a substantial snowing in winter. Table 1
shows a summary of the survey, and Figure 6
shows the survey map.

Location
term
Use Building
Candidate

daily rainfall

Fig 6 Survey map

Table 1 A summary of the survey
Building (K)
Building (T)
Hokkaido Sapporo
Hokkaido Sapporo
2009 / 7 / 8 - 2010 / 7 / 13
2009 / 7 / 9 - 2010 / 7 / 14
Office
Office
GHP 20-hp × 1
EHP 12-hp × 4

daily snow

average daily temperature

70

average daily humidity
100%

60

80%

50
40

60%

30

40%

20
10

20%

0

0%

-10
-20

-20%

Fig 7 Climate of Hokkaido Sapporo

4. Results
4.1

Building (K)

Figure 8 shows the frequency and COP of each loading factor in Building (K). The loading factor is
the ratio of the actual capacity to the rated capacity. The operating times under air cooling and
heating are 465 and 1868 h, respectively. Clearly, the heating demand is much higher than the
cooling demand. During the air cooling period, the loading factor was almost 30% or less. And the
frequency of the loading factor is the highest at 10% or less. During the heating period, the
frequency of the loading factor is the highest at 30% – 40% and the loading factor often exceeds
100%. In both the air cooling and air heating periods, the COP decreases as the loading factor
decreases.

Frequency of Loading Factor (cooling)

Frequency of Loading Factor (heating)

COP (cooling)

COP (heating)

800

2.5
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600
500

1.5

400
1

300
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0.5
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0

0

Fig 8 Frequency of loading factor and COP of each loading factor in Building (K)

Figure 9 shows the operating hours for each outdoor temperature at Building (K). During the aircooling period, the loading factor decreases with decreasing outdoor temperature, and the COP
decreases with increasing outdoor temperature. In contrast, during the air heating period, the
loading factor increases as the outdoor temperature decreases whereas the COP remains
relatively constant.
Frequency of Outdoor Tempeature (cooling)

Frequency of Outdoor Tempeature (heating)

COP (cooling)

COP (heating)

Loading Factor (cooling)

Loading Factor (heating)
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Fig 9 Frequency, COP and loading factor of each outdoor temperature in Building (K)

GHP has exhaust heat recovery functionality. The system effectively uses the waste heat for air
heating. Therefore, the GHP performs well at low outdoor temperatures. In addition, the GHP does
not need to perform a defrosting operation. Figure 10 shows the frequency of the exhaust heat
recovery operation as well as the heat pump operation for each outdoor temperature. At freezing
temperatures, the operation is almost that of the recovery of the exhaust heat. As a result, the
GHP maintains a stable COP at low temperatures.
600
Exhaust Heat Recovery Operation
Heat Pump Operation

500
400
300
200
100
0

-12 -9 -9 -6

-6 -3

-3 0

0 3

3 6

6 9

9

12

12 15

Fig 10 Frequency, COP and loading factor of each outdoor temperature in Building (K)
4.2

Building (T)

Figure 11 shows the frequency and COP of each loading factor in Building (T). The operational
time spent in air cooling and heating are 731 and 1990 h, respectively. Similar to building (K), the
heating demand is higher than the cooling demand. During the air cooling period, the loading factor
was almost 10% or less, and the cooling demand is low. During the heating period, the loading
factor was almost 20% or less and the maximum loading factor was 50%.

Frequency of Loading Factor (cooling)

Frequency of Loading Factor (heating)

COP (cooling)

COP (heating)

700
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Fig 11 Frequency of loading factor and COP of each loading factor in Building (T)

COP

800

Frequrency

Figure 12 shows the operating hours for each outdoor temperature at Building (T). During the air
cooling period, the top of the operating temperature is -21°C – 22°C The loading factor decreases
with decreasing outdoor temperatures whereas the COP decreases with increasing outdoor
temperatures. In contrast, during the air heating period, the top of the operating temperature is 1°C – 1°C, and the loading factor increases as the outdoor temperature drops whereas the COP
remains relatively constant.
Frequency of Outdoor Tempeature (cooling)

Frequency of Outdoor Tempeature (heating)

COP (cooling)

COP (heating)

Loading Factor (cooling)

Loading Factor (heating)
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Fig 12 Frequency, COP and loading factor of each outdoor temperature in Building (K)

4.3

Comparison of results

Figure 13 shows the relationship between the COP and the loading factor in Building (K); (a) is the
air cooling period, and (b) is the air heating period. In the air cooling period, the loading factor
decreases with decreasing outdoor temperatures and the COP decreases with increasing outdoor
temperatures. In the air heating period, the loading factor increases and the COP decreases with
decreasing outdoor temperatures. Figure 14 shows the relationship between the COP and the
loading factor in Building (T); (a) is the air cooling period, and (b) is the air heating period. The
relationship between the COP, the loading factor, and the outdoor temperature is the same as that
in building (K). However, the loading factor is very small for a too large cooling capacity.
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Fig 13 Relationship between the COP and the loading factor in Building (K)
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Fig 14 Relationship between COP and loading factor in Building (T)

5. Conclusion
The outdoor units of GHP and EHP VRF systems, already installed in buildings in a cold region,
were measured by the probe insertion method. A strong association was found between the
loading factor, outdoor temperature and COP, and most of the actual operation was at a low load
factor and COP. The heating demand is higher than the cooling demand in both buildings (K) and
(T). The defrosting operation is a key factor for the decrease in the COP of the EHP. Conversely,
in building (K), the GHP apparently maintains a stable COP at low temperatures. It is very difficult
to achieve a high-performance VRF system, and, in order to achieve high-performance, it is
important to clearly outline the actual operation of a VRF system.
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Summary
This research investigated the current state of environmental enlightenment efforts by local
governments in the Kanto area. This research also investigated the effectiveness of an
environmental monitoring system and a household environmental accounting system (that
measures the amount of carbon dioxide emissions in the home) initiated by Shinagawa Ward and
problems with those systems. In addition, an environmental learning program was implemented for
junior high schools in Shinagawa Ward and analysed. Problems with the program and effective
means of environmental enlightenment were highlighted.
Keywords: Environmental Enlightenment, local Governments,
Accounting system, Environmental Education

Environmental

Household

1. Introduction
In recent years, local governments have actively initiated environmental enlightenment efforts and
environmental education as part of steps to deal with global warming. However, the effectiveness
of those environmental enlightenment efforts has not been adequately verified. In addition, there is
little public interest in and understanding of these efforts. Environmental enlightenment efforts by
local governments are important, so current conditions must be ascertained in order for local
governments to initiate effective environmental enlightenment efforts.
This research investigated the current state of environmental enlightenment efforts by local
governments in the Kanto area. This research also investigated the effectiveness of an
environmental monitoring system and a household environmental accounting system (that
measures the amount of carbon dioxide emissions in the home) initiated by Shinagawa Ward and
problems with those systems. In addition, an environmental learning program was implemented for
junior high schools in Shinagawa Ward and analyzed. Problems with the program and effective
means of environmental enlightenment were highlighted.

2. Current state of environmental enlightenment efforts by local governments in the Kanto area
Table 1 Questionnaire response

A questionnaire was distributed to local governments
in the Kanto area (Tokyo, Kanagawa, Saitama, Chiba,
Ibaraki, Tochigi, Gunma, and Yamanashi). The current
state of environmental enlightenment efforts was
investigated using the questionnaire. The response rate is
shown in Table 1.

Questionnaire
Quantity returned

Quantity distributed
Tokyo
Kanagawa
Saitama
Chiba
Ibaraki
Tochigi
Gunma
Yamanashi
Totaｌ

49
20
40
33
32
12
12
13
211

27
12
20
19
13
6
7
2
106

Response rate
55%
60%
50%
58%
41%
50%
58%
15%
50%

The rate at which 18 environmental enlightenment efforts were initiated by prefecture is shown (Fig.
1). An ‘Eco   festival’   was initiated most often, followed by ‘Eco   learning   (public)’   and   a ‘Kids’ eco
club.’   When   a ‘household environmental accounting system’   was initiated, it was most often
initiated on paper, with a low rate of initiation via a homepage or spreadsheet.
The current state of verification of the effectiveness of environmental enlightenment efforts is
shown (Fig. 2). Analysis revealed that ‘ISO14001’  efforts were more than 80% effective while ‘Kids  
ISO,’  ‘Eco  festivals’,  and ‘Eco  leader  training  courses’  were more than 50% effective. Data on other
efforts were collected. The effectiveness of the household environmental accounting system was
not analyzed because the system is poorly budgeted and methods of verifying its effectiveness are
not known.

Fig. 1 Rate at which environmental
enlightenment efforts are initiated

Fig. 2 Current state of verification of the
effectiveness of environmental enlightenment
efforts

The current state of problems related to
environmental enlightenment efforts is shown
(Fig. 3). Although the household environmental
accounting system has been publicized, most
responses indicated that there is ‘little public
recognition’  of the system. Therefore publicizing
environmental enlightenment efforts is crucial.

3. Environmental enlightenment in
Shinagawa Ward
3.1

Introduction of environmental monitoring  system  “Shinamoni”

Fig. 3 Current state of problems
Shinagawa Ward and Kogakuin University environmental enlightenment efforts
jointly implemented the ‘Shinamoni’ project
starting in 2006. Shinamoni is an environmental monitoring
system that measures air temperature, humidity, wind
velocoty, wind direction, solar radiation, and amount of
precipitation at 20 sites in Shinagawa Ward; these data are
publicized on a website (Fig. 4) in real time. This system is
intended to provide environmental enlightenment to the public
and verify measures and technology to combat the heat
island phenomenon.

Fig. 4 Shinamoni homepage

with

3.2

Establishment of a website describing steps to reduce home energy use

A website describes various steps and technology to reduce home energy use in a virtual home
(Fig. 5). This website describes energy-saving techniques and devices for the exterior, including
the garden, parking space, roof, and rooftop, and energy-saving techniques and devices for the
interior, including the living room, kitchen, bathroom, and bed rooms. In addition, Shinagawa Ward
initiated an Internet-based household environmental accounting system to inform the public of the
amount of carbon dioxide released by the home.
3.3

Environmental learning lecture in elementary schools

An environmental learning lecture (Fig. 6) is given at elementary schools in Shinagawa Ward every
year. The lecture concerns environmental problems (global warming and the heat island
phenomenon) that Shinagawa Ward faces and environmental technology the Ward has introduced.
The current research created an environmental learning program predicated on the environmental
learning lecture.

Fig. 5 Website describing steps to
reduce home energy use

Fig. 6 Environmental learning lecture

4. Verification of the effectiveness of the household environmental accounting system
Method of verification

An Internet-based campaign involving a household
environmental accounting system was initiated for
residents of Shinagawa Ward from 2009 to 2010. During
the campaign, residents of Shinagawa Ward were asked
to use the household environmental accounting system,
provide household environmental accounting data
(power and gas consumption), and answer a
questionnaire. The impact of this household
environmental accounting system on environmental
consciousness and reduced energy use was
investigated.
4.2

Gas consumption（2009）

Gas consumption （2010）

Power consumption（2009）

Power consumption （2010）
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Primary energy consumption(MJ)

4.1
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Relationship between the household environ７月
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９月
July
August
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mental accounting system and energy consumption
Fig. 7 Primary energy consumption
The primary energy consumption, including power including power and gas for an average
and gas, for an average household in the summer is household in the summer
0

shown (Fig. 7). Compared to the previous year, consumption gradually decreases from July, when
participants start tracking household environmental accounting, to September. In addition, power
and gas consumption both follow the same patterns, so the household environmental accounting
system is considered to be effective at reducing home energy use.
4.3

Impact of the household environmental accounting system on environmental consciousness

Did you know about the environmental
household accounting system prior to
participation in this campaign ?
Did you know about Shinamoni prior to
participation in this campaign?

Yes

No

Yes

No

Thirteen
households
answered
a
Did you look at the wesite describing
questionnaire
about
the
household
Yes
No
steps to reduce home enegy use in
environmental accounting system and
Shinamoni
Shinamoni. Recognition of the household
0%
20%
40%
60%
80%
100%
environmental accounting system and
Fig.
8
Recognition
of
the
household
Shinamoni (Fig. 8) and the impact of the
environmental accounting system
household environmental accounting system
on environmental consciousness are shown (Fig. 9). Results revealed little recognition of the
household environmental accounting system and Shinamoni, but most households reported that
the household environmental accounting system increased environmental consciousness and
helped to reduce energy use. The impact of the household environmental accounting system on
steps to reduce energy uses is also shown (Fig. 10). For all steps to reduce energy use, the rate at
which those steps were initiated increased, and use of the household environmental accounting
system was effective at environmental enlightenment to an extent.
Set air conditioning to 28 degrees

Were you interested in the environment before
using the environmental household accounting
system?

fully agree

agree somewhat

do not agree

Use a fan of ventilation and avoid use of the air conditionor
Yurn off lighting not in use

Do you think that using the environmental
household accounting system has increased your
awareness of and interst in the environment?

fully agree

Do you think that using the environmental
household accounting system has helped you
reduce energy use at home?

fully agree

agree somewhat

Unplug electrical appliances not in use

agree somewhat

Strive to turn off the TV when not watching it

do not agree

Do not open or close the refrigerator unnecessarly and quickly
close in after opening

Do you intend to use the environmental
household accounting system in the future?

fully agree

agree somewhat

Not letting the shower run and reducing showering time

Not letting the water run when washing your face or brushing
your teeth

Do you think that using the website describing
steps to reduce home energy use has increased
your awareness of and interest is steps and
devices to reduce home energy use?

fully agree

agree somewhat

do not agree

0%

Did this prior to the campaign
0%

20%

40%

60%

80%

20%

40%

60%

Did this since participation in the campaign

80%

100%

Do not do this

100%

Fig. 9 Impact of the household environmental Fig. 10 Impact of the household environmental
accounting
system
on
environmental accounting system on steps to reduce energy use
consciousness

5. Practical implementation and analysis of an environmental learning
program for elementary schools in Shinagawa Ward
5.1

Outline of the environmental
learning program

An environmental learning program was
devised for elementary schools in
Shinagawa Ward (Fig. 11) and put into
practice.
The
program
featured
environmental learning lectures on steps
and practices to reduce energy use. The
program is intended to substantively
reduce energy use in elementary schools
and
heighten
the
environmental
consciousness of school staff and
students.

Continued study of
steps to reduce
energy use
Report and
study of results

Start
Measurement
and analysis

Share research
information
Propose steps to
reduce energy use
to both sides

Communicate
results of analysis

Propose steps to
reduce energy use

Verification and analysis
of effectiveness
Data measurements
and analysis

Share research
details

Implementation of
steps to reduce
energy use

Communicate steps
to reduce energy use
in detail

Fig. 11 Overview of the environmental
learning program

5.2

Verification of the effectiveness of the environmental learning program

Variations in average gas consumption are shown (Fig. 12). Gas consumption in July and August
increased from the level in the previous year because of differences in air temperature. Variations in
the room temperature of the teachers' office during summer vacation are shown (Fig. 13). The
preset air conditioning temperature increased 1 or 2 degrees, so steps to reduce energy use were
noted. Variations in average power consumption are shown (Fig. 14). Power consumption in July
decreased from the level in the previous year. Power consumption in the teachers’ office
decreased about 18% and it decreased 10–20% in regular and special classrooms. Power
consumption in August increased, but it decreased about 15% in the teachers' office. Variations in
levels of environmental consciousness are shown (Fig. 15). School staff and students answered
that environmental consciousness has heightened.
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6. Conclusion
This research revealed that there are problems with environmental enlightenment efforts. There is
little public recognition of these efforts and local governments have difficulty independently
verifying the effectiveness of these efforts in detail. In addition, results of a questionnaire and an
analysis of energy consumption indicated that a household environmental accounting system and
environmental learning program are effective at reducing energy use and increasing environmental
enlightenment to an extent. However, there is a problem with this finding since it was derived from
research with a small sample size, so future plans are to make the environmental accounting
system and environmental learning program available to more of the public and other elementary
schools.
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Summary

The climatic changes resulting from global warming have grown more serious every year.
Metropolitan Tokyo has required offices above a certain size to reduce their carbon dioxide
emissions since 2005. Offices above a certain size must reduce their energy consumption. For that
reason, reduced energy use is an important issue for small and medium-sized offices as well as
ultra-high-rise buildings. The present reality, however, is that few studies have referred to energy
consumption by ultra-high-rise building. Thus, this research studied energy consumption and
efforts to reduce energy use in ultra-high-rise buildings in an area of Shinjuku with DHC where
ultra-high-rise buildings are concentrated. DHC refers to district heating and cooling. As a result,
this paper describes super high-rise buildings of energy consumption property.
Keywords: Energy Consumption, Ultra-High-Rise Buildings, DHC

1.

Introduction

The climatic changes resulting from global warming have grown more serious every year.
Metropolitan Tokyo has required offices above a certain size to reduce their carbon dioxide
emissions since 2005. Offices above a certain size must reduce their energy consumption. For that
reason, reduced energy use is an important issue for small and medium-sized offices as well as
ultra-high-rise buildings. The present reality, however, is that few studies have referred to energy
consumption by ultra-high-rise building. Thus, this research studied energy consumption and
efforts to reduce energy use in ultra-high-rise buildings in an area of Shinjuku with DHC where
ultra-high-rise buildings are concentrated. DHC refers to district heating and cooling.
Yearly and monthly data were collected in an electronic format and daily and hourly data were
collected in print format from heating suppliers in an area of Shinjuku with DHC.
External temperature refers to past data for Tokyo from the Japan Meteorological Agency.
A survey was conducted regarding the window area ratio, specifications for exterior walls and
windows, and electricity. Group interviews were also conducted with regard to air conditioning
management.
Measures to reduce energy use refer to measures to reduce energy use as described by the Tokyo
CO2 Emissions Reduction Program and estimated reductions in emissions after implementation of
those measures.

2. Buildings analyzed and primary energy consumption

Table 1 summarizes of the buildings analyzed. Figure 1 shows primary energy consumption. The
average for buildings D and E was 1,788 MJ/m2·Y. This is 46% greater than the average for public
offices according to the IBEC. The average for buildings with leased commercial space was
2,436MJ/m2·Y. This is 15% greater than the average for office buildings according to the IBEC.

3. Correlation with external temperature

External temperature affects heat consumption. Therefore, this research analyzed the effects of
specifications for a building’s outer cover on heat consumption.
3.1 Annual cooling energy consumption
Figure 2 shows annual cooling energy consumption over 11 years. Cooling energy consumption by
a company’s own buildings was lower than that by a building with leased commercial space. There
was less of an increase in cooling energy consumption by a company’s own buildings than for a
building with leased commercial space. Increases and decreases were affected by external
temperature, tenant occupancy, and awareness of the need to reduce energy use. The Table 2
shows the window area ratio and specifications for walls and windows. The window area ratio
varied widely from 16–65%. Specifications for walls and windows also varied.
3.2 Correlation between cooling energy consumption and external temperature in 2006
Figures 3 and 4 show cooling energy consumption and external temperature for buildings D and J.
There was a substantial disparity between buildings D and J in terms of cooling energy
consumption. There was a disparity between buildings D and J in terms of cooling energy
consumption with respect to external temperature. However, there was a close correlation between
buildings D and J in terms of cooling energy consumption during the summer and mid-year.
Building D had little cooling energy consumption throughout the year. However, building J had
substantial cooling energy consumption throughout the year. This is presumably because building
D had a smaller window area ratio than building J and building D used double pane glass.
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Table 2 Window Area Ratio and Specifications for
Exterior Walls and Windows
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Hotel
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Building A
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Building use
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Table 1 Summary of Buildings Analyzed

Fig. 1 Primary Energy Consumption
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Fig. 2 Annual Cooling Energy Consumption
over 11 years

3.3 Comparative analysis using external temperature sensitivity

This research analyzed the correlation to external temperature. Figure 5 shows cooling energy
consumption and external temperature sensitivity during summer weekdays (June–September) in
2006. External temperature sensitivity is the rate of change in cooling energy consumption per 1˚C
change in external temperature. The greater the temperature sensitivity, the greater the increase or
decrease in energy consumption with respect to external temperature. The greatest temperature
sensitivity for a building was about 0.33 [MJ/m2·Day·˚C] and the smallest was about 0.16
[MJ/m2·Day·˚C], indicating that sensitivity differed by 2-fold. Buildings D, E, and P had little external
temperature sensitivity. This is presumably because buildings D, E, and P had a smaller window
area ratio than other buildings and used double pane glass (Table 2).

4. Status of implementation of measures to reduce energy use

This research analyzed measures to reduce energy use as described by the Tokyo CO2 Emissions
Reduction Program and estimated reductions in emissions after implementation of those measures
in order to ascertain what measures were implemented in buildings to reduce energy use.
4.1 Measures to reduce energy use in terms of electricity consumption
Table 3 shows measures to reduce energy use in terms of electricity consumption. Figure 6 shows
estimated reductions in emissions in terms of electricity consumption. An effective measure for a
building with leased commercial space was optimized operation of ventilation in the parking area
(No.13). Effective measures for a company’s own buildings were an upgrade to high-efficiency
lighting equipment and energy-saving fluorescent tubes (No.9) and optimized operation of
ventilation in the mechanical room (No.14).
Winter(12-3 M)holiday
Midterm(4.5.10.11 M)holiday
Summer(6-9 M)holiday

Linear(Midterm(4.5.10.11 M)weekday)
Linear (Summer(6-9 M)weekday)
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Fig.3
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Fig.4
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Table 3 Measures to Reduce Energy Use in
terms of Electricity Consumption

㪟㫆㫋㪼㫃
㪪㪺㪿㫆㫆㫃

operation
lighting
equipment installed

ventilation
heat
transport
elevator
substation
measuring

operation
equipment installed
operation
equipment installed
operation
equipment installed
equipment installed
equipment installed

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Measures to reduce energy use
reduced hours of air conditioning use
use of inverter air conditioning units + reduced hours of air conditioning use
optimization of control device settings
upgrade to energy-saving fan belt
use of inverter air conditioning units
reduced loss from power transfer medium
turning off lighting not in use
ensuring an optimum illumination level
upgrade to high efficiency lighting equipment and energy-saving fluorescent tubes
upgrade to high luminosity emergency exit sign lighting
upgrade to fluorescent lighting from incandescent lighting and use of inverter cont
automatically controlled lighting
optimized operation of ventilation in parking area
optimized operation of ventilation in mechanical room
upgrade to energy-saving fan belt
optimized operation of circulation pump
inverter control of circulation pump
use control of elevator and escalator
inverter control of elevator and escalator
use of high efficiency UPS
introduction of BEMS

Reduction Effect [kg-CO2/䋛]

3
Classification
operation
equipment installed
air
and operation
conditioning
equipment installed

Fig. 5 Cooling Energy
Consumption
and
Temperature
Sensitivity
during Summer Weekdays
(June–September)
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Fig. 6 Estimated Reduction in
CO2 Emissions and Reduced
Electricity Use

4.2 Measures to reduce energy use in terms of heat consumption

Table 4 shows measures to reduce energy use in terms of heat consumption. Figure 7 shows
estimated reductions in emissions in terms of heat consumption.
Effective measures were CO2 control (No.5), VAV + CO2 control (No.6), and insulation of steam
valves and pipes (No.9). However, few buildings had implemented these measures.

Classification

operation
air
conditioning
equipment installed

steam

㫆㫇㪼㫉㪸㫋㫀㫆㫅

hot water supply㫆㫇㪼㫉㪸㫋㫀㫆㫅
measuring
㪼㫈㫌㫀㫇㫄㪼㫅㫋㩷㫀㫅㫊㫋㪸㫃㫃㪼㪻

㪥㫆㪅 Measures to reduce energy use
㪈 optimized control of air conditioning temperature-humid
㫆㫇㫋㫀㫄㫀㫑㪼㪻㩷㪺㫆㫅㫋㫉㫆㫃㩷㫆㪽㩷㪸㫀㫉㩷㪺㫆㫅㪻㫀㫋㫀㫆㫅㫀㫅㪾㩷㫋㪼㫄㫇㪼㫉㪸㫋㫌㫉㪼㪄㪿㫌㫄㫀㪻㫀㫋㫐
㪉
㪂
㩷㫉㪼㪻㫌㪺㪼㪻㩷㪿㫆㫌㫉㫊㩷㫆㪽㩷㪸㫀㫉㩷㪺㫆㫅㪻㫀㫋㫀㫆㫅㫀㫅㪾㩷㫌㫊㪼㩷㪂
㪊 㫆㫇㫋㫀㫄㫀㫑㪼㪻㩷㪺㫆㫅㫋㫉㫆㫃㩷㫆㪽㩷㫆㫌㫋㫊㫀㪻㪼㩷㪸㫀㫉㩷㫀㫅㫋㫉㫆㪻㫌㪺㫋㫀㫆㫅㩷㪸㫄㫆㫌㫅㫋
㪋 stopping of control of dehumidification and reheating
㪌 CO2 control
㪍 VAV㧗CO2control
㪎 use of mixing loss control
㪏 upgrade to air conditioning unit with total heat exchange
㪐 insulation of steam valves and pipes
㪈㪇 checking and cleaning of steam valves
㪈㪈 stopping steam
㪈㪉 stopping hot water supply
㪈㪊 introduction of BEMS
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5. Analysis of energy consumption in terms of energy use by buildings

Energy consumption was analyzed in terms of how buildings used energy because a company’s
own buildings used energy differently at night and on holidays compared to buildings with leased
commercial space.

5.1 Analysis of energy consumption at certain times

This research used data on energy consumption at
certain times in typical weeks of each season to
ᵰᶃᶅᶓᶊᵿᶐᴾᶒᶇᶋᶃ
estimate energy consumption at the baseline, during
regular work hours, during overtime, and on holidays
ᵭᶔᶃᶐᶒᶇᶋᶃ
(Saturday, Sunday, and national holidays). Figure 5
shows consumption at the baseline, during regular
ᵠᵿᶑᶃ
work hours, during overtime, and on holidays. Figure 8
refers to business hours for offices according to a
survey. The heat load during each season is shown 0ᾉ00
7ᾉ00
19ᾉ00
24ᾉ00
below, and the total heat load for the year was
calculated.
Fig. 8 Depiction of Set Times Consumption
Average loads for a typical week in May were
used for spring (April, May). Average loads for a typical week in August were used for summer
(June–September). Average loads for a typical week in October were used for autumn (October,
November). Average loads for a typical week in Jan were used for winter (December–March).

5.2 Analysis of cooling energy consumption at certain times

Figures 9 and 10 show the ratio of cooling energy consumption and cooling energy consumption at
certain times on weekdays in 2006.
There was a substantial disparity between buildings E and J in terms of the ratio of cooling energy
consumption and cooling energy consumption. E building had little cooling energy consumption
during overtime. This is presumably because building E had little cooling energy consumption
outside regular work hours. Building J had substantial cooling energy consumption at the baseline.
This is presumably because a tenant has large-scale servers, as a group interview revealed.
Buildings with leased commercial space have greater cooling energy consumption during regular
work hours and during overtime compared to a company’s own building. This is presumably
because building with leased commercial space had various demands that are the temperature
setting in room from tenant and there was a type of tenant that used floor during overtime.
Figure 11 shows the ratio of cooling energy consumption during overtime and on holidays
(Saturday, Sunday, and national holidays). The ratio of cooling energy consumption by buildings

during overtime on weekdays was 10% (Figure 9).
However, the ratio of cooling energy consumption more than doubled (Figure 11) during overtime
and on holidays. Buildings with leased commercial space had greater consumption during overtime
and on holidays than did a company’s own building. This is presumably because the buildings with
leased commercial space consumed more energy during holidays.
Figure 12 shows cooling energy consumption during overtime and on holidays (Saturday, Sunday,
and national holidays). Building J had the greatest cooling energy consumption during overtime
and on holidays. Building J had one-third of its total cooling energy consumption during overtime.
Buildings I and L had the next greatest cooling energy consumption during overtime. This is
presumably because tenants in buildings I and L can more easily adjust the air conditioning, as a
group interview revealed. Building P, a building with leased commercial space, had the lowest
cooling energy consumption during overtime and on holidays. Building P was working to have
tenants reduce their energy use. This is presumably because the main tenants were actively
seeking to reduce their energy use. Buildings D and E had little cooling energy consumption. This
is presumably because buildings D and E use BEMS and building personnel meet with the
maintenance company regarding management of daily energy use.

6. Conclusion

The temperature sensitivity of cooling energy consumption ranged from 0.16–0.33[MJ/m2·Day·˚C]
for the buildings studied, indicating a maximum difference of 2-fold. During overtime and on
holidays, the ratio of cooling energy consumption by a company’s own building was 21%, on
average, while that by a building with leased commercial space was 32%, on average. The ratio of
cooling energy consumption differed 11%. Thus, a building’s energy consumption is affected by the
thermal performance of the building and by how energy is used. Therefore, steps to reduce energy
use must be taken in light of a building’s relationship to its tenants.
Overtime(19-24 o’clock)
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Summary
Eriksson Architects Ltd is developing an environmental program, a tool that helps making more
ecological planning solutions. As planners we have noticed that sometimes the newest information
doesn't reach the actual planning easily because the research material is not easy to use. That is
why we began a program which aim is to bring the tools for sustainable urban planning into
everyday planning process of the office. The program will help to go through projects of varying
scales, from planning phase to realization by using the best know-how and technology, in a more
useful format. The Finnish Funding Agency for Technology and Innovation (Tekes) is financing the
project.
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1. Introduction
An Environmental Program of Eriksson Architects Ltd is a research and development project of the
office whose aim is to lead the planning practises into more sustainable direction. During the last
years there has been a large amount of studies about ecological planning. As planners we often
don't have the necessary tools for evaluating the environmental impact of optional planning
solutions or convince our customers to make the most ecological choice. That's why we need a
compact toolbox to improve the use of the ecological planning knowledge.
We have to understand the complexity of ecological design and evaluate the combined impact of
different variables of the planning solutions we are producing. For example, the consumption of
energy and natural resources are important aspects in evaluating the present and future ecology of
an area. It makes significant difference for emissions and greenhouse gas production if the
planning solutions on different levels have been made using ecologically sustainable methods. As
well as calculatory facts, there are other, equally important aspects of sustainable planning:
biodiversity, circulation of water and the social sustainability have to be taken into account.
One of the main goals of the project is to transform theoretical information about ecology into a
more practical format. The three-phase project consists of going through actual studies of
sustainable planning, selecting the most useful and practical ecology evaluation methods and
demonstrating the newly developed planning tools by concrete examples.

2.

Dimensions of sustainable designing

2.1 Terminology of sustainability
An ecologically sustainable area can be described as an area that consumes as little as possible
energy and materials, produces a minimum of harmful emissions and makes as little as possible
harm for other living organism creating at the same time quality habitat for people. To entirely
understand the ecology of an area it has to be assessed from many aspects and on different
scales. The first part of the environmental program goes through the actual research of ecological
planning and creates the theoretical context of the project. The most significant aspects and the
potentials of planning have been pointed on different scales.
In a context of “ecological planning” there are different definitions about what is ecological. “Eco”
has been commercialized and we can't avoid seeing “eco” and “environmentally friendly” products
everywhere. In a business of urban planning “ecological plans” are also highly marketed. Terms
like “ecology”, “nature”, “sustainable development” and “eco-efficiency” are defined in the first part
of the program. “Sustainability” has many dimensions which makes the matter quite problematic.
Often it has been divided to ecological, economical and social sustainability which can many times
be even conflicting with each other. Besides, it’s a fact that in addition of all the research and work
considering sustainable urban structure, it will be needed a total change of lifestyle and consuming
habits if wanted to save the Earth planet. Those decisions depend on every individual.
The definition of “sustainable community” can have various versions each one as correct as other.
Sustainable urban structure can be divided to seven dimensions: urban planning, urban structure
as a part of natural environment, traffic, city space and architecture, the leading and supervision of
areal development, involvement and interaction, wellbeing and healthy. All these aspects are part
of the formation of an urban area. The entirety is a result of many phases of planning and decision
making and the effectiveness can be reached if as many as possible operators have the same
goals. [1]
Sustainable community can also
be seen as a goal of different
work
fields
that
we
call
approaches. For instance energy
economics, green house gas
emissions and material cycle are
considered on “technical” work
field whereas on “environmental”
work field biodiversity and water
circulation among others are
important matters. Other work
fields can be described as
“humane”
approach
which
includes work for better living
environment, “cultural” approach
that tends about the cultural
dimension, history and landscape
of the place, “administrative”
presenting
legislation
and
“economical” approach that works
for
economic
profit
and
sustainability. All the work fields
have their important role when
reaching for more sustainable
community.

Figure 1. The work field of sustainable planning.

2.2 Matter of designing on different scales
What are designer's chances to affect in this process? We think that architects and urban planners,
together with other authorities, have important role not only to design quality, but also sustainable
living environment. A designer can bring the fresh knowledge about possibilities of making more
ecological urban structure and quality environment to their customers and to desks of decisionmakers.
Sustainable planning has many dimensions also because of all the planning scales. The program
discloses planning tools on different levels. On a strategic national level, planning legislation and
the national targets of areal usage are guiding land use planning. The urban infill has been added
among them as one of the most important goals of land use. The practical work has to be done on
areal planning scale in municipalities. Complementary construction is one important way to infill
urban structure. It can also be a solution to improve quality of the areas that don't have needed
urban density to offer good services to their inhabitants. In city plan scale many of significant
planning decisions, which affect the quality of an area, are made. City space, as well as the quality
of architecture, creates the visual picture of the living environment. Traffic solutions and urban
structure impact on accessibility of services, safety and well being. Inside of a city block the
environment's quality factors have the most important role in life of an individual.
A private small house is still a target for more than half (57%) of Finnish people. The challenge of
architects is to develop new concepts of more efficient housing which still offers the same quality
factors than small house areas. The most important reasons for choosing private small houses are
tranquillity, own yard and closeness to nature. [2] Municipalities need to offer attractive choices for
inhabitants but at the same time the goals of urban infill are pushing the land use planning into
more efficient construction that does not necessarily support private housing. New solutions that
consider social megatrends as aging of population, decrease of family size, living looseness
growth and increased number of immigrants, are needed.

3. Sustainable planning tools
3.1

Eco-efficiency assessment

The second part of the program gathers together different evaluation methods and planning tools
for sustainable urban planning from the actual research. The goal is to develop simplified tools
based on the information got from research. Urban planning contains all the levels from the areal
scale land use planning to detailed architectural design. The aim of the project is to find useful
utilities to make sustainable solutions on all the scales as well as to understand the wholeness of
the multidimensional subject.
There are many calculatory methods for evaluating the eco-efficiency of an area. Eco-efficiency is
based on the relation of a product or an area and it's benefits and the use of materials, energy
consumption and harmful emissions caused by the product. The benefits can be for instance a
quality living environment or built square meters. The aim is to bring out the most important
indicators of eco-efficiency so that they can be considered in planning process and develop own
simple and practical eco-efficiency tool.
3.2

Urban structure analysis

On the areal planning scale urban form, traffic solutions, density and accessibility among others
are important aspects when estimating energy consumption and carbon emissions of an area. The
Finnish Environment Institute has developed a system for analysing urban structure of an area. By
the urban form, traffic solutions, density and accessibility an area can be divided into three different
zones that are: favourable public transportation zone, car-oriented zone and zone with good
preconditions for pedestrian and bicycle traffic. The analysis was targeted at the Uusimaa and ItäUusimaa regions and Riihimäki urban region, which corresponded to the commuting area of the

Helsinki Metropolitan Region, enlarged to the east and west. The zone division was carried out on
a statistical grid of 250 x 250 metres, utilised in the Finnish Monitoring System of Urban Form and
Spatial Structure (MUFSS). Results indicate that major differences in both the length of journeys
and mobility profiles are typical. Results of the project show that the zonal analysis method is well
suited to describing polycentricism in urban form and as a method for land use and transport
planning. [3]
This kind of urban structure analysis can be a base for the simplified everyday planning tool that
helps to research the urban structure of an area and find the development points in it.
3.3

Quality of the living environment

How well can the inhabitants reach their everyday services, recreational areas and favourite places?
The quality of an area forms from different aspects considering how well does the area fill up the
expectations of the inhabitants. Finnish legislation has named aims which ensure the quality of
urban planning. Those aims are for instance secure, healthy and pleasant living environment as
well as support of nature protection and economical use of natural resources. [4] University
researchers have also studied the experienced quality of places and quality factors. The SoftGISmethod has been used in many municipalities to find positive and negative experiences that are
related to a place. [5] The knowledge about how to transfer the information gotten from inhabitants,
locals and user to the plans is developing all the time. Because it is such a subjective matter,
finding criterions for quality is very challenging. The environmental program's aim is to gather a
question list that helps designer or land use operator to consider factors that create a quality living
environment.
3.4

New eco-efficient small house concepts

In a city block architectural quality, management of environment and landscape planning effect on
micro climate, runoff waters and attractiveness of a place. By different architectural solutions can
the eco-efficiency of a construction or block be boosted. In this planning level the most challenging
question is how can we answer to hopes and needs of Finnish customers in denser urban
structure? Is there a way to offer sustainable and more efficient, yet good quality small house
areas? New urban concepts that aim to combine the benefits of the private small house areas and
the efficiency of an urban area are the solution to these challenges. The final goal is to get these
new concepts to realization by convincing the customers and decisions-makers about their
functionality and attractiveness.
3.5

Combined impacts

In addition to studies about sustainability assessment on different planning levels we need tools for
understanding the combined impacts of diverse planning solutions. Because without planning tools
we don’t clearly see the best option, the roadmap is fuzzy. A solution can be eco-efficient in a more
detailed planning but on a larger picture, netto impact can be negative. In that case the diversity
has to be thoroughly understood, and objectives need prioritization. One part of the 'toolbox' will
discuss about combined impacts and prioritizing.
3.6

Demonstration of planning tools

The ecological planning tools will be demonstrated by using concrete examples. We aim at testing
and developing the toolbox with actual planning projects and existing sites. With this strategy, we
create a sustainable base for the pilot site’s land use planning and for the future projects as well.
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Summary
Buildings are considered to be the single largest opportunity to make significant emission cuts. In
order to analyse the cost-effectiveness of energy-efficiency improvements we run the preliminary
energy simulation for a building using standard design solutions. The iterative energy simulation
method gives use an optimal solution that is energy-efficient. At last we determine the basic cost,
cost-effect of the improvement and the cost of the optimal solution. The added construction cost of
1 %...2 % needed to improve the energy efficiency by 10 %, is a small amount thinking of the
whole life cycle of the building.
Keywords: energy efficiency, energy consumption, life cycle cost, energy simulation, increased
value, profitability

1. Introduction
Since energy used in buildings and required for the construction amounts to over 40 % of total
energy consumption and nearly to 40 % of greenhouse gas emissions, improving the built
environment plays a key role in mitigating climate change and creating a competitive and
sustainable society [1]. But what are the benefits for the building owner? How can sustainable and
energy efficient design and building be turned into business terms?
We claim that remarkable advantages and savings can be achieved during the life cycle of building
through the cooperation between the developer and the designers and through combining different
design methods such as structural design and planning of heating, plumbing and air-conditioning.
The achieved advantages cannot only be expressed in emission cuts, but also in financial terms.

2. Selected Criteria
The benefits of the sustainable design can be evaluated from different aspects. In the debit there
are always the development costs that have to be taken into consideration. The credit consists of
variable and partly immeasurable items, out of which for example reduced development risks,
increased space user demand, reduced resource use, higher revenues, improved operations,

reduced building ownership risk, public benefits, social benefits and increased investor demand
can be mentioned.
The methods that are commonly used in building sustainability rating such as LEED or Breeam
provide different criteria to assess sustainability and/or the environmental quality of a building.
Another approach to the evaluation is calculating the energy efficiency. No matter which
assessment method we choose, we can easily discover that the cost of the sustainability
improvement is not always the same, nor is the environmental impact similar or equivalent.
In Finland the sustainability assessment is strongly focused on energy efficiency. The reason for
that can be derived from the climate, water conditions and climate-related high energy
consumption. Another reason is that improved energy efficiency can definitely be expressed in
financial terms. Therefore we now focus on criteria through which the energy efficiency can be
improved through optimized design solutions. The solutions do not only remarkably cut the energy
consumption and the emissions, but they can also be considered cost-effective.

3. Case Study
3.1 Object Description and Basic Method
In our case study we focus on an apartment building with gross area 897 m2. The chosen target
level for energy efficiency is energy efficiency Class A, which means that the Building Energy
Performance Index is less than 100 W/m2.
As a first step we calculate the energy efficiency of the building according to the standard
requirements by the Finnish National Building Code D5, C3 [2]. As the calculating tool we use IDA
ICE dynamic simulation application (ICE = Indoor Climate and Energy).
As the next step we study the As Built –solution where some of the chosen solutions are more
energy-efficient compared to the standard solution.
As the third and final step we try to find the optimum solution altering constructions using a one by
one iterating method.

Fig. 1 Apartment building, gross area 897 m2, a visualization of the project

3.2 Cost-Benefit Analysis of Selected Criteria
In order to analyse the cost-effectiveness of energy-efficiency improvements we run the
preliminary energy simulation for a building using standard design solutions. We determine the
basic cost of a standard solution.
We then start an iteration process using different design solutions and determine the building cost
change in each case. Finally we determine the cost of the optimum solution. The iterating energy
simulation method gives us an optimal solution that is both energy-efficient and economic.
3.3 Total Energy Consumption and the Influence of Energy Efficiency Improvements on the
Energy Efficiency of a Building
The measured quantities in the energy-efficiency calculation are expressed in energy consumption
terms (kWh) and the energy consumption of the following items is measured: space heating,
supply air heating, domestic hot water, fans, pumps, lighting/facility, equipment/facility,
lighting/tenant, equipment/tenant.

Fig. 2 The pie charts show that heating energy (space, supply and hot water) represents the major
part of the building’s energy consumption. Hence any energy saving measures should mainly be
aimed towards reducing heating energy consumption. Space heating energy is best cut by
improving the thermal insulation performance of the envelope. The energy needed for supply air
heating can be reduced by maximizing the efficiency of the heat recovery. Hot water energy
savings can be achieved by choosing water saving fixtures and by paying attention to personal
consumption habits. Reducing energy losses from heating systems is also crucial for the overall
energy efficiency.

During the iteration following test steps were made:
Current building regulations
As built, normal system heat losses
As built, reduced system heat losses (80% of normal)
Improved heat recovery, t=85%
Improved windows, U=0.64 W/m2K
Improved air tightness n50=2.0 1/h
Improved air tightness n50=1.0 1/h
Improved air tightness n50=0.6 1/h
Improved external wall U=0.12 W/m2K
Reduced space and DHW heating system losses (80% of normal)
Combined solution, reduced system heat losses (80% of normal)
Combined solution, normal system heat losses
Reducing space and domestic hot water heating system losses significantly improves the energy
efficiency, especially in well-insulated buildings. In cases with larger heating energy demand the
effect of reducing heat losses remains smaller, since the heat losses partly contribute to the space
heating.
Due to residential buildings’ relatively small air rates, improving the heat recovery only results in
moderate reductions in the supply air heating energy consumption. However, since it doesn’t
involve additional construction costs, improving the heat recovery efficiency is often one of the
most cost-efficient means of improving overall energy efficiency.
Reducing uncontrolled air leakages has considerable impact on the heating energy consumption.
Hence improving the air tightness significantly improves energy efficiency.
Improving the thermal performance of the building envelope, such as external walls or windows,
also results in cut heating energy consumption. The relative effect depends on the shape of the
building and the glazed/opaque area ratio.

Fig. 3 Maximum heat supplied [W/m2]

Fig. 4 Total Energy Consumption and the influence of different energy efficiency improvements

Fig. 5 Space and supply air heating energy consumption

Fig. 6 Building Energy Performance Index BEPI

Fig. 7 Total energy consumption, optimal solution, reduced system heat losses (80% of normal)

3.4 Findings and Conclusions
3.4.1 Energy Efficiency Improvements
When designed according to 2010 building regulations, the analyzed building proved to have an
Building Energy Performance Index BEPI of 105.1 kWh/m2, putting it into energy efficiency class
B. The designed building had a BEPI of 93.1 kWh/m2 when designed with standard heating
system losses and 87.6 kWh/m2 when accounting for reduced system losses, enough for class A.
By applying further energy saving solutions, the BEPI could be dropped to 86.3 kWh/m2 (standard
heating system losses) and 80.4 kWh/m2 (reduced heating system losses).
During the test procedure we found that the energy efficiency of a building can be improved
through fairly simple choices. Most effective means of improving energy efficiency through building
solutions seems to be the air tightness and the second best the insulation performance of the
envelope. In this study no user-related considerations were made. Yet, improving consumption
habits especially as for domestic hot water and domestic equipment not only considerable energy
consumption cuts could be achieved, but also emissions cut and the ecological footprint and the
environmental impact smaller.
3.4.2 Impact of the Energy Efficiency Improvements on the Building Costs
Based on the information given by the building contractor the cost impact of the energy-efficiency
improvements is about EUR 15 /m2. The building cost of the standard solution was EUR 3100 /m2.
This means that the cost of the energy-efficiency improvements is about 1 %...2 % of basic
construction cost. The achieved energy-efficiency improvement is about 10 %, which gives us a
significant outcome. The additional construction cost of 1 %... 2 % needed to improve the energy
efficiency by 10 %, is a small amount thinking of the whole life cycle of the building.
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Summary
Buildings are one of the largest GHG-emission sources in European countries and any other
industrialized country. It is therefore, in the light of IPCC advice to reduce the GHG emissions in
industrialized country by more than 90 percent during the next 40 years, important to study how
different sources within the building sector contribute and which measures we can introduced to
reduce the emissions. In this study we presents the results of several years of developing and
introducing/implementing both methodology and a model to make consistent LCA-based
calculations of buildings carbon footprints, comparison of different buildings and analyse measures.
The aim of this work has been to a) develop a GHG-accounting tool for buildings, which take into
account both emissions from production of building materials, construction phase, operational
energy use and transport during the use phase, and b) develop both a tool and a methodology to
study cost efficient measures to reduce the emissions. The tool and methodology for GHGcalculations and considerations is together with a model for calculation of Life Cycle Costs (LCCWeb), in 2011 going to be implemented in all building projects lead by Statsbygg.
The wide use of the web-based freeware model klimagassregnskap.no gives a huge amount of
data to analyse. The model is for instant used by the participants in the two Norwegian government
supported R&D programs “Cities of the future” [1] and “FutureBuilt” [2].
Keywords:
footprint
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1. Introduction
Buildings are one of the largest GHG-emission sources in European countries and any other
industrialized country. All types of buildings contribute, both due to use of materials, construction,
demolition, energy use and transport. In the light of IPCC advice [3] to reduce the GHG emissions
in industrialized countries by more than 90 percent during the next 40 years, it is important to study
how different sources contribute and which measures we can introduced to reduce the emissions.
Limited research has been published on LCA-based GHG emissions of buildings, but some
attempts starts to appear in print. These studies show that embodied emissions in materials can be
a significant source, more than 25 percent, of GHG emissions in 25-60 years lifetime of buildings.
Some of these studies also indicate that transport of goods and people in the use phase often can

be a more important source then operational energy when the latter is lowered to low energy or
passive house standard.[4][5][6][7].
During the last 4 years The Directorate of Public Construction and Property, Norway (Statsbygg),
and Civitas Consultants has cooperated in developing a Green House Gas emission accounting
tool: www.klimagassregnskap.no. The tool has received a lot of attention, both from politicians and
from the construction industry, nationally and also internationally. The aim has been to a) develop
a GHG-accounting tool for buildings, which take into account both emissions from production of
building materials, construction phase, operational energy use and transport during the use phase,
and b) develop both a tool and a methodology to study cost efficient measures to reduce the
emissions. The tool and methodology for GHG-calculations and considerations is together with a
model for calculation of Life Cycle Costs (LCC-Web), in 2011 going to be implemented in all
building projects lead by Statsbygg.
The tool is a web-based freeware: www.klimagassregnskap.no. The methodology and model
version 1 was presented at SB08, Melburne.[7] The model follows the principles of LCAmethodology, but it only includes green house gasses. Since 2008 the tool has been further
developed, version 2 and 3, and used to GHG-calculate more building project. Version 3 includes
an “early stage material module” and time dependent emission factors (functions) for electricity and
vehicles, busses, trains and a more userfriendly layout. The work is still in progress and new
modules are under development; “change in land use” and “demolition and waste treatment”.
Possible variables, e.g. emission factors, are taken care of in the model, but project specific data
the user has to provide and enrich the model. The model makes it easy to do consistent
calculations of several projects, and when the numbers of calculated buildings is enough to do
statistics, this gives us the opportunity to do “GHG-benchmarking”.
1.1

Klimagassregnskap.no is in use in wide range of projects and stake holders in Norway

There are now more then 200 hundred user accounts; entrepreneurs, building owners/developers,
municipalities, researchers and students. Klimagassregnskap.no is used as the main tool in the
two Norwegian research and development (R&D) programs “Cities of the future” and “FutureBuilt”.
Cities of the future is a collaboration of the Norwegian government and the thirteen most populated
Norwegian cities (www.regjeringen.no). FutureBuilt [8] is a collaboration consisting of nine partners;
The municipal authorities of Oslo and Drammen, the Norwegian State Housing Bank, Enova and
Transnova (to government institutions to implement energy and emission efficient technology in
power production, buildings and transport), Green Building Alliance, the Ministry of the
Environment, National Office of Building Technology and Administration and the National
Association of Norwegian Architects.
Klimagassregnskap.no has been used in phase II of the architect competition for the new
Norwegian national museum. All six suggested project were calculated and the results evaluated
by the jury.
The model users give us as developer valuable response to do further improvements and they
provide results from a wide variety of building projects, e.g. office buildings, schools, universities,
kindergarten, residential buildings, cultural heritage buildings. The tool and web-site gives us the
opportunity to communicate with different project owners and most important, study differences
and similarities in GHG emissions dependent on the different choices of materials, locations,
mobility plans, level of energy efficiency and use of buildings. One of the strength of this work is
the tight contact with the private building sector, construction industry and stakeholders. In this
study we present results from use of klimagassregnskap.no and give new insight in key factors of
GHG emissions from buildings.

2. What are the key factors to explain buildings carbon footprint?
The most important emission sources or categories from buildings are construction, materials,
operational energy, transportation, demolition/waste treatment. The results gives indications of

which of these categories that are the most important one due to changes in different and variables.
Details from the calculations of these main emission sources, gives more information of which
building elements and materials, transportation modes, energy sources and type waste treatment
contribute most.
In this study we have looked into different possible factors to explain differences in GHG emissions:
Characteristics of the land area – construction site
Location of building - city center or rural area, in connection with public transport systems,
road systems, parking posebilities
Type of function in the building – residential, office, school and so on
Design and construction principles – bearings, number of floors, number of rooms, cellar or
not, number of floors under ground,
Choice of materials in the different elements of the building
Optimal calculation of the volume of materials
Choice of producers
Operational energy efficiency level – passive house, low energy house, energy producing
house
Energy concepts and sources for heating and cooling
To explore this more or less “unplough farmland” we have looked in case studies and analysed
more than 30 building projects, including pilots in Future Built and from the architect competition for
the new Norwegian national museum.
2.1 Pilot projects in FutureBuilt – our case studies
The accounting tool has the last tree years been used in several FutureBuilt-program. The goal of
the program is that each pilot building, shall achieve a fifty percent reduction of lifetime GHGemissions connected to material use (embodied), operational energy and transport in the use
phase. The context and design of the projects/buildings are presented in Rusten et al., 2011
(SB11).
In our study we have compared the GHG-calculations in more detail the to identify possible key
factors which can explain differences and similarities in the buildings GHG-emissions. Are there
special characteristics describing the buildings that have achieved the fifty percent reductions?
Some of the pilot buildings are:
1.
2.
3.
4.
5.
6.

Marienlyst school, municipality of Drammen. Norway's first school with passive house
standard. Completed August 2010.
Fjell kindergarden, Drammen. Massive wood construction and passive house standard.
Completed August 2010.
Bellona office building, municipality of Oslo. New office building, completed October 2010.
Meteorological Institute, Oslo. New building with data-hall, lunch café and meeting rooms.
Completed February 2011.
Papirbredden office and university building, Drammen, under construction.
Tollbugata housing project, Drammen, design phase

The following projects will also be included in the study as the GHG-calculations are done:
7. Østensjøveien 27 office building, design phase
8. Gran school, Oslo, design phase
9. Veitvet school, Oslo, design phase
10. Bjørnsletta school, Oslo, design phase
11. The Munch Museum, Oslo, design phase
12. The Deichmann library, Oslo, design phase
13. The OSU-building, office building, design phase
2.2

Other case projects

14. – 16. Cities of the Future – 3 pilot projects

17. – 22. Six suggested project in phase II of the architect competition for the new Norwegian
national museum.
23. – 24. Two kindergartens and residential buildings in Bærum municipality and
25. - 30. Colleges, Universities and offices built by The Directorate of Public Construction and
Property, Norway.
More detailed description of these projects will be given in the full article

3. Results
Here some examples of presentation of the results from the pilot projects. These illustrations will
be translated, further elaborated and discussed in the full text article to be submitted in june.

Fig. 1: Main emission sources - Shares: Materials = 48%, Transportation = 17 %, Construction
phase = 1 %, Operational energy 35 %. The numbers in brackets are kg CO2-eqv./m2/year during
60 years life time.

Fig. 2: Emission from transportation - Shares: Transportation of goods = 30%, Private car
transportation of people = 50 %, Bus transportation of people = 17 %, Train/Tram transportation of
people = 4 %. The numbers in brackets are kg CO2-eqv./m2/year during 60 years life time.

Fig. 3: Emission from building materials - Shares: Basic materials = 17 %, Bearings = 1 %,
Foundation = 14 %, External envelope (walls, doors, windows) = 12 %, Internal walls = 29 %,
Beam and collums = 19 %, Roof = 5 %, Stears and balconies = 2 %. The numbers in brackets are
kg CO2-eqv./m2/year during 60 years life time

As a part of a jury work we evaluated and compared six suggested projects for new Norwegian
National Museum, only GHG emissions due to materials, results in fig 4. Proposal “164 forum artis”
was the winner in spite of one of the highest CO2-emissions from materials. In the concluding
remarks of the jury it was stated the project had great opportunity to improve its GHG-performace
without changing the character of the building.

Fig. 4: Results as kg CO2-eqv./m2/year during 60 years life time. Materials explanations from the
bottum: Basic materials; Bearings; Foundation; External walls, doors, windows; Internal walls;
Beams and collums; External Roof; Stears and balconies.

4. Discussion and Conclusions
The use of the tool klimagassregnskap.no has given new information and insight in the GHG
emissions associated with buildings.
The tool klimagassregnskap.no improves the possibilities to:
1.
make consistent calculations of GHG emissions from buildings
2.
explore the shares of the main sources of GHG emissions from buildings.
3.
explore the reasons for emissions from different sources of GHG emissions from buildings,
4.
explore measures to reduce the emissions.
5.
benchmarking building projects
6.
include GHG-calculations in a consistent way in building labelling system, e.g. Norwegian
implementation of BREEAM
The results indicate that embodied emissions in materials and emissions due to transportation in
the operational phase in the future will have a greater share of the buildings lifetime GHGemissions. This is due to years with the emphasis on energy efficiency and transformation to
passive/active energy buildings, and cleaner electricity production. Therefore it is necessary to now
move focus to the low carbon materials, city centre locations and/or in tight connection to public
transportsystems or the opportunity to move around without use of fossil fuels and GHG-emissions.
The last 2-3 years the model is used in a wide range of Norwegian building projects and studies.
Evaluation of six competing projects for new National museum in Norway and several building
projects in the national and regional development programs “FutureBuilt” and “Cities of the future”
2 (Ministry of Environment).

As an average the projects have reduced the total GHG-emissions by 40-50 percent due to
alternative choices in the early stage planning process and engineering, compeered to standard
choices of materials, energy use, etc., reference buildings. Emissions from energy use is reduced
with app. 50 percent due to energy efficency and substitution, embodied emissions of materials is
reduced by 30-50 percent due to substitution and optimizing of design and emissions from
transport during use phase is reduced by 70 percent due to locations in city centre and near by
public transport possibilities, few parking lots at the buildings, mobility management, etc.
Other findings are how GHG-emissions vary both between different locations, the functional use of
the building, the size and geometry, choice of building materials and the energy use and supply. In
optimized projects the total GHG-emissions vary from 30 to 50 kg CO2-eq/m2*year (60 years
lifetime). In the references the emissions vary between 60 and 80 kg CO2-eq/m2*year.
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Summary
The Program of sustainable constructions incentive for Espírito Santo State-Brazil was developed
by SINDICON - Civil Construction Industry Trade Union of the Espirito Santo State, technically
supported by this author and represents the results combined of an urban advanced development
vision and the commitment of the skillful founders and members to a sustainable future, leading
the work based on its mission, taking up their political position.
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1. Introduction
The sector of civil construction is known as one of the most responsable for the environmental
impacts in Brazil and worldwide. Starting with the great amount of natural resources used in all of
its production processes, the project design concerns only aesthetics, the bad material choices
and environmental comfort concepts disregarded, ending in a large volume of waste resulting from
handmade construction techniques by unskilled labor [1].
In Brazil, Espírito Santo state, as in all developing communities, a long path must be followed to
reduce social and economic differences. Thus requiring a broader analysis of cost-benefit of
development of high environmental price. This makes its own initiatives and methods be developed
with criteria that pass through cultural assessment of communities and economic sustainability of it.
Evaluate buildings within these principles is a very complex task.
1.1

Objectives

The goal of the program is to identify design solutions and appropriate construction techniques,
which can reduce in short, medium and long term environmental impacts caused by urban
development and construction. These solutions should have potential of repetition and make
business sense, cannot be so exclusive, should serve as a model and should not entail extra costs
which are not justified. It should also stimulate the construction process reengineering across all
phases of the building lifecycle, allowing a reduction in water consumption, energy efficiency,
reducing waste and saving land for landfills, maintenance of local jobs and culture preservation,
always respecting the economic limits of enterprises. This goal extends the scope of the work to
broader visions such as transportation and the regional economy which should also have its effects
considered at the range of environmental dimension, social and economic factors.

2. The program
The program consists of several projects implemented in stages strategically planned to encourage
the support of all the macro sector of civil construction, safely and consciously.
The premise of the work is that there are principles and strategies to guide sustainable building
decision making. Principles are agreed approaches, such as saving potable water whenever
possible and reducing waste generation. Strategies are methods of meeting the intention of the
principle, such as recycling water or high performance energy design. The work goes into 4
categories of environmental effect, i.e. effects on Biotic environment, effects on anthropic
environment, effects on cultural environment and the physical environment. Many of the
sustainable design strategies relate to more than one environmental topic. Subsequently, linkages
are provided between topics. Some of the greatest design and ecological benefits occur when
strategies combine with others to address and integrate multiple concerns (such as the relationship
between environmental impacts, human experience, economics, and design aesthetics).
2.1

ECO award for sustainable construction

Criteria used: The goals and targets are compatible with the initial phase of the program
implementation and the strategies should be chosen so as to make the implementation by local
companies feasible, so as to achieve the objectives, guiding the project principles and becaming
tools to design and build sustainable building without significant additional cost, in accordance with
attractive pay back periods if performance goals are established early in the process, and if smart
choices are made. How the project makes those choices is what counts for the final result.
Principles: Actions for fauna preservation, for flora care and maintenance of ecosystems, will
represent the biota, as well as the physical environment will be protected by the reduction of the
malefic impacts on soil, water, air and atmosphere.
New habits must be incorporated, causing the breakdown
of waste era in civil construction and appreciation of products and regional cultures. Investments in training and
capacitation for all involved in the lifecycle of the project
will interfere in cultural means, bringing gains for the anthropic means represented here by the final product and
throughout society (Fig 1).

Figure 1: Complete diagram of the
evaluation and awards program
To appreciate any initiative, the program evaluates based on proportionality, ie, how much the
strategy adopted impact beneficially on the overall context of the building.Each strategy will have a
spreadsheet which contains its goals, objectives, connection with the principles, summary table of
environmental gains and other qualitatives that compose the scoring system for the practices
adopted.
From the first results indicators should be generated to help monitoring the program, and thus elect
to review goals, determine prerequisites and other optionals that can align the building with a
minimum level of accordance.
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Summary
The research development directions, as defined by international and national bodies and
institutions, take into analysis the complexity of the current situation and are oriented towards clear
goals such as: energy savings and usage of green energies, use of eco-materials, and the
incorporation of innovative technologies and systems. These elements are added up, according to
sustanability principles, with other elements resulting from interdisciplinary research such as:
matters related to community life, integration in the city’s structure and in the territory, and the
relation with the natural environment.
The work for the design and implementation of a multicriteria analysis system specific fto
Romanian types of buildings and conditions, has begun in a national grant. The current paper
presents the implementation stage of this system in Romania, and the preliminary results.
Keywords: multicriteria analysis, sustainable buildings, interdisciplinary research

1. Introduction
Sustainable development principles require the application of a strategy that promotes energy
efficiency and rational use of natural resources at national level. Since the construction sector is
one of the most important energy consumers, implementation of measures aimed at reducing
consumption at this level plays a primary role.
For the comparative multicriteria analysis of the residential dwellings or sustainable buildings, it is
necessary to follow certain required steps. These steps must include technical studies on the
performance of sub-systems of buildings or residential dwellings. Research programs aiming to
develop evaluation frameworks based on the performance concept were developed and are
currently underway in most developed countries since early 70s
For this complex multicriteria analysis, several assesment methods are known worlwide, of which
best known are BREEAM, LEED, CASBEE, HK-BEAM etc... . Thus, most criteria existing at this
time worlwide were analyzed and the reached conclusions were arranged in the form of positive
and negative aspects for each type of multi-criteria analysis.
The following positive aspects were indentified in most types of the studied multicriteria analysis:
- the existence of criteria that take into account the relationship between the built environment and
the natural environment;
- analysis of construction life cycle stages;
- encouraging the use of renewable resources, green energy and organic materials;

- integration of various elements to achieve an assembly that is coherent and appropriate to the
needs, capable of ensuring sustainable development;
- highlighting the strategies and local priorities; by their application for the various stages of
planning/ designing;
- evidence of evaluation criteria organized on various factors;
- granting certificates and providing a "code"/ an application guide.
In the category of negative aspects, the following were identified:
- not enough attention for elements concerning the human factor, i.e - the relationship with the
community, information, education, strategies, the specific local priorities are not emphasized;
- for some of the analysis, the categories set out to assess, overlap or do not appear sufficiently
clear;
- not enough consideration for the life cycle of construction;
- not enough connection between the stages of planning- design;
- elements such as resources or environmental aspects (material, relationship with the natural
environment) are not clearly highlited.
During this process, key concepts on quality and performance are outlined and clarified, and
methodologies are being structured. It is a very important globally visible effort to reconsider
essential elements of the built environment. Although various approaches and proposals converge
towards the same goal, they are not yet harmonized and unified under a methodology that is
universally valid.
The necessity and the oportunity of an urgent implementation in Romania of these types of
multicriteria investigation programs, is imposed by the existence of an non-performing housing
stock. In addition, there are finding that nowadays non-performing buildings are built at high prices,
despite the use of high quality materials and technologies. Specialists in the field of building
rehabilitation are completely responsible for educating people and authorities for a multicriterial
vision regarding the efficiency of thermal rehabilitation work on existing buildings or residential
dwellings, as well as in the design of new buildings.

2. Documentation on worwilde existing examples
Research on the existing situation conducted at worldwide level, indentified several representative
examples regarding sustainable buildings/cities: Vancouver the Greenest city in 2010, Bed-ZED –
Beddington Zero Energy Development, Angel Town- Brixton-London Gish apartments, urban
"bandages", to name a few... . Bandages or not, horizontal or vertical gardens, green buildings and
utopian neighborhoods, solutions for the thermal rehabilitation of buildings exist and are varied, but
their implementation depends on several factors.

Fig. 1 : Vancouver the Greenest city in 2010
(http://vancouver.ca/greenestcity/)

Fig. 2: Bed-ZED
(http://inhabitat.com/bedzed-beddingtonzero-energy-development-london/)

First, there must be a will and an appropriate organisational structure whether it comes from the

authorities or local citizens. The one starting the action has also the rehabilitation vision that will be
environmental or not, that will be integrated or sustainable. This view, however, does not deviate
from an overall picture that the local administration has on the whole city. For example,
neighborhoods such as Bed ZED do not appear random, London walks on the footsteps of
Vancouver’s ecological purposes, departing from the image of a very polluted industrialized city on
which a permanent smog floats, the famous London smog
Another factor is money, respectively economic organization. In a strong capitalist society the
investor, environmentalist or not, must gain profit in order to be interested in a business. In this
respect, property investors have quickly understood that they can win significant money, and so
succeed in carrying out plans, in association with organizations more or less non-profit or
environmental.
The Legislative Office provides a number of tax exemptions if people use renewable energy and
building ecosystems. In turn, the associations of professionals in the field put the concept at hand
with a set of criteria and regulations to which the investment will be subject in order to be able to
go beyond an ordinary construction that is indifferent to environment. In addition, organic materials
having a long life, emissions free, biodegradable, with a manufacturing process “friendly” to the
surrounding environment, constitute another necessary chapter which must be at hand.
Beyond all this, but actually in the midst of all things is the man, who is the beneficiary of
everyone's efforts. If the real problems of the beneficiary are not understood and if generic rule
sets are implemented, the thermal rehabilitation will not provide what he nedeed. Therefore,
working with people on rehabilitation projects is paramount important and extremely difficult. For
instance, a studied case in these sense is the London neighbourhood called Angel Town.
Designers were not very excited, telling that there were endless discussions with the people that
started the project, fact that made the design process longer and more difficult. But in the end the
result was perfect for its beneficiaries, resolving their social problems and transforming their lives.
The transformation implied a process of social education of the inhabitants, especially in making
them environmentally sensitive.
Perfectly green neighborhoods that are still at experimental level will not be entirely viable because
it sacrifices many of the comfort values of the contemporary society. Therefore a middle path
needs too be taken. In order to obtaind a good final result, priorities must be set according to local
community needs, and the general needs of the city. For example, a working-class neghborhood
located in a highly polluted area will focus on enviromental values in front of people-s confort, but a
neighborhood located in suburbs, closed to the natural environment will focus on transport and
traffic routes, as well as on reducing as much as possible the gas emissions from motor vehicles
either by seting a well-developed urban transport, or by encouraging the use of motor vehicles
based on electric or solar energy.
Aditionally, integrated solutions of building rehabilitation should be customized for each case type,
and established together with local authorities and residents. But all these theories are best
validated after being put into practice and are shaped based on reality.

3. National methodology
3.1

Actual situation

A national project called SIR-(i.e. ”Integrated system solutions for the rehabilitation of buildings /
residential districts”), began the work for the elaboration and implementation of a multicriteria
analysis specific to the types of buildings and conditions from Romania. The proposed research is
conducted under a partnership between higher education and research institutions that promote
innovate solutions in terms of new technologies and a new approach to rehabilitation of buildings,
in the spirit of sustainable development principles integrating critic views of civil society and local
authorities. The main idea of the project is to define integrated systems that may solve in a correct
maner the complexity of the rehabilitation problems of collective housing in Romania.

In the first stage of developing the
methodology
the
efforts
were
directed
towards
building
an
evaluation/design system to properly
integrate all these elements.
This process outlines and clarifies
key concepts regarding quality and
performance, and structures the
methodologies. It is a very important
effort, globally visible, to reconsider
elements of the built environment.

Fig. 3 SIR- ”Integrated system solutions for the
rehabilitation of buildings / residential districts”
A thorough analysis was undertaken based on various criteria: selecting sources of information,
data processing and conclusions presented by the team have been useful in defining a set of
criteria appropiate to SIR research.
First, a review of the performance assessment regulations of buildings and urban ensembles was
conducted, supplemented by a list of the most current of developments in the field, contained in
European and International projects. The current Romanian performance criteria and levels
regarding energy efficiency and indoor environment quality complete the theoretical basis.
Experiences obtained from various studies, projects and applications regarding relevant issues for
the development of the methodology were also addressed. The documentation was gathered in
various ways, from studying the available bibliography to examining a large number of internet
websites, conferences participations and site visits.
Thus, there was a review of some of the models of integrated design, which we considered to be
relevant for constructing a useful model to be aplied to our local realities. Then, a list of criteria that
were considered to be necessary to build a proper methodology for the multicriteria analysis was
drafted.
An important step of the first stage was to establish a model for assessing the performance of
several variants, by developing a software program. The presented and developed programs for
both residential buildings/ complexes and commercial buildings, are to be developed in the
following phases based on received data. The software program will follow the algorithm given by
types requirements divided into chapters, and by following the criteria of scoring for each criteria.
An important part was given to national and international legislation in order to define a scoring
method which will refer to both Romanian and European standards.
Multicriteria analysis and evaluation programs developed by „SIR” are user friendly and require
minimal knowledge of computer operation. The documented algorithms of the software programs
will be updated in line with the final development of the methodology.
For the second part, the research has been focused on applying the concept of total (overall)
performance in the assessment of a building or a city, addressing the following issues:
- the concept of total (global) performance;
- overall performance assessment model based on certificates issued for each performance
requirement;
- overall performance assessment model based on quality function;
- total performance assessment model of an urban ensemble.

Information was provided regarding thermal rehabilitation of residential buildings, thermal
rehabilitation programs and objectives, legislation on thermal rehabilitation, and information
concerning all constructive elements of a house, modern heating systems like heat pumps and
unconventional energy of the sun.
Based on the documentation prepared at this point, further research was made possible in the next
stage in which the developed model will be used to diagnose problems of a real case study, for
which integrated solutions of optimisation will be proposed.
3.2

Future stages of the study

The aim of the proposed research consisted in indentifying and solving complex rehabilitation
problems of residential dwellings assemblies in order to improve living comfort, reduce energy
consumption and pollutant emissions, increase safety in buildings operation and propose
integrated performant solutions in a partnership with specialists from various fields.
Premises for the continuity of further studies were built, with respect to the following directions:
- more accurate definition of the set of criteria, refinement on specific and local elements will
be made after applying the methodology- the matrix of multicriteria analysis on various
case studies;
- the interesting an useful feedbacks will be used to optimise the analysis-diagnosis method.
- starting from this, the assessment ( or even regulation) method will be defined;
- an integrating intervention method for rehabilitation of assemblies, blocks of flats and
residential units, will be structured;
- it will also be possible to select a model appropiate for a case study for the 3rd phase of the
project.
The next steps in the elaboration of the software program for the multicriteria analysis, will be the
following:
- finalization of the algorithm or algorithms of assessment and evaluation of buildings and
housing assemblies;
- generation of libraries that contain requirements and criteria for assessing individual
performance requirements;
- completion of programs in accordance to the final form of the methodology;
- testing the software program, on diverse structures of buildings and living assemblies;
- correction and realization of the program in the final form, after receiving comments and
suggestions in the testing phase;
- generation of a database for evaluation of buildings and housing assemblies performance.
For the next steps several scheme variants with various indicators for the multicriteria analysis
have already been proposed. One of the variants is the one proposed by some of the members of
the research staff led by Ms. Prof.Dr.Arch. Cristina Ochinciuc from ”Ion Mincu” University of
Architecture and Urbanism from Bucharest. This variant is divided into six evaluation chapters of
indicators with between 2-9 sub-indicators, and from 4 to 9 sub-sub-indicators. For each indicator
the maximum score awarded are presented. He total amount of scores that a building can obtain
are 100 points. For new buildings the scoring will be made in the intial design phase, in the real
design phase and in the exploitation phase of the building. For existing buildings that need to be
thermal rehabilitated, the scoring will be made in the actual situation of the building, a scoring for
the rehabilitation project of the building and the last scoring in the exploitation phase of the building.
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Fig. 4 SIR Indicators Scheme
Another idea for the future stages is to establish a model certificate that will be provided after
scoring the building, depending on the maximum score obtained. Currently there are discussions
regarding the step for which the building will get a certificate.

4. Conclusions
The holistic approach and addressing the right problems, defining them fully and deeply, selecting
rich relevant information, choosing the best examples, and preconfiguring the most effective
integrated solutions constitute serious enhancements that could be included in the development
methodology.

The further study premises were based on the following aspects:
- first, a more accurate definition of the building rehabilitation criteria- the local refinement of
specific elements and priorities, and the application of the methodologyon case studies will
be addressed;
- then, the feedback generated from the findigs will be used to further optimize the analysisdiagnosis method, which in turn will redefine the assessment modality;
- Finally, an integrated rehabilitation intervetion methodology for assemblies, blocks and
residential units will be structured.
To conclude, the project is likely to succeed because:
- the proposed research objectives coincide with the global development strategies;
- the starting point will be based on the latest data available on high-performance materials
and technologies;
- an interdisciplinary approach will be followed in order to complete a diagnostic analysis and
to design integrated solutions based on the sustainable development principles;
- the diagnosis is supplemented by a specific intervention methodology that encompasses
specific solutions and elements of strategy, implementation and development; - it ensures the desired interdisciplinary team approach at a high level of competence;
- the project management is effective.
The case studies that will make will lead to the completion and improvement of the multicriteria
analysis methodology. This methodology will be promoted as an "Implementation Guide" and will
be presented to the beneficiaries of the rehabilitation work and to decision-makers (local
government, ministries, and politicians).
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Summary
The   municipality   of   Trondheim,   choosed  four   intentional   cross   disciplinary   teams   to   participate   in  
the  development  of  a  climate  neutral  settlement  at  Brøset,  Trondheim.  Brøset  is  a  35  hectare  area  
located  4  km  from  downtown  Trondheim,  and  there  is  planned  to  develop  1200  dwellings.  Carbon  
Neutral  was  defined  with  regard  to  the  development,  as  a  cap  on  total  carbon  emissions  of  3  tons  
per  capita.  This  means  a  factor  4  from  the  current  Norwegian  per  capita  average.
Already  from  the  early  start  of  the  project  it  was  clear  the  actual  buildings  would  only  contribute  a  
minor   part   of   the   total   carbon   emissions   from   the   inhabitants   at   Brøset,   thus   the   activities   of   the  
inhabitants  of  Brøset  would  be  crucial  in  reaching  the  goal  of  3  tons  per  capita.  It  is  also  clear  the  
four  teams  that  are  planning  Brøset  only  can  influence  a  part  of  these  reductions,  and  the  whole  
society  must  change  is  Brøset  should  reach  its  ambitious  goal.  But  the  project  should  facilitate  and  
make  such  change  possible.
But  how  to  measure  the  impact  of  the  different  plans  put  forward  by  the  selected  teams  are  making  
on  the  future  reduction  of  greenhouse  gas  emissions?  
This   paper   shows   a   mixed   quantitative/qualitative   tool,   based   on   hybrid   I/O-LCA   approach   that  
enables  us  to  evaluate  the  team’s  proposal  with  respect  to  reductions  of  greenhouse  gas  emission  
on  a  per  capita  basis  from  the  current  baseline  of  11  tons  per  capita.  Further  we  describe  the  use  
of   the   tool   during   the   parallel   commissioning,   the   feedback   from   the   municipality   and   the   teams  
during  and  after  the  parallel  commissioning.
.
Keywords:  sustainable  building,  city  planning,  parallel  commissioning.  

6. Introduction
In the planning process for the development of the new climate neutral settlement at Brøset,
Trondheim, it became very early clear that the buildings would only be a part of the solution and
that a reduction of CO2 should be addressed more holistically if the goal of 3 tons of CO2eq per
capita should be reached.
The reason for this is that the most of the current studies focus their effort on the direct use of energy in buildings, as well as the energy and direct emissions connected to delivering transport services or drive personal vehicles [1, 2]. Some also include materials for construction and operation
of dwellings [3]. Others use a production based approach to emissions accounting (as opposed to
the consumption based approach used in this study) to arrive at emissions estimates at a city level
[4]. Since industry is usually located outside the cities, such studies tend to find cities to be cleaner

on a per capita basis. Consumption based studies, on the other hand, tend to find city households
more emissions intensive than their rural or suburban counterparts [5].
Few studies include the total emissions embodied in all the services and goods that the inhabitants
of the city cause through their consumption. Gray et. al. [6] discuss this issue, and point out that
while some types of emissions may go down in denser populated areas (such as fuel use), other
types of consumption often more than offset these reductions. Income level is generally the most
important driver for household embodied emissions, as indicated in other studies [7-9]. However,
some of the studies reveal quite large variation in individual household carbon footprint at similar
expenditure levels [9, 10], indicating there is clearly a potential for structural improvement in consumption. Some studies focusing on city form and city planning have included a broader view; this
includes the work by Holden [11, 12] and Høyer [13], where the effect of housing characteristics on
household consumption was examined in surveys. The focus is still leaning towards transport and
energy, potentially missing a large part of household consumption, but indicating more air travel
among people in densely populated areas. The trends found in these studies seem to be partially
confirmed by an Austrian study [9, 14] where households that voluntarily live in a car free settlement in Vienna spend more of their income on (amongst other things) air travel, partially offsetting
the  gain  from  reduced  emission  from  car  use.  These  effects  are  often  termed  “rebound  effects”  [15].
There was therefore a need for a tool that could aid both the design teams at their assessors in
evaluating the contribution of their suggestion in making the project sustainable. This paper describes the tool itself, as well as results obtained from it. We then describe some of the suggestions the teams came up with to reduce emissions, and how the tool can be used to evaluate their
effect or indicate their overall importance as measures to reduce the total carbon footprint. Finally
we present the feedbacks given by the architects on the use of this holistic and quantitative approach in the planning process.

. Emissions  caused  by  consumption  in  Norwegian  households

The   purpose   of   the   tool   is   to   help   the   teams   to   quantify   the   total   household   global   warming  
impacts,  including  all  the  indirect  emissions.
The  reason  was  to  help  the  planners  to  come  up  with  new  concepts  for  planning  the  city  that  could  
(through   reasonable   assumptions)   lead   to   a   reduction   in   emissions,   not   only   from   energy   use   in  
buildings,   but   also   materials,   transport,   consumption   of   holiday   travels,   food   and   other   types   of  
equipment.   As   an   additional   challenge   the   teams   were   forced   to   spend   the   average   household  
budget  in  full,  i.e.  they  could  not  just  adjust  down  the  volume  of  consumption  but  had  to  adjust  the  
structure  of  the  consumption  and  how  different  types  of  products  and  services  are  delivered.  
By   using   an   environmentally   extended   input-output   model   (EE-EIO)   [16-19]   we   estimated   the  
carbon  footprint  for  the  Norwegian  household  households.  In  short,  the  model  crosslinks  all  sectors  
in   an   economy,   with   respect   to   all   economic   activities   between   the   different   sectors.   The   model  
also  includes  emissions  from  the  various  sectors.  Once  built  it  provides  an  extremely  efficient  way  
of   calculating   embodied   (indirect)   emissions   from   an   arbitrary   final   demand   (expressed   in   EUR).  
The   underlying   input-output   model   used   in   this   study   is   based   on   Norway   2007   for   domestic  
production  and  Germany  2006  as  a  proxy  for  the  average  of  import.  Consumption  of  fixed  capital  is  
baked  into  the  model.
In   order   to   make   the   model   work   at   a   household   consumption,   it   is   necessary   to   link   the   typical  
household   to   the   various   sectors,   as   well   as   technical   adjustments,   i.e.adjusting   for   tax   levels,  
trade-   and   transport   margins   and   price   fluctuations.   The   core   input-output   model   is   expressed   in  
basic  prices  and  the  sectorial  aggregation  codes  of  NACE.  More  relevant  to  consumer  purchases  
is  the  classification  scheme  used  in  the  consumer  expenditure  surveys  (SCE),  COICOP.  A  linking  
between  NACE  and  CIOCOP  was  hence  established.  The  matching  matrix,  together  with  the  tax-  
and  margins  adjustment,  was  tuned  so  that  the  total  household  expenditure  of  Norway  covered  in  
SCE   matches   the   total   household   consumption   in   the   national   accounts.   Trade   and   transport  

margins   were   distributed   on   trade   and   transport   sectors   according   to   the   average   structure   of  
household  consumption  within  these  sectors.  
As   mentioned   in   the   introduction,  
other   studies   have   constructed  
similar   models   to   calculate   total  
carbon   footprints   for   households.  
The   input-output   approach   is  
probably  the  most  used  approach  
for   calculation   of   household  
carbon  footprints  at  the  aggregate  
level,  due  to  its  completeness  and  
consistency   with   national   account  
data.   Related   methods   such   as  
process-based  
life  
cycle  
assessment  
(LCA)  
have  
advantages   when   it   comes   to  
detailed   assessment   of   various  
consumption   items,   but   lack   the  
completeness   and   consistency  
obtained  in  the  IO-models.
The   resulting   carbon   footprint   for  
Norwegian   households   is   shown  
in   Fig   1.   The   total   footprint   is  
around   23.7   tonnes   CO2-eq.   per  
household  per   year,   translating  to  
about  10.7  tonnes  per  capita.  The  
figure   shows   which   COICOP  
consumption   categories   that  
contribute   to  the  footprint,   as   well  
as   a   rough   indication   of   in   which  
sectors   the   emissions   occur,   in  
addition  to  direct  emissions  in  the  
household   itself.   Imports   have  
been   aggregated   into   one   single  
category.   We   see   that   the   main  
drivers  
of  
emissions  
are  
connected   to   providing   food   and  
clothes,   constructing,   heating  and  
maintaining   the   houses,   as   well  
as   transportation   (incl.   purchase  
of   vehicles).   Other   services   have  
a  relatively  low  contribution  to  the  
total   footprint.   In   addition   there   is  
Fig.   1   The   annual   carbon   footprint   of   an   average   a   category   of   consumption   that   is  
Norwegian  household
not   covered   by   the   SCE.   This  
represents   the   balance   between  
the  SCE  and  the  household  final  demand  in  the  national  accounts.  The  reason  for  this  discrepancy  
is  manifold  but  boils  down  to  systematic  underreporting  of  certain  types  of  consumption  (Statistics  
Norway,  personal  communication).

. Results

The  tool  was  an  excel  spread  sheet  that  was  made  available  to  the  planners  and  the  design  team,  
and   thus   provided   them   with   a   way   of   quantifying   their   designs,   by   scaling   the   different  
consumption  volumes  for  each  category.  That  is,  for  example,  if  they  introduce  a  new  technology  

that  they  believe  will  reduce  emissions,  they  then  have  to  adjust  both  the  amount  of  money  spent  
in  this  category  as  well  as  the  emission  intensity  per  monetary  unit.  They  should  also  explain  and  
document   (if   possible)   their   reasoning   and   technology.   Also   the   tool   kept   a   balance   of   the   total  
expenditures   of   all   their   changes,   and   forced   the   teams   to   keep   their   budget.   All   teams   found   it  
difficult   to   spend   all   the   money,   since   most   efforts   in   saving   emissions,   also   saved   money.   By  
forcing  them   to   spend   the   entire  total   budget,   the  teams   were  forces  to  also  include  the  rebound  
effect  in  their  proposals.
Going   through   the   tool   results,   it   is   apparent   that   the   teams   make  too   optimistic   assumptions   on  
the  overall  emissions  reductions  achievable  with  their  suggested  plans.  In  that  sense  the  tool  gives  
a  useful  reality  check.    It  is  clear  that  the  tool  influenced  the  process  significantly  and  broadened  
the   scope   of   the   city   planners;;   from   a   narrow   focus   on   buildings   and   transport,   to   the   entire  
household  consumption.
After  going  through  the  results,  it  seems  like  it  is  possible  to  reduce  the  household  carbon  footprint  
with   a   factor   of   2   down   to   a   carbon   footprint   6-8   tons   of   CO2eqper   capita.   It   was   also   clear   that  
further   reductions   also   need   a   change   in   the   background   economy.   It   is   therefore   necessary   to  
further  investigate  the  relationship  between  urban  design  and  consumption  patterns.

. Experiences  from  using  the  tool

Originally,  several  of  the  teams  protested  to  using  this  tool  as  it  might  ‘instrumentalise’  the  design  
decisions,  given  the  difficulty  of  quantifying  issues  such  as  attractiveness,  liveability  and  usability  of  
the  built  environment  in  terms  of  greenhouse  gas  emissions.  In  addition,  the  teams  soon  found  out  
of   the   rebound   effect   of   reducing   GHG   emissions:   the   financial   savings   people   receive   from  
reducing  their  energy  bill,  for  example,  are  easily  spent  on  other  purchases  and  activities  which  in  
turn  again  create  GHG  emissions,  such  as  air  travel.  However,  at  the  end  of  the  process,  several  
of   the   teams   commented   that   this   exercise   had  been   very   insightful,   as   it   made   them   realise   (1)  
how   small   the   direct   effect   of   for   example   insulation   levels   in   buildings   have   on   the   overall   GHG  
emissions  per  capita,  while  (2)  designing  the  built  environment  for  more  indirect  impact  on  people’s  
lifestyles  holds  a  promising,  though  as  to  yet  little  analysed,  development.
Nevertheless  the  teams  used  the  tool  in  the  process,  also  as  an  inspiration  to  come  up  with  new  
ways  of  influencing  the  household  emissions.  The  teams  had  to  visualize  the  future  life  (styles)  in  
the  area  to  a  much  larger  degree  than  if  the  focus  was  on  energy  and  transport  alone.  In  essence  
new  ideas  emerged  along  the  possibility  of  introducing  people  to  ways  of  spending  their  money  in  
a   more   sustainable   way.   Hopefully   while   maintaining   a   quality   of   life   as   good   as,   or   better   than,  
before.   This   was   reflected   in   the   area   plans   as   a   strong   focus   on   facilitating   local   service  
production,  local  recreation  and  business  opportunities.  Other  solutions  that  came  up  ranged  from  
typical  technical  approaches  like  insulating  the  houses  better,  alternative  energy  systems,  electric  
cars   and   strict   parking   regulations.   The   dwelling   density   varied   significantly   between   the   teams,  
indicating  disagreement  on  whether  high  density  actually  gives  lower  emissions,  or  whether  access  
to   recreational   areas   fosters   more   sustainable   consumption   patterns.   In   that   sense   the   teams  
captured  issues  discussed  in  the  literature  in  a  precise  way  [12].

1 . Conclusion

Although  neither  of  the  teams  reached  the  initial  target  of  3  tons  of  CO 2eq  per  capita,  the  tool  gave  
valuable  new  insights.  Especially  the  visualization  of  the  rebound  effect  in  city  planning,  needs  to  
be  further  investigated.  In  order  to  reach  sustainability,  one  needs  to  address  the  total  consumption  
pattern,   and   the   way   we   consume.   As   such,   the   actual   results   is   interesting   alone,   the   most  
interesting  results  was  that  the  tools  forced  the  planners  to  investigate  the  broader  perspective  of  
sustainability  in  households,  not  only  in  use  energy  consumption  and  transportation.  The  tools  also  
made   it   necessary   for   the   planners   to   quantify   and   document   their   solution,   a   a   way   not   done  
before.  
Future   research   should   therefore   investigate   more   how   households   can   change   their   lifestyle,  
including  the  total  consumption  pattern,  and  how  city  form  and  city  planning  must  change  in  order  
to  facilitate  and  make  such  lifestyle  changes  possible.  The  Brøset  area  could  be  used  as  a  living  
laboratory  and  an  interesting  sampling  case.
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Summary
The DAPc® system is an adaptation of EPDs to the Spanish construction materials and products
market, that aims to offer quantified, standardized and verified information about the environmental
impacts of materials to the market and to a new professional profile to assist the building designer:
the “building dietitian”. Three years of rigorous research and study of international references have
produced the scientific and operating mechanisms of the system, and various pilot tests have been
conducted to compare and contrast it with various materials and manufacturers. As a result, the
system now offers the market type III eco-labelling, based on the life-cycle assessment (LCA) of
materials, vital for assessing the sustainability of buildings and directly applicable to the
environmental assessment tool for buildings.
Keywords: Construction materials; eco-labelling; EPD; building sustainability

1. Introduction
Environmental sensibility and commitment to sustainability have increased substantially throughout
Europe in recent decades, and are now a growing social demand that has gradually become a
solid basis for business and sales, to the extent that, today, the adjectives “ecological” and
“sustainable” have a high market value. The deregulation of these concepts makes them especially
attractive for use with neither scientific rigour nor coherence. “If it’s not measured, it’s just an
opinion” is a recurrent phrase that sums up the issue today: we need to define parameters and a
standardized system of measurement that allows us to compare products in terms of their
environmental impacts.
Choosing a sustainable approach to construction calls for attention to many different parameters
centring on a variety of aspects. A rigorous analysis comprises two phases: construction (including
manufacture of materials) and use, it being the building designer who defines the environmental
objectives to be met in the use phase and response in the form of prescribing the materials s/he
considers most suitable. The environmental impacts of the construction phase are very
considerable and vary according to the aspects to be addressed. If this involves the consumption
of non-renewable resources, generation of waste (non-domestic) or human toxicity, among others,
this phase represents almost 100%. However, if energy consumption or greenhouse gas emissions
are also assessed, the embodied energy of the materials and the construction process suppose a
major initial impact, which, if spread over the course of the building’s useful life, represent 30-50%
of energy and emissions as a result of its use.
The reasonable incorporation of the construction phase into the building sustainability assessment
requires standardized, quantified information about the materials to be used. With this information,
the building designer can determine the building’s real impacts in each phase of its useful life and,
accordingly, choose the most suitable construction materials and solutions in environmental terms.

EPDs (DAPc®s) are tools that offer this information and guarantee standardization, precision and
veracity, making the information that companies offer transparent and reliable, and adapting it to
the needs of the sector’s professionals in the objective assessment of global impacts. It is worth
mentioning that European Directives and Spanish construction regulations call, indirectly, for the
use of materials with environmental certifications that include LCA in their impact calculation.

2. Background and objectives
2.1. 20 years of commitment to sustainability
The Col·legi d’Aparelladors, Arquitectes Tècnics i Enginyers d’Edificació de Barcelona (CAATEEB)
has been working for almost 20 years on the incorporation of environmental criteria into the
construction sector. With this aim, it has carried out an ongoing task of training, dissemination,
sensitization and development of strategic projects directed at the technical and professional
groups involved, at the same time conveying a pro-sustainable message to the public. The
CAATEEB also took part in a pioneering study to determine the importance of the construction
materials used in buildings in Catalonia and their environmental impacts, which is vital to
establishing priority materials in DAPc® certification (according to importance in the building and/or
impacts).
In this respect, one of the projects to have had the greatest influence in the sector is the web
Agenda de la Construcción Sostenible (Sustainable Construction Agenda, www.csostenible.net),
created in 1999 by the Rehabilitation and Environment Service of the CAATEEB with the
collaboration of the Department of Architectural Constructions I of the Universitat Politècnica de
Catalunya, the Institut Cerdà and the Asociación de Estudios Geobiológicos GEA. The principal
objective of the web was to bring together in a single database construction materials and products
chosen according to criteria of environmental sustainability, initially based on qualitative
parameters and type I ecolabelling. This represented the creation of a useful tool that provides the
sector’s professionals with environmentally alternative materials to those habitually used in
construction. For this tool to be really effective, all construction elements have to be represented
and, accordingly, the demands have been rather flexible and the databases periodically updated to
keep pace with the advances and the new products being offered by the market. The parameters
of sustainability applied for the incorporation of a material or product centre on: waste,
consumption of water and/or natural resources, energy efficiency, renewable energies and
emission reduction.
2.2. Ecolabels
Advances in knowledge of the impacts of materials as a result of the incorporation of the life-cycle
assessment (LCA) and the demands for guaranteed transparency in a market that exploits the
concept of sustainability have furthered the task of quantification of parameters of sustainability.
This is the objective of type III environmental labelling: to respond to a market currently lacking
points of reference that is attracted by environmental values, by means of a tool that serves to
“measure sustainability”.
Standard ISO 14020:2000 (1) establishes the guiding principles of ecological labels and
environmental declarations, laying out guidelines for their development and use. Three types of
ecological labels have been defined: type I, type II and type III. These three areas of work offer
information about completely different characteristics, values and utilities. They are all voluntary
systems of environmental qualification with the aim of promoting the demand for products with an
objective evaluation of their associated environmental impact. It is a way of encouraging
environmental improvement of products present on the market.
Type III environmental labels or EPDs (Environmental Product Declarations) evaluate and verify
the information collected by the LCA about a product or material. Their international
implementation has grown very significantly in recent years, since they contribute to the objective
measuring of environmental impacts throughout the life of a product. It is for this reason that the
Col·legi d’Aparelladors, Arquitectes Tècnics i Enginyers d’Edificació de Barcelona (CAATEEB) and

the Department of the Environment and Housing (DMAH) of the Generalitat de Catalunya decided
to launch a project to develop the system of Declaraciones Ambientales de Productos de la
construcción (Environmental construction Product Declarations, DAPc®s) and incorporate it into the
many years of experience and prestige of the databases of the Agenda de la Construcción
Sostenible. Today, the DAPc® system is fully operative and any manufacturing company or
business organization interested in developing an environmental declaration of their products has
access to the system.
2.3. The sector’s objectives in the field of sustainability
Type III ecolabels or EPDs/DAPc®s, in accordance with ISO 14025:2006 (2), do not define an
environmental preference of products or establish minimum requirements to be met. Their aim is to
analyse the manufacturing process of a product and carry out a multi criteria based overall
evaluation of its environmental impacts from the raw materials to the end of its useful life. This is
achieved by applying the LCA methodology and following the rules established by the system for
each product category. The system was adapted to this end, establishing a series of documents
that define the procedures to be followed in order to obtain a DAPc®. The system consists basically
of the General System Rules (GSR) that govern its organization and the Product Category Rules
(PCR).
The purpose of creating this system is to obtain an environmental database of construction
products, with quantifiable values of impacts and consumption related to their production. The idea
is also to offer technicians reliable, verified values that they can use in their professional activity to
measure building impacts. The DAPc® system was created with the strategic objective of
responding to the present-day and future needs of an increasingly environmentally-aware market.
On the one hand, technicians and professionals require precise, quantified information to be able
to calculate the impacts of designing sustainable buildings; on the other, companies and
manufacturers, the sole repositories of information about these impacts, must make it available to
the market in keeping with a series of approved uniform parameters. Then, an independent,
objective third party is required to certify and guarantee the accuracy of the data provided,
organize procedures, manage a database and offer this verified information to the sector’s agents.
According to the agents involved in the construction process, some specific objectives marking the
creation of the DAPc® system are to:
Have a tool that offers precise, verified information as a source of information for designers,
prescribers and dietitians of buildings.
Serve manufacturing companies interested in demonstrating, in quantitative terms, the
environmental impact of their products by obtaining a Declaración Ambiental de Producto
(Environmental Product Declaration, DAPc®) verified by a third party.
Promote the demand for and manufacture of environmentally more correct construction
materials. The existence of DAPc®s encourages an improved market. Manufacturers know
more about the processes and impacts inherent in the making of their products and can
take action to reduce their impact. In turn, building designers can estimate the
environmental impacts of each material and design buildings with controlled impacts.
2.4. Pilot tests
The basic starting point for the creation of the system of type III ecolabels in the Spanish
construction sector took the form of pilot tests in two different product categories, serving to test
previously established procedures. The market’s first DAPc®s have been obtained and the growing
importance of these environmental accreditations has been publicised in the sector.
In this process, the Institut de Tecnologia de la Construcció de Catalunya (Institute of Construction
Technology of Catalonia, ITeC) has formed part of the project as a verifying body; companies such
as URSA, ISOVER and Rockwool have taken part in the category of thermal insulation products,
and Vives, Porcelanosa, Sugrañes, Roca and Colorker in the product category of ceramic

claddings. The entire creation phase of the DAPc® system received the scientific support of GiGaESCI, a group that took part in the process of standardizing EPDs internationally, forming part of
the CEN TC 350 (3) and AENOR CTN 198 (4) technical committees. This served to generate a
system in keeping with international regulatory requirements.

3. The DAPc® system
The DAPc® system is an adaptation of type III eco-labelling or EPDs to the Spanish construction
materials market, in accordance with ISO 14025, and the result of three years of research on the
part of a team of experts in LCA, establishing the scientific and operative mechanisms of the
system, culminating in pilot tests to compare and contrast findings for various materials and
manufacturers.
The first step in obtaining a DAPc® is the life-cycle assessment of the product, according to the
standards established in ISO 14040 (5) and 14044 (6), laying down the principles and the
methodology to be applied. The LCA involves compiling the main inputs and releases of a process
(energy consumed, materials used and waste generated), evaluating the potential environmental
impacts associated with these inputs and releases (use of resources, effects on human health,
ecological consequences, etc.) and, finally, interpreting the results, and evaluating and
implementing practices to improve the environment.
EPDs may consider the entire life cycle of a product (“cradle to grave”) or centre on analysis of the
production phase (“cradle to gate”). Since construction products may have different applications
within a building, the phases of useful life and final waste management are, a priori, unknown. This
is why the LCAs conducted in the framework of the DAPc® system are from cradle to gate. The fact
that applications are generally predictable allows companies to establish possible “scenarios”,
voluntarily incorporating the phases of construction, use, maintenance and end-of-life as
established in the Product Category Rules. Construction materials are considered by-products that
form part of a building, and the building designer defines their use and, consequently, their future
impacts.
It is important to bear in mind that this type of ecolabel is aimed not at the end consumer but at the
prescriber, who, thanks to the information on offer, can organize the various components to
achieve an environmentally-friendly building. This means that type III ecolabels provide useful
information for the prescriber, who then has to manage them appropriately. This is the fundamental
characteristic of type III construction ecolabels: they do not say how good a product is, they
provide information about its characteristics and impacts before it is used in a building. The
composition of each one of the necessary materials for a construction ultimately generates a new
product: the building. The building must be certified by a label that is transparent in its traceability
and easily identifiable for the end buyer.
3.1. Components of the system
The system clearly establishes the different agents involved and their basic roles. In this case, the
agents are:
3.1.1 The system administrator (AS). The Col·legi d’Aparelladors, Arquitectes Tècnics i Enginyers
d’Edificació de Barcelona (CAATEEB) is the body that has co-led and developed the DAPc®
system, and its administrator.
3.1.2 Companies and associations. Any manufacturing company or association of companies
interested in developing a DAPc® has access to the system.
3.1.3 The accrediting body (OA). The Oficina d’Acreditació d’Entitats Col·laboradores of the
Generalitat de Catalunya is the system’s accrediting body, as stipulated in standard UNE-EN
ISO/IEC 17011.

3.1.4 Verifiers (VE). Verifiers are professionals or accredited institutions who determine whether
the Declaración Ambiental de Producto (DAPc®) drafted by a company complies with international
standards and system requirements.
3.1.5 The system advisors. The system has groups of professionals to advise and offer knowledge
in various fields, with a view to including the interests and opinions of the whole sector. They are:
The advisory council (CA). A group of expert professionals and representatives of bodies that
support the system and contribute to the development of procedures.
Sectoral panels (PS). Representatives of sectoral companies and associations for each
product category.
3.2. The system’s documents
The system relies for its functioning and transparency on a series of public documents established
during the creation process and approved by the advisory agents. These documents are:
3.2.1 General System Rules (RGS). The DAPc® system is based on standard UNE-ISO
14025:2006 which governs the systems of type III ecolabels and has its own General System
Rules (GSR) to define the objectives, organizational structure, guidelines for development and
verification, and the application procedure.
3.2.2 Product Category Lists (LCP) organize construction products into standardized categories for
presentation within the system.
3.2.3 Product Category Rules (RCP). For each product category, the DAPc® system has rules that
mark out guidelines to follow in the LCA study. The minimum contents are: Definition and
description of the product category; Definition of goals and scope of the LCA; Inventory analysis;
Technical complementary information about the LCA, and References.
3.2.4 DAPc® document. This document contains all the information, approved by the system
administrator and used by manufacturers to publicise their products.
3.3. Contents of the DAPc®
Firstly, the DAPc® contains general information (company name, product description, habitual use,
description of the principal production processes, plant where produced, reference PCR and expiry
date of the document). It also contains verification, with the verifier’s accreditation and data.
Further, the basic information contained in the DAPc® is the result of the LCA, stating the impact
assessment indicators and life-cycle inventory data broken down by life-cycle phases and the
parameters assessed.
All DAPc® documents consist of a basic outline setting out the limits of the system broken down by
the life-cycle phases analysed and their constituent stages. According to the methodology and
characterization factors included in the draft of the standard prEN 15804, the impact assessment
indicators produced by life-cycle assessment are:
Potential for global warming
Potential for depletion of stratospheric ozone
Potential for acidification
Potential for eutrophication
Potential for depletion of abiotic resources, and
Potential for the formation of photochemical ozone.
Applying the same criteria established in international legislation, it also provides a breakdown of
the resulting life-cycle inventory (LCI) data. The parameters evaluated are:

Consumption of primary renewable energy
Consumption of primary non-renewable energy
Use of non-renewable secondary fuels
Use of renewable secondary fuels
Consumption of fresh water
Production of waste
o Hazardous
o Non-hazardous
o Radioactive
Material released for
o Reuse
o Recycling
o Energy recovery
3.4. Obtaining a DAPc®
The system establishes a procedure to be followed by companies in order to obtain the DAPc®
document, which is then incorporated into the CAATEEB’s official register. The necessary steps
are as follows:
1. Contacting the system administrator (CAATEEB) to obtain the General System Rules
(GSR) and the Product Category Rules (PCR) applicable to the product. In the event of
there being no PCR for the product, work will begin on drafting a process, with the
participation of the advisory groups and the established procedure.
2. Conducting a life-cycle assessment study in accordance with the Product Category Rules
(PCR) provided.
3. Writing a draft DAPc® using the LCA study. When applying the LCA, the system’s
environmental database can be used.
4. Verifying, jointly with an accredited verifier, the draft DAPc® to ensure it follows the
established rules and is coherent with the results of the LCA.
5. Registering the new DAPc® in the system’s official register, in accordance with the
verification and LCA reports, for a maximum period of 5 years. In the event of changes of
+/-10% in the product’s environmental impact, it will be necessary to revise the data and
renew the DAPc®.
6. Handing over by the system administrator (CAATEEB) of the official DAPc® document
certifying the company’s accreditation, which contains all the relevant information and
allows the company to disseminate the information professionally.

4. Implementation
4.1 The first phase of implementation
The DAPc® system began its operative phase just a few months ago (January 2011), with the
presentation of official documents certifying the first DAPc® products. The recipients are eight
construction product manufacturing companies who took part in the pilot tests to develop the
system. Since then, other companies have expressed an interest in the system, and some have
already begun the process. In coming years we envisage a considerable increase in product
registration. The principal obstacle to the DAPc® system being a really useful tool for sustainability
in the sector is its ability to achieve sufficient “critical mass” in relation to various materials, to be
able to address the construction as a whole. To this end, the DAPc® system has been incorporated
into the Agenda de la Construcción Sostenible, and a campaign has been launched to encourage
manufacturers to address environmental commitment, starting with the minimum requisites
outlined in the initial criteria and increasing the quality of information to cover type I and II eco-

labelling, carbon footprint, etc., and provide DAPc® certification that offers comprehensive
information. The objective is to bring together all companies with a firm environmental commitment
that have environmental accreditation or intend to apply for it.
In this context, the aim of consolidating the DAPc® system must be based on providing a useful,
efficient service to the agents involved in the construction process, most especially manufacturing
companies, who have the information about their production processes and must decide to offer it
voluntarily, but in a standardized, transparent and verified form. The aim is to attract companies
committed to sustainability and to reducing the environmental impact of their activities by means of
a simple, recognised process, which serves to publicly show their commitment and set them apart
from the competition for the future. As companies join, others will be encouraged to do the same, if
necessary improving their processes to avoid being pushed out of the market.
The existence on the market of products with verified information about their environmental impact
and of tools to manage it will provide administrations with knowledge of the facts, enabling them to
legislate to limit the impacts of buildings. Consequently, they will be able to make greater demands
in this field and reduce the sector’s environmental and energy impacts. All this in the context of the
present-day need to carry out actions to increase the efficiency of local companies, make them
more competitive with companies in other countries and bring added value to the final product.
4.2 3. Consolidating the system by incorporating a new professional
Today, technicians and professionals in the sector face the challenge of adapting to new
requirements as a result of the growing demands of legislation in the field of the environment and
increasingly sensitized public opinion, and will have to learn more about the DAPc® system as a
vital tool for developing their professional competences. The DAPc® system offers a database of
product with ecolabels and other environmental certifications that recognize their qualities
according to a variety of parameters. The incorporation into the construction process of the
information provided by the DAPc®, once accepted by the building designers, will be the real
turning point in its consolidation.
As we see it, like in other areas of specialization of the construction sector, this issue will lead to
the appearance of a new professional profile specialized in greening construction to provide
support to the building designer. The “building dietitian” is a professional trained to improve the
quality and applications of a building, by interpreting and using the wide range of complex
information offered by the DAPc®. S/he is therefore qualified to suggest the most suitable materials
for each construction element and function. The idea is to extend the assessment of materials
according to mechanical, aesthetic or economic characteristics, and incorporate environmental
parameters. This means considering the use of non-renewable materials, waste generated,
environmental impacts, energy consumption, useful life, etc. This specialist will also assist
government agencies in the necessary regulation of emissions and impacts of materials and
buildings, based on realistic, objectively achievable parameters, adapting demands to the technical
means available at any given time.
The ultimate aim of the system is, then, to green the sector and ensure objective, quantified
building certification. The next step is to incorporate the information into the various certification
systems (LEED, BREEAM, HQE, CASBEE, etc.) with a view to producing standardization of
results. At present, only the Spanish tool VERDE (developed by GBC-Spain) supports the building
assessment procedure based on the LCA method and incorporates data provided by the DAPc®
certificates awarded to date.
4.3 An international debate
There are many doubts today about the consolidation of the DAPc® system in Spain and EPDs at
international level. As these systems are gradually implemented in different countries, it will be
useful to reinforce the exchange of experiences. From the scientific viewpoint, various work groups
are well on the way to the precise regulation of these systems with CEN TC 350, soon to be
published. Where most work remains to be done is in operative aspects, as they are the most

difficult to unify, and it is to be hoped that International EPDsystem or similar groups will advance
in these aspects, creating a subgroup focusing on construction.
At present many initiatives are emerging at international level for better, faster consolidation of
EPDs. Some associations of manufacturers are developing procedures to help their members
develop LCAs and subsequent EPD certification. Added to this is the possibility of developing
EPDs to explain the average values of similar products. This kind of certification would be of great
use to building designers; what they really need to know in the initial design phase is the
environmental impact of a product category, before they are actually ready to choose a specific
brand.
Another aspect that presents major difficulties and lacks standardization between the systems
developed to date is the Product Category List. It is extremely difficult for this classification to be
both practical and useful for the building designer and to bring together products which, for their
characteristics or functions, may be similar, as these two parameters are often contradictory. There
is a great deal of confusion surrounding this point at present, which is particularly delicate as
regards the consolidation of systems, which requires international standardization while avoiding
the multiplicity of Product Category Rules (PCR), as this detracts from the agility of the system,
makes procedures much longer and, consequently, makes the system more expensive for the
administrator and for participating companies. To the extent that the fundamental objective is to
have a range of different construction materials with an EPD that will address all the components
of a building, the agility of the system is vital to its very future. The study to determine the
importance and the impact of construction materials in buildings in Catalonia, referred to above,
could play a very useful role in achieving this end.
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Summary
On 18 June 2010, the recast of the EC Energy Performance of Buildings Directive was published
in the Official Journal of the EU [1]. This recast calls, among other things, for the speedy
construction of more “nearly zero energy buildings”. To achieve such aims, the relevant
technologies and products must be made available. Therefore, within the framework of the “Future
of Building” Research Initiative which was launched by the Federal Ministry of Transport, Building
and Urban Development, intensive research is being conducted in Germany in connection with the
development of so-called "plus energy houses". These buildings are capable of producing more
energy than they consume when used at full capacity. The surplus energy is, for example, to be
made available for the improvement of electric mobility. After initial testing, a fully developed plus
energy house for a family of four will be built in Berlin by October 2011 which can also ensure the
mobility of the family with its surplus energy.
Keywords: Nearly zero energy houses, passive houses, plus energy house, electric mobility,
model buildings

1.

Introduction

Today, the energy demand in Germany is mainly met by fossil energy sources. It is not the
artificially induced limitation of the supply as was the case during the oil crises in the 1970s but the
ever-increasing demand which leads current energy prices to hit new record highs. No sector has
experienced such a strong rise in the cost of living as heating and hot water supply. In Germany,
as a „nation of tenants” (approximately 65% of all dwellings are let), the so-called net rent
(excluding operating costs) increased by about 7% during the period from mid-2000 to mid-2007.
The operating costs for heating and hot water rose by 47% during the same period. This means
that the so-called “second rent” will more and more become a decisive criterion for the renting or
the acquisition of property or a flat [2].
Therefore, it must be a priority objective of building policy to significantly reduce the energy
demand of buildings and, thus, to minimize the energy cost burden. On 18 June 2010, the recast of
the EC Energy Performance of Buildings Directive was published in the Official Journal of the EU.
This recast calls, among other things, for the speedy construction of more “nearly zero energy
buildings”. According to the EU, „nearly zero energy buildings“ are buildings with a very high
energy performance. The energy demand which is nearly zero or very low is to be largely met by
energy from renewable sources – including energy from renewable sources generated on site or in
the vicinity -. As regards new buildings, the Member States will have to comply with high energy
requirements. In accordance with Article 9 of the Directive, “Member States shall ensure that:
(a)
by 31 December 2020, all new buildings are nearly zero energy buildings; and
(b)
after 31 December 2018, new buildings occupied and owned by public authorities are
nearly zero energy buildings.” [1]

Germany firmly supports this development path. The Energy Conservation Regulations of 2009
have once again raised the necessary standards by 30% [3]. With the aid of governmental
financial assistance programmes, nearly zero energy houses and passive houses are already
being built on a large scale in Germany. Even first plus energy buildings were tested.
Apart from the buildings sector, a development path ort he transport sector was also adopted.
Here, electric mobility will offer huge potentials for the reduction of traffic-related emissions if the
power needed is generated from renewable energies. By 2020, one million electric cars are to be
operated Germany and by 2030, six million cars.

2.

Current research approaches

In view of the requirement to reduce the energy costs, the elaboration of the approaches ort he
description of the energy performance of buildings was significantly accelerated especially during
the last few years. The arrangements made by the Federal Government to bring about energy
savings were derived from a legal basis of 1976. In the wake of the major oil crises at the
beginning of the 1970s, the Energy Conservation Act entered into force at that time. It authorizes
the Federal Government to impose requirements for the thermal insulation of buildings and for
facilities serving the heating and cooling as well as the preparation of household hot water. The law
was amended at the beginning of the 1980s in order to also extend the requirements to old
buildings. But the requirements have to be defined in such a way that they can be complied with
according to the state of technology and that they are also economically acceptable. In this
connection, the economic efficiency clause applies equally to new and old buildings. The
regulatory provisions from the first Thermal Insulation Regulations of 1978 to the latest Energy
Conservation Regulations of 2009 were, therefore, accompanied by the steady development of
new products for the manufacture of modern, energy-saving building envelopes and efficient
building services.
The development of the regulatory approaches as well as research is, however, not only restricted
to construction products and technologies for building services but focuses very intensively on the
interaction between building and building services engineering, including the involvement of
renewable energies. The decisive factor is primarily the reduction of the energy demand by means
of a highly efficient building envelope. On this basis, the efficient provision of space heating, hot
water and auxiliary and household electricity has to be organized.

Fig. 1: Development of the primary energy demand for space heating depending on the legal
requirements and in model projects from the research sector (source: Fraunhofer Institute for
Building Physics).

This leads ultimately to the passive houses and/or efficiency houses which are already available on
a broader level and which are government-funded in Germany; these houses have a very low
energy demand (funding of a KfW efficiency house 70, 55 or 40 or a passive house see [4]). If this
low demand is combined with energy generating systems these buildings may even produce
surplus energy.
Within the framework of the „Future of Building“ Research Initiative, Darmstadt Technical University
had in the years 2007 and 2009 each developed a plus energy house in order to participate in the
renowned „Solar Decathlon“ competition in Washington D.C/USA. The most important objective of
the pilot houses, whose performance is tested in ten disciplines, is to generate more energy than
the house can consume when it is being used at full capacity. In 2007 and 2009, Darmstadt
Technical University won this competition. On the basis of the developments of Darmstadt
Technical University, the Federal Ministry of Transport, Building and Urban Development had set
up its own presentation and exhibition pavilion which, during a unique tour of Germany from 2009
to 2011, presented the concept of „plus energy houses“ in six metropolitan regions. The building
developed by Darmstadt Technical University in 2009 has an installed photovoltaics system with a
capacity of 19 kW and can provide just under 14,000 kW/a [5]. An electric vehicle of the brand
„smart-ed” of the Daimler company consumes 0.14 kWh/km. In theory, a mileage of almost 80,000
km per year would thus be possible. In practice, this provided the opportunity of interlinking
buildings and modern mobility.

Fig. 2: The plus energy house of the Federal Ministry of Transport, Building and Urban
Development in Frankfurt/Main (photo: Federal Ministry of Transport, Building and Urban
Development/Leon Schmidt)

3. The competition of the Federal Ministry of Transport, Building and Urban
Development
The first models of plus energy houses show that the development of some individual components
is already at an advanced stage. But we still await the integrating implementation of the concept
into a first model project which permanently comprises both, housing and mobility. Furthermore,
the efficiency of components has to be tested in long-term tests to gain experiences for their
widespread use.
With this objective in mind, the Federal Ministry of Transport, Building and Urban Development has
organized an interdisciplinary competition for the construction of a plus energy house with electric
mobility in the summer of 2010. This competition was conceived as an open and interdisciplinary

planning competition for higher education institutions in cooperation with planning offices. The task
was to demonstrate that a building with a plus energy standard is capable of supplying its
occupants as well as several vehicles with an average yearly mileage of about 30,000 km in the
annual balance solely with environmental energies. Here, the electric storage capacity installed in
the building or in the vehicles plays a central role. It serves as a buffer for the electricity supply of
building and vehicles and, in connection with an intelligent network, can perform storage functions.
The research and pilot project is to be realized in the capital city of Berlin. The model building
should comply with the modern requirements of a four-person-household as to housing, illustrate
its function as an energy supplier and integrate covered parking space for electric cars [6].
Moreover, this project is to provide a clear answer to sustainability issues. One of the objectives is
for example the complete recyclability of the house. But its convertability and flexibility is also to be
ensured while at the same time maintaining maximum living comfort. In the course of the planning
and building process, a complete sustainability assessment will be performed. In this respect, too,
the project is to be a pilot project.

4.

The project in Berlin

On 27 October 2010, the winner of the competition was chosen. The first prize winner was
Stuttgart University, Institute for Lighweight Structures and Conceptual Design, in cooperation with
Werner Sobek Stuttgart GmbH, Stuttgart.

Fig. 3: View of the winning design of Stuttgart University in cooperation with Werner Sobeck
Stuttgart GmbH and Werner Sobek Green Technologies GmbH, Stuttgart (source: Federal Ministry
of Transport, Building and Urban Development/Sobek Stuttgart GmbH)
The Federal Ministry of Transport, Building and Urban Development has in the meantime
concluded a planning contract with the winning team. It is intended to complete the planning by
early June 2011 and to find a prime contractor for the building work. Construction is to be realized
until the end of October 2011. Academic support for the overall project is provided by the
Fraunhofer Society. The client is the Federal Republic of Germany. The official opening is expected
for the beginning of November 2011. Subsequently, the three-month trial phase of the project will
begin with academic support. A test family will move in at the beginning of 2012 and will live there
for one year. During this time, the research work will continue.

In March 2011, the planning of the model building including the internal sustainability evaluation
was already well advanced. A single-family house for a family of four is to be constructed,
comprising a floor space of about 130 m² on two levels. In front of the residential building is a socalled “showcase" for vehicle parking and for accommodating the charging infrastructure for
electric mobility. In order to illustrate the mobility requirements of a family it is intended to provide
for two electric cars supplemented by an electric two-wheeled vehicle (Pedelec or eScooter). It is
also planned to install a conductive fast charging system and an inductive charging system. Thus,
the current status of charging technology is to be demonstrated and integrated into the tests. The
high-performance fast charging system makes it possible to rapidly charge the vehicle batteries
using the buffer batteries of the system. The inductive charging system functions automatically and
without contact to a plug and cable when the vehicle is on its parking space. Thus, without user
interaction, the vehicle is still more closely integrated into the energy system of the house and
controlled charging is made easier. Furthermore, the „showcase“ is mainly used to provide
information to interested members of the public. The so-called "energy core" of the building is
situated between the two-storey living quarters and the "showcase" in front of the house and this
core comprises the whole heating, ventilation and air conditioning but also the supply-intensive wet
rooms.

Fig. 4: Cross-section of the planned plus energy house in Berlin: The house has a modular
structure and can, in principle, also be enlarged on a modular basis. In the centre, the „energy
core“, the stairs and the ancillary rooms are situated. The building services of the house are visible
from the outside and will be arranged and illuminated accordingly. The area on the right are the
private living quarters, the area on the left is the "showcase" which is open to the public. (Source:
Werner Sobek Stuttgart GmbH and Werner Sobek Green Technologies GmbH, Stuttgart).
The building will be without a cellar and the whole opaque part of the shell is planned as a highly
heat insulated wood panel construction. The residential building will be a two-storey wooden
structure in wood panel construction. The external walls will be insulated with wood fibre material
and will be equipped with rear-ventilated cladding on the outside. The surface of the southwest
facade is made from thin-film PV modules. The surface of the northeast facade is made from glass
panes with black rear sides. The northwest and southeast facing glass facades are to consist of
triple insulating glazing with an inert gas filling between the panes. The glass panes are supported
on four sides. Room-high opening elements conceived as revolving doors partially open the facade
and provide for a second escape route on the first floor in an emergency.
The building is to generate the energy needed for the conditioning of the rooms, the provision of
hot water, lighting, the operation of the household appliances, the operation of further electrical
devices (small appliances, multimedia etc.) and the operation of the vehicles on its own, but it will
be connected to the public power grid (no autonomous operation).
The building will be equipped with central heating with an air/water heat pump. Heat is emitted via

an underfloor heating system. A controlled ventilation system with heat recovery is intended. A
building automation system will be installed which will centrally process any data measured and
make them available to an openly programmable system. Each room can be controlled separately.
The house will be subject to monitoring for a period of two to three years in order to obtain relevant
findings for future developments in the course of a scientific test series. After completion of the
monitoring phase it should be possible to dismantle and recycle the model building. In this respect
it is endeavoured to ensure a high potential of recycling material and only a low potential of
downcycling material. The high requirements as regards sustainability and recyclability are a
novelty in the building sector. Up to now, comparable projects have not been realized or only to a
very limited extent.
Apart from the project of the Federal Ministry of Transport, Building and Urban Development, an
increasing number of private-sector project developers are establishing themselves with the
intention to support the aim of constructing and improving plus energy houses with their own
projects. The interlinking of building and mobility which was fostered by the Federal Ministry of
Transport, Building and Urban Development in an exemplary way is an important driving force in
this connection. The Federal Ministry of Transport, Building and Urban Development wants to
promote and monitor these developments. Within the framework of the "Future of Building"
Research Initiative, the Federal Ministry of Transport, Building and Urban Development will make
offers to support model projects. The objective is the nationwide construction of such innovative
buildings and their assessment in common research and development networks, in the building as
well as the automobile sector.
The slogan “My house – my filling station” is no longer a vision but will step by step become reality.
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Summary
This paper will describe the concept of net zero energy (NZE) buildings and how the result of
migrating to their large scale deployment will force the built environment to live within the energy
budget provided by nature. This has long been one of the “Holy Grails” of the strong sustainability
movement. In addition this paper will provide information on the growth of the photovoltaic
industry supporting the deployment of NZE buildings, and discuss the state of the art of current
U.S. residential and commercial NZE buildings.. Finally the barriers and problems with the NZE
concept will be described to provide closure on this subject. The increasing cost of energy and
international pressure to address climate change are forcing some major shifts in high
performance building strategies in the U.S. and elsewhere around the world. Coupled with lower
construction costs, tax breaks and other incentives, and more favorable pricing for renewable
energy systems, particularly photovoltaics, the implementation of net-zero energy (NZE) strategies
for commercial and residential construction is rapidly moving from concept to reality. Migrating to
NZE buildings is being embedded in U.S. energy strategy and California has already mandated
NZE residential buildings by 2020 and NZE commercial buildings by 2030. Importantly, the ability
to set energy targets has stimulated thinking about how the “net-zero” concept can be extended to
resources other than energy, here termed Net-Zero 6 (NZ6): energy, carbon, water, materials,
waste, and land.
Key Words: net-zero energy, high performance buildings, renewable energy, photovoltaics

1. Introduction
The built environment is a major consumer of resources, both in its construction and operation.
Buildings consume about one-third of global energy, and the built environment continues to grow
as population, affluence, and urbanization increase. In the U.S., buildings consume 40% of
primary energy, while the industrial sector consumes 32% and transportation accounts for 28%.
According to Torcellini, Pless, Deru and Crawley (2006), commercial and residential buildings use
almost 40% of the primary energy and approximately 70% of the electricity in the United States.
The power required to heat and cool buildings causes about 40% of greenhouse gas (GHG)
emissions, and if current trends continue, buildings will be the major energy consumers by 2025,
using as much energy as industry and transportation combined. The challenge is to develop
radically new, holistic strategies that can reverse this trend and reduce both energy and GHG
emissions. One of the hopeful new strategies is the development of net-zero energy (NZE)
buildings which, over the course of a year, produce as much energy from renewable sources as
they consume, the result being buildings that are energy self-sufficient. According to Madsen
(2007), “the U.S. Department of Energy (DOE) and the National Renewable Energy Laboratory
(NREL) in a June 2006 conference paper titled Assessment of the Technical Potential for
Achieving Zero-Energy Commercial Buildings, 22 percent of buildings today have the potential to
be ZEBs Through advancements in technology, an estimated 64 percent of buildings could be
ZEBs by 2025 (Griffith et al., 2006).” This statement embodies the ideal that although net zero
energy building is not a brand new concept, it is still in its infancy. With the tremendous amount of

money that the current U.S. administration has allocated for research and development in the
building sector, the idea of net zero energy building is growing in popularity and implementation.
As a side note, by way of a deal reached on 17 November 2009, the European Union is expected
to enact laws to set energy efficiency standards for all public buildings by 2018 and thereafter all
commercial buildings and homes. Converting existing buildings to near-zero energy standards was
a major part of negotiations that took place between European Parliament and Council in hopes of
using the public sector as an example for the rest of Europe’s buildings and homes. All new
buildings built after 2020 must rely mostly on renewable energy under this plan. By mid-2011, EU
Member States must identify financial and other incentives for the transition, such as technical
assistance, subsidies, loan schemes and low interest loans.

2. The NZE Concept
In general it is assumed that the NZE building is connected to the grid and that energy flows to and
from the grid over the course of a typical day. Rather than have an energy storage system on-site,
the grid is used as the storage device. The following are several variants of the definition of NZE
buildings by the U.S. National Renewable Energy Laboratory (Torcellini, Pless, Deru and Crawley
2006; Malin and Boehland 2005):
Zero-net-annual site energy. This is probably the most commonly understood definition for NZE
buildings and the concept is that on an annual basis, an equal amount of energy is exported from
the building footprint as is imported in the form of electricity and/or natural gas. The site
generated energy is normally electricity and the accounting is done at the site boundary. Energy
derived from wood on-site or methane generated onsite are not included in the accounting, only
energy generated within the building footprint.
Zero-net-annual source energy. The total energy used off-site to generate the energy imported to
the building must be matched by on-site generated energy. In the U.S. for electrical energy, each
unit of energy generated requires a factor of 3 units of fuel energy. For natural gas 1.1 units of fuel
energy are required to deliver each unit of natural gas energy to the building.
This definition
tends to favor the use of fossil fuels over electricity as an energy source.
Zero-net-annual energy cost. For a zero-net-annual energy cost building, the amount of money
collected by the building owner from the utility for exporting on-site generated electricity is equal to
the electric and natural gas utility bills.
Because natural gas is cheaper, less site generated
electricity can be used to offset the same amount of natural gas energy.
Zero-net-annual emissions. This definition is based on offsetting the emissions of the energy
source used to power the building and generally refers to greenhouse gas (GHG) emissions. As a
result another name for a zero-net-annual emissions building is a climate neutral building. Offsets
can be created by onsite generated PV electricity, or through the purchase of, for example
Renewable Energy Certificates (RECs) or Green Tags that support the generation of off-site
renewable energy.
Patxi Hernandez and Paul Kenny (2010) added yet one more but very important NZE definition,
the life cycle zero energy building (LC-ZEB). In addition to the operational primary energy, this
definition includes the embodied energy of the building’s materials. In their proposed methodology
for annualizing the embodied energy, the total embodied energy is divided by the expected
building lifetime to produce the building’s Annualized Embodied Energy (AEE). The term Annual
Energy Use (AEU) is their term for the building’s total energy consumption . The result of
summing AEE and AEU is the building’s Annualized Life Cycle Energy (ALCE) and it is this
quantity that is used as the basis for sizing the renewable energy systems to make the building net

zero on an annual basis.
Although NZE generally applies to individual buildings, it can also be applied to groups of
buildings. For example a recently completed research report into the feasibility of using PV energy
at large scale by the Florida Department of Transportation concluded that it was possible to make
large turnpike plazas self-sufficient for meeting their energy needs (Kibert et al. 2010). A
description of this project is included as a case study in this paper.
Occupant behavior is an important factor which must not be ignored in NZE building design. A
factor of 3 difference in home energy use has been observed even in co-housing communities
where environmental awareness is generally high. Being able and willing to shift to natural
ventilation, for example, by opening doors and windows, makes achieving NZE performance
achievable.

3. Energy Budgeting for NZE Buildings
Achieving NZE buildings is a challenging process because it is heavily dependent on several
factors, all of which must be favorably addressed for a building to achieve this level of
performance:
!
!
!
!

The building must be designed to consume the minimum energy possible.
The occupants must be willing to conserve energy in the operation of the building (system
scheduling, setpoints, maintenance, recommissioning)
A feedback and control system designed to inform occupants and assist in reducing energy
consumption must be provided.
Adequate site and building roof area must be available for installation of a renewable
energy system, most often PV system.

These factors point to some significant constraints on PV powered NZE buildings. An average PV
panel may generate about 110 Kwh/m2 annually which represents a highly efficient commercial
office building. A NREL study which monitored six relatively efficient office or academic buildings
across the U.S. concluded that a single story office building could achieve NZE performance but
that a two story building could not (Torcellini et al. 2004). If additional area is available over
parking areas or other on-site locations, then there is potential for multi-story NZE buildings. If
collecting wind energy is feasible, then much larger NZE building, even high-rise buildings may
have potential.
Solar insolation worldwide varies from about 1000 Kwh/m2/year to a maximum of about 2500
Kwh/m2/year. Figure 1. indicates the annual solar insolation for the U.S., Spain, and Germany.
For a NZE built environment based on PV technology, the location of the building, the energy
footprint of the building, and the efficiency of the PV technology limit the number of floors in the
building, assuming it were to be completely solar powered (See Figure 2.).

Fig. 1 Annual solar insolation in the U.S. far exceeds that of Germany and is comparable to the
solar energy experienced in Spain and North Africa (Source: National Renwable Energy
Laboratory)
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Fig. 2 The number of building stories feasible for a NZE building will be a function of its energy
footprint, its location, and the type of technology being employed.

4. Status of U.S. Photovoltaic Industry and Photovoltaic Installations
The demand for solar PV is growing rapidly as indicated in Figure 3. which shows data for world
PV market growth in 2008, the last full year for which data is available. Figure 2. indicates present
and future forecasted growth in the global PV market. U.S. demand for PV in 2008 was just 6% of
world demand but the economic downturn, a new administration favorable to renewable energy
investments, a growing public demand for significant utility investment in renewable, may change
this scenario.

Fig. 3 Solar PV market demand for 2008 reached 5.95 GW. (Source: solarbuzz.com 2010)

Fig. 4 Annual buildup of demand by U.S. State 2008-2012 in MW of annual installation
(Greentech Media 2010)

In spite of the lagging U.S. market compared to Spain, Germany, and Japan over the next four
years, the U.S. may well experience the most rapid demand growth of any major PV market. Base
case U.S. PV demand indicates growth to 1,515 MW in 2012, with annual growth from 2008 to
2012 averaging 48 percent. The upside scenario sees demand reaching 2,022 MW in 2012.
During this period, the U.S. surpasses Spain, and potentially Germany, to become the leading
global PV market. Although California’s market share remains relatively steady at around 50
percent of national capacity second-tier markets gain increasing value as their absolute size
increases. The U.S. market is unique in the world because it is actually comprised of 50 state
markets with various programs and incentives inducing PV installations (See Figure 4.).
Renewable Portfolio Standards (RPS) in which a state requires its utilities to generate a minimum
level of electricity via renewables is one of several forces causing the growth of solar PV in the
U.S. By 2012, combined base case demand from leading secondary states Arizona, New Jersey,
New Mexico, New York, Nevada and Massachusetts reaches 376 MW. A recent December 2009
forecast by Greentech Media Inc. indicates that the cost of PV generation and grid electricity is
rapidly converging (Greentech Media 2010). In their report,Greentech Media modeled 16 states to
determine when post-incentive PV generation costs and grid electricity will converge. Each state
offers an incentive package that favors some market segments over others. Price convergence in
these markets is heavily sector-dependent. States with high levels of demand, such as New
Jersey and California, have already experienced price convergence in particular market segments,
while others stand on the precipice. By 2012, 11 of 16 states will have surpassed price
convergence in the commercial sector, and ten will have done so in the residential sector. The
active engagement of solar developers offering Purchase Power Agreements (PPA), assisted by
substantial finance and tax incentives, is obviating the need for capital investment by residential
and commercial customers.
The U.S. has enormous potential for renewable energy for both solar and wind applications. Solar
insolation ranges from about 8 KWh/m2/day in some areas of the southwest to 6 in Hawaii to about
5.5 in Florida, 4 in the northeast, 3.5 KWh/m2/day in portions of the Pacific northwest, and to 3
KWh/m2/day or less in Alaska. On the average it is in the 4 to 6 KWh/m2/day range over most of
the U.S. (See Figure 5.) By some estimates virtually all of the energy needs of the U.S. could be
met by solar thermal or solar electric energy systems. At present the total grid connected solar PV
is about 800 MW out of a total 1,000 GW of generating capacity in the U.S., about 0.1% of
generating capacity. This compares to wind energy which now comprises 35,000 MW of
generating capacity, a factor of more than 40 greater than solar PV.

5. Net Zero Energy Commercial Buildings
Research and development of NZE commercial buildings became national policy in the U.S. by
virtue of the Energy Security and Independence Act of 2007 (ESIA 2007) which established the
Net-Zero Energy Commercial Buildings Initiative. The stated goal of this initiative is: To develop
and disseminate technologies, practices, and policies for the development and establishment of
net-zero energy commercial buildings for: (1) Any commercial building newly constructed in the
U.S. by 2030; (2) 50 percent of the commercial building stock of the U.S. by 2040; and (3) All
commercial buildings in the U.S. by 2050 (NSTC 2008 and Butcher 2009). In addition to national
and state policy drivers behind the move to produce NZE commercial buildings, the launch of the
Building Energy Quotient (Building EQ) program by the American Society of Heating, Refrigeration
and Airconditioning Engineers (ASHRAE) in December 2009 poses NZE buildings as the highest
achievement level for commercial buildings (See Figure 5.) (ASHRAE 2009).

Fig. 5 The ASRAE Building EQ label reserves the highest level of building energy performance,
an A+, for NZE buildings (ASHRAE 2009).
In fact at present there are just eight few non-residential buildings in the U.S. Zero Energy
Buildings Database and most of these are relatively small buildings (See Table 1.)
Table 1. List of non-residential NZE buildings in the U.S. (US DOE 2011)
Name

Floor area, m2

Location

Building Type

Aldo Leopold Center

Wisconsin

Commercial office

1,190

Audubon Center at
Debs Park

California

Recreation center

502

Challengers Tennis
Club

California

Recreation building

350

Environmental
Technology Center

California

Higher
education/laboratory

220

Hawaii Gateway Energy
Center

Hawaii

Commercial office

360

IDeAs Z2 Design
Facility

California

Commercial office

656

Oberlin College Lewis
Center

Ohio

Higher
education/library

Science House

Minnesota

Museum/interpretive
center

1,360
153

6. Net Zero Energy Homes (NZEH)
Of particular importance in reducing U.S. energy consumption are residential buildings, especially
single family homes. Table 2. indicates the characteristics of housing in the U.S. from the latest

version of “American Housing Survey for the United States” for the year 2007. Although most
housing is comprised of the existing housing stock, an enormous number of new homes,
estimated at 34 million, were forecast to be constructed between 2005 and 2030 (McKinsey
Company 2007). Consequently rapidly raising the bar for new residential construction is crucial to
reducing U.S. energy consumption and shifting to renewable energy resources.
Table 2. Characteristics of Residential Buildings in the United States (AHS 2008)
Total Housing Units
(millions)

Single-Family
Houses (millions)

Multifamily
Housing(millions)

128.2

87.5

31.9

Manufactured
Housing
(millions)
8.7

Some jurisdictions are already making policy changes that would require NZEH and other
buildings in the not too distant future. Every two years, the California Energy Commission (CEC)
releases an Integrated Energy Policy Report in which it makes recommendations for energy policy
in the state, including changes to Title 24, the energy efficiency portion of the building codes
(Pfannenstiel and Geesman 2007). In its 2007 report, CEC recommended adjusting Title 24 to
require net-zero-energy performance in residential buildings by 2020 and in commercial buildings
by 2030. The CEC believes that new legislation to incorporate these goals is not needed and is
already moving to put them in place. The goals set in California were inspired by the 2030
Challenge goals, in which the nonprofit organization, Architecture 2030, called for no fossil fuel use
by buildings by 2030. California’s goals are focused on net-zero-energy performance instead of
fossil fuel use. CEC based its definition of net-zero-energy performance, and many of its
recommendations, on a report by the California Public Utility Commission (CPUC), which states
that a goal of “no net purchases from the electricity or gas grid” may be met with energy-efficient
design and “onsite clean distributed generation.”
On September 5. 2007 the City Council of Austin, Texas passed a resolution to establish the Zero
Energy Capable Homes (ZECH) program which requires new single-family homes to be ZNE
capable by 2015. These homes will be 65% more efficient than homes built to the Austin Energy
Code in 2006, and it will be cost-effective to install renewable on-site generation and become zero
energy homes. The program will be implemented in phases. The first of four planned local
amendments to the International Energy Conservation Code (IECC) was approved by the City
Council in October, 2007. Austin’s program demonstrates that increasing energy efficiency and
decreasing greenhouse gas emissions can both be cost-effective. When the increased cost of
building the home is rolled into a 30-year mortgage, reduced energy costs are greater than
increased mortgage payments. Historically, the main obstacle to adopting effective energy codes
has been resistance from the home building industry and affordable housing advocates, due to
cost concerns. Austin overcame this resistance by forming a task force that included
representatives from these groups as well as industry trade associations, energy efficiency
advocates, the Electric Utility Commission, Texas Gas Service, and City Staff. A positive and
productive task force addressed the needs of stakeholder groups, increased buy-in from the
community, enhanced participation in the program, and will help insure the long-term success of
the project. These program’s initial amendments increased the overall efficiency of homes by 11%
and electric energy efficiency by 19%. For 2008, based on average annual construction of 6,400
new homes, this translates into an annual reduction of 9,367 metric tons of CO2. The first
amendments also reduced annual household energy consumption by 2515 kWh and 4 therms of
gas. This decreases household energy costs by $227.68 per year, with an estimated payback of
5.2 years. And finally, the changes will reduce SO2 emissions by 3.9 tons and NOx by 19.8 tons.
On July 14, 2009 General Electric unveiled plans for a “Net Zero Energy Home” project which

combines GE’s most efficient appliances and lighting, the company’s new energy management
systems, and GE power generating and storing technologies in new home construction (LaMonica
2009). When applied together, the system would enable a homeowner to achieve net zero energy
costs by 2015. The Net Zero Energy Home project – and new smart grid consumer poll data from
the U.S. and the U.K. – were introduced at GE’s smart grid symposium at its Global Research
Center in upstate New York. As part of the company’s Ecomagination strategy, the GE Net Zero
Energy Home offerings will be comprised of three major groups within the product portfolio: energy
efficient products including appliance and lighting products that will reduce energy consumption in
the home; energy management products that will enable consumers to manage their costs and
energy consumption; and energy generation/storage products like solar PV, advanced energy
storage and next generation thin film solar that will play an integral part in the net zero energy
home. In 2010 GE will introduce the Home Energy Manager, their version of a central nervous
system for the Net Zero Energy Home that will work in conjunction with all the other enabling
technologies in the home to help homeowners optimize how they consume energy. GE will also
introduce a line of smart thermostats in 2010 that, together with the Home Energy Manager, will
inform consumers on their energy use and empower them to make smarter decisions on their
energy
Key to the NZEH strategy are radical improvements in the energy performance of homes, with
reductions in typical home energy consumption on the order of 60% to 70% needed to bring NZEH
to reality. This improvement in performance, coupled with advanced control technology and an
optimized feedback system, and on-site generation of electricity from solar photovoltaic systems,
provides a realistic and achievable pathway to NZEH’s. Although NZEH’s are rapidly becoming a
reality, there are several gaps in technology that make the transition difficult. The advent of the
smart grid will help close some of the key gaps needed to make the overall building stock shift to a
NZE status. A smart grid uses digital technology to improve reliability, security, and efficiency
(both economic and energy) of the electric system from large generation, through the delivery
systems to electricity consumers and a growing number of distributed-generation and storage
resources (DOE/OEDER 2008a). The information networks that are transforming our economy in
other areas are also being applied to applications for dynamic optimization of electric system
operations, maintenance, and planning. Resources and services that were separately managed
are now being integrated and rebundled as society addresses traditional problems in new ways,
adapts the system to tackle new challenges, and discovers new benefits that have
transformational potential.
Although the smart grid provides some level of data that a homeowner can access to understand
and respond to reduce their energy consumption, it does not provide adequate feedback for a
NZEH owner to be immediately aware of the home’s energy consumption profile and patterns.
Additionally the owner must log into a utility website to view data that is not real time and not
adequately fine-grained for response. Ultimately the control of a NZEH and the integration of
feedback loops will be key to the successful implementation of this concept. An Advanced
Controls System for Net Zero Energy Homes (AFCS-NZEH) will have two major components: (1)
an automatic control system that minimizes energy consumption based on inputs by the owner to
the controller, and (2) a real-time feedback system that provides the homeowner with information
on energy generation, consumption, and costs, and allows the NZEH owner to change strategies
based on their response to the feedback.
The automatic control system will be connected, either via hard-wiring or wireless connection, to
the major energy consuming devices in the home: air-conditioning, hot water heater, refrigerator,
range, clothes dryer, lighting system, and plug loads. It will also be connected to the renewable
energy system powering the home to optimize its performance based on conditions. For example
it could be used to help a photovoltaic (PV) system track the sun to maximize electricity production
and could provide information about the performance of the system to indicate any unexpected
degradation of performance. The control system would similarly monitor all major appliances to
assess their performance and indicate when performance is degraded. For an air-conditioning

system this could occur due to dirty filters, leaking coolant, corroded and condenser or evaporator
coils. The control system could, for example, close windows or indicate windows are open when
the air-conditioning system is operating. It could also indicate when outside conditions are such
that leaving the windows open during cooler periods would minimize energy consumption. Indoor
air quality (IAQ) will be also be monitored with ventilation air controlled via the automatic control
system.
The feedback component of the AFCS-NZEH will provide the owner with real-time information
about the energy performance of the home including instantaneous power consumption , daily
energy consumption and costs, monthly and billing period energy consumption and costs,
renewable energy generation and energy value, and net energy for the month and billing period. It
could also provide other information such as trends in consumption, energy generation, net
energy, and performance of major systems. As important, the feedback system would allow the
owner to alter the current strategy of the home by changing setpoints and schedules and providing
them the opportunity to change their behavior. For example, if energy consumption was trending
to exceed energy production, the owner could raise the setpoint of the air-conditioning system
from 24oC to26oC. The owner could opt to hang clothes out to dry instead of using electrical
energy for this purpose or they could opt to purchase a clothes dryer that relies on much higher
spin rates to remove moisture from clothes. They would be informed that perhaps plug –loads are
trending high and also be informed of the levels of so-called vampire loads. Vampire loads are
energy consumption caused by computers, printers, chargers for cell phones, ipods, home video
games, microwaves, laptops, and high definition televisions, the sum of which can add 10% to
20% to the energy consumption of an average home. By using smart switches connected to the
feedback component that turns off devices that cause vampire loads, significant reductions in
energy consumption can be experienced.

7. Discussion and Conclusions
Strategies and technologies to create NZE buildings is a response to rapidly rising energy prices,
overdependence on foreign energy sources, and the imperative to take action regarding climate
change. National, state, and local jurisdictions throughout the U.S. are embracing the NZE
approach as one that can successfully address these challenges and provide building owners with
a degree of control and energy independence. The development of several technologies that are
critical to the support of NZE buildings is rapidly advancing, namely in the area of PV panel
efficiency, appliance efficiency, feedback and control systems, and increased lighting and
appliance efficiency. The NZE concept can be applied not only to individual buildings but also to
groups of buildings served by a renewable energy system. One limitation of the NZE concept that
it is very difficult to apply to a single story building and virtually impossible to a multi-story building,
unless substantial site area is available for PV systems. In spite of the difficulties in
implementation, it appears that NZE marks a major shift in high-performance green buildings, one
that combines extreme energy conservation and efficiency with renewable energy systems to
produce buildings that are energy self-sufficient.
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Summary
The last 50 years of Finnish apartment building have been dominated by the construction of multistorey buildings by the use of prefabricated concrete elements. These buildings have very poor
energy efficiency and though decreasing the energy consumption has been recently often the main
argument for the renovations.
Wood is the only renewable building material and wood products are carbon stores as long as the
wood products remain in use. Wood would be excellently suited for facade and roof repairs both
technologically and economically as well as aesthetically. New wooden facades would be an
economical and quick option for repairing damaged concrete facades; the renovation could be
done by using prefabricated wooden elements. Concerning balcony and conservatory solutions, it
is possible to hang lightweight balcony systems either straight on the concrete frame or propped
on light foundations of their own. With roof structures, changes in roof shape and especially with
the construction of additional storeys, wood would be a practical building material due to its
lightness. The speed of wood constructing is a specific advantage, making the disruption of repairs
limited to a short period of time.
The purpose of this project was to provide concrete suggestions on how to develop multi-storey
building neighbourhoods with wood constructing. The project is about searching and visualizing
high-quality wood-based solutions for thorough renovations and refurbishments of typical suburban
multi-storey buildings.
Six typical multi-storey building neighbourhoods, made of concrete and built in the 1960s and 70s
and already due for refurbishment, have been selected to design ideation. Of these objects,
outlines for master’s theses have been composed in architecture degree universities and faculties
of technology. The theses include ideas and visualizations on repairing suburban multi-storey
concrete buildings: renewal of facades taking energy conservation into account, renovation of
balconies, building an elevator and lightweight additional storey(s) to finance the elevator. The
project also discusses areal unification and densification by additional and supplementary building.
Young architects present bold and unconventional suggestions on how the comfortability and
desirability of the typical suburban house as a dwelling form can be improved by utilising the
possibilities of wood. The article presents the results of the project and four of the master’s theses.
Keywords: renovation, sub-urban buildings, multi-storey housing, carbon neutral

1 Need for renovation in concrete building suburbs
A significant number of suburbs were constructed in Finland in the 1960s and 1970s in which
multi-storey apartment buildings constructed of prefabricated concrete elements are the dominant
building type. These apartment buildings are now beginning to be in need of renovation and
renewal. The need for repairs arises from not only ageing and wear, but also more demanding
technical, functional and economic requirements. The buildings’ facades, technical systems and
balconies are in greatest need of repairs. There is a significant need for repairs due to deterioration
of the facade structures, resulting especially from the carbonation of concrete and corrosion. For
example, balcony structures even pose safety risks because their deteriorating parts are in danger
of falling off.
There is also reason to improve the thermal insulation of the facades in conjunction with their
repairs. Buildings consume about 40 % of primary energy, thus it is probable that thermal
insulation requirements, which will soon become stricter due to EU regulations, will sooner or later
be applied to existing buildings, also. A typical Finnish suburban block of apartments from the
1970s is consuming 220…250 kWh/total area-m2. A building constructed according today’s
regulations is consuming no more than 100 kWh/m2 and a passive house standard building only 25
kWh/m2 . Better thermal insulation also increases living comfort.
A need for qualitative renovation is also mentioned in conjunction with suburban renovation. There
is a desire to make the milieus of suburbs more vibrant and human-oriented in order to preserve
their attractiveness as places to live. Most three-storey residential buildings from the 1970s
(actually four storeys if their above-ground auxiliary rooms are included) do not have an elevator.
As the residents get older, the lack of an elevator often makes it necessary for them to move to
another apartment. If an elevator were installed in these buildings, they would also serve families
with children and disabled people.
When renovating suburbs, it is often necessary to consider some degree of additional or
supplementary construction. Particularly in growth centres, small-scale additional construction
could be an alternative worth considering when densifying and unifying the urban structure and
when financing repairs. For example, income gained from the construction of one or two additional
storeys could be used to finance the construction of an elevator and at the same time additional
thermal insulation could be installed in the ceiling and the roof could be renewed.

Fig. 1 and 2 A significant number of suburbs were constructed in Finland in the 1960s and 1970s
in which multi-storey apartment buildings constructed of prefabricated concrete elements are the
dominant building type.

2 Challenge of the carbon neutral renovation
The facades of the existing suburban building stock have been renovated in increasing amounts,
but mainly only by renewing the weather protecting cladding and adding insulation at the same to

decrease energy consumption. During last years decreasing the energy consumption has been
often the main argument for the renovations. By adding a great amount of insulation material to the
external walls and to the roof its is possible to gain passive house standards or to have zero level
consumption of heating energy as the criteria will be already at year 2020 in EU. Even if that
criteria will be in the first only for new buildings it is obvious, that in the near future there will be
equal criteria also for the renovations.
Today the energy used to create the materials that make up a building is typically 22% of the total
energy expended over the lifetime of the building, so it is worth paying attention to the materials
specified, as well as to the energy-efficiency of the structure. When our new or renovated buildings
will not consume heating energy any more, it will help to tackle the climate change. But in that
occasion rises the question about the constructing, what the CO2 emissions are caused by
production of different building materials and by building process.
There is no other commonly used building material that requires so little energy to produce as
wood. Wood is the only renewable building material and wood products are carbon stores as long
as the wood products remain in use. Besides, the more wood products replace other materials, the
more the so-called “substitution effect” further reduces CO2 in the atmosphere, because the
energy used in construction, including not only manufacturing but also transporting and erecting
buildings, is significantly lower for wood-based products and systems than for other building
materials. [1] For example the renovation of one square meter of external wall by mineral wool
insulation and brick cladding causes about 42 kg emissions compared with 6,5…16,7 kg emissions
caused by wood-based alternatives. [2]
In the constructing and also in the renovation of the existing buildings the main opportunities to
gain CO2 savings include using a greater proportion of wood products, using wood products with a
longer life, and substituting wood and wood-based products for energy-intensive materials. There
are significant CO2 savings to be made by using timber in construction and the higher the timber
content is in the building, the lower is the embodied energy of the building. Renovation is always
consuming energy, but by using wood in reconstructing is the carbon store in it compensating the
CO2 emissions and by this making carbon neutral renovation possible.

3 Potential of using wood in suburban renovation
In recent years the potential of using wood in the repair of suburban multi-storey apartment
buildings has been studied in Finland. The most significant possibilities are found in interior
decoration, exterior facing, balconies, lightweight additional storeys, area supplementary
construction, and yard and milieu construction.
Wood is very suitable for facade and roof repairs technically, economically and in terms of
appearance. New wood facades would be an inexpensive, quick way to build elements, install
them, maintain and repair existing buildings. New facade surfaces would protect deteriorated
concrete elements well. Using wood elements as a way to repair concrete element facades has
already been tried in Finland. Well constructed and maintained wood exterior facing lasts tens of
years.
Lightweight balcony systems could be suspended directly from the concrete frame or supported by
their own light foundation. Due to its light weight, wood would be a usable construction material in
roof structures, modifications of roof shapes and construction of additional storeys. The speed of
wood construction is a particular advantage, as disturbance caused by renovation would be limited
to a short period of time. For example, building additional storeys using modular construction
techniques would cause minimal disturbance to current residents.
A particular advantage of wood is its impact on people’s comfort. According to surveys of residents,
wood is considered a pleasant, cosy, warm and environmentally friendly material. They wish wood

would be used more in the construction and renovation of multi-storey apartment buildings to
improve the drab general appearance of concrete suburbs. Increasing environmental awareness
also speaks for increased use of wood.

4 Using wood in suburban renovation –project 2009-2010
The ”Potential of using wood in suburban renovation” ideation project (2009 – 2010) is a joint cooperation project of several participants. Among them are the Ministry of the Environment and the
architectural departments of the University of Oulu, Helsinki University of Technology and the
Technical University of Tampere.
The goal of the project was to produce high-quality, attractive, concrete proposals on how multistorey apartment building suburbs could be developed using wood construction. The project was
ideating and visualising wood-based solutions for renovations and refurbishments of typical
suburban multi-storey apartment buildings.
Six typical concrete multi-storey apartment building suburbs constructed in different parts of
Finland primarily in the 1960s – 1970s, now in need of renovation, were chosen as sites for design
ideation in this project. They are located in Riihimäki, Porvoo, Lahti, Hämeenlinna, Tampere and
Oulu. The design work for each of these suburbs was done as master’s thesis projects in Finland’s
three schools of architecture. The thesis projects include ideation and visualisation of facade
renewal that takes energy renovation aspects into account, balcony renewal, area unification and
densification by means of additional and supplementary construction, elevator construction and
construction of lightweight additional storeys to finance the elevator. Later on the overall costs of
the proposed renovations will be analysed in thesis projects in production economics.
4.1

Objectives and content of design work

The objective of the master’s thesis in the schools of architecture was to come up with technically
and economically sustainable, architecturally high-quality, comfortable, wood-based solutions for
thorough renovations of typical 3–4–(8)-storey concrete apartment buildings in each target suburb,
which can serve as examples for similar sites in Finland and abroad. A large group of specialists
was supervising the various phases of the master’s thesis projects at joint supervisory seminars
arranged during the project.
The architectural students presented proposals on how the look, comfort and desirability of typical
suburban houses as dwellings can be improved at a reasonable cost by utilising the potential of
wood. The designs provide examples of how the technical life span, thermal insulation and
appearance of the buildings and their facades can be improved.
The task of the architectural students completing the master’s thesis projects was to create
versatile ideas and designs for the various aspects of renovation at the sites. The goal was to
improve utilization of the buildings’ above-ground auxiliary rooms by ideating their reuse. An
elevator had to be added to the stairway and unobstructed travel must be arranged for disabled
people otherwise, also. The designs include proposals for the construction of an additional
storey(s), installation of additional thermal insulation in the ceiling and modification of the shape of
the roof. The facades will be renewed and better thermal insulation will be installed in the exterior
walls of all the sites. Old damaged or functionally outdated balconies will be renewed and
balconies are added to apartments that currently don’t have any. The designs include improving
the comfort and functionality of yards - taking all age groups into consideration. Because additional
storeys create a need for more parking space, this also has been taken into consideration when
renewing the entire block.

4.2

Technical designs: modular elements and additional thermal insulation

4.2.1 Modular elements
The new top floors of the buildings undergoing renovation are proposed to be built from timberframed modular elements. Modular elements are building elements in which at least the ceiling and
floor, and most often also the end walls, are prefabricated. Elements may also have partial or
complete side walls and partition walls. Two basic types of modular elements are used in the
building designs: the elements either constitute the building itself or a significant part of it, or they
are panel-like parts of the building frame.
Until now modular elements have been used in Finland primarily in detached house construction,
as steel-framed bathroom elements in multi-storey apartment buildings and in rather small
temporary buildings. In professional construction, modular elements allow a new type of
contracting procedure in which the element supplier is accountable to the main contractor for both
element delivery and installation.
Modular element production makes it possible to manufacture a building wherever resources –
labour and materials – are most easily and economically available. Consistent quality is also easier
to ensure than in on-site construction, as construction is not dependent on weather conditions.
Short construction time is especially suited to renovations, but it also reduces costs.
The designs divide the top floor into modular elements, taking into consideration the effect of
element size on transports. The proposed dimensions are: width 4.5 m, length 12 m, height 4 m.
Typical modular element sizes are:
Width 3,600 – 4,500 – 6,000 (7,000) (normal road transports – escorted transports –
abnormal transports)
Length 12,000 – 13,500 – (16,000) (length is determined by the dimensions and loadbearing capacity of the transport vehicle – different manufacturers give different maximum
dimensions; the average length is 13.5 m)
Height 3,000 – 4,000 – 6,000 (the Finnish Road Administration maintains routes with
clearance for 7 m x 7 m transports. The lorry bed is about one meter high, so maximum
height is 6 meters)
To keep transport costs reasonable, the modular elements are intended to be manufactured in
units located as close as possible to the construction site. The elements can be manufactured to a
high level of completion, whereupon work at the construction site does not necessarily involve
more than element installation and connection of utilities. Installation is quick. The elements will
have pre-installed interior and exterior doors, windows, fixtures and exterior facing, including paint
and flashings. In most designs the elements also include the roof.
4.2.2 Additional thermal insulation
For technical reasons, facade repair is necessary at all the design sites. Because the current
exterior walls of all the buildings contain only 100-150 mm of mineral wool, the heating energy
consumption of the buildings is presently too high. Another objective is to renew the run-down
appearance of the buildings. Wood-framed elements will be used in the installation of additional
thermal insulation; their use is justified by the high degree of prefabrication and installation with
little need for scaffolding.

Fig. 3 and 4 The new top floors are proposed to be built from timber-framed modular elements
(left). The wood-framed elements consist of compressible mineral wool, building board, moisture
barrier, thermal insulation and wood frame, wind shield board and exterior facing (right).
The elements are fastened with metal fasteners to the inner shell of the old sandwich elements.
The elements contain 300-400 mm of mineral wool insulation. The elements are either one or two
storeys high and 4-8 m long. The wood-framed elements consist of the following structural layers,
from the inside out: compressible mineral wool (stuffing layer), building board, moisture barrier,
thermal insulation and wood frame, wind shield board and exterior facing, which can be freely
chosen. Most of the designs include a variety of wood facings and complementary unfinished
plaster surfaces made at the element factory. Because the wood frames of the elements are selfsupporting, the facades of the building undergoing repair can be renewed by changing not only the
facing material, but also the openings and balconies.
Prefabrication of the facade elements avoids moisture damage during construction, since the
insulation material (mineral wool) is not exposed to rain, for example. The use of elements
guarantees a high level of technical quality, and the quick, dry construction method also minimises
the amount of disturbance inflicted on residents by the renovation.

5 Pilot sites
Since all the chosen sites need to be repaired already in the near future, the completed master’s
thesis projects will serve as preliminary designs that test the possibilities of the coming repair work.
In all the proposals the outer shell of the buildings’ sandwich elements and the old thermal
insulation have been removed, leaving only the inner load-bearing concrete shell. In conjunction
with the modifications the buildings will be repaired to bring their energy efficiency to a low-energy
level and the facades will be renewed with wood-frame elements that include efficient thermal
insulation. Wood facing, plywood sheeting and plaster will be used on the facade surfaces.
The pilot sites are not single buildings; they are comprised of areas covering at least one block,
where the residential milieu can be ideated as an entity (the neighbourhood, yards, buildings,
apartment repairs, technical solutions and details).
5.1

Riihimäki

The pilot site in the capital city area is a block in the Peltosaari section of Riihimäki, near the
railway station. It is a large, drab suburb with concrete apartment buildings. The Department of
Architecture at Helsinki University of Technology was responsible for the design of the Riihimäki
site. The master’s thesis project is the work of architectural student Tomi Tulamo. [3]

Fig. 5 and 6 In Riihimäki the possibility of raising the four-storey buildings to cover the renovation
cost and to improve the milieu has been examined. Present situation on the right.
In his thesis project Tulamo has examined the possibility of raising the four-storey buildings to
cover the renovation cost and to improve the milieu. The new one- and partially two-storey timberframe modular elements will have terrace balconies and a narrower frame than the original
building. The accessibility of the apartments is improved with a new elevator design that Tulamo
has succeeded in situating in the original stairway without disturbing the apartments. He has
designed new balconies for the buildings, which together with the additional storeys and new
facade and colour layout successfully give a rhythm to the building masses, thereby improving
their appearance and attractiveness in the housing market.
5.2

Porvoo

The pilot site in Porvoo is a concrete apartment building suburb located to the west of the ”Modern
wooden town area” on the west bank of the Porvoonjoki River. After the proposed renovation, the
west bank’s Modern wooden town area and the adjacent old concrete suburb will form a more
unified entity. The Department of Architecture at the University of Oulu was responsible for the
design of the Porvoo site. The master’s thesis project is the work of architectural student Tiina
Hotakainen. [4]

Fig. 7 In Porvoo the possibility of converting the simple, drab suburban buildings into architecturally
refined buildings using new ideas has been examined: the villa-like roof apartments with their
spacious terrace yards will attract residents.

The design proposes construction of new, smaller-scale additional buildings in the residential block,
which successfully border the open courtyards and create a protected milieu. In her thesis project
Hotakainen has examined the possibility of converting the simple, drab suburban buildings into
architecturally refined buildings using clear-cut methods: stairway arrangements linked to elevator
construction are visible on the exterior of the buildings as elements that lend scale to the building.
Construction of partial additional storeys links the architecture of the suburban buildings to the
surrounding buildings. The villa-like roof apartments with their spacious terrace yards will attract
residents.
The long facades of the buildings facing south and west are covered with new wood-frame
balconies. The balcony facades and also the other partly new facades with board facing are
complemented by small birdhouse-like protruding balconies.
5.3

Tampere

The renovation site in Tampere is in the Annala section of Kaukjärvi. This is a renovation project
for one block, implemented as a partnership contracting model. The Department of Architecture at
the Technical University of Tampere was responsible for the design of the Tampere site. The
master’s thesis project is the work of architectural student Niina Murtonen. [5]

Fig. 8 and 9 The additional construction at the site in Tampere by constructing a new part between
two existing buildings and an additional storey. Present situation on the right.
In her thesis project Murtonen is examining the possibility of new, more practical use of the aboveground auxiliary rooms – changing their usage would also improve the architecture of the buildings
by means of new window openings. New small storage buildings situated in the courtyard of the
block create a pleasant scale.
She proposes additional construction at the site by constructing both traditional extensions and an
additional storey. She is also studying the location of an elevator and construction of additional
balconies. Two buildings are combined by constructing a new five storey wood-frame addition in
the corner of the lot – this decreases the windiness of the yard area.
5.4

Oulu

The pilot site in Oulu is an entity of six buildings located in the Välivainio section of the city. The
three-storey residential buildings, which have no elevators, were built in 1962 – 1967. The
Department of Architecture at the University of Oulu was responsible for the design of the Oulu site.
The master’s thesis project is the work of architectural student Tuuli Jäntti. [6]
Jäntti’s challenge is to propose a practical renovation method for the site, whose demolition has
already been considered. The design work involves improving the architecture and particularly the
functionality of the apartments. Locating an elevator inside the building frame also offers the
possibility of renewing the building. She proposes covering one of the long facades of the buildings

entirely with a new balcony zone. The current location of buildings also permits supplementary
construction, and the proposed new narrow-framed buildings together with row houses assembled
from modular elements on the roofs of the existing apartment buildings successfully enrich the
milieu.

Fig. 10 and 11 One of the long facades of the buildings is entirely covered with a new balcony
zone. New detached houses constructed on the roofs of the existing apartment buildings
successfully enrich the milieu. Present situation on the right.
The planned modifications improve the existing buildings and the colorful wood facades of the new
two-storey supplementary buildings link the buildings to the wooden detached houses in the
surroundings. New parking places are situated in a grass-roofed, log-walled carport.

6 In conclusion
The purpose of this project was to use the high-quality master’s thesis projects, supervised by a
large group of specialists, to visualize what can be achieved with good design work and wood
construction when renovating and refurbishing concrete multi-storey apartment building suburbs.
The project has awakened considerable interest in the wood element industry.
Efficient measures that reduce the heating energy need of a building are: 1. efficient heat recovery
in the ventilation system, 2. installation of new windows with good thermal insulation properties and
3. installation of additional thermal insulation in the outer shell. The designs in this project didn’t
present concrete models related to heat recovery, although the designs were based on modern
technical systems.
By adding a great amount of insulation material to the external walls and to the roof its is possible
to gain passive house standards or to have zero level consumption of heating energy as the
criteria will be already at year 2020 in EU. When our new or renovated buildings will not consume
heating energy any more, rises the question about the constructing, what the CO2 emissions are
caused by production of different building materials and by building process.
Carbon balance analysis reveals the favorable environmental properties of wood. A favorable
impact on the climate is achieved with renovation that results in a low primary energy need, using
materials and methods that produce minimal CO2 emissions. Renovation is always consuming
energy, but by using wood in reconstructing is the carbon store in it compensating the CO2
emissions and by this making carbon neutral renovation possible.

References
[1] Tackle Climate Change: Use Wood. CEI-Bois.org, 2006.
[2] Kestävä rakentaminen luo hyvinvointia. Puu on ekoin. Puuinfo & Suomen Metsäsäätiö, 2011.
[3] Tulamo, T. Lääkkeitä lähiöön. Puun mahdollisuudet lähiösaneerauksessa – korttelin
peruskorjauskonsepti Riihimäen Peltosaareen. The Department of Architecture, Helsinki Aalto
University, 2010.
[4] Hotakainen, T. Porvoon Portin alueen korjaussuunnitelma. The Department of Architecture,
University of Oulu, 2010.
[5] Murtonen, N. Woodsblock. Tampere Annala Kolunkatu 1. The Department of Architecture,
Tampere University of Technology, 2010.
[6] Jäntti, T. Puun mahdollisuudet lähiösaneerauksessa – Kohdealueena Oulun Välivainion
vuokratalot. The Department of Architecture, University of Oulu, 2010.

Austria House, the first Passive House for the
21st Olympic Winter Games 2010 in Canada
Martin Treberspurg
Univ. Prof. Arch. DI Dr., Head of Division of Sustainable Construction at Institute
of Structural Engineering (IKI), University of Natural Resources and Life Sciences, Vienna, Austria, martin.treberspurg@boku.ac.at
Mariam Djalili, M.Sc., mariam.djalili@boku.ac.at
Ulla Ertl-Balga, Dr., ulla.ertl@boku.ac.at
Roman Smutny, M.Sc., roman.smutny@boku.ac.at
Christoph Neururer, M.Sc., christoph.neururer@boku.ac.at
all:
Scientist, Division of Sustainable Construction at Institute of Structural Engineering (IKI), University of Natural Resources and Life Sciences, Vienna

Summary
The Austria House is traditionally a popular venue for people from the international worlds of
politics, economics, sports and the media. The APG Austria House for the 2010 Olympic and
Paralympic Winter Games was built as a Passive House and is therefore very energy efficient and
ecological. During the Olympic and Paralympic Games, live broadcasts from the Austrian
Broadcasting Corporation (ORF) took place in the Austria House. Since the end of the games, the
building has been used by the Resort Municipality of Whistler as a cross-country skiing centre in
the winter and a mountain bike centre in the summer. The building lives up to one of the central
goals of the 21st Olympic Winter Games: Sustainable Development.
The certifications confirm that the Austria House is the most energy-efficient building ever
constructed for the Olympic Games. The Austrian environment ministry awarded the Austria House
as a klima:aktiv Passive House. The BOKU Vienna audit yielded outstanding evaluation scores for
both energy efficiency and sustainable construction methods. Furthermore, the Austria House
received the first international quality seal for sustainable buildings (DGNB) from the Austrian
Green Building Council (ÖGNI) for an Austrian building. The Austria House is the first Canadian
Passive House to be certified by the Passive House Institute (PHI) of Darmstadt, Germany.
Keywords: Passive House, sustainable buildings, building certificates, wood architecture, solar
architecture, energy efficiency, DGNB, ÖGNI

Fig. 1 & 2 Austria House in Whistler [Foto: Ira Nicolai]

1. Introduction
No other sports event in the world captures people’s attention like the Olympic Games. The
tremendous draw of the Olympics reflects the fact that the most important sports event in the world
can unite and delight so many, regardless of age or national origin.
This backdrop offers a unique opportunity to create a global awareness of the Passive House idea.
The Austria House is designed to accomplish this task as the first Passive House in Canada and
the only foreign national building in Whistler. The building documents one of the essential goals of
the 21st Olympic Winter Games: Sustainable Development. Sustainable development is one of the
main goals of the Olympic movement. [1]

2. The Design of the Austria House
The Austria House was built as a wooden Passive House. The state-of-the-art 250 m² building is
constructed from green building materials. The Austria House was a project of the Austrian Passive
House Group (APG), a consortium formed by Sohm Holzbautechnik (timber construction), “drexel
und weiss energieeffiziente haustechniksysteme gmbh” (technical building equipment), Erich
Reiner Engineers, Optiwin windows and the zweiraum advertising agency. Treberspurg & Partner
Architects developed the design in close cooperation with the APG and the Resort Municipality of
Whistler. Subsequent use of the building and its permanence were essential issues. After the
games, the building was thus put to use by the Resort Municipality of Whistler as a cross-country
skiing centre in the winter and a mountain bike centre in the summer.
The prototype of an alpine building – a traditional, compact, gable-roofed structure oriented to the
south – served as a starting point for the architectural design. The use of the same black fibercement shingles on both the roof and the façade emphasizes the monolithic appearance of the
building.
The different functional areas of the “one-room” building are arranged around a spiral element,
which serves as a bar and room divider near the staircase on the ground floor and as a parapet on
the upper floor. The ground floor serves as an event space with direct access to the south-facing
terrace. Expansive glazed surfaces and the continuation of indoor space-defining elements to the
outside reinforces the continuity between inside and out. A continuous strip of windows leading to
the upper floor further opens the building up to nature while visually elevating the functionally
separate top floor.
The double angle formed by the roof and glazed stairwell frames the upper-floor view toward
Blackcomb and Whistler Mountains, where two downhill skiing events were held. The view served
as the backdrop for studio commentators during TV broadcasts. A balcony on the front of the
building, which can be seen as a continuation of the terrace, connects the studio to the
environment. The balcony serves as a lounge and a VIP area.

Fig. 3 Floor plan, ground floor [Source: Treberspurg & Partner Architects]

Fig. 4 Floor plan, upper floor [Source: Treberspurg & Partner Architects]

3. Marketing concept and media presence
The Austria House is traditionally a favourite meeting place for sports figures, the media, business
people and politicians from around the world, making it an effective platform for advertising
Austrian hospitality and quality. Thus, the social function of Austria House is every bit as important
as its role as a broadcast studio for Austrian’s ORF. The Austrian Passive House Group (APG) built
the Austrian House and operated it in cooperation with the Austrian Olympic Committee (ÖOC).
To get the word out effectively, a targeted campaign was launched while maintaining constant
contact with local media in Canada and Austria. The components of the marketing campaign
included:
A documentary film about the construction of the APG Austria House
Canadian documentary films about Austria House (Discovery Channel, CBC, and
others)
A web site (www.oesterreichhaus.at) with updates and a blog
The 1st Austrian Passive House Forum & Sustainable Technology Showcase Austria – Canada, from 22 -23 March 2010 in Whistler with presentations by Austrian
companies, talks on Passive House construction, and the official transfer of the
Austria House to the Resort Municipality of Whistler
Articles in local media and trade publications in Austria and Canada.
Awards and quality seal presentations for public relations and awareness-raising
The certifications received confirm that the Austria House is the most energy-efficient building ever
constructed for the Olympic Games. The most important certifications and awards are described in
greater detail below.

Fig. 5 left: Canadian and Austrian construction team on site [Source: Ira Nicolai], right: VIParea during Olympic Games inside [Source: Martin Treberspurg]

3.1

Klima:aktiv Award - the Austrian climate protection initiative

The Austrian environment ministry recognized Austria House as a klima:aktiv Passive House. The
BOKU Vienna audit yielded outstanding evaluation scores for both energy efficiency and
sustainable construction. The building received 983 out of 1.000 possible points. The air-quality
assessment actually resulted in the full 1.000 possible points.

Fig. 5 Results of the klima:aktiv evaluation

3.2

DGNB quality seal

In a festive event in late January 2010, the first international quality seal for sustainable buildings
(DGNB) was presented to the Austrian Green Building Council (ÖGNI) for an Austrian building.
Drees & Sommer assisted the audit.
The building’s environmental characteristics received the highest marks and gold certification. For
quality of planning and execution, the project also received gold. Evaluation of the use of
development land was relatively strict (Criterion 15, Fig. 6) because, unlike Canada, land for
development in Austria is a very scarce resource. The economic quality of the Austria House
(Criterion 16-17, Fig. 6) was awarded silver due to the relatively high construction costs. The high
costs were the result of paving, planning, and construction, as well as the building's small size. The
small volume of the building results in a very unfavourable ratio between the generally more
expensive building envelope and the building volume. Small buildings tend to be much more
expensive to build per square meter than office buildings with a large volume. The DGNB quality
seal, however, evaluates construction costs based on targets for large volume buildings. Because
this criterion has such a great influence on the total score, the overall evaluation was silver.
For the final certificate, gold is within reach with just a few additional minor improvements. Figure 7
illustrates the results of the individual evaluation indicators as percentages, showing both the
scores achieved and maximum scores.

Fig. 7 Results of the DGNB certification for each evaluation indicator

3.3

PHI Passive House certification

The Austria House was the first Canadian Passive House to be certified by the Passive House
Institute (PHI) of Darmstadt, Germany. IG Passivhaus Österreich presented the certificate, along
with a plaque granted for the first time ever on behalf of PHI. The PHI certification is an important
basis for further certifications because it ensures the quality of the planning documentation.

4. Results and Conclusions
The Austria House at the Olympic Games was successful at raising awareness outside of Europe especially in Canada and North America - of the Passive House concept as a proven solution to
sustainable development and climate protection.
The result of targeted public relations work has been a display of the strength of Austrian
companies in the fields of Passive House technology, the environment, and energy, as well as
creating long term partnerships between Austrian and Canadian companies and institutions. The
project is a further step toward spreading to a global audience the concept of the Passive House.
Despite the financial crisis, the construction industry was spurred on to spread innovation and
implementation of sustainable building. The foundation of a Passive House interest group in
Canada will help to continue promotion of the idea.
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Summary
In order to achieve a sustainable built environment and realise the global aspiration of low-cost
zero-emissions buildings, it is imperative to combine effective passive energy-savings building
design with the intelligent incorporation and integration of renewable energy technologies. Such an
undertaking not only requires the installation of current technologies within a considered building
design, but must also account for factors such as occupant interaction with both passive and active
building systems, future variability in building energy performance and the assimilation of future
energy technologies.
In Australia, existing buildings account for more than 20 per cent of stationary energy consumption.
In this context, solutions that improve the energy performance of existing building stock provide an
attractive emissions-reduction opportunity with the potential for immediate impact and net financial
benefit to society. However, the task of identifying, implementing, monitoring and maintaining
building technologies in a retrofit application is not trivial and can represent a significant challenge
for building operators, particularly when considering other critical aspects such as sympathetic
integration with existing building systems and the importance and influence of building occupants.
This paper presents a real-world assessment of eco-efficient technology solutions to achieve net
zero-emissions and beyond in an existing commercial office building located in Newcastle, NSW
Australia. Leveraging expertise in energy futures modelling and advanced energy management
and control research, Australia’s national science agency the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) has undertaken advanced engineering, environmental
and economic analyses to produce a site-specific ‘greenhouse gas abatement cost curve’ as a
roadmap for achieving organisational carbon neutrality by 2015 in the most cost-effective way. In
addition to traditional commercial building emissions-reduction opportunities this analysis also
includes state-of-the-art technological solutions for optimal building operation, considered essential
to unlocking significant energy savings from existing buildings. Findings have revealed that when
combined with traditional emission savings options, these solutions can achieve significant
reductions in greenhouse gas emissions beyond net-zero at negative or minimal cost of abatement.
Keywords: Energy Efficiency, Greenhouse Gas Abatement, HVAC, Net Zero Energy Buildings

1. Background
In order to achieve a sustainable built environment and realise the global aspiration of low-cost
zero-emissions buildings, it is imperative to combine effective passive energy-savings building
design with the intelligent incorporation and integration of renewable energy technologies.
In Australia, existing buildings account for more than 20 per cent of stationary energy consumption.
In this context, solutions that improve the energy performance of existing building stock provide an
attractive emissions-reduction opportunity with the potential for immediate impact and net financial
benefit to society. However, the task of identifying, implementing, monitoring and maintaining
building technologies in a retrofit environment is not trivial and can represent a challenge for
building operators, particularly when considering other critical aspects such as sympathetic

integration with existing building systems and the importance and influence of building occupants.
Such an undertaking not only requires the implementation of current technologies within a
considered building design, but must also account for factors such as occupant interaction with
both passive and active building systems, future variability in building energy performance and the
assimilation of future energy technologies. This paper presents a real-world assessment of ecoefficient technology solutions to achieve net zero-emissions and beyond in an existing commercial
office building located in Newcastle, NSW Australia (32°55'12"S, 151°45'00"E), approximately 160
km north of Sydney. The assessment described required the i) identification of eco-efficient
technology options, ii) development a baseline comparison methodology and iii) generation of a
greenhouse gas abatement cost curve.

2. Introduction
The CSIRO Energy Centre was designed as a showcase of leading-edge technologies integrated
into a practical multipurpose research facility. The site is a complex energy generator and
consumer incorporating three buildings including office, laboratory and process bay wings, two
large experimental solar-thermal fields, and numerous research and characterisation facilities
including a mico-grid/mini-grid test bay and a balanced ambient calorimeter. The site’s installed
generation assets include 113 kW of non-tracking solar photovoltaics (PV), 40 kW of wind
generation, 120 kW of gas micro-turbine cogeneration and 141 inverters. Project infrastructure has
added a further 1 kW dual-axis tracking PV panel, 2 kW of wind generation, a 30 kW gas microturbine and 727 kWh of chemical battery storage.
The largest energy consumer at the site is the Heating, Ventilation and Air Conditioning (HVAC)
system, consuming 63% of total power, as shown in Fig 1 [1]. This is followed by electrical
equipment which consumes 21% and lighting the remaining 16%. Further, the laboratories are the
largest consumer of electricity on the site, consuming 48% of total power as shown in Fig 2 [1].

Fig. 1 Total site electricity usage highlighting
major HVAC load.

Fig. 2 Total site electricity usage by area,
highlighting major laboratory consumption.

Such characteristics are expected given that the major electrical load in the laboratory wing is airconditioning due to its operation 24 hours a day, seven days a week, in a single-pass arrangement
(100% fresh-air). This high ventilation requirement reflects a scientific laboratory safety control
measure. Until recently this ventilation was provided entirely by conditioned air to ensure a
constant supply temperature to all laboratories for research purposes although, as this paper
describes, a roadmap has been created to inform energy savings practise and reductions have
already been achieved.

3. Identification of Eco-Efficient Technology Options
Technology options for reducing energy consumption and resultant greenhouse gas emissions at
the Newcastle Energy Centre were compiled from both a detailed site energy audit and real-world
trials of advanced energy management and control solutions including technologies developed inhouse by CSIRO. The energy audit conducted met level 3 energy audit minimum requirements as
defined in the Australian Standard AS/NZS 3598:2000 Energy audits [3]. Being the most
comprehensive audit of all the levels defined, a level 3 energy audit provides: a detailed analysis of
energy usage; a summary of possible energy savings measures and; the associated cost of
implementing the identified measures in order to achieve the desired savings. Accuracy of the
estimates has been found to typically fall within +10% for costs and -10% for benefits.
Over 25 options in total where analysed specifically for the Newcastle Energy Centre site, including
both stationary energy and transport savings measures. These options were consolidated into
higher-level technology categories including HVAC equipment and controls upgrades, renewable
energy and distributed generation systems, lighting and plug-load efficiency upgrades and
scheduling, advanced HVAC control technologies, and electric fleet vehicles. Some of the more
novel and advanced technologies considered are described in Section 5.
An in-depth site energy-use study for was performed in April 2007 revealing that the building
performance was slipping - a situation attributed to a number of operational issues. Initially the site
achieved an equivalent 5 star National Australian Building Energy Rating System (NABERS) [2]
Energy rating but as equipment aged, staff levels increased and experimental activity intensified,
the building energy performance was found to have slowly degraded. The site (incorporating all
wings and infrastructure) currently achieves a 3.5 star (207kg CO2/m2) NABERS-equivalent Energy
rating and the Office achieves a 4.5 star (150kg CO2/m2) NABERS Energy rating, which, although
satisfactory, are sub-optimal and below original design intent.
A key motivation for the Energy Centre is to greatly improve the energy consumption and
performance of the whole site in order to regain a 5 star NABERS Energy rating and ideally to
exceed it.
Crucial to the identification of eco-efficient technology options is the installation of an advanced
energy management system (EMS) in order to identify, facilitate and verify the proposed energy
savings measures. A sophisticated EMS comprising approximately 55 electrical and gas meters
was installed by upgrading the CSIRO Energy Centre’s existing EMS. The system is able to
monitor, manage and record power flows around the site and enables site power consumption to
be interrogated by area, floors within buildings, systems (i.e. lighting, HVAC and plug load) and
even down to equipment level in some instances.
These sub-meters have facilitated the quantification of energy savings opportunities and will
enable auditing of the effectiveness of the implemented upgrades and modifications as well as
assisting in identifying future emissions savings opportunities.

4. Development of a Greenhouse Gas Abatement Cost Curve
To determine the most cost-effective options towards achieving a net zero energy building (NZEB),
a similar greenhouse gas abatement curve was constructed to the country-specific analyses
performed by McKinsey & Company for Australia [4], the UK, US, Germany and other countries.
Leveraging expertise in energy futures modelling and advanced energy management and control
techniques, the Commonwealth Scientific and Industrial Research Organisation (CSIRO),
Australia’s national science agency, has undertaken advanced engineering, environmental and
economic analysis to produce a site-specific Greenhouse Gas Abatement Cost Curve (‘Curve’) that
provides a roadmap for most cost-effectively achieving carbon neutrality by 2015.

4.1

Baseline Comparison and Analysis Methodology

In constructing a greenhouse gas abatement cost curve it was necessary to establish a baseline
against which emissions-reduction options could be assessed. This baseline was established by
assuming business as usual operation in terms of: the site’s overall energy consumption (1 535
000 kWh/yr); the proportion of grid-sourced electricity (the site currently produces approximately 15%
of its power through on-site generation); the proportion of grid-sourced ‘green’ electricity (25%); the
load profile; transmission and distribution loss factors; and the number of kilometres travelled by
fleet vehicles.
General assumptions used in constructing the curve are listed below:
• The greenhouse gas emission intensity of grid sourced conventional electricity (GHGe) is
1.07 t/MWh [7]
• The greenhouse gas emission intensity of natural gas (GHGg) is 0.0661 kg/MJ [7]
• The greenhouse gas emission intensity of petrol (GHGp) is 2.3458 kg/L [7]
• Real discount rate (r) of 7% p.a. was used consistent with [6]
• The distribution loss factor (DLF) is 4.64% [9] and the marginal loss factor (MLF) is -0.67%
[10] represent published estimates for the Newcastle sub-node
• Petrol price () of $1.50/L in 2015 was assumed
• Natural gas price in 2010 (NGC2010) is 1.25935 c/MJ
Total transmission losses (TLF) are the product of the MLF and the DLF:
  1 
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From Equation 1, TLF is calculated as 3.94%.
The site is billed for grid-sourced electricity on a three-tier tariff:
• Peak electricity (Pp) 7am-9am, 5pm-8pm, business days
• Shoulder electricity(Ps) 9am-5pm, 8pm-10pm, business days
• Off-peak electricity (Po), electricity consumed at all other times
The tariff consists of two components: a network charge and an energy charge, with the network
charge multiplied by the TLF to account for use of transmission and distribution networks. The average electricity cost in 2010 (AEC2010) in $/kWh is calculated in Equation 2:
2010  
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(2)

where:
ρcp is the proportion of grid-sourced conventional electricity (0.75)
ρgp is the proportion of grid-sourced ‘green’ electricity (0.25)
γp is the proportion of peak electricity consumption (0.15)
γs is the proportion of shoulder electricity consumption (0.42)
γo is the proportion of off-peak electricity consumption (0.43)
Pcp is the peak tariff for conventional grid-sourced electricity
Pcs is the shoulder tariff for conventional grid-sourced electricity
Pco is the off-peak tariff for conventional grid-sourced electricity
Pgp is the peak tariff for ‘green’ grid-sourced electricity
Pgs is the shoulder tariff for ‘green’ grid-sourced electricity
Pgo is the off-peak tariff for ‘green’ grid-sourced electricity
In construction of a Greenhouse Gas Abatement Cost Curve for the year 2015, an escalation factor must be applied to AEC2010 and the natural gas tariff (NGC2010). An escalation factor of 1.26 and

1.16 was used for electricity and natural gas respectively. These escalators reflect the likely introduction of a carbon price prior to 2015 and expected increases in transmission and distribution
charges. These estimates were obtained from CSIRO modelling.
Given the reductions in energy usage from the eco-efficient technology solutions considered in this
paper (detailed in preceding sections) annual energy savings were calculated for the year 2015. To
determine whether these solutions result in a negative or positive cost of CO2 abatement, we must
also factor into the costs (usually capital and operations and maintenance costs) of the energy
saving measures. If the options require upfront capital costs, these costs are converted to an annual cost according to Equation 3:
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where:
 s the annualised capital cost in 2015 of technology option i
KCi is the upfront capital cost
r is the real discount rate
L is the service life of the technology solution
The energy savings of technology option i (ESi) is calculated in Equation 4:
  |∆ | ∙   |∆| ∙   ∆  ∙ 

(4)

where:
∆eleci is the reduction in electricity usage of tecnology option i
∆gasi is the reduction in electricity usage of tecnology option i
∆peti is the reduction in electricity usage of tecnology option i
 is the cost of natural gas in 2015
The greenhouse gas emission savings (GHGSi) of technology option i (ESi) is calculated in
Equation 5:
  |∆ | ∙  ∙    |∆| ∙    ∆  ∙  

(5)

Total savings of technology option i (TSi) is calculated in Equation 6:
    

(6)

where:
OMSi are savings in operating and maintenance costs of technology option i
Total cost of implementing technology option i (TCi) is calculated in Equation 7:
    

(7)

where:
OMCi are operating and maintenance costs of technology option i
The net cost of implementing technology option i (NCi) is calculated in Equation 8:
    

(8)

The cost of CO2-e abated in $/t from implementing technology option i (GHGABTi) is calculated in
Equation 9:
 




(9)

4.2

Analysis Features

In addition to traditional emissions-reduction opportunities for commercial buildings, this analysis
includes state-of-the-art technological solutions in the buildings-operation domain that the CSIRO
believe are essential to unlocking significant energy savings from existing buildings.
These include the following:
• Advanced adaptive and predictive control
• Automated fault detection & diagnostics (FDD) and ongoing commissioning
• Optimal scheduling and placement of renewable energy resources, and
• Holistic control and optimisation of whole building energy systems
The analysis found that these solutions when combined with traditional emission-reduction options
can achieve significant reductions in greenhouse gas emissions beyond net-zero and at negative
or minimal cost of abatement. Fig. 3 illustrates this cost of abatement.
It must be noted that the opportunities reflected by this cost curve are not mutually exclusive and
completely exhaustive (MECE). Although it is desirable for each of the listed opportunities to be
separable and thus not ‘overlap’ while simultaneously ensuring that the presented options are
comprehensive leaving ‘no gaps’, it was found that this was neither possible nor realistic for this
site-specific application. For example, the implementation of a thermally-driven cooling system
operating using waste heat would inherently reduce the savings potential of other HVAC energy
reduction measures relying on electricity consumption as a basis for savings delivery.
Overall it was found that a MECE curve is useful for strategic decisions regarding sectors on which
to focus, although a non-MECE curve is unavoidable when comparing specific technology options.

Fig. 3 CSIRO Energy Centre 2015 Greenhouse gas carbon abatement cost curve.

5. Implementation of Energy Savings Measures
5.1

HVAC Equipment and Controls Upgrades

5.1.1 Natural Ventilation Control Strategy Enhancement
During the identification phase it was found that natural ventilation control logic only allowed the
office to enter natural ventilation mode once per day. The logic was modified so that natural
ventilation mode could be activated multiple times if the conditions were favourable. This measure
was implemented with consideration given to the possibility of frequent switching representing a
nuisance to occupants who are required to open doors and windows upon switching between
active and natural ventilation modes. Control hysteresis and an education campaign were
introduced to avoid such a circumstance and this strategy has successfully increased the amount
of time that the office is operated in natural ventilation mode, decreasing air-conditioning electricity
use that would otherwise occur.
The effect of this measure is illustrated below in Fig. 4 where site power profiles from two different
days with similar temperature and humidity profiles are overlaid. The blue plot indicates the site
power profile when air-conditioning is operating as normal throughout the business day and the red
graph represents the site power profile when natural ventilation mode was able to be entered. The
differential illustrates the energy savings afforded by natural ventilation.
Natural Ventilation VS Air Conditioning - Instantaneous Power Usage
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Fig. 4 Site energy consumption with natural ventilation mode enabled (red) and with airconditioning only (blue). The differential indicates the potential savings (Source: CSIRO).
5.1.2 Demand-Controlled HVAC Operation
The majority of air handling units (AHUs) at the Energy Centre incorporate CO2 monitoring as part
of their control strategy. Monitoring CO2 levels enables demand-controlled ventilation, where the
AHU only draws-in fresh air when required to maintain indoor air quality. Recirculation of
conditioned air is often more energy efficient than constant injection of unconditioned outside air.
CO2 monitoring has been extended to three additional zones resulting in predicted energy savings
of 15 000 kWh of electricity, leading to an estimated payback period of approximately 6 years.

Passive infrared (PIR) controlled variable air volume (VAV) operation is currently being trialled in a
number of selected laboratories at the Energy Centre. It is envisaged that one PIR-controlled
switch will direct the operation of lighting and VAV so that lighting and conditioned air supply are
disabled when the area is unused. This system has been implemented so that conditioned air can
be supplied constantly if required for experiments on an agreed limited-duration basis.
5.1.3 Optimal HVAC Control Technology
Optimal HVAC control technology is based on a simple high level goal – judicious use of resources
to provide appropriate environmental conditions. This is a departure from a simple temperaturefocussed control strategy and redirects the overall objective to the delivery of comfort not
necessarily temperature.
In the case of the Energy Centre and many other applications, the resources to be used judiciously
include energy, financial expenditure and greenhouse gas emissions. Here an optimal balance
must be found between what are inevitably competing goals - a function achieved by CSIRO’s
optimal HVAC control technology [5] which intelligently alters the operation of a building’s HVAC
system by determining optimal temperature set-points and other relevant system parameters to
reduce energy consumption and operating costs, whilst maintaining occupant comfort.
CSIRO’s optimal HVAC control technology is operating in the Energy Centre has resulted in energy
savings of up to 25% in addition to increased occupant feedback and system operational and
performance information.
5.1.4 Automated HVAC Fault Detection & Diagnostics (FDD)
Improperly-controlled HVAC systems, performance degradation and inadequate maintenance
wastes a significant amount of energy used in commercial buildings. An extended meta-analysis of
commissioning case study data, analysed results from 643 buildings across 26 states in the United
States, representing 9.3 million square meters of commissioned floor area [6]. Median savings
from existing building commissioning was found to be 16% of the whole building energy use, with a
payback time of 1.1 years.
Since every building and HVAC system is unique, it is not always a trivial task to define these
control rules in a way that will have widespread generic application. In addition, the task of setting
the thresholds used by FDD techniques to raise alarms is quite involved, and prone to producing
false alarms. Moreover, building structure, internal layout and occupancy patterns often change
throughout the lifetime of a building, indicating that an adaptive ‘self-learning’ system may be more
required.
Considering this, CSIRO has developed and is trialling a novel statistical machine learning-based
approach for undertaking operational and maintenance oriented FDD in Energy Centre AHUs. The
technique has been designed to be sensor-minimal, using only incumbent sensors already
installed as part of the building management and control system (BMCS). Although the trial is not
yet complete, the system has already identified a number of system faults and opportunities for
energy savings through recalibration and tuning.
5.2

Renewable Energy Systems & Distributed Generation

The integration and operation of renewable energy systems at the Energy Centre is an area of
intense business and research interest for CSIRO. Implementation and integration analysis is
currently underway for the installation of solar and thermally-driven cooling systems for the
Laboratory and Process Bay wings in order to overcome the site’s high HVAC energy consumption.
Although these measures offer significant emissions-saving potential, it is acknowledged that they
represent moderate-to-high-cost capital acquisitions. It is expected that these measures will be
implemented in future financial years in line with organisation capital works planning processes.

Additionally, research groups based at the Energy Centre are currently focused on smoothing
renewable generation output using storage, as well as mitigating peak demand and optimising the
operation of the Energy Centre as a mini-grid/micro-grid. Although such plant represents research
infrastructure, opportunities to utilise equipment synergistically - or when not utilised - exist and
offer the potential for increased research and organisational benefit. Planning for such operation
has commenced and selected plant is expected to be trialled in the fourth-quarter of this year.
5.3

Electric Vehicles (EV)

Introduction of electric (EV) and hybrid electric vehicles (HEVs) in place of conventional petrolpowered vehicles requires the considerate matching of vehicle purpose and required functionality.
Through consultation with both users and management it was found to be favourable for at least
one EV to be made available for V2G (vehicle-to-grid) research purposes with resultant emissionsreduction benefits to the site. While this arrangement is being considered, the current high cost of
EVs precludes the acquisition of these vehicles solely on an abatement basis.
The reduced cost of HEVs and the elevated lease costs of conventional petrol vehicles improved
the cost-effectiveness of HEVs as a greenhouse gas abatement option, however, the usage profile
of current fleet vehicles and the existence of a HEV purchase price premium still resulted in a high
cost of abatement. These costs are being monitored.
5.4

Other Implemented Measures

A number of other HVAC, general power and lighting measures not described above were
implemented in early 2011 at the Energy Centre. Further, site repairs and maintenance were
informed by the identification process undertaken in the development of this Curve.
Although the overall effect of these measures has not yet been captured over a sufficient duration,
it is expected to be demonstrated that that the emissions-saving measures have proven effective.
Further, some compound savings may be realised, in that it was noted that idling PCs and other
equipment may have a compound effect of heating the building in addition to consuming general
power. The result is increased heat-load which must be counteracted by air conditioning system
operation. In advancing and consolidating the measures implemented as a result of the Curve,
further green IT policies are currently being explored with a view to further improving site energy
efficiency.

6. Conclusion and Discussion
This paper presented a real-world assessment of eco-efficient technology solutions to achieve net
zero-emissions and beyond in an existing commercial office building located in Newcastle, NSW
Australia (32°55'12"S, 151°45'00"E).
In addition to traditional emissions-reduction opportunities for commercial buildings, this analysis
includes state-of-the-art technological solutions in the buildings operation domain that the CSIRO
believe are essential to unlocking significant energy savings from existing buildings.
These include the following:
• Advanced adaptive and predictive control
• Automated fault detection & diagnostics (FDD) and ongoing commissioning
• Optimal scheduling and placement of renewable energy resources, and
• Holistic control and optimisation of whole building energy systems
The analysis found that these solutions, when combined with traditional emission reduction options,
can achieve significant reductions in greenhouse gas emissions beyond net-zero and at negative
or minimal cost of abatement.
This cost of abatement was illustrated by the Greenhouse Gas Abatement Cost Curve developed
by CSIRO to identify a pathway for least-cost emissions-reduction at the CSIRO Energy Centre.
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Summary
This paper provides some results on the potential to minimize environmental impacts in residential
buildings life cycle, through façade design strategies, analyzing also their impact on costs from a
lifecycle perspective. On one hand, it assesses the environmental damage produced by the
materials of the building envelope, and on the other, the benefits they offer in terms of habitability
and liveability in the use phase. The analysis includes several design parameters used both for
rehabilitation of existing facades, as for new facades, trying to cover various determinants and
proposing project alternatives. With this study we intended to contribute to address the energy
challenges for the coming years, trying also to propose pathways for innovative solutions for the
building envelope.
Keywords: building envelope, facade, energy consumption, green house gas emissions, cost
benefit, life cycle.

1. Introduction
Studies relating energy and green house gas emissions in the construction sector have been
gaining popularity in recent years due to the important mitigation potential of the GHG emissions
on this sector. [1]. According to Eurostat, in Europe in 2008, the final energy consumption in the
household sector meant a 27% from the overall energy consumption [2] In Spain, the EECCEL [3]
has some urgent actions for buildings, establishing two indicators for housing: the CO2 emissions
from each dwelling and the total final energy consumption in dwellings (air conditioning, heating,
hot water, appliances and cooking). This same document indicates as relevant the fact that the
“Non metallic minerals” industrial sector (cement, glass, and ceramic) means more than the 21% of
the total energy consumptions of the industry in Spain. On the other hand, in Spain, 39% of the
dwellings have double glazing, 11.4% have window frames with thermal bridge break, 70,3% have
heating systems and 35,5% cooling systems, with a geographical distribution related with the
different climates of the country[4].
There are multiple tools, studies and publications related to the amount of energy used in the
building operation, and there are also many recent studies which focus on the “cost-benefit” energy
efficiency strategies in building construction, in which the investment is considered in economical
terms, and the benefit in environmental terms. [5] [6] [7] [8] [9]. Nevertheless, the relation of
environmental impact in the different phases of the life cycle of the building has been studied in

less occasions, both through life cycle inventory and analysis, and through simplified methods, and
generally applied to specific case studies or to specific construction elements. [10] [11] [12] [13]
[14] [15] [16]. These studies offer us a point of view which allows to put in relation the impact
associated to the different materials, with the impact produced in the use phase of the buildings,
that enables to analyse the environmental feasibility of the different constructive strategies as a
starting point for the study of the economical feasibility.
This paper aims to analyze and give a point of view of the different improvement potential of the
facade building components focusing on the costs-benefit relation in environmental terms. In this
way, it analyzes the environmental benefits that will be produced during the use of the dwelling in
terms of energy consumption and GHG emissions, and its relation with the energetic investment
associated to the materials used for its construction. This paper completes other results what were
presented by the same authors in SB10fi through a focus on materials.

2. Methodology and scope
The goal of the methodology is to obtain several data to correlate the consumption in the use
phase, in this case thermal performance of buildings (heating and cooling) with the consumption of
materials. For this purpose, the LEADER program [17] was used to calculate energy demand in
the use stage, as it calculates building demand under the standard conditions required for
residential buildings energy certification in Spain, and BEDEC database [18] to estimate the
environmental impact and costs for different materials. To compare the data associated with the
materials with thermal performance, the units are given per net floor square meter, considering half
of the floor area for each facade, and per year, assuming a 50 year average life span for materials.
To limit the facade study to the scale of a building component, a typical geometry was considered:
that of a dual-aspect flat, in which both horizontal surfaces and two of the vertical ones would be in
contact with spaces with identical use conditions. Its net floor area is 78,7m2 (the area of an
average flat in Spain [19], its volume is 208,69m3 and the facade area in contact with the exterior
is 39,75 m2. To study energy demand, certain fixed parameters were established, and the changes
caused by a series of variables were analysed. These variables are:
Location: Twelve provincial capitals were chosen to represent the different climate zones in Spain,
according to the combinations of winter (SCI) and summer (SCV) climate severity [20].
Orientation: The following orientations were used: 0º, 90º, 135º, 180º, 225º, 270º.
Sun exposure: In analysing the different cases, data on the solar collection that takes place
through the glazed openings was also used. Two further variables were added to the study: with
and without solar collection.
Ventilation: The room air change rate per hour was also included as a study variable, with 1,0 h -1,
0,6 h-1, and 0,2 h-1.
Facade composition: To limit the number of cases, the following facade treatments were used,
differentiating between the blind part (wall) and the openings (window):
-Wall type: There are nine different wall compositions, depending on thermal transmittance U, and
mass. Three U values were used: U=0,3 W/m²K, U=0,6 W/m²K and U=0,9 W/m²K, each of them
with three different compositions, all with the insulating material on the outside. Three mass
composition were selected for each U value, the main difference between them is the amount of
mass inside the exterior wall: M1, insulation+mass, which corresponds to the most conventional
facade, bearing in mind current building practice in Spain; M2, primarily comprising insulating
material, representing a lightweight, insulating wall; and M3, with greater mass inside the wall, and
therefore higher inertia.
-Opening type: Two types of opening were used: H1, in which the thermal transmittance values of
the glass and the frame are 1,6 W/m²K and 3,2 W/m²K, respectively (1,76 W/m²K average

transmittance), and H2 with 3,3 W/m²K for the
glass and 5,7 W/m²K for the frame (3,54 W/m²K
average transmittance). The percentage of the
opening covered by the frame was considered to
be 10 % in all cases.
-Opening/wall percentage: The size of the
openings acts independently as a variable in
both facades. Four cases were selected with
openings representing 10 %, 20 %, 40 % and
80 % of each facade, resulting in combinations
where openings cover 10 %, 15 %, 20 %, 25 %, 30 %, 40 %, 45 %, 50 %, 60 % and 80 % of the
surface of the two facades.
To calculate the embodied energy according to the percentage of openings in the façade, it has
been considered a linear relationship, ie twice the area of opening, is twice embodied energy.
Fig. 1 Opening/wall percentage in facades
for the studied geometry

The variables on which the materials have an influence in terms of environmental investment, are
the composition of the facade (type of opening and wall), and the proportion of openings. Thus, the
benefits obtained by, for example an optimal orientation, are considered "free" in terms of
environmental investment. The location or climate zone is not a variable that has been taken into
account in the impact of materials, taking out of this study criteria such as the use of local
materials, but nevertheless, it has been considered for the use phase due to differences in thermal
performance by climate zone.
It may be recalled here that although other environmental impacts and other phases that are
considered in a life cycle analysis for the components, in this case have fallen outside the scope of
study, they may have an important impact when evaluating facade composition.

3. Results
To display all the data collected, we are
currently developing a tool for designers as
the combination of parameters has led to
124.416 results. Fig 2. shows an example
of the variations in energy demand for
heating and cooling in the cases studied for
three of the twelve different locations. The
first graph at the top corresponds to Almería,
with less dispersion, and less mean energy
demand (mainly for cooling). Madrid, with
both heating and cooling demand, becomes
more disperse, and Leon, shows higher
mean and dispersion than the previous two,
due to more severe winter weather
conditions.
The analysis of results will be focused on
those parameters affecting materials
environmental impacts, represented just for
the cases located in Madrid.
3.1

Materials / use:

To relate the environmental impacts and
costs of materials with the thermal
performance, we consider several issues,
including:

Fig. 2 Frecuency of energy demand (KWh/m2y) for
different climate zones (Almería, Madrid y León)

-More
moderate
climate
zones, have lower operation
impacts
and
costs,
so
materials will have higher
relative impacts.
-Differences in heating and
cooling demand for each
climatic zone, implies diferent
types of systems and facilities,
with its implications in CO2eq
emissions and costs.
-Component service life can
vary
considerably,
not
necessarily in response to
technical
reasons,
representing an increase or
decrease on the annual
materials impact.
- In the case of new
construction,
façade
components have undergone
several
transformations
before reaching into use, as
reflected in the energy CO2eq
and cost incorporated. In the
case of rehabilitation of
existing
buildings,
this
Fig. 3 Percentage of embodied energy in facade materials
components are already under
related to energy demand for heating and cooling (Madrid)
use conditions. The changes
to improve their skills, such as
the addition, replacement or repair of components also creates a material investment, wich amount
will depend on the ability to reuse existing components.
Fig. 3 shows how for the type of walls and openings detailed in tab.1, the variations in energy
demand are important, leading to also important changes in the impact of materials. As this
demand is reduced, the percentage of energy that corresponds to the material increases. It is also
observed how for the same opening-wall combination, represented by the different lines, different
demands can be reached, depending on
U (W/m²K) Mass KWh/m² CO2eq/m²
€/m²
how the remaining variables are distributed.
In the cases here studied, the walls with M01
0,3
1
320,82
129,18
111,59
greater amount of mass correspond with M02
0,3
0
154,79
82,36
53,17
the ones of highest embodied energy, and M03
0,3
2
731,05
248,86
297,96
although openings have very different
0,6
1
254,28
93,82
96,725
features, they have similar embodied M11
M12
0,6
0
88,24
47
37,15
energy and emissions. With other building
systems, such as earth walls or wood M13
0,6
2
664,51
213,5
283,095
window frames with similar features, these M21
0,9
1
232,54
82,265
94,45
environmental impacts would be reduced. M22
0,9
0
67,77
36,12
32,875
In the case of enviromental retrofit of
0,9
2
642,77
201,945
280,82
buildings, the existing layer is set outside M23
H1
1,76
894,67
420,59
257,17
from the accounting of energy consumption
H2
3,54
885,18
416,04
178,92
of materials, which already by itself makes
a significant impact reduction.
Table 1. Wall and window characteristics (per
facade square meter).
3.2 Type of wall/thermal mass
As there are three different compositions with the same thermal transmittance for each U value,
the primary difference lies in the distribution of the wall mass toward the interior, which provides

some information about the
influence of the thermal inertia
of this mass. Thermal mass
has a significant effect on
cooling loads, but not on
heating loads. For cooling, the
load varies throughout the day,
while heating loads vary over
the course of a year. In any
case, this mass has a positive
effect on energy demand, and
even more so when combined
with other parameters, such as
sun exposure and ventilation,
as shown in fig.4. Reducing
thermal transmittance has a
positive effect on heating loads.
3.3

Opening type

Façade openings are one of the
most complex elements in terms
Fig. 4 Heating and cooling demand (KWhm2y) for different
of energy analysis, since it
wall types for Madrid
combines several parameters
into a single design element. For example, the thermal performance of glass and frame will
determine the transmission losses, and the type of glass, its orientation or setback play an
important role in solar gains. Other parameters such as air leakage are defined by the type of
frame. In this case we have studied two different types of openings, which are those that provide
the data for heating and cooling demand. This parameter is one of those with the greatest
influence on heating demand, but it is tremendously influenced by other parameters such as
orientation or solar access.
3.4

Opening/wall percentage

An increase in the percentage of openings generally means an increase in both heating and
cooling demand. The main difference between these two types of facade elements (openings and
wall) is their potential for solar gain and transmittance. The percentage of openings is closely
linked to orientation (the potential for solar gain is greater if this percentage is higher) and
composition (the larger the percentage, the more transmittance losses, as the blind part of both
types of opening provides more insulation in the cases studied).

Fig. 5 Heating and cooling demand (KWhm2y)
related to percentage of openings in both facades
for Madrid

In the case of the embodied energy in
materials, the opening percentage also
plays a determinant role, since the
amount of material used for both
elements varies according to their
impact on the facade. As seen in Table 1,
the studied openings have more
embodied energy than the walls, so in
these cases, a
greater number of
openings means a higher energy
consumption. If the window embodied
energy per unit area of wall is greater
than that of the openings, then the
option to reduce this energy would be to
increase the percentage of openings,
and to compensate with the thermal
performance for each climate zone.

In residential buildings, the proportion of openings and their arrangement in relation to the different
volumes of the dwelling, have other functions related to the indoor environmental quality, such as
ventilation or lighting, which also have to be considered in the design phase.

4. Discusion and conclusions
The initial investment in terms of materials are very big when compared to the energy demand by
year, however, given that the lifespan of these actions is extended in time, it is particularly
interesting to consider the impact of annual energy for which is necessary to establish a service life
span. The energy consumption in terms of investment, is therefore closely linked to the approach
of actions to maintain their long-term effectiveness.
The rehabilitation of existing buildings provides a unique opportunity for the utilization of resources.
As seen, the production of new exterior enclosures implies an important environmental impact that
can be minimized by exploiting and improving the existing enclosures. It is therefore necessary to
establish the building stock as a resource for reducing the environmental impact of the construction
sector.
The impact of embodied energy in materials can be reduced through the improvement in the
production processes of construction elements and the use by designers of products with low
environmental impact.
Currently the impact of embodied energy in materials is set to a secondary position compared to
the energy required for the use of the building. However, as the construction solutions are
improved and enclosures offer a better performance, it is gaining a greater presence. Given that
we have considered the same energy incorporated in materials for all climatic zones, in those with
more moderate climatic conditions, the impact of the materials becomes also higher.
The use of "free" strategies in terms of energy, allows us to start from an improved basis for the
elimination of the environmental impact of the building. For example, a single module will require
very different amounts of energy for air conditioning depending on the different orientations. If we
establish the appropriate base conditions for the project, it will be possible to use simpler
constructive solutions. Because of the wide range of scenarios faced by the construction industry,
and in particular the rehabilitation sector, simple solutions geared to different design determinants
must be found.
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Summary
Energy performance and building energy efficiency can be achieved by high performance façade
systems. Building façades constitute a privileged component to propose solutions, once they have
a major influence in the energy consumption in the building and in occupants comfort. Recently,
façade systems are increasingly integrating not only sophisticated active systems devices, but also
passive solutions. High performance glass and Trombe wall are the façade system improvement in
this research work. This paper reports the results of an ongoing investigation on a new façade
system concept, designed as: "Façade Modules for Eco-Efficient Refurbishment of Buildings",
especially on thermal performance of Trombe wall and glazing modules arrangement.
Computational simulation was done with the Design Builder software having as object a room
(25 m²) with different arrangements of façade modules. Two different double glazing types
(composed by green solar control glass and low-e glass; self-cleaning glass and float clear glass)
were considered for four different climates in Portugal (Bragança, Coimbra, Évora and Faro). The
use of a façade with one and two combined modules of Trombe walls was studied for four solar
orientations (north, south, east and west). Results obtained for heating energy needs were
compared to all façade configurations. They indicated a decrease of heating energy needs by the
use of one or two Trombe wall and double self-cleaning glass in the façade. These solutions
presented a better performance in comparison with others types studied, decreasing heating
energy necessities. The great majority of the façades combinations presented heating energy
needs lower than the maximum allowed by the Portuguese regulation (RCCTE).
Keywords:

Façade; Energy Efficiency; Thermal performance; Trombe wall; Glazing.

1. Introduction
Passive solar design can greatly increase the energy efficiency of a building. It includes a variety of
strategies and technologies that use the free energy received from the sun for the purpose of
heating and lighting building spaces. Trombe wall is one example of this kind of technology.
An American named Edward Morse was the first to describe the Trombe wall concept in an 1881
patent [1]. Ahead of its time, it was not until 1972 that the idea was repatented and popularized by
the French engineer Felix Trombe and the architect Jacques Michel [2]. The Trombe wall is also
known as a Trombe-Michel wall, solar wall, thermal storage wall, collector storage wall, or simply
storage wall.
A typical Trombe wall consists of a 10- to 41-cm-thick, south facing wall with a dark, heatabsorbing material on the exterior surface and faced with a single or double layer of glass. The

glass is placed from 2 to 5 cm from the massive wall to create a small airspace. Heat from sunlight
passing through the glass is absorbed by the dark surface, stored in the wall, and conducted
slowly inward through the wall. High transmission glass maximizes solar gains to the wall. As an
architectural detail, patterned glass can limit the exterior visibility of the dark concrete wall without
sacrificing transmissivity. For a 20cm-thick Trombe wall, heat will take about 8 to 10 hours to reach
the interior of the building. It means that rooms warm slowly, reducing the need for conventional
heating considerably [3].
The performance of Trombe walls is diminished if the wall interior is not open to the interior zones.
Based on previous experiences with Trombe walls [4] [5], the heat delivered by a Trombe wall in a
residence was reduced by over 40% because kitchen cabinets were placed on the interior of the
wall. Trombe-wall has been used in decades as an efficient and durable solar heating method. The
TW comprises a massive thermal wall and a clear glazing cover with an air duct in between. The
surface of the massive wall is usually painted black to increase its absorptivity of solar radiation [6].
Some example of Trombe wall uses can be shown. The Visitor Center Trombe wall is located on
the entire length of south-facing walls of the Visitor Center. The wall is 44% of the total south
facing wall area (Figure 1). The Trombe wall is (20 cm) grout-filled concrete masonry units and has
a single piece of high transmittance patterned glass installed on a thermally broken storefront
system. In the Visitor Center, 20% of the annual heating was supplied by the Trombe wall [3].The
huge, undulating Trombe wall has five sections, and each angled in a "V" shape. Windows on the
south side of the "V" provide natural daylighting and early morning heat. Horizontal beams in front
of the windows prevent direct sunlight from entering during the summer. On the other side of the
"V" there is a thick concrete wall coated with black paint and faced with glass. A small airspace
separates the wall from the glass [7]. Figure 2 presents another example of Trombe wall use in
Portugal. This system is on the first floor and its function is capture, storage and heating
distribution.

Fig. 1. Visitor Center Trombe wall.
Reference: NREL, 2011.

Fig.
2.
“Casa
Termicamente
Optimizada” – South Façade, Porto.
Reference: GONÇALVES et al., 1997.

Bezian and Arnaud propose a system similar to the Trombe wall with parallelipipedic spaces filled
with water inside the collector wall [8]. In the Barra-Constantini system [9] the southern wall can be
any conventional wall, e.g. concrete, bricks, stud wall, etc., but it requires a better external
insulation. A solar collecting element is placed in front of the wall, (e.g. a number of metal lath
layers or a corrugated metal sheet), covered by glazing.
In recent decades façade technologies have undergone to substantial innovations both in quality of
materials/components and the overall design concept of the façade system by integrating specific
elements to adapt the mediation of the outside conditions to user requirements. These
improvements include passive technologies, such as multi layered glazing, sun protections,
ventilation, Trombe walls, etc. [10] as shown previously.

The ideal goal for new façade system would be the development of a dynamic and flexible system
in way to adapt to the climatic changes, to the occupants requirements and, however, to adapt to
the building. An improvement would be the development of a suitable system that facilitates the
assembly of the façade, containing passive elements, glazing and reception of solar energy to
improve the comfort conditions in agreement with the climatic needs and be mounted in agreement
with the solar orientations and wanted functions. This paper presents partial results of an ongoing
investigation about glazing modules of a new façade system: "Façade Modules for Eco-efficient
Refurbishment of Buildings" on the development [11].

2. Objectives
This paper reports the results of an ongoing investigation on a new façade system concept,
designed as: "Façade Modules for Eco-Efficient Refurbishment of Buildings", especially on thermal
performance of Trombe wall and glazing modules arrangement.

3. Methodology
Computational simulation was carried out applying the Design Builder (graphical interface for
EnergyPlus) software. A room (25 m²) with different arrangements of façade modules was
considered as a case study. Simulations were made considering the following parameters: (i) two
different double glazing types (composed by green solar control glass and low-e glass; selfcleaning glass and float clear glass); (ii) four solar orientations (north, south, east and west) and (iii)
two envelopes: a Portuguese traditional system (double masonry) and a light gauge steel framing
system (LGSF). For validation purposes, the heating and cooling energy needs values obtained by
thermal simulations were compared with the ones calculated in accordance with the Portuguese
energy building performance regulation, “Regulamento das Características do Comportamento
Térmico dos Edifícios - RCCTE” [12]. The use of a façade with one and two combined modules of
Trombe walls was studied.
For thermal performance simulation, four Portuguese climates were analyzed, in this case,
Bragança, Coimbra, Évora and Faro. Simulations were carried out for four solar orientations (north,
south, east and west), considering the annual period, and the following parameters were used in
the analysis (Table 1).
Table 1. Climates for Computational Simulation.
Climatic Zone
Climates
Bragança
Coimbra
Évora
Faro

3.1

Energy Needs

Winter

Summer

Heating
(kWh/m².year)

Cooling
(kWh/m².year)

I3
I1
I1
I1

V3
V2
V3
V2

128,70
68,13
65,08
50,69

26,00
16,00
32,00
32,00

Duration of
Winter
(months)
8,0
6,0
5,7
4,3

Standard Model Definition

The "standard model" was defined considering a one-storey isolated cell, with regular geometry
5,0 x 5,0 (25 m²), a ceiling height of 2,80 m, and a total dimension of 2,5 x 2,5 (6,25 m²) for the
façade glazing modules composition (Fig. 4). These dimensions followed the recommendations of
the Portuguese Urban Building Regulation “Regulamento Geral das Edificações Urbanas” [13].
This isolated cell was simulated considering the implementation of one and two Trombe walls
(Figure 3 and Figure 4).

Fig. 3. Model: One Trombe wall.

Fig.4. Model: Two Trombe wall.

For Trombe wall module in this façade system, it was considered the use of a double glazing with
high shading coefficient. The double glazing has two panes composed by diamant glass 4mm
(Saint-Gobain Glass) and 12mm air space, thus allowing maximum solar radiation penetration. A
set of five Trombe modules makes a complete "Trombe wall”. The area of a complete Trombe wall
composed of five modules will be 0.5 x 2.50m (1.25m²). Superior and inferior modules have a
ventilation opening whose area is 0.02 m2square meters (0.10x0.20m²). The operating time was
considered for such openings from 9:00 to 18:00 for the winter, and during the summer, it was
considered to remain closed during the day and open at night.
3.2

Envelopes

A Portuguese conventional construction system (double-wall masonry) and a light gauge steel
framing system (LGSF) were considered in the model for the opaque envelope. The LGSF
envelope composition was based on the work of Santos et al. [14]. The traditional system is
composed by lightweight concrete slabs and insulation (stone wool), external walls in double
masonry with interior insulation and cement mortar plaster. The light gauge steel framing system is
also composed by lightweight concrete slabs and others insulation components (expanded
polystyrene - EPS), and EIFS (External Insulation and Finish System), OSB boards, stone wool
and gypsum plasterboard was used in the walls. Table 2 presents the overall heat transfer
coefficient values - U-factor (W/m² ºC) for Portuguese conventional construction system and light
gauge steel framing system.
Table 2. Overall Heat Transfer Coefficient (W/m² ºC)
Heat Transfer Coefficient (W/m² ºC)
Element-Envelope
External Walls
Roof Slab
Element-Envelope

3.3

Portuguese Conventional System
Total Thickness (cm)

U (W/m²ºC)

0.365

0.46

0.280

0.55

Light Gauge Steel Framing System
Total Thickness (cm)

U (W/m²ºC)

External Walls

0.200

0.14

Roof Slab

0.333

0.22

Glazing Types

Important factors must be observed in the glazing choose, such as: solar factor (or g-value), solar
heat gain coefficient, shading coefficient, and visible transmittance, furthermore U-factor resultant
of glazing composition. The glasses selected for the standard façade module simulations are from
Saint-Gobain Glass. Table 3 presents the main properties of simple glasses.

Table 3. Glass types for standard module.
Glass Types
Properties
Thickness (mm)
Solar Factor

Cool Lite
KNT 155
Green
4 mm
0.45

Bioclean

Planilux

Planitherm
Total

Planitherm
Futur Ultra N

4 mm
0.84

4 mm
0.85

4 mm
0.66

4 mm
0.63

4 mm

Diamant

0.90

Shading
Coefficient

0.52

0.97

0.98

0.78

0.72

1.04

Visible
Transmittance

0.47

0.87

0.90

0.85

0.88

0.91

U (W/m²K)

5.75

5.87

5.80

5.74

5.73

5.80

These glasses were used in the computational simulations in Design Builder software to obtain
heating and cooling energy needs to Guimarães city. Furthermore, a 12 mm air layer between
outermost and inner panes was considered. It should be noted that these values were obtained
from Window 6.2.33.0 software [15]. Table 4 presents the glazing compositions based on the
glasses types presented in Table 3. In addition, Cool Lite KNT 155 is a temperable solar control
glass; Planitherm Futur Ultra N is a glass with emissivity extremely low; Bioclean is a self-cleaning
glass; Planilux is a multi-purpose clear float glass, and Diamant is a clear float glass.
Table 4. Glazing Properties.
Glazing
Properties

Glazing 04

Glazing 07

Trombe Glazing

Cool Lite KNT 155
Green 4mm
Planitherm Futur
Ultra N 4mm
1.66

Bioclean
4mm
Planilux
4mm
2.69

Diamant
4mm
Diamant
4mm
2.72

Solar Factor

0.28

0.40

0.83

Shading Coefficient

0.33

0.46

0.95

Visible Transmittance (%)

0.42

0.71

0.84

Relative Heat Gain (W/m²)

217.72

311.28

622.90

Outermost Pane
Inner Pane
U (W/m²K)

3.4

Internal Gains and Reference Temperatures

The Portuguese standard RCCTE [12] presents 4W/m² as an average value for the total internal
gains (occupation, lighting and equipments). However, due to possibilities and simulation options
offered by the software Design Builder, the internal gains were separated for the occupation,
lighting and equipments (Tab. 5).
Table 5. Internal Gains (W/m²)
Internal Gains

Values (W/m²)

Details

Occupation

5,6 W/m² (2 people)

70 W per person

Lighting

9,4 W/m²

Illuminance (incidence): 300 lux; Fluorescent
lamp (40 W); Efficiency 80 lm/W (40 % delivery
efficiency).

Equipments

8 W/m²

Equipment potency: 200 W.

As RCCTE standard does not contemplate schedules (days of the week, hour and time) of
occupation, lighting and equipments use for housing buildings, the values was obtained from
Souza [16]. The value 20°C was considered as refere nce of heating indoor temperature (winter)
and 25°C for cooling indoor temperature (summer), i n agreement with RCCTE.

4. Results and Discussion
The heating energy needs for four solar orientations (north, south, east and west), considering the
annual period, are presented. The analysis of the results is done based on the heating energy
needs estimation for Bragança, Coimbra, Évora e Faro performed according the RCCTE energy
calculation method.
4.1

Bragança

All façade types analyzed for Bragança climate presented heating energy necessity lower than the
one calculated according to RCCTE (128.70 kWh/ m².year) for the analyzed model (Figure 5). The
façade solution Glazing 07 and 1 or 2 Trombe wall presented better results in comparison with the
other façades types. It was observed that the heating energy needs presented approximate values
for the both analyzed envelopes. For north orientation the solutions variation did not show any
significant differences between results. For south solar orientation, the minimum energy
consumption with the passive solutions incorporation was observed.
kWh/m².year
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Fig. 5. Bragança: Heating Energy Needs. Conventional System (a) and LGSF System (b).
4.2

Coimbra

Taking into account the charts illustrated in Fig. 6, for Coimbra climate, all analyzed façade types
presented heating energy necessity lower than the one calculated according to RCCTE
(68.13 kWh/ m².year). Glazing 07 combined with 1 or 2 Trombe wall presented better results in
comparison with the other façades types. For south solar orientation, it was observed minimum
energy consumption with the passive solutions incorporation. Heating energy needs presented
approximate values for both of the analyzed envelopes.
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Fig. 6.Coimbra: Heating Energy Needs. Conventional System (a) and LGSF System (b).
4.3

Évora

All façade with passive solutions analyzed for Évora climate presented heating energy necessity
lower than the one calculated according to RCCTE (65.08 kWh/ m².year) (Figure 7). The façade
solution Glazing 07 and 1 or 2 Trombe wall presented better results in comparison with the other

façades types. Again, it was observed that the heating energy needs presented approximate
values for both of the analyzed envelopes. Practically, the results were identical to the use of one
or two Trombe walls with the characteristics listed above.
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Fig. 7. Évora: Heating Energy Needs. Conventional System (a) and LGSF System (b).
4.4

Faro

For Faro climate, all analyzed façade types presented heating energy necessity lower than the one
calculated according to RCCTE (50.69 kWh/ m².year) (Figure 8). Glazing 07 combined with 1 or 2
Trombe wall presented better results in comparison with the other façades types. Heating energy
needs for Glazing 04 and 1 Trombe wall presented some high values for the conventional
envelope. It happened for north, east and west solar orientation. In general, the results were
identical for the use of one or two Trombe walls for glazing 07 results.
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Fig. 8. Faro: Heating Energy Needs. Conventional System (a) and LGSF System (b).

5. Conclusions
The energy simulations for the two glazing types and Trombe wall for four Portuguese climates
were evaluated in this research. The results showed that all façade types presented heating
energy needs lower than the maximum limits according to the Portuguese energy building
performance regulation RCCTE. In this case, façades with Glazing 07 (Bioclean 4 mm - Planilux
4 mm) with one or two Trombe walls stood out due to the smallest heating energy need when
compared with those others. It was observed that the heating energy needs were similar to both of
the analyzed envelopes. Practically, the results were identical for the use of one or two Trombe
walls for glazing 07 results. For all climates, south solar orientation presented the minimum energy
consumption with the passive solutions incorporation.
According to RCCTE, the period in months of heating season for the analyzed climates are:
Bragança 8; Coimbra 6; Évora 5,7 and Faro 4,3. It means that during these months per year
heating is necessary to maintain comfortable conditions. Based on this period, the use of heating
passive solutions in the façade modules can be indicated, due to the good performance to
decrease the heating energy needs. However, it is important to Faro to be observed cooling energy
needs, such as climate for the winter period is shorter than others.
As expected for these façade modules applications, the addition of this passive solutions
contribute for the energy consumption reduction with heating systems.
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Summary
A large number of buildings constructed in the second half of the twentieth century consume a big
amount of energy due to marginal insulation standard and inefficient and obsolete heating
systems. The housing society “Volkswohnung Karlsruhe” has 35 residential buildings in the area of
Karlsruhe-Rintheim with more than 1.000 apartments built in the 1950s and 1960s. In this work the
complete refurbishment of three buildings, each containing thirty apartments of 72 m² over three
entrances (ten apartments per entrance), is presented.
In cooperation with “Volkswohnung Karlsruhe” and the University of Applied Science Karlsruhe, a
field test on energy modernization with different combinations of innovative solutions in the area of
building’s physics and technical installations has been planned and realized, accompanied by an
extensive monitoring process and simulations. Each entrance has a different retrofit scenario in
terms of insulation, heat production and delivery, domestic hot water production and air-handling
systems. In total six different retrofit configurations are realized and compared to the standard
retrofit model of the Volkswohnung (implemented in the three entrances of the first building). Each
retrofit solution is realized for ten apartments, an adequate number to evaluate the user-behavior.
For the evaluation of the efficiency of each retrofit solution a high resolution monitoring system for
rooms, apartments and engineering system has been installed. In each room, for example, a
monitoring module collects the relative humidity, window opening, CO2 and VOC and the
temperature of the air inside the room as well as the illumination of the ceiling in lux.
In the course of the working process both static and dynamic calculations are done. The evaluation
of the results demonstrates how, depending on the retrofit solution, primary energy savings up to
90% are possible. In parallel, the comfort inside the apartments has been increased. Data from the
monitoring system show that for those buildings the heat consumption for space heating is in
average 25% higher than the heat demand calculated following the EnEV procedure [1]. This result
points to the emergence of a rebound effect, where some of the users tend to increase their
consumption levels, once more energy efficient systems are available.
Keywords:

Building Refurbishment, Rebound Effect, Energy Flow, EnEV, Building Monitoring,
District Heating

1. Introduction
A large number of buildings constructed in Germany in the second half of the twentieth century
consume big amount of energy due to low insulation standards and obsolete heating systems.
Since 1970 there have been many developments in the building sector both on material side as
well as engineering systems side. In 1979 the Federal Government of Germany implements the
first Heat Insulation Ordinance (WSVO). Over the years, the critical acceptable levels for new
buildings standards have been tightened. Today the orders are far-reaching. Everyone has to fulfil
the EPBD 2010 - European Directive Energy Performance of Buildings.

Figure 1 Development of the energy saving ordinance [source: inspired by Fraunhofer-Institute]
More than one fourth of the total energy consumption in Germany is originated in private
households. A detailed analysis of this consumption points out that over 78% of the energy
consumption of private households is used for space heating [1]. Depending on the age classes
and building typologies, the energy consumptions of buildings vary significantly. Some regions
particularly destroyed during the Second World War, have a lot of “more family houses” built
between the 50’s and 60's (this is also one of the most strongly represented building group on the
housing market in Germany). To a large extent these buildings were built and administered by
building societies. Due to the restricted financial possibilities these buildings were built with
qualitatively inferior materials.
The housing society “Volkswohnung Karlsruhe” has 35 residential buildings in the area of
Karlsruhe-Rintheim with more than 1.000 apartments built in the 1950s and 1960s. In this work the
retrofit solutions implemented in a field test in Karlsruhe in cooperation with the Volkswohnung are
analysed and compared in order to better understand the importance of buildings’ retrofits in terms
of primary energy saving per year and square meters. In parallel, the aim is to comprehend which
retrofit solution is more effective, in terms of heat consumption and primary energy savings.
The buildings and buildings’ performances are compared through the specific heat demand per
year and square meter of floor space (qh) and the specific primary energy demand of the buildings
per year and square meter floor space (qP). Those parameters are calculated following the energy
saving ordinance for buildings in Germany of the year 2007 (“Energieeinsparverordnung” EnEV
2007 [2], DIN V 4701-10 [3], DIN V 4801-06 [4]), using the procedure of the monthly energy
balance.

2. Retrofit solutions
2.1 Building Description
Three equal aligned buildings with three entrances each and 10 housing units per entrance are
considered. The west and the east front from each building have a length of 52 m and are aligned
to the garden (Figure 2).

Figure 2 West façade (left picture) and south façade (right picture) of the first block, before
refurbishment
To allow for an effective comparison of the different refurbishment solutions, the three buildings
have been refurbished with increasing heat insulation standards. In each entrance several
innovations are implemented in terms of engineering system: each building has an engineering
system with increasing energy efficiency. As showed in the floor plan, each apartment has a
kitchen, a bathroom, a living room, two sleeping rooms and a small central corridor, for a total floor
space of 72 m².

Figure 3.Qualitative layout of one floor of the first entrance of each building / KITC. is the Kitchen.
The total floor space of each entrance is 721m²; the envelope-surface is 1,097m² for the frontagebuildings, 959m² for the buildings in the middle.
2.2 Building situation before retrofit
The buildings were built in 1955, originally without insulation and with single glass windows. The
heat was provided by a cackle stove installed in each living room, domestic hot water (DHW) was
supplied by electrical or gas circulatory type water heater. Later on the buildings had been lightly
refurbished. At the beginning of the study, the buildings were in the following condition:
double glass windows with an overall heat transfer coefficient U equal to 3.1 W/(m²K),
(those windows have been installed during a previous refurbishment process in the 80’s)
only the south and the north façades were insulated with 4 cm insulation with
=0.04 W/(m²K), the U-values for the external walls were between 1.22 and 0.55 W/(m²K),
the ceiling of the last floor, under the pitched roof space, had a U-value of 2.58W/(m²K),
the floor between basement and ground floor had a U-value of 1.93 W/(m²K).
the walls between the flats and the stairs had a U-value of 1.25 W/(m²K).
The specific heat demand per year and square meter floor space qh amounted to 190 kWh/m² with
small differences for each entrance. This was a result of small geometric variations of the

entrances, for example the windows orientation. The heating system, as well as the DHW system,
were the same for each entrance: as consequence, qh and qP are proportional. The specific
primary energy demand of the buildings qh per year and square meter floor space qP amounted to
about 350 kWh/m².
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Figure 4. Refurbishment solutions: the white text on dark background is related to the thermal
insulation, the dark text on the grey background is related to the engineering system solutions
The first building will be considered as reference case and represents the standard refurbishment
solution of the Volkswohnung. This means that every entrance of the first building is equal in terms
of thermal insulation and engineering system with common standard products available on the
market. The retrofit of the second building makes use of state of the art insulation and a more
advanced engineering system technology, which are as well to be found on the market. The most
advanced refurbishment solutions are realized for the third building with the use of vacuum panels
together with high efficiency heat pumps and waste heat recovery units. The third block is
designed to reach the lowest primary energy demand. In Figure 4 the refurbishment solution are
described. WHRU indicate waste heat recovery units, the number in percent next to WHRU is the
efficiency of the heat exchange process. The thermal conductivity of the insulation is indicated by
a number in each box, for example 035 means = 0.035 W/(mK).

3. Results from the static calculation
The first building has already been completely refurbished and is now inhabited. All the three
entrances are supplied by district heating and have exactly the same engineering system;
however, the connection to the district heating as well as the hot water storages for heating and
DHW are built in the third entrance (so that for this entrance there is a smaller amount of heat

losses through the hot water pipes installed in the cellar, compared to the other entrances).
The second building has already been refurbished and almost all of its apartments have been
occupied from February 2010 onwards. Also for this building the connection to the district heating
is in the third entrance, but in this case each entrance has its own storage for heating water and its
own storage for DHW.
The third building presents the most advanced refurbishment solutions and has been finished at
the end of 2010. Each entrance has a separate engineering system. Looking at the third building it
is obvious that the CO2 tubes heat pumps installed in the first entrance and in the entrance in the
middle ensure better energy performances than the air heat pump.
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Figure 5. Primary Energy demand per square meter of floor space and year, of the buildings before
and after refurbishment. In per cent, the primary energy saving of the retrofit solutions, compared
to the primary energy demand of the buildings before the retrofit.
One of the objectives of this work is to outline the possible savings in terms of primary energy in
the field of building refurbishment. The second objective of this work is to evaluate which of the
refurbishment measures is more effective: the qP of each refurbished building and, in per cent, the
amount of primary energy saving brought through the relative refurbishment solution compared to
the standard refurbishment of the first block have been calculated (following the EnEV regulation,
monthly balance procedure MBP). Static calculation results showing the qP and the primary energy
savings are presented in Figure 5 (more details on the static calculations, primary energy balances
and CO2 balances for this field test are presented in [5]).

4. Measurement technique
For the evaluation of the efficiency of each retrofit solution a high resolution monitoring system for
rooms, apartments and engineering system (heat production, storage, distribution and delivery)
has been installed. The installed measuring technique and the detectable measured variables were
selected in such a way that the influence of the building construction and technical components on
energy consumption and the space comfort can be determined. The collection of the room climate
data in the apartment is made via a bus system (M2-Bus) developed at the University for Applied
Science of Karlsruhe, with which the data of the individual apartment are obtained (The topology of
the measurement system is described in Figure 6).
In each room a monitoring module collects the relative humidity, window opening, CO2 and VOC,
the temperatures of the air inside the room, and supplied to the room.
In each apartment (of the second and of the third building) a volume flow meter measures the
volume flow through the heating system: flow and return water temperatures are measured as well.
Also the consumption of DHW is monitored through flow meters and temperature sensors. In four
apartments per entrance a heat meter has been installed for each heater device.
A weather station has been installed on the top of the roof (two meters high of the roof) in order to
monitor ambient temperature, global solar irradiation, light intensity, wind intensity and wind
direction.

All the monitored parameters are saved in a server each day in one csv-file per M-Bus module,
and have a time step of 60 seconds. Every day about six millions values are saved in the server
prepared by the University for Applied Science of Karlsruhe. Python scripts have been developed
at the RWTH Aachen E.ON ERC EBC with the aim of converting the single csv-files into one single
HDF5 file.

Figure 6. Overview of the topology of the measuring system

5. Preliminary evaluation of the measured data
5.1 Evaluation method
Monthly Degree Day "FGT" in kKh/a
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Figure 7. Monthly degree day calculated for Karlsruhe, compared to the values of the Monthly
Balance Procedure for the climate region 12 (R12), and compared to the average value for
Germany (DE).

While in chapter 3, Figure 5, the primary energy demand of the building calculated following the
EnEV – monthly balance procedure (MBP) and using standard German weather boundary
conditions suggested by the DIN norm [4] has been shown and commented, in this chapter the
specific heat demand qH of the buildings has been calculated with actual measured weather
conditions.
An important role in the determination of the heat demand qh, is played in the MBP by the monthly
based “degree day” FGT. According to the MBP, Germany is divided into 15 climate regions
(Karlsruhe is in region 12) and for each region average values of ambient temperature are
provided (average regional values and average major cities values), so that it is possible to
calculate a regional FGT (Figure 7). Thanks to the FGT the specifics of the buildings can be
evaluated in the desired climate region of Germany. In Figure 8 the qP calculated with the FGT
based on real measured ambient temperature values is shown.
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Figure 8. Primary Energy demand per square meter of floor space and year, of the buildings before
and after refurbishment, calculated with FGT based on measured ambient temperatures.
5.2 Preliminary analysis of heat consumption of each apartment
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Since most of the apartments have been only recently occupied, only data for the last few months
are available. In this work a preliminary evaluation of the specific heat demand (qH) compared to
the real specific heat energy consumption of each apartment is presented. As reference period, the
time between October 2010 and March 2011 has been choosen for the second building, and the
time between November 2010 and March 2011 has been choosen for the third building.
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Figure 9. Building “2”, entrance “A”, apartment 1 (left) and apartment 4 (right): specific heat
demand and specific heat consumption per month.
In the two graphics of Figure 9 the specific heat demand and the specific heat consumption of two

Heat Consumption/Heat Demand EnEV

apartments of the second building, entrance A, are presented. Analysing these data it appears that
the occupants play a very big role in the energy consumption of the apartments. The inhabitants of
apartment one have for example a heat energy consumption lower than the demand calculated by
EnEV: it is interesting to see that on the other hand, in apartment 4 the situation is radically
different. In order to compare the user behaviours for each refurbishment solutions, the heat
consumption of each apartment has been divided through the specific heat demand and multiplied
by 100% (C/D ratio). In this way, apartments with percentage lower than 100% show that the users
need less energy than what predicted through EnEV.
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Figure 10. Ratio between heat consumption and heat demand for building 2 (up) and building 3
(bottom). “A”-Apartment. Some apartments have not been considered because not yet occupied.
In average, the energy consumption, monitored through the heat meters installed in each
apartments, exceeds the heat demand calculated through EnEV with about 40% for building two,
and 8% for building three. Comparing the user behaviours of each entrance it can be observed that
the C/D ratio varies between 80% and 240%. In the two buildings we can observe the so called
rebound effect [7] [8] for many apartments. In this study only heating energy has been taken into
account. In future works the rebound effect will be analysed in more detail and also for the
domestic hot water. It can also be interesting to research if (and if yes, which probably is the case,
why) there are technologies that are more likely than others to lead the users to rebound effect.

The heat consumption will also be compared to the heat demand of each apartment obtained
through dynamic simulations of models developed in the language Modelica.
5.3 Outlook
Dynamic simulation results and perspectives in terms of exergy flows will be analysed and
presented in future works: an exergy comparison could offer different perspectives because of the
difference between “primary energy efficiency factor” and “exergetic efficiency factor” [6]. On the
basis of simulation results, exergy-flows will be taken into account and evaluated. The simulations
will also work as a tool used to elaborate new control strategies for the buildings’ engineering
system.
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Summary
In this study we analyze and compare the life cycle primary energy implications of various design
and construction options for a reference 4-storey wood-frame apartment building. We maintain the
architectural design of the reference building, but alter the thermal properties of the envelope components and include heat recovery of ventilation air to achieve buildings with thermal properties
similar to three existing passive house in Sweden. We also vary the building frame material from
wood to concrete, and the heat supply system between district heating and electric resistance
heating. We follow the life cycle of the building scenarios and analyze and compare their total life
cycle primary energy use, considering the production, operation and end-of-life energy uses. We
find that the life cycle primary energy use of a passive house building is substantially lower when it
is heated with district heating instead of electricity. A passive house with electric heating does not
achieve lower primary energy use than a conventional house with district heating. Life cycle primary energy use is lower when the building is constructed with a wood instead of a concrete frame,
and material choice becomes increasingly important as buildings are made to passive house standard and as efficient heat supply systems are used.
Keywords: passive house, concrete frame, wood frame, heat supply, life cycle primary energy.

1.

Introduction

Construction of high energy standard buildings is a strategy to reduce primary energy use and CO2
emission in the building sector. Passive house construction is one approach to achieve high energy standard buildings. A key goal of the passive house standard is to minimize the final energy
demand for space heating. Primary energy use is also typically reduced in passive houses. Maximum final energy demand for space heating of 15 kWh/m2-year, and maximum overall operating
primary energy use of 120 kWh/m2-year is generally required to comply with the passive house
standard in Europe [1]. Measures to achieve the passive standard include improved thermal
envelope and heat recovery from ventilation air. Envelope and ventilation heat losses dominate
heat losses in buildings. Therefore, by improving the thermal envelope and recovering heat in ventilation air the heating load needed to maintain a comfortable indoor environment is reduced, and
hence the energy need for space heating [2].
It is possible to design a building’s thermal envelope (walls, door, windows, roofs, floors) in many
possible ways to achieve the passive house standard. However, design options aimed at minimizing end-use operating energy may not result in the lowest total life cycle primary energy use. In
this study we analyze the life-cycle primary energy use in buildings with different passive house
thermal envelope components. Our analysis includes the primary energy use during the production, operation and end-of-life phases of the buildings. We evaluate the impact of building material
and heat supply system choice on the lifecycle primary energy use of the buildings. We follow the
life cycle of the buildings and identify the passive house thermal envelope design that minimizes
lifecycle primary energy use.

2.

Methodology

We analyze and compare various design and construction options for a reference 4-storey, 1190
m2 apartment building constructed around 1995 in Växjö, in southern Sweden. The ground floor
plan and photograph of the building are shown in Fig. 1. Further information, including drawings
and thermal properties, of the building is reported by Persson [3].

Figure 1. Ground floor plan (left) and photograph (right) of the reference building. The ground floor
plan is adapted from Persson [3].
We model changes to the reference building, including the addition of a ventilation air heat exchanger and the alteration of the thermal envelope characteristics, to achieve buildings with
envelope components similar to three different existing passive houses in Sweden. The passive
houses considered are situated in Lindås, Glumslöv and Lidköping and we denote them after their
locations. We selected these passive houses because they have some different thermal envelope
characteristics but similar final space heating demand. Details of the design and thermal envelope
characteristics of these passive houses are documented by Janson [4]. Table 1 shows the thermal
envelope characteristics, and final energy use of the buildings modeled using the software
ENORM 2004 [5].
Table 1. Characteristics of the reference and the three passive buildings.
Description
Reference
Passive buildings
Lindås Glumslöv
Lidköping
2

Floor U-value (W/m K)
Wall U-value (W/m2 K)
Window U-value (W/m2 K)
Door U-value (W/m2 K)
Roof U-value (W/m2 K)
Airtightness (l /m2s) at 50 Pa
Heat recovery efficiency (%)
Final space heat use (kWh/m2)

0.23
0.20
1.9
1.19
0.13
0.8
70

0.11
0.10
0.85
0.80
0.08
0.3
83
15

0.10
0.10
0.90
0.90
0.08
0.3
83
15

0.09
0.09
0.94
0. 60
0.07
0.3
83
14

The Lindås house has the lowest window thermal transmittance while the Lidköping house has the
lowest floor, roof, door and wall thermal transmittance. The thermal transmittance values for the
envelope components in the Glumslöv house are somewhat similar to the Lindås house except for
windows and doors. The walls and doors in Glumslöv house have slightly higher thermal transmittance.
In addition to varying the thermal characteristics of the reference building, we also modeled the
use of different construction materials for the building frame. We analyzed a functionally-equivalent

building that is made with a reinforced concrete frame instead of a wood frame, based on data
(Table 2) from Sathre [6].
Table 2. Quantities of selected materials (tonnes of air-dry material) contained in the reference
concrete-frame and wood-frame buildings.
Material
Concrete frame
Wood frame
Concrete
Blocks
Mortar
Plasterboard
Lumber
Particleboard
Plywood
Steel
Insulation
Crushed stone
Glass
Paper
Plastic
Putty/Fillers
Paint
Ceramic tiles
Appliances

1,352
4
23
25
33
17
20
25
10
315
4
2
2
4
1
1
3

223
4
24
89
59
18
21
16
21
315
4
2
2
4
1
1
3

We quantified the primary energy use during the production, operation and end-of-life phases of
the buildings. The production primary energy use encompasses the energy to acquire, process,
transport and assembly the building materials, and potential bioenergy recovered from biomass
residues in the wood product chain. Our assessment accounted for material losses during production and construction. The final energy to manufacture the building materials was estimated using
data from Björklund and Tillman [7] and Björklund et al. [8] on specific final energy for building material production in Sweden. For steel we assumed that the production is based on 50% ore and
50% scrap steel. The specific final energy for production of selected materials is listed in Table 3.
Table 3. Specific final energy (kWhend use/kg) to extract, process, and transport selected materials.
Material
Coal
Oil
Fossil Gas
Biofuel Electricity
Concrete
Plasterboard
Lumber
Particleboard
Steel (50% ore, 50% scrap)
Insulation

0.09
1.99
2.00

0.10
0.79
0.15
0.39
0.47
0.36

0.83
0.02

0.70
1.40
-

0.02
0.16
0.14
0.42
0.74
0.39

The final energy use for production was converted to primary energy using fuel cycle loss values of
10% for coal, 5% for oil and 5% for natural gas [9]. Electricity used for material production was
assumed to be produced in coal-fired condensing plant, with conversion efficiency of 40% and distribution loss of 2%. The primary energy use to assemble the building material was 50 kWh/m2 for
the reference wood-frame building and 100 kWh/m2 for the reference concrete-frame building,
based on Adalberth [10]. We assumed that the primary energy use to assemble the building material for the passive buildings is proportionally equal to the primary energy use to assemble the
building materials for the reference building of similar frame, weighted by the relative amounts of
primary energy for material production. Biomass residues from the construction site, wood
processing, and forest harvest were used for bioenergy, based on Lehtonen et al. [11] and sathre
[6].
We considered operation primary energy use for space heating, ventilation, domestic hot water
heating and household electricity. The final energy used for ventilation is modeled using the

ENORM software [5]. This program calculates the final energy use based on the building’s characteristics including the heated floor area, U-value of envelope measures, glass areas, orientation,
location and climate, heating and ventilation supply systems and indoor temperature. The software
also takes into account the heat gains from lighting, appliances, human bodies and solar radiation.
We assumed an indoor temperature of 22oC and used climate data for Växjo in southern Sweden.
The calculations of final energy use for heating domestic water and household electricity were
based on the following standard equations from Swedish National Board of Housing, Building and
Planning [12]:
Ewater heating = 1800 x number of apartments + 18 x heated area [m2]
Ehousehold electricity = 2200 x number of apartments + 22 x heated area [m2]
where Ewater heating = final energy use for domestic hot water (kWh), and Ehousehold electricity = final electricity for household lighting and appliances (kWh). Energy-efficient hot water taps will give about
40% reduction in final energy use for domestic water heating [13].
Based on the operation final energy use, we calculated the operation primary energy use using the
ENSYST software [14]. This software estimates primary energy use taking into account the entire
energy chain from natural resources extraction to supply of final energy. We used the software’s
default assumptions regarding the source, production and transport of primary fuels. We considered electric resistance heating and district heating. For the electric resistance heating, 95% of
the electricity was assumed to be supplied from stand-alone plant using biomass steam turbine
(BST) technology and the remaining from light-oil gas turbine. We assumed that the district heat is
supplied from a combined heat and power (CHP) plant using BST technology. We assumed that
the CHP plant accounts for 85% of the district heat production and light-oil boilers account for the
remainder [15]. We allocated the cogenerated electricity using the subtraction method, assuming
that the cogenerated power replaces electricity that would instead have been produced in a standalone plant using the same fuel and technology as the CHP plant [16].
We assumed that the buildings are demolished at the end of their assumed 50-year lifespan. The
end-of-life primary energy use was calculated as the net primary energy used to disassemble,
transport and recover the building materials as well as the energy benefits from recycling and recovering the end-of-life material [17]. The primary energy to demolish the reference building was
taken to be 5 and 10 kWh/m2 for the wood-frame and concrete-frame buildings, respectively [10].
We assumed that the demolition primary energy use for the passive buildings is proportionally
equal to the demolition primary energy use for the reference building of similar frame, weighted by
the relative amounts of material production primary energy use. The end-of-life concrete and reinforcing steel were assumed to be recycled while bioenergy was assumed to be recovered from the
wood material. We assumed that 90% of each material becomes recycled or recovered for energy.
The steel and concrete were assumed to be recycled into feedstock, replacing ore-based steel and
crushed granite, respectively. The final energy for crushing a tonne of concrete was taken to be
24.4 kWh of oil and 2.5 kWh of electricity [18]. The diesel fuel used to transport a tonne of demolished concrete was taken to be 7.8 kWh [19]. The energy benefit of recycled steel was calculated
using data from Björklund and Tillman [7]. The diesel fuel used to recover and transport the demolished wood was taken to be 1% of the lower heat energy content of the wood [9].
The lag effect of thermal mass can affect the energy use for space heating, but this depends on
the climatic location of buildings and the adequacy of their insulation [20]. Dodoo et al. [21] analyzed the effect of thermal mass on the life cycle primary use of functionally equivalent concreteand wood-frame in Sweden. They found the concrete-frame buildings to have slightly lower operation primary energy use than the wood-frame alternatives, due to the benefits of thermal mass.
However, the lower production primary energy use and greater end-of-life benefits of the woodframe buildings more than offset its additional operation primary energy use, and this give the
wood-frame building lower net life cycle primary energy use than the concrete-frame alternatives.
The effect of thermal mass is expected to be very minor and is excluded in this study. We did not
include the energy to remove the moisture in the buildings after the construction stage, which
would increase the primary energy use for the production of the buildings, particularly for concreteframe buildings.

3.

Results

Table 5 summarizes the production primary energy use of the buildings. Negative numbers denote
energy that is available from recovered biomass residues. The wood-frame alternatives have lower
production primary energy use and higher bioenergy recovery. The production primary energy balance for the wood-frame buildings is about 50% lower than for the concrete-frame alternatives.
Table 5. Primary energy balance (kWh/m2) during the production phase of the buildings.
Description
Concrete frame
Wood frame
Reference
Material production 757
Material assembly 100
Biofuel recovery
-208

Lindås

Glumslöv

Lidköping

825
109
-217

823
109
-217

Total

717

715

649

Lindås

Glumslöv

Lidköping

833
110
-219

Reference
579
50
-345

650
56
-355

648
56
-355

661
57
-357

724

284

351

349

361

In Figure 2 the production primary energy is compared to the space heating and ventilation primary
energy during a 50-year lifespan. In the reference building, primary energy for space heating and
ventilation is dominant, and is substantially greater with electric resistance heating. For the passive
house standard buildings with electric resistance heating, primary energy used for space heating
and ventilation is still substantial. The production primary energy required to achieve the passive
house standard is lower for the wood alternatives compared to the concrete alternatives.

Primary energy use (kWh/m2)

12000

Material production-wood frame
Space heating and ventilation electricity

Material production-concrete frame

10000
8000
6000
4000
2000
0
Reference

Lindås

Glumslöv Lidköping

Electric resistance heating

Reference

Lindås

Glumslöv Lidköping

District heating

Figure 2. Primary energy use for production of the wood-frame and concrete-frame buildings, and
space heating and ventilation during a 50-year service life.
Table 6 shows the operating primary energy used during a 50-year lifespan of the buildings. The
space heating primary energy use for the reference building with district heating is less than that of
the passive houses with electric resistance heating. This indicates that the heat supply system is
important. The primary energy use for tap water heating and for household and facility electricity
constitutes a significant part of the operation energy, but these demands depend to a large extent
on the users and not on the construction. Household electricity accounts for the greatest share of
the primary energy for operation in the passive houses and is proportionally more significant for the
district heated buildings.

Table 6. Operation primary energy use (kWh/m2) for the buildings for 50 years.
Description
Electric resistance heating
District heating
Glumslöv

Lidköping

Space heating

Refer- Lindås
ence
10450 2158

Lindås

Glumslöv

Lidköping

2156

Reference
2355

2240

500

518

491

Ventilation electricity
Domestic hot water
Household electricity

597
5971
7763

1194
3583
7763

1194
3583
7763

1194
3583
7763

597
1241
7763

1194
744
7763

1194
744
7763

1194
744
7763

Total

24781

14698

14780

14696

11956

10201

10219

10192

The primary energy balance for the end-of-life of the buildings is shown in Table 7. Negative numbers mean that net primary energy benefit is achieved through recovering the end-of-life materials.
The wood-frame buildings give greater end-of-life primary energy benefit than the concrete alternatives. Energy recovery from wood gives large primary energy benefit, but less benefit is achieved
through recycling the concrete. The primary energy benefits of recycling concrete or steel are similar for all buildings with the same type of frame material, as the quantities of concrete or steel do
not differ between the buildings.
Table 7. Primary energy (kWh/m2) balance for the end-of-life phase of buildings.
Description
Concrete frame
Wood frame
Disassembly
Concrete recycling
Steel recycling
Wood recovery for
energy
Total

Reference
10
-19
-96

Lindås

Glumslöv

Lidköping

Lindås

Glumslöv

Lidköping

11
-19
-96

Reference
5
-3
-60

11
-19
-96

11
-19
-96

6
-3
-60

6
-3
-60

6
-3
-60

-214

-219

-219

-220

-305

-311

-311

-313

-319

-323

-323

-324

-363

-368

-368

-370

Table 8 shows the total life cycle primary energy use, including the production, operation and endof-life phases. The life cycle primary energy use is lower for the district heated compared to electric
resistance heated buildings, and for the wood frame compared to the concrete frame buildings.
Electric resistance heating instead of district heating increased the life cycle primary energy use by
30-31% for the passive standard buildings and by 51-52% for the reference building. The passive
standard buildings with wood framework have 2-4% lower life cycle primary energy use compared
to those with concrete frame.
Table 8. Total life cycle primary energy use (kWh/m2) of the buildings.
Description Electric resistance heating
District heating
Concrete frame Wood frame

Concrete frame Wood frame

Reference

25111

24702

12286

11877

Lindås
Glumslöv
Lidköping

15092
15172
16372

14681
14761
14761

10595
10611
10592

10184
10200
10183

When heat is supplied by electricity, the Lindås alternatives have the lowest life cycle primary
energy use. However, the Lidköping alternatives have the lowest life cycle primary energy use if
the reference heat is supplied by district heating. Thus the design combination that achieves the
lowest life cycle primary energy use is also influenced by which heat supply is the reference. But
the variations in the total life cycle primary energy use resulting from the different passive house
thermal envelope designs are very minor.

4.

Discussion and conclusions

We found that the primary energy use is lower for wood-frame than for concrete-frame building,
supporting the findings of Gustavsson and Sathre [22]. Passive house standard buildings with district heating have substantially lower life cycle primary energy use than those with electric resistance heating. This confirms the finding of Gustavsson and Joelsson [23]. The lowest life cycle
primary energy use is achieved through wood-frame buildings with district heat supply. The
Lidköping example gives the lowest thermal envelope losses but not always the lowest life cycle
primary energy. The primary energy ranking of the passive houses varies, depending on the heat
supply source. But the variations in primary energy use between the different passive house standard buildings are very minor when the same heating system and framework is used.
This analysis confirms that primary energy for material production becomes increasingly important
as the energy standard of buildings improves [24]. Our results show that the primary energy for
production is less than half that for space heating with electric resistance heating. With district
heating, however, the primary energy used for production is greater than that for space heating for
a 50-year service life. Thus, the relative importance of primary energy for material production increases with more energy-efficient heat supply systems as suggested by Gustavsson and Joelsson [23].
This analysis shows that significant primary energy savings can be achieved by constructing buildings with high energy standards with wood frames and by using energy-efficient heat supply systems. An important strategy to promote such buildings is the refurbishment of existing buildings to
achieve the passive house standard, as the addition of new buildings to the dwelling stock in Europe is low. It has been suggested that tighter energy demand requirement be imposed for electric
heating so that only passive houses are permitted [25]. However, we have found that passive
house standard buildings with electric heating do not perform better than conventional buildings
with district heating, from a primary energy perspective. If minimizing primary energy use is a goal
for constructing passive houses, district heating should be encouraged in passive houses when
possible and electric resistance heating should be avoided. In summary, wood-frame passive
house standard buildings with energy-efficient heat supply reduce the life cycle primary energy use.
The diffusion of such buildings and heating systems may therefore be encouraged. For example,
measures that provide incentives for, and eliminate barriers against, passive house with wood
frame may be instituted.
The variations in the life cycle primary energy use resulting from the different passive house thermal envelope designs are minor. Buildings meeting the passive standard using electric heating do
not achieve lower life cycle primary energy use than conventional buildings with district heating.
Thus the choice of heat supply system is at least as important as final heat reduction measures.
Primary energy use for material production accounts for a relatively large share of the life cycle
primary energy use over a 50-year lifespan, in passive standard buildings. If the heat supply for
passive houses is from district heating, the primary energy used for material production is greater
than for space heating for 50 years. Material choice is thus relatively more critical as buildings become more energy efficient through the application of passive house standard envelope and the
use of more efficient heat supply systems.
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Summary
Recent investigations have concluded that hot water supplying seems less effective at energysaving than heating, cooling, lighting, cooking or home electrical appliance. This study focuses on
the co-housing (it is one of environmental symbiosis housing with a kitchen, a living room and the
bathing facilities in common use), which can be rarely found in Japan. The survey was conducted
to residents of an existing co-housing about how they try energy savings, and then the energysaving effects of heating, cooling, hot water-supply, lighting, cooking and home electrical appliance
in common space where residents gather were examined by simulation. Finally, Life Cycle
Assessment was estimated on the co-housing partly made of natural materials such as domestic
wood and bamboo. As a result, various advantages on energy and resource conservation were
confirmed.
Keywords: Life Cycle Assessment, Energy Conservation, Lifestyle, Simulation, Cohousing

1. Introduction
Energy consumption in homes has increased over the past 20 years, so immediate steps must be
taken to deal with this problem. Energy-saving technology is increasingly used in buildings, but
some studies have cited the importance of steps by residents to reduce energy use as well as
energy-saving structures and equipment. That said, there are limits to energy conservation in a
single dwelling. Therefore, several families sharing areas like living rooms, kitchens, and
bathrooms may lead to a new energy-conscious lifestyle.
Recent studies have found that conserving energy is harder with hot water supplying equipment
than with heating, cooling, lighting, cooking, or home electrical appliances. Thus, this study
focused on cohousing (collective housing that consists of private areas and common areas such
as kitchens, living rooms, and bathrooms), which is rarely found in Japan.
Consequently, residents of existing cohousing were first surveyed regarding their approaches to
conserving energy, and then a simulation was performed to determine the energy conservation of
heating, cooling, hot water supply, lighting, cooking, and home electrical appliances in a building
shared by residents. Finally, a life cycle assessment was performed on some of the natural
materials, such as wood and bamboo, that were used to build the cohousing studied. Result
confirmed that cohousing offers various advantages in terms of energy and resource conservation.

2. Simulation of energy consumption by cohousing
Individuals who plan to reside in cohousing were surveyed regarding their energy consciousness
and anticipated lifestyles. Results of various simulations incorporating these data demonstrated
that energy conservation is possible if individuals are energy-conscious of their lifestyles and
reside together.

Table 1. Building overview
Site location
Sagamihara City Kanagawa Prefecture,Japan
Structure
two-story wooden house
No. of dwellings
4 houses+common space+warehouse
Number of
1–4
persons per room
358.28
(common space A :78.62
Architectural area
F: 68.99
B : 71.21 C : 74.52 E: 63.55
)
Hot-water
Gas boiler
supply equipment
Environmentally
Pellet stove, wood stove
friendly
skylight for heat exhaust,
elements
Keyhole garden

2.1

Fig. 1 Exterior of the housing studied

Housing overview

In Japan, conditions in terms of space and cost prohibit larger private spaces in housing. The
efficiency of housing can be improved by sharing spaces and facilities in common areas such as
large living rooms, kitchens, and bathrooms. Moreover, such housing is intended to provide and
environment that facilitates active communication between residents. This study focused on
whether the sharing of spaces and facilities in cohousing can lead to energy conservation.
The housing studied is a complex of townhouses that consist of four residences (buildings B, C, E,
and F), a shared building (building A), and storage (building D) in Fujino in the City of Sagamihara,
Kanagawa Prefecture, Japan. Table 1 gives an overview of the housing studied. A photograph of
that housing is shown in Figure 1. Figures 2 and 3 show the floorplan of the first and second floors.
This building is a wooden structure employing the traditional method of Japanese construction
involving clay walls with a bamboo lath underneath and extensive use of real wood (as opposed to
laminates). Additionally, extensive insulation is planned.
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Overview of heating and cooling load simulation

The heating and cooling load of cohousing were calculated using the software “SMASH for
Windows Ver.2.13” (Institute for Building Environment and Energy Conservation). Table 2
summarizes simulation parameters. Three people live in building B. four people live in building C.
One person lives in building E. Two people live in building F. A total of 10 persons live in this
cohousing.
Figure 4 shows the number of people and four patterns of ways in which they use common and
private spaces. Days and times were based on a group interview of individuals planning to reside
in cohousing. When a common area was used, it was assumed that the area was used by all
residents. Half of the residents were presumed to be out, e.g. at work, from 9:00AM–6:00PM.
Rooms with air conditioning were the living room in the shared building and bedrooms and living
rooms in private residences.

Table 2 Simulation parameters
Weather Data

Expanded AMeDAS Weather Data (Hachioji)

natural ventilation
frequency

Type 1

0.5 times/h
B:3persons C:4persons E:1person F:2persons

schedule

conforms to Standard Problem Set of the
Architectural Institute of Japan

Type 2

Weekday
Holiday

Type 3

cooling26ºC, heating22 ºC

heat exhaust ventilation

Weekday
Holiday

no. residents

air temperature

Times

Use of
common space

Weekday
Holiday

During cooling Air change rate 20times
(room air temperature over28 ºC external
temperature below30 ºC)

Type 4

Weekday
Holiday

Common space

Private area

Bed room

Fig. 4 Usage of common space
2.3

The results of heating load calculation

Figure 5 shows the results of heating load calculation. With Type 1 as the baseline, the load for
Type 2 usage was 5% greater, that for Type 3 usage was 12% greater, and that for Type 4 usage
was 10% greater. The load increased with all of the patterns. In living rooms of private residences,
however, the total heating load for Type 4 usage decreased by 4% compared to that for Type 1
usage.
The heating load increased overall because residents used the common building when the outside
temperature dropped; in the interim, the room temperature of private areas dropped substantially.
Therefore, the start-up load increased in the living room of residences during the hour, 9:00PM–
10:00PM, when residents returned from the shared building to their private residences.
Consequently, there were few differences between this load and the load occurring with Type 1
usage during continuous operation. The overall heating load increases as a result of the load for
heating the shared building.
2.4

The results of cooling load calculation

Figure 6 shows the results of cooling load calculation. Compared to Type 1 usage, the total cooling
load decreased 16% with Type 3 usage and 37% with Type 4 usage. In contrast to the heating
period, residents return to private areas when the outside temperature dropped led to a decrease
in the cooling load. Looking specifically at the total cooling load for private areas alone indicates
that the load decreased 54% with Type 4 usage in comparison to Type 1 usage.
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2.5

Calculated energy consumption depending on the usage of common areas

Based on the cooling load, energy consumption was calculated using the assumed average
coefficient of performance (COP) (4.0) of air conditioners. Energy consumption for hot water supply
and cooking was 13.9 (GJ/year), which was derived from previous studies of buildings similar to
the housing studied. Moreover, energy consumption for lighting was calculated according to the
lighting load schedule for cooling load calculation. Energy consumption for other consumer
electronics was power consumed and the duration of use of general home appliances. The load for
lighting and other consumer electronics used in the shared building was set to be larger than that
for lighting and other consumer electronics used in private residences. Hot water supply for the
shared building was twice the load for one private residence. Hot water supply for bathing was
determined from the group survey of residents. Five of 7 residents responded that they would
consider using the bathrooms in the shared building. In light of this fact, Type 2, 3, and 4 usage
was calculated assuming that all residents would bathe in the shared building twice a week.
Figure 7 shows the results of the annual energy consumption. As previously explained, the heating
load increased with usage of the shared building. However, the annual energy consumption along
with cooling decreased 8% with Type 4 usage in comparison to Type 1 usage. In comparison to
Type 1 usage, the energy consumed by lighting and other consumer electronics decreased 19%
with Type 3 usage and 28% with Type 4 usage. A major reason for reduced energy consumption by
consumer electronics was the result of sharing the rice cooker and television. Moreover, the
energy consumed by bathing decreased substantially. If the bathrooms in the shared building are
used twice a week, energy consumption can be reduced by about 10%. In comparison to Type 1
usage, overall energy consumption decreased 6% with Type 2 usage, 14% with Type 3 usage, and
21% with Type 4 usage. This finding indicates that use of common areas may help to substantially
reduce energy use.
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3. Life-cycle CO2 assessment of cohousing
Carbon dioxide emissions when cohousing was constructed were calculated using the CO2
emissions intensity (inter-industry relations table,1995) according to the LCA guidelines for
buildings (Architectural Institute of Japan). The life-cycle CO2 of cohousing was assessed during
construction and operation. The carbon dioxide emissions intensity for local wood (lumber) used
and clay for clay walls was calculated based on previous studies and group interviews. The effects
of using construction materials in accordance with local production for local consumption, the
effects of using common areas, and the effects of using woody biomass (firewood and pellet
stoves) were determined.
3.1

CO2 emissions during the construction of cohousing

Figure 8 shows the calculations for CO2 emissions during the construction of cohousing. The

average amount of materials used in 10 houses with a wood-frame structure, the amount of
materials used in the housing studied, and construction of cohousing in accordance with local
production for local consumption were taken into account. The carbon dioxide emissions intensity
was calculated for wood (calculation included lumber but not plywood), the primary building
material, and the soil used in clay walls and thatched roofs.
The carbon dioxide emissions intensity for wood was 45.7 (kg- CO2 /m3), which is the value for
locally produced lumber harvested in Okutama-cho Tokyo, Japan. This value was divided by 0.38(t/
m3), which is the density of Japanese cedar that is often used in the housing studied. The
calculated value for locally produced and locally consumed wood used in the housing studied was
0.120 (kg- CO2 /kg). The carbon dioxide emissions intensity for the soil was calculated based only
on carbon dioxide emissions during transportation by truck and mixing. There were no carbon
dioxide emissions during the process of producing soil and carbon dioxide emissions when soil
was transported and mixed were 1.0 (t- CO2 ).
When the housing studied was constructed in accordance with local production for local
consumption, carbon dioxide emissions were reduced by 42% in comparison to a conventional
home. Looking specifically at wood indicated that local production for local consumption allowed a
45% reduction in carbon dioxide emissions in comparison to a conventional home.
3.2 Carbon dioxide emissions during the operation of cohousing
Figure 9 shows carbon dioxide emissions with each pattern of use of the shared building. In
comparison to Type 1 usage, carbon dioxide emissions decreased 8% with Type 2 usage, 15%
with Type 3, and 22% with Type 4 usage. Carbon dioxide emissions were reduced by frequent use
of the shared building.
Moreover, firewood and pellet stoves were used to heat the housing studied. Figure 10 shows
carbon dioxide emissions during heating using woody biomass. The carbon dioxide emissions
intensity for the pellet stove was an environmental load of 0.611 (kg- CO2 /1,000kcal) during
heating plus the carbon dioxide emissions intensity for the electric power consumed.
There are sites offering free firewood in the Fujino area. Fuel for a truck to collect the firewood was
calculated based on the distance traveled by the truck and the number of trips the truck made each
year to collect that firewood. The carbon dioxide emissions intensity for firewood stoves was the
amount of truck fuel used in those trips (Truck fuel represented the carbon dioxide emissions of
firewood stoves in order to determine the carbon dioxide emissions intensity for firewood. Truck
fuel was the amount of fuel needed each year to travel to and from the firewood collection site
(where firewood is available for free) and cohousing).
Figure 11 shows calculations assuming that pellet and firewood stoves are used in place of the
heating energy used by air conditioning with Type 1 and 4 usage. When pellet stoves were used
with Type 4 usage, carbon dioxide emissions decreased 4% percent in comparison to use of air
conditioning. When firewood stoves were used, carbon dioxide emissions decreased 15%.
Comparison of use of firewood stoves with Type 1 and 4 usage indicated that carbon dioxide
emissions decreased 24% with Type 4 usage.
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Figure 12 shows the LCCO2 for the housing studied and for an average of ten houses with a
wood-frame structure, i.e. a conventional home. One parameter was a building life of 30 years for
a conventional home. Carbon dioxide emissions during operation were emissions for air
conditioning and heating with Type 1 usage. The housing studied had a building life of 50 years.
Carbon dioxide emissions during operation were emissions resulting from firewood stove heating
with Type 4 usage. Results indicated that the housing studied had about 40% less LCCO2 than did
a conventional home.

4. Conclusion
This study examined energy conservation and reduced CO2 emissions with a focus on cohousing.
Results indicated that use of construction materials in accordance with local production for local
consumption and use of woody biomass resulted in reduced CO2 emissions. Additionally, living
together offered the potential for energy conservation. Future research will study additional ways to
use common areas. Living efficiently in cohousing must be considered.
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Summary
There is a need for far-reaching energy efficiency improvements in connection with renovation if
existing single-family houses in the Nordic countries are to have competitive power compared to
new buildings on the future housing market. Good technical solutions exist but need to be
combined based on the full range of (standard) solutions in order to reach the low primary energy
level of new houses. A one-stop-shop in the form of a full-service concept could be seen as a
possibility to make it easy for the homeowner to comply with possible future requirements to realize
far-reaching energy savings in connection with extensive renovations, provided that the building
sector offers the solutions. Such one-stop-shops in the form of full-service providers of energy
efficient renovation of single-family house are missing in the Nordic countries, although this service
is vital to open up the market.
As part of the Nordic research project `SuccesFamilies´ with the purpose to change the business
environment in order to speed up the implementation of sustainable renovation of single-family
houses –a sustainable renovation concept suitable for different categories of single-family houses
with regard to type and age has been proposed in this article. The sustainable renovation concept
includes an ideal full-service concept and technical renovation solutions targeted to different types
of single-family houses.
Keywords: energy efficiency, renovation, single-family houses, one-stop-shop, full-service concept,
technical solutions

1. Introduction
Detached single-family houses account for large share of the total number of dwellings in the
Nordic countries. With a final energy use for space heating and hot water in the range of 135 to
200 kWh/m2, existing single-family houses in the Nordic countries need to be significantly
upgraded to be competitive compared to new buildings on the future housing market [1-4].
So far there has been limited attention to address the need for major renovation in existing
detached single-family houses. The Nordic single-family house renovation market is dominated by
a craftsman based approach with individual solutions, traditional warehouses ”do-it-yourself-shops”
and some actors marketing single products [5]. In most cases the homeowner is therefore left to
himself to compose the right “package” for renovation of his home. In order to ensure the
homeowner a sustainable renovation to low primary energy level at a reasonable price, there is a
need for a more integrated approach and application of the full range of technical solutions [6].
To speed up the implementation of sustainable renovation of single-family houses there is also a
great need for full-service packages including consulting, contract work, follow-up, financing and
operation and maintenance. There are few Nordic examples of such service models for renovation
of single-family houses which entered the market recently. The success of these concepts is yet to
be evaluated. However, most of these service models typically focus on application of only a few of
the available technical solutions for renovation and have not been successful in realizing large
scale energy efficiency gains [5].
A one-stop-shop in the form of a full-service concept could be seen as a possibility to make it easy
for the homeowner to comply with possible future requirements to realize far-reaching energy
savings in connection with extensive renovations, provided that the building sector offers the
solutions. Homeowners need someone to take care of all relevant steps necessary for the
renovation of the house including quotation for the work, financing and management of the
contract work. Such one-stop-shops in the form of full-service providers of energy efficient
renovation of single-family house are missing in the Nordic countries, although this service is vital
to open up the market.
As part of the Nordic research project `SuccesFamilies´ with the purpose to change the business
environment in order to speed up the implementation of sustainable renovation of single-family
houses –a sustainable renovation concept suitable for different categories of single-family houses
with regard to type and age has been proposed in this article. The sustainable renovation concept
includes an ideal full-service concept in five phases, going from initial evaluation of the house, to
extensive analyses, proposal for package solutions, coordinated execution and operation and
finally management of the house after renovation and includes technical renovation solutions.

2. Full-service renovation concepts
A full-service or one-stop-shop renovation concept is defined as a documented series of actions
that can be repeated and that produces individual renovated single-family houses aiming at
fulfilling the defined requirements optimally. The term full-service renovation concept indicates that
all relevant steps necessary for the renovation of the house are included [5]. Typically, the
requirements are defined by the homeowner and building code, e.g. requirements to heat loss (Uvalues), energy performance (energy consumption), indoor environment (indoor air quality, thermal
comfort and daylight) and architectural quality. As mentioned previous, a full-service or one-stopshop renovation concept could be seen as a possibility to make it easy for the homeowner to
comply with the requirements. The one-stop-shop can help the homeowner with design and
decision making process in connection with renovation of the house.

Analysis of existing full-service renovation concepts has shown that they can generally be
improved by:
-

2.1

A more integrated analysis of the energy saving potential, physical conditions and technical
solutions using the full range of solutions, i.e. advice to reduce heating demand before
introducing measures to ensure energy efficient energy supply.
Including advanced analyses such as thermography, possibly complemented by U-value
measurements [7], a and blower door test that the homeowner can buy and may get
refunded if they buy a renovation solution – which enables the company offering full-service
renovation to come up with trustworthy fixed price proposals with very limited reservations.
Better handling of the homeowners needs and wishes.
Package solutions made up from different standard parts, making it easy to carry out
sustainable renovation (like e.g. in a kitchen studio)
Making the energy efficiency improvements more attractive and cost effective by focusing
on the non-energy benefits.
Developing tools to quickly put together proposals for full-service renovation including
drawings and calculations that can visualize the renovation project for the homeowner.
Full-service renovation – ideal concept

An ideal one-stop-shop concept for preparation and execution of complete package solutions for
sustainable renovation of single-family house is suggested. The idea is to inspire one-stop-shop
providers of today and the future to improve their service. The concept consists of five phases,
going from initial evaluation of the house to extensive analysis, proposal for package solutions for
sustainable renovation, detailed planning and execution; and operation and management of the
house after renovation, see Fig. 1.
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Fig.1. Full-service or one-stop-shop concept.
The different phases in the concept are briefly described below.
2.1.1 Initial house condition and energy evaluation (phase 1)
This initial analysis of house condition and energy saving potential should be free of charge and
may be carried out by the homeowner using an internet tool / simple model, provided by the onestop-shop/company offering complete renovation package solutions. Alternatively, the homeowner
could ask for help from an independent energy consultant. A basis for the analysis is a possible
existing energy label, house condition report, drawings, pictures and other relevant documents.

Information about house type, year of construction, existing building envelope structures (Uvalues), existing heating and ventilation system and areas is needed. Furthermore, since user
behaviour influences energy use, information about indoor environment, i.e. indoor temperature,
air change rate, venting habits etc., is required. Based on this information, the analysis provides
the homeowner with a guided choice of energy efficiency measures and a rough estimation of
possible savings and other measures based on his needs and wishes for improvements of the
energy performance and living comfort etc. Furthermore, indoor environment benefits, renovation
costs, financing expenses, increase in value of the house etc. are documented. The homeowner
also receives documentation/visualisation of the effect of energy and non-energy benefits on the
cost of financing the renovation. Besides this, the company provides the homeowner with
information about relevant legislation and subsidy possibilities.
2.1.2 Extensive analyses (phase 2)
The initial analysis is followed by more extensive analyses. This service is carried out by the
company in dialogue with the homeowner and paid for by the homeowner but refunded if a
renovation package solution is bought in phase 3. The extensive analyses also have as purpose to
provide the company with knowledge that allows for a safe foundation for providing the homeowner
with an economical attractive and fixed price quotation for the renovation work. The extensive
analyses could include relevant services such as blower door testing of the building envelope´s air
tightness, building thermography to reveal thermal bridges and possibly heat loss measurements
and estimation of remaining life time of building components.
As an output from phase 2 the company gathers an initial house evaluation report with the results
of the analyses that can be used for the homeowner’s consideration of future renovation work. The
evaluation report includes a clarification of the needed renovation work, needs and wishes for
improvement, order of priority and estimated costs. Furthermore, advice on how to improve the
energy performance of the house in connection with needed renovation work is stated in the report.
Besides this, the evaluation report should include an estimation on the economic implications of
normal step-wise renovation, thorough sustainable renovation and demolition of existing house
and building of a new house (if relevant). In some cases, a major sustainable renovation is not
relevant and therefore the company should offer to make a detailed long term plan for renovation
and modernization, which optimizes the economy in relation to the house owner’s wishes and
needs.
2.1.3 Proposal for package solutions (phase 3)
In this phase proposals for renovation package solutions are put together, including quotation for
the work, financing and management of the contract work. The main point is that the typical
homeowner needs help in the design and decision making process. As a starting point for this
phase, the company organises a meeting with the homeowner to discuss the initial house
evaluation report, needs and wishes, technical solutions and available budget. Output from this
meeting is used for further analyses of possible technical renovation measures in order to result in
trustworthy proposals for sustainable renovation including energy and non-energy benefits,
economic profitability, financing, plan for renovation, durability issues and fulfilment of user needs
and wishes. Economic profitability and priority of measures can be analysed using e.g. the criterion
of cost of conserved energy incl. twofold benefit of energy savings and rehabilitation of the building
components physical condition.
The company should be able to carry out this phase within a maximum of 4 hours provided that the
right system for configuration of technical standard solutions is in place including simplified but
accurate calculation models. If the homeowner wants special solutions that are not standard it may
not be free of charge getting quotation for renovation work.

As output from phase 3 the homeowner receives a pre-project folder with fixed priced proposal(s)
for optimized package solutions for renovation including visualization/documentation of the effect
on energy use and energy bill, household economy (short and long term, including effect of
increased value of the house), indoor environment and other durability and maintenance issues.
2.1.4 Coordinated execution of the renovation work (phase 4)
This phase is carried out based on the homeowner’s evaluation of the pre-project proposals for
sustainable renovation. If the homeowner chooses to accept any of the proposals, any remaining
economic and financing issues are clarified and a contract for renovation work is signed. The
contract could include approval of a possible loan and/or governmental subsidy or contract details
could be fine-tuned considering the specific situation, e.g. some extra work or/and better products
might be included. Signing of the contract could be based on a fixed priced contract work carried
out on risk of the facilitator of the full-service package solution or it could be based on energy
performance contracting (EPC) utilized and redeveloped to match the single-family house
renovation market.
After signing of the contract, drawings and a detailed work description are prepared and the
contract work is carried out, managed and quality assured by the company and the affiliated
professional group of consultants and contractors. However, as the traditional market for
renovation is very much a do-it-yourself-culture, service packages should be flexible to handle a
customer wish for contributing to the process of carrying out the work.
2.1.5 Quality assurance and continuous commissioning (phase 5)
After the execution of the sustainable renovation an important phase begins. Quality of the
renovation work is inspected, e.g. by a independent certified energy consultant, and heating and
ventilation systems are commissioned according to the project, and this not only once but on a
continuous basis. Continuous or Life-Cycle Commissioning (LcCx) in connection of existing
buildings is usually considered as “a systematic process for assuring that buildings operate,
function and are maintained optimally according to owner expectations and user needs.” [8]
After visit of the independent energy consultant the homeowner is provided with a follow-up
evaluation report. Besides this, the homeowner also receives a user manual including a plan for
continuous commissioning of the house (like car service) to make sure that the house functions
optimally according to owner expectations and user needs and the peak energy performance is
continuously reached. Since user behaviour can have large impact on energy use, it is important to
present the homeowner with information on the consequences for energy use and indoor
environment if the house is not operated as prescribed.
To check if expected energy savings are fulfilled equipment for measurements and presentation of
weather data, energy use, and actual use of the house, e.g. ventilation, indoor temperature and
opening of windows is needed. When relevant such system may suggest actions to reduce energy
use, e.g. indoor temperature, ventilation rate or hot water use, based on comparison with the
assumptions made in the calculation of expected energy use and savings in phase 3 – including
estimate of the consequences of the more energy friendly use of the house. A validated model of
the house could be the basis for intelligent control of active and passive systems for heating,
cooling, ventilation, solar shading etc., based on measurement of actual and forecasted weather
data and use of the house. The Danish Energy Saving Trust is offering a new program to
homeowners (My E-Home, [9]) that could – with the right equipment - be used for online control of
energy use in single-family houses, i.e. to switch on, turn off or adjust the heating and ventilation
system etc.

2.2

Full-service concepts for different single-family houses

Nordic single-family houses vary in age, size, architecture, insulation standards etc. Hence, a
standard renovation concept might not be applicable to all types of houses. Each renovation
project with different framework conditions may need to be evaluated separately. Accordingly, it
may be relevant to focus full-service concepts to a certain category of single-family houses.
Analysis of the building stock in the Nordic countries as part of the `SuccesFamilies´ project
showed that the typical single-family houses identified to have large primary energy saving
potential almost descend from the same time period in each Nordic country. The first segment is
houses built in large numbers during the 1960´s and 1970´s before tightening of the insulation
standards in the building codes in the late 1970’s due to the oil crisis. The second segment is
houses built before 1945 (except for Finland) where a large part of them has been renovated, but
energy renovation of those houses today would still account for a large energy saving. The third
segment is type houses from the post-war period in Finland, houses that are all individual but built
in the same way with the same materials. In Fig. 2, an illustration of some of the type houses can
be seen.

Fig. 2 Typical single-family houses in the Nordic countries. From left to right: Danish house built
before 1945, Norwegian house built before 1945, Post-war Finish house, Danish house built in
1960/70´s.
The renovation process for these different categories of single-family houses may be very similar
but the technical solutions are different. For example, many people regard facades of typical
Danish single-family houses built before 1945 (so-called master builder houses) as being worth
preserving. Facades can be thermally improved by filling the cavity with e.g. granulated mineral
wool and by installing new storm windows with energy efficient glazing whereas a facade
constructed from wooden framed walls, as can be found in Norwegian single-family houses built
before 1945, may be more likely to be renovated along with adding external insulation.
Hence, technical renovation concepts can be defined for these different categories of single-family
houses.

3. Technical renovation concepts
A technical renovation concept is defined as a package of solutions targeted to a certain category
of house (type and age) [5]. The package of technical solutions carried out during an overall or
step wise planned renovation should be a good combination of the full range of technical solutions,
especially in order to reach a low primary energy level.

3.1

Technical renovation solutions

To reach a low primary energy level, different technical solutions such as renovation of roof, facade,
changing windows, installation of energy efficient heating systems, and establishing a ventilation
system etc., need to be combined. The technical principles are illustrated in Fig. 3 in recommended
order of application and an indication of the needed level of energy efficiency of these principles is
also included. Focus is on technical solutions relevant for renovation of typical single-family houses
in the Nordic countries.
(7) Solar heating for hot water
(and space heating)

(3) Good natural light conditions
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windows and sun tunnels

(4) VHR with 80-90 % heat recovery
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(9)
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(8) Efficient energy supply for
heating
District heating, heat pump, wood
pellet unit etc.

Fig. 3 Technical renovation principles in order of application. (1) Reduced transmission heat losses
from opaque building envelope (2) Reduced transmission heat losses, good solar gains and light
transmission from the transparent building envelope (3) Optimized utilization of passive solar heat
gains (4) Minimized ventilation heat losses (5) Minimized infiltration heat losses (6) Minimized
ventilation electricity use (7) Minimized water heating demand (8) Efficient energy supply for
heating (9) Mainly passive measures for overheating control.
Besides the technical principles illustrated in Fig. 3, also intelligent control and continuous
commissioning and the installation of energy efficient electrical appliances need to be considered.
3.2

Packages of technical renovation solutions

Technical renovation solutions/measures can be combined into technical renovation concepts or
packages. Such packages have been defined and analysed as part of the SuccesFamilies project,
see Table 1. Package #1“Existing house” is to be regarded as the scenario where renovation may
be carried out in the form of e.g. a new roof and/or new exterior wall rainscreen, but no measures
to improve energy efficiency are implemented.

Table 1 Packages of technical renovation solutions.
# Package
1 Existing house
2 ”Easy-to-carry-out”
measures

Energy efficiency measures
No energy efficiency measures
Insulation and sealing of building
envelope, windows that allow for
utilization of passive solar heat gains
and
daylight
without
excess
overheating.
3 +Efficient energy supply Heat pump, district heating, low
system
temperature system, energy efficient
circulation pumps, insulation of
heating pipes etc.
Mechanical ventilation system with
4 + Ambitious measures
heat recovery (VHR), solar energy
for hot water etc.
5 + Extensive measures
Façade insulation that changes the
appearance of the house, or
measures that are far reaching but
allow for a large reduction in the
primary energy use

Technical principles
Traditional renovation
Minimized transmission
and
infiltration
heat
losses, utilization of
passive solar heat gains
and daylight etc
Efficient energy supply
for heating
Minimized
ventilation
heat losses and water
heating demand
Various

A complete energy efficient renovation of a typical house includes post-insulation and sealing of
the buildings envelope - roof/ceiling, façade, windows/doors and foundation and maybe slab on
ground - installation of a mechanical ventilation system with high efficiency heat recovery and low
electricity use and if not already there, an energy efficient heating system based on district heating,
heat pump etc. This package of technical solutions can be carried out during an overall or step
wise planned renovation dependent on the condition of the house, the financial possibilities of the
homeowner etc.
3.3

Example – Packages of solutions for Danish single-family houses built during the
1960/70´s

An example of calculation of packages of technical solutions for energy efficient renovation is given
below.
Calculation have been based on analysis of a typical Danish
single-family house built in 1972 with a heated floor area of
155 m2 and heated by a gas-fired boiler.
The house is one of the many 450.000 Danish typical singlefamily houses built during the 1960/70´s. External walls of
these houses are constructed as cavity or framed walls with
an insulation thickness of 75-100mm, an outer leaf of 110mm
masonry and an inner leaf of 100mm of light-weight concrete
or 110mm of masonry. Windows are typically wooden
(coupled) windows which need a replacement.
Primary energy use and savings for individual technical renovation measures are stated in Table 2.
The installation of a heat pump has not been considered as in future, most Danish single-family
are expected to be connected to the district heating network.

Table 2 Primary energy use and savings (kWh/m2 per year) for typical individual technical
renovation measures.
#

Technical renovation measure

A
B
C
D
E
F
G
H
I
J
K

Existing house from 1972, 155 m2, gas boiler
External wall insulation, 100-150mm (U = 0.19 W/m2K)
345 mm insulation in roof (U = 0.10 W/m2K)
External wall insulation, 200-250 mm (U = 0.13 W/m2K)
150 mm extra insulation in floor (U = 0.15 W/m2K)
New energy efficient windows (U = 1.34 W/m²K)
New low-energy windows (U = 0.80 W/m²K)
VHR, efficiency: 80%, SFP: 1 kJ/m3, infiltration: 0.13 h-1
VHR, efficiency: 85%, SFP: 0.6 kJ/m3, infiltration: 0.13 h-1
Replacement of existing circulation pump (60W) with smaller
energy efficient pump (25W)
Replacement of existing boiler with new condensing boiler
Solar panels for domestic hot water

Primary
energy

Energy
savings

246
225
230
222
232
200
196
231
218

20
16
24
14
46
49
15
27

240

5

214
241

32
5

3.3.1 Package of solutions
Based on the individual technical renovation measures, the influence of different packages of
technical renovation solutions, composed according to the principle in Table 1, has been
investigated. In Table 3, the space heating need, primary energy use and savings and overheating
hours for each package of solutions are stated.
Table 3 Energy use and savings (kWh/m2 per year) and thermal indoor climate for package of
solutions.
# Package of solutions

Energy use
Space
Primary
heating
energy

1
2
3
4
5

160
81
55
55
35

Existing house
A+B+E
A+B+E+H+I+J
A+B+E+H+I+J +K
B+C+D+F+ H+I+J +K

246
154
104
100
66

Primary
energy
savings
38%
58%
59%
73%

Overheating hours, class II >26˚C
Venting
Venting External
1.5 h-1 (Ref)
3.0 h-1
shading
217
397
363
363
270

110
155
148
148
93

58
104
90
90
68

Table 3 shows that in order to reach a low primary energy level comparable to new Danish
buildings today [10], a complete energy efficient renovation with installation of building envelope
post-insulation, energy efficient windows, ventilation with heat recovery and an efficient energy
supply system is needed. A side effect of insulation measures may be some overheating, which
can effectively be avoided by external movable solar shadings and/or to some extent by higher
venting rate by use of e.g. automatically controlled windows. A ventilation system with heat
recovery will also contribute to a good thermal comfort by draught-free supply of fresh air and
make sure of an excellent air quality.

In general, calculation of packages of energy efficient renovation solutions targeting the three
segments of houses showed that primary energy use and heating bill could be reduced with up to
about 75% or a factor 4 corresponding to the level of a new house or better. The potential is
particularly high for houses with electric heating where installation of a heat pump and water-based
heat supply system will reduce primary energy use and heating cost with about 70%. Besides
efficient energy supply systems, VHR systems are important in order to reach a low primary energy
level and a good indoor environment after renovation of single-family houses. VHR systems can
give substantial final energy reduction, but the primary energy benefit depends strongly on the type
of heat supply system, the amount of electricity used for VHR and the air tightness of the house. It
is important to consider the interaction between heat supply system and VHR systems to reduce
primary energy use [11].
The investment needed to reach a low primary energy level and a good indoor environment after
renovation has been calculated to be in the range of EUR 100,000. With this investment cost, it is
generally difficult to obtain an economy in balance in the sense that the annual payment on a
cheap loan, e.g. mortgage refinancing, to finance the investment is not fully offset by the expected
annual energy savings. In other words, if packages of technical energy efficiency measures should
be attractive for the homeowner it is crucial to link energy efficiency measures to the normal
renovation measures, in that way reducing the price of implementing the energy efficiency
measures. Furthermore, it is also important to address the non -energy benefits of energy efficient
renovation, such as better and healthier indoor environment and comfort. Other benefits are
improved lifespan of structures, increase in value of the house and less dependence on expected
future higher energy prices.

4. Conclusion
There is a need for far-reaching energy efficiency improvements in connection with renovation if
existing single-family houses in the Nordic countries are to have competitive power compared to
new buildings on the future housing market. If the market is able to explain this to the homeowners
there is an open market with undreamt-of possibilities. Good technical solutions exist but need to
be combined based on the full range of (standard) solutions in order to reach the low primary
energy level of new houses. A one-stop-shop in the form of a full-service concept could be seen as
a possibility to make it easy for the homeowner to realize far-reaching energy savings, provided
that the building sector offers the solutions. Such one-stop-shops in the form of full-service
providers of energy efficient renovation of single-family house are missing in the Nordic countries,
although this service is vital to open up the market. The purpose of such shops, which may be a
cheap internet shop, is to help homeowners with design and decision making process in
connection with renovation of their house. The one-point-of-contact service provider may be a
company/team of consultants and contractors. They can help to bring about a complete renovation
solution including quotation for the work, financing and management of the contract work.
An ideal full-service concept in five phases has been proposed, going from initial evaluation of the
house, to extensive analyses, proposal for package solutions, coordinated execution and operation
and finally management of the house after renovation and different package solutions of technical
energy efficiency measures targeted to different types of single-family houses have been
investigated. Analyses show that typical single-family houses can be renovated to the level of
energy performance required for new houses today or in some cases renovated to low-energy
level. Nordic single-family house owners can generally save about 75% on primary energy use and
energy bill by installation of building envelope post-insulation, energy efficient windows, ventilation
with heat recovery and an efficient energy supply system. The finances of such a complete energy
efficient renovation are, however, not fully offset by the expected annual energy savings. But with
due regard to all the non-energy benefits, such as better and healthier indoor environment and
comfort, increase in value of the house and less dependence on expected future higher energy
prices, a complete energy efficient renovation could still be attractive for the average homeowner.
Better incentives structures, e.g. increased tax on energy, low interest loans and/or subsidy
programmes might also speed up the implementation of a complete energy efficient renovation.

5. References
[1]

TOMMERUP H., “Energibesparelser i eksisterende og nye boliger”, DTU Byg rapport R-080,
2004.
[2] STEM, “Energy statistics for one- and two-dwelling buildings in 2008”, ES 2009:07, Swedish
Energy Agency.
[3] THYHOLT M., PETTERSEN T. D., HAAVIK T., WACHENFELDT B. J., “Energy Analysis of
the Norwegian Dwelling Stock”, IEA SHC Task 37 Subtask A, Internal working document,
2009.
[4] HALME M., NIEMINEN J., NYKANEN E., SARVARANTA L. & SAVONEN A., “Business from
Sustainability. Drivers for Energy Efficient Housing”, VTT, Espoo, 2005.
[5] TOMMERUP H., VANHOUTTEGHEM L., SVENDSEN S., PAIHO S., ALA-JUUSELA M.,
MAHAPATRA K., GUSTAVSSON L., HAAVIK T. & AABREKK S. E., “Existing sustainable
renovation concepts for single-family houses”, SB10 - Sustainable Community –
buildingSMART, Espoo, 2010.
[6] HAAVIK T., TOMMERUP H., VANHOUTTEGHEM L., SVENDSEN S., PAIHO S., ALAJUUSELA M., MAHAPATRA K., GUSTAVSSON L. & AABREKK S. E., “Renovation of singlefamily houses – an emerging market”, SB10 - Sustainable Community – buildingSMART,
Espoo, 2010.
[7] SØRENSEN L. S., “Energy Renovation of Buildings Utilizing the U-value Meter, a New Heat
Loss Measuring Device”; Sustainability, Vol. 2 (2010), pp. 461-474.
[8] PAIHO s., AHLQVIST T., PIIRA K., PORKKA J., SILTANEN P., TUOMAALA P. & KIVINIEMI A.,
2008. “Roadmap for ICT-based Opportunities in the Development of the Built Environment”,
VTT Research Notes 2444, 2008.
[9] My E-home, http://www.savingtrust.dk/consumer/tools-and-calculators/my-home, last visited
15-04-2011.
[10] Danish Building Code, http://www.ebst.dk/bygningsreglementet.dk/, last visited 15-04-2011.
[11] DODOO A., GUSTAVSSON L. & SATHRE R. “Primary energy implications of ventilation heat
recovery
in
residential
buildings”,
Energy
and
Buildings
(2011),
10.1016/j.enbuild.2011.02.019.

Improving the energy efficiency of our built environment through
retrofitting and urban infill: TES EnergyFacade in the Finnish context
Yrsa Cronhjort
Project Researcher
Aalto University School
of Engineering
Department of
Architecture
Finland
yrsa.cronhjort@aalto.fi

Summary
The European Union is aiming towards the development of sustainable building processes as part
of the environmental goal of 60-80% reduction of overall CO2 emissions by 2050. Set goals
include the development of building modernisation practice. This has been underlined by Directive
2010/31/EU, the adopted recast of the European Energy Performance of Buildings Directive EPBD
2002/91/EC. [1] In Finland, the European aims have been taken one step further with the ERA 17
action programme. The action plan, published in 2010, sets ambitious goals for the Finnish
building and construction industry with the target of meeting European energy efficiency
regulations for 2020 by 2017. The action plan also includes recommended actions with regard to
the renovation of buildings. [2]
TES Energy Façade offers a systemised, timber based element solution for the renovation of
building facades. It is an energy-smart approach for the renewal of building envelopes on existing
buildings. The aim is to reduce CO2 emissions of renovation processes and the use of existing
buildings by using prefabricated timber products and improving the energy efficiency of the building.
Additionally, in the Finnish context, it creates new business opportunities for the Finnish forest
based industry through the option of tackling building renovation projects with timber based
construction systems. Future goals include the development of TES systems towards holistic
building modernisation, including energy production on site. An additional goal is the development
of solutions for tackling the challenges of limiting urban sprawl through urban infill development.
Urban renewal with TES aims at sustainable, technical and visual improvement and infill
development of urban environments. The main focus in Finland is on residential areas from the
1960´s to 1980´s, in the need of extensive renovation interventions now and in the years to come.
Will the introduction of energy producing applications in addition to retrofitting make energy
efficiency targets close to nearly zero energy solutions feasible in building modernisation even in
the Finnish Climate?
Keywords: building modernisation, energy efficiency, prefabrication, TES Energy Façade

1. Introduction
The European Union is aiming towards the development of sustainable building processes as part
of the environmental goal of 60-80% reduction of overall CO2 emissions by 2050. Set goals
include the development of building modernisation practice. This has been underlined by Directive
2010/31/EU, the adopted recast of the European Energy Performance of Buildings Directive EPBD
2002/91/EC, with demands on setting minimum energy performance requirements for all new
buildings and existing buildings undergoing a major renovation, for the renovation of technical and
building service systems and building elements if technically, functionally and economically
feasible [3]. The focus should be on achieving cost-optimal levels. Cost-optimal levels refer to “/…/
minimised lifecycle cost (including investment costs, maintenance and operating costs, energy

costs, earnings from energy produced and disposal costs)” [4]. Regarding energy consumption on
European level, expected impacts for the recast EPDB are 5 - 6 % savings of EU's total energy
consumption by 2020 and 5 % saving of EU's total CO2 emissions by 2020 [5].
One vision regarding aims for building renovation practice in Finland, the Finnish strategy for
building renovation for the period 2007-2017, was published in 2007 by the Finnish Ministry of the
Environment. The strategy was the result of a working group gathered in 2005 by the Minister of
Environment. [6] The strategy formed the basis for a principle decision taken by the Finnish
Government in September 2008 covering the period 2008-2011. According to the decision main
goals for the decision are: the maintenance and improvement of the ability to serve and the
standard of quality of the building stock, decreased energy consumption and emissions of the
building stock, the development of a steering system for building renovation, the strengthening of
know-how, skills and competence with regard to building renovation. [7]
Updated recommendations for actions with regard to both new built and building renovation in
Finland were presented as part of the ERA 17 action plan taking common European aims defined
in the Directive 2010/31/EU one step further. The ERA 17 For an Energy-smart Built Environment
2017 - action plan is a result of the collaborative work of a multi-scientific group of experts
gathered by the Finnish Minister of Housing Jan Vapaavuori. The programme, published in 2010,
sets ambitious goals for the Finnish building and construction industry with the target of meeting
European energy efficiency regulations for 2020 by 2017. This goal includes the development of
market viable, near to zero energy solutions for new buildings. Recommended actions with regard
to the renovation of buildings suggest that incentives and regulations for building modernisation
should be part of the future strategy for energy-smart building in Finland. [8] The ERA 17 action
programme defines energy-smartness as follows: An energy-smart built environment refers to an
energy-efficient, low-emission, high quality built environment that employs all necessary means to
mitigate climate change [9]. The implementation of suggested aims and actions calls for a rapid
development of building modernisation practice in Finland today.
TES Energy Façade offers a systemised, timber based element solution for the renovation of
building facades. It is an energy-smart approach for the renewal of building envelopes on existing
buildings. Additionally, in the Finnish context, it creates new business opportunities for the Finnish
forest based industry through the option of tackling building renovation projects with timber based
construction systems. Future goals include the development of TES systems towards holistic
building modernisation including energy production on site. An additional goal is the development
of solutions for tackling the challenges of limiting urban sprawl through urban infill development.
TES Energy Facade offers a sustainable option for a modernised built environment.

2. TES Energy Facade
2.1 TES System
TES Energy Façade is based on the use of large scale, timber based, prefabricated elements. The
elements consist of a load bearing frame, thermal insulation and if required, interior and exterior
cladding. The elements are assembled either directly on to the existing building envelope or on
partly demolished building envelopes. This can be the case, for example, in a building with an
original façade of concrete sandwich elements where the condition of original façade and thermal
insulation might not allow conservation. If necessary, the old façade can also be entirely replaced
by TES elements. The amount of additional or new thermal insulation in the elements depends on
thickness, condition and insulating capacity of possibly remaining old thermal insulation and
chosen goals for thermal insulation and energy efficiency of the renovated building.
TES Energy Façade is a construction system based on the use of timber. The frame can be made
of either massive wood or light weight timber structures. The use of wood based thermal insulation
materials is promoted when possible with regard to national fire safety regulations. The cladding
material can be chosen according to set targets including architectural, economical, sustainability
and energy productive viewpoints and it can be installed prefabricated, at the element factory. [10]

Improved airtightness of the building envelope is a decisive factor when improving the energy
efficiency of a building. When renovating a building façade with TES elements, the airtightness of
the existing building is ensured or improved by an airtight layer preassembled to the elements or
by improving the airtightness of the existing structure prior to or during assembly. [11]
Measuring results of existing buildings show
that the building volume of existing buildings
very seldom is dimensionally accurate. This
proposes a challenge when attempting the
assembly of prefabricated, dimensionally
precise elements on to existing building
façades. The difference caused by inaccuracy
in original structures and/or unevenness of the
surface of the building façade is solved through
the addition of an adaption layer filling the gap
with thermal insulation, either soft, elastic
sheets or blown in thermal insulation. [12]
Image 1 TES element example.
From the top: Soft glass wool carpet
glued to board, softwood plywood or
OSB board 9mm, airtight paper
strengthened with mesh, web girders +
thermal insulation (amount according to
need, here 300 mm), wind barrier
gypsum board 9mm, air gap, façade
cladding. [13]

TES Energy Façade not only targets at thermal
improvement of the building envelope but also
at visual and architectural renewal of the
building stock. As the new building façade of
TES elements has a load bearing frame, new
windows and doors can be assembled into and
new balconies supported directly from the new
façade structure, allowing the designer
freedom from structural limitations of the
existing building envelope. This makes radical
architectural changes to the existing building
feasible. [14]

2.2 TES Process
The use of large scale, prefabricated elements including optionally preassembled cladding and
even windows and doors, reduces the need for scaffolding on the building site with the option of a
completely scaffolding free assembly reducing building time on site even further. [15] In the Finnish
context this allows for efficient wintertime renovations less dependent of weather conditions.
Prerequisites for a successful, scaffolding free and time efficient renovation are a well scheduled
and collaborative design, prefabrication and construction process based on accurate measuring of
the building object and a frictionless digital workflow throughout the process [16]. In Finland, laser
scanning has been seen as a good option for measuring existing buildings due to time efficiency,
accuracy and the option of measuring several buildings at the same time. Laser scanning results
can be processed to a 3D model that forms the basis for a continuous 3D design and building
component manufacturing process based on actual measuring results of the existing building,
minimising the risk for errors based on lack of or misunderstood measuring data. [17].
2.3 TES Emission reduction
One aim of developing the method of using timber based element systems (TES) in the renovation
of building facades is to decrease CO2 emissions of both building modernisation processes and the
use of existing buildings by increasing the use of wood and prefabrication in retrofitting along with
decreasing the energy demand of the building. The energy efficiency of a building is primarily
improved through additional or new thermal insulation and increased air tightness of the building
envelope. With new or adjusted building services the energy efficiency of the building in use can
be improved even further. [18]

TES Energy Façade research focused on achieving the energy efficiency goal of passive house
level according to national standards. This was realised in the Buchloe School pilot in Germany
[19]. In Finland this option has so far been studied through energy simulations of several objects
according to which passive house level of energy efficiency in an existing building is possible to
reach even in the Finnish Climate. Simulated objects include 4 and 8 storeys high apartment
buildings. Simulations for these buildings show that as to achieve passive house level of energy
efficiency the building renovation should include a new or updated air ventilation system with
efficient yearly heat recovery rate, new windows, improved airtightness and improved thermal
insulation of the building envelope. Simulation results show, however, that the amount of thermal
insulation is the least important factor of these three. [20]
The simulation results of As Oy Riihenharju were published in the VTT report Lähiön ekotehokas
uudistaminen. Simulations of the 4 storey apartment building in southern Finland indicate that as to
reach passive house level of energy efficiency with a building renovation with TES Energy Façade,
improved U-values for walls to 0,17 W/m2K and roof to 0,9 W/m2K are sufficient without a need to
improve U-value of floors if air tightness of the building is improved to 0,6 1/h and the yearly heat
recovery rate is raised to at least 80%. Windows and doors are suggested being improved to a Uvalue of 1,0 W/m2K. Suggested U-values were chosen according to 2010 Finnish regulations for
new buildings. [21]

3 Developing the method of TES Energy Façade
3.1 Upgrading TES Energy Facade
The TES method as such employs lean construction principles through the creation of added value
[22] for building owners, end-users and the building and construction industry. A future challenge is
to optimize the economic viability of a TES building modernisation process. One way of obtaining
this is by including the application of multifunctional and integrated solutions for TES as to speed
up building modernisation processes and reduce building time on-site even further, and to reduce
the need for further interventions in a near future. The vision is to develop a holistic building
modernisation process including integrated new air ventilation systems and ducts and energy
productive components making TES Energy Façade “smart”. [23] In Finnish context, the
installation or upgrading of air ventilation systems and ducts in existing buildings is seen as an
architectural and technical challenge. Systems integrated in exterior walls seem most potential [24].
Energy productive elements as part of a building modernisation is seen as an option for obtaining
energy efficient results closer to net zero energy level.
3.2 Prefabricated solutions for urban infill development
The field of building renovations is part of the social and environmental challenges we are facing in
terms of rising demands on both urban renewal and building modernisation. The aims for the
development of and research in urban renewal with TES include sustainable, technical and visual
improvement and infill development of urban environments with attention paid to social aspects.
The main focus in Finland is on residential areas from the 1960´s to 1980´s, including almost
550000 apartments built in the 1960´s and 1970´s only [25] and in the need of extensive
renovation interventions now and in the years to come. The goal is for building modernisation to be
seen and used as an option for new area development through efficient utilisation of extensions
and space elements for infill development and partly as a financing strategy for the renovation of
buildings.
In Finland costs and the lack of incentives for the improvement of energy efficiency has up to
recently been seen as a challenge, and research indicates a long payback time for a TES
renovation as such [26]. In her master thesis Sanna Lukkarinen has studied the option for housing
cooperatives to finance building renovations in Helsinki through new built. Calculations based on
the case study of a 1970´s housing cooperative in Helsinki [27] and additional research show that
in the Finnish context in 2011, the option of financing renovations through new built additional

floors and extensions is economically justifiable only if the additional gross floor area is substantial.
Infill development with new building volumes seems a more lucrative alternative [28].
3.3 Building modernisation and near to zero energy level solutions
Will the introduction of energy producing applications in addition to retrofitting make energy
efficiency targets close to nearly zero energy solutions feasible in building modernisation even in
the Finnish Climate?
Near to net zero energy new buildings have already been built in the Nordic countries including
Finland. The first Finnish net plus energy building, the Luukku – house [29], was finalized in spring
2010 and the first zero energy apartment building, the Kuopio Opiskelija-asunnot Oy student
housing cooperation, was finished in 2011 [30].
With regard to building modernisation, research and pilots show that passive house level of energy
efficiency is possible to reach with existing technology in building modernisation even in the
Finnish climate. In Finland, passive house criteria includes a total heating energy demand of 20-30
kWh/m2 depending on location, and a total primary energy demand of 130 – 140 kWh/m2,
airtightness n50 0,6 1/h [31]. The surface area used is the heated gross floor area, according to
national building regulations [32]. The option of covering the remaining energy demand with
renewable energy sources has been studied by VTT in the INNOVA – project. Based on reference
calculations for a typical 4 storey 1970´s concrete apartment building, VTT research shows that,
for example, the hot water demand can, after renovation, be covered up to 60% on a yearly basis
with solar heat using thermal panels and the electricity need can be partly covered with solar PV
panels or wind turbines [33].

4. Discussion, Conclusion and Acknowledgements
4.1 Discussion and Conclusion
The increasing amount of building stock to be renovated call for the development of economically
viable, construction time efficient solutions for European building modernisation markets including
Finland, upgrading building modernisation to an industrial level. Additional requirements for
building renovation systems are set by upcoming demands on energy efficiency and decreased
carbon dioxide emissions. In the spirit of the ERA 17 action programme, the implementation of the
concept of energy-smartness [34] in Finnish building modernisation suggests the mitigation of
climate change to be the main target for both research and implementation, including the attributes
of energy efficiency, low-emissions and a built end result of high quality. TES Energy Façade
offers one solution to this equation.
The lack of incentives and high costs are a barrier to overcome in the field of building renovation
with TES Energy Facade in Finland. However, possible future incentives for the improvement of
energy efficiency in existing building stock, as recommended in the ERA 17 Action Plan [35] along
with infill development as a financing strategy it might become a realistic option in near future even
in the Finnish context. The addition of integrated components to the system also allows for the
option of replying to several renovation needs with one modernisation process.
Reaching the level of near to zero energy solutions in Finland in new buildings has been proven
possible and the reaching of passive house level in building modernisation is feasible. The
remaining energy demand in a renovated building can at least partly be covered through the
utilisation of renewable energy sources on site. The question of whether near to zero energy
solutions are viable targets for building modernisation in Finland still remains to be replied. As the
EU Directive 2010/31/EU calls for cost optimal solutions, the question to be answered through
future research might be: what scenario would be a cost-optimal target for energy efficiency and
building renovation investments in the Finnish context?
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Summary
The SEEDpod dwelling prototype enters into a pact with nature as it interacts with local climatic
conditions. The envelope creates a selective filter, which protects the interior condition from
varying environmental factors. Active and passive elements include a 9 Kw photovoltaic roof array,
operable wall assemblies with insulated panels and glazing systems with ventilation options. The
primary objective is to provide a compact, highly efficient building strategy that can advantageously
interact with natural forces. A remedial engagement with the local environment provides further
direction for our performance-based design process. The intention is to literally grow livable interior
and exterior spaces.
An important catalyst for the development of regional building intelligence at the University of
Arizona: College of Architecture and Landscape Architecture is the design studio with associated
materials laboratory. Research prototypes developed in this empirically engaged setting of thinking,
drawing and building are artifacts of a uniquely integrated way of working. Iterative development
over time in service of both the particular condition of experimentation and also comprehensive
final integration into a full-scale assembly is imperative to the method. Prototype system
development is the focus of this presentation, along with fabrication and assembly of a dwelling
unit. Research and development programs at both the graduate and undergraduate level became
essential components of the fully operable prototype: a pivoting structural rib assembly, which
facilitates adaptability to optimum solar incidence, a compliant shading system that registers the
movement of light throughout the day and seasons, and the thermally tuned water wall.
Prototyping, performance analysis and implementation of the thermal water wall system within the
holistic framework of the building envelope is the focus of this analysis.
Keywords: sustainable design, architecture, regional, thermal mass, energy, materials research,
arid climate

1. Introduction
The SEEDpod is a modular, solar powered dwelling designed to raise awareness of emerging
environmentally responsive technologies in the building industry. The dwelling provides a compact,
resource efficient enclosure that can be placed in a desert site above the ground on a foundation
frame with a minimum number of earth contact points that limits impact on geology and biological
systems. This facilitates a response and engagement of the unique micro-climate and site
conditions of its specific location. [1]
This armature will provide dwellers an opportunity for “living” within the ecological systems of the
Sonoran Desert enhancing their understanding of local conditions and positioning them for a
lifestyle committed to regenerative environmental stewardship. The University of Arizona

SEEDpod envelope serves as a “selective filter” that interacts with an environmentally layered
cultivated surrounding desert site and landscape. [2]
Elements include:
1. A ventilated photovoltaic/solar hot water panel roof assembly.
2. A south elevation seasonally adaptive water wall that provides space heating in winter and
absorbs heat to assist cooling in the summer. The conceptualization, testing, and a
prototype installation of this system within the SEEDpod will be the focus of this analysis of
regional technology.
3. Zinc rain screen insulated wall panels on the east, west, and north elevations. A continuous
north clerestory window with automated shades and operable windows. Pivoting doors on
the east and west elevations that direct and control thermally generated winds through the
space and hot air exhaust through the clearstory to provide heat rejection cross ventilation
and cooling.
4. The east elevation also has a large opening in which the first prototype of a heat and light
responsive shade system employing stretch fabric and bi-stable actuators to automatically
open and close— maintaining preferred daylight and/or heat gain conditions.
5. The combination of diffuse and direct sunlight through the south water wall, the north
clerestory, the east and west windows, and the building form achieves balanced
daylighting.
The thermal water wall, which focuses on the application of recyclable plastic materials in
architecture, serves as one platform for design research within the dwelling prototype. Although
massive elements in buildings are often
structural, the need to transport this house
prohibits traditional load-bearing materials
such as concrete or brick. The use of water as
thermal mass allows the wall cavity to be
emptied before transport and then re-filled on
site. This reduces the energy it takes to ship
the house and allows the benefits of thermal
mass to temper the interior environment once
the house is assembled.
Fig. 1a: SEEDpod perspective drawing
The thermal performance of the wall system is paramount, but in order for this to be an effective
envelope, physical and energy forces of the water wall and the system containing it must be
carefully constrained. In addition to these critical factors, this system must integrate with others in
the home and systematically adjust in order to achieve a homeostatic condition with the outdoor
environment.
Design of production methods becomes critical to producing a high-quality and consistent product.
Wherever possible existing industry methods have been adopted, but the paradigm shift from the
use of plastics related to packaging methods into building technology produces new challenges
and calls for innovation in both the design and construction methods.

2. Material Technology
2.1

Plastic Performance

As advances in building technology couple with higher material costs, plastics are becoming a
viable option for construction materials with impressive performance characteristics of their own.
Typically, they offer lighter, durable and less expensive alternatives to the traditional building
materials they replace. But in order to fully take advantage of the strengths plastics offer their
properties must be understood from the beginning of the design process through construction.

PET is one of the widely produced engineering grade
thermoplastics in the world. Its recyclability index is very
high and can be re-used for many cycles with little
mechanical degradation. Its low cost and high mechanical
performance makes it attractive to the packaging industry,
but with plastics pollution rates skyrocketing, environmental
concerns are paramount. The current trend of packaging
disposable goods in non-disposable containers lacks
efficiency and produces massive amounts of waste. This
inert, sterile, transparent material could be put to better use
in something with a longer life cycle. ‘Capturing’ this
material and redirecting its use into buildings allows for
more strategic use of the product, and in turn, reduces the
pollution in landfills and oceans.
Fig. 1b: Ten digitally formed prototype variations
2.2

Definition

A Trombe wall is a passive solar thermal collection system that utilizes a massive material to resist
the flow of heat from an outdoor environment to an indoor space. The system consists of a layer of
glass or glazing material facing on the outermost layer, an air space to allow for convective heat
flow, and a material that acts as the thermal mass to hold the absorbed heat. Materials such as
masonry, stone, or water are commonly used as the thermal mass material. A typical example
contains a south facing thermal mass wall that is exposed to direct solar gain in the winter months
and is shaded during the summer. Southern orientation is required in order to achieve the desired
result of collecting heat over the course of the entire day— east, west, or north orientation would
provide insufficient solar collection time to charge the mass with heat.
The process by which any Trombe wall system operates is one of simple thermodynamic principles.
Solar light composed of both long and short wave radiation falls upon a layer of glazing and is
transmitted through. In the air cavity between the glazing and the thermal mass long wave
radiation undergoes an energy phase transition to sensible heat. Short wave radiation is able to
pass back out through the glazing. The sensible heat becomes trapped in the cavity and through
convective and conductive processes, it enters the material used as a thermal mass. Once held in
the mass, the passage of heat is slowed to a point where its entry to the interior space is offset
from the hottest part of the day by a number of hours (known as thermal lag time, and measured in
hours). If sized properly for the space being buffered, by the time the diurnal temperature swings to
its lowest point the thermal mass is transmitting this collected heat to the interior of the building or
space, thereby offsetting the temperature difference (delta T) between the interior wall surface and
the interior space. The volume flow of heat is directly proportional to this temperature difference
between the two elements. By transmitting heat into the conditioned space, the need for active
thermal control systems such as air conditioning or heating is reduced.
Our thermal water wall system, or V-Lite, is a modular and transportable product based on
traditional thermal mass principals that utilizes pre-fabricated plastic tanks to hold water in optional
solar orientation. These tanks have a volumetric capacity of three gallons each and fit into a metal
support grid. The tanks differ from typical rectilinear boxes in that they make use of a catenoidal
geometry to mitigate the pressure inherent in a water-wall system. Their geometry is designed to
resist collapse and allow less material to be used.
The V-Lite system provides three specific improvements that allow more efficient use of thermal
mass.
1. The air cavity provided between the glazing and water mass can be opened to the outdoor
atmosphere strategically to more precisely control the amount of heat absorbed.

By thermostatically controlling the air cavity between the glazing and water, it is possible to more
efficiently collect or reject heat in the water itself. In winter, it is advantageous to collect as much
heat as possible and store this at night for as long as possible, therefore no ventilation would be
provided. In the summer time ventilating the air cavity would reduce the heat build up, along with
providing shade to the tanks. In addition the ventilation can be utilized at night to cool the water
sufficiently to provide an advantage much like that gained in the winter, but in reverse
2. The geometry of the tanks is designed to resist the pressure of water in the wall.
By addressing the physical properties of water, the VLite water wall system is a more efficient and
aesthetically engaging application of this technology
than has been previously proposed.
3. The system utilizes vacuum technology to fill the
tanks, rather than pumped water, or stationary water.
By using a vacuum, the risk of catastrophic failure is
eliminated. In the event of any leak, the wall would
allow air in, rather than water out. In the event of a
significant leak, all water would be evacuated back to
the water reservoir at the base of the system. [3]
Fig. 2: Early prototypes produced during the geometric form-finding operation

3. System Logic
3.1

Wall Cavity Design

The specific geometry used in the tank design was developed out of an iterative, analytical and
empirical process. The shape arrived at successfully resists the negative pressure of the vacuum
applied to fill the system and resist leaks. The surface of the tank is curved continually to form a
CMC , or constant mean curvature surface as shown in Figure 3. It is applied in such a way that if
a tank were cut in any direction, a series of arches would immediately be noticed. These arched
forms provide rigidity to the thin membrane by
reducing its effective span from thirty inches
(the width of the tank), to only four inches (the
distance between each of the seven nodal
points integrated into the surface).
Fig. 3: Arched CMC geometry with node at center.

Fig. 4: Early full-scale water wall module prototype that includes sharp edges

This specific geometry was developed through induced failures in previous versions of tank shapes.
The analysis on the mode of failure revealed that almost every failure took place at sharp corners
and relatively straight or flat sections of tank wall. Sections that did not fail were also analyzed and
found to be generally both more curved and without corners or sharp geometric changes. The
difficulty of achieving a consistent result without sharp corners was resolved by means of digital
analysis and mapping of the surface, then regularizing these geometries, and digitally producing a
model that follows the attributes of successful geometries. [4]

Fig. 5: Digital analysis process of successful tank wall sections. From left to right: tank section to
be digitized, point cloud developed in Rhino, surface developed from point cloud, surface
optimization and regularization.

Fig. 6: Final mold elevation and section
drawings displaying regularized geometry
and CMC surface.

Fig. 7: Differences between mold iterations and formed parts serve as an empirical gauge of ideal
form-finding.
3.2

Tank, Vacuum and Pump System Design

The advantage of utilizing a vacuum rather than pumping water into the tanks is one of hydrostatic
pressure. Since water exerts more pressure on a container as the height increases, the ultimate
application of a water wall would be severely limited in practicality to only a few feet high unless
tanks of increasing wall thickness were used to counter the water pressure. By implementing
negative pressure at the top of the wall, the effective pressure at the base, no matter the height of
the installation, would remain at zero relative to the atmosphere. Therefore a thinner walled tank
and translucency can be practically achieved on any size of V-Lite water wall.

Fig. 8: Diagram showing the balance between vacuum pressure in red
and water pressure in blue.

The pressure needed to fill any given system will vary with the height of the installation. Since the
columnar effect of water will always develop the most pressure at the bottom of the wall, that force
is what becomes critical to counter. For the prototype wall installation, it was determined that 5
inHg (inches of mercury) are required to achieve a fully charged system. This must be continually
provided while filling the system, since as the water rises, it reduces the volume of air and likewise
pressure. Once filled and sealed at the top, no more vacuum pressure is required. A readily
available electric laboratory vacuum pump was utilized to achieve this pressure, and proved very
effective. For the final system a larger volume electric pump was utilized to keep the vacuum at a
constant 5 inhg and expel the air in all sixty tanks. [5]

Fig. 9: Thermal water wall charging process. Fully charged, in progress and empty.

Fig. 10: Assembly and drying of glued tanks. After
24 hours, each tank is pressure tested for leaks.
Photo credit Adam Strauss

4. Construction and Prototyping
4.1

Wall Construction

The initial phase of constructing the water wall module consisted of molding each tank half
individually. This process was performed on an industrial vacuum forming machine that utilizes an
electric heater to soften the flat sheet plastic, then a vacuum to draw the hot sheet to the molds
form. Each tank half must match every other exactly, therefore precise timing and temperature
control must be maintained at all times to ensure quality control.

Fig.11: The forming process for each tank half is
executed on a production-level vacuum former.

The next step in the process is to seal each tank half together, forming a water and air (vacuum)
tight container. This is accomplished through the use of an industrial two-part adhesive that dries
to an inert, transparent state, so as not to interfere with the finished appearance of each tank. The
tank halves are sterilized, glued, and clamped for 24 hours. [6]
Translucency for Indoor Lighting
Another unique aspect of this water wall design is that it allows ambient light to enter the space. In
addition to providing structural integrity, the geometry utilized for the wall also provides a diffused
or filtered light condition on the interior, which offers privacy for the inhabitants and a unique
connection to the time of day and season of the year.
Strategic ventilation strategy
One key advantage of the V-Lite wall system is the
possibility for thermally beneficial use during all times of
the year. This is distinct from the typical “passive heating”
use of thermal mass and is made possible by providing a
vent-able air space between the glazing layer and water
layer. By controlling how much air is cycled over the
surface of the tanks, the amount of heat retained is
controllable. During winter all air-flow is blocked,
maximizing the conductive heat transfer to the mass itself,
warming the home. In the summer season, air can be
moved through the cavity during the night when
temperatures are at their lowest, thereby reducing the
temperature of the water and the house. Since the water
has a high specific heat capacity it will heat more slowly
than the daily cycle in the summer and a net gain in
thermal comfort is achieved. Without this approach, more
than two times the volume of water is required for the
same thermal result.
Fig. 12: Installed V-Lite wall makes use of ambient light.
Photo credit Adam Strauss

Summer Day
Thermal mass is shaded and air is drawn across surface to evacuate heat via conduction.
This air-flow also cools the solar panels from beneath.
Summer Night
Air can be brought in from below the home and through the south wall to provide natural
ventilation to the interior space.
Winter Day
Air is trapped around the water wall and thermal mass is exposed to sun, absorbing heat
energy. The solar panel portion of the plenum cavity is vented to prevent overheating.
Winter Night
The entire plenum cavity is sealed off and the thermal mass creates lag time and
reduces the temperature changes inside the home.
Performance of V-Lite Wall
Thermal testing demonstrates the importance of air
movement in the cavity. The upper diagram shows a
sealed cavity while the lower demonstrates the same
cavity with thermostatic venting (Figure 13). During the
summer cycle, solar gain in the air space can produce
temperatures in excess of 165 degrees Fahrenheit.
Fig. 13: Two independent week long temperature tests,
the figure at top represents unvented cavity, while the
lower represents a selectively vented cavity.

Fig. 14: Thermal imagery of an array installed in
a building with a heat source behind simulating
solar gain.
Although the principle of Trombe wall applications is well known, the ideal thickness of a waterbased system is dependent on the space it is intended to serve and what climate that space is
located. In order to calculate the potential heat capacity of a body of water, the following
calculations were used for an 800 square foot dwelling. [7]

4.2

Conclusion

The V-Lite Wall system is beneficial to the home environment in a number of ways, but the primary
and most quantifiable of those is in energy savings. A typical 800 square foot, well insulated home
in a moderate climate, consumes around 10,000 BTU in heating on any given day and in the winter
cycle the V-Lite system can accommodate for 1/3 of that energy— reducing electric or gas
consumption considerably. Likewise, during summer it can provide a reduction in cooling energy
use equal in terms of BTU.

Fig. 15: SEEDpod Prototype Dwelling

The SEEDpod water wall successfully addresses the relationship between natural lighting and
thermal comfort through an economical and visually engaging building envelope system that is
inherently linked to its host-building environment. Light and energy are transferred to the interior
environment in a way that connects the end-user to the solar cycle and the local biome.
4.3
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Summary
Recently, high-rise buildings mixed in with commercial premises. Most of these buildings have curtain wall as
their envelopes. Curtain walls are being adopted widely in high-rise buildings because of their have good
exterior appearance. But they have some problems such as increased heating and cooling energy
consumption. Environmental issues caused by energy consumption, methods to save cooling and heating
energy are urgently needed. Additionally, there needs to be a reform for energy performance of building
exteriors that include windows that are a cause for most of the energy loss.
So far, development of technology to reduce building energy had been concentrated on each individual
element. However, for promoting the practical use and commercialization of element technologies in the part
of building energy efficiency it is needed to make high integrity on buildings not only through convergence and
integration among element technologies but also though convergence and integration among converged and
integrated technologies, and especially to induce comprehensively and practically to enhanced the
performance and the function.
In this paper, Therefore, is to analyze the characteristics of the changes of annual heating and cooling
consumption after applying the converged module to a test bed of a fifth floor scale curtain wall structure. This
aims to evaluate the performance of energy and environment, as well as the field application of the integrated
module with each technology element designed to save the building’s energy consumption.
Keywords: Envelope, glazing, energy Consumption, Building

1. Introduction
In case of the curtain wall structure generally used in the recent ultra high rise building and large-scaled building, it has a variety of advantages such as workability, economy, construction period, design, etc. Accordingly,
General curtain wall structure is applied to the building in many countries including Korea. In case of the
envelope of curtain wall structure, however, for the property of material, the ratio per envelope area of window
thermally disadvantageous is continuously increasing compared with the typical building giving rise to the increase in the consumption of cooling energy in summer and heating energy in winter. Therefore, it is necessary to have a variety of methods that may reduce cooling/heating energy of energy-consuming building. Especially, it is urgently needed to improve the energy performance in the envelope section including the window
area.
During that time, the development of the envelope technology to reduce the building energy was concentrated
on each component technology only. However success rate of commercialization for the outcome of these
component technologies is reported to be at quite a low level reaching approx. 7% only. This is because the
economy of so developed component technology has not any performance relatively differentiated compared

with performance and function improvement. In order to solve such problem and promote practicality and
commercialization of the component technology for the building energy efficiency, it is needed to induce comprehensive and substantial improvement of performance and function through convergence and integration of
each component technology.
Accordingly, this study is aimed at the analysis of building energy reduction effect through the monitoring of
energy environment performance after applying the fused component technologies to 5 floor scale Test Bed
for the purpose of reducing building energy.

2. Methods
In order to analyze the effect of reducing building energy following the construction of envelope in a curtain
wall structure, 5 floor scale Test Bed was built. To such Test Bed, the component technologies fused that may
reduce cooling/heating energy consumptions were applied, from which, the consumption of heating energy in
winter and cooling energy in summer were examined to evaluate the effect of reducing energy consumptions.
To conduct more objective evaluation, it was compared with the consumption of energy in the typical building.
2.1 Overview of Test Bed
TEST BED was built within the premise of Korea Institute of Construction Technology located in Gyeonggi-do
in Korea. Its overview is as set forth in the Table 1.
Table 1 Overview of Test bed
Division
Location

TEST BED
Typical Building
1190 Simindae-Ro, Ilssanseo-Gu, Goyang-Si, Gyeonggi-Do,
Republic of korea

Area

3,385 m2

8,843 m2

Scale of Building

1 story underground,
5 stories above ground

1 story underground,
5 stories above ground

Usage

Office

Office

Year built

2009

1997

Photo

2.2 Component technologies applied
Natural ventilation system, heat exchange/ventilation system, external motor-driven curtain, PVC complex
material system window, aluminum/ABS complex structure frame window, high-tightness/high insulation filling
method, high-functional glass, high-tightness/high durability sealant, gaskets, etc. were converged and integrated as shown in the Table 2 as below, which was applied to the Test Bed as shown in the Figure 1. Then
an indoor monitoring system was installed as shown in the Figure 2, and finally the energy environment performance was evaluated.

Table 2 Component Technology Convergence/Integration module
Convergence/Integration
Module

Applied Area

High Insulation Curtain Wall
Frame + High-functional glass +
High tightness /durability sealant
and gasket

Front area

High Insulation Curtain Wall
Frame + High tightness
insulation filling method

Front area

Aluminum/ABS combined structure frame window + High tightness insulation filling
method

Rear area

PVC complex material system
window + High-functional glass +
High tightness insulation filling
method

Front/rear area
2nd/3rd floors

New-material insulation + High
tightness insulation filling
method

Rear area

High Insulation Curtain Wall
Frame + High-functional glass
+ External motor
-driven curtain

Front/rear area
4th/5th floors

Function
- Blocking solar irradiance, excellent U.V. transmittance and visible ray transmittance
- Energy reduction through improving the insulation
of the building envelope
- Reducing the heating load caused by high insulation and high tightness system
- Reducing the cooling load by using double coating
low-E insulated glass
- Preventing energy loss and securing tightness
through improving the durability of fused component
technologies constituting the curtain wall
- Securing the economy through reducing the defect
of the building and contributing to the long life of the
building
- Minimizing infiltration and heat loss by filling the
space between complex structured frame window
and wall frame using high-tightness insulation filling
method
- Achieving high insulation property compared with
the typical aluminum curtain wall by applying PVC
material
- Reducing the energy through improving the insulation of building envelope
- Reducing the cooling load by using high-functional
glass
- Preventing energy loss and securing tightness performance through improving the durability of the junction
- Securing the economy through reducing the defect
of the building and contributing to long life of the
building
- Achieving excellent cooling load reducing effect
though blocking solar irradiance
- Decrease in the greenhouse effect in the building
(Decrease in real temperature to 5~15 )

Fig. 1 Feature of Component Technology Fusion Module being Applied to the Building

3. Results
3.1 Result of analyzing heating energy consumptions

Fig. 2 Comparison of average heating energy
consumption in winter

Measurement of heating energy consumptions
for the Test Bed and the typical building was
conducted for the period from December 1, 2010
to February 28, 2011. As result of measuring the
average heating energy consumptions during a
day in winter was 369.4 J/ for the Test Bed,
while 971.6 J/ for the typical building showing
the reduction of approx 60%. The Figure 2 as
below shows the comparison of average heating
energy consumptions in the winter. Table 3
shows the average measurement of heating
energy consumptions of the Test Bed and the
typical building.

Table 3 Comparison of Monthly heating energy consumptions
Consumption rate in Test bed
Typical building
Test Bed
Month
against typical building [%]
[kWh/month]
[kWh/month]
December
612.0
272.9
45.1
January
1245.7
449.3
36.3

Reduction rate
[%]
54.9
63.7

February

1114.2

396.9

35.9

64.1

Average

971.6

369.4

39.6

60.4

3.2 Result of analyzing cooling energy consumptions

Fig. 3 Comparison of average cooling energy consumption in summer

Measurement of cooling energy consumptions for
the Test Bed and the typical building was conducted
for the period from July 1, 2010 to September 30,
2011. As result of measuring the average cooling
energy consumptions during a day in summer was
6,042 kWh/
for the Test Bed, while 11,180
kWh/ for the typical building showing the reduction of approx 46%. The Figure 3 as below shows
the comparison of average cooling energy consumptions in the summer. Table 4 shows the average measurement of cooling energy consumptions
of the Test Bed and the typical building.

Table 4 comparison of Monthly cooling energy consumptions
Typical Building
Test Bed
Consumption rate in Test Bed
Month
[kWh]
[kWh]
against Typical building [%]
July
14,140
7,346
52.0
August
11933
6646
55.7
September
7468
4134
55.4
Average
11,180
6,042
54

Reduction rate
[%]
48.0
44.3
44.6
46

4. Conclusion
This study is aimed at applying the converged component technologies such as high-performance
curtain wall frame, high durability glass, high-tightness/high performance sealant and gasket, ceiling/window ambient insulation filling method, aluminum/ABS complex window system, etc. to reduce building energy to 5-floor scale Test Bed, and then the following conclusion was obtained
after the comparison of cooling/heating energy consumptions of the typical building.
[1] As result of comparative analysis of the heating energy consumption of the Test Bed and the
typical building in winter, the Test Bed was revealed to reduce the heating energy consumptions
compared with that of the typical building by approx. 60%.
[2] As result of comparative analysis of the cooling energy consumption of the Test Bed and the
typical building in summer, the Test Bed was revealed to reduce the heating energy consumptions
compared with that of the typical building by approx. 46%
[3] According to this result, when applying converged high performance envelope system to the
building in the form of energy-consuming curtain wall, it was proved to be able to reduce cooling/heating energy by approx. 53 %.
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Summary
In a recent study [1] in which a modular building is studied in two different locations, Coimbra
(Portugal) and Luleå (Sweden), under the environmental point of view, the following conclusions
were drawn: (1) the Operational energy is the major contributor to the energy consumption and (2)
in terms of CO2 emissions, the Use Stage was the most harmful stage during the building life-cycle
for Coimbra climate contrarily to Luleå for which it was the Product Stage, despite Luleå energy
consumption being higher than Coimbra. This conclusion was underlined after having taken into
account the way the electricity and heat supplied to the households are generated, Sweden has
indeed a better environmental profile for its energy mix. In the present research, the life-cycle
analysis (LCA) of a residential building in three different European locations is carried out. The
houses use the concept of steel frame for their structural systems and they differ in terms of
insulation thickness, according to each location climate. A different life-cycle scenario is taken into
account for each location, in which the monthly temperatures, energy mix, heating and cooling
systems are defined. The LCA was achieved by relatively complex manual calculations permitting
the evaluation of the Embodied energy (and Embodied equivalent CO2 emissions or namely
Embodied carbon) and yearly energy consumption of typical residential buildings. The software
Pleiades+Comfie [2] (enabling a quite thorough comprehension of the thermodynamic behaviour of
the building) combined with Equer [3] allows the achievement of the complete LCA and was used
to verify the manual calculations for Brussels climate (Belgium). The present paper gives an
overview of the conclusions drawn from this analysis. It is shown once again that for all three
climates, the Use Stage (Operational energy) is the most harmful period during the building lifecycle. Moreover, the energy mix of the country strongly influences the equivalent CO2 emissions
related to the Use Stage and may entirely reverse the conclusions about the life-cycle carbon
footprint of the building.
Keywords: Steel frame house, life-cycle analysis, embodied energy/carbon, energy mix

1. Introduction
The total energy use over the life-cycle of a building is an emerging research field although a great
number of studies have already been achieved about it ([1], [4] to [6]). Embodied energy of
common construction materials such as timber, steel, glass, insulation or reinforced concrete as
well as alternative materials such as phase changing materials is one of the topic currently
researched all over the world thanks to the ever-growing concern on sustainability in the
construction domain. Two main conclusions can be drawn from current studies about total energy
consumption in buildings: (1) the assessment of the embodied energy in buildings can vary a lot

due to a quite high variability in the cradle-to-gate data as well as regional characteristics and (2)
the embodied energy can take an important place in the total energy use if low energy buildings
are considered. In the literature, guidelines for reducing the embodied energy are also provided
usually by selecting low embodied energy materials, designing lightweight/efficient structures to
minimize material consumption, using recycled/reusable materials/components and so by ensuring
that materials can be separated, guaranteeing future refurbishment and adaptability instead of
demolition, preferring locally sourced materials. The most important one is obviously to design for
long life using durable low maintenance materials. The present study focuses on steel framed
residential houses located in three different towns: Brussels (Belgium), Luleå (Sweden) and
Coimbra (Portugal). The objective of the study is to compare the Embodied energy with the
Operational Energy first of all but also to evaluate the corresponding Operational carbon via
assumptions on the local resources used to produce energy for heating, cooling, warming water
and supplying electricity just as it was done in [1] for modular buildings.

2. Functional unit
For the purpose of the study, a house was designed based on a typical detached Belgian house.
Typical Belgian suburban dwellings have one floor (ground floor), plus a basement and an attic or
so-called under-roof space. Generally, these houses accommodate one kitchen, one combined
living/dining room, one bathroom, one to two WCs, two to four bedrooms depending on the size of
the house and, sometimes, a garage big enough for one car. In this case, the insulated attic is
considered to accommodate bedrooms. The basement is usually used as a laundry room, a
storeroom or to shelter a central heating system. The considered house is a two floors dwelling
with a total approximate surface of 200m² in which 100% is heated.
Even though the traditions may differ from one
region to another, efforts were put to keep all
designs as similar as possible. In overall, only the
walls compositions were modified depending on
the local regulations. The steel frame was based
on the European Light Steel Construction
Association recommendations and [7]. In the
figures 1 and 2, are provided the simplified
architectural plans of the two main floors and a
3D illustration of the house.
In the table 1 are indicated the compositions of
the envelopes as well as corresponding U-value
for
each wall (for Belgium and Portugal cases).
Fig. 1 Plans of the house
The thicknesses are to be understood with care
seen that, for steel purlins, the quantity of material is
somehow transformed into an equivalent thickness during
the manual calculations. Thus, the number of purlins per
meter must be mentioned during the evaluation. If we
consider a lipped channel profile of 260mm height, the total
thickness of the walls is approximately 300mm. The
dimensions could be somewhat reduced (let’s say optimized)
by considering for instance sandwich panels in the roof and
less high profile in the walls, but this is not the scope of this
research. Finally, the design of the house leads to a quantity
of steel of 64kg/m2 distributed in the different walls as
indicated in the table 2. For the last case, the Swedish
regulations limit the maximum energy consumption of the
building, depending on its location, to 95 kWh/m2.
Fig. 2 3D illustrations of the house
Consequently, the insulation type and thicknesses as well as
window performance were modified. For the assessment, the houses were considered to have a
single reinforced concrete foundation with thermal insulation, double glazed timber windows and
wooden insulated doors. The necessary moisture and air barrier are not indicated in the present
research nor taken into account in the LCA neither are the plumbing devices, finishes or furniture.

Table 1 Composition of the envelope of the steel framed house
Basement slab
(USH=0,35W/m2K)

External wall
(USH=0,4W/m2K)

Roof
(USH=0,21W/m2K)

Floor

Internal walls

Material
Slab on grade
Expanded polystyrene
Slab (cement mortar)
Plywood sheathing
Plaster slab
Steel siding
Rockwool insulation
Steel studs
Steel internal supports
Plaster board
Steel roof tiles
Steel rafters
Steel purlins
Rockwool insulation
Steel internal supports
Plaster board
Plaster slab
Plywood sheathing
Rockwool insulation
Steel beams
Steel internal supports
Plaster board
Plaster board
Rockwool insulation
Steel internal supports
Plaster board

Thickness (mm)
150
80
60
20
18
0,8
100
260
20
13
0,8
60
260
200
20
13
18
20
40
260
20
13
18
40
40
18

Database
BEES
CRTI
CRTI
CRTI
CRTI
WORLDSTEEL
CRTI
WORLDSTEEL
WORLDSTEEL
CRTI
WORLDSTEEL
WORLDSTEEL
WORLDSTEEL
CRTI
WORLDSTEEL
CRTI
CRTI
CRTI
CRTI
WORLDSTEEL
WORLDSTEEL
CRTI
CRTI
CRTI
WORLDSTEEL
CRTI

Table 2 Distribution of the steel weight within the walls
Wall designation
Roof
Floor
External walls
Internal walls

% of steel
43
21
31
5

3. LCA
3.1

Principles

The LCA is generally cited as the most important method in the construction domain for the longterm measurement of buildings environmental impacts. Herein, environmental midpoint impacts
are assessed. The level of this analysis remains a simplified LCA since it assesses a limited
amount of environmental impacts and does not take into account several steps of the life-cycle
such as the end-of-life stage. The assessment follows the recommendations of [8] and [9] and was
made on the basis of an excel file developed by Prof. Mauritz Glaumann from the University of
Gävle/KTH who is gratefully acknowledged. The calculations were modified to take into account
what follows.

3.2

Embodied energy and carbon

The study is a cradle-to-gate study (A1 to A3 of [10]). It covers all the production steps from raw
materials “in the earth” (i.e. the cradle) to finished products ready to be shipped from the factory.
The non-metallic materials databases are BEES database (http://ws680.nist.gov/bees/) or
preferably CRTI (Luxembourg Construction portal, www.crtib.lu) database providing energy
consumption and equivalent CO2 emissions for a quite wide amount of construction materials in
Europe.
Transport to and from site (A4) is included in the present study but is only slightly affecting the final
results. For instance, if the Ecoinvent database for impacts linked to transportation by trucks is
considered, the energy needs for transportation only attain 2% of the embodied energy if a 50kms
distance is considered.
On-site processes (A5), such as the finishing of steel structures (cutting, shot blasting, welding) is
not included but, according to steel producers, this step of the analysis is usually negligible [12].
Nevertheless, the net amount of products used for the construction of the building is increased by
5% in order to take into account the losses during construction, due to the vulnerability of products
during transport and handling or due to inadequate dimensions.
The end-of-life stages (deconstruction C1, transport C2, reuse and recycling C3, disposal C4) are
not included in the analysis for non-metallic material (concrete, insulation, plaster, finishes). As
already mentioned for transport to the site, transport to the waste treatment facility might also not
have a strong influence on the embodied impacts.
Nevertheless, the study includes the credits associated with the steel recycling since it can have a
strong influence on the final results ([11] and [13]). Steel is produced using two process routes.
The main one is the blast furnace (BF) route (basic oxygen furnace), whereas secondary steel
production process uses the electric arc furnace (EAF) route. Both processes recycle a certain
amount of scrap that is melted in the furnace making steel a recyclable material. The absolute
recycling potential of steel is 100% but, in reality, the net quantity of scrap introduced in the
furnace depends on the steel demand. One important parameter of the analysis, especially for
construction steel, is the recovery rate that can attain 60% for rebar while, for profiles, it can raise
100%. Nowadays, industries have resolutely worked to influence the methodology and include the
end-of-life (EOL) treatment within the life cyle inventory data for steel. Those data are calculated
for the BF route (based on iron ore and steel scrap) and the EAF route (mainly based on steel
scrap) on the basis of World or European averages and can be obtained via the Worldsteel facility.
It is possible to specify the recovery rate (RR is the percentage of steel that will be recovered at
the end-of-life stage) or use the average RR for the considered sector. In the present study, a RR
of 95% is considered.
Replacement, refurbishment and repair of materials and products (B1 to B5) is not taken into
account in the analysis. A 50-year service life was considered in the analysis.
3.3

Operational Energy and carbon (B6 and B7)

This part of the LCA concerns the Use phase (heating, hot water, ventilation, cooling, lighting,
building automation and control, Operation in figure 3) in which no maintenance or repair is taken
into account (B1 to B5).
Raw
materials
production

Transport

Production
of
materials

Fig. 3 Steps of the life-cycle analysis

Construction

Operation

End-of-life

3.3.1 Space heating and cooling
The well-known heat loss factor (HLF) is provided in Equation 1 below:

[ ]

(1)

HLF = ∑ U A
i i
i

where Ui = heat transfer coefficient of wall i (W/m2K) and Ai = surface of wall I (m2).

€

The heat transfer coefficient of the windows is calculated differently. Depending on Uglass and Uprofile,
Uwindow is evaluated for each window included in the building. The average heat transfer coefficient
permits the user to calculate the heat loss through the window. This method leads to slightly
overestimated results.
Conduction of heat may occur through the walls either inwards or outwards. This heat transfer
depends on the temperature difference between the warm and cold sides of the walls. In this study,
the energy demand for space heating evaluation takes into account a scenario in which (a) each
month is characterized by a minimum and a maximum temperature lasting twelve hours a day; (b)
the required indoor temperature is considered different during the night (18°C) and the day (21°C);
(c) during business days, only six hours of heating are demanded, after this, the evening is
supposed to start, and (d) if negative (after having added the human heat production and solar
gains), the energy demand is approximately considered as cooling energy. The energy losses E
(kWh/yr) through the building envelope is finally provided in Equation 2 below:
' $
' $
'.
+$
$
'
$
'' $
Ε = HLF ∑ -& ΔT
. h . j ) + & ΔT
. &%12 − h )(. j ) + & ΔT
. 12. &% j − j )() + & ΔT
. 12. j )0 (2)
conf , d b b ( % conf , n
b b ( % conf , d
m
b ( % conf , n
m (/
m ,%

&!"
%#"
%!"
$#"
$!"
#"

*
-. (+,
/+ "
*(
0 +,"
(+
12
(3 "
+45
0 "
(,
'* "
).
""
'*
5
,
7. (*6 "
38 *7
.0 8"
91 /.+
)9 89/ "
:. .+"
;. 0/
1. .+"
0
/.
+"

!"
'()

€

where ΔTconf-d/n = demanded temperature during the day/night (K); hb = number of hours of occupation during business days (h) and jb(m) = number of business(month) days.

Fig. 4 Brussels climate over the year
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The climate definition was obtained
via Meteonorm software [18] (see
figure 4 for Brussels), The monthly
temperatures were used in this
analysis for calculating the thermal
losses.
The envelope thermal properties
and energy consumption of the
house was verified against the Belgian regulations [16] although, in
Sweden, the insulation thickness
was modified in the walls, roof and
basement slab of the house in accordance to the climate and regulations. The windows were also attributed a lower U value assuming
that, in newly built house, better
insulated windows may be used.

For the solar gains, namely S, a simplified assessment is made. First of all, a proportion of yearly
overcast sky days and bright sunny days is calculated on the basis of meteorological data for
Belgium (this proportion is equivalent to a weather factor). The mean monthly solar irradiation
hitting south, north, east and west oriented vertical surfaces is calculated using weather data for
Belgium and the previously cited proportion. This provides us with a mean monthly solar gain of
886kWh. Taking into account a dirt factor (0,8), a utility factor (0,6), the γ solar value of the window
glass, the total yearly solar heating can be calculated. It equals 4031kWh for our house. Even
though for Coimbra, the solar gains may be bigger, this value is considered as the same for the
three climates.

An internal heat gain, called H, may result from the heat output of human bodies, lamps, motors
and appliances. Human heat gains (HHG), in this study, are evaluated as 75W during the day and
25W during the night. Only half of the inhabitants are considered to be inside the house during the
day. The total heat gain depends on the chosen scenario. In our case study, yearly day and night
HHG are evaluated to 527W and 547W respectively.
The calculation of the energy demand due to ventilation losses, namely V, is taken from [14].
In total, the total space heating demand equals

SHD = E + V − S − H .

(3)

3.3.2 Hot water consumption

€

Each inhabitant is supposed to employ 40 litres of hot water per day and the energy demand is
calculated subsequently. Cold water consumption is not taken into account.
3.3.3 Building and user electricity
The building electricity is proportional to the heated floor area at a rate of 15kW/yr. Regarding the
user electricity, it is assumed that each person employs 100W during its stay inside the building, it
thus depends on the scenario.
3.3.4 Related CO2 emissions, i.e., Operational carbon
Multiple databases are used in the excel file for the calculation of the materials embodied
emissions or “Embodied carbon” (see section 3.2). But CO2 emissions are also generated during
operation and it is the CO2 emissions that contribute to greenhouse gases. It is thus chosen herein
to be a result worth to display. The energy consumption, being for heating space or water, for
cooling or for lighting is (via the energy mix for electricity amongst other) transformed into CO2
emissions. For the regional energy mix, the related impacts needed for the manual calculations
were deduced from Ecoinvent database [17]. For Brussels, the energy mix was gathered from
official statistics for the comparison with Equer software (which will be discussed later). It is
composed of 75% of Nuclear Energy, 15% of Natural Gas, 6% from Hydroelectric Powerplant and
4% from Coal (EuroStats, http://ec.europa.eu/energy). In the assessment, 9% of energy grid loss
was also considered. Electricity is thus mainly generated from Nuclear Power and Gas. In Portugal,
Natural Gas was first introduced in 1997 and is gaining an increasing share in electricity generation.
In Sweden, given the relatively low presence of fossil fuels in the energy mix, low CO2 emissions
are observed. The Swedish District Heating system also distributes hot water via a grid of pipes to
supply space heating and domestic hot water for use. In Luleå, this is the main source for both of
them. The underlying central facility is a Combined Heat and Power plant that is nourished by an
industrial surplus of the nearby steel mill facility (by-product) and so, the environmental impacts
shall be allocated to it. In this case, very low CO2 emissions are observed. In the same line of
thoughts, District Cooling via cold water taken from the river is also ensured in Luleå, which is
impact free. For more information about the regional energy mixes (Portugese and Swedish mix),
please refer to [14] and [15]. Moreover, depending on the region, habits and regulations lead to
quite dissimilar local water, central heating and cooling systems. The presence of solar flat plate
collector or local electricity production using photovoltaic panels will thus also strongly influence
the operational CO2 emissions. Table 3 provides the different hypotheses made during this study.

4. Results and discussions
Firstly, the house was modelled in the software Pleiades+Comfie [3], allowing the user to evaluate
the house thermodynamic behaviour. Via Equer [3], the achievement of the complete LCA was
possible. The results were used to verify the manual calculations as shown in the table 4 for Brussels case.

Table 3 Regional scenarios for energy supply
Belgium

Portugal

Sweden

Space heating

Natural gas (70%) and
wood furnace (30%)

Solar heat collector (46%)
and Coimbra mix (54%)

District heating

Hot water

Natural gas

Solar heat collector (85%)
and Coimbra mix (15%)

District heating

Cooling

Belgium mix

CO2 free electricity

District cooling

Building elec.

CO2 free electricity (50%)
and Belgium mix (50%)

CO2 free electricity (80%) and
Portugal mix (20%)

Sweden mix

User elec.

CO2 free electricity (50%)
Belgium mix (50%)

CO2 free electricity (80%) and
Portugal mix (20%)

Sweden mix

Table 4 Short comparison of manual calculations with software Equer for Brussels

Space heating + Ventilation losses (kWh/m2.yr)
2

Cooling demand (kWh/m .yr)
Solar gains over one year (kWh)
2

Total operational carbon, kg/m .yr

Manual calculations

Equer

53,89

55,0

5,47

1,0

4031

4144

9,09

13,10

Table 5 Results in terms of Operational (kWh/m2.yr) and Embodied Energy (kWh/m2)
Belgium

Portugal

Sweden

Building Electricity (including cooling and
double flux ventilation)
User Electricity
Total electricity demand

22,96
18,79
41,75

29,79
18,79
48,58

20,86
18,79
39,65

Space heating
Ventilation
Hot water
Total heating demand
Heat recovery (double flux ventilation)
Total bought energy for heating

40,58
13,31
5,57
59,46
-9,98
49,48

18
7,81
5,57
31,38
0,0
31,38

61,49
27,39
5,57
94,45
-20,54
73,91

Total energy demand
Total bought energy
Without user electricity

101,21
91,23
72,45

79,96
79,96
61,17

134,1
113,56
94,77

Embodied energy

918

907

975

Table 6 Operational carbon (kg/m2.yr) and Embodied carbon (kg/m2)

Operational carbon (kg/m2.yr)
Embodied carbon (kg/m2)

Belgium
9,09
172,78

Portugal
3,95
170,34

Sweden
2,97
163,83

To be perfectly clear, in this study, Embodied Energy/carbon accounts for all impacts related to
Product, Construction, Installation and End of Life (only partly), its value remains constant
throughout the lifetime of the building. Operational Energy/carbon is related to the energy needs
during the life of the building and is thus proportional to the lifetime. As a matter of comment, normally, the Embodied impacts that include maintenance, repair or refurbishment should be dependant of the lifetime also. Indeed, depending on the considered moment of replacement or refurbishment, the Embodied energy/carbon is commonly represented using a stair graph.
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In table 5 and 6, the results are given in terms of
Operational and Embodied Energy as well as
Operational and Embodied carbon for the three
climates. The influence of the energy mix is
visible in the Operational carbon line of Table 6.
But, let’s first take a look at the figure 5
providing the share of Embodied energy of each
part of the building. In overall, it is not possible
to make one part responsible for the biggest
amount of Embodied energy. The exterior walls,
the roof, the ground floor, the intermediate floor
have, more or less, the same importance. The
ground floor is nevertheless the biggest
contributor to the impact mainly because of the
reinforced concrete foundation.

Fig. 5 Share of each building part in the Embodied energy
As for the figure 6, it depicts the Operational and Embodied energy together for the three case
studies versus the lifespan. First of all, in the frame of this study that concerns “ordinary” wellinsulated house and not “passive” or “zero-energy” houses, it is possible to affirm that the Use
Stage is the most harmful stage (in terms of energy consumption) during the building life-cycle for
the three climates, which is also clearly stated in Table 5 (note that the Operational energy is expressed per year). The total Operational Energy (after the whole life which is, indicatively, taken as
50 years herein) is thus much higher than the Embodied Energy.
Secondly, the Embodied carbon pay back (the number of years required for the Operational carbon to exceed the Embodied carbon) is smaller than 50 years for Belgium and Coimbra (respectively 19 and 43 years), which is the considered lifetime; whereas for Sweden, it equals 55 years
(see figure 7 showing the Operational carbon over the lifespan together with the Embodied carbon).
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Fig. 6 Operational and Embodied energy (for the three climates)
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Fig. 7 Operational and Embodied carbon (for the three climates)
In the same line of thoughts, the Operational Energy consumption is the major source of impacts
for Belgium and Portugal, even if the three case studies exhibit a strongly different response to
their respective energy mixes. Especially, the way the electricity supplied to the households has
been generated has a strong influence on the results. While for Belgium and Portugal, one could
claim that the Embodied carbon is still not the most important contributor to this environmental impacts, for Sweden, it is not anymore the case. The very low emissions associated to the production
of electricity or heat reveal quite low Operational CO2 emissions. It is worth pointing that for this
case study, the insulation thickness was increased to respect the Swedish regulations and that
expanded polystyrene was used instead of rock wool leading to slightly decreased embodied carbon.

5. Final conclusion
In the present research, the life-cycle environmental profile of one residential steel framed house
located in Belgium, Portugal and then Sweden was studied. The results of the study are the Em-

bodied energy and carbon and the yearly-consumed Operational energy and corresponding equivalent CO2 emissions related to the Use Phase (Operational carbon). The main objective of this
study was to identify whether or not the conclusions drawn in [1] could be extended to more traditional house designs. The results of the manual calculations were first verified against numerical
results obtained via the software Pleiades+Comfie allowing the complete life-cycle analysis of residential buildings to be achieved. The main conclusions of the research are: (1) for the three climates, the Operational energy takes the most important place over the life-cycle and that even if
we would consider a high variability in the materials cradle-to-gate data; (2) in Belgium and Portugal, the energy consumed during the life is also the major source of impacts and the corresponding
Embodied carbon payback is smaller than the considered lifespan; (3) similarly, in Luleå, given the
relatively low presence of fossil fuels in the energy mix for electricity production and the District
Heating (supplying heat and hot water), quite low CO2 emissions are observed, therefore, Embodied carbon plays a very important role. Of course, these conclusions are dependent on the lifespan
that is presently chosen to be 50 years. The manual calculations must still be revised seen the
difference observed with the Operational carbon obtained numerically, it is currently supposed to
come from discrepancy in the underlying CO2 emissions related to the energy mixes.
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Summary
Heating energy consumption of buildings is a matter of great importance. Finding ways to minimize
this energy via altering parameters that are crucial for its thermal behavior affects its sustainability
and can improve its whole environmental profile. This paper examines the influence that various
parameters   of   the   buildings’   envelope  have   upon   the  annual  heating  energy   demand   of a typical
residential building. The parameters examined are the U-value of the opaque and the transparent
elements of the  building’s  envelope  and  the ratio of the windows to total area of the windows in the
south   façade.   For a total of 600 different combinations of these parameters, the annual heating
energy needs are calculated, using the monthly method described in the European Standard EN
13790. The calculation is conducted for three Greek cities; Athens, in central Greece, Thessaloniki
in northern Greece and Iraklion, in southern Greece. Results show how these parameters affect
the annual heating energy needs for the three cities. Finally, linear regression is conducted,
through which functions which relate the three parameters with the annual heating energy needs
are estimated, as well as the coefficient of determination of every estimated function. The use of
these functions can enhance decreasing of the annual heating energy needs, via proper selection
and combination of the values of these parameters.
Keywords: Heating energy demand, building envelope, quantitative analysis

4. Introduction
Heating requirements of buildings throughout their whole life cycle is a matter of great importance
due to their relatively large lifespan and the large amounts of heating energy that are usually
needed in conventional buildings. Besides, the heating energy demand is a crucial parameter that
affects  the  building’s   environmental   profile. In particular,  as  stated   in  Annex   31   project’s highlight
report [1], energy is the single most important parameter for consideration when assessing the
impacts of technical systems (such as buildings) on the environment. During the life cycle of a
building, the operation and use phase predominates, both in terms of time and energy use.
Heating energy is one of the basic components that form the total energy consumption of a
building. Minimizing this energy   is   a   first   step   towards   the   improvement   of   a   building’s  
environmental profile and its conversion to a more sustainable building.
This   paper   aims   to   examine   some   crucial   parameters   of   buildings’   envelope,   related mostly with
the solar heat gains, over  their  influence  on  the  buildings’  heating  energy  requirements.  In  order  to  
examine the influence of the climate on the way that these parameters affect the heating energy
needs, the analysis has been conducted for three cities in Greece, located in southern, central and
northern Greece respectively.

5. Reference building
2.1.

imensions

In order to conduct the numeric analysis, a single-family single-floor residential building has been
selected as the reference building. The reference building has rectangular shape, with a length of
10 m, a width of 10 m and a height of 3 m.
2.2. Windows
The   area   of   the   openings   in   all   façades   - except for the south - is fixed, whilst the area of the
openings  in  the  south  façade  takes  various  values.  The  openings  in  the  north  façade  cover  the  5%  
of  the  total  area  of  the  façade,  while  the  openings  in  the  west  and  east  façade  cover  the  10%  of  the  
total  area  of  these  façades.  The  U-value of the windows is a variable of the parametric analysis.
2.3.

Other aspects

The set-point of the indoor air temperature is 20C. As of the ventilation, the building is assumed to
have natural ventilation with 0.7 air changes per hour.
As of the thermal inertia, the type of construction of the reference building is heavy, so, according
to EN ISO 13790 [2], its internal heat capacity Cm is derived by equation 6:

C  260000  A
m

(6)

where Cm = the internal heat capacity of the building in J/K; and A = the total floor area of the
building in m2.
Finally,  the  internal  heat  gains’  flow  Φint is assumed to be 4.0Wm-2.

6. Calculation method
In order to calculate the heating energy requirements, the monthly method described in the
European standard EN13790 has been selected [2]. This method is based on the thermal balance
of the building, taking into account both the heat losses and the heat gains. The calculation
procedure is briefly described in this article.
Firstly, the overall heat transfer coefficient by transmission H is calculated. Then the heat losses
and the internal heat gains for the particular month are calculated using equation 1 and equation 2
respectively:

Q  H  (
  )  t
l
int, set e

(1)

where Ql = total heat losses for the particular month in MJ; = the overall heat transfer coefficient
in W/K; θint,set the set-point temperature for the particular month in C; θe the mean monthly
temperature of the air in C; and t = the duration of the month in sec.

Q  A  t
int
int

(2)

where Qint = the internal heat gains for the particular month in MJ; = the total floor area of the
building in m2; Φint =the  internal  heat  gains’  flow in Wm-2; and t = the duration of the month in sec.
The solar heat gains Qs are a function of the mean monthly solar irradiation and the total effective
area of the openings and vary between the different orientations of the openings. The European
Standard EN ISO 13790 provides all the parameters needed for the calculation of the solar heat

gains. After calculating the solar heat gains, the total heat gains are derived by equation 3:

Q  Q Q
g
int
s

(3)

where Qg = the total heat gains for the particular month in MJ; Qint = the internal heat gains for the
particular month in MJ; Qs = the solar heat gains for the particular month in MJ.
The next step is the calculation of the utilization factor, symbolized with n, which indicates the
fraction of the heat gains that have a positive contribution in the heating needs. The utilization
factor is a function of the heat gains to the heat losses ratio, the thermal capacity of the building
and the overall heat transfer coefficient. The heating needs for the particular month are derived by
the expression:

Q  Q  nQ
h
l
g

(4)

where Qh = the total heating needs for the particular month in MJ; Ql = the total heat losses in MJ;
Qg = the total heat gains in MJ; and n = the utilization factor, which is dimensionless.
Finally, the annual heating energy needs are the sum of the monthly heating requirements
calculated by equation 4. So, the annual heating energy needs are calculated by equation 5:
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where Qh,a = the total annual heating energy needs in MJ; and Qh = the total heating needs for the
particular month in MJ.

4.

Climate data

The quantitative analysis is conducted for three major Greek cities; Iraklion, located in southern
Greece; Athens, the capital, located in central Greece; and Thessaloniki located in northern
Greece. The mean monthly air temperature for the three cities, according to Hellenic National
Meteorological Service, which were used for the analysis, are shown in Table 1. Data for solar
irradiation have been derived from METEONORM. The data needed are the mean monthly solar
irradiation for a vertical surface in all orientations.

Table 1 Mean monthly air temperature for three
Month
January
February
March
April
May
June
July
August
September
October
November
December

reek cities

Mean monthly air temperature
(C)
Iraklion
Athens
Thessaloniki
12.1
10.3
5.2
12.2
10.6
6.7
9.7
13.5
12.3
14.2
16.5
15.9
20.3
20.7
19.6
24.4
25.2
24.4
26.1
28.0
26.6
26.0
27.8
26.0
23.5
24.2
21.8
20.0
19.5
16.2
16.6
15.4
11.0
13.7
12.0
6.9

5.
5.1

Results
E amined alternatives

In the quantitative analysis three different aspects that influence the annual heating energy needs
are examined. These are the U-value of the opaque building elements (symbolized as U op), the Uvalue of the transparent building elements (symbolized as U w) and the ratio of the area of the
windows  in  south  façade  to  the  total  area  of  this  façade  (symbolized  as  w.r.).  
Various values have been asserted to these parameters (U w, Uop, w.r.) in order to examine their
influence on the heating energy requirements. The values for Uop range from 0.1 Wm-2K-1 to 0.6
Wm-2K-1 with a step of 0.1 Wm-2K-1, the values for Uw range from 0.5 Wm-2K-1 to 5.0 Wm-2K-1
with a step of 0.5 Wm-2K-1, while the windows to total area ratio range from 0 to 0.9 with a step of
0.1.
A total of 600 different alternatives have been examined. Table 2 shows all the values given to
these parameters during the quantitative analysis.

Table 2 Values of the 3 parameters e amined in the uantitative analysis
U-value of opaque elements
(Uop)
[Wm-2K-1]
0.1
0.2
0.3
0.4
0.5
0.6

5.2.

U-value of transparent
elements
(Uw)
[Wm-2K-1]
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Window to total area of
south  façade
(w.r.)
[-]
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

nnual heating energy needs

The results show a great variance of the heating energy needs, not only among the three cities,
but also among the different alternatives in the same city. Table 3 shows the minimum, the
maximum and the mean value of the heating energy requirements for the three cities, expressed in
kWhm-2year-1, as well as the standard deviation of the heating energy needs.

Table 3 Minimum ma imum and average values of heating energy needs for the three

City
Iraklion
Athens
Thessaloniki

Minimum heating
energy needs
[kWhm-2year-1]
0.09
0.33
4.26

Maximum heating
energy needs
[kWhm-2year-1]
49.04
67.07
126.33

Average heating
energy needs
[kWhm-2year-1]
17.29
28.09
63.85

reek cities

Standard deviation
of the heating
energy needs
[kWhm-2year-1]
11.44
16.03
28.14

5.3

Selected figures

Some specific results that where derived by the quantitative analysis are shown in figures 1 to 4.
These results presented in these figures refer to the average and the extreme values that are
given to the examined parameters.
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Fig. 1a 1b nnual heating energy needs for the reference building located in three cities of
reece with overall thermal transfer coefficient for the opa ue elements op 0.2 W m2 and for
the transparent elements a w 1.0 W m2
b w 5.0 W m2

Iraklion
Athens
Thessaloniki

120
100

60
40
20
0
0

0.2

0.4

0.6

Window to total area -

0.8

1

Wh m2year

80

op

140

eating energy needs

Wh m2year
eating energy needs

op

140

nnual energy needs
2
.4W m2K
w 1. W m K

80

nnual energy needs
2
.4W m2K
w 5. W m K
Iraklion
Athens
Thessaloniki

120
100

60
40
20
0
0

0.2

0.4

0.6

0.8

1

Window to total area -

Fig. 2a 2b nnual heating energy needs for the reference building located in three cities of
reece with overall thermal transfer coefficient for the opa ue elements op 0.4 W m2 and for
the transparent elements a w 1.0 W m2
b w 5.0 W m2
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Fig. 3a 3b nnual heating energy needs for the reference building located in three cities of
reece with overall thermal transfer coefficient for the opa ue elements op 0.6 W m2 and for
the transparent elements a w 1.0 W m2
b w 5.0 W m2
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Fig. 4a 4b nnual heating energy needs for the reference building located in three cities of
reece with overall thermal transfer coefficient for the transparent elements w 2.5 W m2
and for opa ue elements a op 0.2 W m2
b op 0.6 W m2
5.4

Conclusions

Based on the results shown in figures 1 to 4, some interesting findings can be derived. First of all,
it  can  be  stated  that  the  area  of  the  windows  in  the  south  façade  plays an important role over the
annual heating energy demands in all cities, as generally the annual heating energy needs

decrease when the window to total ratio increases. This occurs in all cities, but the decrease is
greater in Thessaloniki (with the coldest climate) and less significant in Athens and Iraklion.
Thessaloniki is an exemption to the previous statement. As shown in figure 1b, 2b and 3b, for the
extreme value of Uw=5.0 Wm-2K-1, when the window to total area increases, the annual heating
energy demand increases rather than decreases. That means that placing large openings in south
façade combined with large U-value for the windows, can lead to an undesired increase of the
annual heating energy demand.
Besides, as shown in figure 1b and 2b, the annual heating energy needs for Athens and Iraklion
initially decreases, then reaches a minimum value and finally increases. The whole variation is
insignificant, so generally it can be considered that for these specific circumstances, the annual
heating energy needs are constant.

6.

Linear regression

At last, linear regression is conducted on the results of the quantitative analysis, in order to define
the correlation between the three examined parameters and the annual heating energy needs for
the three cities. Knowledge of the degree that every one parameter affects the annual heating
energy needs could be an important tool when trying to implement objectives towards its
minimization.
6.1

E amined models

For every city, 7 different models are examined. These models result from making all possible
linear combinations of the three parameters Uop, Uw and w.r., while exponential, polynomial,
logarithmic etc. models are not examined.
Conduction of linear regression leads to calculating a function that relates the independent
variables (in this case the Uop, Uw and w.r.) with the dependent variable (in this case the annual
heating energy needs).
6.2

Results

The results of the linear regression are shown in Tables 4 to 6. For every one of the 7 different
models, the estimated function between the independent and the dependent variables are given,
as well as the coefficient of determination R2, which in general is indicative of the accuracy of the
estimated model. R2 can take values between 0 and 1 (0≤R≤1).   The   closest   the   R2 to 1 is, the
better the model is.

Table 4 Estimated models and their coefficient of determination R 2 for the city of Iraklion
Coefficient of
determination
R2
0.625

Independent
variables
Uop

Qh,a=

-1.224

Estimated function
+ 52.903Uop

Uw

Qh,a=

8.020

+

3.372Uw

0.179

w.r.

Qh,a=

23.632

- 14.088w.r.

0.125

Uop,Uw

Qh,a=

-10.496 + 52.903Uop +

Uop,w.r.

Qh,a=

Uw,w.r.

Qh,a=

14.360 +

Uop,Uw,w.r.

Qh,a=

-4.156

5.116

3.372Uw

0.804

+ 52.903Uop - 14.088w.r.
3.372Uw

0.750

- 14.088w.r.

+ 52.903Uop +

3.372Uw

0.305
- 14.088w.r.

0.930

Table 5 Estimated models and their coefficient of determination R 2 for the city of thens
Independent
variables

Estimated function

Uop

Qh,a=

1.433

Uw

Qh,a=

14.281 +

w.r.

Qh,a=

35.569

Uop,Uw

Qh,a=

-12.373 + 76.155Uop +

Uop,w.r.

Qh,a=

8.915

Uw,w.r.

Qh,a=

21.763 +

Uop,Uw,w.r.

Qh,a=

-4.891

Coefficient of
determination
R2
0.659

+ 76.155Uop
5.020Uw

0.202

- 16.627w.r.

0.089
5.020Uw

0.862

+ 76.155Uop - 16.627w.r.
5.020Uw

0.748

- 16.627w.r.

+ 76.155Uop +

5.020Uw

0.292
- 16.627w.r.

0.951

Table 6 Estimated models and their coefficient of determination R 2 for the city of Thessaloniki
Coefficient of
determination
R2
0.705

Independent
variables
Uop

Qh,a=

Estimated function
15.469 + 138.228Uop

Uw

Qh,a=

37.834 +

w.r.

Qh,a=

70.440

Uop,Uw

Qh,a=

-10.546 + 138.228Uop +

Uop,w.r.

Qh,a=

22.061 + 138.228Uop - 14.649w.r.

0.727

Uw,w.r.

Qh,a=

44.426 +

0.256

Uop,Uw,w.r.

Qh,a=

-3.953

6.3

9.460Uw

0.233

- 14.649w.r.

0.022

9.460Uw

9.460Uw

0.938

- 14.649w.r.

+ 138.228Uop +

9.460Uw

- 14.649w.r.

0.961

Conclusions

As shown in tables 4 to 6, there is a strong correlation between the U-value of the opaque
elements and the annual heating energy needs, for all 3 cities, while the correlation between the
other two parameters (i.e. the U-value of the windows and the window to total area of the south
façade) and the annual heating energy needs tends to zero. This means that Uop affects the annual
heating energy needs much more than the U w or the w.r.
When trying to combine the three parameters, in order to obtain better correlation, the estimated
models provide better correlation indeed. Especially in the model with Uop and Uw, the coefficient of
determination is over 0.8 for all cities. Furthermore, the other two models reach not so strong
correlation.
Finally, the model which combines all the three independent variables has a very strong correlation,
as the value of R2 is above 0.9 for all cities. Nevertheless, the increase in R 2 when adding the w.r.
variable in the model with Uop and Uw is rather small, indicating that the insertion of the w.r. variable
in the model with Uop and Uw does not contribute to the accuracy of the estimated function.

.

iscussion

Combining the results which were previously shown in this paper, the basic conclusion is that the
three examined parameters affect the annual heating energy needs of the reference building. This
is explained primarily by the great variance of the results for all three cities. For instance, the
heating energy needs for the city of Iraklion vary from 0.09 kWhm-2year-1 to 49.04 kWhm-2year-1,
for the city of Athens from 0.33 kWhm-2year-1 to 67.07 kWhm-2year-1 and for the city of
Thessaloniki from 4.26 kWhm-2year-1 to 126.33 kWhm-2year-1. The lower obtained values
correspond to low energy building, which means that for the specific reference building,
appropriate selection of the values of these three crucial parameters can lead to low energy
building.
The way each of these parameters affects the heating energy needs depends on the climate of the
area in which the reference building is located. As it is shown in figures 1 to 4, the effect of the
window to total ratio in Thessaloniki (which has the most severe climate of the three cities) is more
significant.  Besides,  in  some  cases,  while  increasing  the  area  of  the  windows  in  the  south  façade  
leads to decrease of the annual heating energy needs for Iraklion and Athens, the same increase
leads to an increase of the annual heating energy needs for Thessaloniki.
Finally, linear regression can mathematically estimate the influence that these parameters have
upon the annual heating energy demand of the reference building in the three cities. Using a linear
regression method, several functions can be estimated. The results show that, in all cities, the Uvalue of the opaque elements has the strongest correlation to the annual heating energy demand.
The correlation of the U-value of the windows is less strong, while the correlation of the window to
total  area  of  the  south  façade  is  insignificant.
When the three parameters are combined in pairs, the pair with the U-value of the opaque and the
U-value of the transparent elements has the strongest correlation. Finally, the model which
combines all parameters has particular strong correlation, as the coefficient of determination R 2 is
estimated to be over 0.90.
The estimated functions, and especially the models which present strong correlation, can be used
in order to examine the influence of these parameters over the annual heating energy needs of the
reference building. They can enhance the mathematical handling of the problem of minimizing the
annual heating energy needs, with implementation for example of a method of mathematical
optimization. These functions can be combined with other aspects, such as economic or
environmental cost. This way, an optimal combination of the three parameters can be estimated
and implemented, leading to a more energy efficient and sustainable building.

.
[1]
[2]
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Summary
In Europe the building sector accounts for a large part of the primary energy use, which results in
CO2 emission and a negative environmental impact. In the context of sustainable development,
buildings should be constructed with adequate occupant comfort, limited natural resource use and
low environmental impact, seen over the entire life cycle. Buildings it self are “problematic” since
their production process is complicated, and the life span is long and the future phases are always
based on assumptions. This paper studies a new office building in design phase and different
alternatives to influence on the carbon foot print as well as the uncertainty of different assumptions
and their effect on results in decision making in design phase. The calculations presented in this
paper include building material, building process and energy use of the building.
Keywords: Energy efficiency, CO2 emissions from energy use and materials, primary energy

1. Introduction
Buildings account for circa 40% of the total energy use in Europe (EU 2008) and for about 36% of
the EU’s total CO2 emissions (IPCC 2001), including the existing energy conservation in buildings
(Summary of the Impact Assessment, EU 2008). Even though energy saving measures at building
level have been proposed, the net energy use at city/district level is still increasing. Buildings are
important in achieving the EU’s energy savings target and to combat climate change while
contributing to energy security. As the European strategic energy technology plan (SET-PLAN2007)
states, strategies to improve energy efficiency at each level (energy conversion, supply and enduse) should be better imposed. In addition to the natural environment, the built environment has a
large impact on the economy, health and productivity.
Key features of the Finnish energy policy are improved energy efficiency and increased use of
renewable energy sources. To achieve a sustainable shift in the energy system, a target set by the
authorities, both energy savings and increased use of low-pollution energy sources are therefore
priority areas. Building low-energy buildings, characterized by lower thermal energy demand than
new buildings with ordinary energy standard, is in accordance with the declared national aim of
reducing energy use. However, the use of electricity and domestic hot water will be of more
importance to CO2 emissions in the future.
The space heating demand of buildings has decreased by improved insulation, reduced air
leakage and by heat recovery from ventilation air. However, these measures result in an increased
use of materials. As the energy for building operation decreases, the relative importance of the
energy used in the production phase increases and influences optimization aimed at minimizing
the life cycle energy use. The life cycle primary energy use of buildings also depends on the
energy supply systems.

Presently, the share of renewable energy used in the built environment is very modest and aims at
covering only the base load. Both at national and international level, the targets for energy
efficiency and share of renewable energy production imply a steep increase of intermittent
renewable energy.
The ambition in sustainable development in built environment is to enable the utilization of the full
potential of renewable energy of the energy demand on district level.
Such a large share of renewable energy with present day technology has a number of challenges.
The renewable energy supply such as solar or wind energy has a fluctuating character, which is
obviously problematic to the demand side: energy needs are usually rather constant or not at the
same cycle as the supply. In addition the peak supply from renewable energies can be much
higher than demand and the excess energy cannot be stored. Especially in northern climate, the
space needed for local renewable production might become disproportionately large (area of
collectors, etc.). Furthermore, the location of the building/district is not always suitable for utilisation
of some renewable sources.
The aim of the study is to find out most efficient way to construct towards low CO2 emission
building.

2. Methods and studied buildings
The studied building is an office building located in Helsinki developed by Skanska Commercial
Development Finland. The building was under design phase and the aim was to study different
alternatives in order to choose the most energy and environmental efficient way to construct the
building. The studied properties are shown in Table 1.
TABLE 1. Studied design alternatives. The control systems include ventilation and lightning
Case 1
Building
Building
envelope
Code
2010
excl.
windows
Windows
1.0
(W/m2K)
Ventilation
70 %
heat
recovery
Led
in garage
lighting
Control
of building
systems
level
2.1

Case 2

Case 3

Case 4

Case 5

Case 6

Building
Code
2010

Building
Code
2010

Building
Code
2010

Building
Code
2010

Passive
house

1.0

1.0

1.0

0.7

0.7

70 %

80 %

80 %

90 %

90 %

in garage

in garage

in garage

room level

room level

building
level

in all
spaces
room level

in all
spaces
room
level

Calculation tools

The buildings were modelled in a dynamic IDA simulation environment (IDA 2010), where a RCnetwork (resistance-capacitance network) model of a building was used. The buildings were
simplified to one zone models, and for users a typical profile according to Finnish energy
calculation standards was used.
IDA is a modular simulation environment, which consists of a translator, solver, and modeller. The
solver and physical models are separated, which makes it possible to change the mathematical
formula of any component without changing the model description file. The modules are written in
Neural Model Format (NMF), which serves at the same time as a readable document and a

computer code. Via the translator, the modules can be used in several modular simulation
environments (Sahlin 1996).
The embodied carbon in materials and material production process was calculated according to
ISO 14020 and ISO14040 as well as ISO 14025. In addition the national method for building
products and components were used (RTS 2010). Material specific environmental certificates and
declarations were used.
2.2

Energy sources

The studied alternatives for energy sources and their CO2 equivalent emissions are shown in Table
2. The average values in district heating and electricity refer to average values in Finland in year
2008.
TABLE 2. Primary energy factors and CO2 equivalent emissions used

District heating average
District heating bio
Electricity average
Electricity from district heating average
Peak electricity from nuclear power
Peak electricity from coal
District cooling
Green electricity

Primary energy factor
1.87
0.4
1.87
1.87
2.8
2.0
0.25
0.2

CO2 ekv
kg CO2/kWh
0.22
0.12
0.38
0.38
0
0.928
0.12
0

The service life for building was assumed to be 50 year. The embodied CO2 emissions from
building materials and process were estimated according to design drawings.

3. Results
3.1

Energy consumption

The energy consumption was 20% lower in case 6 compared to case 1. The only difference
between case 3 and 4 was the control of temperatures. In the case 3 the control was at room level
while in the case 4 the control was at building level. That resulted 7% difference in total energy
consumption and 20% difference in space heating, in addition the difference in cooling was also
20% between those two cases, Figure 2. The shares of the total energy consumption are show in
Figure 2
Since in office buildings the electricity use has higher importance than heating, the case 6 does not
have that much difference in consumptions even though the insulation values are much better
(equal to passive house).
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Figure 1. Yearly energy consumption in different cases.
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Figure 2. The share of different energy use in different cases.
3.2

CO2 equivalent emissions

The Finnish Building code level U-values and ventilation heat recovery as well as air tightness of
the building envelope are very good. This can be clearly seen from the energy consumptions
(Figure 1) and CO2 equivalent emissions, Figure 2. The embodied energy has already a high share
for CO2 emissions in addition to electricity. In the Figure 3 heating share includes both space
heating and domestic hot water.
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FIGURE 3. The share of each energy consumption and embodied CO2 in different cases when
average district heating, cooling and electricity is used.
Evidently, if all the electricity used is generated from renewable energy sources the embodied CO2
emissions have the highest share and the over all CO2 equivalent emissions decrease dramatically,
Figure 4. However, the problem with renewable electricity is that the power plants produce
renewable energy at yearly bases, thus sometimes the electricity might originate from fossil fuels
as well if there is not electricity from renewable available enough.
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FIGURE 4. The share of each energy consumption and embodied CO2 in different cases when
district heating, cooling from bio fuels is used and electricity is from renewable energy sources.
When all different options were compared it can be clearly seen, that the nuclear based energy
alternatives all ended up with rather high primary energy consumption and since the building
energy use is carbon neutral and the embodied CO2 emissions become dominant, Figure 5.

If low primary energy is the target bio-based district heating systems seems to be effective as well
as the use of electricity from renewable energy sources. Ground heart or the average district
heating performed rather similarly in respect to primary energy use. This is because the ground
heating systems use electricity but they can utilise the “free” thermal energy from ground.
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FIGURE 5. Primary energy consumption as a function of the relation between embodied and
energy derivated CO2 equivalent emissions

4. Discussion and conclusion
Current office buildings are becoming more and more energy efficient. Especially the importance of
heating is decreasing but the share of electricity use increases. When the CO2CO2 equivalent
emissions are considered, the embodied energy has an important share indicating that the building
materials have a high importance which is often ignored when only the energy efficiency is
considered.
Choosing the right energy source is a tricky question and is dependant on the location of the
building. When only CO2 emissions are considered nuclear power has a strong position, but when
primary energy considerations are taken into account nuclear power looses it advantage.
Renewable energies are obviously strong alternatives. However especially with the energy
produced by wind or solar the energy balance is only at yearly level even if the energy comes form
national grid. Bio-fuel based district heating and cooling seems to perform well both in respect of
primary energy use and CO2 equivalent emissions. There are big differences between average
Finnish energy production and single power plants, e.g., the CO2 eq emissions might nearly double
depending of the energy source and power plant type.
Both a building with an efficient district heating as a power source, and building with ground heat in
addition to nuclear power electricity as a complimentary electricity source performed very similarly
to each other in respect to CO2 eq emissions. However, to make from this the conclusion that it is
not important which alternative we choose is dangerous. Hypothetically, if the use of district heating
would drop dramatically, the primary energy factor and CO2 eq emissions from electricity would
rise, the leading to the increase of the ground heat systems emissions.

When all different options in this study were compared the nuclear based energy alternatives all
ended up with rather high primary energy consumption and since the building energy use is carbon
neutral and the embodied CO2 emissions become dominant. If low primary energy is the target biobased district heating systems seems to be effective as well as the use of electricity from
renewable energy sources. Ground heart or the average district heating performed rather similarly
in respect to primary energy use. This is because the ground heating systems use electricity but
they can utilise the “free” thermal energy from ground.
Problems in the yearly calculations arise due to the fact that we always exclude that it is also very
important, sometimes even crucial, to consider when energy is needed. An example of that might
be under dimensioned ground heat solutions used in buildings, which cannot serve in very cold
days but need typically supportive power in those days. In respect to emissions, this can be
problematic if the extra power supplied to markets is produced with a polluting energy source. On
the other hand, in the buildings where cooling is needed, ground heat has the advantage that it can
be used during cooling periods as well.
The building integration to local networks supplying renewable energy has a huge impact on
existing district and buildings, since even without massive retrofitting, the CO2 emissions can be
cut down to 40–60%. Thus, for future, it is not only the energy saving, but even more, the source of
the energy and maximum use of local renewable energies.
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Summary
The Norwegian research project Bærekraftig oppgradering av boligblokker or REBO is presented
in this paper. This project deals with the comprehensive upgrading of multi-family dwellings which
included both internal and external renovations. The focus areas of research are energy efficiency,
universal design and resident involvement in the planning process. Two typical Norwegian owner
occupied multi-story concrete blocks are presented to illustrate general design principles and the
application of various measures. The main findings are:
It is possible to make upgrades according to the Passive House concept economically
profitable when the building mass is in poor condition and a major renovation must be
undertaken. In this circumstance upgrading with Passive House components may be more
lucrative – additionally; this will improve the indoor climate and comfort of the residents.
Retrofitting the most urgent repairs needed, with only slightly better standards, may easily
become unaffordable in the long run, and ruin the chances for more ambitious renovations
in the future.
Universal design is of great importance because it provides people greater choice in where
to live. A number of actions simple or extensive can be carried out when renewing a
dwelling area. Examples are installation of lifts, elimination of door sills, creation of pathway
surfaces for wheeled walkers, and markings for ease of orientation. Some measures can be
expensive, while others are only small expenditures. In the cases presented, actions have
been taken to increase the accessibility of persons with impaired movement, while actions
to increase orientation for the visually impaired were not prioritized.
A well functioning board, and trust between the residents and the people in charge of the
rehabilitation process is a requirement for success. When the residents were sufficiently
informed about the rehabilitation their participation was of great value in making a success
of the project. They were not necessarily a part of every decision made, but showed great
confidence in the leadership of the project.
Keywords: dwellings; retrofitting; energy efficiency; design for all; resident participation

1. Introduction
The Norwegian research project REBO is presented in this paper. This project deals with the
comprehensive upgrading of multi-family dwellings including both internal and external renovations.
The aim of this project is to show how post war residential environments can be improved in

general, with a specific focus on concepts of energy efficiency, design for all (universal design) and
resident participation in the planning process.
The project is funded by The Norwegian State Housing Bank. REBO has also been coupled with
the Norwegian Research Centre on Zero Emission Buildings (ZEB).
The REBO project is focused on upgrading yesterdays dwelling blocks to the standards of
tomorrow by implementing universal design principles with energy efficient solutions. The
overriding objective is to speed up the market penetration of sustainably renewable solutions.
We were looking for cases to study in Sweden, Denmark and Norway. It has been quite difficult to
find examples that cover high level ambitions for both energy efficiency and universal design.
However, we found some very interesting examples of highly ambitious projects for each of these
focus areas. A few examples were found of upgrades with passive housing components, and other
examples of adaptations to the principles of design for all, beyond the installation of lifts.
Additionally, we found examples of upgrades to facilitate more pleasant environments and change
the negative image of the building site to a positive one.
Despite this most retrofitted buildings can not reach the level of today’s requirements. There are
practical and economical barriers.
In most of the cases studied in REBO, retrofitting has been started because of building quality
deterioration and immediate renovations have been needed. The retrofitting projects have been
extended to include additional measures to upgrade the building beyond the most urgent matters.
1.1

Dwelling ownership – the Norwegian context

According to statistics in Norway for 2008, 56% of the population lives in single-unit dwellings, 23%
live in semi-detached houses; row houses or other small houses, and 21% live in blocks of flats.
The housing ownership structure is somewhat different in Norway compared to other European
countries, where it is more common to rent a home. In Norway, nearly 80% of the households are
freeholders (www.ssb.no).
14% of the freeholders own their housing unit through a housing cooperative (most housing
cooperatives are blocks of flats in the cities) (www.ssb.no). «Borettslag» is the legal entity for
housing cooperatives in Norway. This company is owned by those who live in the cooperative, the
shareholders. Each share gives the resident the right to live in the cooperative, in a particular
apartment (or house) and the shareholder is free to sell her/his part. The cooperative statute can
give internal first preference and owns the buildings and the property. The highest authority in the
cooperative is the annual meeting for shareholders that elects the board responsible for daily
operations. Some cooperatives are members of a housing association, which again are members
of the Norwegian Federation of Co-operative Housing Associations.
It is often challenging to obtain the residents agreement to carry out a renewal of large housing
cooperatives. In order to implement a renewal plan in a housing cooperative, a decision by a twothirds majority vote of the general meeting is required. In Norway there are many examples of how
difficult it is to achieve consensus on maintenance and renewal projects. Even if the investments
are well grounded economically, the fear of increased association fees often stops the process and
leads to building degradation in the long run.

2. Project objectives and methods
The overriding goal of the project is to contribute to accelerate the market penetration for the
sustainable upgrading of buildings. The aims are to:
Highlight measures for obtaining very low energy standards, by reducing energy demand
and implementing renewable energy sources

Highlight measures for improving accessibility for the mobility impaired person, and other
improvements according to universal design
Analyse the significance of resident participation, and how it influences the renewal process.
Work on the project started with literature studies; resulting in a knowledge status report on
environmentally friendly retrofitting measures, plus an overview of soon to be implemented
regulations for building upgrades. We looked at different levels of standards that might be applied
to future requirements.
Analysis of state of the art case buildings followed next, involving project participants from various
disciplines such as architects, civil engineers and social scientists. From the very start an advisory
board, representing the building industry, owners and authorities, has been involved in the project.
Workshops were arranged to raise research questions and discuss findings.
The qualitative case studies rely on multiple sources of evidence [2]: Interviews with employees,
board members, chairmen, residents and architects. In addition, site inspections and studies of
correspondence between different actors in the rehabilitation processes were conducted. The results from the case studies can be generalized through analytical generalization, meaning that the
findings from one study can be used as a guide to what might occur in other situations [3]. Far from
being typical, a case might be selected on the grounds that it provides a contrast to the norm. In
this way, knowledge that is not found anywhere else might be revealed, and influencing factors
might be more easily seen than in an average case [4]. Both case studies presented are renewal
projects with a special focus on residents’ needs. Thus the case studies must be classified as extreme cases in different ways (see information about the case studies in the next section). A typical
or average case is often not the richest in information; extreme cases often reveal more knowledge
[5].
In the time being we are at the starting point of developing strategies and concepts to be
implemented in pilot buildings.

3. Intended impact of the REBO project
Pilot projects and their successors are very likely to initiate a chain-effect that will result in a
growing number of replication projects within few years.
Best practice examples and pilot projects have proven to be indispensable for the further
development of building practices. Without good examples to proof that the next steps for
tightening the performance requirements are possible at reasonable additional costs, the building
industry tends to deny that the market is ready.
1. Introduction

2. Growth

3. Volume

Fig. 1 Three main phases in sustainable building [1]

Regarding sustainable renewal of post war
dwelling blocks, we are still in the
introduction
phase.
The
overriding
objective of the project is to create a solid
foundation for the growth phase.

By demonstrating that high ambitions regarding energy efficiency and universal design are
achievable within an affordable cost frame, pilot projects support the faster introduction of these
concepts into mainstream use. By including information about how to deal with these topics in the
design, and with quality control at the commissioning, pilot projects can accelerate the market
penetration.

4. Requirements in building code
In Norway the principle is that new building regulations apply to existing buildings only when the
purpose or use of the building is changed, or when retrofitting by the municipal authorities is

considered to be so extensive that the building is fundamentally renewed (main reconstruction). In
addition, the new regulations are applied when the retrofitting or changes result in the renewal of
parts of the building. In practice, limits on the application of new regulations have been generous in
the municipalities. Most retrofitting projects are not included in the concept of main reconstructions.
4.1

Energy efficiency

Usually, no energy requirements are stated at all (e.g. the pilot project Myhrerenga was not a
«main reconstruction»). Even the alternative – to state energy requirements for the renewed parts
of the building – is seldom used. Additionally, the local authority can give special permission, if it is
impossible to adapt the building to new regulations by affordable costs. In the case of renovation
measures which are not subject to approval, there are no minimum requirements applied to the
renovated building elements.
4.2

Universal design

In the new Planning and Building Act universal design is emphasized through an objects clause.
The act and the regulations followed are meant to secure universal design in new buildings,
constructions and outdoor area. As in the Anti-Discrimination and Accessibility Act (2009), universal
design concerns only public buildings and outdoor areas. Only claims of accessibility are regarded
for these dwellings.

5. Design principles for energy efficiency
In aiming to reduce the consumption of energy in new buildings, a five step strategy for passive
energy design was developed within the project ‘Cost effective low energy buildings’ [6], which was
finished in 2006:
1. Reducing heat losses
2. Reducing electricity consumption
3. Utilising solar energy
4. Controlling and displaying energy use
5. Supplying rest of the energy demand with renewable energy sources
In other words: The starting point is the application of energy efficient measures to reduce energy
demand, and then supply the remaining demand with an energy supply system utilising renewable
energy sources. Passive energy design is in principle applicable to both low energy buildings and
Passive Houses, but the Passive House concept includes particular requirements, defined by
Passive House Institute in Germany or specific standards in other countries.
The German definition is as follows: «A Passive House is a building, for which thermal comfort can
be achieved solely by post-heating or post-cooling of the fresh air mass, which is required to
achieve sufficient indoor air quality conditions (…).» (www.passiv.de). The Norwegian standard NS
3700 is not based on such a functional definition. Nevertheless, the main requirement according to
both standards is that energy demand for heating or cooling does not exceed 15 kWh/m² per year.
To ensure this, the following measures are crucial:
- Building envelope with U-values maximum 0.15 W/(m²K), avoiding thermal bridges
- Airtight building envelope, measured air leakages not more than 0.6 h-1
- Windows with total U-value maximum 0.8 W/(m²K), including frame
- Balanced ventilation with highly efficient heat recovery
In addition, domestic hot water generation, the distribution system and household electricity should
be very efficient, and solar collectors, heat pumps or other measures to reduce CO2 emissions,
should be used.
In the case of refurbishment, it is often impossible to achieve Passive House standards in a cost
efficient way. Still, the above-mentioned measures and concepts can be used. This can be called
renovation according to Passive House concepts or principles, or renovation with Passive House
components.

5.1

Example of upgrading with a focus on energy efficiency – Myhrerenga borettslag

Myhrerenga housing cooperative is situated 15 km north-east of Oslo, in Skedsmokorset, and
consists of 7 similar blocks, erected in 1968–1970, three storeys high with 24 apartments in each
block, in total 168 dwelling units. Myhrerenga was the first apartment complex renovation in
Norway which used Passive House components.

Fig. 2 Myhrerenga before upgrading.
Photo Arkitektskap AS

Fig. 3 After upgrading.
Photo SINTEF Byggforsk

Façades in need of renovation, together with complaints about draft, cold floors and poor air quality,
as well as requests for larger balconies, initiated the renovation process in 2006. Since the
buildings were in need of a major renovation anyway, the Norwegian State Housing Bank in
cooperation with SINTEF suggested an ambitious «Passive House renovation», which was
assumed to reduce the overall demand of delivered energy from about 275–300 to 80 kWh/m² per
year, and to cut the net space heating demand by 80–90% to about 25 kWh/m² per year. At the
same time, the ambitious renovation should not be more expensive than a conventional façade
renovation, expressed in figures of total monthly costs for loan, energy, maintenance and property
management. After a two year long process, the cooperative decided to go forward with the
ambitious renovation. Now, in April 2011, most of the interior work is already finished.
To reduce heat losses, the following measures have been applied: New insulation and cladding on
exterior walls and below the ground floor, in-blow insulation in the attic, window replacements
(passive house windows and «almost» passive house doors), simplified insulation on staircases
and outer cellar walls, new balconies with studs placed on the outside of the insulation layer, and
installation of a ventilation system with a heat recovery of 79%. During the first air leakage test an
air change rate of 0.64 h-1 was reached, very near Passive House requirements.
Passive house window
Existing construction

Fig. 4. New façade with 20 cm insulation and vapour permeable OSB on the outside of the existing
10 cm stud wall. Adhesive tape between new Passive House window frame and OSB. Illustration:
Arkitektskap AS, and Rockwool AS.

To utilise solar energy, 44 solar collectors were installed on the roof top of the block located
nearest to the heating plant. The solar collectors are dimensioned to cover 10% of the heat
demand.
To supply the rest of the energy demand with renewable energy sources, three air-to-water heat
pumps are dimensioned to cover 60% of the heat demand.
5.1.1 Residents’ evaluation
Some of the residents have been interviewed about their evaluation of the renewal. They are very
pleased with the results. They are impressed by the new look of the building blocks, and happy
with the extended balconies. They are pleased with the indoor climate and temperature also after
the first winter.
5.1.2 Economy
The extra cost of the energy measures is calculated to be covered by the reduction in energy costs,
even without subsidies. The total monthly cost will be 300–400 NOK lower than with a conventional
façade renovation, equivalent to 40–50 Euros per apartment. Without subsidies, the cost
advantage would be about 200 NOK. Calculated with an ordinary bank loan instead of a loan from
the State Housing Bank, the monthly cost for the ambitious renovation would be on the same level
as a conventional façade renovation.

6. Measures for improving accessibility and orientation
In working with universal design a broad spectre of solutions will be necessary to meet the
increasing elderly population in the coming years. Installation of lifts is an example of measures to
increase accessibility. Other measures to improve accessibility for persons with impaired
movement are pathways free of steps from parking places to the front door, tool sheds and rubbish
chutes, while long distance designs have to be avoided. The surface is of importance in how easy
or hard it is to use a wheeled walker, a pram or a wheelchair. A surface that is antiskid can prevent
accidents from falling. For persons with reduced muscle strength an automatically opening
entrance door is of great help, and persons with movement restrictions can be totally dependent on
a lift to visit or live in a block.
For visually impaired persons contrasts are of great importance; by colour or by contrasts in
materials, surfaces or lightening, making one part different from another. Contrasts at the front of
each step on the stairs, at the glazed door and the handrail make it easier for the visually impaired
to orientate. This is also the case for signboards with contrasts and lane line.
Hearing impairment, which is also common among elderly, requires the need for visual signals,
such as fire detectors with flashing lights, and generally good acoustical conditions.
Strategies to increase accessibility inside each flat can involve making one room out of two to
enlarge the bath or bedroom. It is also relevant to remove door sills inside each flat, at the front
door and to the balcony, and to replace narrow doors with broader ones.
6.1

Example of upgrading with a focus on universal design – Barkaleitet borettslag

Barkaleitet housing cooperative is situated outside the city of Bergen. Built in 1977 with 180 flats,
and renewed in 2010. The number of flats has been expanded to 215.
This housing cooperative has implemented several smart universal design solutions; disability
access to the front door and outside areas, lifts dimensioned for stretchers, and a new staircase in
the extension. The flats on the top floor meet standards for wheelchair use. However,
improvements to door sills at the front door and to the balconies have not been done. Also
attention has not been given to make orientation easier for visually impaired persons.

Fig. 5 Before upgrading. Photo Jarl Høva

Fig. 6 After upgrading. Photo Jarl Høva

Fig. 7 Before upgrading - Plan ground floor

Fig. 8 After upgrading

6.1.1 Economy
The upgrades at Barkaleitet show that universal design can be financed through the extension of a
building or construction of new buildings on the premises. There was a strong desire among the
housing board and the elderly residents to see lifts installed and to incorporate several universal
design solutions for the surrounding area. In total, the upgrades cost 240 million NOK, of which 8
million NOK was allocated for the installation of 15 lifts. The sales of the new apartments on the top
floor gave the housing cooperative a capital income of 100 million NOK.

7. Concluding remarks
Normally, a holistic approach is not common in renovation projects, which prohibits the synergetic
effects between different solutions. Thus, the synergy of energy efficiency, accessibility and other
improvements is not utilized. At Barkaleitet the goal was to improve both energy efficiency and
accessibility, yet, they did not use (and did not discuss at all) the full potential of Passive House
components. On the other hand, at Myhrerenga universal design was not a consideration before
the Housing Bank specifically requested the incorporation of these design principles.
Both building constraints and ownership can be barriers, especially for universal design. Our two
Swedish cases (not described specifically in this paper) demonstrate that it is easier to carry out
ambitious projects in blocks of rented flats. At Brogården in Alingsås near Gothenburg the
municipal housing association renovated in accordance to the Passive House concept in addition
to increasing the accessibility of a large number of apartments. New floor plans with two accessible,

medium-sized apartments, instead of three smaller flats, made it possible to install lifts. Such a
fundamental restructuring is not usually realistic in owner-occupied dwellings.
At Stilledal, a Danish case in Copenhagen with rental flats, they also established new floor plans
incorporating larger apartments. Prefabricated façade elements were used to enlarge kitchens and
living rooms without moving the tenants. However, the entire potential of prefabrication was not
completely utilized in any of the cases.
With regard to sustainable results in the long term, it is crucial to see the interconnection between
different challenges and measures. In existing buildings, there is often no need to realize a major
renovation incorporating many measures all at once. Various building components have different
life-expectancies and can deteriorate in varying degrees. It is therefore important to develop a plan
so that measures taken can be seen in a larger context and carried out in the correct order, more
effectively.
7.1

Energy efficiency

Existing buildings can have many constraints which make it difficult to fill the gaps between the
original standards and the requirements according to new building codes or Passive House
principles, especially if the building or façade is historically listed. Instead of giving permission to
drop the requirements, requirements should be developed on several levels to ensure that
buildings, which for various reasons can not fulfil the intended level of requirements, can be
covered by the next level.
In the case of step by step renovations, where only a few building components are affected at one
time, it can be very challenging, and often expensive, to achieve technically good solutions with
low thermal bridges and high air tightness. Step-by-step upgrading of individual building
components needs to take into account that many energy saving measures depend on each other.
In most renovation projects there is room for improvement. For example, if a façade is in need of a
major renovation there are nearly no additional costs for increased insulation thickness. On the
other hand, to add further insulation at a latter date would not be affordable under any
circumstances. In general, when it is time for a building component to be renewed the additional
effort for a qualitatively better implementation would be relatively small. It is therefore an important
principle to connect an ambitious upgrading initiative to any required rehabilitation [7].
Upgrading according to the Passive House concept can be economic profitable when the building
mass is in poor condition and a major renovation has to be done. Other opportunities can take
advantage of wishes for modern façade designs, requirements for larger balconies and so on.
Upgrading with Passive House components may then be most lucrative, compared with
conventional renovation or renewal measures. Additionally, the indoor climate and comfort for
residents will be improved. Retrofitting where only the most urgent repairs are done, with slightly
improved standards, may easily become unprofitable in the long run, and ruin the chances for
ambitious renovations in the future.
7.2

Universal design

Between 2 and 9 percent of the houses built before the year of 1990, are accessible to wheelchair
users, while the percent increases to 24 percent of houses built after 1990. It has been presumed
that 26 percent of all housing cooperatives that have an accessible front door and access to the
most important rooms at the entry level are not totally accessibility inside, but have the potential for
total accessibility with simple solutions [8]. An inquiry made by NBBL (The Norwegian Federation
of Co-operative Housing Associations) identifies few solutions other than the installation of lifts in
existing buildings. One reason for this is that housing cooperatives are mostly involved in the
upgrading of common public areas inside and outside of the buildings [9].
Focusing on solutions that work with universal design and accessibility and account for the
increasing amount of elderly, has to be central in the years to come. Elderly often have problems

with seeing, hearing and/or mobility, which makes it especially import to prioritize the possibilities
for their participation in social life and to improve the personal management of their daily life.
At Barkaleitet the housing cooperative had to build new staircases because the former were too
narrow to install a lift and make space for parking wheeled walkers, etc. It was necessary to build
staircases outside the dwelling structures. At Myhrerenga only the entrance area, car parking and
walkways were made accessible, and orientation measures were only taken on the exterior.
Both cases have made efforts to improve accessibility for people with impaired movement;
Barkaleitet more so than Myhrerenga. None have provided indoor solutions to improve conditions
for the visually impaired, which are actions that are simple and of great importance to this special
needs group. At Myhrerenga they discussed it, but finally all proposed work inside the staircases
was dropped in order to save money.
7.3

Resident participation

A well functioning board and trust between residents and the leaders responsible for the upgrading
process, seems to be essential to the success of the renewal process. At Myhrerenga residents
had great confidence in their consultants. The fact that, according to the Passive House concept,
the upgrading cost less than traditional practices, and proper communication with residents, accounted for the majority of ambitious upgrading proposals undertaken. The experience of Barkaleitet, where the leader of the board was greatly respected among the residents and facilitated
resident participation, has proven a particularly good example. It has exemplified the importance
of these relationships, he was seen as ‘one of them’, he had close contact with the residents and
was deeply trusted. The relationships between project stakeholders have proven to be of particular importance and great value. The residents felt sufficiently informed about the upgrading process
and while they were not necessarily a part of every project decision they showed great confidence
towards the leaders of the project.
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Summary
The overall objectives of the Nordic SURE research project (Sustainable Refurbishment) have
been to build a Nordic network among industry, authorities and researchers to improve knowledge
exchange on sustainable procurement. Further, to summarize state-of-the-art on the interplay
between life-cycle costing, environmental assessment of buildings and sustainable procurement,
assess and classify various sustainable procurement strategies already being deployed by public
clients on refurbishment of existing public buildings and analyse the experiences of public clients
acting as sustainable change agents on the implementation of sustainable refurbishment in
construction and real estate. And finally, to develop a Nordic guideline on sustainable
refurbishment of buildings based on case studies and different client-specific and internal
workshops/discussions. Focusing on energy efficiency in existing buildings is of high importance in
Denmark, Norway and Finland. In Iceland, though, due to the use of geothermal energy the
refurbishment projects focus much more on quality standard and maintenance than energy
efficiency. This exemplifies one major difference between the Nordic countries when it comes to
priorities for sustainability refurbishment of buildings. There are also other differences, mostly
related to building codes, building stock, population, culture and market changes. To develop a
Nordic guideline on sustainable refurbishment, the SURE research project has investigated 10
different cases in the four countries, aiming to find out how the refurbishment is done and which
possibilities and barriers there are to achieve a sustainable refurbishment. The similarities and
differences between the cases and country specific parameters, together with the client
discussions and internal workshops, have crystallized some important topics for a Nordic guideline
on sustainable refurbishment of buildings. One of the most important actions is to help the clients
(building owners) to think sustainable. First, the finance model must be set and the process of
defining sustainability has to be done. Then, a strategy and ambition level for the project is needed.
The strategy and ambition level cannot be set before the client has a performance profile of the
building, and therefore a condition survey is of high importance in a very early stage of the project.
One of the questions which often arise is weather to refurbish or tear down the building. A guideline
on sustainable refurbishment of buildings should give a helpful tool to make the client conclude on
this question. Also, a list of sustainable indicators should be presented. The indicators should be
mostly quantitative so that they can be measured and benchmarked. Further, the guideline should
help the client to plan how to implement these indicators into the project, but also give guidance on
how to check the indicators both during planning, building and operation.
Keywords: Sustainable refurbishment, existing buildings, Nordic guideline, building owner

1. Introduction
This paper is written in the ongoing Nordic research project “SURE - Sustainable Refurbishment –
life-cycle procurement and management by public clients”. The overall objectives of the SURE
project have been to build a Nordic network among industry, authorities and researchers to
improve knowledge exchange on sustainable procurement, summarize state-of-the-art on the
interplay between life-cycle costing, environmental assessment of buildings and sustainable
procurement, assess and classify various sustainable procurement strategies already being
deployed by public clients on refurbishment of existing public buildings, analyse the experiences of
public clients acting as sustainable change agents on the implementation of sustainable
refurbishment in construction and real estate and finally develop a Nordic guideline on sustainable
refurbishment of buildings based on the case studies and different client-specific and internal
workshops/discussions [1]. The structure and contents in the guideline are described in [2], while
this paper focuses on the case studies, describing both differences and similarities between
Norway, Denmark, Finland and Iceland when it comes to challenges for sustainable refurbishment,
priorities, requirements and client models.
Figure 1 shows the main issues and
interactions investigated in the SURE
project. The client is here referred to
as the building owner. Both the
framework conditions for the client,
the client organisation, development
projects and the refurbishment project
itself (case buildings) have been
investigated in order to make a good
basis for a Nordic guideline for
sustainable refurbishment.
Figure 1: The different interactions studied in the SURE Project.

2. State of the art
The energy consumption for the three sectors; industry, transport and services and households for
the four Nordic countries participating in the SURE project are shown in figure 2. The distribution
varies quite a lot between the countries.
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Figure 2: The distribution of energy consumption [3].
The built environment in Norway comprises approximately 3.8 million buildings [4] and 380 million
square metres [5]. Among the 3.8 million buildings there are approximately 1.4 million residential
buildings, 1.2 million garages and other small annexes, 460 000 cabins and 40 000 office buildings.
The energy use in buildings in Norway is highly based on electricity and district heating. There is a
high use of floating fossils (i.e. oil) in industry buildings, while gas is mainly used in some hospitals
and institutional buildings. The last years, the requirements have become stricter for energy use in

buildings in Norway. A Norwegian passive house and low energy standard is established, and there
is a governmental goal that in 2020 all new buildings should have a passive house standard. But,
for existing buildings the measures and future requirements are still unclear. Case studies are
therefore of high importance to find out what to do with the existing buildings and which barriers
there are for sustainable refurbishment.
The building stock in Denmark comprises about 470 million square metres (2009). The period
1950-1979 has the highest number of square metres followed by 1980-2009 and 1900-1949 [6].
The public Danish Building stock is heavily dominated by institutions owned by the municipalities.
The Danish building regulation does not define sustainability, but includes detailed requirements on
allowed energy consumption. Sustainability is included in some town plans, but more as
declaration of intent rather than specific standards or guidelines. There is an ongoing effort to
establish a Danish Green Building Council, and various international guidelines for sustainability
are being studied. Denmark has already taken measure to diminish greenhouse gas emissions
through heightened building regulation requirements and this will continue in steps towards 2020.
Municipalities raise finances through taxes but have to negotiate to total level of expenses for all
municipalities together. Regions, which primarily are dealing with hospitals and health care, receive
a financial frame from the state but make their own budgets. The state has now for 10 years run a
renting scheme for its institutions. Some IT tools for systematic planning of maintenance and
energy renovation are offered in a joint initiative of landowners and a semiprivate foundation.
The built environment in Finland comprises approximately 1.4 million buildings and 429 million
square metres (excluding free-time residences and agricultural buildings). Residential buildings
account for 63 per cent of the total gross floor area. Buildings constitute more than 50% and the
whole built environment almost 75% (320 billion Euros) of Finnish national wealth. Since the
renewal of the building stock is very slow, refurbishment activities are an essential way to improve
the quality of the building stock. The Finnish building stock is quite young. The age distribution of
residential buildings was in 2005 approximately as follows; 35% have been built in the 80s or later,
25% in the 70s, 30% between 1946 and 1970, less than 10% between 1919 and 1945 and less
than 2% before 1919. Compared to other European countries the main difference is the small
proportion of old buildings (built before 1945) [7, 8, 9].
The building mass in Iceland is also relatively young, approximately 30 years on average. The
energy situation in major parts of Iceland is somewhat special. The energy is both cheap and
sustainable. Energy for heating in buildings is supplied by geothermal hot water from a distribution
net, and electricity for household appliances and lighting electricity from hydro power stations. The
energy is therefore considered as environmentally-friendly. There are few incentives for minimizing
energy use in buildings, either based on economical or environmental reasons. Reducing the
energy consumption in buildings is therefore of relatively low priority compared to the other Nordic
countries. Energy requirements for new and existing buildings are often in the interval 100-400
kWh/m2, and even higher, the new buildings at the lower figure and buildings from the period
1960-1980 at the higher figure. Maintenance needs are primarily (in order of importance); building
envelope, technical systems and then interiors. The main incitement for refurbishment of buildings
is adaptation to changed needs, better accessibility and comfort [10].

3. Methodology
The SURE research project has been a close cooperation between building researchers from
Denmark, Norway, Finland and Iceland. To gain insight into what type of needs to address and
what kind of problems the market is struggling with, case studies are of great importance as a
basis for developing a guideline for sustainable refurbishment. Each of the countries has
investigated 1-4 cases. The building or project owner is here defined as the client, and the main
objectives in the SURE project have been to investigate both technical challenges for a sustainable
refurbishment and processes/barriers in the client organization and surroundings to find out how a
successful sustainable refurbishment can be fulfilled. The results of the analysis, combined with
the researcher`s former experiences and knowledge in this field, have given a solid basis for
developing a Nordic guideline on Sustainable Refurbishment.

4. Description of the cases
4.1

The Norwegian case studies (4)

The first Norwegian case study is a listed school building (Strømsø School) built in 1891 in the city
of Drammen. The school building has high energy consumption and will probably not be used as a
school in the future. The SURE main task for this project was to come up with a sustainable
concept for the refurbishment mainly focusing on the future use of the
building and an energy reduction. Three energy concepts were
investigated; refurbishment to fulfil the national technical regulation,
passive house standard and zero energy. The analysis [11] shows that
the most sustainable way of refurbishing the building is to change the
use into offices and aim for “low energy class 2” (45 kWh/m2year for
space heating, ventilation included) according to the Norwegian
Passive- and Low Energy House Standard, NS 3700 [12].
Recommended measures are: no insulation of outer brick walls due to listed status and building
physics, new windows, insulation of the roof, new ventilation system, solar heat for hot water, solar
shading, low energy equipment, central energy control system, user guiding and adding a new,
smaller building annex with toilets and other service functions.
The second Norwegian case study is a multi-dwelling residential brick building built in 1937
(Stiboltsgate 13), now serving as social housing in Drammen. The analysis of three energy
concepts [13] shows that the most sustainable way of refurbishing the residential buildings, is
aiming at a near Norwegian passive house standard. Improvements of thermal bridges to fulfil the
requirements of the standard are considered to be too complex and
cost driving, but the other passive house requirements could be
fulfilled. The main measures for energy improvements are outer
insulation of walls, insulation of roof and floor, new passive house
windows, reduction of air leakages, new ventilation system, solar
collectors, user guidance and energy monitoring. The energy supply is
given two alternatives; district heating or geothermal heat pump.
Aiming at zero energy will result in very high cost and a practical
problem of installing big areas of solar panels, and is together with
wind power not seen as an option.
The third Norwegian case study is a brick building in Ringstabekkveien 105, Bærum, built in 1921.
The building has operated as a school, but will be changed into apartments for elderly people with
social services in the ground floor. In this case, the building owner (client) has also asked for a
sustainable energy concept for the refurbishment. The building facades are protected, a boundary
making low energy refurbishment a real challenge. Analysis of the case shows that improvements
in air tightness, a new ventilation system, a geothermal heat pump and
window improvements combined with low energy technical equipment and
lightening would be the main actions for a sustainable refurbishment. An
interesting finding is the difficulties to find the right solution for windows
combining cultural values, building physics and heat loss. In fact, the whole
project is set on hold until the window solution is concluded.
The forth, and last, Norwegian case study is a residential multi-dwelling
building housing 54 apartments in the city of Kristiansand, in the south of
Norway. Here, the contractor together with the building owner has planned a
concept fulfilling the “low energy standard, class 2” (NS 3700) [12]. This is
done by outer insulation of the walls and roof, insulation of thermal bridges
and installation of a balanced ventilation system. The SURE research
project has evaluated the chosen concept to find both good examples and
potential improvements. The main conclusion is that the measures for the building envelope and
ventilation system is of good character, but the energy supply for heating (oil boiler) should be
changed into a more environmental-friendly energy source, e.g. a geothermal heat pump
combined with solar collectors and an electrical (or bio) boiler for peak loads.

4.2

The Danish case studies (2)

The Danish case studies deal with a public clients formulated policy for sustainability. Our focus is
directed against the part of the policy which deals with the built environment as a subdivision of the
target areas for sustainability policy. The analyses at systemic level are confronted with specific
studies of recent renovation projects in the municipality. The study operates on two levels; the
systematic policy and the specific building project. Two renovation projects are selected; “The
Osram House” and “Grøndalscentret”.
The Osram House is a former factory for production of electric bulbs raised in
1953. It is a “high profile” project which is also a part of a broader urban
renewal initiative based on sustainability. Due to architectural value of the
building, several compromises have to be reached in the design measures,
this count especially for the façade, including the windows and the entrance.
Before the renovation, the building was practical speaking un-insulated. The
walls were made of concrete, approx. 12 cm thick, without any further
insulation. The windows were single layer in steel frames. The renovated
building is well insulated with walls having a total thickness of 41 cm. The
windows are low transmission models with a heat transmission at 1.1 W/m2K.
For architectural reasons there has been a restriction on the possible insulation initiatives at the
facade, and the building is now rated “low energy class B”.
Grøndalscentret is a former exhibition building from the mid-sixties, originally meant for temporary
use for maximum 10 years. It is situated in the outer part of Copenhagen. Today the complex is
one of northern Europe’s largest sport- and leisure centres, hosting a lot of diverse activities in all
kind of sports. The 35.000 square meter building has approximately
3000 daily users. In the late 90’s and early 2000, several building
investigations with internal and external experts were conducted. The
result showed that the centre had a serious backlog in maintenance.
All the technical installations were in a very bad condition (e.g.
ventilation, electricity and water). There were damages from leaking
water pipes due to frost. Due to a nearly flat roof construction, too few
roof drainages and a missing vapour membrane, the roof had been
leaking for many years, consequently a comprehensive attack of mould
growth had developed widely in the roof construction. The energy prices in the mid-sixties were low
and the roof was build with only 50 mm insulation.
As a part of the process with layout and dimensioning of the renovation, there was set up a line of
goals for the future use of the building. The goals included definitions of needs for spaces, rooms
and functions. This was done mainly to ensure that there was sufficient daylight in the different
rooms and to be sure that the design of the new roof should not collide with the functions in the
rooms/halls. Also, energy consumption played a major role in the concept, and it was a major
priority to minimize the future energy consumption. Finally, some considerations regarding fire risk
were included in the design. The new construction was arranged by insulating the upper part of the
roof sections adding two layer roofing. It was also of high priority to avoid any cold joints which
could cause moister and mould growth. Therefore, a solution with a “warm roof construction” was
chosen (e.g. the insulation on the top above the bearing timber). The new insulation was 200 mm
which on the other hand gave rise to another design problem. The (load-) bearing was not
designed for more weight. To compensate this, a lightweight timber construction in the roof had to
be designed.

4.3

The Finnish case studies (3)

The first Finnish case study deals with 42 rental apartments and living area of 2 586 m2 where the
owner (VAV Asunnot Oy) wanted first only to renovate the facades (prefabricated sandwich
elements), balconies and roof. After discussions with ARA (The
Housing Finance and Development Centre of Finland) more
ambitious targets were studied for improved energy efficiency
(Nordic Passive House level), improved indoor conditions (new
ventilation system with heat recovery), accessibility (adding
lifts), replacement housing and financing (construction of an
additional floor) by industrial, replicable solutions and no major
increase in rents.
During the process air permeability measurements, harmful
substances mapping, sewer surveys, roof, pipeline facade and balcony inspections were
conducted and discussions held on the use of renewable energy. As an end result heating energy
consumption was halved (energy class: F → B) and improved indoor conditions achieved [14]. At
present the results are monitored and discussion going on with the client how these experiences
can be exploited in the coming renovations.
The second Finnish case study is quite similar to the first one. Domus Arctica Foundation (DAS) is
an owner and builder organisation who rents student homes in the City of Rovaniemi, at the polar
circle. The case study (DAS III) is a five-floor apartment building with 46 apartments for 84
residents and total living area of 1 923 m2. The aimed
refurbishment included energy-efficiency improvement, new
facades, additional spaces for user activities and measures to
improve the performance, e.g., new balconies. The average
energy consumption for space heating and hot water is 162
kWh/m2 gross floor area. The present master plan restricts the
possibility for an additional floor. DAS III locates just in front of
the railway station and close to the university premises.
Improvement of the performance and appearance of the building
helps for getting new residents.
The planned sustainable refurbishment did not start. Some of the barriers for the suggested
refurbishment were identified as follows:
• Master plan renewal is a slow process. The processing of the possible complaints on the new
plan may take years even though the city is ready to increase the building rights.
• Apartment based ventilation systems increase maintenance. The filters in the system need to
be changed twice a year. However, routing of a centralized ventilation system is very difficult in
the building
• The technical quality of the existing windows is actually quite good
• Financial planning: Refurbishment costs will be high, and suggested financing sources may not
be enough. Increasing the rent, however, may not be possible.
The third case study is a listed Church (1930) which the Parish Union of
Helsinki wants to refurbish after some indoor complaints. They also plan
to renew their services by constructing two new buildings for office and
other services next to the Church and move some of their functions to the
same plot because of merging of two congregations. Sustainable
procurement was studied in relation with both energy efficient
refurbishment and new construction aiming at Nordic Passive House level.
The congregation also plans to do carbon footprint calculation for all their
activities in the Töölö Parish. Indoor condition inspection and energy
simulations resulted in design guidelines and a proposal for carbon
footprint monitoring. Design has been started but the required zoning
change for additional construction has not been approved.

4.4

The Icelandic case study (1)

In the 50s and 60s, the housing market was in a great demand for new buildings, and 1960-1980
was a lively building period. In this period houses were built in various places in Reykjavik, and the
housing stock from this time is an important part of the environment both socially and culturally.
The Icelandic case study is a multi family dwelling at
Meistarabellir 19-23 in Reykjavik built in 1964 and is
now (2010/2011) being refurbished. The main
measures for the refurbishment are insulation of the
building envelope, new sewage pipes, partly new
windows and installation of an elevator to remodel the
building into a “building for life”. The building is owned
by Félagsbústaðir hf. (Reykjavík Social Housing),
which is a public limited company, owned by the city
of Reykjavík, which owns, runs and maintains rented
social apartments for individuals and families under a
specific income and property maximum. The client
owns all social housing in Reykjavik, and aims to be a front runner in the field of good accessibility
and living standard in dwellings. To be successful in this, and at the same time fulfil economical
requirements, the client have stated that they will focus on keeping the flats in use with as few
changes in users as possible, keeping a good building standard to make the flats desirable for
clients with different needs, give the tenants a good service and listen to their wishes regarding
what can be done better and to keep maintenance costs low.
The building has three stairwells and four floors with two apartments on each floor. The apartments
are rather small (about 55 m2). The building does not have an elevator, as this was not required at
the time of construction. The building is made of in-situ poured concrete (outer walls, floor slabs
and inner walls between apartments), the outer walls insulated on the inside with 50mm cork
insulation and cement rendering. The roof construction is timber roof on a concrete slab. The use
of concrete, insulated on the inside results in a high amount of thermal bridges. The windows are
two pane insulation glass with U-value of 2.9 W/m2K and massive wooden frames. The southern
wall and a part of the north facing wall have insulated panels to the height of 85 cm, a window
band and then 35 cm panel above windows (panels insulated with 50 mm polystyrene). Air
tightness of concrete buildings in Reykjavík is usually rather good (n50<1 airchange pr. hour) if
tightness of windows is good. The air tightness of the case building has not been measured.
For some years there had been increasing problems with the sewage pipes, and clearly these
needed to be changed out due to age. As this would be a major work, it was considered as
appropriate to use this chance to make bigger refurbishments by improvements of insulation in
gable walls as tenants complained of cold surfaces, replacement of windows and fill-ins in facades
below windows. Part of the building is remodelled, to make it usable as a “dwelling for life”
(accessible for handicapped and elderly). The insulation standard is only heightened to a small
extent by better insulation of an end wall and parts of the south wall. Improved control devices on
heating systems are installed and there has been a high focus on informing the tenants on energyefficient measures.
The sewage pipe system and the electrical system are totally replaced and each apartment has
now its own electricity meter, while the energy meter for the heating system is common for all
apartments in each stairwell. An elevator is installed into one of the old stairwells. This is the first
action of this kind in Iceland and had to be discussed thoroughly with building authorities. A mock
up was built to show what free space would be left in the stairway and this was then tested by
ambulance personal. A permit for the elevator was given by the building authority, but the decision
is still debated. The refurbishment cost for the building alone (cost for moving tenants temporarily
to other dwellings not included) is about 134 000 ISK/m2 (about 885 €/m2) which is a little more
than half the market price for a dwelling of this type and location. The client has used a “Green
bookkeeping” document in this project, but not a specific guideline for refurbishment [10].

5. Results and discussions - input to guideline
In Norway, Finland and Denmark, energy reduction is of very high importance both for new and
existing buildings. Stricter requirements in building codes, implementing of passive house standard
and a high focus on increasing the amount of renewable energy sources combined with reducing
the electricity consumption is of high priority. In Iceland, though, due to the use of renewable
geothermal heating, the energy focus is much lower. Here, the standard of the building and low
maintenance costs are seen as more important qualities for a sustainable development. The
energy issue described is one of the major differences between the Nordic countries when talking
about sustainable refurbishment. But there are also other differences in the priorities among the
countries, mostly related to building codes, building stock, population, culture and market changes.
The similarities and differences between the countries, together with the client discussions and
internal workshops, have crystallized some important topics for a Nordic guideline for sustainable
refurbishment of buildings. One of the most important outputs is the great need for a tool to help
the clients (building owners) change into thinking sustainability. First, the finance model must be
set and the process of defining sustainability has to be done. The content of sustainability could
differ for each project. What is sustainable for the specific refurbishment project in the specific
location with the given assumptions, limitations and possibilities? Is the client aware of the
meaning of sustainability? After answering these questions, a strategy and ambition level for the
project is needed. The strategy and ambition level cannot be set before the client has a
performance profile of the building, and therefore a condition survey is of high importance in a very
early stage of the project. A condition survey must be carried out by highly qualified personnel, and
should give alternative concepts for the refurbishment as outputs, highlighting the economical,
social and environmental consequences of the different concepts.
One of the questions which often arise is weather to refurbish or tear down the building. In a
guideline for sustainable refurbishment of buildings, a helpful tool to make the client conclude on
this question should be implemented. Also, a list of sustainable indicators should be presented.
The indicators should be sorted in three main groups; social, environmental and economical, and
should be mostly quantitative so that they can be measured and benchmarked. The guideline
should help the client to plan how to implement these indicators into the project, but also give
guidance on how to check the indicators both during planning, building and operational phase. The
lack of measuring, monitoring and benchmarking of important sustainable indicators is one of the
main barriers against a successful archival of a more sustainable development in building
construction.

6. Conclusions
Sustainable refurbishment of buildings is mainly about increasing the quality and value of the
building with as low environmental impact as possible. The 10 different case studies in Norway,
Denmark, Finland and Iceland give examples on solutions and barriers in the different countries,
and thus form a solid base for a framework for a Nordic guideline for Sustainable refurbishment of
buildings.
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Summary
Sustainable building practices such as low and nearly zero energy houses are emerging at fast
pace and gradually becoming market standard. While building standards change to fulfil very low
energy criteria, there is a need to adapt heating and cooling systems, in such way that they
optimise both energy consumption and indoor comfort requirements. The task is to ensure that the
supplied energy is used efficiently and provide an optimal indoor climate. Radiant heating and
cooling, in the form of integrated water systems, allows low temperature heating and high
temperature cooling resulting in superior energy efficiency and easy integration of renewable
energy sources. In addition radiant systems offer superior comfort and health characteristics with
uniform thermal environment and minimised draught and air circulation. The present study
investigates heating and cooling requirements in low energy and passive houses designed
according to current building practice in Denmark and Finland. The investigation is based on
simulations performed with the IDA Indoor Climate and Energy 4.0 building simulation performance
program. Full year dynamic simulations were carried out on single family houses with energy
demands in the range of 15 to 35 kWh/m2 and design heat loads in the range of 20 to 40 W/m2.
The results showed that the evaluated water based systems could satisfy the indoor comfort
criteria with very limited emission losses. Evaluating the primary energy consumption by applying a
typical heat pump application gave a clear advantage to the embedded under floor heating
systems due to its favourable supply temperature range, yielding and annual energy saving of
minimum 20% compared to an all air reference case. The building simulations identified cooling
requirements with a peak load of up to 40 W/m2, depending on the applied solar shading. This
cooling need can be met by using floor cooling with a flow temperature at 15-17 ° C, typically
available from free cooling sources.
Keywords: Low Energy, nZEB, Cooling, Heating, Radiant, Comfort, Energy Efficiency

1. Introduction
Although low energy practices may differ between countries, it typically implies space heating
requirements below a threshold of 20-30 kWh/m2 per year. The implementation of revised and
strict energy requirements in national building codes is advancing at fast pace and the need for
adapting heating, cooling and ventilation system requirements accordingly is becoming
increasingly apparent. In this process it is vital that both energy and comfort requirements are
addressed in order for the HVAC systems to comply with the new low energy regulations and at the
same time to provide an adequate indoor environment. Even passive houses require some energy
input to maintain an acceptable indoor climate and the task is to ensure that the supplied energy is
used efficiently and provides an optimal indoor environment.
The purpose of the present study was to determine heating and cooling needs in low energy
houses build according to current national building codes and to investigate the related
performance of water based heating and cooling systems while taking into account indoor comfort
requirements.

2. Methods
Building simulations were carried out with the building simulation software IDA Indoor climate and
Energy 4.0 [1,2]. IDA is applying weather data based on a test reference year including actual
outdoor temperatures, sun and wind data. The simulations were made for typical low energy
houses in Copenhagen and Helsinki with annual heating consumption in the range of 20 to 50
kWh/m2 per year and with heat loads in the range of 20 to 40 W/m2.
2.1

Building geometry

The simulations were made for building geometries corresponding to the current building codes in
Denmark and Finland. The buildings were modelled based on real buildings currently build by local
house manufactures. All employed data such as U-values, loads, ventilation and infiltration rates
were specified according to local building norms.
A floor plan of the Danish model house is shown in figure 1 with the corresponding building data in
table 1 together with the data for the simulated Finnish house.

Figure 1: Floor plan of the Danish house (south façade upwards).
Internal loads with a total maximum of 5 W/m2 (persons 1.5 W/m2 and equipment and lights
3.5 W/m2) were for each case specified according to a detailed schedule occupancy schedule.
The “Standard” dataset corresponds to the current minimum requirements in the current building
codes, whereas the “Low energy” datasets corresponds to an insulation standard indentified as low
energy in the respective building codes.
Table1. : Input data for building envelope, ventilation and infiltration
Danish house
2

U-values [W/m K]
External walls
Roof
Ground floor
Windows
Doors
Ventilation max efficiency
Infiltration

Finnish house

Standard
0.23
0.13
0.10
1.56
1.56

Low energy
0.18
0.10
0.09
1.09
1.09

Standard
0.17
0.09
0.16
1.0
1.0

Low energy
0.12
0.09
0.16
0.85
0.85

85 %

85 %

45 %

75 %

0.13 l/s pr m 2

0.06 l/s pr m 2

2 1/h

0.8 1/h

2.2

HVAC systems

The analyses were carried out considering the heat and cooling loads simulate over a full year with
1 hour time intervals. The heat loads were satisfied by two different systems:
The first system considered was a radiant floor system combined with a mechanical ventilation
system with heat recovery. The radiant floor consisted of 17 mm pipes embedded in 30 mm screed
with a spacing of 200 mm. The heat loss to the ground was calculated in accordance with the Uvalues stipulated in the building codes (table 1).
The inlet air of the ventilation system was supplied with a temperature of 18 °C. During the
summer period there was by-pass for the HRV unit when the outdoor temperature exceeded 18 °C.
The ventilation system was designed so that inlet air was supplied to the bedrooms and the living
room. The exhaust air was taken from the bad rooms, kitchen and entrance room. The applied air
chance was 0.5 ach for the total volume of the building.
The considered ventilation system was applied to ensure the minimum required air change rate.
Applying an HRV unit means that the ventilation system also contributes to heating up the house in
addition to the water based systems. For the heating contribution from the air system, an ideal
system with ventilation effectiveness of 1 is assumed.
The second system considered was a low temperature radiator system combined with a
mechanical ventilation system with heat recovery. The applied radiator system was designed with a
radiator in each room operating with a supply temperature of 55 °C and a return temperature of
35 °C. The radiator system was combined with a mechanical ventilation system with HRV unit
similar to the system applied with the radiant floor system.
2.3

Control principles

The embedded radiant floor systems as well as the radiator systems were controlled with PI
controllers. In that way it was possible to exclude control losses and focus on emission losses
when comparing the different systems.
The applied set points were in accordance with the national building codes. In the Danish cases
the set point for room operative temperature was 20 °C. In the Finish cases the set points were at
an operative temperature of 21 °C (22 °C in bathrooms). The supply water temperature for
radiators were 70°C for standards radiators and 55 °C for low temperature radiators. The supply
water temperature function for the radiant floors is depicted in figure 2.
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Figure 2: Supply temperature for the radiant floor system.

30

3. Results
3.1

Heat Loads

Exposing the test house to the Danish reference year shows that the heating season for the
standard house adds up to about 4500 hours while the low energy insulation and tightness
measures reduce the heating season to about 4000 hours. The low energy building standards
typically reduce the annual energy consumption by 30% or more while the peak loads only typically
reduce it by 15%.
The heat peak loads have been calculated excluding the internal loads and heat gains from the
sun. Transmission loss, infiltration and ventilation losses are calculated when the outdoor
temperature is -12°C and room the temperature is 20°C. The peak loads for the heat demand are
calculated for an air change rate at 0.5 ach supplied at temperature of minimum 18°C. The peak
loads for the heat demand are calculated for an air change rate at 0.5 ach supplied at temperature
of minimum 18°C. During the heating peak heat coil after the ventilation HRV unit needs 140 W to
heat up the inlet air to the set point, corresponding to an average of about 1.0 W/m2.

Figure 3: Duration curves for heat and cooling demand (Danish test house).
For the low energy house, average peak loads above 14 W/m2 (total 2000 W) only occur for a very
limited time period of about 70 hours per year. It is nevertheless crucial to take the extreme peak
into consideration when designing the capacity of the heating system, in order to meet the indoor
comfort requirements. There is a large peak load variation between rooms and peak loads of up to
22 W/m2 (south facing rooms) and 32 W/m2 (north facing rooms) can be observed during the
standard Danish reference year. Relying on average values for capacity design will most certainly
lead to discomfort.
The large variation in heat demands between rooms supports the need for controls with individual
room regulation. Furthermore, it is of course important that central heating systems are properly
commissioned and controlled in order to prevent improperly balanced water flows in the system.
A typical design misconception is that the free heat contributions from the sun, people and
equipment are equally distributed over time. As seen in figure 4 this is far from being the case.
Nevertheless, capacity dimensioning is in many cases done with average values, assuming an
average contribution from the sun and an internal load based on a specific number of people using
the house.
3.2

Cooling Loads

Several tendencies indicate that the need for cooling in residential buildings is increasing. This is
partly because we experience more extreme weather types, partly because people’s requirements
for indoor comfort are rising and last but not least because stricter requirements for tightness and
insulation have brought about significant cooling loads during the warmer seasons.

Figure 4: During the coldest month (January) solar transmission and internal loads nearly cover 40%
of the heat demand on an average basis. On the coldest day, however, the free contribution is less
than 20% (Danish test house).
The need for cooling is confirmed by the building simulation, which identifies significant cooling
loads that of course depend on applied solar shading. Peak loads of more than 60 W/m2 are
identified, in particular in rooms exposed to the south and south-west. In addition, for the cooling
loads a very high variation occurs, mainly due to the room orientation, so one has to be careful
when using average building values for design purposes. Direct sunshine has the most significant
influence on the cooling loads and therefore the cooling peak loads don’t necessarily occur on the
“warmest day”. Instead they are dependent on the building geometry and its orientation.
If there is no cooling at all in the building, the temperature will be outside the comfort range (2026°C) for about 20% of the time for a standard house and about 30% of the time in a low energy
house.
As can be seen in figure 3, shadings can reduce the cooling loads to some extent, but not fully
eliminate them. The applied external shadings have an 86% shading factor and the in-between
shadings have a 50% shading factor. The shadings are applied in the period from 1 March to 30
September and only during the daytime between 8am and 5pm, when it is assumed that the house
is not going to be occupied. Weekend occupancy patterns are assumed to be similar to weekdays.
The calculated cooling loads excluded the part being catered for by the ventilation system. The
inlet air of the ventilation system was supplied with a temperature of 18°C at an applied air change
rate of 0.5 ach for the total volume of the building. During the summer period there was a by-pass
for the HRV unit when the outdoor temperature exceeded 18°C. As long as the outdoor
temperature is lower than the indoor temperature it is possible to allow the cooler outdoor air to
enter the room and reduce any overheating effect.
Proper use of shading of the windows from direct sun radiation and other passive measures should
always be the first steps taken to reduce cooling loads. In the simulated case this can reduce
cooling peak loads to 25 W/m2. The remaining part of the cooling loads need to be removed by
active or passive means. Using electricity for active cooling by the ventilation system, will in most
cases not be possible within the nZEB energy frames.
Instead, by using a combined under floor heating and cooling system, the cooling need can be met
by using floor cooling with a flow temperature relatively close to room temperature, typically at 1517° C. With this favourable temperature level the cooling needs can be covered with minimal
energy consumption, for example via free cooling with a ground-coupled heat pump.

Figure 5: Cooling loads are present in
summertime as well as throughout the
intermediate seasons. Applying shadings can
reduce the building average cooling peak loads
to around 25 W/m2.

3.3

Figure 6: An under floor cooling system designed with supply water temperature at 14°C,
return temperature 17°C and thermostat set
point at 24°C yields a cooling output of 30
W/m2, sufficient to maintain the room temperature at levels below 26°C.

Energy consumption

The reference heat loads for space heating of 22.5 kWh/m2 for the Danish house and 32.7 kWh/m2
for the Finnish house respectively, resulting from the IDA building energy simulations. Due to the
emission and control losses, the space heating load from the water based systems are in the
range of 3-6% higher than the ideal space heating reference case. The radiant floors shows a
slightly better performance than low temperature radiators with respect to emission and distribution
losses, but as the calculated difference is below the normal accuracy of building simulation results
it cannot be concluded to be significant.
Table 2: Energy consumption of water based systems (incl. emission and distribution losses)
Danish house [kWh/m2]
Finnish house [kWh/m2]

Reference case
22.5
32.7

Low temperature radiators
23.7
34.5

Radiant Floor
23.2
33.8

The heat source energy consumption and primary energy demand is calculated as an example
using a typical low energy heat pump installation. Based on heat pump data (Alpha InnoTec, 6 kW
model) the seasonal performance factor has been calculated based on the norm VDI 4650 [4] and
experience data for customer behaviour. The resulting curve for the seasonal performance factor is
shown in figure 7.
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Figure 7: SPF, Seasonal Performance Factor for heat pump
annual energy consumption for low energy houses in Denmark and Finland
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Applying the SPF for the radiator systems (Tsupply =55°C), an ideal all air systems (Tsupply =60°C
for the heating coil) and the radiant floor system (Tsupply =32°C) shows that the heat pump annual
energy consumption will be approximately similar for the radiator system and the all air systems,
while the under floor heating systems will reduce the annual energy consumption with about 17%
for the Danish test house and 20% for the Finnish test house.
The space heating requirement for an all air system is not simulated in the present survey and thus
estimated as an “ideal” system with no emission losses, i.e. it’s assumed that an air system can
transmit energy to the rooms with 100% efficiency. In reality the ventilation effectiveness will be
less than 1 (typically 0.4-0.7) which will lower the performance of the all air systems. Despite the
“ideal” assumption for the all air system it still has the poorest energy performance when
considering the primary energy consumption as described.
The energy demand for space cooling is not presented in figure 7. Applying a heat pump
installation with a brine-water circuit allows using the heat pump in by-pass mode for cooling
purposes in the summer period. This cooling opportunity will only be possible applying the radiant
floor systems or the all air ventilation system, whereas the low temperature radiator systems
cannot be used for cooling purposes.

4. Discussion
The simulations have demonstrated that substantial cooling loads are introduced in houses build
according to current and emerging low energy building codes. If the focus is only on reduction of
the required heating energy, the comfort for occupants risks being neglected. It is important to
designs the building geometry in such way that periods with over temperature are minimized and
its equally important to design the heating, cooling and ventilation systems in such way that the
cooling loads can be removed efficiently with minimum extra energy consumption preferably using
free or renewable cooling sources.
Embedded radiant water based systems such as under floor heating and under floor cooling allows
heating and cooling at temperature levels close to ambient facilitating high energy efficiency. At the
same time water based systems allows an efficient removal of the summer cooling loads. As an
example an under floor cooling system can provide a cooling effect of 30 W/m2 in floors with
parquet surfaces at a supply water temperature on 15 °C, which is typical for a free cooling source.
Active cooling should of course be applied only after implying immediate measures such as natural
ventilation. Using shadings and marquises should also be considered as a first step to prevent
heat gains from the sun, but as demonstrated by the performed building simulations, shadings will
only partly remove the summer cooling loads.
Forced mechanical ventilation is obviously necessary due to the requirements for building
tightness and air change rates, but a typical heat recovery system can not alone provide the heat
input required for thermal comfort during peak hours during winter. Comparing the energy
consumption for a pure ventilation solution against a combined water based system also favours
the latter, since the large surfaces and low temperature levels in floor heating system ensures a
better temperature distribution in the occupant zones and a better efficiency of the heat source
used.
The over all efficiency of most energy sources strongly depends on the supply and return
temperature in the heating system, the lower the temperature levels, the higher efficiency. This is in
particular the case for condensing boilers (natural gas and biomass) and heat pumps. As
demonstrated, an under floor heating systems operating with a heat pump at favourable
temperature levels (Tsupply=32 °C) can reduce the annual heat consumption by approximately 20%
compared to a low temperature radiator system (operating at Tsupply=55 °C).

5. Conclusion
Nearly zero energy buildings are already being constructed and inhabited in significant numbers
throughout Europe. Reducing the net demand for space heating has proven to be successful,
when applying passive measures such as improved insulation and building tightness. Various
aspects of comfort, energy efficiency and optimised use of primary energy calls for an integrated
design approach for building architecture and building services.
If the focus is only on the reduction of the required heating energy, there is a risk that the comfort
of the occupants is neglected. It is important to design the building geometry in such a way that
periods with temperatures outside the thermal comfort criteria are minimised. It is equally important
to design the heating, cooling and ventilation systems in such a way that the cooling loads can be
removed efficiently with minimum extra energy consumption, preferably using free or renewable
cooling sources.
In order to utilise our energy resources in an optimal way, it is suggested that integrated low
temperature water-based systems are a key element in the future construction design practice and
energy system design. The present study of low-energy buildings concludes that thermal comfort
with minimum energy consumption is achieved with a combination of low temperature water based
under floor heating systems and ventilation with heat recovery. Embedded under floor heating
systems has in addition the advantage of being able to cater for the cooling loads occurring in the
summer time. The cooling loads can be efficiently removed at favourable temperature levels by
using free cooling sources with a ground coupled heat pump
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Summary
HosPilot is a project which is focused on energy efficiency in hospitals. This paper describes the
HosPilot methodology and the process of gathering information, detailing requirements per room
type, making an inventory of the existing systems and infrastructure and knowing the limitations in
order to come to the HosPilot energy conservation opportunity selection. The HosPilot
methodology serves the technical staff of the hospital as a quick decision support tool.
Depending on what option the user selects, the tool will give the user the expected energy savings
and an estimation of the installation costs, or at least an indication of the installation difficulty. In
order to be able to calculate the effect of applying an ECO at the push of a button, the energy
demand that a particular room or space is expected to have, both before and after applying that
ECO, needs to be understood. Therefore, instead of relying on existing tools to obtain an energy
baseline, energy consumption models have been built into the HosPilot methodology. The HosPilot
tool frees the user from the burden of translating the effect of an ECO in the room or in the building
into the data that the use of a standard simulation tool would require.
Keywords: energy saving, hospitals, energy saving measures, HVAC, lighting, ICT

1. Introduction to HosPilot project
HosPilot is a project which is focused on energy efficiency in hospitals. Hospitals use large
amounts of energy due to high comfort and hygienic requirements and different user behaviour as
well as usually – in terms of energy efficiency – not appropriately designed buildings and
installations. The project is initiated by EU (contract no. 238933) and involves 11 partners (of which
3 are hospitals in Spain, the Netherlands and in Finland) in 5 European countries. The project
belongs to ICT Policy Support Programme. It has started in March 2009 and will end in February
2012.
There are energy saving technologies which can be further improved by adding intelligence to the
technical building service systems. Building automation and ICT play a vital role to achieve
significant energy reduction in the complex environment of a hospital. HosPilot demonstrates and
assesses high potential energy efficiency improvements in existing hospitals. The primary focuses
of HosPilot are the functional aspects and energy conservation while ensuring comfort and a good
indoor climate.
The main objective of the project is to develop a methodology for analysing the energy efficiency
improvements in an existing hospital. This will be achieved by identifying the key requirements for

hospitals regarding the building itself, its surroundings and usage and then describing the hospital
into a generic methodology addressing the needs and identifying the most energy efficient solution.
Existing energy technologies will be grouped together to offer one holistic approach. The
methodology considers energy saving opportunities in the domains lighting, heating, ventilation
and air-conditioning (HVAC).
The methodology will be proven by creating 3 pilot sites in the partner hospitals and by monitoring
those pilots in the period of one year. In this process, the methodology will be improved further and
the calculations calibrated based on actual measured savings.

2. Overview of the HosPilot Methodology
2.1

Introduction

The HosPilot methodology is envisioned as an expert system providing the technical advisor or
facility manager of a hospital information on possibilities for energy saving by making educated
choices between different available technical improvements for lighting and HVAC. The basis of
these choices is the opportunity for energy conservation that those technology solutions offer. The
basis of the selection is the estimated payback period / total cost of ownership, or, if this is not
possible to access without an in-situ investigation, the relative installation difficulty.
The main aims of the Methodology are:
Provide expert knowledge in the form of an energy saving service (PC based or web-based
tool / expert system)
Enable choosing the most energy efficient technical solutions for lighting and HVAC
Enable estimation of energy savings and installation difficulty / installation costs
2.2

The User’s View on the Methodology

The layer diagram in Figure 1 shows the process of gathering information necessary to come to
the HosPilot suggestion. This is how the user of the methodology tool (the facility manager or
technical advisor) will approach his case.
Starting from the outside, the first four steps represent the gathering of the necessary hospital data.
This data includes details about the existing system, hospital requirements and limitations, as well
as details about the hospital building. The heart of the system are the energy savings calculations
that compile the input and, based on available data about possible energy conservation
opportunities, propose applicable energy saving options on room / area / system or building level
and possibly related additional information as expert advice.

Fig. 1 Gathering of the HosPilot information and coming to the solution

As the first step the user has to fill in general hospital data such as location, etc. Then he chooses
the rooms that they want to refurbish, defining the number and type of rooms and the geometry of
the typical rooms. The questions are based on local regulations and local default values, helping
the user to fill in room data and room requirements easily. The existing HVAC and lighting system
and equipment need to be described in a way which facilitates the energy calculation of the
existing situation.
According to the hospital needs and its budget, the HosPilot tool will propose appropriate solutions
by analyzing existing systems. It also takes into account default room requirements, based on
European and national norms and standards applicable for lighting and HVAC. The Hospilot
methodology will give applicable solutions for the selected rooms, and the energy demand for them
is calculated.
To make these appraisals, the hospital baseline energy demand in the existing situation is
calculated and after that the annual savings and the associated investment cost, based on the
chosen energy saving measures. The methodology does not estimate the cost of interventions on
complicated building level HVAC, it only provides installation difficulty indications as this highly
depends on the specific situation.
Finally, the HosPilot engine generates a report, showing which Energy Conservation Options
(ECOs) and their combinations are achievable, proposing additional energy saving measures, and
giving the effect of each ECO on the annual energy consumption. Moreover, energy savings on
building level also appear.
2.3

The Benefits of the HosPilot Methodology

In the complex environment of a hospital, HVAC and Lighting account for nearly 80% of all energy
use. The potential savings achievable with investments with a payback time of less than seven
years can reach 40%, HVAC and lighting being the major contributors. Half of it, being 20%, can be
attributed to the impact of building automation and different ICT solutions.
The HosPilot service provides a very valuable help for any hospital manager, combining expertise
on HVAC, lighting, and ICT. The HosPilot tool makes it possible for the technical hospital staff to
simulate different refurbishment scenarios, watch instantly their estimated impact, and therefore
decide the best way and place to invest money. To obtain the same results without the HosPilot
service, a decision maker has to consult separately one expert for lighting, one expert for HVAC,
and then analyze and compare the offers, which often reveals itself as a tricky exercise.

3. The HosPilot Methodology in Detail
3.1

Structure

An overview of the HosPilot Methodology is shown in Figure 2. The methodology consists of the
input part where the user defines the initial data, the calculation part where the energy demand of
the existing situation is calculated and the output part where the energy saving opportunities
(which in the methodology are called ECOs, Energy Conservation Opportunities) applicable to the
existing situation are analysed.
To be able to handle the different areas of energy use, the HosPilot package consists of three
mutually dependant sub-packages.
The HVAC sub-methodology – a set of methods and algorithms giving a recommended
set of HVAC energy saving opportunities as output. This set is based on a calculated
indication of possible energy savings based on the user’s input and expert data.
The lighting sub-methodology – follows the same logic as the HVAC methodology,
offering a number of recommended energy saving improvements in the lighting area. The
interdependencies of the lighting and HVAC energy savings are taken into account to some

extent.
The monitoring sub-methodology – a choice algorithm giving recommendations about a
set of standard measurements to be done in order to be able to follow and compare the
energy savings achieved by the HVAC and lighting improvements. The recommended
measurements and methods depend completely on the chosen energy saving measures
and the existing situation.

Fig. 2 Overview of the HosPilot Methodology and its different features

3.2

Inputs and Outputs

The inputs for the HVAC / lighting methodology, to be filled in by the end-user, are as follows:
Hospital building location (longitude, latitude, country, city, et cetera)
Building data – details about orientation, outer envelope and structure, et cetera
Room level data – details about applicable room geometry (envelope) data (windows, walls,
room size, et cetera)
Details about the existing HVAC / lighting system (building level, system level, room level)
The internal HosPilot data includes:
Applicable hospital norms, per country, for lighting and HVAC
Weather data (including various locations in Europe)
Technical solutions in lighting and HVAC
ECO applicability criteria in different technical HVAC and lighting systems
The outputs are:
Applicable ECOs or combinations of ECOs
Indication of energy savings per ECO or combination
Indication of installation costs or indication of installation difficulty
Set of expert’s recommendation for system energy efficiency improvement, taking into
account the restrictions by the existing system and including structural improvements
3.3

Energy Conservation Opportunities (ECOs)

A number of ECOs and ECO combinations that provide maximum energy savings (possibly with
indication of installation price / difficulty) are selected. The processing steps in the methodology are
the following:
1. Based on the user input and on the reference data, the total energy demand per room type for
HVAC / lighting is calculated. This energy is used in the calculations of the energy savings as
the existing energy consumption which can be optimized using one or more ECOs.
2. For each ECO and possible ECO combination the optimized energy demand is calculated
3. The difference between the reference consumption and the demand with use of ECO - the
estimated energy savings – is used as the input for the choice algorithm
4. The cost analysis includes the purchase costs, hardware cost (as far as possible and indicative
if this cannot be determined exactly), an indication of the installation price, or at least an
indication of how difficult the installation job is
5. Based on choice criteria, a number of ECOs and combinations are offered to the user
6. The interaction between ECOs – dependencies influencing the energy savings some ECO
promises if another ECO is applied
7. Order of ECO implementation, interactions between implemented ECOs
8. A set of expert advice applicable to the analyzed case (so, taking into account the existing
systems and infrastructure).
The following energy saving opportunities in the HVAC-systems are included in the methodology:
Room-level energy saving opportunities:
Time schedule for controlling ventilation, heating and cooling
Presence detection for controlling ventilation, heating and cooling
Heating/cooling dead band
CO2 concentration control for ventilation
Magnet window contacts and Blinds control for heating and cooling
System-level improvements:
Heating curve for heating system
Heat recovery in air handling units

The following energy saving opportunities in lighting are included in the methodology:
Indoor lighting energy saving opportunities:
Time schedule
Presence detection
Day-light sensor
Manual dimming
Automatic sensor
Also the changing of luminaire and lamp type are considered to produce the required illumination
level with optimal energy consumption.
Outdoor lighting energy saving opportunities:
Replacing luminaires and lamps
Dimming
Telemanagement
3.4

Expert Advice

In addition to the energy savings and cost impacts the HosPilot methodology gives also additional
expert advice related to the existing installation, building improvement, additional energy savings
ambition, etc. The expert advice consists of material that has been collected by the HosPilot team
during the project. Some of the material originates from other projects and some of it is based on
the energy auditing experiences of the HosPilot team members.
The expert advice in the final version of the methodology includes, depending on the input by the
user, comments and advice on the following issues,:
limitations in the application of ECOs to the different HVAC systems
issues to be taken into account on HVAC system level when applying room-level ECOs (the
advice will depend on the existing HVAC system and the chosen ECO)
how to improve HVAC system level energy efficiency
how to improve the efficiency of the heating or cooling energy production
how to improve the building envelope
how to improve the air-tightness of the building envelope

4. Pilot Sites verify the Methodology
4.1

The Purpose of the Pilots

The piloting activities in the three hospitals are ongoing. The aim of the project is to find
applications that can be permanently used rather than only on this pilot project. These applications
may serve as an example for the rest of the hospital, so that they can be introduced there as well.
The hardware specifications for each pilot have been brought to practical implementation steps.
Almost all relevant parameters are now real-time monitored and will be concentrated into a single
server where data will be charted and analyzed. The main aim of this monitoring phase will be to
prove the results predicted by the methodology.
The methodology energy calculations for each ECO type will be calibrated based on the results
from the pilot sites and also checked against the results of simulations using dynamic calculation
tools.
4.2

The Pilot Sites

4.2.1 EPSHP hospital, Seinäjoki, Finland
The pilot area in the EPSHP Seinäjoki hospital consists of ward H02 (half of the 0-floor in building

H) having a floor area of about 1000 m2. This area is compared to ward H01, which is similar in
construction and use and also equal in size. The pilot area includes patient rooms, corridors,
personnel rooms, storages and toilets. The main HVAC systems (air handling units, riser ducts,
radiator network piping, etc.) were not renovated when the pilot area wards in H02 were renovated.
Air terminals in supply and extract and also radiator valves and water faucets were renovated.
The HVAC system pilots will be carried out between selected rooms: some rooms have state-ofthe-art equipment, such as variable air volume ventilation and others have the normal / traditional
equipment, such as constant air flow and ordinary thermostatic radiator valves.
The whole electricity distribution in the H02 area was renovated and for lighting systems state-of–
the-art equipment, such as LED-tubes and advanced controls, such as presence detection were
installed. In the state-of-the-art-part, the installations include DALI-gateway technology. This area
will be compared with the other half of the floor (H01) with conventional equipment such ordinary
fluorescent lights and manual on-off lighting switches.
All controlling will be implemented with room controllers communicating over a LonWorks field bus
connected to the hospital building automation system via IP-network. Lighting and HVAC
controllers and user interface devices will share information, such as room occupancy status, over
the LonWorks field bus.
4.2.2 UMCG hospital, Groningen, The Netherlands
The UMCG is focusing on a number of aspects within the HosPilot project by introducing more
efficient and smarter lighting and climate control systems. A number of actions have been
completed at two Neurology/Neurosurgery nursing wards. On the nursing wards a lot of new
sensors are installed; they guarantee the right lighting at the right moment.
In the UMCG corridor lighting has been installed with more possibilities for dimming the light and
also a new ‘colour’ of light. It uses LON-module technology, connected to the Building
Management System (BMS). Thanks to the BMS, different time schedules are defined and lighting
is different according to these schedules. Also climate control will be improved via smarter
technologies.
A new HVAC system has been installed in one department with window sensors, carbon dioxide
sensors, radiator valves and air valves. All of them are connected to a smart box, so their
information can be shared.
4.2.3 Seris hospital, Logrono, Spain
The hospital HVAC system consists of air-handling units and fan coils as energy supplying
elements. Some rooms with and without energy saving functions will be compared. The energy
saving technologies of the fan-coils include occupancy schedules of the rooms, presence detection
strategies and window status monitoring. Optimization of ventilation air delivery controlling the
position of dampers and VAV boxes will also be piloted, based on presence detection and CO2control.
Lighting pilots include the corridor of the third floor and the waiting area for outpatient consultation.
There are good possibilities for testing daylight sensor in the room with large windows. As the
corridors have two parallel and similar parts, one of them is taken as pilot to be compared with the
other where no changes to the existing situation are introduced. Replacing luminaires while at the
same time upgrading to the more efficient T5 technology with presence detection controls will be
piloted.

5. Conclusions and Future Tasks
The HosPilot Methodology / energy saving service will provide advice on how to reduce energy
consumption, and it will suggest an ICT based system that will significantly reduce the energy consumption in the hospital. This service will be disseminated to the open market, so the total service
can be exploited as one package by the consortium and/or other organisations, e.g. SMEs, consultancy agencies specialised in energy efficiency.
During the first two years of the HosPilot project the complete tool architecture has been designed,
as well as a demo-system that is supporting a limited number of ECOs. The project consortium is
now planning to continue developing this demo-system into a final software tool. The Excel
implementation of the tool will be further refined during the HosPilot project. Also, while the current
implementation focuses on partial refurbishments, the option for more drastic renovations needs to
be made available.
In subsequent tasks the methodology will be calibrated against the state-of-the-practice tools
Riuska (DOE-based tool) and EnergyPlus. Actual measured data from the three pilot sites will also
be used to calibrate the Methodology.
Also the business model for our HosPilot service will be improved, although the mechanism for
maintenance will be a key issue, for ensuring that state of the art information regarding the latest
available technologies is always available in the tool.

6. References
The HosPilot Methodology and the piloting activities are described in detail in the project
deliverables.
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Summary
The fundamental ideas, logic and thoughts that led to the definition of the requirements for an
energy efficient building that warrants green points according to the Israeli Green Building
Standard, is presented. Emphasis is put on the sections concerned with: Bio-climatic, Passive and
Low Energy architecture of the building, design for minimal energy consumption for cooling,
heating and lighting via building envelope optimization, as well as design for solar rights for the
proposed building and the close surrounding environment: buildings and open spaces.
Keywords: Standardization, green architecture, energy, passive & bio-climatic design.

1. Introduction
Green Architecture has recently gained momentum to become the current fashion and the main
stream architectural practice. Hence, one would expect bio-climatic, passive and low energy
architecture to grow up with the Green Architecture movement. However, it didn’t happen. By
examining carefully different projects that are labeled “Green Buildings”, the author found the
reasons for that are [1]:
1. Current environmental assessment methods commonly use simple ‘point hunting’ approach
[2,3]. As a result, the developers are looking for “cheap points” that are easy to obtain. Energy
points are, in general, expensive ones. Hence, the developers are trying to avoid them.
2. This means that even if the rating system containes one third of all possible points assigned to
energy efficiency [2], nevertheless, in order to be labeled as a “Green Building”, there is no
obligation to do it, as one can get the minimum score required for a building to be labeled
green with only slight improvement in the energy performance of it.
3. Moreover, even when energy efficiency is considered, it may be achieved merely by improving
the mechanical, electrical and hot water systems. There is no need to improve the architectural
design from bio-climatic and low energy architectural aspects [1].
The Israel Green Building Standard ST-5281: “Buildings with Reduced Environmental Impact” was
first issued on November. In 2008 it was decided to review periodically this standard at least every
five years, in order to adapt it to scientific and technological developments. This paper refers to the
revision of this Green Building Standard, as was approved by the expert committees but has not
yet been approved by the public. Hence, changes may be introduced.
At the stage that this paper is written, eight parts are included in the revision, which are: Part 1 that
presents the general requirements, parts 2 to 9 are devoted to different buildings types that
includes: Residential, office, education, hotels, healthcare, retail, public and industrial buildings
respectively. All types of buildings include the same categories, but the sections and points

allocated to each section and category are not always the same. In this paper all examples are
brought from the ST 5281 Part 2 (residential) [4].
As many other current environmental assessment methods, the Israeli Green Building Standard
uses the ‘point hunting’ approach. According to the number of points achieved, the building may be
labelled as a “Green Building” on five “Green Grades” levels: Green (55-64), Silver (65-74), Gold
(75-82), Platinum (83-89) and Diamond (90-100).
The number of points allocated to each category of ST 5281 Part 2 (residential) was determined by
the Residential Expert Committee, which decided that the energy category is the most important
issue in Israel and should get 40% of the total points available. Water and Land are second in
importance and should get 17% each. The rest of the points will be allocated to all the other
Categories. Thus the revision for ST 5281 Part 2 (residential) allocated points to the different
categories as follows: Energy (40), Site (17), Water (17), Materials (6), Health and Wellbeing (9),
Waste (4), Transport (1), Management ( 4), Innovation (2), Total: 100 points.

2. The Energy Chapter of the Israeli Green Building Standard
Based on the above mentioned observations and in order to avoid the faults that were mentioned
above, the Energy Chapter was divided into two sub capters: 1.1. Building energy performance
and 1.2 Building services systems. As the life expectancy of a building in Israel is about 50 to 100
years and that of the building systems is about 15 to 20 years only, the requirements for these two
groups of the energy sub-categories should differ and we can’t treat them on equal footing when
assesing the energy consumption of the building.
The Energy Consumption of the Building services systems, like the mechanical equipments is
controlled under an Israeli Standard that defines the minimum required efficiency for each system,
while the Energy Consumption of the building is carried out according to the Israeli Standard IS
5282 “Energy rating of the building” [5]. In IS 5282, the calculations of the energy consumption for
heating, cooling and daylighting for a proposed building design, as well as for the reference one,
are performed according to the electricity consumption of an Air-condition system, with a required
minimum COP. Thus, only the architectural aspects are considered under IS 5282.
Solar systems, like solar water heating and PV, are not in included in the sub chapters “Building
energy performance” as their life expectancy is much shorter than that of the building. On top of it,
solar systems for water heating is mandatory in residential buildings in Israel for more than 30
years, so no points can be granted for it. Only in cases where it is not mandatory, solar water
heating systems can be awarded points according to the size and efficiency of the system.
PV is not mandatory, but as it is highly subsidized by the government, the decision was to consider
it as a separate issue.
The sections and the maximum availabe points in each section of the sub-chapter “Building Energy
Performance” are: 1.1.1 Bioclimatic Design – Passive heating and cooling (4pt), 1.1.2 Bioclimatic
Design – Sun and shade (7pt), 1.1.3 Energy Efficiency according to SI 5282 (25pt), 1.1.4
Daylighting of public indoor areas (1pt), 1.1.5 Drying Space (1pt) and in the sub-chapter “Building
services systems” are: 1.2.1 Energy Lighting Performance (4pt), 1.2.2 Water Heating (5pt), 1.2.3
On-site Renewable Energy (4pt), 1.2.4 HVAC Systems (7pt), 1.2.5 Sub-metering and control (2pt).
1.2.6 BEMS, Building Energy Management System (1pt), 1.2.7 Internal transportation systems
(1pt). As the total available points of all sections in the energy chapter exceeds the maximum
points allocated to it, there is a freedom to choose the issues that the design team would like to
apply to a particular project. However, there is a minimum required number of points that should be
achieved in each sub-category in order to achieve “Green Building” label rating for each level.
Moreover, there is a requirement to achieve in a new building energy rating of at least grade C
According to SI 5282 [5] for the "Green Building" Label Rating (see Table 1).

Table 1: Minimum Standards of Energy Scores of "Green Building" Label Rating
______________________________________________________________________________________
Characteristic
Green
Silver
Gold
Platinum
Diamond

1.1. Building energy performance
1.2 Building services systems
At least Level According to SI 5282

12
5
C

16
7
B

19
8
A

22
9
A+

26
11
A+

The author of this paper was in charge of the revision of the building energy performance subchapter. She put an emphasis on the improvement of the architectural design, i.e. implementation
of bio-climatic and passive solar solutions as well as on minimizing the energy consumption of the
building. In this paper we will present in details the energy related issues of the first energy sub
chapter “Building energy performance”.

3. Building energy performance
The sub-chapter 1.1 Building energy performance includes the following sections:
1.1.1 Bioclimatic Design – Passive heating and cooling (4pt)
1.1.2 Bioclimatic Design – Sun and shade (7pt)
1.1.3 Energy Efficiency according to SI 5282 (20pt for new buildings, 25pt for retrofitting)
1.1.4 Daylighting of public indoor areas (1pt)
1.1.5 Drying Space (1pt)
The total points allocated to new buildings for all these sections are 33. However, for achieving the
highest grade “Diamond” only 26 points are required (see table 1). Therefore the design team has
the freedom to choose the subjects that fits best the project in the local context, as long as the
building is rated A+ according to the Israeli standard IS 5282. To be rated A+ means that the
building should save in climate zone A (Tel Aviv climate) at least 35% relative to a reference
building. By achieving grade A+ the building already gets 20 points which means that at least
another 6 points must be chosen from the other sections of sub-chapter, like bioclimatic design,
daylighting of public indoor areas (in multifamily residential buildings), and drying space for the
laundry. All this requirements grantee that energy efficiency will be achieved by good design of the
building and not merely by improving the building services systems.

4. Bio- climatic Design
The Bio-Climatic design includes the following subjects: a. determining bio-climatic design
strategies and applying passive and low energy design systems for passive heating and cooling
and b. environmental assessment in regards to the sun and shade.
4.1

Passive heating and cooling

The intent of this section is to encourage energy efficient building design using passive heating
and cooling techniques. The first part of this section includes Bio-climatic analysis and determining
the design strategies that fit best the project location. The requirement is to present the climatic
conditions; temperature and relative humidity on a Bioclimatic Chart, in order to determine the
suitable passive and low energy strategies (Fig. 1). The Bio-climatic analysis is a prerequisite
without awarding any point for it. It may be perform manually, or by using computer programs like
PASYS [6]. The second part includes the physical application of passive heating and cooling
systems according to the environmental-climatic design strategy appropriate for the location and
ensuring natural ventilation in the building [7]. The passive systems to be applied in the project and
the building area served by each system should be presented in schematic drawings. The points
are determined according to the floor area of the building devoted to the primary functions that is
served by passive system for heating or for cooling. The passive systems to be applied and the
building area served by each system, should be documented and presented (Fig. 1).

Fig. 1. Shaviv House - A Passive Solar Residential Building: Example of solar retrofit of existing
building located in a high density urban area [7]. The passive system is a “Central Window Sunspace
System (CWSS)” that collects the solar radiation at the roof top and transfers it to the first floor that is
shaded by its neighbouring building. The CWSS serves also as wind chimney and thermal chimney
that ensuring natural ventilation in the building (Arch. Edna Shaviv).

4.2

Sun and shade

The building density in Israel is one of the highest in the world. The green code, as its name
declares, “Buildings with Reduced Environmental Impact”, should ensure suitable environmental
conditions to the surrounding buildings and open spaces, as well as the building itself in regards to
the sun and winds. (Winds analysis were first located in this chapter but was moved to the chapter
“Health and Wellbeing”). Therefore, the intent of this section is to maintain the solar rights of the
planned project and of the buildings and open areas in its close environment.
Analyzing the shadow cast by the surrounding buildings and objects and the shadow cast by the
designed building on its close environment is a prerequisite without awarding any point for it. This
analysis can be carried out manually, according to a prescription/description approach [8], or by
using computer programs like SHADING [9] if the performance approach is applied (See Fig. 2).
Points are awarded according to achieved a predefined amount of solar exposure of the designed
project, as well as the closed environment of: a. the solar systems (PV and water heating solar
collectors), b. the building elevation, mainly in the southern section, and c. the open spaces of the
proposed designed building. Moreover, the building should comply with the requirements of
keeping the solar rights of the neighbouring buildings and open spaces [8]. The last requirement is
mandatory for buildings taller than 90m or those taller than 45m if their length is greater than 45m.
Another point is awarded when 20% of the main open area of the project is designed for achieving
summer shading, while keeping the winter required insolation. This might be achieved by fixed
shading devices, or evergreen trees, in areas which are shaded by building masses during the
winter or by dynamic shading devices including deciduous trees, in areas which are not shaded by
building masses during the winter.
Zone A

Zone C

Zone B

Zone D

Fig. 2: Solar Rights Requirements – The Descriptive approach

5. Energy Efficiency according to SI 5282-1
Achieving points for minimizing the energy consumption of the building that is required for heating,
cooling and lighting, is based on the Israeli Standard SI 5282 [4]. This Israeli Standard offers
prescription/description methods as well as a performance method to evaluate the building energy
consumption. The energy performance method defines a reference building that complies with the
mandatory Israeli Standard 1045 [10] that prescribes the required insulation and shading of the
building envelope. Saving 20% of the energy consumption of the reference building is a
prerequisite in all climatic zones, except in zone D (the Jordan Valley) that has a very hot climate.
There are 5 grades. The percent required for achieving of D to A+ rating is different for residential
and commercial buildings. Moreover, these numbers are not the same in the four climatic zones of
Israel as it was impossible to achieve 40% energy savings in the hot climatic zones, like in the
temperate cool zone C (Jerusalem climate). The hotter the climate is the less saving could be

achieved. However, in all climatic zones, energy rating of A+ provides the green building with 20
points, while energy rating of C wins 5 points only. Achieving the same level of energy efficiency in
existing buildings is more difficult. Hence each energy rating grade gets higher score (see table 2).
Table 2: Energy Rating of buildings in IS 5282 and IS 5281
___________________________________________________________________

Compliance level

New building

Existing building

Level D
Level C
Level B
Level A
Level A+

-

5
5
10
15
20

10
15
20
25______

The Israeli standard IS 5282 emphasizes the building architecture: envelope insulation and
shading, windows size and orientation, building thermal mass and night ventilation for passive
cooling, as well as the building geometry, compactness and proportions. This is in contrast to
ASHRAE 90.1 [11], the scope of which is: “This standard provides: minimum energy-efficient
requirements for the design and construction of: 1. new buildings and their systems, 2. new
portions of buildings and their systems, and 3. new systems and equipment in existing buildings.
To ensure that the building is mechanically heated in winter or cooled in summer, the requirement
is: “The provisions of this standard do not apply to: … buildings that do not use either electricity or
fossil fuel”. Moreover, there is a minimum requirement of the capacity of the HVAC systems:
“provided that the enclosed spaces are: 1. heated by a heating system whose output capacity is
greater than or equal to 3.4 Btu/h·ft2 or 2. Cooled by a cooling system whose sensible output
capacity is greater than or equal to 5 Btu/h·ft2. This means that the emphasis in ASHRAE 90.1 is
put on improving the mechanical system, and not on the design of the building.
To cope with the scope of ASHRAE 90.1, the reference building is defined in appendix G according
to the geometry of the proposed building, an action that practically eliminates the influence of the
building’s geometry. Contrary to this, the reference building in IS 5282 is defined with fixed
geometry and depth to allow daylighting. In such a way the geometry of the proposed building is
considered and is influential. On the other hand, In IS 5282, the calculations of the energy
consumption for heating, cooling and daylighting for a proposed building designed, as well as for
the reference one, are performed according to the electricity consumption of an Air-condition
system, with a required minimum COP. Thus, only the building energy performance aspects are
considered under IS 5282.

5. various issues
5.1

Daylighting of public indoor areas

The Intent of this issue is to reduce energy for electric lighting in all public communal indoor spaces
that are in daily use, like lobbies, stairways, etc. The minimum required window area is 3% of the
floor area of these spaces. The location and details of glazed areas, designed for these public
communal indoor spaces and the building area served by it, should be documented and presented.
5.2

Drying Space

Providing drying space for the laundry is very common in Israel. In the past, it used to be a place
on the common roof. Later, it was replaced by providing each apartment with a special space
adjacent to a service balcony. However, as dryers became quite popular, there is a tendency today
not to provide such spaces any more. The expert committee for the energy chapter, as well as the
committee for residential buildings, decided to encourage energy saving for drying laundry by
providing an adequate space it. This space may be either an outdoor space, like balcony, or
special space outside the building (see fig. 4), or on the roof. Only in public areas like dormitories it
may be an indoor space with adequate, controlled ventilation. The fixing for hanging the laundry
needs to be a permanent feature. The location of drying fixings and details should be documented
and presented.

6.

Fig. 3. Solar collectors for Hot Water

Fig. 4. Drying Spaces: Left,. Hidden Space adjacent
to a utility balcony in each floor of a High rise
residential building. Right: Drying space in Low rise
private house.

Discussions
In order to guarantee that Green Buildings will be designed as Low Energy ones and in order to
avoid the faults of the present situation that the minimum required points for energy saving may be
achieved with no need to design the building as a low energy one, the following criteria and rules
were imposed:
a. The Energy Chapter should get sufficiently more points than other green categories.
b. A minimum required points from the energy chapter should be obligatory in order to achieve
each “Green Grade” level.
c. Low energy architecture requirements are imposed based on achieving a minimum required
predefined Energy Rating for each “Green Grade” level according to IS 5282.
d. “Passive and Low Energy Building Design” should be treated separately from the hot water
systems (that is mandatory in Israel) and the mechanical systems (AC and others, like elevators)
and Bio-climatic analysis should be required as prerequisite without awarded points for it.
Therefore, the Energy Chapter is divided into two main Parts: The building energy performance
and the building services systems performance. This separation is also important because the
building is designed to outlive the services systems by a large margin.
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Summary
The requirements to future commercial buildings are numerous. Energy consumption must be
minimised and the necessary building services must be provided in the most sustainable way in
order to ensure adequate indoor climate and healthy conditions for the users. Several tendencies
indicate that the cooling needs in commercial buildings are increasing due to changed indoor comfort requirements, more extreme weather types and new building codes with stricter requirements
for the tightness of building envelopes. A promising strategy for sustainable cooling is water based
solutions utilising large radiant surfaces at relatively high temperatures, coupled with free cooling
sources. By using large surfaces, both heating and cooling can be obtained at temperatures close
to ambient, which offer optimal operating conditions for integration of renewable energy and free
cooling. In buildings where occupancy pattern yields large cooling loads during day time, embedded water based systems can in addition yield substantial peak load reduction and consequent
plant size reduction. The present study investigates the feasibility and performance of radiant cooling systems in different climatic conditions. Non residential building types in different climate zones
(tempered, inland subtropical and costal tropical) were examined based on full year dynamic simulations. For each climatic zone a typical construction was exposed to a test reference year to validate the influence of climatic parameters including external temperature, humidity and solar radiation. The results show that the radiant cooling systems can satisfy the operative temperature requirements in all climatic conditions and at the same time reduce the overall energy consumption
up to 60% compared to traditional HVAC systems. The greatest energy reductions can be
achieved in climates where the energy demand for cooling is greater than the energy demand for
heating. In cold climates the reductions can be smaller but always of the order of 20-30 %.
Keywords: Office buildings, Cooling, Heating, Radiant, Comfort, Energy efficiency, TABS

1. Introduction
The building mass account for approximately 40% of the total energy consumption in Europe and
the majority of this energy is used to maintain adequate indoor climate conditions by heating, cooling and ventilation. It is estimated that about a third of this energy consumption can be eliminated
by using known technologies with a very short pay back time. There exist thus a big savings potential that can be achieved by an integrated optimisation of the buildings architecture, thermal envelope and the technical HVAC systems.
A sustainable strategy for both heating and cooling is water based solutions utilising large radiant
surfaces applying high temperature cooling and low temperature heating. Low energy consumption
is this achieved by maintaining a mean operating water temperature (18 - 28° C) that is close to
the ambient temperature. This increases the efficiency of heat sources such as heat pumps and
enables the use of renewable energy and sources of free cooling. Radiant systems are embedded

in the building's structure, which leaves visually clean surfaces, with no obtrusive and disturbing
appliances, and flexible indoor architecture. At the same time radiant systems operate practically
noiselessly, and, as they minimise air circulation, discomfort from draught and dust is minimised.
While radiant systems are well know and adopted in central European countries, the technology is
still emerging in north and south of Europe. The present paper recaps the major characteristics of
radiant systems applied for offices spaces and provides a case study assessing radiant system
performance in 8 different European locations.

2. Office Indoor Climate
Creating a comfortable environment in commercial structures is a critical design consideration. The
indoor environment in office buildings directly affects both sick leave and work performance. The
direct and indirect cost of a sub-optimal office indoor climate can easily be as high as the costs of
heating, cooling, and ventilation. Comfortable employees are more productive, and at the same
time sick leave is minimised.
Naturally, the work environment is affected by many factors, including temperature, air quality,
ventilation, acoustics, and daylight. Ventilation is always required, to ensure adequate indoor air
quality, but in combination with a radiant heating and cooling system, the ventilation system can be
optimised to provide exclusively good-quality indoor air.
Quantitative relationship between the indoor climate quality (ventilation rate and temperature) and
productivity, sick-leave and performance is well documented [1,2]. Sick leave is directly affected by
the ventilation rate and work performance depends on perceived air quality, ventilation rate as well
as thermal environment. The relative performance as a function of temperature has an optimum at
22 ° C with decreased performance rates observed at under as well as over temperature.

3. Radiant system characteristics
Typically applied radiant systems for office environments spans from traditional under floor heating
and cooling systems over various wall and ceiling integrated systems to thermally active building
systems where pipes are embedded into the concrete slabs. Heat output of up to 100 W/m2 can
typically be achieved with floor and ceiling systems whereas cooling output of typically 60 W/m2 is
achievable with thermally active building systems and up to 75 W/m2 cooling can be achieved with
comfort panels for suspended ceilings.
3.1

Energy efficiency

Low temperature heating and high-temperature cooling is the key to energy efficiency in highperformance buildings. With a low-temperature radiant heating system, energy source efficiency
will significantly increase in comparison to traditional, high-temperature systems and air heating.
This results and reduced primary energy consumption. The feasibility and performance of thermally
active building systems has been investigated in [3] with results showing energy savings of 25-60 %
and thermal comfort yielding a decrease of extended air circulation of 25-75 %.
3.2

Free cooling

In office buildings, the need for cooling is often much greater than that for heating. A major
advantage of radiant cooling us the possibility to integrate free cooling sources for example in the
form of ground water, sea or lake water. Combined with a radiant cooling system this can reduce
the energy consumption for cooling as traditional chillers can be eliminated, and only electricity for
circulation pumps is needed. Also with conventional cooling technology such as traditional roof top
chillers, a radiant system will potentially yield energy savings.
In particular when using thermally active building system, it is possible to run the system during
periods when the building is unoccupied. The system utilises the concrete’s thermal mass storage
and discharge of thermal loads. This conserves energy by reducing the load on traditional HVAC
systems and allows using off-peak energy rates for lower operation costs.

3.3

Integration of renewable energy sources

Using large surfaces as emitters allows heating and cooling at temperatures very close to that of
the ambient environment. This means that renewable energy available from the ground, water, sun
and air can be integrated and utilised with ease. Ground-source heating can be incorporated into
the system via ground heat pumps. Combining a radiant cooling system with a free cooling source
can reduce energy consumption by 80 - 90%, since traditional chillers can be eliminated and only
electricity for circulation pumps is needed. Natural-ground water has ideal temperature levels for
radiant cooling systems. Alternatively, the systems can be operated with sea-water cooling or solar
cooling that uses absorption chillers.

Figure 1: BOB (Balanced Office Building), Aachen,
Germany. A highly energy efficient office building
controlled by advanced building technology.
Heating cooling is provided by a TAB system fed
by borehole heat exchangers in combination with
a heat pump.

Figure 2: BO CAFOD Headquarters, London,
England. Occupying a difficult triangular site,
the building is an exemplar of sustainable
workplace design with cooling provided by a
Thermally Active Building System in the
exposed thermal mass in situ concrete structure.

4. Case study of an Office Building
The aim of the case study is to provide an estimation of the benefits that can be achieved by a
radiant system in terms of energy savings on the delivered energy and on the primary energy. This
is done by means of a comparison between a system based on a radiant floor and ceiling for
heating and cooling and an all air reference system. A total of 8 different locations where studied
(Rome, Milan, Madrid, Athens, Frankfurt, London, Helsinki and Moscow) with climatic conditions
adapted from the IWEC (International Weather for Energy Calculation) database of climatic data.
4.1

Methods

The energy study is done for an office building, which in one case study is equipped with the
reference system and the other equipped with the radiant system and a dedicated outdoor air
system. The study was built and simulated into the energy simulation software EnergyPlus v. 3.1.0.
The software is based on the air heat balance method to determine the loads of each building
thermal zone and can model the most common systems and equipments.

4.2

Building envelope

One of the EnergyPlus (DOE) commercial buildings benchmarks for new construction was adopted
as a reference building. It is the small size office of 511 m2 total floor area, a rectangular building of
one floor. It is partitioned and modelled into 5 conditioned zones (height 2.74 m), one central zone
and four perimeter zones; there is an unconditioned attic. The internal gains, the building
schedules of occupancy, electric equipment and electric lighting and the building envelope
characteristics are those of the benchmark model. For the Helsinki and Moscow locations the
thermal resistance of the walls, roofs and windows was doubled.

Figure 3 – Building view (from EnergyPlus, DOE)
4.3

Reference all air system

The reference air conditioning system is a multi-zone variable air volume (VAV) system with reheat
coils in each thermal zone. In heating mode, in each conditioned zone a VAV damper and reheat
box adjusts the flow rate and temperature of the air supplied as a consequence of the heating load.
In cooling mode, the air is provided at the central air loop at 13° C and then distributed into the
zones; the VAV dampers adjust the flow rate.
The thermostat set point is a dual set point with dead band based on the values of 21°C (with a set
back at 15,6°C) for heating and 25,5°C (with a set back at 30°C) for cooling. There are two water
loops, one for the hot water and one for the chilled water, set at the design temperature of 80° C
and 8° C respectively. These temperatures were selected in order to limit the sizes of the heating
and cooling coils and heat exchangers. The design air and water loops flow rates, the sizes of the
coils, fans and the other primary and secondary equipment are auto sized by the simulation
program EnergyPlus.
4.4

Radiant heating and cooling systems

The simulated radiant floor is an under floor heating and cooling system with a pipe diameter of 17
mm and a pitch of 300 mm. It is integrated in a gypsum layer of 35 mm placed above the concrete
slab with an insulation layer to the ground of 200 mm. The floor finishing is ceramic tile.
The simulated radiant ceiling is a closed ceiling of 23 mm depth with integrated pipes with a pipe
diameter of 10 mm and pipe pitch of 300 mm. The ceiling is made of a graphite layer between a
steel sheet (towards the conditioned zone) and a wood plate.
Both floor and ceiling are variable flow low temperature radiant systems; the inlet water
temperature is fixed to 55° C for heating and to 18° C for cooling.
The radiant systems are coupled with an air system used only for ventilation and humidification
and dehumidification. The main air stream is similar to the one for the reference case, but it works
on all outside air and supplies the zones with constant air flow which totals 0.275 m3/s. In cooling
mode, the primary air may be supplied at temperatures below the indoor air temperature set point.

4.5

Primary energy systems

Three different primary systems were applied (see Table 1). All systems used a condensing boiler
and an air-cooled chiller for the air system. System 1 used an additional condensing boiler an
additional air-cooled chiller in order to optimise the heat source efficiency enabled by the
favourable operating temperatures of the radiant systems. System 2 used high efficiency ground
source reversible heat pump that serves for radiant heating and cooling system. Finally system 3
used free cooling from ground water for the radiant cooling circuits.
Table 1: Primary Energy Systems
System 1
Condensing boiler
Air-cooled chiller
Condensing boiler
Air-cooled chiller
Heat pump
Reversible heat pump
Free cooling (ground water)

4.6

T (°C)
80
7-12
55
18

System 2
Efficiency
0.95
3.1
1.0
3.5

System 3

T (°C)
80
7

Efficiency
0.95
3.1

T (°C)
80
7

Efficiency
0.95
3.1

55
18

4.05
6.50

55

4.05

18

Results

The energy required for heating, cooling and the electricity required by components (coils, pumps,
fans, etc.) of the air and water loops (delivered energy) is reported in details as simulation output.
Based on this simulation output the primary energy consumption is calculated as post processing
based on primary energy factors [5]. The resulting primary energy consumption for the Rome,
Frankfurt, London and Madrid locations is shown in figure 4.

Figure 4: Annual primary energy use per square meter of the conditioned area.
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Figure 5: Results. In these comparisons radiant floor and ceiling are coupled to primary system 2

Figure 5 shows the natural gas consumption, the electricity consumption and the resulting CO2
emissions, using carbon dioxide emission factors from R. Hastings, M. Wall (editors), Sustainable
solar housing, Earthscan, Sterling (UK), 2007, Appendix 2 [5].

5. Discussion
Both heating and cooling can in principle be obtained at temperature levels that are closed to the
ambient environment. A low delta T only requires that the heat transmission takes place over
relative big surfaces as for example applied in under floor heating systems. The favourable
temperature levels make it possible to optimise heat source performance and reduce the primary
energy consumption.
Embedded water-based heating and cooling systems, referred to as radiant systems, allows low
temperature heating and high temperature cooling. The results presented in this paper confirm that
this leads to significant primary energy savings. Additional savings can be realized through
reduced HVAC plant size. Ducting can be downsized, as well as chillers, fans and individual air
conditioning units - or in some cases even eliminated totally. This can give substantial savings both
in investments and operational costs.
From the presented simulation results, it can be deduced that the adoption of a radiant system and
of an appropriate primary energy system, always results in a reduction of the energy sources exploited, of the costs for energy wares purchased and of the carbon dioxide emissions. The greatest
reductions in the carbon dioxide emissions (up to 60%) can be achieved in climates where the
energy demand for cooling is greater than the energy demand for heating. In cold climates the reductions can be smaller but always of the order of 20-30 %.

6. Conclusions
A radiant heating and cooling system can make commercial buildings more energy-efficient, even
when it is paired with a traditional HVAC system. The radiant system works with water
temperatures close to the ambient temperature, which allows low-exergy design, resulting in
reduced primary energy consumption.
The simulations presented has shown that the adoption of a radiant system, and of an appropriate
primary energy system, always results in a reduction of the energy sources exploited, of the costs
for energy wares purchased and of the carbon dioxide emissions. The greatest reductions can be
achieved in climates where the energy demand for cooling is greater than the energy demand for
heating.
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Summary
This paper presents a review of ongoing research at Trinity College Dublin into
increasing energy efficiency in historic buildings through retrofitting and conservation.
To date the research has focused on an 18th Century Building, namely the Old
Library, however, a number of other traditional buildings throughout the campus have
been identified as potentially useful case studies. This paper is intended to highlight
some of the key observations and results which have been gathered over a fivemonth period of monitoring and analysis within the Old Library building. Determining
the natural environment within the library and the influence of the many visitors on
these temperature and humidity conditions are essential features in developing an
understanding of the energy demands and performance of the building.
Key Words: Energy Efficiency, Historic and Traditional Buildings, Indoor
Environment, Temperature Monitoring.

1. Introduction
!

Despite the ever-increasing public awareness regarding energy reduction, it is
estimated that by 2050, energy use in buildings will be over 40% of total energy
consumption and greenhouse gas emissions in the EU alone. Considering that 75%
of the 2050 building stock is currently built, the importance of improving the energy
performance of current buildings becomes evident.
Traditional buildings are typically defined by their physical properties and
construction type [1]. These buildings can be of any size, shape or form [2]. The
materials used are diverse, sometimes even in a single building, and in most cases
are locally sourced with little processing and hence have a low embodied energy.
The dominant form of building construction from medieval times until the second
quarter of the 20th Century consisted of solid masonry walls of brick and/or stone,
often with a render finish, with single – glazed timber or metal windows and a timber
frame roof and these are the characteristic features of many traditional buildings. As
these were constructed prior to the introduction of the Building Regulations, the
quality of the workmanship is dependent on the skill of the craftsmen. This also
means that no two traditional buildings are identical.
Older buildings function in a very different manner to modern buildings and are
usually less thermally efficient than those built to current Building Regulations [3].
Modern buildings are commonly constructed using dense, impervious materials,
causing them to behave like sealed units which prevent air and moisture from
entering, through the use of mechanisms such as draught sealing, cavities and damp
proof membranes. Accordingly they require mechanical ventilation which is energy

intensive. Traditional buildings on the other hand are built using soft permeable
materials that allow air and moisture to penetrate the envelope, allowing the building
to “breathe”. This in turn provides the building with a large amount of natural
ventilation, which in turn allows the moisture to evaporate internally, thus preventing
condensation from forming, which can lead to mould and fungal problems [1,4,5,6].
This ventilation and evaporation process is a very sensitive one and can easily be
disrupted by the use of non-compatible modern materials in a building. Accordingly it
is of paramount that when a traditional building is undergoing remedial works,
materials that are sympathetic to the natural processes of the building are used so as
to minimize disruption and subsequent disproportionate damage to the building.
Traditional buildings also enjoy the benefits of having a large thermal mass due to
their wide external walls, hence facilitating the gradual regulation of internal
conditions. When coupled with the large south facing windows present in a significant
number of these buildings, the thermal gain of traditional buildings are greatly
improved. These single glazed windows, however, tend to leak heat unnecessarily
and, given the higher comfort expectations that occupants demand, has led to the
perception that traditional buildings are cold, damp and draughty. As occupant
behavior has changed since these buildings were constructed, the energy efficiency
depends not only on the thermal properties of the building, but also on the behavior
of its occupants. Instead of adding an extra layer of clothing when necessary,
modern occupants can use central heating to increase the temperature of their
environment. There is a common misconception that comfort depends solely on
temperature [7]. There are, in fact, several factors, both personal and environmental,
that contribute to an individual’s perception of comfort [8,9]. There are four primary
environmental factors: air temperature (T), mean radiant temperature, relative air
speed and humidity (relative and absolute). For the purposes of this paper, air
temperature and relative humidity (RH) will be considered. RH is defined as the
“ratio of the partial pressure (or density) of the water vapour in the air to the
saturation pressure (or density) of water vapour at the same temperature and the
same total pressure” [8]. Accordingly RH is dependent on T at any given time and the
relationship between them is one of approximate inverse proportionality, i.e. as T
increases, RH decreases accordingly. In order to provide comfort to the occupants of
a given building, a recommended T of between 21 and 24 °C should be provided as
well as a RH of between 45 and 70% [10]. By monitoring RH and T, the indoor
environment of a building can be assessed and altered so as to improve the comfort
of occupants while improving the energy efficiency of the building by preventing overheating.

2. Building and Instrumentation
2.1 A!Brief History of the Old Library
Upon receiving the valuable library of the Archbishop of Armagh, James Ussher, in
the late 1600s, it was decided that a new library would be constructed in Trinity
College Dublin to house this collection. Work on the building began in earnest in May
1712 when the foundation stones were laid and continued over a period of 20 years,
with the first items being shelved in 1732. In 1801 the Library was granted the right to
receive, upon request, a copy of every book published in the UK. Accordingly the
collection expanded rapidly and by the mid 1850s had outgrown the building. As a
result the University employed the architects Deane and Woodward who were
charged with the task of increasing the capacity of the Library. They concentrated on
redesigning the Long Room (Fig. 1), which at 61m in length is the main chamber in
the building. Re-modelling of the Long Room occurred between September 1859 and

Fig. 1: Images of the Exterior of the Old Library and the Long Room
May 1861 and the result was the barrel – vaulted ceiling and upper gallery
bookcases that can be seen in the space today. Electric lighting was introduced in
the 1950’s and, in 1991, the building was opened to the public following the
introduction of a visitor centre. This was followed 2 years later by a gift shop and
exhibition space at ground level. The building has since become a major tourist
attraction in Dublin, welcoming over 500,000 visitors annually while maintaining its
primary function as a book repository. Presently the building houses over 300,000
items, 200,000 of which are held in the Long Room. The most precious pieces of the
collection are the Book of Kells, the Book of Durrow, one of the few remaining copies
of the 1916 Proclamation of the Irish Republic and a harp that dates from the 15th
Century.
2.2 Characteristics of the Old Library
The Old Library was constructed using traditional materials and technologies, a
number of which are still visible in the building today. The external walls comprising
of two leaves of stone block, either granite or limestone, are used for the interior and
exterior façade while the cavity is filled with rubble. These walls, ranging in depth
from 1 to 1.4m, provide the building with a large amount of thermal inertia, thus
allowing it to somewhat self-regulate the internal thermal environment. A large
number of tall windows have been integrated into the design of the building in order
to maximize the solar gains from which the building can benefit, thus reducing the
requirement for heating by other means. As a means of providing ventilation to the
building, all materials used in construction are porous. This is a very important
feature as this ventilation is how excess moisture and harmful chemicals are
removed from the building. Generally, in traditional buildings, there are a number of
fireplaces, which provide heat and facilitate ventilation of the building by allowing air
to exit the building through the chimneystack and inducing airflow as a result. In the
Old Library, however, there are no fireplaces so as to prevent the possibility of fire in
the building that could destroy the collection. The probability of damage to the
collection by high moisture and airborne contaminant levels is considerably
increased as a result of the reduced ventilation levels caused by the absence of
fireplaces. A compromise to these missing features can be observed in the Old
Library however. The central staircase in the building connects the Long Room on
the first level to the shop on the ground level. This facilitates an airflow from the lower
level upwards through the Long Room. There is also an attic that runs the length of
the building, which is not comprehensively sealed. Accordingly the air can flow up the
staircase into the Long Room and escape up through the Long Room ceiling into the

attic space and hence out through the roof, thus providing the building with enough
ventilation to adequately deal with natural moisture and contaminant loads.
2.3 Instruments for Data Collection
The principal parameters to be measured in order to examine the indoor environment
of the Old Library building were identified at an early stage as being the relative
humidity (RH) and temperature (T). Particulate matter, while also of concern, is
outside the scope of this paper. It was then necessary to examine a number of
devices that would facilitate this data collection. A number of instruments were
considered, however, the majority of these were unsuitable as they required external
power supplies and data storage and in many cases would have resulted in a large
amount of wire being placed temporarily within the building, which was not an option.
It was thus decided that a wireless RH and T USB data logger and, in particular,
model OM–EL–USB–2–PLUS, available from OMEGA Engineering in the UK, was
deemed most suitable. This device was chosen as it offered the highest accuracy of
all devices considered as well as its significant battery life and data storage capacity,
while being small and discreet in size. It can also be set to begin recording at a
specific moment in time and, thus, would ensure consistency in data. The
dimensions and specification of the sensor can be found in Fig. 2.
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Fig. 2: OM-EL-USB-2-PLUS data loggers specifications and dimensions

In total 20 data loggers, labeled “A” - “T”, were set so as to log the RH, T and dew
point every 5 minutes. In total 19 of the sensors were placed within the Old Library
building itself while the final device was placed to the exterior of the building on the
north-facing wall. Initially this latter was placed so as to face south, however a large
amount of erratic data was observed during the initial test period caused by solar
influences and hence the instrument was relocated accordingly. The location of each
sensor can be seen in Table 1.

Sensor
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T

Location
Attic – West Compartment
Attic – Central Compartment
Attic – East Compartment
Long Room – West Upper Level
Long Room – Central Upper Level
Long Room – East Upper Level
Long Room – West Lower Level
Long Room – Central Lower Level
Long Room – East Lower Level
External – North Wall
Locked Colonnade – West Ground Floor
Shop – Non Exposed
Shop – Slightly Exposed
Exhibition Space – South Wall
Passage Between Shop and Exhibition Space
Upper Colonnade – West First Floor
East End Staircase
East End Third Floor
Book of Kells’ Room East Ground Floor
Book of Kells’ East Ground Floor South Wall

Table 1: Location of data loggers in the Old Library building

Each data logger remained in place for a period of three to four weeks after which
time they were collected and the data downloaded. Each sensor was then reset and
replaced at the same location as before. The data was then analyzed graphically.

3. Results and Discussion
The first monitoring period in the Old Library occurred over a five-month period
between September 2010 and January 2011. The results from a number of the
sensors that best illustrate the trends and relationships within the building will be
presented here.
A sample set of results, obtained between 3rd and 7th of October 2010, from Logger
O can be seen in Fig. 3. Logger O is located in such a manner as to eliminate
external draughts and solar effects. It is a small internal sheltered passage through
which all visitors to the building must pass in order to gain access to the exhibition
space.
3.1 Temperature Effects
The diurnal temperature variation that is observed in Fig. 3 is as would be expected
for the building. The temperature begins to increase at approximately 09:00 and
continues to do so until reaching a maximum value in the early afternoon (between
13:00 and 15:00) before decreasing at a slower rate relative to the increase. This
trend is observed throughout the winter heating period which occurs between
September and April, as mechanical heating is supplied to the building between
07:30 and 10:30 daily. The heat loads that cause the temperature increase at

Location O do not originate in the passage itself, which is isolated from mechanical
heating and direct solar influences. The adjacent shop is likely to be the source of the
heating loads observed in the passage.
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Fig. 3: RH (left plot) and T (right plot) at Location O indicated by the blue lines. The
green line indicates visitor numbers while the red line illustrates external conditions.
When the temperature in the shop is compared to those in the passage, a lag is
observed in the trends as the temperature in the shop begins to increase at
approximately 08:00 every morning, reaching a maximum at the same time as the
passage. Thus, it may be concluded that the temperature increase at Location O is a
direct result of heat flow from the shop through the passage and into the exhibition
space. By comparing the temperature in the shop to that in the passage, a
consistently slightly higher (~1 °C) peak temperature is recorded in the passage. This
may be due to the additional heat load induced in the passage by the large number
of visitors that must pass through the area in order to reach the exhibition space. The
decrease in temperature in the early afternoon may also be attributed to a number of
factors. The mechanical heating is turned off in the mid-morning and the intensity of
the solar gain intensity begins to decrease shortly after 12:00 thus reducing the
heating load to the building. Also the majority of visitors to the building arrive before
13:00, again resulting in a decreased heat load in the early afternoon and the trend
which can be seen in Fig. 3.
3.2 Relative Humidity Effects
Firstly, typically the expected inverse relationship between relative humidity and
temperature is not consistently visible in the results obtained in the Old Library (see
Fig.3) As the temperature at Location ‘O’ increases the relative humidity reduces
accordingly as expected. The rate of decrease, however, is not directly proportional
to the temperature increase. There also appears to be no direct link between the
external and internal relative humidity trends. During opening times, significant
relative humidity variations can be observed and this may be due to a number of
factors. First of all the temperature variation throughout the day will result in a natural
deviation in the RH, which is also influenced, to a certain degree, by the external RH.
Local variations over short periods occur primarily during opening times and it may
be concluded that the large number of visitors passing through the building on a daily
basis induce an additional moisture load in the building through the processes of
respiration and perspiration. From data analysis of other time periods, particularly on
rainy days, larger peaks in RH are observed on wet days compared to dry days as
visitors bring a large amount of moisture into the building on wet clothes and
umbrellas, thus contributing to the overall moisture load in the building. In order to

!8

combat this additional moisture loading, it may become necessary to precondition
visitors in order to remove this excess moisture, prior to their entry into the more
sensitive areas of the building so as to increase the stability of the indoor
environmental conditions.
3.3 Solar Effects and Stratification
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The largest single space in the Old Library is the Long Room, which measures 61m
in length, is over 12m wide and approximately 15m high. Given the large volume of
air in the chamber, the indoor environment is relatively stable compared to other
smaller areas of the building. There is evidence of stratification in the space and this
is visible from Fig. 4.

Fig. 4: RH (left plot) and T (right plot) at Locations E (blue line) and H (red line).
External conditions and visitor numbers are indicated by the green and purple lines
respectively.
Logger E is located in the gallery whereas logger H is at ground level and both are in
the central area of the Long Room. From Fig. 4 it can be observed that the
temperature at the higher level is, in general, slightly higher than at ground level,
which is to be expected. A similar diurnal variation to that observed at location O is
observed in the Long Room, however, in this instance the trend is more likely to be a
result of the solar gain that the Long Room benefits from as a result of its large south
facing windows. This large solar load is likely to be significantly higher than that due
to occupants or even the mechanical heat sources in the room itself, that consist of
two relatively small storage heaters at the east and west ends of the space
respectively. As a means to control the amount of UV radiation entering the Long
Room, thus protecting the collection, the windows in this area are fitted with blinds.
As well as reducing the effect of UV radiation on the collection, the blinds are also
used to control the solar influences compared to that seen in other areas of the
building.
The effect of this stratification on the relative humidity can also be clearly seen from
the graphs. As expected the relative humidity at gallery level is lower than at ground
level – the inverse to the temperature distribution. It is also clear that the relative
humidity is more stable than in other areas of the building. This is due to the
enormous volume of air within the chamber, coupled with the air flow from the lower
level of the building through the Long Room and out through the ceiling into the attic
space, which allows the additional moisture loads to be either rapidly dispersed or
removed as required. Although essential for ventilation, the attic has other negative
effects on the building, particularly the Long Room. Given the extremely poor
insulation levels in the space, a large proportion of the buildings heat loss occurs

through the attic, whose environment is similar to the external conditions. A lot of
dust and dirt also falls from the attic into the Long Room, reducing the air quality in
the space and dirtying the collection.
3.4 Ancillary Areas
Fig. 5 illustrates the relative humidity and temperature relationship in three
unoccupied areas in the Old Library building. These rooms are used as storage for
some of the most important items in the collection.
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Fig. 5: RH (left plot) and T(right plot) for Loggers K (blue line), P (red line) and R
(purple line). External conditions are indicated by the green line.
The key difference between the three areas is that Location ‘K’ is on the ground floor
and fully insulated using conventional insulation which is applied internally to the
walls but is also placed so as to cover the windows. Location ‘P’ is on the first floor
and is partially insulated, where the insulation is as at Location ‘K’ but does not run
the entire height of the walls or windows. Location ‘R’ is on the top floor and is not
insulated at all. As can be seen from the graphs, the insulation at location L has
resulted in highly stable indoor conditions with virtually no variation in relative
humidity and a small change in temperature (approximately 2OC) over the 5 day
measuring period.
Larger and more obvious diurnal deviations can be seen at Location P and this is
especially visible in the relative humidity graph where a difference of 6% RH between
the maximum and minimum values is observed. A variation of 3 OC may be observed
in the temperature graph that may be a result of solar gains through areas of the
windows that have not been insulated.
Location ‘R’ is the least stable of the three unoccupied areas, although when
compared to other areas of the building is still experiencing relatively constant indoor
conditions. As this room contains no windows, it is not subjected to heat loads due to
solar influences, nor is it losing heat through draughty windows as is the case in the
majority of the building. Control of the indoor environment at Location ‘R’ depends on
the large thermal inertia of the walls that naturally moderates the temperature of this
area. This zone however, is located directly beneath the attic and also has an
opening into the attic which is extremely poorly insulated. Accordingly a large amount
of heat is lost from Location ‘R’ through the attic.
From these graphs, the case for the introduction of supplementary measures to
control the indoor environment of the building becomes clear. By correctly repairing
the windows, perhaps along with the introduction of secondary glazing, coupled with
the introduction of comprehensive dust sealed but breathable insulation at attic level,

both of which must be compatible with the building, a more stable environment can
be created so as to benefit the collection and also the staff and visitors to the Old
Library, while improving the energy efficiency of the building.

Conclusions
The objective of this phase of the research project was to monitor and analyse the
Old Library building in Trinity College Dublin in order to determine the natural
environmental conditions within, the influence of occupants on this environment and
the likely benefit of any retrofit solutions to reduce energy consumption and regulate
the indoor environment of the building. Based on this process a number of
conclusions may be drawn.
The diurnal temperature variations that the Old Library is experiencing are broadly in
line with the heating and solar influences as would be expected. As can be seen at
Location ‘O’, occupants and visitors cause a small increase (approximately 10C) in
peak temperatures, however this may be unique to this particular location as there is
a relatively small air volume in the zone. The RH variation in this area is, to some
extent, as expected. As temperature increases so the RH decreases, however the
rates are not identical. The occupants of and visitors to the building again appear to
influence the trend by introducing additional moisture loads due to the biological
mechanisms of respiration and perspiration
The indoor environment of the Long Room is not significantly affected by the
presence of large numbers of occupants, due principally to the large volume of air
present in the chamber, which facilitates rapid dispersion of regular moisture and
heat loads induced as a result of high occupancy. Solar gain from the large windows
in the Long Room are most influential in determining the conditions in the area, as
can be seen in the diurnal variations in Fig. 4. Slight stratification of temperature is
seen in this area as expected and this influences the relative humidity accordingly.
Despite the large heat load due to solar gain, the poorly insulated attic allows a large
amount of heat to escape the building thus making it difficult to control the indoor
environment of the building, while also minimizing the stratification.
Unoccupied rooms in the Old Library generally boast a substantially more stable
environment than other areas in the building. Location K is the most stable area in
the building due to its comprehensive insulation, which illustrates the results that may
be expected if the entire envelope were to be insulated correctly. Upon completion of
this work, it would be more likely that the contribution of occupants on the indoor
environment of the building would result in significantly more variation relative to the
natural variations. Although partially insulating the building has some effect in
stabilizing the Old Library’s indoor conditions, as can be seen at Location P, in order
to achieve the full benefit of any works in relation to energy reduction and
environmental stabilization, the entire envelope, particularly the attic space, should
be appropriately insulated and the windows restored and provided with secondary
glazing. Once this has been completed, the actual influence of visitors to the building
should be assessed and measures taken to reduce their impact by suitable
incubation prior to entering the Long Room.
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Summary
In Finland the most influential climatic variable for heating and cooling energy demand of buildings
is air temperature. Solar radiation likewise contributes in summer, whereas wind speed and air
humidity have only a minor role. Building energy demand is often assessed by simulation
algorithms that require hourly meteorological data. Here we describe two sets of test reference
years for that purpose, separately for southern, central and northern Finland. The former set, being
selected on the basis of weather observations at representative meteorological stations in 19802009, is appropriate for considerations of building energy demand in the current climate. The latter
set has been constructed by taking into account the projected influence of climate change on
typical weather conditions around year 2030. The current and future reference years deviate, in
terms of annual mean temperature, by 1.2-1.5ºC. Due to direct effects of climate change, the mean
annual energy consumption of existing buildings in southern Finland was assessed to decrease by
4-7% until 2030.
Keywords: climate change, buildings, energy demand, reference year

1. Introduction
Energy demand for heating and cooling of buildings is affected by several climatic variables:
outdoor air temperature and humidity, direct and diffuse solar radiation, and wind speed. The
human-induced climate change is expected to affect these variables and hence alter the energy
demand of buildings. On the other hand, in order to mitigate climate change, reductions in
emissions of greenhouse gases (GHGs) are required. The use of fossil fuels is globally the most
important anthropogenic source of GHGs. In Finland, carbon dioxide (CO2) emissions from the
production and use of energy are about 50 million tonnes annually [1]. In the building sector, there
is a high GHG reduction potential, as energy efficiency options for new and existing buildings could
considerably reduce CO2 emissions with net economic benefit [2].
Energy consumption of buildings, along with the performance of systems for heating, ventilation
and air conditioning, are nowadays often assessed by simulation programs that require hourly
meteorological data. The National Building Code of Finland contains, among others, guidelines for
calculations of building energy needs. The guidelines that were given in 2007 use meteorological

observations of year 1979 as a reference for typical climatic conditions in Finland [3]. That year
was originally selected among years 1968-1983 primarily on the basis of monthly mean values of
temperature and global radiation at four weather stations [4]. Comparisons to mean climate
conditions during longer and more recent time periods, 1971-2000 and 1980-2009, have indicated,
however, that the year 1979 does not any more represent typical weather conditions in our country,
but is anomalously cold particularly in the south in winter. Therefore it can no longer be
recommended as a reference year for assessing energy demand of buildings. The climatic
warming occurred so far and projected climatic changes in the future need to be taken into account.
In this paper we describe two sets of new test reference years for simulations of building energy
demand, separately for southern, central and northern Finland. The former set, called TRY2012, is
based on weather observations at three representative meteorological stations Finland in 19802009. The latter set, called TRY2030, has been constructed by taking into account the projected
influence of climate change on typical weather conditions around year 2030. Utilizing these two
sets of reference years, we calculated mean monthly and annual energy consumption of existing
buildings in southern Finland in the current and projected future climate. Differences between the
outcomes give an estimate for the direct impact of climate change on building energy demand.
Indirect effects due to potential changes in building codes are not included in these assessments.

2. The changing climate of Finland
According to long historical data series, the annual mean temperature in Finland has risen by
1.5 0.9°C during the last 50 years (1959-2008) [5]. Because of natural climate variability, a longterm trend at a single weather station is typically far more uncertain and statistically less significant
than that averaged over the whole country, but even so, temperature observations at HelsinkiVantaa (Fig. 1), Jyväskylä and Sodankylä measurement stations show an ongoing warming
tendency. Based on the spatial distribution of annual mean temperature in Finland in 1980-2009,
these three stations have been selected to represent southern, central and northern regions of the
country, respectively.
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Fig. 1 Annual mean temperature in Vantaa based on
observations (blue) and multi-model mean
projections under three GHG emission scenarios
(red for the A2 scenario used in this study). The
thick black horizontal line denotes the value
corresponding to the new reference year for the
current climate (thin solid line to the 1980-2009
average and a black dot to the 1979 value).

In the next few decades, the annual
mean temperatures in Vantaa (Fig. 1),
Jyväskylä and Sodankylä are projected to
increase at an average rate of about 0.30.4°C per decade. This long-term trend
will be superimposed on natural climate
variability, which is likely to accelerate
changes in climate during some periods
and retard them during other periods.
Increases in mean temperatures will be
larger in winter than in summer.
Concurrently, variability of daily mean
temperatures will attenuate in winter as a
result of stronger warming of cold rather
than mild temperatures. Changes in
solar radiation, humidity and wind speed
also mainly take place in winter, the first
variable slightly diminishing and the
remaining two somewhat increasing.
These climate projections are based on a
set of 7-19 global climate models,
depending on the variable [6]. They are
used in this paper to assess the impacts
of climate change on energy demand of
two example buildings in southern
Finland (Fig. 2). The time horizon is up to
the year 2030.

3. Methods to construct the test reference years
3.1

Test reference years for the current climate

The TRY2012 set of test reference years, describing the current climate in Finland, was
constructed using 3-hourly observations of air temperature, humidity, solar radiation and wind
speed in 1980-2009. Each weather station (Vantaa, Jyväskylä and Sodankylä) got a reference year
of its own. TRY2012 consists of twelve months that originate from different calendar years. The
months for each station were selected in two phases, the details of which are given in [7] and
briefly described below.
At the first stage, the standard SFS-EN ISO 15927-4 method [8] was followed. Cumulative
frequency distributions of the daily means of the four climatic variables were calculated for each
calendar month both as 30-year climatological averages and separately for each single year. The
aim was to find those individual months during the period 1980-2009 that had as typical daily
weather fluctuations as possible, i.e., that were closest to the 30-year monthly averages in terms of
the frequency distributions of the daily means. In practise, the candidate months were selected
using the Finkelstein-Schafer statistical method [9].
In the second phase, the standard method [8] was modified in order to better take into account
monthly climatic and daylight conditions in Finland. Weights were given to the four climatic
variables depending on their importance for the building energy consumption. The weights were
determined for two example buildings, a detached house and an office building (Fig. 2), with the
aid of sensitivity tests. Values of the four climatic parameters were slightly modified and the
influence on the building energy consumption was assessed by a commercially-available modelling
tool (IDA-ICE) that dynamically simulates heat transfer and air flows in the buildings. It was found
that in Finland air temperature has the strongest effect on heating and cooling energy demand of
buildings. Solar radiation likewise contributes in summer. Wind speed and air humidity only have a
minor role. Based on these results, the candidate months selected in the first phase were ranked
again and the final choices were made.
One-hourly meteorological data for TRY2012 were constructed simply by interpolating the 3-hourly
observations of temperature, humidity and wind speed in time. For solar radiation, hourly
measurements already existed. Finally, some smoothing was occasionally required at the end of a
preceding month and in the beginning of the following month.

Fig. 2 Two types of buildings considered in this study: a detached house (left) and an office building
(right).
3.2

Test reference years for the future climate

The future reference year TRY2030 was constructed separately for the three locations on the basis
of projected changes in monthly mean values of air temperature, relative humidity, solar radiation
and geostrophic wind velocity between the baseline period 1980-2009 and the future 30-year

period 2015-2044 that surrounds the year 2030. At this time horizon, the choice among available
GHG scenarios has little effect (Fig. 1); the SRES A2 scenario [10] was used here.
Construction of the TRY2030 set was primarily founded on a delta-change technique but the
procedure required special methods to be tailored in order to develop 1-hourly meteorological data.
In the original delta-change technique, projected changes in the monthly means are added to the
observed baseline period monthly means. The purpose of this procedure is to minimize the
influence of biases that commonly exist in climate model simulations.
The most important objectives of the procedure were 1) to realistically describe temporal
fluctuations of weather from day to day and hour to hour; and 2) to ensure that the statistical
properties of the TRY2030 set are consistent with the climate model projections. Accordingly, it
was necessary to take into account the projected decreases in the standard deviation T of
wintertime daily mean temperatures, mentioned in Sec. 2. Assuming that the percentage changes
in the variability are similar for daily and hourly time scales, future temperature values TTRY2030 at 1hour time step (t) were calculated using the following equation:

TTRY 2030 (t ) TTRY 2012 (t )

T

T2015

2044

T1980

2009

1 TTRY 2012 (t ) TTRY 2012

(1)

where TTRY2012 denotes hourly temperature value in the current reference year, T is the projected
change in the monthly mean temperature from the current to the future time period, T,2015-2044 and
T,1980-2009 are standard deviations of daily temperatures in climate model simulations during these
two periods, and TTRY 2012 is the mean temperture of the calender month considered, as given by the
TRY2012 set.
Specific methods were likewise developed in order to construct coherent future data for the other
climatic variables. However, changes in these variables are projected to take place mainly in winter
when their influence on the heating energy demand is weak in Finland.

4. Current and future the test reference years
Monthly and annual mean temperatures for the current and future reference years at the three
representative weather stations are shown in Fig. 3. For comparison, values from the previous
reference year, 1979, are also depicted. The corresponding annual values for Vantaa are
additionally indicated by Fig. 1.
The annual mean temperature of the new reference year TRY2012 exceeds that of year 1979 by
1.3ºC in Vantaa, by 0.7ºC in Jyväskylä and by 0.9ºC in Sodankylä. The projected future reference
year TRY2030 is in turn 1.2-1.5ºC warmer than TRY2012, the lower end of the range
corresponding to Vantaa and the higher end to Sodankylä. The estimated changes in solar
radiation, air humidity and wind speed are fairly small.
The frequency distributions of hourly temperature values were found to shift to the right, i.e.
towards higher values. Variability will diminish, particularly in winter. This implies that the most
severe cold situations are projected to become considerably milder in the future. However, these
changes in the frequency distributions are likely to take place rather slowly. They are not very
striking in the data for TRY2030 but become evident towards the end of this century (not shown).
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Fig. 3 Monthly (1-12) mean temperatures for the past (1979), current (TRY2012) and future
(TRY2030) reference years in Vantaa, Jyväskylä and Sodankylä. 1-12 refers to the annual mean.

5. Building energy calculations
Building energy calculations were carried out with the new (TRY2012) and the future (TRY2030)
test reference years for the two example houses (Fig. 2) using IDA ICE 4.0 simulation tool. The
effect of climate change on energy consumption was evaluated by comparing delivered energy
consumptions of the buildings. Delivered energy consumption includes heat energy consumption
(electricity or district heat) of spaces, ventilation and domestic hot water as well as electricity
consumption of cooling, lighting and equipments.
The studied buildings are located in southern Finland, so we used the test reference years based
on meteorological data for Vantaa. The level of thermal insulation of the buildings corresponds to
the minimum requirements of Finnish building code [11]. The detached house is heated by
electricity and the office building by district heating. A set point of mechanical space cooling is
25°C and an annual average coefficient of performance (COP) of the cooling system is 4.0 for the
both buildings.
The results for the detached house (Fig. 4) suggest that the total delivered energy consumption will
decrease by 5% until 2030 if the climate change scenario used to create TRY2030 comes true. In
that case, heat energy consumption of spaces and ventilation will decrease by 10% (7-10
kWh/m²·a) and space cooling electricity will increase by 17-19% (0.3-0.5 kWh/m²·a) respectively.
Because the proportion of cooling electricity of total delivered energy is only 2%, the effect of
increasing cooling demand on total delivered energy consumption is minor. However, cooling
power demand of cooling equipments will increase about 4% until 2030.
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Fig. 4 Monthly heating and cooling energy amounts (transferred by the heating and cooling
systems) of the detached house simulated with the current (left) and the future (2030; right) test
reference years. The detached house is located in Vantaa.
The total delivered energy consumption of the office building is assessed to decrease by 4-7% until
2030 (Fig. 5). Heat energy consumption of spaces and ventilation will decrease by 13% (713 kWh/m²·a) and cooling electricity of spaces and ventilation will increase by 13-15% (0.5-0.9
kWh/m²·a), respectively. Because the proportion of cooling electricity of total delivered energy is
only 2-5%, the effect of increasing cooling demand on total delivered energy consumption is minor.

6. Discussion
The test reference year TRY2012 for the current climate, constructed on the basis of weather
observations separately for three meteorological stations, is intended for simulations of heating and
cooling energy use of building located in four different temperature zones in Finland, defined in [12].
Data of Vantaa are applied for the two southernmost and warmest regions (I and II), Jyväskylä for
the intermediate zone (III) and Sodankylä for the northernmost part of the country (IV).
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Fig. 5 Same as Fig. 4 but for the office building in Vantaa.
In addition to estimates of energy consumption of buildings, the reference years may be used for
many applications, such as simulations of active or passive solar energy systems, assessments of
the performance of heating, ventilation and air conditioning (HVAC) systems, or indoor climate
analyses. At the same time, one should keep in mind that an energy reference year, which
represents a year with typical weather conditions, has limitations that should be taken into account
in hygrothermal calculations and system sizing.
The reference year TRY2030 was constructed using multi-model mean estimates from 7 to 19
global climate models. These means can be regarded as best currently-available estimates of the
change. The greatest uncertainty in short-term climate forecasts arises from the natural interannual
and interdecadal variations of climate. Because of this natural variability, climate change is unlikely
to proceed at a uniform rate. Temporarily, natural variability may even reverse the direction of the
change from the trend that is induced by increases in greenhouse gas (GHG) concentrations. An
important additional uncertainty source within the considered time horizon arises from differences
in climate models. For example, an increase in annual mean temperature of 1.5ºC as a best
estimate was projected for Sodankylä. Inferring from [6], this is accompanied with a 5–95%
uncertainty range of 0.7-2.3 ºC. It is advisable to take this uncertainty into account in assessments
of building energy demand.

7. Conclusions
Two test reference years were constructed in this study for building energy simulations that require
hourly weather data. The former (TRY2012) is intended for considerations of heating and cooling
energy demand in the current climate. It consists of twelve historical, meteorologically typical
months, separately for southern, central and northern parts of the country. Because it is air
temperature that clearly has the strongest effect on building energy demand in Finland, the highest
weight was given to it in the construction procedure of the test years. Only in summer solar
radiation is comparable in importance for energy demand, whereas wind speed and air humidity
contribute only weakly.
The latter reference year (TRY2030) was constructed by taking into account the projected
influence of climate change on typical weather conditions around year 2030. The current and future
reference years differ,in terms of annual mean temperature, by 1.2-1.5ºC. Utilizing these reference
years, we calculated the mean monthly and annual energy consumption of existing buildings in
southern Finland in the current and projected future climate. The total energy consumption of a
typical detached house and an office building is projected to decrease by 4-7% until 2030.
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Summary
Constructional and technological methods of energy efficiency must not be considered as the main
and the sole methods of energy efficiency. It must also be attached more importance to costneutral and more ecologic methods of energy efficiency such as architectural energy efficiency. It
deals with the optimization of architectural design to improve the energy performance and to
minimize the energy consumption of buildings.
Several researches have shown that it is possible to save a high amount of energy in office
buildings solely through optimization of architectural design and without needing any further
materials. This study, which is done with dynamic simulation of several office buildings, deals with
the effect of building orientation on the amount of heating, cooling, lighting and total energy
consumption of office buildings. It shows that, the potential of energy saving only through an ideal
orientation for office buildings in the climate of Hashtgerd New Town is about 16%.
Keywords: Architectural Design, Energy Efficiency, Orientation, Simulation

3. Introduction

The available technologies for saving energy in buildings as well as for active use of renewable
energies have made it possible not only to have zero-energy buildings, but also to build plusenergy buildings. But for production of these materials and technologies, a great amount of
resources are consumed and a high amount of CO2 is emitted. Therefore only the amount of
energy consumption of buildings is not a suitable indicator even for decision about the ecologic
aspect of sustainability.
From the economic point of view, the investment costs of some energy efficient buildings (user
investment and governmental subsidies) are sometimes so high, that the payback time of the
investment is very long. Therefore constructional and technological methods of energy efficiency
must not be considered as the main and the sole methods of energy efficiency. However, available
technologies and building materials must also be utilized for improvement of energy performance
of buildings.
It must be attached more importance to cost-neutral and more ecologic methods of energy
efficiency. One of these methods is architectural energy efficiency. It deals with the optimization of
architectural design of buildings in order to improve the energy performance and to minimize the
energy consumption of buildings. This method of energy efficiency minimizes the resource demand
as well as CO2 production.

4. Architectural Energy Efficiency

The previous researches have showed that architectural design is a very effective method towards
an integrated, cost-efficient energy concept. Factors like orientation, building form, zoning of

functions, opening ratio in different orientations, sun shading etc. exceedingly affect the energy
consumption of buildings. Therefore these factors are crucial factors for a climate responsive
design. On the other hand, energy saving through architectural design is cost-efficient and
emission free and thus it is economically and ecologically very sustainable. Design impact on
reduction of energy consumption of buildings varies according to specific climates and building
function. In climates which have a high temperature range, low relative humidity and high solar
radiation, the architectural impact is very high.
In this research, the effect of architectural design and architectural factors on energy consumption
of office buildings in the climate of Hashtgerd New Town is studied. The result of this research is
implemented in the architectural design of an office building, which is designed as a pilot project
within the Young Cities Research Project. For this office building pilot project, the architectural
energy efficiency is used as the first and the most important method of energy efficiency.

Fig. 1 Energy Efficient Office Building Pilot Project
"Young Cities - Developing Energy-Efficient Urban Fabric in the Tehran-Karaj Region" is a GermanIranian research and development Project, which is funded for the German side by the "German
Federal Ministry for Education and Research" (BMBF) within the program “Research for the
sustainable development of megacities of tomorrow“. The aim of the project is to plan and build
sustainable and energy efficient mass
housing settlements in arid and semiarid regions in order to lead to a
significant enhancement of energy
efficiency of buildings, neighborhoods
and towns [1].
Hashtgerd New Town is located in the
“warm and dry” climatic region of Iran
and has a cold winter and a warm and
dry summer [2]. This graph shows the
monthly average dry-bulb temperature
of Hashtgerd in comparison with that
of the coldest and warmest cities of
Iran.
Fig. 2 Monthly Average of Air Temperature [3]

The following graphs show also the dry-bulb and wet-bulb temperature and direct and diffuse
horizontal solar radiation in this city.

Fig. 3 Air Temperature (°C) and Solar Radiation (kWh/m²) in Hashtgerd New Town [2]
Different methods can be used for researching on architectural energy efficiency. One of the most
important methods is an analytical evaluative process, which deals separately with different
architectural factors including orientation, opening orientation and ratio, sun shading etc. and also
with constructional factors and elements such as arichange rate, thermal mass, insulation material,
etc. In this method, the effect of different architectural factors is studied on heating, cooling, lighting
and total energy consumption of office buildings and the optimum amount for each factor will be
found.
But the thermal behaviour of buildings is complex and is the results of interaction of all architectural
factors together. The changing in the amount of an architectural factor will affect the optimum
amount for other factors. One of the most important architectural factors which affect the energy
consumption of office buildings is the window ratio in different orientations. The results of a similar
study has shown that for office buildings
with external blinds, the optimum window
area for reduction of total energy
consumption is for south, north, east and
west-facing facades respectively 60%, 30%,
10% and 10% [4]. The potential of energy
saving through optimized widow ration in all
orientations in office buildings in this climatic
region is 25%. Because the amount of
window ration affects the ideal orientation,
all office building which are simulated and
evaluated in this research have the
mentioned window/wall ratio, which are
found as optimum window area in office
buildings.
Fig. 4 Energy Saving Potential through Optimized Window Area

4.1 Effect of Orientation on Energy Demand
Orientation of buildings effectively influences the energy consumption of buildings. Among
architectural factors, it is one of the most important factors from the viewpoint of energy efficiency.
Therefore this paper studies the effect of orientation of office buildings on heating, cooling, lighting
and total energy consumption of office buildings. The heating, cooling and lighting energy demand
of office buildings with different orientations are calculated through building energy simulation with
DesignBuilder.
In order to study the effect of orientation on heating, cooling, lighting and total energy consumption
of office buildings, an office building with different orientations is simulated. The analysis and
results of this study concerns a given office building with fixed characteristics such as fixed building
materials, fixed elongation and window ratio in different orientations, etc. By changing the building
elongation and window ratio, and even other characteristics of the building; the results can be
changed a little. The simulation of an office
building with different orientations and
comparison of them shows the behaviour of
office buildings regarding the orientation.

Fig. 5 Heating Energy Demand

4.1.1 Heating Energy Demand
The office building has the minimum
heating energy consumption when it
oriented to 170° from north (10 degrees
east of south). If the building turns from this
orientation towards north from both east
and west sides, its heating energy will be
increased. The building has the most
heating energy consumption, when it faces
to 40° and 320° from north.
The heating energy demand of the office
building change about 24% with different
orientations. It shows a high heating energy
saving
potential
through
an
ideal
orientation.
4.1.2 Cooling Energy Demand
Because of lowest solar radiation at north,
the office building has the minimum
cooling energy demand, when it faces
north. It has the maximum cooling energy
consumption when it faces to 110 (20
degrees south of east) and 260° (10
degrees south of west). By turning the
building from east and west to north and
south, its cooling energy consumption will
decrease.
Although the cooling energy demand of
the office building is less than its heating
energy demand, the cooling energy
demand changes about 28% with different
orientations. It shows that the cooling
energy demand varies more than heating
energy demand by different orientations.

Fig. 6 Cooling Energy Demand

4.1.3 Lighting Energy Demand
The lighting behaviour of office buildings
regarding the orientation is different from its
heating and cooling behaviour. The
orientation also changes the lighting energy
consumption very less in comparison with
heating and cooling energy consumption.
The office building has the minimum lighting
energy consumption when it faces to 330°
and the maximum energy consumption
when it faces 170° (10 degrees east of
south).

Fig. 7 Lighting Energy Demand
4.1.4 Total Energy Demand

The south-facing office building has the
minimum total energy consumption. The
energy consumption of office buildings will
increase when it turns towards north from
both east and west sides. This building has
the maximum energy consumption at 300°
northeast and 50° northwest. As the main
result, the optimum orientation for office
buildings to have minimal total energy
demand is south.
Based on the results of simulations only
through an ideal orientation for an office
building in the climatic condition of
Hashtgerd New Town, 16% energy can be
saved.

Fig. 8 Total Energy Demand
4.1.5 Comparison of Heating, Cooling and Lighting Energy Demand
The following graph shows the amount of heating, cooling and lighting energy demand of an office
building with different orientations in comparison with each other. It represents that orientation of
the office building affects the lighting energy demand of the building very little. But it effectively
influences the cooling and the heating energy demand of the building. The changing amount of the
heating energy demand is higher than the changing of the cooling energy demand with different
orientations. Heating and cooling energy demand of the building have different behaviour regarding different orientations.
The office building has the minimum heating energy demand, when it faces to south. With this
orientation the cooling energy demand is low. However, the building has not the minimum cooling
energy demand with south orientation. When the building turns from south towards east and west;

the heating, cooling and total energy consumption of building shows approximately the same
behaviour in these two sides. However, this behaviour is not completely the same.

Fig. 9 Comparison of Heating, Cooling and Lighting Energy Demand

5. Conclusions and Discussion

Optimization of architectural design will lead to a very high energy saving. The amount of energy
saving potential varies regarding the climate condition, building utilization, the characteristics of
thermal envelope, etc. This paper has shown that different architectural factors especially building
orientation can affect the heating, cooling, lighting and total energy demand of the office buildings.
Therefore facing of the building into the ideal orientation will reduce the total energy consumption
of building without using any material or technologies. The energy saving potential of optimum
orientation in office buildings in this climatic region is 16%.
Optimization of other architectural factors will increase the energy saving potential through a
climatic responsive architectural design. The optimization of all architectural factors of the office
building pilot project has leaded to a very high energy saving. The energy consumption of this
office building is decreased about 40% compared to available office buildings under the same
conditions and with the same constructional materials. Therefore, the potential of architectural
energy saving in office buildings in this climatic region is very high and up to 40%. It shows that it is
possible to save a high amount of energy in office buildings solely through optimization of
architectural design and without needing any further material or technologies.
5.1
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Summary
The project demonstrates that both high energy-efficiency and utilization of renewable energy
sources in energy management of nearly zero energy buildings can be cost-efficient on life-cycle
perspective. The project also demonstrates the performance and sustainable value creation in
terms of maximum quality of life and minimised operational energy use, reduction in CO2 emissions, and furthermore the cost efficiency of the very-low energy buildings in terms of rate of return
on energy-efficiency and carbon reduction investment.
The aging of population needs to be taken into consideration in planning of cities. New dense urban structure serves for well-being for elderly people capable for individual living and the elderly
homes with a good service structure for those who cannot utilize the services in the surroundings,
but still wish to live in city centres.
The market needs emerging from the aging of population are global. This project focuses on Central and Northern Europe's temperate and cold climate regions. The results are applicable to corresponding climates throughout the world, e.g., Russia, Northern China and Japan, USA and Canada.
Keywords: Buildings, energy, zero energy, renewable energy, elderly homes

1. Introduction
The demonstration building is a housing and service facility for the elderly. Elderly homes, health
care buildings and kindergartens are typically high energy consumption buildings. The demand for
such facilities will increase, as the European population is ageing. The number of over-65s is expected to rise from the present 12% to over 25% during the 2030 - 2050 periods. Simultaneously
the climate change mitigation requires not only dramatic reduction in energy use but also a need to
utilize and harvest green and sustainable energy sources. Elderly homes as best practice examples of very low energy buildings based on innovation and competitiveness can serve as a tool for
dissemination of energy-efficient buildings and their design and construction.
The demographic challenges in the European population are now high on the EU political agenda.
Reduced birth-rates, marginal immigration numbers, and significant increases in the life expectancy will in the years ahead give great changes in the population structure. Today, half of the
population is 40 years or more, in 2060 half of the population is 48 or more. The number of elderly
persons of 65 years or more surpassed the number of children (below 15) already in 2008, in 2060
there will be twice as many elderly than children. The life expectancy has risen by 8 years since

1960, and will increase another 5 years in the next 40 years, according to demographic projections .
The increased ageing population is expected to impose serious strain on the public financial situation of the member states, now coinciding with the general financial situation. Today, EU has 4
people of working age (15-64) for every person aged over 65 in EU, in 2060 this number is only 2.
The fastest growing segment of the population will be the very old - over 80 years, a segment
which will need much more long term care than the younger retired population. The budget problems are related to pension costs, general health care and long term care in old age institutions.

2. Requirements for elderly homes
Elderly people spend more of their time indoors. They often also demand higher indoor comfort
due to reduced activity, metabolism and dementia. New design features such as use of human
thermal modelling for indoor comfort assessment and virtual model for performance in terms of
perceived indoor environment are used in concept design. Information and communication technologies (ICT) are utilised for management of safer indoor environment, care and services helping
the elderly in everyday life as well as monitoring the performance of the building.
There are specific design guidelines for the elderly homes, figure 1. The basic design aim is the
performance of the building for the well-being of the occupants. Energy-efficiency is subordinate
managed target, however, many of the energy-efficiency targets such as indoor climate; warm surfaces etc. are among the important features of an elderly home.

Figure 1. Design guidelines for elderly homes by the Finnish Well-Being Centre. Multiple-valued
design can create a feeling of communal living and serve for well-being of the elderly. Integrating
serviced living and energy-efficiency and in an elderly home requires as well integration of services.
The building technology enables energy-efficiency, but the real outcome depends on how well the
building and its spaces corresponds to services production and use of services.

3. Procurement
The nearly zero energy home for the elderly is under design in Lahti, Finland. The process
included a series of meetings with all the stakeholders including candidate contractors. The

meetings focused on procurement processes concerning the building and its activities and
performance. A design-build contract was chosen for the project. The selection of principal
contractor and designers bases on competitive bidding for invited contractors where price, final
project plan, organisation and experience of the team, development and innovation, and technical
and energy solutions are weighted according to given protocol (maximum assessment points):
- Price (60 p)
- Project plan (2 p)
- Organisation and experience of the team (12 p)
- Development and innovation (8 p)
- Technical and energy solutions (15 p)
- Replacement apartments for the elderly living apartment buildings to be demolished (3 p).

4. Process
Energy efficient buildings such as very low-energy houses, passive houses and nearly zero-energy
houses have significantly lower heating power demand than that of traditional buildings. Therefore,
the typical design and dimensioning criteria of conventional structural and building service system
concepts need to be verified to avoid problems in thermal indoor environment.
A new human thermal model, HTM, has been developed at VTT for predicting thermal behaviour of
the human body under both steady-state and dynamic indoor environment boundary conditions.
HTM is based on true anatomy and physiology of the human body, and it estimates human body
tissue and skin temperature levels. Thermal interaction between the human body and the surrounding space has been modelled by including convective, radiation, and evaporative heat transfer in the model. As a module of the VTT House building simulation tool, HTM can be used for estimating more accurately than before the effects that the building structures and building service
systems will have on occupants under different conditions.
The basic problem in design and construction of homes for the elderly is how to integrate high environmental values into a service oriented concept. The services may support energy-efficiency
provided that the building process integrates production and management of services and appropriate use of the building (homes and public spaces). The energy-efficiency technologies are integrated into use of the building through design, construction and facility management. Requirements management in the construction process safeguards the implementation of both nontechnological and technical targets of the project.
Integrated energy design (figure 2) combines the user requirements, production and management
of services for the users and energy-efficiency. Zero energy and zero emission buildings are being
developed in various European countries. In Finland, e.g., two first net zero energy apartment
houses are being finalized in 2010 - 2011. These pilot projects follow the design and construction
process of typical apartment houses. Typically, building commissioning is not a standard procedure; rather the buildings are commissioned mostly at the end of the construction phase. However,
the commissioning of building performance is a systematic process which should kick off already at
the pre-design phase. This process is especially important in building projects where indoor conditions and energy-efficiency have a high priority.
The commissioning process (figure 3) aims to ensure that the project incorporates and implements
all owner and users needs and requirements. The process requires checkpoints where the implementation of the requirements is checked. Commissioning activities include the following goals:
To provide safety, healthy and comfortable spaces for living and business
To improve design quality by more effective feedback
To assure that all building services systems are compatible with each other
To improve energy efficiency of buildings and building systems
To decrease operation costs
To improve operation and maintenance personnel introductory briefing and training
To improve documentation during the building lifecycle
To meet customer needs and expectations and satisfy customer requirements

Integrated building requires an integrated approach of the building process by considering the
needs of the various stakeholders involved. The complex process of constructing buildings often
overlooks in particular the needs of stakeholders that can not express their needs within the process. It is a challenge to capture and maintain both expressed and unexpressed requirements of
different stakeholders. Requirements management tools aim to provide applicable and updatable
information for following project phases.

Figure 2. Integrated energy design combines the knowledge and experiences of the design team
and specialists on elderly care. The homes for the elderly bases on user requirements and services supporting the living. Design iteration helps for acknowledgment and implementation of both
technical and non-technical requirements.

Figure 3. Schematic description of the commissioning process. The basic tools and methods have
been developed, e.g., in the European research project BRITA in PuBs . The project aimed at
penetration of innovative and effective retrofit solutions to improve energy efficiency and implementation of renewable energy solutions, with acceptable additional costs. The toolbox developed
in the project can utilized in new building as well
Poor thermal comfort and the relevant sub-systems – as a property or as part of housing – may
impact health of people with reduced activity, metabilism or dementia. The focus should be shifted
from installing and designing building systems to the creation of stakeholder-related values by in-

tegrating all subsystems and user needs. This is certainly applicable to any design and construction of comfortable living environment.

5. Construction
The new nearly zero energy building for the elderly replaces the existing three apartment buildings
of the 1970's to be demolished. The new building has a floor area of 16500 m2 whereas the
existing buildings have a total area of 8500 m2. These buildings are demolished due to their poor
condition and high refurbishment costs compared to estimated costs of the new building. The
nearly zero energy concept has an extra cost of about 10% compared to new elderly homes in
general. At the same time the building is right in the centre of Lahti thus serving also the activity of
the elderly in good physical condition.
The building has special features serving for different user groups. The building (figure 4) includes
apartments for the elderly capable for individual living as well as for those needing 24 hours
assistance. There is a specific yard for the elderly suffering from dementia. The building comprises
of three towers connected to each other by indoor balconies. These together form a route for
walking for people with walker. poor walking ability

Figure 4. Views to the inner yard in an atrium. The housing towers are connected with indoor
balconies. The atrium provides a safe environment for the people suffering of dementia.

6. Conclusions
The project experiences so far show the energy-efficiency in such a specific building is not a highcost target. Also, the briefing process in the very early phase of the process has helped the bidders
to understand the specific features of the building and the requirements coming from the high
energy-efficiency. The process helped the builder, the Lahti Foundation of Housing and Services
for the Elderly to focus and accommodate high targets for the building.
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Summary
The moisture problems are very common in many countries, where the climate sets high
requirements for the building structures. A monitoring system for tracking the hydrothermal
behaviour of the building structures is presented in this paper. First a short presentation of the
moisture related problems and moisture transport mechanisms in the building structures is
presented. Next, a proper placement for the moisture sensors in a building is discussed. The
following chapter describes the development challenges in the development process of the
monitoring system. In the subsequent chapters, the measurement results, usage cases and
conclusions are presented. It can be concluded, that the system has many applications and the
results are encouraging.
Keywords: Wireless, moisture, monitoring, concrete, sensor, building, structure.

6. Introduction
Moisture is a major factor in physical, chemical and biological deterioration processes of building
materials. Physical deteriorations are typically caused by restrained moisture movements and
freezing. Changes in the moisture and the temperature lead to the swelling and shrinking of the
building materials. Freezing and thawing of the water in pores and cracks leads to increase in
volume. Chemical deteriorations will occur as a result of the reaction between the water and the
cement based building materials. Biological deterioration is caused by a living organism which
growth is determined by the levels of the relative humidity and the temperature. Finally, moisture
will increase the heat flow through the building structures and thus increase the consumption of the
heating energy [1].
The continuous monitoring of the temperature and the relative humidity of the structures provides
information about the performance and condition of the building [1]. Immediate actions can be
done to prevent the expensive repair tasks if the system sends an alarm when the relative humidity
exceeds a certain limit. If a comprehensive record of monitoring data is available, decisions on the
repair actions can be done at the optimum time before any major problems occur. Estimations on
the remaining service time of the building materials can be calculated based on the monitoring

data. A full record of the moisture values can be used as a proof of the good condition of the
building structures and provides a reason for a higher price of the building. Also the hidden
problems in the structures due to defecting building methods during the construction stage can be
detected rapidly with the continuous moisture monitoring system.
The wireless radio link gives a benefit for an easy and fast assembly. In the wired solution, the
wiring work is very time-consuming and the major part of the total expenses comes from the
assembly work in any case. The wireless link is essential if the sensors are embedded inside the
building structures. For example, if the sensor device is not fully casted inside the concrete, the
wires can easily break at the casting phase and the sensors may leave marks or cause cracks on
the surface. If the sensors are installed afterwards through the drilled holes, the moisture
measurement results will be affected by the accelerated drying of the building materials through
these drilled holes. Additionally the drilled holes can cause some additional moisture problems.

7. Water in the Building Structures
Several moisture and water sources are shown in Figure 1. It is typical that some moisture enters
the building structures. The well designed and build solutions can prevent the moisture for getting
deeper into the structures and ensure the sufficient drying. Continues monitoring can be used to
ensure that this really happens and immediate actions can be done if too much moisture is
detected.

Figure 1. Sources, transport and storage of the moisture in the building [2].

7.1

Moisture Parameters

There are even more important parameters, in addition to relative humidity (RH), which can be
used to map the deterioration of building materials. More informative parameters are the time of
wetness, TOW and the long-term moisture response indicator RHT index. RHT index is an
indicator used to quantify and compare the hydrothermal response of the building materials. This
index captures the moisture and the thermal conditions coexisting above the threshold RH and
temperature levels. RHT is calculated by multiplying the temperature (Tpotential) and the moisture
(RHpotential), where (Tpotential) is the potential temperature for moisture damage and (RHpotential) is the
potential RH for the moisture damage. The listed parameters can be calculated based on the RH
and temperature measurement data, which is received from the wireless sensor device.

7.2

Moisture Transport Mechanisms

As shown in Figure 1, there are several mechanisms which can transport the moisture deeper into
building structures. The hidden moisture, which might not even have any proper mechanism for
drying, can be destructive for the building structures. The typical transport mechanisms are liquid
flow, capillary suction, air convection and diffusion. In some cases the moisture can change the
transport mechanism and continue deeper into structures by using a different mechanism. For
example, in the condensation the moisture in the air changes to a liquid. In concrete, the moisture
transport may happen because of moisture distribution tries to reach the state of equilibrium,
because of diffusion, temperature gradient, pressure in pores or pores pressure gradient [3].
7.3

Drying of a Fresh Concrete

Concrete mix consists of aggregates (stone and sand), cement, and water. The water first serves
as a vehicle for pouring the mix, then is partly consumed by the hydration reaction. During the
hydration, about half of the water becomes part of the concrete leaving a roughly equal amount of
free water in the material’s pores. Drying does not progress at a constant rate. The first water
comes out relatively easily, because it is bound loosely to the other water molecules filling the
concrete’s pores. The last water is more difficult to remove because it is tightly bound to the
surface of the concrete. More energy and more time are required to break the bonds. The sufficient
dryness of the concrete should be verified before sealing (for example, floor covering) the concrete
slab [4].

8. Proper Placement for the Humidity Sensors
Special attention must be paid on mapping the locations for the monitoring sensors. Placing a large
number of sensors can be expensive and therefore only the most critical locations should be
equipped with the sensors. Mapping all the sensitive locations can be an impossible task but
certain guidelines can be applied. Also, the wireless technology itself sets some restrictions on the
placement.
8.1

Mapping of the Monitoring Points

Some critical locations and short reasoning for the placements are listed in Table 1. At several
locations four or five sensors are needed to map the moisture profiles and moisture differences as
a function of location. Therefore four sensor elements were implemented for every wireless sensor
device with 50–80 cm of extension cable. As an example, locations inside the different wall
structures are show in Figure 2.

Figure 2. Examples of recommended locations for the humidity and temperature sensors which are
installed inside the repaired concrete facades.

Table 1– Some critical locations are listed for the moisture sensors appropriate placement.
Monitoring
period
short
short
long
long
long
long
long
long
long
long
long
long

8.2

Moisture sensors
location
reasoning
floor / concrete slab
Drying before covering the floor
walls/building material
Outdoor rain during the construction phase
floor / under the cover material Remaining moisture in the structures
bathrooms
Drying after the water is used
showers
Sufficient drying / leakage
areas close to windows
Additional moisture / mould grow
areas close to doors
Additional moisture / mould grow
basements
Additional moisture / water pipes
building foundations
Diffused water
ventilation gaps
Convection / air flow
building facades
Additional moisture below the panels / coatings
Water leakages / ventilation pipes condensation
roof insulations
water

Constraints for the Placement of the Sensors

Because the sensor device has a radio, it is reasonable to place the communication part of the
device as close to the surface as possible. The maximum depth is limited by the attenuation of the
radio wave. Short analysis is presented later in this paper. If there is a too thin layer of concrete
which covers the sensor device, the concrete will crack. The minimum thickness of the concrete is
limited by the maximum size of aggregates used in the concrete mix. If the maximum size of
aggregates is 1.6 cm, three centimetres of concrete will ensure that there is only a low probability
that the concrete will crack. The strict instructions for the sensor dept from the surface would cause
extensive amount of extra work at the construction site, therefore it is economical to give 30 mm
tolerance for the placement. The final placement specification for the distance from the surface
inside the concrete is 20 - 50 mm. Also the remaining path for the radio wave in the open air has to
be cleared of large metallic objects or other type of blocking obstacles.

9. Moisture Monitoring System
A full moisture monitoring system was developed in this research project. The system is currently
installed at several pilot sites (during the year 2011) and further development of the system and
data acquisition continues.
9.1

Challenges for the Electronic Hardware

There are many existing humidity measurement systems and measurement methods. Examples of
handheld moisture measurement devices are shown in Figure 3. Also RFID-tag type of moisture
sensor devices and humidity sensors for measuring the indoor air are available.

Figure 3. Some commonly used surface moisture meters [1].

The approach, which is taken in this research, is the placement of the sensors inside the building
materials and the concept of automated and continuous moisture and temperature monitoring of
the buildings. The required system needs to be different from the existing electronic hardware.
There are several major challenges for a real time wireless moisture monitoring system. The
materials which are used in the devices need to be compatible with the building materials. The
sensors must be designed for a long service time and they need to be well tested. The radio link
needs to be suitable for transmitting and receiving through an appropriate distance of concrete.
The energy source, which is needed for an active electronic device, needs to preserve and deliver
energy for the sensor device for many years, even decades. The sensor device itself needs to be
reliable for a long term usage inside the building materials, because the replacement can be
difficult or even economically unreasonable.
4.1.1 Material Considerations
The most challenging building material for an electric device is the concrete because it is highly
alkaline (PH can be 13 after casting the concrete) and there is free water and reactive ions.
Aluminium can not be used close to concrete because it’s protective Al2O3-layer is not stable in this
kind of environment. The electrical components are connected to a wiring board with a solder
material which has 95% of tin. Tin gives a good protection against the corrosion, when PH is
between 3-9 inside the concrete. Silicon dioxide dissolves in highly alkaline environment and
therefore the active circuits need to be well protected [5-7].
4.1.2 Attenuation of the Radio Wave inside the Concrete
Let’s neglect the attenuation for the reflections from the concrete surface and the reflections for the
surface angle. A simplified approach is just to calculate penetration depth inside the concrete. It is
defined as the depth at which the intensity of the radiation inside the material falls to 1/e (about
37%) of the original value at the surface. According to Beer- Lambert law,

E ( z ) = E0 e − jkz , where Eo is the amplitude and k = ω 2 µ  ε r ε 0 − jσ  .
ω 


(1)

Here ω is angular frequency, µ is permeability, εr is relative permittivity (for a dry concrete 4,5), εo is
permittivity of vacuum and σ is conductivity (for relatively dry concrete we can use 7 mS/m). Then
the penetration depth δ can be calculated.

δ = 1 / ( 2π ⋅ 2400 ⋅10 6 Hz ⋅ 4π ⋅ 10 −7 H / m ⋅ 0,007 S / m ) ≈ 87 mm .

(2)

The carrier signal (at 2,4 GHz) attenuates 4,3 dB (intensity is 37% of the original value) when it
passes through 8,7 cm of almost dry concrete. For a wet concrete the attenuation is much more
dramatic. Electromagnetic wave simulators and measurements can be used to obtain more
accurate results. The setups and the results are shown in Figures 4-6.

Figure 4. Simulation setup.

Figure 5. HFSS simulation results.

Figure 6. Measurement setup

The selected BT-radios give 93 – 70 dBs for the radio link budget. The attenuation results are
summarized in Table 2.
Table 2 – Attenuation of the 2,4 GHz radio wave in 2 cm of concrete.
Radio wave Attenuation in 2cm of concrete [dB]
Simulated
Measured
almost dry 31*
20 – 30*
very wet
55*
na
*(The results are from 2 cm of concrete. The system requirement is for 3 – 5 cm. The dipole
antennas, which were used in the simulation, were properly matched for 900 MHz only which was
the initial system specification.)
4.1.3 Testing of the Monitoring System
The sensors need to be well tested because the replacement can be economically impossible.
Therefore a lot of effort was put into the testing of the sensors and the monitoring system. The
failure rate of electronic devices typically follows the bathtub curve, which is presented in Figure 7.
To find out the weakest point in the device, temperature cycling test and exposition to a high
moisture conditions test was applied.

Figure 7. The bathtub curve: hypothetical failure rate versus time.
4.1.4 Energy Source for an Active Device
Finding an appropriate energy source for the sensor device which offers a long operation time
turned out to be a major challenge. A pair of AA finger batteries could theoretically offer several
decades operation for the sensor. But the self discharge of the Lithium-Ion batteries in a varying
environment of low temperatures and high moisture will drop the operation time well below the
storage self discharge time of ten years. A wireless recharging device which delivers a high
magnetic field to the receiver part (the sensor device) was developed to enable recharging of the
batteries inside the sensor device through a 3 – 5 cm of concrete. Wireless recharging device is
presented later in Figures 9 and 10. Also a sensor detection system was developed for the device,
which is based on voltage measurement and load shift keying, LSK modulated data transmission.
4.1.5 Reliability of the Sensor Elements
The used sensor element itself is a capacitor in principle. The dielectric is a polymer which absorbs
or releases water proportional to the relative environmental humidity, and thus changes the
capacitance of the capacitor. This technology offers a long-term reliable operation with a
reasonably low cost and with sufficient ±5 % accuracy. Also the sensor elements needed to be

tested in special environment (inside the concrete). An additional calibration algorithm was needed
for the special environment.
4.2

Block Diagram of the Moisture Monitoring System

The block diagram of the moisture monitoring system is shown in Figure 8. The sensor device
sends the moisture and temperature measurement data using wireless Bluetooth radio
transmission. The data can be received by any Bluetooth device (preferably class 1 device)
including laptops tablets and cellular phones. Another requirement for displaying the moisture data
frame is the terminal software (VT100, Hyper Terminal, Putty or similar). For the continuous
monitoring a fixed access point device is recommended. It delivers data to a given destination
through the Internet. Typically the access point devices can transmit the data to the wired Internet
or a wireless WLAN network. Another device, which is an additional part of the moisture monitoring
system, is the wireless recharging device. The recharging device is used for recharging the
batteries of the sensor device, which is located fully inside the building structures. The recharging
device is shown in Figures 9 and 10. The device itself will instruct the user to locate the sensor
devices and for finding an optimal charging position.

Figure 8. Block diagram of the system. Figures 9 and 10. Wireless recharging device.

10. Measurements with the RHT Monitoring Sensors
One sensor devise together with a reference moisture sensor (HMP44) from Vaisala was casted
inside a concrete slab of 62 cm x 40 cm x 11 cm. The rule of thumb would predict that the slab is
dry (RH is less than 85 %) in 3 – 4 months [4]. The casting mould was removed after 45 days. The
drying process started after the mould was removed. The sensors were placed at different depths
inside the cast and therefore some sensors indicated faster drying than the others. The
measurement results are shown in Figure 11. The measurement results of the sensors, which are
used in the Railo-devices (Railo-sensor is the name of the sensor which is developed in this
project), are calibrated to the same maximum value than the high accuracy sensor from Vaisala Oy.
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Figure 11. Meas. results of a drying slab.

Figure 12. Picture of a Railo-sensor and the slab.

11. Usage Cases and Discussion
The new, highly insulated low energy buildings will set new challenges for the needed drying
process. In principle, thick insulations can absorb more moisture and slow down the effective
drying process. The service time of these buildings is most likely to be shorter than the older ones.
A lot of money is invested in buildings and a long service time will pay back if the service time can
be extended. Also, the investors can be sure that their investments are safe, if the structures are
monitored actively and they can receive real time data about the conditions of the sensitive
materials through the Internet.
Several aging parameters of the building materials can be calculated according to the obtained
moisture and temperature data. This helps to predict the needed renovation needs and a full
record of the moisture performance can be used as a proof of the good condition of the building at
any purchase or at the delivery phase of a new building.
Additionally, a leak in the water pipes can cause a sudden or a slow deterioration of building
materials. Fast actions can be done because of the continuous monitoring. The savings can be
substantial compared to rarely operated moisture measurements with handheld devices, which are
more suitable for detecting the scale of the renovation need after the moisture problem is detected
by other means. Typically, the home insurances do not cover the slow deterioration of building
materials caused by the high moisture. And the moisture is the most common cause for the
deterioration of buildings which is inevitably happening.
Wireless monitoring system has also applications in renovation of older buildings, because the
wireless system does not require as much installation work with the cables. For example, a large
number of the 70’s and the 80’s buildings have many renovation needs in their moisture sensitive
parts. The described moisture monitoring system is easy to install during the renovation project.

12. Conclusions
A wireless moisture monitoring system for monitoring the hydrothermal behaviour of the building
structures is presented in this paper. The reliability and the field test are still ongoing in 2011 for the
new type of sensor devices, which are embedded inside the building materials. The developed
monitoring system has many applications. Especially the usage inside the concrete casts is
targeted, because it is probably the most demanding environment for an electronic device to be
used in monitoring of the building structures.
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Summary
South-East Asian countries are greatly developing in recent years. In such countries as Singapore
and Thailand, energy consumption in residential houses are rapidly increasing. Consequently,
energy consumption in Cambodia are estimated to increase abundantly in the near future. In
Cambodia, which started to experience vast economic growth, curbing the energy consumption is
possible through practicing proper energy conservation measures at current stage of development.
To plan the measures is difficult because of the lack of fundamental data on Cambodian lifestyle
and energy consumption.
Therefore, the purpose of this research is to determine the lifestyle of Cambodian people and the
actual amount of energy consumption of its houses in urban areas. A questionnaire was adopted
as a method of collecting comprehensive data, and was distributed to the students at high schools
and universities, and the staffs at international agency of Phnom Penh and Siem Reap.
Keywords: Cambodia, energy consumption, questionnaire, houses

1. Introduction
In recent years, Southeast Asian countries have shown rapid economic growth. Even in Cambodia,
where development had been hindered by the civil war, the real economic growth rate of the
country has been over 10% from 2004 to 2007. Two neighbouring countries of Cambodia,
Singapore and Thailand, has shown that energy consumption increases relative to the
improvement of living standards by economic development, which implicates a possible rapid
increase of energy consumption in Cambodia in the near future. In Cambodia, a country where
economic development has just started, appropriate energy saving measures in the private sector
at current stage may shine a new path to the country’s development which balances economy and
energy conservation. However, due to the lack of fundamental data on residential energy
consumption, it has been difficult to establish appropriate energy saving measures.
Therefore, in this research, series of questionnaires were conducted to residents in the capital city
and a tourist city, Phnom Penh and Siem Reap respectively, to establish a fundamental data on
residential energy consumption and to understand the conditions of lifestyle and energy usage in
the urban areas of Cambodia.

2. Outline of research
2.1

Purpose of research

The purpose of this research was to understand the residential energy consumption of urban areas
of Cambodia, where there is a high possibility of energy saving measures being installed in the
near future.
2.2

The
research
was
conducted
through
questionnaires towards university and high
school students in Phnom Penh and Siem Reap,
and staffs working at international agency. The
placement survey method was used where
questionnaires were handed out to the subjects
and collected on later dates. To achieve accurate
answers, an explanation of the important points
and purpose, along with answering questions
were conducted at the time of handing out the
questionnaires.
2.3

Table 1 Contents of the research

Method of research

Term and contents of research

The research was conducted between 10th July,
2010 to 30th July, 2010. Contents of the
questionnaires are shown in Table 1.

Item

Contents

Status of Household

Number of household members,
Household monthly income
Type of houses, Building construction,

Status of House

Number of floors, Gross floor area,
Year of completion
Possessed home appliances,

Lifestyle

Status of using, Purchasing interest

Consciousness

Consciousness on using air-conditioner,

On energy saving

Consciousness on energy saving
amount of electricity usage,

Energy consumption

amount of LPG usage,
amount of charcoal and firewood usage

3. Result of research about lifestyle
3.1

Introduction

Table 2 shows the distribution number, collected
number, number of valid answers, and valid
answer rate for each distributed location and the
total. Valid answers were defined by excluding
answers that had lack of information on
household attribution (number of members,
household income), attribution of houses (type
of houses, building construction, number of
floors, gross floor area, year of completion) and
energy usage, and answers that can be judged
as errors during filling out.
Furthermore, house types were classified into 4
types shown in Fig. 1, traditional house,
detached house, terrace house and villa, and
household income were classified into 3 types;
less than 80USD as low income, above 80USD
up to 500USD as middle income, and above
500USD as high income.

(a) Traditional house

(b) Detached house

(c) Terrace house

(d) Villa

Fig. 1 Types of houses

Table 2 Distribution number , Collected number, Number and Rate of valid Answers
Number of

Rate of

valid Answers

Valid Answers

43

25%

117

32

27%

204

68

32%

Distribution number

Collected number

University A

170

148

Phnom

University B

117

Penh

High school C

212

International Agency D

30

30

8

27%

Shem

University E

141

123

25

18%

Reap

High school F

100

92

31

31%

770

714

207

27%

Total

3.2

Attribution of households and houses

Fig. 2 (a)~(e) shows the attribution of
household and houses of the valid answers.
49% of the total were traditional houses, and in
Phnom Penh, the highest was traditional
houses with 44%, and the second was terrace
house with 32%. In Siem Reap, traditional
houses account for 63%.

Total

Number of members per household were 5.7 in
average, which slightly differs when looking by
cities; Phnom Penh was 5.7 members per
household while Siem Reap was 6.0.
22% of the total had household income of
above 100USD up to 200USD. In Phnom Penh,
the ratio of below 50USD, above 750USD up to
100USD and above 1000USD are higher than
in Siem Reap, which indicates a larger gap
between the rich and the poor.

Above 200㎡

87

Phnom Penh

79

59

Siem Reap

59

28

30

11

26

7

20

4 4

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

(b) Total floor space
Befor 1970s
1990s

Regarding gross floor area, 80% of the total
were less than 100m2.
Regarding year of completion, 76% were after
1990, however, this may be due to the civil war
which continued until 1993.

50㎡～100㎡

Under 50㎡
100㎡～200㎡

Total

Phnom Penh
Siem Reap

14 7

1970s
After 1990s

1980s

29

54

103

10 5 19

47

70

4 2

10

7

33

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

(c) Year of completion
1

2

Total 6 11
Phnom Penh 4 5

Siem Reap

3

4

30

16

45

35

22 12 12 18

14

31

27

19

8 10 9

6 2

14

8

3 4 2

9

24

2 6

5

6

7

8

9

Above 10

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

(d) Number of household members
Traditional house
Terrace house

Total
Phnom Penh

Siem Reap

Detached house
Villa

101

45

66

54

32

35

49

13

$50～$80

$80～$100

$100～$200

$300～$500

$500～$750

$750～$1000

Above $1000

7

Total

4

Phnom Penh

5 3

Siem Reap

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

(a) Types of house

Under $50

15 24
13
2

38

18
6

27
11

46
31
15

23
13

$200～$300

22 11 15 13
17 8 13 11

10

5

3 22

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

(e) Household monthly income

Fig. 2 Attribution of households and houses

Difference of lifestyle by household monthly income

3.3.1 Types of house

Table 3 Types of house

Table 3 shows the type of houses by
household income. In low income households,
74% live in traditional houses. Even in middle
income households, 52% live in traditional
houses however the rate has decreased in
comparison to low income households and
the rate which live in other 3 house types
increase. The number decreases in high
income households with 13% and households
that live in terrace house account for the
majority with 54%.

Middle income

High income

household

household

household

74%

52%

13%

15%

22%

26%

0%

3%

8%

10%

22%

54%

100%

100%

100%

Traditional
house
Detached
house
Villa
Terrace
house
Total

3.3.2 Types of energy source

Table 4

Types of energy source

Low income

Middle income

High income

household

household

household

0%

1%

0%

38%

23%

0%

10%

14%

13%

21%

11%

8%

10%

22%

54%

3%

9%

8%

All

18%

21%

18%

Total

100%

100%

100%

Electricity
Charcoal ・
Firewood
LPG
Electricity &
Charcoal ・

3.3.3 Dissemination rate of home appliances

Electricity &
LPG
Charcoal ・
Firewood &
LPG

100%
90%
80%
70%
60%

50%
40%

30%
20%
10%

high

Low

Middle

high

Low

Middle

high

Low

Middle

high

Low

Middle

high

Low

Middle

high

Low

Middle

high

high

Low

Middle

high

Low

Middle

high

Low

0%

Middle

Fig. 3 shows the dissemination rate of major
home appliances by household income.
Home
appliances
with
high
overall
dissemination rate were television with 88%,
electric fan with 80%, and clothes iron with
77%, and there was a trend that
dissemination rate increases as household
income increases in any home appliances.
Television and electric fan had a small
difference in dissemination rate by household
income, which indicates that these have
disseminated even to the low income
households. On the other hand, refrigerator,
air-conditioner, water heater and laundry
machine have disseminated mainly to the high
income households but have not disseminated
to the low income households with the rate of
below 5%. Furthermore, computer has a high
overall rate with 51%, but this may be due to
the fact that the majority of the subjected
households were households with students.

Firewood

Low

Table 4 shows the energy usage source by
household income. In low income households,
38% uses charcoal and firewood only,
followed by 21% of electricity, charcoal and
firewood. The rate of households which uses
charcoal and firewood account for the most,
but this rate decreases relative to the
increase of household income. On the other
hand, the rate of households that uses
electricity and LPG increases relative to the
increase of household income and account
for 54% of high household income.

Low income
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Fig. 3 Penetration rate of home appliances

3.4

Status of using home appliances

Table 5 Status of air conditioner usage

3.4.1 About air-conditioner

Fig. 4 shows the usage rate by time of air
conditioner. Air conditioner was used mainly
during sleeping hours, between 18 o’ clock in
the evening to 6 o’ clock in the following
morning. Furthermore, regarding air conditioner
usage, when asked whether there are any
reasons for refraining from using air conditioner,
47% of the total answered “yes” and 37%
answered “no”. Main reasons for the results
were “to reduce electricity cost” with 42%,
followed by “electric fan is enough”.

Value

(a) Dissemination rate

027.9

[%]

(b) Average possessed number

0 1.9

[item/Household]

(c) Average used months

011.1

[months]

(d) Average used days

005.1

[days/week]

(e) Average used hours

005.8

[hours/day]

(f) Average set temperature

020.6

[℃]

(g) Average consumed power

957.6

[W]

(h) Unit corresponding value

003.6

[MJ/kWh]

Useage rate of airconditioner
[%]

Table 5 shows the results of the status of air
conditioner usage. Average possessed number
were 1.9 [item/household] and average
frequency of usage were 11.1[months/year],
5.1[days/week] which indicates that air
conditioners are used all year round.
Furthermore, average used hours were
5.8[hours/day] and average set temperature
was 20.0[℃].

Item

60
50
40
30
20
10
0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time

Fig. 4

Usage rate of air conditioner

Table 6 Status of water heater usage

3.4.2 About water heater

Item

Table 6 shows the results of the questionnaire
on status of water heater usage. Average times
of shower were 6.5 [times/week・person] which
indicates that water heater was used almost
every day. Furthermore, average duration of
shower were 10.6 [min/times] and average set
temperature was 37.5 [ ℃ ]. Additionally, the
average temperature of the water and the
average quantity of flow from the tap was
29.6[℃] and 6.3 [L/min] respectively.

Value

(i)

Dissemination rate

22.2

[%]

(j)

Average number of household

05.7

[person]

(k) Average times of shower

06.5

[times/(week・person)]

(l)

10.6

[min/times]

(m) Average set temperature

37.5

[℃]

(n) Average temperature of water

29.6

[℃]

(o) Average quantity of flow

06.3

[L/min]

(p) Heat conversion efficiency

00.8

[-]

(q) Unit corresponding value

04.2

[J/cal]

Average duration of shower

4. Result of research about energy consumption
4.1

Introduction

From the result of the questionnaire, annual
residential energy consumption (secondary
energy) was calculated.
In addition, the
corresponding values shown in Table 7 were
used for the calculation.
4.2

Table 7 Corresponding value
Item

Value

Electricity

03.6 [MJ/kWh]

Charcoal

28.9 [MJ/kg]

Firewood

16.0 [MJ/kg]

LPG

42.3 [MJ/kg ]

Distribution of energy consumption

Fig. 5 shows the distribution of annual residential energy consumption per household. Regarding
distribution, the highest is over 5.0 [GJ/year・household] up to 10.0 [GJ/year・household] which
account for 23% of the total. Furthermore, the average was 18.2 [GJ/year・household] and the
standard deviation was 14.6 [GJ/year・household]. When comparing between cities, the average
and the standard deviation was 18.0 [GJ/year・household] and 14.5 [GJ/year・household] in
Phnom Penh and 18.7 [GJ/year ・ household] and 14.9 [GJ/year ・ household] in Siem Reap,
respectively.

Fig. 6 shows the box and whisker plot with the minimum, lower quartile, median, upper quartile and
the maximum by cities and the total. Though there is a notable difference in the maximum, Phnom
Penh with 88.2 [GJ/year ・household] and Siem Reap with 76.3 [GJ/year ・household], other
values did not show a notable difference, thus concluding that there is no large difference in the
distribution of annual residential energy consumption per household.
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Distribution of energy consumption

Fig. 6

Phnom Penh

Siem Reap

Box and whisker plot

Breakdown of energy consumption

Fig. 6 shows the breakdown of the energy source of the annual residential energy consumption.
Charcoal・Firewood had the highest rate with 41%, followed by LPG with 28% and electricity with
23%.
Fig. 7 shows the breakdown of the usage of annual residential energy consumption. Here, formula
in Table 8 and values in Table 5 and 6 were used in calculating the energy consumption of cooling
and water heating. Values of (b)~(f) and (j)~(n) are the average value of households that owns air
conditioner and water heater. In addition, Cambodia was assumed not to have a heating period
and all charcoal・firewood and LPG were assumed to have been used for either water heating or
cooking. At current stage, water heating and cooking energy consumption is the highest with 83%,
however this is due to the fact that many households use charcoal・firewood for water heating and
cooking, which are low in combustion efficiency.
Others Cooling
1.4
1.7
8%
9%

Electricity
4.3
23%

LPG
5.2
28%

Water
heating &
18.2 GJ
Cooking /(year・household)
15.1
83%

18.2 GJ
/(year・household)
Charcoal
5.0
28%

Firewood
3.7
21%

Fig. 7

Breakdown of energy source
Table 8

Item
(A)

Cooling

Fig. 8

Breakdown of the usage

Formula to calculate energy consumption

Formula
(A) = (a)×(c)×(d)×(e)×(f)×(g)×(h)

Item
(B)

Water heating

Formula
(B) = (i)×(j)×(k)×(l)×{(m)－(n)}×(o)×(q)/(p)

4.4

Energy consumption adjusted for number of household members

Energy Consumption [GJ/(year・Person)]

Energy Consumption [GJ/(year・household)]

Electricity
Charcoal
firewood
LPG
Per capita
Fig. 9 shows the annual residential energy
30
18
consumption per household and per person by
16
number of household members. The overall average
25
14
was 18.2 [GJ/year・household] and 3.8 [GJ/year・
person] respectively. Annual residential energy
20
12
consumption per household levelled off when number
10
15
of household members were 1~3, but increased
8
relative to the increase of household members over 4.
10
6
The reason behind the levelling off when number of
4
5
household members were 1~3 may be due to the fact
2
that income and number of possessed home
0
0
appliances per person are higher when number of
1
2
3
4
5
6
7
8
9
household members are lower, and are living a more
Number of household menbers [person]
wealthy life. Annual residential energy consumption
Fig. 9 Energy consumption (number)
per person decreases rapidly as number of
household members changes from 1 to 4, but levels off over 4.

Energy Consumption [GJ/(year・household)]

4.5 Energy consumption adjusted for income of household
Electricity
Charcoal
Firewood
LPG
Fig. 10 shows the annual residential energy
30
consumption per household by household income.
The rate of energy source that make up the annual
25
residential energy consumption greatly changes as
20
monthly income exceeds the 300USD boarder. For
each household income below 300USD, charcoal・
15
firewood consumption account for over 50% while for
10
each household income over 300USD, the proportion
of charcoal・firewood consumption decreases down
5
to 30%, and electricity and LPG consumption
0
account for more than 70%. Thus, when household
income
reaches
around
300USD,
energy
consumption structure changes from charcoal ・
Household monthly income [USD]
firewood based consumption to electricity and LPG
Fig. 10 Energy consumption (income)
based consumption. Furthermore, when observing
the amount of annual residential energy consumption, it decreases greatly straight after exceeding
the 300USD household income, but increases again afterwards. It can be assumed that annual
residential energy consumption decreases temporarily when energy consumption structure
changes to a more efficient energy source, but increases again when electricity and LPG
consumption rises relative to the increase in household income.
CO2 emission adjusted for income of households

Fig. 11 shows the annual CO2 emission per
household by household income calculated from the
results in chapter 4.5. Here, emission factors shown
in Table 9 were used to calculate annual CO2
emission. In addition, charcoal and firewood were
considered as carbon neutral energy source and are
shown in a dotted line. Regarding electricity and LPG,
there is a tendency that annual CO2 emission
increases as household income increases. In chapter
4.5, it was stated that annual residential energy
consumption decreases temporarily when energy
consumption structure changes, however, it can be
assumed that annual CO2 emission increases even
after the change in energy consumption structure.

Electricity
Energy Consumption [GJ/(year・household)]

4.6

Charcoal

Firewood

30

25
20
15
10

5
0

Household monthly income [USD]

Fig. 11

CO2 emission (income)

LPG

Table 9 CO2 emission factor
Item

Emission factor

Item

Emission factor

Electricity

00.322 [kg-CO2/MJ]

LPG

00.068 [kg-CO2/MJ]

5. Discussion
In urban areas of Cambodia, 49% of the total household live in traditional houses and 26% live in
terrace houses. The rate of households living in traditional houses are highest in low income
households and middle income households with 74% and 52% respectively, however the highest in
high income household is terrace house with 54%.
The highest energy source usage is charcoal and firewood only in low income household with
38%, however in middle income households, charcoal・firewood only account for 23%, electricity
and LPG account for 22% and charcoal・firewood and LPG account for 21%. In high income
household, electricity and LPG account for 54%, which is the highest.
Home appliances with high dissemination rate are television with 88%, electric fan with 80% and
iron with 77%.
The average of annual residential energy consumption per household was 18.2 [GJ/year ・
household]. The highest breakdown of energy source was charcoal・firewood with 41%, and the
highest breakdown of usage was water heater and cooking with 82%.
Households with less than 300USD household income had over 50% of charcoal ・firewood
consumption accounting for their annual residential energy consumption, while electricity and LPG
consumption accounted for over 70% in households with over 300USD household income.
Annual CO2 emission per household was 0.7~4.5 [t-CO2/year・household] and it increases as
household income increase.
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Summary
The high temperature of PV modules reduces the efficiency of a PV system. In particular, BIPV
systems appear to be more vulnerable to the PV module temperature, as they are attached to
building surfaces. The extraction of heat from the space between building envelope and PV
modules will increase the efficiency of the PV systems as it lowers the PV module temperature. It
is also possible to utilize the extracted heat as a heat source for buildings.
In addition to the improvement of the electrical performance of BIPV systems by the removal of the
heat, the thermal collection through heating mediums such as air and water can be achieved with
the device known as a photovoltaic-thermal (PVT) combined collector.
This study deals with the energy performance of a roof-integrated PVT air collector system that
was built and tested in outdoor condition. Its experimental performance was analyzed. Also, the
performance of the PVT air collector was investigated through TRNSYS simulations program and
its thermal and electrical performances were modelled by varying the air flow rate and air channel
height.
This paper analyzed the experimental performance of air-type PVT collector that can be integrated
into a roof structure with a 10 cm gap for forced ventilation. The experimental results showed that
experimental model had an overall efficiency rating of 42%. For the air-type PVT collector, forced
ventilation of the air space improves the electrical performance as well as the thermal performance.
The PVT energy modelling using the TRNSYS simulation program confirmed that the air flow rate
and air channel height had an effect on the thermal and electrical performance of the PVT air
collector.
Keywords:

roof-integrated PV-Thermal air collector, experimental performance, thermal
efficiency, electrical efficiency, PV temperature, TRNSYS modelling

1. Introduction
The high temperature of PV modules reduces the efficiency of a PV system. In particular, BIPV
systems appear to be more vulnerable to the PV module temperature, as they are attached to
building surfaces. The extraction of heat from the space between building envelope and PV
modules will increase the efficiency of the PV systems as it lowers the PV module temperature. It
is also possible to utilize the extracted heat as a heat source for buildings. In addition to the
improvement of the electrical performance of BIPV systems by the removal of the heat, the thermal
collection through heating mediums such as air and water can be achieved with the device known
as a photovoltaic-thermal (PVT) combined collector.
Thus, this study investigates the performance of roof-integrated PVT collector that collects hot air
from the space between the roofing surface and PV modules though experiments and energy
modelling. Their thermal and electrical performances were measured in outdoor condition, and the

results are analyzed. Also, based on the TRNSYS modelling program, the performance of PVT air
collector was modelled to determine how efficiency is affected by the air flow rate and channel
height of PVT air collector.

2. Roof-Integrated PVT air collector
2.1

Experiment Model Design

The roof-integrated, air-type PVT system was designed and built, as shown in Fig. 1. The PV
arrays placed on the roof had a 1kWp capacity using eight 125W p poly-crystalline PV modules. The
specifications of the PV modules are shown in Table 1. The system consisted of four arrays, and
each array was serially connected 2 modules with a maximum current of 7.04A and a maximum
voltage of 34.8 V.
As shown in Fig. 1, the PV modules were integrated into the roof as building roofing materials
while providing an air channel for the collection of hot air. The PV modules were attached onto
aluminium profiles into rectangular timber that maintained an open air channel of 10cm between
the PV modules and the roof surface. Exhaust air pipes that were 10 cm in diameter were installed
to extract heated air from the space in an effort to cool the PV modules. Fans were installed into
each of four air extraction pipes for forced ventilation. The roof maintained a slope of 30°. This roof
structure was built according to the required U-value of a building envelope based on Korean
building codes.
The basic configuration of air-based PVT system maintains an air channel of 10 cm between the
building envelope and the PV modules. It uses heated air by fanning without any other special
mechanism. However, this air that has been heated to a high temperature is useful in winter as a
heat source in buildings. This, however, increases the electrical efficiency of PV systems by
lowering the temperature of the PV modules.
Table 1 PV module specifications
SUBJECT
Maximum power
Maximum voltage
Maximum current
Shot current
Open voltage
Module size
Weight
Cell type

SPECIFICATIONS
125W
17.8V
7.04A
7.66A
21.1V
670*1505*38mm
10.5kg
6' poly-crystalline silicon

Fig. 1 A cross-section of the roof-integrated PVT air collector system

2.2

Experiment Equipment and Methods

The PVT roof model used in the experiment was installed onto the rooftop of the Engineering
Building at Kongju National University in   Kongju   (latitude   36.27N˚, longitude   127.07E˚).   Fig.   2
shows  photos  of  the  model.  Here,  the  slope  of  the  model  roof  was  30˚  and  it  was  orientated  toward  
the south.
Several experimental devices were installed to measure the temperature of the PV modules and of
the air in the space between the PV modules and the roof surface. The electrical power generation
of the PV system was measured, and the weather conditions were monitored. Solar radiation on
the sloped roof surface and the outdoor air temperature were also measured. For the electrical
measurement of the PV systems, electrical load resistors and a power meter were installed. A data
acquisition instrument was also connected to record all of the data related to the thermal and
electrical performance of the system and the outdoor conditions.
The experiment was carried out during May and June of 2007. A T-type thermocouple was used to
measure the temperature of the surface of the PV module and to measure the air temperature of
the space. For the measurement of the air flow rate, flow meters were installed inside the each
exhaust pipes. Temperature sensors were also installed to measure the temperature of the
exhausted air. The air flow rate can be controlled in the range of 0~150m3/h.

Fig. 2 Views of the roof-integrated PVT air collector

3. Analysis of Experimental Results
With the results of the outdoor testing of the roof-integrated PVT air collector, the variation of the
electrical performance and that of the temperature of the PV module were analyzed. The collection
of thermal energy by the PVT collector via air circulation was also analyzed.
3.1

Electrical Performance

The electrical power generation of PVT air collector appeared to be dependent on the amount of
solar radiation. The variation in the electrical power generation of the PV system was analyzed to
determine the cooling effect of forced ventilation. In order to compare the cooling effects of forced
ventilation for PVT air collector, the fan installed in the experimental model started at 1: 10 pm. Fig.
3 shows that forced air extraction increased the electricity generation of the PV system in spite of
the decrease in the amount of solar radiation. This was clear during the period from 1:10 pm to
2:00 pm.
The electrical efficiency of the PVT air collector changed from 10.1% to 10.6% due to the operation
of the fan. These results indicate that the electrical efficiency of air-type PVT collector can be
improved by forced ventilation in the space between the PV module and the building surfaces. The
fresh air intake into the air space by the fans decreases the PV module temperature, which helps
improve the electrical efficiency.
As shown in Fig. 4, the variation of the PV module temperature indicates that forced ventilation
lowered the PV module temperature of the PVT air collector from 60℃ to 53℃, respectively, under
similar amounts of solar radiation. These temperature changes are related to the variation of the
electrical efficiency of the PV module.
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Fig. 3 Electrical power generation of the PVT
air collector in relation to solar radiation
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Fig. 4 Temperature variation of the PV
module in relation to solar radiation

Thermal Performance

The thermal efficiency of the PVT air collector according to the amount of solar radiation is shown
in Fig. 5 as calculated with Eq. (1). To calculate the thermal efficiency of the collector, the
measured air temperature of the inlet and outlet and the values for the solar radiation were used
with an air flow rate of 600m3/h.
Q1 = A．
pvt G
Q2 = m Cp (To．
−Ti)
ηth = Q2/Q1 = m Cp (To−Ti)/ Apvt G

(1)

ηth : thermal efficiency
Apvt : collector area (㎡)
To : collector outlet temperature (℃)
Ti : collector inlet(ambient)temperature (℃)
m : mass follow rate(㎥/hr)
Cp : specific heat (kJ/㎏℃)
G : solar radiation (W/㎡)
The variation of the thermal efficiency of the PVT air collector is shown in Figs. 5. The thermal
efficiency was average 31.6%. The thermal efficiency does not change according to variations in
the amount of solar radiation.
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Fig. 5 Thermal efficiency of the PVT air collector in relation to solar radiation

4. Roof-integrated PVT air collector modelling
Based on the TRNSYS simulation program, the thermal and electrical performance of the roofintegrated PVT air collector with a capacity of 1 kW p was modelled. A sensitivity of the PVT air
collector according to air channel height and air flow rate was analyzed. It also included the outlet
air temperature and PV temperature of the PVT air collector in relation to air channel height and air
flow rate.
The main factors determining the performance of the PVT air collector include solar radiation, air
channel height and air flow rate. In this study, the thermal and electrical efficiency of the PVT air
collector was modeled with the variation of the air channel height and air flow rate.
It was assumed that the roof-integrated PVT air collector installed at the orientation of south 0°
and tilt angle of 30° for the optimum performance. The air channel height between PV modules
and building envelope was assumed to vary from 0.05 m to 0.5 m, and the air flow rate from 0.02
kg/s to 0.4k g/s. All simulations were carried out in condition of the solar radiation 800 W/㎡ and
ambient temperature of 20℃(=inlet temperature(Ti) of PVT collector).
4.1

Thermal and electrical performance by air channel height

Fig. 6 illustrates the effect of air channel height on the thermal and electrical efficiency of the PVT
air collector. They show that the thermal and electrical efficiency decreases with the increase of air
channel height. In particular, the thermal efficiency significantly decreases according to the
increase of air channel height.
The variation of outlet air temperature and PV temperature by the function of the air channel height
for PVT air collector was simulated. As shown in Fig 7, the outlet air temperature decreases as air
channel height increases, but PV module temperature increases. Therefore, it is concluded that
outlet air temperature becomes lower by increasing air channel height and PV temperature rises
accordingly, and this fact consequently leads to decrease the electrical efficiency of the PVT
collector.
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Fig. 6 Thermal and Electrical efficiency by varying the air channel height at solar radiation 800
W/㎡, air flow rate 0.2 kg/s and Ti = 20℃.
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Fig. 7 Outlet air and PV temperature by varying air channel height at solar radiation 800
W/㎡, air flow rate 0.2 kg/s and Ti = 20℃.
4.2

Thermal and electrical performance by air flow rate

Fig. 8 illustrates the effect of air flow rate on the thermal and electrical efficiency of the PVT air
collector. Fig. 8 (a) and (b) shows that the thermal and electrical efficiency increases with the
increase of air flow rate. Thermal efficiency is rapidly increased by increase of air flow rate. On the
other hand, even though the air flow rate has an effect on the electrical efficiency of PV module,
the electrical efficiency increase seems not significant compared to the thermal efficiency. It is
noticeable that their efficiencies tend to be steadily increased up to the air flow rate of 0.2 kg/s.
Fig. 9 illustrates the variation of outlet air temperature and PV temperature according to air flow
rate for PVT air collector. The modelling results show that the outlet air temperature and PV
temperature decreased as air flow rate increases. It can be seen that outlet air temperature
becomes lower by increase of air flow rate, and in turn this results in thermal efficiency increase.
Also, increasing air flow rate improved PV cooling and consequently leads to increasing electrical
efficiency.
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Fig. 8 Thermal and Electrical efficiency by varying air flow rate at solar radiation 800 W/㎡,
channel height 0.1 m and Ti = 20℃.
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Fig. 9 Outlet air and PV temperature by varying air flow rate at solar radiation 800W/㎡,
channel height 0.1m and Ti = 20℃.

5. Conclusions
This study analyzed the thermal and electrical performance of roof-integrated PVT air collector that
can produce heat and electricity at the same time. The experimental performance was analyzed for
the roof-integrated PVT air collector with an air gap between the PV module and the roof surface.
The experimental results shows that the electrical efficiency of the PVT air collector was improved
by 5% as the fans had a cooling effect on the PV module. The thermal efficiency of the PVT air
collector was average 31.6%. The overall efficiency of the roof-integrated PVT air collector
investigated in this study was 42% average. Thus, it can be concluded that additional thermal
energy generation of more than 30% was collected from the PVT air collector compared to a PV
module that produces only electricity with an efficiency of approximately 10%-14%.
In this study, the effect of air flow rate and air channel height on thermal and electrical performance
of PVT air collector using the TRNSYS simulation program was analysed. The thermal and
electrical efficiency of the PVT air collector were analyzed, with the variation of air channel height
and air flow rate. It found that the thermal and electrical efficiency increases with the increase of air
flow rate, on the other hand the efficiency tends to be decreased by the increase of air channel
height. Based on a sensitivity study of PVT design factors to its thermal and electrical efficiency, it
is possible to have an optimum value of air channel height and air flow rate for achieving maximum
thermal and electrical efficiency.
Further studies are required to design optimally for PVT air collector and to understand the effect of
other factors on their thermal and electrical performances.
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Summary
The well known Trias Energetica (reduce demand, use renewables, use conventional fuels as
efficient as possible) has been a useful approach towards more sustainable buildings during the
last decade and half. However a drawback of the method is that several important aspects are not
addressed. Amongst others It does not address the quality of the energy needed and provided and
it does not address the different scales within the built environment (building, neighbourhood, city,
region, etc.). These aspects are relevant if we want to find optimal solutions for the built
environment as a whole.
Introducing the concept of exergy (quality of energy) seems to be a promising additional concept to
tackle these aspects, give more insight and provide optimization strategies on different scales of
the built environment. Related ongoing Dutch research projects are discussed as well as first
attempts to introduce the LowEx approach in practical instruments in the Netherlands. The Trias
Exergetica is proposed as a sustainable strategy towards a zero energy built environment.

Keywords:Exergy, Strategy, Zero-Energy, Built Environment, Policy

1. Introduction: Trias Energetica
During the last one and a half decade the Trias Energetica has become one of the key strategies
towards a more sustainable built environment in the Netherlands. This strategy has been introduced by Novem (the Dutch Agency for Energy and the Environment; one of the predecessors of
NL Agency) back in 1996 [1].
The three elements of the Trias Energetica are:
1) Reduce the demand for energy;
2) Use renewable sources of energy;
3) If fossil fuels are still needed use them as efficient and clean as possible.
Although this approach has been, and still is, very useful, a drawback of the method is that several
important aspects are not addressed. Among others it does not address the quality of the energy
needed and provided and it does not address the different scales within the built environment
(building, neighbourhood, city, region, etc.). These aspects are relevant if we want to find optimal
solutions for the built environment as a whole.

2. Exergetic thinking / the Low Exergy approach
Introducing the concept of exergy (quality of energy) seems to be a promising additional concept to
tackle these aspects, give more insight and provide optimization strategies on different scales of
the built environment.
Around the turn of the millennium Novem was running a national market introduction programme
for low temperature heating systems [2][3]. The main rationale behind this programme was that low
temperature systems (LTS) would form an essential stepping stone towards a more sustainable
energy supply in the built environment in the future. Whatever the energy source, a low temperature heating system will perform better than the traditional high temperature system (HTS). For
most renewable sources the efficiency will even be much better (e.g. heat pumps), or a LTS is a
prerequisite because the required temperature level for a conventional HTS (90°C) is simply not
available (e.g. low-temperature geothermal energy). It was perceived that the relatively moderate
investment into low temperature emission systems was feasible in almost all cases, whereas the
investment needed for a renewable heat source would be too high in many cases. By introducing
LTS on a large scale, all these buildings would be ready for the future. Even if the choice was
made for a conventional heat source like a condensing boiler, the system would be ready for a
more sustainable or renewable heat source at the end of the boilers technical lifetime (in 15 years);
no inherent blockades would be introduced. Low temperature systems make houses flexible and
ready to use low valued (low temperature) heat sources in future.
At the same time one started to realize that the conventional way of heating houses in the Netherlands, i.e. burning natural gas in condensing boilers, was probably not as efficient as the labels
promised (one could buy a HR107 condensing boiler with an energy efficiency of 107%; related to
net caloric value of course). Burning natural gas at several hundred degrees to make hot water of
90°C to heat your house to a temperature of 20°C; somehow every layman could feel that something is not right here, and that a label stating 107% energy efficiency cannot be the whole story.
And in fact it isn’t ! In 1956 the Slovenian mechanical engineer Zoran Rant introduced the concept
of exergy [4]. The term exergy originates from the Greek words ex and ergon, meaning from and
work. Exergy is defined as the maximum amount of work that can be produced from a stream of
energy or matter, as the medium comes into equilibrium with its surrounding environment.

Figure 1 Energy and exergy flow diagrams for a natural gas fired condensing boiler. (Translation
of the Dutch words: energie=energy, exergie=exergy, aardgas=natural gas, HR-ketel=condensing
boiler, warmte=heat, in=in, uit=out). Source: Cornelissen and van Rens (2010) [5]
If we analyse what happens in a condensing boiler from an exergy point of view [5] we find out that
the fantastic energy efficiency of almost 100% (related to gross caloric value), has reduced to a
mere 8% exergy efficiency !
We could have used a high quality fossil source like natural gas for a much higher quality purpose,
and still have used the remaining waste heat to fulfil our low quality demand of heating our houses.
Keeping in mind that heating in the Netherlands is provided for over 90% by gas fired boilers, the

exergy approach learns us in what an incredible (in)/efficient way we are using/destroying our high
quality natural gas resources, day by day. Or to take the optimists approach: what an enormous
potential there still is to improve our energy systems.
Although already well established in power plant engineering and within some larger chemical and
oil companies, the exergy approach has only recently attracted interest in built environment related
disciplines like architecture, building science and town planning. The IEA ECBCS Annex 37 Low
Exergy Systems for Heating and Cooling of Buildings extensively describes the exergy approach
or LowEx approach within the built environment in its final report in 2004 [6].
Shukuya [7] powerfully illustrates the nested structure of environmental space (shown in figure 2).
Solar exergy enters the earth through the atmosphere and is gradually turned into entropy, as it
passes through all different scale levels. At the same time the drawing illustrates the interconnectedness of all different scales, and as such the interconnectedness of global energy flows.

Figure 2 Conceptual illustration of global energy flows. Solar exergy enters the atmosphere and is
gradually turned into entropy. Source: Based on Shukuya (2009) [7]
With this drawing and the concept of exergy in mind we can make the following observations:
(1) Human needs (demand) in the centre greatly influence the exergy destruction on all higher
scales. A small reduction of the exergy need of the human already has a great impact on the
total chain. Therefore reduction of exergy demand is an important factor.
(2) All scales are interconnected. Optimization needs an integral system approach. This means
that reduction of exergy destruction should be considered at all different scale levels. It is not
said that optimisation at the building level is always the best. Depending on the case a higher
(or lower) level intervention could be a better one.
(3) Matching the quality of energy supply with the quality of energy demand (don’t use high quality
sources for low quality needs) is a key strategy in optimally connecting the scales.
(4) Reduction of exergy destruction is not only relevant for fossil fuelled systems, also in systems
using renewable sources this is important, as also renewables have impact on land and material use, not to mention economic aspects.
While the first point is in line with (the first step of) the Trias Energetica, the latter three are not
really addressed in the Trias Energetica. Exergetic thinking however can tackle these important
aspects.

3. Ongoing exergy related research
Within the Dutch national Energy Research Programme (EOS), Built Environment is an important
focus area [8]. This programme has been operational since 2005 and is carried out by NL Agency
on behalf of the Ministry of Economic Affairs, Agriculture and Innovation. It is the central national
programme for energy related R&D in the Netherlands. Apart from R&D into innovative components, integral system approach related research has been the main focus of the Built Environment
focus area.
Within this part of the EOS-programme several extensive research projects have taken on research related to exergy. Two of these will be discussed shortly. Both of these projects have in
common that they are carried out by a broad and multidisciplinary research consortium, which is
probably a sine qua non if we want to investigate an integral system approach.
The LowExNL project (Exergetic system approach for an efficient, people-friendly and affordable
use of energy in the built environment) is a joint project between the three Dutch technical universities of Eindhoven (TU/e), Delft (TUD) and Twente (UT) [9]. This project takes the human being as
a starting point for its research, and investigates how a substantial reduction of the use of high
quality energy resources in the built environment can be achieved, while still fulfilling the comfort
needs of humans. The focus scales of this project range from the human being (thermal comfort
issues) up to the building and neighborhood scale. TU/e takes on the thermal comfort of LowEx
systems, TUD the integral approach of the exergy chain and UT focuses on cost aspects of LowEx
systems. The project is also part of the Dutch contribution to the IEA ECBCS Annex 49 “Low Energy Systems for High Performance Buildings and Communities” [10] and it also participates in the
European COSTeXergy project [11]. Intermediate results have been presented at different conferences and workshops, and final results are expected within a year’s time. More information is
available at the project website [9].
The SREX project (Synergy between regional planning and exergy) takes the exergy approach to
a higher system level, i.e. the city and even regional level [12]. The project studies in detail the
possibilities to use exergy as a steering element in spatial planning. And as spatial planning should
imply a 3-dimensional approach, it also studies the possibilities of using the underground (heat and
cold storage, use of geothermal heat, etc.) for exergetic optimization.
The team consists of researchers from the universities of Groningen, Wageningen, Delft, and the
university of applied science in Heerlen, in an exciting mix of disciplines ranging from landscape
architecture, via spatial planning, to building science, complemented with geological experts. Interesting is also that the research is accompanied by two case studies on the regional level: one focussing on the northernmost provinces of the Netherlands (Friesland, Drenthe, Groningen) and
one on the southernmost part (South-Limburg).
Intermediate results have been presented at different conferences and workshops and in a recent
paper [13] from this project in the International Journal of Exergy five exergy-conscious design
principles are proposed, which are summarized in Table 1. Research from this project also points
out the impact of energy and material use on land use and proposes embodied land as an indicator [14]. It becomes clear that even in a future society fully powered by renewable energy sources,
exergetic optimization remains crucial, to limit the impact of renewables on land use, and avoid
unwanted competition with food supply.
In this project for the first time, at least in the Netherlands, exergy is discussed on this (regional)
system level, and in relationship with spatial planning. Final results are expected within half a year.
More information is available at the project website [12].

Table 1 Exergy-concious strategies for planning and design of the physical environment.
Source: Stremke, van den Dobbelsteen, and Koh (2011) [13]

4. Practical application of the exergy concept; first attempts
The challenge will be to translate the knowledge generated in these research projects into practically applicable tools or instruments. Research is nice, but if the results cannot be used in real life,
it doesn’t help much our efforts to change the energy system into a (more) sustainable one. For the
abovementioned research projects it is probably still too early to ask for concrete and directly usable spin-off. However, in parallel NL Agency has recently started to use the concept of exergy in
two different initiatives.
In last year’s (2010) national programme on industrial heat use (IWB), focussed on stimulating the
use of renewable heat in and waste heat in or from industry, exergy has been used as one of the
evaluation criteria for ranking projects and deciding about granting subsidy [15]. Details on the way
this was done are given in [16].
In general one can say about the evaluation that:
(1) the less exergy losses and the better the temperatures of heat supplier (supply) and heat user
(demand) would match the higher the score, and
(2) the higher the temperature of the waste heat, the heat recipient uses in its process the higher
the score.
Next to other more conventional criteria like feasibility, cost effectiveness, CO2-reduction, and reproduction potential, the exergy criterion was a crucial one as its score would be weighted double.
This was the very first time ever that exergy was used as an evaluation criterion in any subsidy
scheme in the Netherlands.
Recently another instrument has been developed by NL Agency in which the concept of exergy
has been introduced. The Dutch HeatAtlas (WarmteAtlas) is a GIS-based tool; a comprehensive
digital, geographical map of heat sources and heat demand in the Netherlands. On the supply side
the user can find (potentially) suitable locations for deep geothermal energy, heat/cold storage,
biomass and waste heat. On the demand side the atlas gives an overview of the heat demand of
households, industry, green houses and commercial buildings.
The Dutch HeatAtlas is meant as an inspiration for new renewable or waste heat projects, can be
used in all sectors, and stimulates synergy between special planning and energy on provincial and
municipal level.
From an exergy point of view it is interesting that the atlas provides a quick insight in local heat
demand, and the presence and quality of sustainable heat sources. The temperatures of the heat
locally available are mapped (3 categories: high > 200°C, medium 120°C - 200°C, low < 120°C) as

well as the quality (temperature level) of the local heat demand. This is a good basis for an optimal
exergetic matching of supply and demand.
With this instrument NL Agency wants to contribute to a transition towards a more sustainable heat
supply in the Netherlands, and hopes to trigger concrete initiatives. The Dutch HeatAtlas is accessible freely on the internet since 23 march 2011 [17].

Figure 3 Screenshot from the Dutch HeatAtlas showing waste heat sources and intensity of heat
demand in the built environment, as well as heat demand in industry at different temperature levels,
in the southernmost part of the Netherlands/Limburg (“Dutch Mountains”).
Source: www.warmteatlas.nl

5. Conclusion: Trias Exergetica
The well known Trias Energetica has been a useful approach towards more sustainable buildings
during the last decade and half. However, a drawback of the method is that it does not address
several important aspects that are important if we want to find optimal solutions for the built environment as a whole.
Introducing the concept of exergy (quality of energy) seems to be a promising additional concept to
tackle these aspects, give more insight and provide optimization strategies over different scales of
the built environment, matching supply and demand and minimizing losses in the system. Moreover, exergy can provide an unbiased evaluation of the energy systems in the built environment,
based on laws of physics. Extensive research projects are currently focussing on this topic, and
first practical instruments incorporating the concept of exergy have been presented.
Therefore the time seems ripe to bring the good-old Trias Energetica to a higher level by incorporating the Low Exergy approach. By definition (eq.1 and figure 4):
Trias Exergetica = (Trias Energetica + LowEx approach)

(1)

The Trias Exergetica is proposed as an integral and objective strategy towards a zero energy built
environment.

The challenge will be, to develop simple but adequate design and planning tools that will enable
professionals to use this strategy in daily practise, and even more important, to apply these principles in real life to gradually convert our present built environment into a sustainable zero-energy
one.
Time only will learn if the Trias Exergetica is to become an as well established and successful
strategy as its energetic predecessor.

Figure 4 Trias Exergetica (Trias Energetica + LowEx): a clear and integral view on zero-energy
built environment.
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Abstract
A data center (or data center or datacenter or datacom facility) is a facility housing highperformance computers, storage servers, computer servers, networking equipment, or other IT
application equipment. It provides various services such as storage, management, processing and
exchange of digital data and information for the Information and Communication technology (ICT).
Data centers consume huge amount of energy. The power consumption of a typical rack of servers
in a data center is about 30 kW, and this power will increase nearly to 70 kW within the next decade due to the introduction of ultra-dense computing architectures. With hundreds of racks per
data center, the total energy cost can make up a significant share of energy consumption in buildings. Indeed, survey data have shown that data centers can be over 40 times as energy intensive
as conventional office buildings. In the US, for example, data centers make up 1.5% of the total
power consumption. The power consumption has doubled in five years and it is expected that the
cost will exceed the cost of the original capital investment by 2012.
Due to rapid increase of energy use in the building sector, climate change driven by global warming, and increasing energy shortages, there is no doubt that data centers are an important renewable energy target. In addition, the increasing awareness about eco-sustainability has also added
urgency to reduce the carbon footprint of enterprises and operators alike. Therefore, ecosustainable solutions that reduce energy consumption, while simultaneously shrinking the carbon
footprint, are needed for managing data centers.
Cooling is the key to energy efficient data centers. Although cooling systems in data center are
getting more and more advanced, there are still more works needed to do concerning cooling efficiency. As for popular and predominant air-forced cooling systems, currently fan speed in Computer Room Air Conditioning (CRAC) units is maximised and constant, which is obviously not optimal and could lead to over-ventilated for some racks. In addition, cold air from CRAC units is intended to be distributed uniformly without considering actual heat load for each rack. The above

two features in modern forced-air cooling systems are direct results in decreasing cooling efficiency. Given the important potential of cooling systems in achieving energy saving targets and the
complicated thermal profiles in data centers, it is rather inevitable that operation and management
should rely on modelling approaches and measurements. This paper is a contribute forward this
direction. Particularly, the paper reports the case study of energy assessment based on the measurement data. We use case study approach to both provide more detailed perspectives of the current cooling problems and exploit the potential for energy efficiency in a data center in Finland.
Two data centers in Finland were examined. A series of field measurements, including a long-term
(one year) measurement of IT power and facility power at both data centers, were conducted to
evaluate air management and cooling performance. Results showed that inlet conditions (temperature and humidity) for racks in two data centers were all within the recommended or allowable
ranges from ASHRAE standards. The Power Use Effectiveness (PUE) values were estimated in
the range of 1.2 – 1.79, notably varying with whether free cooling was switched on or not.
There was no heat recovery system for any of two. All these suggest that the air management and
heat recovery issues have to be addressed in both. Fan speeds should be reduced and ventilation
rates should be minimized in order to both save the energy and decrease the humidification and
dehumidification load. Further, a simulation related to heat recovery system was made and shows
that two data centers could potentially provide yearly space heating and hot water heating for
30916 m2 and 6073 m2 non-domestic buildings respectively.

Keywords: Data center; Cooling system; Air management; Energy performance; Eco-sustainability;
Case study; The Power Use Effectiveness (PUE); Heat reuses;
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Summary
The link between global warming and greenhouse gas (GHG) emissions is now recognised by the
overwhelming majority of researchers, scientists and politicians. The building sector accounts for
an important share of all energy consumption and significantly contributes to GHG emissions
worldwide, being this one of the major policy concerns of developed countries (e.g. European
Union). Additionally, buildings have an enormous potential for GHG emissions mitigation, regarding
higher energy efficiency and the use of green renewable energies. This paper addresses the
influence of climate change (global warming) for the southern Europe and the Mediterranean
region on the thermal behaviour and energy efficiency of light steel residential buildings. A
performance-based approach was adopted to carry out this assessment using advanced dynamic
simulation of the operational energy performance. Based on a typical Portuguese cold-formed
steel residential building, a representative numerical model is calibrated against normative
requirements for dynamic simulation of thermal behaviour and sophisticated CFD models. A
parametric study is carried out and the influence of global warming on the thermal behaviour,
energy demand and CO2 production of light-weight steel residential buildings is assessed.
Keywords: Light-weight steel, Residential buildings, Energy efficiency, Numerical simulation,
Climate change, Global warming, Greenhouse gas emissions.

1. Introduction
Climate changes, including global warming and others dangerous regional/global environmental
events are some of the consequences of increasing greenhouse gas (GHG) emissions. This is now
recognised by the overwhelming majority of scientists. The Intergovernmental Panel on Climate
Change [1] establishes scientific-based scenarios for climate change for the next 100 years that
globally predict increases of the global mean air temperature in the range of 2.0 to 4.5ºC. Given
that buildings are designed for service lives of 50 years and very often last well beyond that, it is
clear that buildings must perform according to the thermal comfort criteria not only for current
criteria but also according to future climatic scenarios.
The operational energy consumption of residential buildings represents a large proportion of the
total energy (embodied and operational) consumption. A significant part of this energy is used to
achieve thermal comfort, ranging from 55% to 74%, depending on the climatic region [2]. Besides,
the building sector accounts for an important share of all energy consumption. In Europe, 36% of
all energy use, while residential buildings account for 27.5%, accordingly to the United Nations

Environmental Programme [2]. Pérez-Lombard et al. [3] performed a review on buildings energy
consumption and concluded that “Energy consumption of buildings in developed countries
comprises 20–40% of total energy use and is above industry and transport figures in EU and
USA.” Furthermore, there is a growing need to improve people’s standards of comfort, also in the
thermal domain. Therefore, immediate action in the building sector is essential in order to avoid
hazardous climate change.
These concerns were taken in account by the European Commission who adopted already in 2002
the Energy Performance Building Directive [4] introducing the obligation of energy certification of
buildings and revealing the European Union concerns about this issue, “Increased energy
efficiency constitutes an important part of the package of policies and measures needed to comply
with the Kyoto Protocol and should appear in any policy package to meet further commitments.”
More recently, this directive was recasted [5] and the targets become more ambitious. The aim
now is that by 2020 all new buildings in Europe will be nearly zero-energy buildings. Therefore
higher energy efficiency and an increased use of renewable energy sources in the buildings sector
is crucial to achieve this goal.
Thermal behaviour of buildings and the corresponding energy consumption depend on many
factors related with building envelope, building services/equipments, climate (external factor) and
also human factors e.g. the occupancy schedule and utilization type (residential, office, etc.).
Therefore, being this a complex phenomenon, it is not an easy task to accurately predict the
building thermal behaviour and energy consumption. Numerical simulations of the energetic
performance of buildings are crucial at the design stage allowing to address several scenarios that
help finding the most efficient solutions for energy conservation. Another interesting approach for
the use of these computational tools is the prediction of energy demand and CO2 production
variation for different climate scenarios e.g. related with global warming.
This work addresses the impact of global warming on the thermal performance and energy
consumption of a Portuguese light-weight steel single-family residential building. First, the
Portuguese climate and several warming climate scenarios are described. Then, the calibration
and validation process of the numerical model obtained using specialized software to simulate the
thermal behaviour of this dwelling is presented. This model was calibrated and validated by
comparison against normative requirements for dynamic simulation of thermal behaviour and
sophisticated CFD models. After, the case study residential building is described regarding the
architecture, building envelope components and occupancy schedule. Finally, using the calibrated
numerical model of the building, a parametric study was carried out to assess the impact of global
warming in the thermal behaviour, energy demand and CO2 production of this residential building.

2. Climate information
2.1

Portuguese climate

Portugal has a mild climate with a rainy winter and dry summer. These climatic conditions are
directly influenced by the vicinity to the Atlantic and the Mediterranean. The climate in the
Northwest of Portugal suffers a major influence from the Atlantic, leading to higher humidity and
lower summer temperatures, while in the southeast the climate is dryer and the summer is much
warmer, due to the higher proximity to the Mediterranean.
According to the Köppen-Geiger classification [6] the climate of Portugal continental could be
divided into two regions: Csa - the temperate climate with a rainy winter and a hot dry summer;
Csb - a temperate climate with rainy winter and dry summer slightly hot. Coimbra is located in
central Portugal and therefore included in the Csb climate region.
The weather data used on the dynamic simulations was obtained from IWEC (International
Weather for Energy Calculation) for Coimbra (PRT_COIMBRA_IWEC.epw). The annual variation
of the average daily outside temperature, according to data from IWEC, is shown in Fig. 1
(Scen. 1). The number of heating degree-days is 1834 (base 20ºC) and the length of the heating
season is 6 months.
2.2

Climate scenarios

In order to assess the impact of global warming on the building thermal behaviour accordingly with
the predictions for the next 100 years by the Fourth Assessment of the Intergovernmental Panel for

Climate Change [1], two additional climate scenarios were considered (Fig. 1), besides the
weather data previously obtained for Coimbra city (Scen. 1). In these two additional scenarios, an
average increase temperature of 3ºC (Scen. 2) and 6ºC (Scen. 3) was assumed.
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Fig. 1 Outside dry-bulb temperatures for the three climate scenarios: a) Winter season (1 Oct. - 31
Mar.); b) Summer season (1 Jun. - 30 Set.).

3. Model calibration and validation
The results for the advanced thermal and energy simulations were obtained using the DesignBuilder software [7], which incorporates the EnergyPlus computational engine [8], a reference
software for building energy performance simulations. In order to verify, calibrate and validate the
algorithm results, two different approaches were used. First, the simulation procedures were verified using as reference the standard EN 15265 [9]. Afterwards, the results were compared having
as reference some Computational Fluid Dynamic (CFD) simulations performed using the ANSYS
CFX software [10]. This will be briefly described and explained in the next two subsections.
3.1

Calibration against EN 15265

The procedures to compute the heating and cooling energy needs for building were verified using
the standard EN 15265 [9]. In this standard, the validation tests are applied to a single room with
specified dimensions and envelope components. The climatic data to be used in the calibration
examples are given in Annex A of EN 15265 [9], for a given location (Trappes, France).
The test cases are divided in four initial tests (informative) and eight validation tests (normative).
The obtained results, not presented here for sake of brevity, denote a reasonable accuracy of the
DesignBuilder models. The major differences were obtained in the cooling energy predicted by
EnergyPlus in the tests with no solar protection, where the results are considerably lower than the
standard reference values.
3.2

Calibration against CFD simulations

Since the standard EN 15265 does not include reference results for detailed daily simulations, it
was decided to compare the DesignBuilder results also with some CFD simulations for a single
compartment, using the commercial code CFX 11.0 SP1, from ANSYS [10]. The compartment geometry and the weather data used in these simulations were similar to the one prescribed in the
standard EN 15265 [9].
Fig. 2 presents some of the obtained results along a 24 hours summer day. This figure contains
the comparison between the CFX and EnergyPlus temperature evolution for: (a) air volume inside
the compartment; (b) south outer wall surface; and (c) window surface. The agreement is quite
good especially for the two last cases.
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Fig. 2 Comparison between CFX and EnergyPlus predictions: a) Air volume; b) South outer wall
surface; c) Window surface.

4. Case study building description
This work focuses on a single-family house with two main floors, with an area of 165 m2 each, and
a smaller top floor with a area of 115 m2, located in central Portugal. The front and rear external
views of the building are illustrated in Fig. 3a) and 3b), respectively. The same figure displays the
DesignBuilder model for the same front (Fig. 3c) and rear views (Fig. 3d).

a)

b)

c)

d)

Fig. 3 Real dwelling: a) Front view; b) Rear view. DesignBuilder model: a) Front view; b) Rear view.
The ground floor is composed of a living-dining room, a small office, a kitchen, a small pantry, two
bathrooms and stairs (see Fig. 4). The first floor has 4 bedrooms, 4 bathrooms and stairs. The top
floor has one master office and one bathroom. The main facade of the house faces south. The
building model was assembled using 15 thermal zones, corresponding to the internal partitions of
the building. Red circles in Fig. 4 indicate the compartments where inside temperatures results are
later on showed in this work.
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Fig. 4 Layout of the floors: a) Ground Floor; b) 1st floor; c) 2nd floor.
The structure of this building is made of cold formed steel profiles i.e. it is a light-weight steel
structure. The main materials used in the construction components of the building envelope are:
gypsum plaster board (inner walls and ceiling surfaces), OSB – Oriented Strand Board (outer walls
and upper slabs surfaces), mineral rock wool insulation (between the walls and steel frames), and
EIFS – External Insulation Finish System. The window frames are in PVC with double glass 6/14/4
mm, while the ground floor exterior doors are made of wood (35 mm thick). The U-values for the
main building components are presented on Table 1.
Table 1 Thermal transmittances of the building main construction components
U (W/m2.°C)

U (W/m2.°C)

External walls

0.218

Internal floor

0.252

Internal walls

0.479

Ground floor

1.118

Roof

0.262

Windows

2.733

Terrace

0.253

Doors

2.823

In the computations, it was assumed that the house is occupied by five persons with typical
luminance requirements and standard internal gains with the occupancy and equipment schedule
adapted from Bill Dunster Architects [11] to match the southern European lifestyle. The natural
ventilation infiltration is 0.6 air changes per hour (minimum value imposed by RCCTE - Portuguese
regulation for thermal behaviour and energy efficiency of buildings [12]), while the heating and
cooling set point temperatures are 20 and 25ºC, respectively.

5. Results and discussion
In this section, to establish a basis for the assessment of the influence of climate changes on the
energy demand of the building and on the thermal comfort of occupants, a reference case is firstly
analysed. It consists of two simulations for the summer and winter periods under passive thermal
conditions, i.e., considering no heating nor cooling equipment. This will enable to obtain the temperature evolution inside four representative compartments and to identify the number of discomfort hours. After this first approach, the energy requirements for heating and cooling equipment and
the corresponding CO2 emissions are presented (active thermal behaviour).
Finally, this procedure is repeated for the various climate change scenarios and the results are
presented in the section “Influence of global warming”.

5.1

Reference case

As mentioned before, the results presented in this section were computed using current outside
temperatures obtained from IWEC data-base for Coimbra (corresponding to Scen. 1 in Fig. 1).
5.1.1 Winter passive thermal behaviour
The predicted interior temperatures in four representative rooms, as well as the temperature violations along the winter season, are presented in Fig. 5. The temperature violations correspond to
the number of hours that the interior temperature is below a predefined reference temperature. In
this season, two reference temperatures were used: 20ºC (winter comfort temperature) and 15ºC.
The northwest (NW) bedroom is the most thermally uncomfortable room under passive conditions
during winter season, exhibiting the highest number of hours with temperatures below 20ºC
(3089 h). However, the office studio exhibits the major number of hours below 15ºC and, therefore,
is the coolest compartment during heating season. This may be justified by the north exposition of
the bedroom openings (no solar direct gains) and by the higher external exposed surface of the
office studio (three facade walls and roof), leading to an increased heat exchange with the exterior,
enabling higher temperature fluctuations.
On the other hand, the least uncomfortable room is the southeast (SE) bedroom, given the favourable orientation of openings (south) allowing obtaining direct solar gains.
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Fig. 5 Winter passive thermal conditions: a) Daily temperatures variation; b) Comfort temperatures
violation.
5.1.2 Summer passive thermal behaviour
Fig. 6 exhibits the same type of results previously presented in Fig. 5, but now for the summer
season. In this season, two reference temperatures were used: 25ºC (summer comfort temperature) and 30ºC.
In this case, the coolest compartment is, unambiguously, the living room in the ground floor. This is
mainly due to the vicinity of the ground, which, due to its enormous thermal mass, absorbs most of
the heat from this room.
The hottest compartment is the NW bedroom. The reason why the south exposed bedroom is not
the warmest one may be in the good overhang system provided by the balconies (Figures 18a)
and 18c), allowing to protect the glazing from direct solar radiation, specially during the hottest time
of day (near noon). Additionally, there are also vertical overhangs that complete the horizontal
ones in the morning and, even more important, during the afternoon. The NW bedroom, specially
the window west orientated, doesn’t have this level of solar protection (much reduced horizontal
and no vertical overhangs).
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Fig. 6 Summer passive thermal conditions: a) Daily temperatures variation; b) Comfort temperatures violation.
5.1.3 Active thermal behaviour
The simulation results when the heating (winter) or cooling equipment (summer) are turned on are
presented in Fig. 7. The HVAC equipment is electric (CoP 1) and exists only in the main rooms of
the house, i.e., living room, bedrooms and offices. The heating and cooling set point temperatures
are 20ºC and 25ºC, respectively.
In this situation, as expected, the inside temperatures during the winter and summer are kept
above 20ºC and below 25ºC, respectively. The energy consumption due to HAVC is higher during
the winter season (3517.5 kWh) when compared with summer (2102.9 kWh). This agrees with the
number of discomfort hours that is much higher during the winter (Fig. 5b) than in the course of
summer (Fig. 6b).
Notice that the total fuel breakdown and the CO2 production values, presented in Fig. 7, also
include the room electricity and lighting.
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Fig. 7 Daily temperatures variation when the HVAC equipment is turned on: a) Winter season;
b) Summer season.
5.2

Influence of global warming

5.2.1 Passive thermal behaviour (comfort)
In order to assess the impact of global warming on thermal comfort inside the main rooms of the
house, the operational temperatures violation under passive thermal conditions for the three climate scenarios were computed (Fig. 8). Since climate warming is favourable in the winter season,
only summer results are presented.

As expected, there is a significant temperature increase inside the dwelling for the two warming up
scenarios and a consequent increase of discomfort hours (above 25ºC). Additionally, for the worst
case scenario (Scen.3) the temperatures inside the two bedrooms of the first floor (NW and SE)
are always above the 25ºC, being the hottest compartments of the house. As mentioned and justified before, the coolest compartment is the living room at ground floor.
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Fig. 8 Temperatures violation under summer passive thermal conditions for the three climate scenarios: a) Living room; b) Bedroom NW; c) Bedroom SE; d) Office studio.
5.2.2 Active thermal behaviour (GHG emissions)
To assess the impact of global warming on the energy demand for heating or cooling of the
dwelling, along the year, several computations were made for the winter and summer seasons, for
the same previously referred set point temperatures. Fig. 9a) presents the heating/cooling energy
consumption for the three different scenarios, while Fig. 9b) displays the total CO2 production,
including lighting and room electricity.
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Fig. 9 Seasonal and annual results for the three climate scenarios: a) Fuel breakdown; b) CO2 production.

As anticipated, a rise in the exterior temperature leads to a decrease in the heating energy
demand (about 83% for Scen.3) and a significant increase in the energy needed for cooling the
dwelling (about 157% for Scen.3).
In comparison with the reference case, the total energy obtained by the summation of these two
energy components slightly increases (only around 7% also for Scen.3). However, in Scenario 2,
there is even a small decrease in the total fuel breakdown (about 6%). These two facts may be
explained by the larger Portuguese duration of the winter season (6 months) when compared with
the summer season period (4 months), accordingly with RCCTE [12]. A similar trend is showed for
the CO2 production (Fig. 9b).

6. Final remarks
In this paper, the impact of climate change (global warming) for the southern Europe and the
Mediterranean region on the thermal behaviour and energy demand of light-weight steel residential
buildings was assessed. The subsequently increase of CO2 production was also analysed. Three
different climate scenarios and a calibrated numerical model of the building were considered.
Regarding the passive thermal behaviour of the dwelling, as expected during the summer season
there is a considerable increase of discomfort hours for both climate scenarios.
Concerning the energy consumption, and also not surprisingly, especially for a southern European
country, the heating demand is significantly reduced (reaching a maximum value of 83% for
Scen. 3) while the cooling demand increases, achieving 157% for the same scenario. However, the
annual energy demand only increases 7% for Scen. 3 and even decrease about 6% for scenario 2.
This may be explained by the larger duration of the winter season (6 months) when compared with
the summer season period (4 months), accordingly with the Portuguese thermal building regulation.
The annual CO2 production values exhibit a similar tendency.
Notice that the temperature increase considered in the analysed scenarios corresponded to a
constant temperature rise throughout the year, which does not exactly match the predicted climate
change scenarios. The annual energy consumption would be greater if the summer temperature
increase was higher than in winter (e.g. Scen. 2 for summer and Scen. 3 for winter), leading to a
consequently increase on GHG emissions.
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Summary  

  
PIME’S   is   a   CONCERTO   project,   involving   three   cities   in   Europe:   Vitoria-Gasteiz   in   Spain,  
DALE/Sandnes   in   Norway   and   Szentendre   in   Hungary.   Its   main   purpose   is   large   scale  
demonstration  of  RES  application  and  energy  efficiency  in  community  scale.  Presentation  focuses  
on   concept,   design   and   partial   implementation   of   the   EE   and   RES   measurements   in   Hungary.  
Energy   efficiency   measurements   (refurbishment   of   17000m2   in   residential   houses,   offices   and  
educational   buildings   and   construction   of   6000m2   new   office   building)   focus   on   sustainability   of  
using   high   share   recycling   material   for   thermal   insulation   of   walls   and   roofs   and   on   site   window  
upgrading,  incorporated  in  a  microgrid  of  RES  production  (e.g.  biomass  based  CHP).  
  
Keywords:  CHP,  biomass,  recycled  material,  LCA,  RES,  EE,  microgrid,  CONCERTO    
  

4.   Introduction  
  
The   EU   FP7   CONCERTO   program   supports   local   communities,   as   clearly   defined   geographical  
areas   or   zones,   in   developing   and   demonstrating   concrete   strategies   and   actions   that   are   both  
sustainable  and  highly  energy  efficient.  Interactions  and  relevant  energy  flows  between  centralised  
and   decentralised   energy   supplies   and   demands   can   be   identified,   measured   and   assessed.  
PIME’S  is  a  project  in  the  CONCERTO  III  Call,  entitled  “CONCERTO  communities  towards  optimal  
thermal   and   electrical   efficiency   of   buildings   and   districts,   based   on   microgrids”.   The   PIME'S  
project   started   up   in   December   2009.   The   partners   in   the   project   will   take   part   in   building   and  
restauration   of   existing   buildings   involving   three   cities   in   Europe:   Vitoria-Gasteiz   in   Spain,  
DALE/Sandnes   in   Norway   and   Szentendre   in   Hungary.   The   consortium   consists   of   14   partners  
from  Germany,  Spain,  Norway  and  Hungary.  The  project  will  focus  on  making  good  living  areas  for  
people,   using   sustainable   energy   in   buildings   of   high   energy   standard.   Its   main   purpose   is   large  
scale   demonstration   of   RES   application   and   energy   efficiency   in   community   scale.   The   project  
unites  around   some   central   principles,  being   the  implementation   of   large   scale   solar  thermal  and  
associated   heat   storage,   large   scale   integration   of   renewable   energy   sources,   polygeneration,  
storage   and   supply   assurance,   the   application   of   intelligent   energy   management   through  
microgrids,  the  development  of   new   ESCO   models,   and   demonstrating   the   eco-building   concept.  
The   partners   represent   building   companies,   house   and   property   owners,   research   organisations,  
energy  producers  and  advanced  technology  companies.  
  

  

In   Vitoria-Gasteiz,   capital   in   the   Basque   Country   of   northern   Spain,   Visesa   is   going   to   build   five  
houses   of   flats   in   a   new   living   area,   Salburua.   The   other   Basque   partners   are   Vitoria-Gasteiz  
Municipality,  EVE,  Acciona  and  Tecnalia.  Main  focus  in  the  PIME'S  project  is  avoiding  the  need  of  
cooling   at   summer   and   reduce   the   need   of   energy   for   heating.   Solar   technology   and   advanced  
energy  distribution  will  be  used  to  reach  the  goals  of  the  Concerto  3  program.  
Norwegian  partners  are  Dale  Property,  Sandnes  Municipality,  IRIS  and  Rogaland  County  Council.  
Sandnes   is   the   second   largest   town   in   Rogaland   County,   and   Dale   area   will   be   developed   as   a  
modern   residential   area   within   the   coming   years.   The   PIME'S   project   consists   of   new   family  
houses,  houses  of  flats  as  well  as  rehabilitation  of  some  of  the  old  buildings  in  the  area.  
Solites  is  the  German  company  for  research  of  renewable  energies.  
The   Hungarian   partners   are   EMI   (Non-profit   company   for   Quality   Control   and   Innovation   in  
Building),   Szentendre   Municipality,   VSZRT   (the   local   energy   company),   Meteor   (expertice   in  
energy  distribution).  
  

5.   Demonstration  in  Szentendre  

  
5.1   Overall  plans  
  
The   presentation   focuses   on   concept,   design   and   partial   implementation   of   the   EE   and   RES  
measurements  in  a  living  middle  European  small  city,  the  Hungarian  demonstration  in  Szentendre,  
which   is   situated   next   to   the   river   Danube,   just   30km   NW   from   Budapest.   In   this   town,   PIME'S  
project  covers  rehabilitation  of  houses  of  flats  and  a  kindergarten,  as  well  as  the  construction  of  a  
new  office  building  for  EMI.  Energy  efficiency  measurements  (refurbishment  of  17000m2  in  different  
residential   houses,   offices   and   educational   buildings   and   construction   of   6000m2   new   office  
building)  focus  on  sustainability  of  using  high  share  recycling  material  for  thermal  insulation  and  on  
site   window   upgrading   together   with   PV   integrated   shading   devices   and   BEMS   application.   The  
passive   features   of   the   construction   materials   and   methods   provide   the   buildings   with   excellent  
energy   characteristics.   These   comply   with   the   objectives   of   an   energy   performance   which   for  
refurbishment   is   at   least   equal   to   and   for   new   buildings   is   at   least   30%   better   than   the   national  
legislation  for  new  buildings.  
  
For   reducing   the   CO2   emission   of   energy   sources   different   types   of   renewable   based   CHP  
(woodchip  gasification,  woodchip  based  ORC  system,  a  sewage  based  biogas  engine)  and  BIPV  
systems  are  designed  and  organized  in  a  neighbourhood  level  using  real  and  virtual  microgrid  of  
RES  production.  The  existing  gas  CHP  in  the  housing  estate,  the  three  new  biomass/biogas  CHP  
and  PV  (35  kW p)  will  be  integrated  in  especially  developed  microgrid.  An  ESCO  will  be  established  
for   the   community   energy   production   with   ÉMI,   VSZ   Rt   and   Szentendre,   and   involving   of   the  
citizens  is  also  aimed.  LCA  monitoring  of  applied  material  (including  BIPV)  and  BREEAM  approach  
is   testing   the   achievement   of   sustainability.   Social   survey   of   neighbourhood   involvement   and  
acceptance   of   the   changes   is   also   investigated,   which   shows   that   the   CHP   placed   close   to   the  
residential  buildings  is  less  acceptable  for  the  inhabitants  compared  to  PV.  Monitoring  and  online  
web  base  communication  of  RES  energy  generation  and  the  decrease  of  energy  consumption  will  
be   the   basic   for   the   trust   of   the   neighbourhood   and   will   attract   people   to   improve   their  
neighbourhood.  A  strategy  of  community  scale  and  individual  EE  &  RES  activity  is  also  surveyed  
and  encouraged.  
  
5.2   Biomass  based  CHPs  
  
One   of   PIME’S   goals   is   to   set   up   and   demonstrate   a   repeatable   energy   management   approach  
based  on  microgrids,  to  be  designed,  adapted,  built  and  run  according  to  the  specific  opportunities  
and  requirements.  The  CHP  and  PV  electricity  production  will  be  integrated  in  this  microgrid.  Below  
the  biomass  based  CHP  systems  are  described  concerning  their  heat  and  power  output.  

  

  
5.2.1  Energy   Centre   in  
Szentendre  
  

The  premise  of  VSz  Zrt.  
(City   Service   Co.)   is  
located   within   the   city  
boundaries,  
in  
an  
industrial   zone.   A   wood  
gasification   equipment  
to   be   installed   for   the  
planned  CHP  unit  would  
be   of   the   “downdraft”  
type,   as   the   capacity  
requirement  is  within  the  
capacity   range   of   this  
equipment.   The   power  
output   of   the   CHP   unit  
for  installation  should  be  
30  kW,   the   heat   load  
belonging  to  it  is  60  kW.  
Fig.  1  Szentendre  Concerto  Area  of  PIME’S  (areas  A-E)  
The   selected   CHP   unit  
of   30  kW e   capacity   is  
able   to   cover   45.1  %   of   the   heat   demand   and   77.6  %   of   the   power   demand   of   the   premise.   In  
periods  when  the  demand  is  lower  than  the  capacity  of  the  unit,  the  surplus  power  is  to  be  fed  to  
the  grid.  In  periods  when  power  demand  exceeds  the  capacity  of  the  energy  production  unit,  the  
gap   has   to   be   filled   by   purchased   power   from   the   grid.   For   this   purpose   the   existing   metering  
device  has  to  be  replaced  by  one  that  is  capable  for  two  directions  metering.    
  
It   appears   to   be   expedient   to   expend   the   savings   for   replacing   the   functioning   boiler   by   a   new  
condensing  gas  boiler  or  by  a  wood  chip  boiler.  As  a  further  upgrading,  the  heating  pipes  from  the  
boiler   house   could   be   replaced   by   a   new,   pre-insulated   pipe   system.   This   way   the   system   heat  
losses  could  be  reduced  and  the  reliability  of  operation  could  be  improved.  
  

5.2.2  Szentendre  district  heating  system  
  

Currently  the   supply   of   heat   to   the  Szentendre  district   heating   system   is  based   100%   on  natural  
gas   as   fuel.   In   the   heating   plant,   heat   is   generated   by   three   hot   water   boilers   of   a   combined  
capacity  over  17  MW  and  by  a  gas  engine  with  a  heating  capacity  of  about  1.6  MW.  Almost  90%  of  
the   heat   supplied   by   the   district   heating   system   covers   residential   space   heating   and   DHW  
demand.  The  heating  plant  covers  not  only  the  heat  demand  of  the  district  heating  system  but  also  
the  heat  demand  of  a  swimming  pool  built  in  its  close  vicinity  and,  in  summer,  the  cooling  demand  
of  this  swimming  pool,  by  way  of  an  adsorption  chiller  driven  by  district  heat.    
  
Considering   the   fact   that   in   case   of   bio   mass   the   support   schemes   bond   support   to   power  
generation,   we   recommended   combined   energy   generation   technology   for   utilising   bio   mass  
implementation  of  ORC  technology.  For  the  use  of  solar  energy  in  district  heating  a  breakthrough  
could  be  brought  about  by  the  application  of  affordable  and  efficient  seasonal  storages,  for  this  end  
we  consider  the  examination  of  the  application  of  these  storages  an  important  task  in  our  research  
programme.  
  

The  CHP  unit  turned  out  to  be  an  ORC  cycle  small  power  plant  of  384  kW e  electric  output,  which  
uses   wood   chip,  a   renewable   energy   source,  as  primary   energy.   The  thermal  output  of  the  ORC  
small  power  plant  is  1.9  MW.  Following  the  installation  of  the  new  unit,  30%  of  the  heat  delivered  
will  be  based  on  renewable  energy.  
  
  

  

5.2.3  Innovation  Industrial  Park  
  

An   Innovation   Industrial   Park   is   planned   to   ÉMI’s   area   in   Szentendre   in   the   cooperation   of   the  
Municipality  of  Szentendre,  ÉMI,  and  Ybl  Miklós  High  School.  ÉMI  is  to  erect  a  new  office  building  
in   this   Industrial   Park.   For   the  future   set   up   of   space  heating   and   cooling   supply   of   the  building,  
ÉMI  is  to  resort  exclusively  on  renewable  energy  sources,  according  to  its  preliminary  pledge  made  
within  the  framework  of  the  Concerto  programme.  The  pledge  was  based  on  the  fact  that  the  waste  
water  treatment  plant  produces  bio  gas  as  the  by-product  of  the  waste  water  cleaning  process,  and  
by  the  use  of  bio  gas  for  CHP  generation  and  by  the  concurrent  exploitation  of  the  clarified  waste  
water   as   heat   source   for   heat   and   cold   energy   generation   and   as   a   cooling   medium,   the   goal  
appeared  to  be  achievable.  
  
The   solution   is  offered   by  using  the  bio  gas   produced   in  the  Sewage  Treatment   Plant   (SzTT)  for  
combined   heat   and   power   generation,   and   by   exploiting   the   heat   content   of   treated   sewage  
through  heat  pump  process.  For  realisation  of  this,  a  bio  gas  engine  of  75  kW e  capacity  and  three  
heat  pumps  with  a  combined  heating  capacity  of  480-500  kW th  have  to  be  installed.  The  products  
of  the  gas  engine  take  part  in  the  supply  of  heat  energy  to  the  technological  process  of  the  Plant  
and  the  supply  of  power  to  both  ÉMI  and  SzTT,  while  the  heat  pumps  play  a  major  role  in  providing  
cold   energy   to   ÉMI   in   the   peak   cooling   period   and   in   providing   heat   to   ÉMI   and   SzTT   in   other  
periods  of  the  year.  The  sewage  treated  in  the  plant  is  the  heat  source  of  the  heat  pumps  and  the  
heat  sink  for  the  heat  distracted  by  the  refrigerators.  The  pipe  lines  has  to  be  laid  in  a  length  of  600  
m  track  line.    
The   majority   part,   about   65%   of   the   overall   domestic   hot   water   (DHW)   preparation   demand   of  
about  51  MWh/a  is  covered  by  a  solar  thermal  system,  including  a  storage  tank  of  suitable  size  that  
lets  to  use  an  approximation  to  calculate  with  the  average  daily  demand  of  warm  water.  
For   space   heating   of   the   building   a   low   temperature   system   (nominal   temperature   drop   of  
50°C/40°C)  has  to  be  installed,  to  ensure  efficient  heat  production  by  the  heat  pumps.    
  
The   project   with   significant   environment   protection   advantages   will   not   produce   high   profit;;  
however  the  savings  in  energy  costs  exceed  the  additional  costs  arising  from  its  implementation.  
The   specific   energy   cost   is   1  852   HUF/GJ   for   the   heat   produced,   what   is   rather   favourable  
compared  with  the  gas  tariffs  of  universal  service  (minimum  2  609  HUF/GJ).  
It   can   be   concluded   that   the   local   use   of   the   power   generated   by   the   bio   gas   engine   is   more  
profitable  (due  mainly  to  the  saving  of  the  fee  of  power  system  use)  than  the  sharing  of  the  income  
from  selling  the  power  in  the  grid  through  feed-in  tariff  system.  
  
5.3   Innovative  envelope  systems  
  
Energy  loss  of  buildings  mainly  depends  on  the  U-value  of  the  building  envelope.  This  energy  loss  
has   an   impact   on   the   environment,   the   better   the   U-value   the   less   the   impact.   To   satisfy   the   U-
value   requirements,   opaque   part   of   external   walls   and   roofs   usually   need   to   have   a   separate  
thermal  insulation  layer  with  an  adequate  thickness.    
These   requirements   can   be   met   with   almost   any   sort   of   thermal   insulation   material.   So   if   we  
consider   the   U-value   of  the   building   envelope  and   the   consequent   heat   loss   only,   we   can   select  
freely  any  type  of  insulation  provided  other  requirements  such  as  fire,  acoustic,  etc.  are  also  met.  
However,   if   we   consider   other   environmental   aspects,   like   recycled   content   in   the   thermal  
insulation  material  or  the  amount  of  embodied  energy  and  other  environmental  indicators,  such  as  
global  warming  potential,  we  have  to  make  our  material  selection  in  a  more  appropriate  way.  
Figure   2   below   shows   different   type   of   thermal   insulation   materials   and   their   affect   on   climate  
change  in  kg  CO2  equivalent  (Ecoinvent  database).  
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Fig.  2  Impact  on  climate  of  different  thermal  insulation  materials     
  

Figure  3  below  shows  the  same  thermal  insulations  and  their  typical  recycled  content.  
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Fig.  3  Typical  recycled  content  of  different  thermal  insulation     
materials  
  
  

It   can   be   seen   from   the   charts   above   that   cellulose   insulation   with   its   very   high   percentage   of  
recycled  content  has  the  lowest  impact  on  climate  change.    
  
Cellulose   is  the  oldest   thermal   insulation   material,   and   it  
was  used   in  the   US   in  1917  for   the  first  time.   Producing  
modern   cellulose   insulation   made   from   recycled  
newspaper   began   in   the   1950s.   Cellulose   fibres   can   be  
blown  into  cavities  of  wall  and  roof  structures  and  can  be  
used  for  retrofitting  of  existing  old  buildings.  It  can  also  be  
used  for   new  facades  applying   an   external   skin  secured  
to  a  frame   system   (see   Figure   1).   It   has  a   good  thermal  
conductivity   value   (appr.   0.040   W/mK)   and   its   fire  
performance   has   improved,   as   it   contains   15-20%   fire  
retardant   material   in   addition   to   the   80%   recycled  
newspaper  waste  content.  
Fig.   4   Example   of   using   cellulose     
insulation  on  facades  
  

  

Expanded  polystyrene  thermal  insulation  typically  does  not  contain  any  recycled  content.  However,  
there  is  a  company  in  Hungary,  which  recycles  about  100  000  m3/year  polystyrene  from  wrapping  
waste.  For  companies  dealing  with  electric  equipments,  it  is  a  big  problem  to  store  or  get  rid  of  the  
large   amount   and   continuously   growing   wrapping   waste   because   it   requires   a   lot   of   space   and  
quite  expensive  as  well.  This  company  set  up  a  collection  network  and  built  some  recycling  plant  in  
the  country  and  they  use  the  polystyrene  waste  in  their  thermal  insulation  materials.    
  

Layers:  
   water-proof  membrane  with  gravel  ballast  
   500  kg/m3  light-weight  concrete  substrate  
   150   kg/m3   light-weight   concrete   as   thermal   insu-
lation  and  to  provide  the  slope  of  the  roof  
   vapour  control  layer  
   supporting  concrete  deck  
  
  

  
Fig.  5  Example  of  applying  light-weight  concrete  thermal  insulation     
  

Using   this   reused   polystyrene,   there   are   two   main   product  
groups.   One   is   lightweight   concrete,   where   the   ground  
polystyrene  is  used  as  aggregate  in  concrete  (see  Figure  5),  the  
other   is   thermal   insulation   boards   made   from   the   ground  
polystyrene   sourced   from   wrapping   waste.   The   boards   can   be  
used  for  insulating  walls  and  roofs.    
  

It   is   an   innovative   solution   that   the   EPS   boards   made   from  
recycled  polystyrene  are  faced  by  a  foamed  cement  layer  on  one  
side  (see  Figure  6).  The  adhesion  between  the  insulation  board  
and  the  10  mm  or  20  mm  thick  foamed  cement  layer  is  provided  
by  grooves  with  a  depth  of  15-20  mm.  The  insulation  boards  can  
be  bonded  or  mechanically  fixed.  The  final  external  finish  can  be  
a  thin  render.  
  

The   manufacturing   technology   of   stone   wool   insulation   also  
Fig.   6   Recycled   EPS   boards   allows   using   recycled   material.   Recyclable   material   can   be  
faced   by   a   foamed   cement   sourced  from  demolished  buildings.  
layer  
  
In   the  PIMES   project   it   is   required  
that   the   thermal   insulation   of   new  
and   retrofitted   buildings   has   a  
minimum  recycled  content  of  50%.  
  
For   the   new   3-storey   office  
building   in   Szentendre   (Figure   7)  
the  
following  
options  
are  
considered  at  design  stage:  
  
Façade:  
-   blown-in  
cellulose  
insulation,   provided   fire  
Fig.  7  New  office  building  in  Szentendre  
requirements  are  met  
-   EPS   insulation   boards  
made  from  wrapping  waste,  provided  fire  requirements  are  met  
-   recycled  stonewool,  provided  proper  source  is  found  
  

  

Flat  roof:  
-   EPS  insulation  boards  made  from  wrapping  waste  
-   light-weight  concrete  with  recycled  EPS  
  
For  the  retrofitting  of  existing  kindergarten  building,  the  following  options  are  considered  at  design  
stage:  
Façade:  
-   blown-in  cellulose  insulation  
-   EPS  insulation  boards  made  from  wrapping  waste  
Flat  roof:  
-   EPS  insulation  boards  made  from  wrapping  waste  
-   light-weight  concrete  with  recycled  EPS  
  

In  addition  to  using  environmentally  friendly  thermal  insulation  materials,  other  innovative  solutions  
for  the  envelope  are  also  taken  into  consideration  to  reduce  the  energy  demand  of  buildings  such  
as:  
-  different  glazing  systems  
-  green  roofs  
-  green  facades  
-  blinds  and  shadings.  
  

6.   Conclusions  

  
The  Community  of  Concerto  PIME’S  area  of  Szentendre  in  Hungary  (refurbishment  of  17000m2  in  
different   residential   houses,   offices   and   educational   buildings   and   construction   of   6000m2   new  
office   building)   is   planned   according   to   the   rules   of   Ecobuildings   Concept   including   BIPV   and  
especially  developed  microgrid.  It  can  be  concluded  that  the  local  use  of  the  power  generated  by  
the  bio  gas  engine   is   more  profitable   (due   mainly   to   the   saving   of   the  fee  of  power   system  use)  
than   the   sharing   of   the   income   from   selling   the   power   in   the   grid   through   feed-in   tariff   system.  
Innovative   insulation   layers   using   recycling   and   resulting   in   less   climate   change   effect   are  
evaluated.   Further   works   have   to   be   done   to   fully   demonstrate   the   sustainability   of   Concerto  
PIME’S  Community  in  the  future.  
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Summary
In August 2010 there was finished a solidly built detached house in Gundelsheim near Heilbronn,
Germany. The construction and usage of this house draw successfully on two concepts. The first
concept is the Sentinel-Haus concept, which is intended to protect the inhabitants against harmful
effects due to indoor air emissions. The other concept of the Sonnenhaus-Institut promises a highenergy efficiency for the house and is based exclusively on the use of renewable energies and in
particular solar energy. Both concepts together ensure a high sustainability for the so-called
Sonnen-Sentinel-Haus.
Keywords: detached house, renewable energies, solar energy, energy efficiency, healthy living,
indoor air emissions, sustainability, Sonnenhaus-Institut, Sentinel-Haus-Institut

1. Introduction
The Sonnen-Sentinel-Haus was being constructed during eleven months from October 2009 to
August 2010 based on two requirements that the owner family imposed on the designer and
builder of the house. The owners wanted to live in a healthy house that has a high-energy
efficiency and can be heated with solar energy to a large extent. Moreover the house should be
durable, of stable value and economic in maintenance. Thereupon the building company KHBCreativ Wohnbau opted for a combination of the Sentinel-Haus and the Sonnenhaus-Institut
concepts that are already known in Germany and have been well proven.

2. The Sonnen-Sentinel-Haus
2.1

The Sonnenhaus concept

According to the German Sonnenhaus-Institut e.V., Straubing, the criteria for a Sonnenhaus are: a
heat transmission loss of maximum 0.28 W/m²K, which corresponds to the limit value of the
German energy saving regulation (EnEV) 2009 minus 30 percent; a primary energy demand of
maximum 15 kWh/m²a; a solar coverage of at least 50 percent; and, if necessary, a regenerative
supplementary heating. Characteristic features of the Sonnenhaus architecture developed by the
engineer and architect Georg Dasch at the beginning of the millennium are a solar roof that is
steeply inclined to the south and a large water reservoir that is integrated in the living area.
The main criterion of the primary energy demand determines the choice of the building materials
and necessitates the utilization of generally approved energy saving construction principles. These
are a high thermal insulation of the building envelope, a thermal bridge-free and windproof
structure and a passive utilization of solar radiation via glass surfaces for indoor heating. An
excessive structural effort is not justifiable as the residual energy demand of the Sonnenhaus is
covered by renewable energies. Besides the eco-balance also the cost-value ratio between

thermal insulation and energy-saving engineering has to be considered.
The Sonnen-Sentinel-Haus is a detached single-family house with a solid construction and
compact external dimensions of 10.56 x 10.92 metres. The building envelope has been designed
with a high thermal insulation: the house has a basement that extends over the full floor area and
further comprises two full storeys, i.e. a ground floor and an attic floor. The exterior walls of the
basement are made out of concrete with a 14 cm perimeter thermal insulation with the floor plate
also being thermally insulated. The exterior walls have been constructed with highly thermally
insulating perlite-filled clay blocks with a thickness of 42.5 centimetres and a U-value of 0.18
W/m2K. The roof structure has been provided with 28 centimetres of thermal insulation. The
windows achieve an U-value of 0.9 W/m2K. The large windowpanes of the house are oriented to
the south. The lean-to roof has an inclination of 35 degrees on the south side and is equipped with
40 square metres of integrated flat solar collectors. A water reservoir containing 8350 litres is able
to store the recovered heat for a long time. The solar coverage of the house has been calculated
as 63 percent. With a useful area of 277.2 square metres according to EnEV 2009 the primary
energy demand is 9.8 kWh/m²a while the CO2 emissions amounts to 0.86 kg CO2/m²a.
2.2

The Sentinel-Haus concept

The inhabitants of industrial countries spend about 90 percent of their time indoors. Whether they
stay healthy in the long run depends considerably on the air they breathe. But this proves
problematically with the building techniques commonly used these days. Modern buildings have a
more sealed building envelope than houses used to have in former times because they are built in
an energy-efficient way to protect the environment and the climate. Harmful emissions from
building products and furniture are not aired away but stay in the interior. Therefore the indoor air
today is much more contaminated in comparison to what it used to be. A house, built according to
the requirements of the Sentinel-Haus-Institut, Freiburg, must fulfil verifiable contractual criteria of
healthy living. Only building products that have been tested and approved by independent experts
may be used. The construction work has to be done exclusively by certified craft enterprises. And
measurements conducted after the completion of the construction determine whether all
requirements are met and the building is free of contaminants. The SHI Health Passport is the
result of what was developed with the support of the Deutsche Bundesstiftung Umwelt (DBU). This
concept was further elaborated in collaboration with numerous academic research institutions,
legal, building and environmental health professionals.
The Sonnen-Sentinel-Haus has been constructed by certified craft enterprises exclusively with
certified building materials according to the strict requirements of the Sentinel-Haus-Institut. After
the completion of the construction an independent construction ecologist measured the
concentration of formaldehyde and volatile organic compounds (VOC) in the indoor air under
determined and documented temperature and humidity conditions. The two guide values
mentioned above are indicators for the deployment of dissolvent or contaminant-laden materials.
For the measurement a compressor drew a specified amount of air through measuring tubes that
were subsequently analysed in a laboratory. The results of the analysis showed that the content of
formaldehyde was 20 microgram. Concerning the VOCs that comprise more than 200 individual
substances there were measured 740 microgram per cubic metre. These values fell 26 percent
below the values that the owners had agreed upon in the contract with Rainer Körner of KHBCreativ Wohnbau, the value of formaldehyde fell even 66 percent below the agreed value.

3.

Discussion

The averaged primary energy demand per year of sunhouses is lower than that of passive houses.
And on top of that sunhouses do not need an energy and cost-intensive equipment for the
automatic ventilation of the house. You may just air the rooms via the windows - this provides for a
sensible and healthy air exchange in sunhouses. In Summary a Sonnen-Sentinel-Haus ist healthy,
free of contaminants, energy efficient with the utilization of renewable energies, durable, of stable
value and economic in maintenance - and therefore sustainable in the best sense of the word.
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Summary
The paper comments the possibilities of reaching the level of net-zero-energy buildings in the
condition of the Czech Republic. The first part deals with the upgrade of basic technical standard
for thermal protection of buildings where the definitions of passive buildings and zero energy
buildings are introduced. The unified approach for description of performance profiles was used
here in order to support the general idea that the net-zero-energy buildings is very close to passive
building with larger use of PV systems. The primary energy evaluation is used.
The second part of the paper presents already built example of net-zero-energy family house with
a mixed structure (prefabricated concrete skeleton + wooden elements). The alternative solutions
are compared. Concluding remarks bring ideas on life cycle approach with respect to zero-energy
strategies and about the leading role of energy agenda in general problems of overall sustainability
of built environment.
Keywords: zero-energy buildings, passive buildings, photovoltaics, thermal performance of
buildings, technical standard

1. Introduction
Discussions on exact meaning of the term “zero-energy buildings” and “near-to-zero-energy
buildings” are in progress, especially together with the national transposition of new European
directive on energy performance of buildings [1]. The activity in this respect can be effectively
combined with the knowledge already collected by designing of passive buildings. No doubt, that
the highest priority should be still focused on energy saving strategies and the highest energy
efficiency.
All levels of energy efficient buildings should be understood in “one family”. Therefore experienced
passive building designer will not have troubles to find solutions for zero-energy buildings. A clear
link between these performance levels would be very advantageous.
In any case the extended use of well advanced renewable energy systems should not excuse
energy wasting by not reduced energy losses, un-efficient appliances etc.
Generally, the performance based description of really energy efficient buildings should guarantee:
• excellent comfort in the buildings
• no inadequate restriction of architectural creativity
• respect to best available technologies (BAT) and flexibility for further progress
• priority on energy savings and energy efficiency
• clear consideration of the type of renewable energy used according its overall
environmental profile
• no exclusivity for zero-energy buildings in technical documentation (presented as a usual
solution in near future in the basic technical standard)
• possible (also step-by-step) upgrade of existing buildings to very efficient energy levels.

2. Application in the technical standard
Czech national standard for thermal protection of buildings [2] was upgraded this year (final draft
April 2011). Among others, this opportunity was used for setting more precise definition of passive
buildings and for basic information on zero-energy buildings. The definition of passive buildings
(table 1) followed by design recommendation is based on both, wide international experience
leaded by Passivehouse Institute Darmstadt [3] and on local experience in the Czech Republic,
respectively. Table 2 brings the basic set of requirements for zero-energy buildings as written in the
standard. Two targets levels are given here – for “zero-energy” and for “near-to-zero” in
combination with two levels of consideration A, B (table 3):
level A – all energy use considered (space heating, space cooling and moisture control (for nonresidential buildings only), hot water preparation, auxiliary energy for technical systems, artificial
lighting and user electricity),
level B – as level A without considering user dependent electricity use (e.g. without lighting and
socket electricity).
The targets and consideration levels can be chosen by contracting parties. The proper combination
can be referred in national legislation and/or in programs for public subsidies.
The common approach can be seen if comparing requirements and recommendation in tables 1
and 2. In order to proceed in a unified way, there is very crucial to define the reference values for
conversion factors (table 4), regardless to real local condition.
The primary energy assessment is based on yearly sum of energy demand and energy production
in connection to building. A detailed specification is needed in order to get comparative results. All
energy demand according table 3 is considered. Energy demand for space heating and space
cooling is calculated according to EN ISO 13790 in a usual way. Energy for hot water, auxiliary
energy electric energy per capita are expressed as default values according to technical specification in TNI 73 0329 and TNI 73 0330 [4] if not calculated more precisely.
All energy production which is used for the building purposes is considered. Other produced energy in the building can be taken into account in full extend only if its usage is really guarantied (e.g.
photovoltaics connected to public grid, heat from biomass connected to district heating). Final draft
of the standard [2] allows considering the PV not only on the building envelope but also on other
structures at the same plot (carports, fence, garden house, …). Details in this respect should be
given later in the national legislation.
Table 1 Basic requirements on passive buildings [2]

Family house

Mean thermal
transmittance of building
envelope
Uem
2.
[W/(m K)]
< 0,25 required
< 0,20 recommended

Apartment building

< 0,35 required
< 0,30 recommended

Non-residential
building mainly
heated to
18°C – 22 °C
Other heated
buildings

< 0,35 recommended

Specific heat use
for space heating

Specific
energy use for
cooling

2.

2.

2.

[kWh/(m a)]
< 20 required
< 15
recommended
< 15

0

< 60

0

< 60

< 15

< 15

< 120

Not set explicitly

[kWh/(m a)]

Specific primary
energy use

[kWh/(m a)]

< 120

Table 2 Basic requirements on zero-energy buildings [2]

Nonresidential
buildings

Residential
buildings

Importance of criteria
→

Required

Recommended

Required according to level of
consideration (on contract basis)

Mean thermal
transmittance of
building envelope
2.
Uem [W/(m K)]

Specific heat
use for space
heating
2.
[kWh/(m a)]

Yearly balance of energy demand and
energy production expressed in the
form of specific non-renewable primary
2
energy [kWh/(m a)]
Level A

Level B

Zero-energy

Family house
< 0,25

Family house
< 20

<0

<0

Near-to zero

Apartment build.
< 0,35

Apartment build.
< 15

< 80

< 30

< 0,35

< 30

<0

<0

< 120

< 90

Zero-energy

(recommendation)

Near-to zero

Table 3 Energy services considered in evaluation of zero-energy buildings (X – considered)
Residential buildings

Nonresidential buildings

Level A

Level B

Level A

Level B

Space heating

X

X

X

X

Cooling and moisture control

--

--

X

X

Hot water preparation

X

X

X

X

Auxiliary energy for energy system
operation

X

X

X

X

X/X

X/--

X/X

X/--

Artificial lighting/ user electricity

Table 4 Reference values of conversion factor for non renewable part of primary energy
Source

Conversion factor [kWh/kWh]

Natural gas, other fossil fuels

1,1

Electricity from public grid

3,0

Wood, other biomass

0,05

Wooden chips (pellets)

0,15

Solar thermal systems

0,05

Photovoltaic systems for own use/ connected to public grid
Photovoltaic system replacing usual electrical energy production
Biomass combustion replacing natural gas combustion

1)

0,05/0,20
1)

-2,8
-1,1

1) Values derived in a simplified way, as a difference between conversion factors of renewable and conventional source. Example for photovoltaics: 0,2 – 3,0 = -2,8 (negative value). For combined heat and
electricity production see also EN ISO 15316-4.

3. Built example
The family house (named House T) with overall heated floor area 150 m2 was built in Prague in
2009-2010 (Figure 1). The load-bearing structure consists of optimized prefabricated concrete
skeleton with concrete floor. This increases the useful thermal inertia of the house effectively. The
building envelope is created by wooden elements with thermal insulation of mineral wool (U value
0,11 W/(m2K)) (Figure 2). The mean value of thermal transmittance of the building envelope does
not exceed 0,16 W/(m2K). Because of local condition (privacy, form of the plot) and attractive lookout are the largest windows west oriented. They are equipped with Venetian blinds, remote
controlled.
Technical system consists of wooden pellets-heating, solar thermal system and thermal water
storage 0,5 m3. Unit for mechanical ventilation is equipped with efficient heat recovery (efficiency
approx. 80 %). The set-up and control of ventilation system enables to use two different operation
strategies: 100 % fresh-air or circulation both in several modes according to actual occupancy and
climatic conditions. PV-system is placed on southern part of the pitched roof with installed peak
power of 5,77 kWp. Expected on-grid production is about 4,8 MWh/a. The electric current of
maximum 20 A allows the cost effective single-phase supply to public grid. Table 5 brings overall
survey of energy related parameters.
Table 5 Overall survey for house T
Energy
demand

Energy sources for house operation

Space heating

[MWh/a]
3.8

Electro
0

Wood (pellets)
3.4 (90 %)

Solar thermie
0.4 (10 %)

Hot water

2.8

0.3 (10 %)

0.8 (30 %)

1.7 (60 %)

Auxiliary energy

0.4

0.4

0

0

Appliances

3.2

3.2

0

0

Total

10.1

3.9

4.2

2.0

Final energy
Primary energy
Equiv.carbon dioxide emission [t/a]

PV

Difference
use - production

4.8

demand: 10,1, production RES:
2.0 + 4.8 = 6.8
11.63
0.21
0.10

3.3
-13.4

-1.5

O.K.

2.7

-3.1

-0.4

O.K.

Thermal performance of the house T is a subject of both, theoretical studies and experimental
observations. First results of testing show the positive effects of high thermal inertia of concrete
ceiling in the first floor [5].

Figure 1 House T – passive family house with combined structure (prefabricated concrete skeleton
together with wooden structure) can be classified as a net-zero-energy house. (Design: Tywoniak
at al., 2008)

concrete

Figure 2 Example from the design process. (External wall with vertical prefabricated concrete
element and wooden structure; analysis of temperature distribution under winter design condition)

4. Discussion
Table 6 brings comparison of alternative solution of the family house described above. Energy
system could be alternatively equipped with wooden pellets heating and solar collectors
(alternative A – as built), gas heating and solar collectors (alternative B) and heat pump (alternative
C), respectively.
For alternative A the net-zero level was reached in all types of considerations, except of final
energy. To reach the same quality in alternatives B and C the PV system has to be at least 15 % 25 % larger. In such case the single phase feed-in to public grid would not be possible. Similar
result brings the comparison of equivalent carbon dioxide values.
Table 6 Comparison of alternative solutions A, B, C
A (as built)
Specific heat demand for space
2
heating (TNI) [4] (limit 20 kWh/(m a))
Primary energy (TNI) [4] (limit
2
60 kWh/(m a))
Primary energy (PHPP) [3]
2
(limit 120 kWh/(m a))
Final energy
Total primary energy
Equivalent emissions CO2

B
C
2
20 kWh/(m a) as required
2

39 kWh/(m a)

80 kWh/(m a)

2

103 kWh/(m a)

114 kWh/(m a)

3.3 MWh/a
-1.5 MWh/a
-0.4 t/a

2.6 MWh/a
2.0 MWh/a
0.5 t/a

0.9 MWh/a
3.6 MWh/a
0.8 t/a

16 kWh/(m a)

2

2

2

50 kWh/(m a)
2

In general, the final energy for space heating can be substantially reduced to approx. 5 % to 20 %
in comparison to business-as-usual solutions (effect of passive house concept). Table 7 shows
typical energy demand for building operation expressed in final energy values with significant large
part for electricity for household appliances. This is the key-point of further development after
reaching the passive house level.

Table 7 Overview of final energy demand in a typical family house and in a typical flat (passive
house level, in a year)
Energy demand

Family
house

Flat in
apartment
building

Space heating (calculated)

37 %

22 %

Hot water preparation (default value per capita)

28 %

31 %

4%

5%

31 %

42 %

100 %

100 %

Auxiliary energy (default according to technical system)
Household appliances (default value)
Total

5. Concluding remarks
The implementation of new European directive EPBD can be understood as a good opportunity for
further steps on the way to sustainability of built environment. The energy agenda is crucial and in
this time has a leading role. It would be very advantageous to present the whole picture of
sustainability assessments by this occasion. The energy performance calculations and
classifications should be organized in co-operation with the sustainability assessments.
It was shown, that it is possible to reach the zero energy level for small family house by using tools,
which are already known and in some extend practically used. There is no restriction in question of
indoor quality!
Based on further studies it can be stated that the balance of final energy (use and production on
site) is not an optimal expression of the design quality. The challenging task for the best and costeffective net-zero energy buildings (NZEB) is to minimize the size of PV installation related to
building by keeping the primary energy in balance on yearly basis. The key question for overall
design concepts of larger apartment building in NZEB-quality is the availability of un-shaded areas
on roofs and facades in needed extend. A heavy discussion on energy “production on-site or
nearby” can be expected.
Life-cycle principles should be mentioned here as well. For newly designed buildings with very
limited budget one can define a ready-to-be-zero standard: Conceptual solution will be prepared
and only necessary preparation will be carried out. The real installation follows in one of the next
steps.
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Summary
This paper introduces our new office building (Tecno-Station, Obayashi Technical Research
Institute), which will achieve a 55% of CO2 emission reduction compared to conventional office
buildings in Tokyo. In order to achieve this reduction, we adopted not only the passive methods
but also the innovative active technologies. Renewable energy such as solar power and natural
ventilation are used as passive methods to strengthen the building’s thermal performance. An
innovative HVAC system has been applied as an active method. High-performance air-cooled heat
pumps and ground-coupled heat pumps are applied as a heat source system. The two kinds of
heat storage systems are applied for normal chilled water (6 ºC) and latent heat storage for middle
range chilled water (13-19ºC). The sensible heat and latent heat load of the main office space are
separately treated using a desiccant OHU and a task panel, which were newly developed for this
project.
In addition, BEMS is applied for the energy management and control. The building’s energy
performance is visualized to the occupants to facilitate user participation in CO2 management
action.
These systems reduce CO2 emissions by 55 % during operation, the highest level in Japan. Furthermore, the building achieved a CASBEE® S rank and 7.6 BEE because of its overall reduction in
environmental burdens. The building was completed in September 2010 and was then put into
operation.
We are planning to accumulate and analyze the data, which is fundamental to achieving ZEB (Net
Zero Energy Building) in the future.
Keywords: Low-carbon office building, Passive methods, Active method, Thermal storage,
Desiccant OHU, Net Zero Energy Building

1. Introduction
Obayashi Corporation established its Technical Research Institute in 1965. The research office
was constructed in 1982 and it adopted 98 technologies achieving 410MJ/ (m2•year), 1/4 of the
energy consumption of conventional offices as the most energy efficient building in the world
around that time. This building was quite famous as a super energy conservation building and was
awarded by ASHRAE or AIJ. [1]
Previously, researchers were working at various buildings of their specialities and packaged at their
laboratories. In order to improve the research productivity of researchers, communication between

the researchers is important. Those researchers and managers are now concentrated in the main
building: Techno-Station located in the middle of the site, connecting all the laboratories with
covered passages called “Spine”. It was built to establish a new R&D base that would create new
technologies through integrated research functions and intellectual exchange, apply and
demonstrate its own technologies, and disseminates them to our clients and society.
The Techno-Station is the core facility of the Technical Research Institute and has three main
concepts; the most advanced research environment, the most advanced environment-friendliness
and the most advanced safety and security. [2] Fig. 1 shows the appearance of the building and
Fig. 2 shows an internal view of main workspace.
We have adopted a lot of technologies in order to identify a goal for a Net Zero Energy Building.
New technologies such as “Task Panel” or “Latent Heat Storage System” have been developed for
this project. Others apply optimal design integration such as “Ecological Roof” or “GroundCoupled Heat Pump”. This project has obtained CASBEE® S rank and BEE 7.6.

Fig. 1 Building Appearance

Fig. 2 Internal View of Workspace

2. Building Outline
2.1

Architectural design outline

Location
Client
Designer's supervision
Site District
Site area
Building area
Total floor area
Structure
Number of stories
Principal use
General constructor
Construction period
2.2

4-640 Shimo-kiyoto Kiyose-city, Tokyo
Obayashi Corporation
Obayashi Corporation architect’s office
Semi-industrial, Semi-fire proof area,
69,401.30 m2
3,370.51 m2
5,535.38 m2
Steel frame (Super-active base isolation system)
+3, +1 penthouse
Laboratory (Office)
Obayashi Corporation
November 2009
September 2010

Facility design outline

Electric System
Incoming
Generator
Battery
BAS
Access Control

1 line Indoor Cabinet 1 300 kVA 3 750 kVA
Generator 1 of 50 kVA CGS 2 of 25 kW, Solar Cell 150 kW Wind
Power 2 of 1 kW
Lithium - ion Battery 10 kWh
BEMS using BACnet®, LONworks®
RFID tag and Card Sensing System using active RFID tag

M&E outline
Heat Source

HVAC System
Sanitary System
Water Source
2.3

Air-cool Heat pump Chilling Unit 9 of 30HP incl. Heat Machine 1 Well
water combined Ground Coupled Heat Pump Chilling Unit (2 of 30 HP
Water thermal Storage tank 430 m3 6ºC , Latent Heat Thermal Storage
Tank 96 m3 15ºC)
Latent and sensible heat separated air-conditioning system Task
Ambient HVAC Return air Desiccant OHU Personal Floor Diffusing
Task-Panel (Personal Radiant and Natural Convectional Panel)
City Water for potable, Well Water for irrigation and Rain Water for
flushing

Environmental Performance

Q : Building Environmental
Quality & Performance

We have aimed to achieve a substantial reduction in environmental load without reducing workplace productivity.
Three systems are integrated to achieve the highest reduction rate of 55 % of the average kg-CO2/m2 emission in Tokyo.
(1) A passive system; integrated passive natural energy use
(2) An active system; active mechanical/ electrical system
(3) A management system; new management system to
reduce CO2 and energy consumption in the operation
phase
These three systems enable a 55 % reduction in CO2 emisL : Building Environmental Loadings
sions during operation, which is the highest level in Japan.
Furthermore, we expect that the Techno-Station will be the Fig. 3
Certification of
Japan’s first achievement of carbon neutral as a research CASBEE® 2008 v3.3
facility, through purchase of carbon credits equivalent to 45%.
The building was rated as CASBEE® S rank and achieved BEE 7.6 scores because of its overall
reduction in environmental burdens. Fig. 3 shows the certification result of CASBEE® 2008 v.3.3.
Other performance parameters of energy saving are a 36 % reduction in PAL value and a 42 %
reduction in ERR value, an integration of CEC values

Fig. 4 Map of Technologies of CO2 Reduction

3. Technologies for CO2 saving
Fig. 4 shows the representative technologies mapping which are applied in this project. All
methods are categorized in the above three categories. The green category indicates passive
methods that utilize the natural renewable energy and architectural design considerations that
reduce the heat load. The blue category indicates active methods that apply the highest
performance mechanical and electrical system. The orange category indicates the management
system. The building operation is very important in accomplishing the best environmental
performance.
3.1

Passive Methods

3.1.1 Ecological Roof System
Techno-Station is a low-rise building with top
lights installed on a wide upper portion of the
room to make full use of the building’s
characteristics. Fig. 5 shows the Ecological Roof
System. The system utilizes a skylight for daylighting but, eliminates direct sun-shine using a
reflecting wall in order to accomplish stable daylighting during daytime to promote energy saving
in the office. The 150kW solar panels are
installed all over the slanted roof to generate
power with high efficiently. The top lights are
opened/closed
remotely
for
the
displacement natural ventilation and flesh
air is taken from the floor, exhausted from
top light ventilator.

Automatic Ventilator
(Exhaust) for Natural
Ventilation

Upstream Air Flow

Exhaust

Fresh air

Automatic Ventilator
(Supply) for Natural
Ventilation

Fig. 5 Ecological Roof System

3.1.2 Perimeter Buffer System
Large eaves, vertical glass fins with
ceramic print and low-e glasses are
installed to reduce air-conditioning load
while allowing for an open space structure.
Fig. 6 shows the Perimeter Buffer System.
In addition to using the exterior to reduce
the energy demand of the air-conditioning,
this perimeter buffer zone is intended to
control the impact of air-conditioning loads
on the inside working zone, and consists of
aisles, meeting space and lounges located
around the working area and adjacent to an
outdoor deck. A floor-mounted fan-coil unit Fig. 6 Perimeter Buffer System
is erected as a barrier between interior and
perimeter, thereby minimizing the thermal effect of the perimeter zone.
This system decreases glare light in the workspace. Automatically controlled blinds and an inner
light shelf provide the brightness.
3.2

Active Methods

3.2.1 Heat Source System
Fig. 7 shows a schematic of the heat source system of this building. Heat sources combine an aircooling heat pump chilling unit and a well water combined ground-coupled heat pump chilling unit.
Water thermal storage and latent heat thermal storage are adopted, and the electric load is thus

levelled by using midnight power.
Waste heat from a micro-cogeneration system is used for regeneration of the desiccant rotor in
summer, and heating water in winter.
The heat source system is composed of 5 temperature zones; cold water (6ºC), medium chilled
water (approximately 13ºC to 19ºC), warm water (46ºC), medium heated warm water
(approximately 40ºC to 44ºC), hot water for regeneration (85ºC).
The CO2 reduction system of heat source focused on following considerations. Partial load
operation efficiency of air-cooling heat pump, a water-cooled heat pump system using natural
energy such as geothermal heat and well water, an HVAC system with medium chilled water for
improvement of the COP, water thermal storage and latent heat thermal storage as a transition to
lower CO2 emissions and midnight power, and sensible/latent heat separated air-conditioning
system.
3.2.2 Hybrid Heat Pump System of Geothermal and Well-Water Heat
The annual temperatures of the soil and outdoor atmospheres are almost the same, for example
around 17 ºC in Tokyo. Compared to the outdoor temperature, the soil temperature is cool in
summer and warm in winter. This ground thermal potential is used by ground source heat pump
system using boreholes (10 of 100 m) with a double U-tube.
In addition, there’s a well in the site, and we can use the water from it of under 20 m3/day. Well
water is used as heat source for the heat pump to improve the efficiency of heat source operation.
The well water that is used for the heat exchanger is reused for flushing toilets and watering
around the building (cascading).
Operation in summer
Air-cool heat pump chilling unit
( )

Midnight
thermal
storage
6 ºC

( )

( )

No.9 unit can produce No.9 unit is back-up
warm water in summer of water-cool heat pump
13 ºC

Reheat for
dehumidification
46 ºC

Following
6 ºC operation
6 ºC Heat
release

46 ºC

Water-cool
heat pump

Latent heat
thermal storage tank
for medium chilled water

CGS
Hot water
for regeneration

AHU
FCU
7 ºC
t = 10 ºC

85 ºC

Latent heat
Thermal storage part

Water
thermal
storage part
14 ºC

Cold water
thermal storage tank

Desiccant
t = 3 ºC
air conditioner 13 19 ºC

Task panel
15 ºC

t = 1 ºC

Operation in winter
Air-cool heat pump chilling unit
( )

( )

Water-cool
heat pump

( )

CGS
46 ºC

46 ºC
46 ºC
46 ºC

AHU
FCU

45 ºC
t = 10 ºC
Desiccant
air conditioner
45 ºC

Fig. 7 Heat Source System

t = 10 ºC

Task panel
40 44 ºC
t = 1 ºC

3.2.3 HVAC System aim to Improved COP by using Medium Range Chilled Water
The air-conditioning system in the workspace adopts task-ambient and sensible/latent heat
separation the air-conditioning system. Fig. 8 shows a schematic diagram of the main HVAC
system of this building.
For the air-conditioning of the ambient area, a return-air desiccant air-conditioner treats latent heat
of the outside air properly. The system employs chemical dehumidification.
For the air-conditioning of the task area, a personal radiation and natural convectional panel, which
is called “Task Panel” is installed for sensible heat removal. [3] Fig. 9 outlines the outline of Taskambient air-conditioning system. Target room temperature will be 28ºC, but the relative humidity is
45%, which is lower than that of ordinal HVAC system. Fig. 10 shows the task panel with is
installed at a personal desk.
Medium chilled water supply temperature to the desiccant air-conditioning system is 13 to 19ºC,
and the medium chilled water supply temperature to the task-panel is also about 15ºC. Therefore,
the temperature of the chilled water can be higher than normal temperature by about 6 to 7ºC.
This can be expected to improve the COP of heat pump.
Ground source
Air-cool
water-cool
heat pump
heat pump
chiller unit
chiller unit
Back-up
cooling tower

Hot water
for regeneration Exhaust air
Desiccant air conditioner
Outdoor air

Medium
chilled water Cold water
tank
tank
Heat
exchanger

Heat
exchanger

Retern air

Top light

Cool/Warm
water supply

Task panel
Floor mounted fun-coil unit
For perimeter buffer system
Floor air outlet

boreholes

Duct
Cold water
Medium chilled water

Exhaust air in summer
reuse exhaust heat in winter

Outdoor
air cooling

AHU

To
Well toilets
water flushing
tank water tank

Water
well

Micro cogeneration
Retern air
for regeneration

Double floor

Heat
exchanger

Fig. 8 Outline of integrated medium chilled water air-conditioning system

Task panel

Fig. 9
Outline of Task-ambient airconditioning system in summer

Fig. 10
Panel”

Example of installation of

Task

3.2.4 Medium Range Chilled Water Latent Heat Storage System
In order to achieve a CO2 reduction system by using midnight power, latent heat storage material
is necessary, which has non-traditional temperature zone.
One such material is a paraffin-based latent heat storage material. The latent heat storage
material that melts/freezes at a temperature of 15ºC to 16ºC is used for the HVAC system. [4] Fig.
11 shows a schematic chart and photo of the latent heat storage system. The storage tank is
designed smaller than the water thermal storage using the latent heat of paraffin. Therefore, the
tank is installed on the roof of building. This tank is separated between water thermal storage and
latent heat storage. If a stable water temperature is required for static control of the Task Panel,
the water storage tank is used. If not, the latent heat storage is used for desiccant OHU cooling.
One of the weaknesses of latent heat storage is the unstable of discharge water temperature, so
we applied the design of tank separation.
Thermal storage capacity
approximately 3,000MJ
Fill up
13
19

Latent heat
thermal storage
tank

Heat
source
14 ºC

19 ºC
Desiccant
air conditioner
t 3 ºC

Latent heat
storage material

Water
Thermal
storage
14

Temperature distribution of
latent heat thermal storage
tank

Task panel
t 1 ºC

Fig. 11 Outline of integrated medium chilled water air-conditioning system

3.2.5 Power Grid System
To emphasize the efficient power management,
we adopted the micro-grid power network in this
facility. Main power is supplied by the public
power company and several electric power
systems are connected to the network. This
building has 150kW of solar cells, 2 sets of
25kW co-generation system and 2 sets of power
windmills. All electricity which is generated by
these systems is coordinated with commercial
power. A lithium ion battery system 10kWh is
also applied for the peak shift of demand. The
surplus electricity can be supplied to other
facilities in our institute and helps the reduction
of CO2 emission by other facilities in the site.

Public
Power
Network

Main Switchgear

Power Demand
to other Facilities

TECNO Station Building
Sub Switchgear

Power Demand
to TECNO Station

25kW CGS 2sets

150kW Solar Cell

10kWh Lithium Ion Battery
1kW Windmill 2sets

Fig. 12 Power Grid Network

4. Conclusions
We verified by simulation that our challenging office building (laboratory) project that we have been
developing for CO2 emission saving, achieves 55% CO2 emission reduction compared to
conventional office buildings in Japan. Fig. 13 compares the comparison between our simulation

result and that of a conventional office building, which
has an average value in Tokyo. In order to achieve
such a drastic reduction, we have adopted passive,
active, and management methods of utilizing natural
energy. Almost 45% of CO2 emissions are saved by
our energy saving technologies, 10% of emissions are
reduced by generating energy using renewable energy.
We adopted new technologies such as an active
system like the hybrid heat pump system using
geothermal and well-water heat and an air-cooling heat
pump system. The COP rises by producing medium
chilled water of about 13 to 19 °C. We developed a
new task-ambient air-conditioning system and
sensible/latent heat separated air-conditioning system
as suitable for medium chilled water air-conditioning
system.
These systems allowed for 55 % reduction in CO2
emissions during operation, the highest level in Japan. Fig. 13 Estimation of CO2 reduction
Furthermore, the building was rated as S rank of effect
CASBEE® and achieved BEE 7.6 scores because of
the overall reduction in environmental load. This building was completed in September 2010 and
then began operation. We are planning to accumulate and analyze more data.
The authors have realized CO2 reduction building design from collaborative research, and would
like to acknowledge the follow peoples.
Experimental evaluation of task ambient air-conditioning system with radiation and convection
Prof. Dr. Tatsuo NOBE, Kogakuin University
Development of "task-panel" with radiation and convection
Yoshihisa Hirayama, PS Company Ltd.
Experimental evaluation of Latent heat storage tank system
Prof. Dr. Motoi Yamaha, Chubu University
Development of latent heat storage material and storage containers
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Summary
Hybrid ventilation system is adopted in a number of the Hong Kong Housing Authority’s commercial
centres to reduce carbon footprint. The system uses a mixed mode of centralized air-conditioning,
free cooling and natural ventilation. Either one of these three modes will come into operation when
the temperature, humidity, wind and rain data captured by sensors have reached the preset
parameters. Suitably placed openings of assessed dimensions will be opened either automatically
or manually to allow natural ventilation to take place by means of stack effect. When using Hybrid
Ventilation in small size commercial centres, an average annual reduction of CO2 emission of
around 21,230 kg is anticipated. Performance validation of the system will fine tune the parameters
targeting to extend the operation duration of the natural ventilation mode, thus further reducing the
energy consumed by the ventilation system.
Keywords : Hong Kong Housing Authority; commercial centres; hybrid ventilation; natural air/wind;
stack effect; computer fluid dynamics analysis; performance validation.

1.

Introduction

It is high on the global agenda to explore the use of renewable energy as an alternative to energy
generated from fossil fuel. The Hong Kong Special Administrative Region, China (HKSAR) aims to
reduce carbon intensity generated from the Region by 50-60% by the year of 2020 when compared
with the 2005 level. This is in line with the Copenhagen Accord to limit the rise of surface
temperature of the earth to below 2 degree Celsius. The Hong Kong Housing Authority (HA), being
a statutory body, is tasked to developing and implementing public housing programme and to
achieve the Government’s housing policy objective of providing subsidised public housing to
families who cannot afford private rental housing in the territory. The HA is currently providing public
rental housing to around 700,000 households in the HKSAR, which houses around 30% of the local
population of 7.06 million. Being an environmental conscious public housing developer, we pledge
to explore all opportunities to reduce the carbon footprint generated from our housing stock, in
addition to all the on-going green measures, such as carrying out micro-climate studies at initial
planning stage, using modularized flats, widely adopt prefabricated reinforced concrete elements,
harvesting rain water for irrigation, extensively apply green roofs, maintaining a minimum 30%
green coverage to the development’s site area, etc.
1.1

Background

Hong Kong is located at the sub-tropical zone of latitude 22.3°N and longitude 114.2°E. The region
is cool and dry in winter; hot, humid and rainy from spring through summer, but warm, sunny and
dry in autumn. The average temperature in the hottest months, July and August, is around 28°C,
while the average temperature in the coldest months, December and January, is around 16°C. The
climate of Hong Kong is prone to monsoons and the relative humidity is usually high and above

60%. Prevailing wind direction in the region is primarily South-East.
Hong Kong is a service-based city and does not possess high energy consuming industries. The
major contributor of carbon emission is from electricity power generation, and buildings account for
about 89% of the total electricity consumption at end-user level. A survey carried out in 2007 by the
Hong Kong Electrical and Mechanical Services Department indicated that around 40% of the total
energy consumption in retail buildings rose from air-conditioning alone. As a public sector developer,
we also provide retail facilities to serve its housing estates. We provide, as far as possible, street
front shops that uses natural wind for ventilation as this is one of the most energy efficient options.
However, shopping centres with a centralized air-conditioning system are sometimes still required
due to the actual usage demand. Since 2007, we applied Hybrid Ventilation system to three pilot
projects with an aim to use natural wind to reduce the carbon footprint of these buildings.
1.2

Use of Hybrid Ventilation systems

In summer, the weather in Hong Kong is humid and hot, the demand for air-conditioning is high. In
contrast, when the outdoor air is cool and dry in autumn and winter, the demand for air-conditioning
can be reduced to a level that using natural ventilation is sufficient to provide a comfortable indoor
environment. Therefore opportunity arises for buildings to reduce energy consumed by the
mechanical ventilation system by switching the air conditioning system to natural ventilation or free
cooling modes when favourable outdoor conditions occurred. Key factor is to design the building
hardware to facilitate natural fresh air to enter the building and exhaust freely.

2.
2.1

Design
Architectural Considerations

Various factors contribute to the success of a building installed with Hybrid Ventilation system. Apart
from the conditions outside the control of the designer, e.g. weather conditions, prevailing wind
direction, pollutants, wind path obstruction by surrounding buildings etc., those able to be influenced
by design are the building geometry, orientation and quantity of openings for the natural intake of
fresh air and exhaust of warmed air, dimension and profile of the atrium and void for the movement
of air, indoor thermal comfort requirements etc. Balanced with aesthetic considerations, all these
will need to be harnessed to bring about a pleasing and thermally acceptable environment.
2.2

Thermal Comfort Design Criteria

The design of the Hybrid Ventilation system aims to maintain an acceptable indoor thermal comfort
condition across the air-conditioning, free cooling and natural ventilation operation modes.
ANSI/ASHRAE Standard 55-2004 “Thermal Environmental Conditions for Human Occupancy”, a
standard commonly adopted for A/C design locally, set the allowable indoor operative temperatures.
Parameters

Ave. Indoor
temperature
(upper limit)
Ave. Indoor
temperature
(lower limit)
Relative
Humidity
(lower/upper
limit)

Summer
(May to
Aug)

Spring,
Autumn &
late summer
(Mar to Apr,
Sept to Oct)

Winter &
late autumn
(Jan to
Feb, Nov to
Dec)

Reference
Standard

27.4ºC

26.6 ºC

25.7 ºC

ISO 7730

21 ºC

18.5 ºC

16 ºC

ANSI/ASHRAE
Standard
55-2004

40%/70%

Table 1 Design criteria for hybrid ventilation

CIBSE AM
10:1997

The HA initially adopted a more
stringent user’s satisfaction and
performance level of 90%. The design
criteria for Hybrid Ventilation system is
summarized at Table 1. These
parameters can be further adjusted
after feedback received from users
when the shopping centres are fully
occupied and the user pattern
established.

3.

Performance Analysis

To predict the performance of the hybrid ventilation system, two detailed analyses were carried out,
namely Dynamic Thermal Analysis and Computational Fluid Dynamics (CFD) Analysis. By using
Dynamic Thermal Analysis, the indoor thermal environment throughout a year was simulated whilst
the CFD Analysis helped to determine the indoor air flow pattern and temperature distribution.
3.1

Dynamic Thermal Analysis
2

Materials

Roof:
U-value
Wall:
U-value
Partition:
U-value
Windows: U-value
Shading coefficient

= 0.25W/m K
2
= 0.35W/m K
= 1.77W/m2K
2
= 5.6W/m K,
= 0.57

Internal loads

People load

= 43W/person (sensible)
= 33W/person (latent)
= 5W/m2
= 15W/m2

Equipment load
Lighting load
Room and outdoor
conditions

Design outdoor air temperature =
Window surface temperature
=

Operating Hour

7:00 – 22:00

Occupancy density

2.32 m2/ person in circulation area

Fresh air rate

5 l/s/ person

Table 2

o
21 C
35oC

Assumptions used in the dynamic thermal analysis

In this analysis, the indoor temperature
and indoor relative humidity are
considered as mentioned in Section
2.2. The hourly values of indoor
temperature in a year are simulated by
the dynamic thermal model - IES Virtual
Environment, based on the annual
weather database of Hong Kong. The
relative humidity is obtained from the
Hong
Kong
Observatory.
The
assumptions at Table 2 are used in the
dynamic thermal model.
The indoor temperature and relative
humidity are compared against the
design criteria. If the prescribed indoor
conditions fall within the range of the
design criteria, natural ventilation is
operated. Otherwise, free cooling or
air-conditioning system is used.

The simulation results of the year round
outdoor air temperature and relative
humidity against the acceptable indoor
thermal comfort criteria to operate in
natural ventilation mode are shown in
Fig. 1 and Fig. 2. Based on the
simulated result of outdoor air
temperature and relative humidity when
Fig. 1 Estimated Year round indoor air temperature against compared against the acceptable
acceptable indoor comfort criteria
indoor thermal comfort criteria, it is
estimated that 10% of the shopping
centre operating hours in a year, i.e.
520 hours, can operate in the natural
ventilation mode.

Fig. 2 Estimated Hourly Outdoor relative humidity against
acceptable indoor relative humidity criteria in a year

3.2 Computer Fluid Dynamics Analysis
CFD analysis is used to simulate the air flow pattern and temperature distribution inside the building
during the natural ventilation mode. It is also used to enhance the performance of the hybrid
ventilation system through optimizing the design, such as opening orientation, location and size.
Door-less public washrooms are provided to
the shopping centre; in order to ensure air
flows from public space into the washrooms
instead of vice versa during the natural
ventilation mode, the indoor air pressure was
also assessed by the CFD simulation. The
average air pressure inside the shopping
centre due to the stack effect of natural
ventilation was in the range of -0.3 to -0.2 Pa
and the design static pressure of a typical
exhaust air fan provided to the washrooms is
-50 Pa Fig 3. Since air will flow from high
pressure to low pressure zone, air will be
drawn into the washrooms instead of
Fig. 3 Indoor Air Pressure Profile of a floor with Door-less
spreading into the circulation area; therefore,
toilets
odour will not escape from the washrooms
even if door-less toilets were adopted.

4.

System Operation

Hybrid ventilation system consists of three operating modes based on different outdoor conditions,
namely natural ventilation, free cooling and air conditioning mode, and is adopted in the public
circulation and atrium only. Natural ventilation intake openings are located at low levels of the
building, and the exhaust air openings at high levels. With the use of sensors, signals are passed to
the Central Control and Monitoring System to open the doors and windows during natural ventilation
mode or close them during the other operation modes. Warm air would either naturally exhaust at
high level due to buoyancy effect, or be drawn out by the prevailing wind through the top vents.
During hot summer periods, top level openings can also be opened periodically to release hot air
trapped at top level of the atrium so that the daily cooling load demand can also be slightly reduced.
As very few built projects locally have adopted the Hybrid Ventilation system, detail investigation
and consultation with stakeholders at various stages of the building cycle were involved in order to
harvest the best solutions available.
4.1

Operation Criteria

Ventilation
Modes

Set points for
operating mode

Natural
Ventilation

Room RH ≤ 80%
Outdoor RH = 40% - 70%
Outdoor temp. < 18°C
Outdoor wind speed < 8m/s
Room RH ≤ 80%
Outdoor RH = 40% - 70%
Outdoor temp. < 18°C
Outdoor wind speed ≥ 8m/s
Room RH > 80%
40% > Outdoor RH > 70%
Outdoor temp. ≥ 18°C

Free Cooling

Air
Conditioning

each

AHU
Status

Window
Status

Off

Open

On
(fan
only)

Close

On
(Fan &
Chilled
Water)

Close

Table 3. Initial Set-points of Parameters and equipment
operation status

The climate and the outdoor air
conditions determine the operation
mode of the hybrid ventilation system.
For example, when the outdoor air is
cool and dry enough, natural
ventilation takes place. However, if the
outdoor air is hot and humid, air
conditioning system is turned on to
provide a comfort indoor environment.
The initial set-points of the various
parameters and equipment operation
status requirements at different modes
are shown in Table 3.

4.2

Location and Operation of Openings
The location and type of the openings at
a shopping centre installed with Hybrid
Ventilation system is illustrated at Fig. 4.
During natural ventilation mode, the
openings at low levels (Ground and First
floors) are used for cool air intake, while
warm air is exhausted at the openings at
high levels (Third floor) as a result of
buoyancy effect. Most openings are
operated automatically. At free cooling
and full air-conditioning modes, all such
openings are closed.

Fig. 4 Location & Operation of Openings

4.3

System Equipment

Fig. 5 Natural Ventilation Schematic Drawing

4.3.1

Operable Cladding / Window

Operation of Hybrid Ventilation does not
require sophisticated equipment. Apart
from the mechanism that operate and
control the opening and closing of the
exhaust outlets, most equipment are
commonly found at shopping centres,
such as the controls and sensors for
operating the MVAC system, automatic
sliding doors with air curtains, etc.
Different types of sensors to monitor both
the internal and external air conditions
are used. Humidity sensors are installed
at different levels of the internal public
circulation zones. Air temperature
sensors are installed both indoor and
outdoor. An anemometer is installed on
the roof to monitor wind condition during
natural ventilation mode. Rain sensors
are installed outdoor with one installed
on the inside of an operable cladding.
Depending on the architectural design and
environmental conditions, various types of opening
devices are used; e.g. operable claddings as shown in
Fig.6, operable horizontal louvers, operable glazed
panels or sliding windows. In order to ensure top hung
operable claddings are tightly closed during typhoon
seasons, additional electrically operated locks are
provided to each opening. Sensors are also installed to
detect whether there is obstruction between the
operable claddings and their frame. LED indicators
above such cladding panels would lit up and a signal will
be forwarded to the control system to warn the
management to take action accordingly when this
happens.

Fig. 6 Automatic Operable Cladding

4.3.2

Actuator to the Operable Cladding / Window & Controller

Both chain and spindle type actuators are used to suit the type of opening installation. These are
either powered electrically or pneumatically depending on the minimum thrust force required to
operate the operable cladding / window effectively. Operating time of the actuators is in the range of
5-14mm/s rated load for safety reason. Manual override is also provided to facilitate maintenance or
to operate in emergency situations. Operable cladding / window controller is provided to control a
group of actuators by responding to the input signal from the Network Control Unit (NCU) of the
Central Control and Monitoring System (CCMS) under normal operation. Each window / cladding
controller is able to operate the entire zone of actuators. Priority operation has been programmed
by using system software to handle all input signals received, such as local override switch, direct
CCMS input, thermostat, etc.
4.4

Control & Monitoring of System

Control to the hybrid ventilation operation modes and monitoring on its long-term performance is
carried out by the CCMS. Signals of the following parameters are sent back to the CCMS to
determine which mode of ventilation to operate in. When outdoor air condition cannot satisfy the
pre-set threshold values, free cooling or air conditioning mode is operated instead of natural
ventilation. Continuous monitoring of temperature, humidity, wind and rain conditions is required for
the system to operate automatically.
4.5

Direct Digital Controller

Direct Digital Controller (DDC) is used to collect all signals from temperature and humidity sensors
(both indoor and outdoor) located at different zones. The signals are transferred to the NCU, after
which, control signal is transmitted to the operable window controllers and DDC.
4.6

Control Logic

Data logging on temperature and humidity, both indoor & outdoor, is performed by the CCMS
24-hours a day. Prior to switching on the Mechanical Ventilation & Air Conditioning system every
morning at 7am, analysis of the data logged from 6am onwards is carried out in order to determine
and automatically select a suitable operation mode when the shopping centre opens for business.
If outdoor temperature is below 18°C and outdoor wind speed is less than 8m/s, the natural
ventilation mode will be adopted. AHU serving the atrium will remain to be switched off, while the
operable window controller and the automatic sliding door Direct Digital Controller (DDC) will submit
a signal to control the electric motor to open the windows and doors. 30 minutes after operation of
the natural ventilation mode, if either indoor temperature or room humidity is measured to be out of
range of the design set-point, the system would automatically be changed-over to another operation
mode. Signals will also be sent to close all the operable windows and automatic sliding doors.
If outdoor temperature is below 18°C and outdoor wind speed is larger than 8m/s and maintained
for more than 30 min, the free cooling mode will be adopted. The corresponding mechanical system
will be switched on, while all operable windows and automatic sliding doors will remain closed.
Continuous monitoring of temperature and humidity is required. 30 minutes after operation of the
free cooling mode, if either indoor temperature or room humidity is measured to be out of range of
the design set-point, the system would automatically be changed-over to air-conditioning mode.
Signals will be sent to activate the AHU to cooling mode.
Apart from adopting the control logic based on indoor and outdoor temperature, enthalpy switchover
program is also provided to control the system. The program monitors the outside enthalpy and the
room-air enthalpy for each zone. When the specific enthalpy of the outside air exceeds that of the
room-air during natural ventilation or free cooling mode, a command signal is provided to close the
window openings and switch on the AHU. During air-conditioning mode, when the specific enthalpy
of the outside air is decreased to a pre-determined value and is less than that of the room-air by a
pre-set difference, either natural ventilation or free cooling will be adopted.

5.

Projects with Hybrid Ventilation system installed
“Choi Tak Shopping Centre” was
opened in July 2010. It comprises 2
levels of shops. All three modes of
operation of the Hybrid Ventilation
system is used. Fresh air is drawn
through vertical ventilators at various
locations at 5th & 6th floors; internal warm
air is drawn upwards through the
openable skylights at roof of atrium via
stack effect. Pneumatic type actuators
are used at the openable ventilators and
skylights.

Fig. 7 Choi Tak Shopping Centre
“Yau Lai Shopping Centre” was opened
in December 2010. It comprises 4 levels
of shops. All three modes of operation of
the Hybrid Ventilation system is used.
Fresh air is drawn through four openings
at three elevations at the low levels;
internal warm air is drawn upwards
through the atrium by means of stack
effect. Electrically operated chain type
actuators are used at the top hung
operable claddings.

Fig. 8 Yau Lai Shopping Centre
“The Domain” is scheduled to complete
in end 2011 and comprises 4 storeys of
retail. Fresh air is drawn through
automatic window openings at low
levels and warm air at the atrium is
drawn out by stack effect through the
automatic ventilators at the top of the
skylight. Electrically operated chain-type
actuators are used to operate these
openable ventilators.

Fig. 9 The Domain

6.

Performance Validation

With the opening of the Yau Lai and Choi Tak Shopping Centres, a two year performance validation
process that started in January 2011 will capture, through the CCMS, real life usage pattern,
frequency of the three modes of operation and the indoor/outdoor conditions at the time, as well as
collecting users’ feedback. The result eventually will provide solid information for updating the
operation parameters, and further fine tune the operation duration of the natural ventilation mode.

7.

Maintenance Requirements

Weekly visual inspection of the windows, hinges, control & monitoring devices and the associated
equipment and yearly lubrication to the moving parts, are all that required to maintain the system.

8.
8.1

Environmental and Economical Analysis
Environmental Analysis

As two of the shopping centres are only recently opened and there is not enough data logged for the
time being, the amount of energy saved attributed to the use of hybrid ventilation can only be
estimated by the hourly cooling load profile simulated by the dynamic thermal model - IES Virtual
Environment. The estimated cooling load reduction based on the simulation is around 63,700kWh
per year. The corresponding electricity saving estimated is based on the cooling load reduction
estimation. In general, the co-efficient of Performance (COP) of an air-cooled air conditioning
system is 2.1. Therefore, the electricity saving due to the cooling load reduction is (63,700kwh/2.1)
= 30,333kwh.
According to the Environmental Protection Department and Electrical and Mechanical Services
Department, Hong Kong (EPD & EMSD), reducing 1kWh of electricity is equivalent to the reduction
of 0.7 kg of CO2 emission. Therefore, reduction of CO2 emission with the use of the hybrid
ventilation system is 33,333 x 0.7 = 21,230kg of CO2 per year.
Upon assessing the result obtained from the 2 year performance validation process, a more
accurate saving estimation would be available. Further potential annual energy saving can also be
achieved by relaxing the requirements of the operational set points, such as using 80% indoor
environmental satisfaction level instead of 90%, or shortening the 30mins observation period before
the switch-over of operation modes, etc.
8.2

Economic Analysis

Assuming the electricity tariff is US$0.128 per kWh, the cost saving due to the use of hybrid
ventilation is therefore US$3,880 per year. The estimated initial investment of different components
of the hybrid ventilation system is US$95,000. The maintenance cost is also assumed to be
US$770 per year, therefore, the payback period of the system is: US$95,000 / (US$3,880 – US$770)
= 30.5 years.

9.

Conclusion

When using Hybrid Ventilation in a small size shopping centre of around 4,000m² internal floor area,
the annual cost saving effect is small, just under US$1.23 per m2, making Hybrid Ventilation not an
economically viable solution. However, the anticipated average annual reduction of electricity when
using hybrid Ventilation is around 8.1%, which equals to a reduction of CO2 emission by 21,230kg
per year, or annually planting 923 number of mature trees to remove the CO2 otherwise generated
[Estimation based on EPD & EMSD “Guidelines to Account for and Report on Greenhouse Gas
Emissions and Removals for Buildings(Commercial, Residential or Institutional Purposes) in Hong
Kong” 2010 Edition] making this “virtual greening installation” a very sustained contributor to the
global combat to reduce CO2 emission.
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The aim of the article is to formulate basic dependencies between interdisciplinary design solutions
and   their   energy   efficiency   and   the   limitation   of   buildings’   influence   on   the   natural   environment,  
while fulfilling the optimal conditions of use and rational economic assumptions. The key issue is to
select proper solutions in terms of urban development, location, architecture, construction,
material, technology and energy, which will help create programs of pro-ecological building based
on the following assumption: Harmony of a built environment = Harmony of technology = Harmony
of the natural environment.
Keywords: Sustainable development, energy efficiency, built environment, pollution emission.

4. Introduction
The  evolution  of  the  man’s attitude to the natural environment may be observed at various stages
of civilization development. This is dependent on the level of knowledge, the development of
technology, the awareness and wealth of societies. The builders of the first towns were aware of
the need to subordinate the manner of building their settlements to the requirements of the natural
environment and local conditions. The first residential buildings erected in ancient European, Far
East and North American Indian cultures are good examples of principles regarding settlement
location and the methods for the shaping of buildings in compliance the natural order. As early as
in the antiquity there were laws which regulated land development requirements, conditioning them
among others on the guarantee of optimal sun exposure. The knowledge at that time allowed using
solar energy, natural air and water as factors which made the climate inside and around buildings
milder [1]. Excellent examples are Pueblo Bonito in New Mexico, Miesa Verde in Colorado,
Olynthus in Greece and many others. Pueblo Bonito in New Mexico, built by Acoma Indians in a
form of amphitheatre on rock terraces with a southern exposure guaranteed equal solar exposure
to all buildings. The builders used rock foundation and thick clay walls of buildings to accumulate
solar energy, and the roofs covered with straw and clay protected buildings against overheating.
Similarly, Miesa Verde in Colorado was located on a southern rock slope, going down towards the
bay, whose waters were used to shape the microclimate of the environment. All buildings were
provided with sun exposure, natural airing as well as cooling in summer and heating in winter
thanks to thermal capacity of the rock foundation.

As the civilization developed, bonds with the natural environment were broken. Owing to
technological, industrial and economic progress, the man became increasingly independent from
the nature. He shaped it and adjusted to his own needs, causing degradation and irreversible
damage. Nowadays, in the era of civilization based on science and knowledge, but also the period
of economic and energetic crisis as well as the time of endangered climate, once more we are
becoming aware of the necessity to undertake pro-ecological action in all spheres of life, including
the field related to architecture, the shaping of an urbanised and built environment. [2]
A measurable proof of the growing ecological awareness and responsibility of planners and
architects are investments in which the interference in the natural environment is minimized by
using a range of effective location, geometrizational, functional-spatial, material-constructional and
technological solutions. These solutions influence the shaping of urban development solutions and
the formation of architectural facilities structure; they also enable rational use of both conventional
and non-conventional energy carriers.
Analyses indicate that the use of renewable energy systems and energy efficient solutions in the
construction industry, not only in single facilities, but also on a bigger scale, i.e. in urbanarchitectural complexes, increases their energy efficiency and allows reducing the construction and
maintenance costs. Even more beneficial results are achieved by using the broadly understood
hybrid economy, which obtains energy from diversified sources, both conventional – based on pure
technologies, and renewable.
The   article   raises   issues   related   to   the   author’s   research   works involving analysis of urban
development, location, architectural, constructional and technological solutions in the context of a
dependence between a built and natural environment. These investigations are based on literature
reports, field studies, theoretical works conducted with the students of Architecture Faculties as
well as cooperation with experts and the  author’s  own  design  experiences.  
The aim is to systematise interdisciplinary solutions which reduce the influence of buildings on the
natural environment, to establish basic dependencies between design solutions and their energy
efficiency, to formulate conclusions regarding the assumptions of aware eco-designing as well as
educating and popularizing of the sustainable development concept.

5. Vision – the concept of a new built environment.
The quality of our lives depends on the environment we live in. Since a built environment is the
closest to the man, the relationship between a built and natural environment is of vital importance.
The built environment should be treated as an integral part of the natural environment ecosystem.
For this reason it is important to take action aimed at formulating basic dependencies between: the
standards of living and the influence of built environment elements on the natural environment as
well as cost rationality.
There is a concept of a new built environment, which is taking on a whole new dimension. Its basic
elements include:
Introduction of sustainable development elements by respecting energy in all kinds of
activity, the use of local carriers of renewable energy (energy of the sun, wind, geothermal
energy, biomass), also in hybrid systems, and recycling of waste and grey water [3] [4]:
limiting the costs of building construction by reducing the consumption of building materials
thanks to the use of optimal technology and shortening the time of construction;
minimisation of  building  materials’  transport  by  using  local  materials;;
limitation of building maintenance costs in the context of optimal comfort of use in relation
to the assumptions;
minimising the consumption of energy and reducing pollutant emissions both in the
production of construction materials and in the process of building maintenance;
application of pro-ecological technologies and reducing their costs through the obtaining,
storage and distribution of pure energy on a larger scale, in urban development concepts;

taking into consideration the process of building utilization and the influence on the
environment;
making the users interested and determined to take all kinds of pro-ecological actions arousing the  society’s  pro-ecological awareness. [5]
In the context of the new built environment concept, the urban development, architectural and
energetic solutions should be maximally adjusted to local conditions. In order to facilitate the
process of taking proper design decisions regarding location, architectural, constructional,
functional-programme and technological solutions before undertaking any design works, it is
necessary to analyse the elements influencing the local microclimate which are beyond the
designers’  control  [6]:
climatic factors, solar exposure, wind rose
the area topography and landscape conditions,
sources of renewable energy in the developed area, possibility and profitability of their use,
the degree and type of urbanisation and industrialisation as well as environment pollution
level,
directives regarding the standard of the designed buildings.
One of the major aims of the new built environment concept should be to achieve maximum
energy efficiency of buildings and the whole complex by introducing simple solutions that do not
considerably increase the investment costs. This means striving to achieve energetic correctness
by employing the following solutions:
energy efficient, compact mass of a building, with a favourable location in terms of the
directions of the world
high insulating and accumulating power of building partitions – external walls having a
thickness of up to 50cm
triple glazing – insulated glass having max. U=0,80 w/m2K with selective coatings
connecting the structure of a building with a system of solar collectors and photovoltaic
panels;
optimisation of glazed partition surfaces, their heat transfer coefficient and location in
relation to the directions of the world in view of thermal requirements and the type of
heating used
using double facades and transparent insulation with natural air circulation, which supports
thermal insulation and natural airing of buildings; [7]
using multi-degree systems of protection against overheating in a form of shutters, blinds
and expansive rambling and creeping plants;
room zoning – transforming the rooms with lower thermal requirements into buffer zones;
the use of recuperators and heat recovery from the air and water removed from buildings;
obtaining and storing solar energy in hothouses which are oriented to the south and
thermally insulated from the building structure;
equipping the buildings with intelligent systems with automatic/individual control by users
as well as energy efficient technical, ventilation and other equipment [5] [8]
Care over the ecosystem in a new built environment adopts a form of leaving big biologically active
areas and planting on the external partitions of buildings as well as creating ecological canals for
the fauna in order to provide it with a possibility of moving from one environment to another.
Separation of passageways for cars and pedestrians allows building ecologically clean and safe
living spaces.
As a result, there is a tendency to create a built environment which provides favourable living
conditions for people and simultaneously supports the existence and development of the natural
environment.
In order to increase energy efficiency, attention is paid to the necessity of making changes not only
within the scope of residential building technology or energy sources, but also changes to the
standards of living, related to e.g. limitation of transport, which devours energy savings obtained in

the construction industry and contributes to an increased emission of CO 2. Residential areas are
intentionally combined with basic services – workplaces, medical services, trade, education etc.
A built environment is treated like an integrated system of cooperating components. A wide range
of the above listed issues already at the stage of design concept require cooperation of
interdisciplinary teams of experts and designers, based on both theoretical simulations and
investigations conducted in the already completed facilities, where an additional factor has to be
taken into account – the user with his/her needs and habits. The conducted research has revealed
that   due   to   the   lack   of   users’   awareness   and   engagement   in   energy   saving   activities, the initial
data on the reduction of energy consumption in buildings and computer simulations conducted at
the design stage differ considerably from measurements taken when the building is being used. It
may therefore be concluded that proper work of individual control systems in buildings and the
rationale for their application depend directly on the users [5]. For this reason education seems a
vital element, necessary to make users interested and determined to undertake pro-ecological
activity leading to sustainable development.

6. Implementation
The built environment concept results in an attempt to create buildings and human settlements
which are self-sufficient in energy terms and whose costs of construction should not differ from the
costs of conventional solutions. The introduction of sustainable development elements and the use
of renewable energy, frequently in hybrid solutions, is becoming a standard. Buildings are
equipped with waste and grey water recycling systems as well as with recuperators and mini
power stations, which recover heat from the used air and hot service water, transforming it among
others into electrical energy used to supply the lighting and household appliances.
Urban development and architectural solutions and technological systems are an equally important
element leading to increased energy efficiency. Buildings get a compact form. The standard of
solutions is reflected in the functional zoning of usable areas, the use of local natural building
materials as well as leaving a maximum area of biologically active spaces in the developed areas.
Wasteland is frequently reclaimed, especially in post-industrial areas, Degraded terrains are
adapted for the needs of sustainable construction, residential buildings, municipal infrastructure
elements and centre-formation functions directly related to the current needs in a given area.
The examples are ECO-housing estates with   nearly   „zero”   energy   demand:   Solar Village in
Majorca (arch. R. Rogers Partnership, 1994) or Solar City in Austria (arch. N. Foster, Herzog, R.
Rogers, 1995), where the main goal is to respect energy in all kinds of activity, use renewable
energy in hybrid solutions and recycle waste and grey water. [4] [9]
A similar project is BedZED housing estate (arch. B. Dunster) built in the years 2000-2002 on postindustrial terrains previously belonging to the waste treatment plant, in the London district
Beddington.[10]. Due to economic considerations the assumption was to build the estate in stages.
In the first phase were erected 84 buildings having various functions – a flat + workplace + medical
service and other services. The transport system was based on low-energy means of public
transport (a special tramway). It was assumed that the users would consciously give up private
passenger cars to use the locally rented ones. The name of the housing estate – BedZED means
zero energy = zero  emissions.  The  notion  “zero  emissions”  is  understood  as  tantamount  to  a pure,
pollutant-free natural environment as well as the wellness of its residents. The main idea of the
estate is the simplicity of the complex, resulting in maximum energy efficiency of buildings and the
whole settlement.
The large scale of the complex – the target size is 5 000 ZED houses – reduces the investment
costs, which according to the assumptions should not exceed the expenditure for the construction
of a traditional housing estate. Compared to a similar conventional estate in Great Britain, the
maintenance parameters published in the media are optimistic. The consumption of hot service
water is lower by 57%, the general consumption of water is lower by 50-60% depending on the
type of showers applied, and the consumption of electrical energy (including 11% of energy from
solar batteries) is lower by 25%. The consumption of energy necessary to heat the flats is lower by
88%. [11]

The complexes erected in BedZED are already famous for the previous solutions. Both in
Pundbury near Dorchester (arch. L.Krier) built in 1989 and in Kurytyba, a city in Brazil with over 1.5
million inhabitants, the ideas of self-sufficient settlement units were successfully implemented.
They introduced social building, the principle of all waste recycling and public transport. Public
transport, being a source of pollution and CO2 emissions, was reduced to minimum; public
transport, which serves ca 78% of residents, is based on buses with ecologically clean drives. The
construction of underground was abandoned due to its drastic impact on the environment [12].
In Poland, attempts to find new standards of sustainable settlement are undertaken on the basis of
research programmes enabling reclamation of degraded areas or wasteland. The Ecospheric
Settlement, which is under construction in southern Poland, will be a testing ground for innovative
building technologies, integrating the environments of decision-makers, scientists, educationalists
and students.
Moreover, energy-efficient buildings, especially with residential, public and sports function are
being erected. One of interesting solutions is the office building Euro-Centrum in Katowice. It is an
innovative energy-efficient building, in which an alternative heating and cooling system without airconditioning has been applied. The system has been based on water pipes imbedded in ferroconcrete ceilings which separate storeys. In winter the heat from geothermal sources is used, and
in summer – cold water for cooling. Additionally, the building is equipped with thermal insulation
having a thickness of ca 30cm on the slab roof and 15cm in the basement as well as passive
windows. The heating, cooling and mechanical ventilation systems are regulated by a BMC central
control system. The so-called   “user   comfort   mode”   has   been   introduced,   which   consists   in  
individual controlling of blinds at workstations. The applied solutions resulted in energy savings
amounting to 2/3 of the standard consumption of energy in a similar conventional building.
An example of a passive building erected according to the energy standard might be the sports hall
having 22x44m dimensions, stands for 240 spectators and backup facilities, which was rendered
for   use   in   Słomniki   near   Cracow (arch. T. Pyszczek, M. Stelmach). The building consumes 15
kWh/m2 annually for heating purposes, which has considerably reduced CO2 emissions to the
environment and lowered the costs of energy consumption by ca 90%.
The awareness of the need to strike a balance between a built and natural environment determines
the directions of education at Polish Technical Universities, the aim of which is to prepare the
young generation for conceptual, design and implementation work in interdisciplinary teams of
specialists, as the only way to achieve sustainable development in a built environment. Particular
attention is focused on the processes of obtaining energy, energy circulation in buildings and
ventilation, which has been shown in the attached drawings.

a

b

Fig.1 Scale models presenting the obtaining, storing and distribution of energy in the buildings of a)
a 4-Department Nursery School, student P. Nowicki, tutor in charge PhD Eng. Arch. K. Kozak, b)
Plant Breeding Laboratory, student A. Krzysztonek, tutor in charge PhD Eng. Arch. J. Figaszewski
[13]

4. Conclusions
A number of systems and technological solutions related to the implementation of the sustainable
development idea are components of the architecture of the future. These solutions are already
exerting an impact, and in the future they are bound to influence the constructed buildings. For this
reason it is vital that technological systems should be integrated with both urban development
solutions and the spatial structure of architectural facilities. Particularly important is continuous
control over their influence on the location, functional-spatial, constructional and aesthetic solutions
as well as the costs of building construction and maintenance.
The heart of the matter is to keep a balance between the quality of a built environment and the
natural environment harmony in the name of the sustainable development idea, which allows
societies to develop in harmony with nature, without causing irreversible damage to the natural
environment, while respecting the laws of nature, economy and society development, which
complies with the contents of Brundtland Report and may be expressed in the following equation:
Quality of a built environment = harmony of the natural environment = sustainable
development = CHALLENGE OF THE 21ST CENTURY
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Summary
Although more and more demonstration buildings have been built in China in recent 5 years, there
lacks systematized research on their operation performances. An on-site investigation and
measurement of several demonstration public buildings in China has been carried out in this paper,
in order to compare the real operation energy consumption data, carry out a POE (or PostOccupancy Evaluation) of passive technologies, and evaluate the performance of the renewable
energy integrated systems in those buildings. The conclusion is that energy consumption per floor
area of the demonstration public buildings concerned in the investigation varies much from each
other, passive technologies such as natural ventilation and natural lighting perform quite well in
these buildings. Factors that may have influence on the actual use of renewable energy system
(mainly solar photovoltaic systems and solar hot water systems) have been summarized, as well
as problems that must be considered in the design phase.
Keywords: demonstration building; operation performance; energy consumption; POE; renewable
energy system

1. Introduction
Sine 1980s, with more attention on building energy consumption and energy-saving technologies,
amounts of demonstration public buildings have been built worldwide. In China, the phenomenon
has got hot in recent 8 years, especially in Beijing, Shanghai, and Shenzhen. NBI conducted a
study to analyse measured energy performance for 121 LEED New Construction (NC) buildings,
providing comparison of energy consumption between LEED NC buildings and national building
stock. The results show that average LEED NC buildings are saving energy. However, within each
of the metrics, measured performance displays a large degree of scatter. And overall ratings are
given for different comfort dimensions, i.e. acoustics, lighting, temperature, and air quality. Another
study was conducted by Thomsen et al. on 12 demonstration residential buildings in Europe, USA,
and Japan. Measured and expected energy consumption and indoor climate conditions of 8 in
these 12 projects were compared. Influencing factors include temperature set-points, air tightness,
occupancy behaviour etc. For some projects, measurements on COP of heat pumps, and solar PV
systems were also carried out. However, there lacks systematized research on operation
performances of demonstration buildings in China. This paper chooses projects in Beijing (BJ for
short), Shanghai (SH), Shenzhen (SZ), Jinan (JN), and Ningbo (NB). Actual operation energy
consumption was measured, post occupancy evaluation (POE) was conducted on passive energysaving technologies and renewable energy integrated systems.

2. POE study of domestic demonstration buildings
The study involves 11 demonstration office buildings in China, covering 3 different climate zones,
i.e. the Cold Zone, the Hot-summer and Cold-winter Zone, the Hot-summer and Warm-winter Zone.
Energy-efficient technologies applied in individual building are listed and summarized. Measured
energy consumption of these 11 buildings is obtained, varying from 29 to 82kWh/(m2a), energyefficient compared with average level. Factors that contribute to the difference are listed, i.e.
different air change rates, lighting power density, occupancy schedule etc. Though in the same city,
buildings SZ-A and SZ-B consumed less energy with full utilization of natural ventilation, while
building SZ-C consumed more energy, with higher active technology but weaker passive design,.
The well-perform building SZ-A was chosen to be the study case for systematic measurement.
Monthly energy consumption of different items for SZ-A was analysed, with a total annual energy
consumption of 50.0 kWh/(m2a). Measured energy consumption reaches 217MWh/a, while the
predicted value is 91MWh/a. Factors are explained in the paper. Utilization of passive ventilation
and natural lighting contributes lots for reducing energy consumption. The air-condition system and
domestic hot water system prove to be energy saving and respectively has a payback period of
investment of 6.4 years and 2.1 years. Test work of the thermal environment showed an obvious
vertical temperature grade in the atrium; indoor illumination under natural lighting almost can reach
the standard. Problems of the building also exist. First, COP of the air-condition system in typical
summer month is 3, a bit low with respect to its system form. Second, the predicted energy
consumption presents an under-estimate of the changing water volume of swimming pool and the
occupancy number of the building. Third, the measured natural ventilation volume was half of the
predicted value, and the main factor lies in the reduction of total vent area.
Renewable energy sources have been widely applied in the 11 demonstration buildings, especially
solar hot water systems and solar PV systems. This paper analyses solar hot water system in
building SZ-A. The estimated annual mean solar fraction reaches up to 80%, a high performance.
However, except summer months, its monthly value is below 60%. Data show that except summer,
water consumption in the other three seasons is low, accompanied by high electricity consumption.
The main problem lies in the water level control mode; electricity is wasted to keep the spare water
at certain temperature. Suggestion is given that water level control should be distinguished
between different seasons; at least the winter mode should be regulated to lower levels. And
payback period of investment is only 2.1 years for the solar water system, compared with the gasfired boiler. Nine of the eleven buildings are equipped with solar PV systems, and monitored data
of generated electricity in four projects have been collected. Only building NB can reach zero
energy consumption by solar PV system, for the other 3 buildings, actual electricity generated by
PV only covers a little portion of the electricity consumed, the ratios of building BJ-D, BJ-B, BJ-E
and SZ-B are respectively 1.2%, 0.68%, 3.9% and 4.8%. Average generating efficiency for NB
reached 13.1%, higher than BJ-D (12%) and SZ-B (8.8%), concrete reasons are explained.

3. Discussion
The widely applied low-cost passive technologies such as natural ventilation and natural lighting
prove to work well and are energy efficient. Vent area, resistance coefficient of the ventilation
system, thermal parameter of building envelope, occupancy density and occupancy schedule etc.
are the main influencing factors on building energy performance and thermal environment. The
payback period of investment for application of the technologies should be a criterion for evaluating
whether the technologies deserve popularization. Reasonable use of land and space, actual
operation efficiency are also significant criteria. For China, it is suitable to develop technologies
with low economical cost, low land and space use, low energy consumption and high efficiency.
Difficulties in this research lie in collecting monitored and measured data for long period. Electric
meter systems to monitor energy consumption for different items in the buildings are not fully
equipped or not completely recorded. Testing devices for special equipment and systems are not
installed. Mechanism should be established to have these demonstration buildings set up electric
meter systems, and testing devices for special equipment or systems. And the monitored data
should be open to the society or relevant department to assess the performance of the whole
building, thus suggestions for improvement can be collected and make difference.

1. Introduction
Sine 1980s, with more attention on building energy consumption and energy-saving technologies,
amounts of demonstration public buildings have been built worldwide. In China, the phenomenon
has got hot in recent 8 years, especially in Beijing, Shanghai, and Shenzhen. A related study [1]
was conducted to analyse measured energy performance for 121 LEED New Construction (NC)
buildings, providing comparison of energy consumption between LEED NC buildings and national
building stock. The results show that average LEED NC buildings are saving energy. However,
within each of the metrics, measured performance displays a large degree of scatter. And overall
ratings are given for different comfort dimensions, i.e. acoustics, lighting, temperature, and air
quality. Another study was conducted by Thomsen et al. [2] on 12 demonstration residential
buildings in Europe, USA, and Japan. Measured and expected energy consumption and indoor
climate conditions of 8 in these 12 projects were compared. Influencing factors include
temperature set-points, air tightness, occupancy behaviour etc. For some projects, measurements
on COP of heat pumps, and solar PV systems were also carried out. However, there lacks
systematized research on operation performances of demonstration buildings in China. This paper
chooses projects in Beijing (BJ for short), Shanghai (SH), Shenzhen (SZ), Jinan (JN), and Ningbo
(NB). Actual operation energy consumption was measured, post occupancy evaluation (POE) was
conducted on passive energy-saving technologies and renewable energy integrated systems.

2. Case study
2.1

Application of energy-saving technologies

Table 1 The techniques used in these 11 demonstration buildings（x，yes）

Superinsulation
High-performance windows
Green roofs
Natural ventilation
Natural lighting
Sunshading
Ventilation heat recovery
systems
Temperature and humidity
independent control
Heat pump units
Solar photovoltaic systems
Solar hot water systems
Energy-efficient lights and
appliances

BJ-A

BJ-B

BJ-C BJ-D BJ-E

×
×
×
×
×
×
×

×
×
×
×
×
×
×

×
×
×
×
×
×
×

×

×

×
×
×

×
×
×

×
×
×

×

×
×
×
×

×
×
×
×
×
×
×
×

×
×
×

JN SZA
×
×
×
×
×
×
×
×
×
×
×
×
×

SZ- SZ- SH
B
C
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×

NB

×

×

×

×
×
×

×
×
×
×

×
×
×

×
×

×
×
×

×
×
×
×

×
×
×
×
×
×
×

The study involves 11 demonstration office buildings, including 5 in BJ, 3 in SZ, 1 in SH, 1 in JN,
and 1 in NB. BJ and JN are located in the Cold Zone, SH and NB are in the Hot-summer and Coldwinter Zone, while SZ in the Hot-summer and Warm-winter Zone. In the 11 buildings, 5 have got
certified as three-star buildings by Chinese Green Building Standard, 1 has got certified as two-star.
Energy-efficient technologies applied in individual building are listed in Table 1. Almost all the
buildings utilize natural ventilation, natural lighting and sun shading. Solar photovoltaic (PV)
systems get wider use than solar hot water systems. If we weigh energy consumption saved
against incremental investment caused by certain technology, we will find some technologies
unfitted for popularization. For example, high-cost technologies are applied in building NB, with the
investment cost RMB20, 000/ m2, much higher than the other three (Table 2). And with the same
site area, NB has a much lower floor area ratio (0.5) than SZ-B (6.0). In China, We should develop
technologies that cost less capital and land investment besides less energy consumption.

2.2

Measured energy consumption

Measured energy consumption of these 11 buildings is shown in Fig.1. The total energy
consumption for buildings in BJ and JN discards consumption for heating. While in SH and SZ, it
includes heat sources. Energy consumption per
Table 2 Information of 4 buildings
floor area for these 11 buildings vary from 29 to
2
Floor
Site
Floor
Investment
82kWh/(m a), displaying a large degree of scatter.
area
area
area
cost
However, compared with local reference values of
2
2
(
m
)
(
m
)
ratio
(RMB/ m2)
energy consumption for commercial office
4200
buildings, shown in a different colour in Fig.1, all SZ-B 18100 3000 6.0
these 11 buildings are energy-efficient. Through NB
1560
3000 0.5
20000
investigation
and
measurement,
energy
15700
2150
consumption for heating in the Cold Zone is about JN
BJ-A
13000
6000
2
50 kWh/(m a). Fig.2 shows energy consumption

ranges for the 11 studied buildings and 100 LEED NC buildings [1]. In Fig.2, the total energy
consumption includes heat sources. The total energy consumption discards the part of data centre
and high energy-consuming laboratories in Fig.1 and Fig.2. So only 100 of the 121 LEED NC
buildings are chosen, for the other 21 are of high energy types such as data centre and labs. LEED
NC buildings of medium energy type consume much more energy than the studied Chinese
buildings. Factors that contribute to the difference may be different air change rates, lighting power
density, occupancy schedule etc.

Fig.1 Measured energy consumption for
the buildings

Fig.2 Energy consumption Ranges for the
11 studied buildings and LEED NC
buildings

Fig.3 Measured energy consumption for air Fig.4 Measured energy consumption for lighting
condition systems
and appliances
Furthermore, for 7 or 8 of the 11 buildings, energy consumption for air condition systems, lighting
and appliances are respectively listed in Fig.3 and Fig.4, with reference values of local commercial
office buildings shown in a different colour. Except BJ-A, the other three buildings in BJ have
almost equal air conditioning energy consumption. SZ-A and SZ-B have quite equal energy
consumption level, the common strategy is full utilization of natural ventilation. With higher active
technology but weaker passive design, SZ-C consumed more energy.

3. Measurement on building SZ-A

3.1

Basic information

Based on the above investigation, a systematic measurement of the well-perform building SZ-A
was conducted. New construction part of building SZ-A has a floor area of 4340m2. It has 2 storeys
over ground, and 1 storey underground. The eave height is 9.5 m. The building serves as a place
for offices, library and sports. The atrium which runs through three storeys is used as a ball court.
3.2

Energy consumption analysis

3.2.1 Energy consumption of different items
Monthly energy consumption of different items for SZ-A is shown in Fig.5.The item of special use
refers to solar hot water system and reclaimed water system. Total annual energy consumption is
50.0kWh/(m2a), much lower than the average level of local office buildings (99.17kWh/(m2a)).
Distribution of measured energy consumption (Fig.6) shows air condition system takes a relatively
small percentage (25%), for sports court doesn’t use air condition in summer, and air-conditioned
area ratio is only 40.7% for SZ-A. Except for lighting and appliances, the other three items appear
obvious seasonal variation. Comparison was also made between measured and predicted energy
consumption of SZ-A (Table 3). The measured consumption is 217MWh/a, much higher than the
predicted value, 91MWh/a. For lighting and appliances, domestic hot water, power, measured
values are 60% higher than predicted. It may be caused by an underestimate of the actual
changing water volume of the swimming pool and the occupancy number.

Fig.5 Measured energy consumption of building SZ-A

Fig.6Distribution of energy consumption
for SZ-A

Table 3 Comparison of predicted and measured annual energy consumption of building SZ-A

Predicted
Measured

Air
condition
(MWh/a)
46
54

Lighting and
Appliances (MWh/a)
27
92

Domestic hot
water(MWh/a)
9
23

Power
(MWh/a)
9
48

Total
(MWh/a)
91
217

3.2.2 Evaluation of the air-condition system
The central air-condition system in SZ-A combine high-temperature chillers and heat-pump liquiddesiccant fresh air handling units. From the comparison above, there exists a comparatively low
deviation (14%) of air-conditioning energy consumption between measured and predicted values.
Thus, we can tentatively suppose that monthly cooling load could use the results of simulation
model. And the monthly COP of the air-condition system can be estimated (Fig. 7). However, it
shows an abnormal trend that COP values in part load months (May, June, and October) are
higher than peak load months (July and August). This is because in actual use, natural ventilation
is more applied than expected in part load months. As a result, cooling load of the air condition
system for these part-load months is higher than actual operation. Suppose that predicted values
of cooling load in July and August are close to actual operation, and then COP of the system is
about 2.9, which is a bit lower with respect to the system form. An economic analysis was also

carried about the temperature and humidity independent control system, revision for the reference
scheme was made based on the actual operation air-conditioning energy consumption (Table 4).
Table 4 Economic analysis on the air condition system of building SZ-A
Different
Annual
Energy Annual
Annual
schemes
energy
saving operation operation cost
consumption rate
cost
saving rate
(MWh/a)
(%)
(RMB)
(%)
The reference
70
——
77,000
——
scheme
Predicted value 46
34.6
50,000
34.6
of the chosen
scheme
Measured value 54
22.9
59, 000
22.9
of the chosen
scheme

Investment
(RMB）
236,000

Payback
period of
investment
（years）
——

351,000

4.3

351,000

6.5

In Table 4, the reference scheme
refers to using screw chillers as
cooling source for the aircondition system. And the
electricity price is RMB1.1/kWh.
Data in Table 4 indicates that the
chosen scheme can reach an
energy saving rate of 22.9%,
with 6.5 years as its payback
period of investment, compared
with the reference scheme.
Fig. 7 Performance of air condition system of building SZ-A
These two data present an
obvious energy efficiency and economic profit, though not as ideal as the predicted situation. Now
the air-condition system runs based on time judgement. It is suggested that only when the outdoor
air temperature continues over 250C in ten minutes in the now system running time period, can the
system run. Then more utilization of natural ventilation should be recommended.
3.3

Overall measurement of thermal environment, natural ventilation and natural lighting

Comfort of the indoor thermal environment should also be considered when pursuing energy
saving through natural ventilation and natural lighting. In 2010, an overall measurement was taken
over thermal environment of SZ-A under naturally ventilated and naturally lighted condition.
3.3.1 Natural ventilation and thermal environment
Q A t
Qequal  Qmeasured  Amodeled / Ameasured  tmodeled / tmeasured
t  t in  tout

(1)
(2)
(3)

(1)
(2)
(3)

There are sixteen 2.6m×2.9m skylights (Fig.8) on the top of the atrium of SZ-A. The skylights are
sealed on the top (Fig.9), while designed as grilles for ventilation on the four sides (Fig.10). Wind
velocity measuring points were set on the main ventilation openings. For every measuring point,
data in every ten minutes were averaged to conduct an airflow balance checking, and the
unbalanced rate kept within ±20%. Measured air change rate reached 2.76 to 4.15 ACH (Fig.11),
based on the measured air-out quantity through skylights on the top of the atrium. Meanwhile,
measurement also presented an obvious vertical temperature grade (Fig. 12), which means natural
ventilation works quite well. However, the measured natural ventilation volume was about half of
the predicted value, which is 155883 m3/h. In order to find out the factors that result in the deviation,
the measured air volumes were equivalent to the modelled condition, based on the formulas (1) to
(3). It is found that the deviation of equivalent air volume from the predicted is within ±15%, which
indicates that the predicted and actual coefficient of resistance of the ventilation system are quite

close in value, and the main factor that leads to the decrement of air volume is the reduction of the
total vent area.

Fig.8 Skylights on top of the atrium Fig.9 Sealed glazing for lighting Fig.10 Side grilles for
of the skylights
ventilation of the skylights

Fig.11 Results of natural ventilation measurement

Fig. 12 Vertical temperature grade of the atrium

3.3.2 Natural lighting
The test of illumination distribution in the three storeys shows daylight factor can almost reach the
relevant standard. Here shows the results of test on the ground floor (Fig.13 and Table 5), as well
as the comparison with the simulated result (Fig.14). The actual illumination is not as well as the
simulated result, which may be a consequent of the different transmissivity of the skylight glasses.

Fig.13 Distribution of the illumination testing
points on ground floor
3.4

Fig.14 Simulated result of the illumination
distribution on ground floor

Summary of the test work

Building SZ-A relies on the atrium to utilize passive ventilation and natural lighting. Overall the test
work presented an obvious vertical temperature grade in the atrium; indoor illumination under
natural lighting almost can reach the standard. Utilization of passive ventilation and natural lighting
contributes to reduction on energy consumption. The air-condition system and domestic hot water
system prove to be energy saving and respectively has a payback period of investment of 6.4
years and 2.1 years. Problems of the building also exist. First, the COP of its air-condition system
in typical summer month is 3, which is a bit low with respect to its system form, a temperature and
humidity independent system with cooled heat pump units. Second, the predicted energy
consumption presents an under-estimate of the changing water volume of the swimming pool and
the occupancy number of the building. Third, the measured natural ventilation volume was about
half of the predicted value, and the main factor lies in the reduction of total vent area.

4. Appication of renewable energy sources
Renewable energy sources have been widely
applied in the 11 demonstration buildings,
especially solar hot water systems and solar PV
systems. This paper analyses solar hot water
system in building SZ-A, and solar photovoltaic
systems of buildings NB, BJ-B, BJ-D and SZ-B.
4.1

Solar hot water system

Table 5 Illumination distribution on ground floor
Testing
points
B1-1
B1-2
B1-3
B1-4
B1-5
B1-6
B1-7
B1-8
B1-9

Indoor
illumination
En (Lux)
230
300
290
221
283
5.95
323
8.51
323

Outdoor
illumination
Ew (Lux)
14513
15041
15363
15306
17032
18818
19358
19989
20000

Daylight
factor
C (%)
1.58
2.00
1.89
1.44
1.66
0.03
1.67
0.04
1.62

Building SZ-A supplies domestic hot water with
forty-nine 2m×1m solar energy panel collectors,
with two air source heat pumps as its ancillary
energy, including two 3-ton water-storage tanks.
The heat pumps start when the solar energy is
unsufficient to keep the water temperature
above 500C in the opening hours of the
swimming pool. And water level of the water
storage tanks is subsectionally controlled in
three different periods of the whole day. When the level goes down below the levels, relevant valve
will open to let in tap water, causing a descent of the tempertature of water in the tanks. Then a
judgement on whether the heat pumps should run will be taken.
Evaluation on the solar water heating system relies on two indicators, solar fraction and efficiency
of the solar energy collector system. They are defined as Formulas (4)-(7).
Solar fraction: f 

Qs QR  Wsup

 100%
QR
QR

Efficiency of the system: η=

(4)

Qs QR  Wsup
=
 100%
QRad
AH

(5)

Heat demand: QR  c pGw (tw ,s  tw ,in ) / 3600

(6)

Ancillary energy consumption: Wsup  COP  Welec

(7)

Table 6 Explanation of the symbols in Formulas (4)-(7)
Symbol Meaning

Symbol Meaning

Qs

heat supplied by solar collectors
(kWh)

Gw

hot water consumption volume (ton)

QRad

incident solar radiation on the
surface of panels (kWh)

tw ,in

temperature of water that comes in the
solar water heating system (0C)

Welec

electricity consumption of the
heat pumps (kWh)

tw ,s

temperature of water that comes to the
tenants (0C)

Symbols in Formulas (4)-(7) are explained in the formulas or in Table 6. Values of water volume
and electricity consumption were obtained from monitor system (Fig.15). But there lacks monitored
water temperatures. Estimation can be taken when the set water temperature is used as supplying
temperature, and temperature of local tap water is used as inlet temperature. The estimated
annual mean solar fraction reaches up to 80%, a high performance. However, except summer
months, its monthly value is below 60%. Data in Fig.15 indicate that water consumption in the
other three seasons is low, accompanied by high electricity consumption. Incident sun radiation
may be really insufficient in these seasons, especially in winter. However, the main problem lies in
the water level control mode. In current mode, there is no difference between different seasons.
However, hot water demand in winter is much lower than summer, so electricity is wasted to keep
the spare water at certain temperature. Suggestion is given that water level control should be

distinguished between different seasons, at
least the winter mode should be regulated to
lower levels, and have the ability to turn to
summer mode in case activities are hosted
and water demand is higher than usual.
When taking an economic analysis of the
solar hot water system (Table 7), gas
consumption for gas fired-boiler scheme is
obtained according to the estimated water
heat demand of the system (Formula(6)). The
solar hot water system includes the so lar
energy collectors, the heat pumps and the
water tanks. Investment of the solar energy Fig.15 Monitored data of solar hot water system
panel collectors is RMB600/㎡, while investment of the air source heat pumps is RMB750/kW. The
electricity price is RMB1.1/kWh. Data in Table 7 indicate that the payback period of investment is
only 2.1 years for the solar water system, compared with the gas-fired boiler. The current system is
economically beneficial.
Table 7 Economic analysis of the solar hot water system
Annual
Annual gas Annual
electricity
consumption operation
consumption (m³)
cost
(MWh/a)
(RMB)
Gas-fired boiler 0
17,200
68,800
Soar hot water 12.3
0
13,600
system
4.2

Annual
operation
cost saving
rate （%）
——
80

Investment Payback
(RMB)
period of
investment
（years）
32,000
——
148,800
2.1

Solar photovoltaic power system

Nine of the eleven buildings are equipped with solar PV systems, and monitored data of generated
electricity in four projects have been collected. Among these four projects, building NB installed
300 m2 photovoltaic panels on the ground around the building, with a capacity of 43.4kW; building
BJ-D installed 46.8m2 photovoltaic panels on its roof. Building NB was put in use in February, 2009.
And from February, 2009 to December, 2009, its energy consumption was 42300 kWh, while its
generated energy was 43049 kWh, covering the energy consumption. However, for the other three
buildings, actual electricity generated by PV only covers a little portion of the electricity consumed,
the ratios of building BJ-D, BJ-B, BJ-E and SZ-B are respectively 1.2%, 0.68%, 3.9% and 4.8%.

Fig.16 Performance of solar PV system in NB

Fig. 17 Performance of solar PV system in BJ-D

Generating efficiency, defined as Formula (8), is used to evaluate solar PV systems. In the formula,
ηgen stands for generating efficiency, Wgen stands for the electricity generated by PV system, and
QRad stands for incident solar radiation on the surface of PV panels. For the testing periods,
average generating efficiency for NB reached 13.1% (Fig.16), higher than BJ-D (12%, Fig. 17) and
SZ-B (8.8%). Certain factors may affect the efficiencies. First, PV of building NB was installed in
open environment almost without any shading from high-rise buildings. Consequently, they get

more incident solar radiation, and are better ventilated, so the surface temperature will not rise too
much to reduce its efficiency. Secondly, Ningbo has cleaner air with less dust when compared with
Beijing. However, the monthly generating efficiency of building NB PV system vibrated from 7.8%
to 16.8%, which may be caused by the frequent rainfall in certain months in local area. In generate,
the actual generating efficiencies of these buildings are lower than laboratory level (18%).
Wgen
Wgen
Genetating efficiency : ηgen 
 100% 
100%
(8)
QRad
HA
4.3

Summary of the application of renewable energy sources

For solar PV systems applied in domestic demonstration office buildings, generating efficiency can
at most reaches13%, quite low compared with other application forms of renewable energy
sources. Though building NB realizes zero energy consumption by its solar photovoltaic system, it
has quite small floor area, low occupancy rate, high investment cost, and large amount of space
wasted. As is the view of Professor ZHU [3]，in China, only residential buildings with one or two
storeys can realize zero energy consumption. As for public buildings, with much higher energy use
intensity, there is no access to zero energy consumption. It is concluded that in the urbanization
construction of China, with tense land sources and high density of new buildings, solar PV systems
are not suitable for wide use. For solar hot water systems, ancillary energy must be used due to
the instability of solar energy sources. Optimization of the system integration relies on start-up
judgement of the ancillary energy source and control mode of the integrated system. Region
variation and seasonal differencing are another two factors that must be taken into consideration.

5. Conclusions
Low-cost passive technologies such as natural ventilation and natural lighting are now widely used
in the 11 demonstration office buildings. Measurement and investigation show that passive
technologies work well and are energy efficient, proving suitable for wide use. In the design phase,
for the simulation of passive ventilation and natural lighting, conditions should be set as near to the
actual operation condition as possible. Main factors that may affect the ventilation volume, energy
consumption are listed as follows, vent area, resistance coefficient of the ventilation system,
thermal parameter of building envelope, occupancy density and occupancy schedule etc.
Economic analysis should be taken into consideration when applying renewable energy sources
and other energy-efficient technologies. Specifically, the payback period of investment for
application of the technologies should be a criterion for evaluating whether the technologies
deserve popularization. Moreover, reasonable use of land and space, actual operation efficiency
are also significant criteria. As for Chinese urbanization, it is suitable to develop technologies with
low economical cost, low land and space use, low energy consumption and high efficiency. The
difficulties in this research lie in collecting monitored and measured data in long period. Electric
meter systems to monitor energy consumption for different items in the buildings are not fully
equipped or not completely recorded. Testing devices for special equipment and systems are not
installed to. Mechanism should be established to have these demonstration buildings set up
electric meter systems, testing devices for special equipment and systems. And the monitored data
should be open to the society or relevant department to assess the performance of the whole
building, thus suggestions for improvement can be collected and make difference.
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Summary
The recent EU Directive 2010/31/EU on the Energy Performance of Buildings (Recast) reaffirms
the objective of reducing by 20% the Union’s energy consumption by 2020 and the requirement for
Member States to draw up plans for increasing the number of nearly zero-energy buildings at a
national level.
The German ‘Passivhaus standard’ is one of the oldest and most widely used low-energy
standards in Europe. Passive houses are characterised by extremely low energy consumption
achieved by a high-performance building envelope, heat recovery ventilation and efficient building
services. The standard was originally developed for the cold climates of the continental zone, but
has been successfully implemented all over Europe, including Ireland.
The first certified passive house in Ireland was built in 2005. The two-storey detached house has
been extensively monitored since its completion by University College Dublin. The investigations
prove that the house successfully achieved the requirements in practice, both in terms of space
heating and primary energy demand, while providing high levels of thermal comfort. A parametric
sensitivity analysis was performed to investigate the effect of certain variables on the space
heating energy demand of the house with the help of a dynamic simulation previously validated
against the monitored data.
The performance of the passive house was analysed to determine if the specification and
construction requirements for more severe climatic conditions in Northern Europe are requisite to
meet the standard in maritime climates. The aim of this paper is to present the results.
Keywords: Passivhaus, passive house, monitoring, dynamic simulation, maritime climate,
ventilation

1. Introduction
The German ‘Passivhaus standard’ is one of the oldest and most widely used low-energy
standards in Europe. Passive houses are characterised by extremely low energy consumption
compared with homes that meet current requirements with regard to the energy conservation
aspects of building regulations in most European countries. This is achieved by a highperformance building envelope, heat recovery ventilation and efficient building services. The
standard was originally developed for the cold climates of the continental zone, but has been
successfully implemented all over Europe, including Ireland. Wide scale adoption of the standard
could significantly improve the energy efficiency of new dwellings and thus reduce CO2 emissions
from the residential sector. Compliance with the headline criteria of the Passivhaus standard, a
peak heat load of 10W/m2 or specific heat demand no greater than 15kWh/m2year is driven by the
principle of introducing space heating via the supply air and thus removing the requirement for a
conventional central heating system from Passivhaus buildings.

The majority of dwellings built to the Passivhaus standard to date have been constructed in areas
of Europe subject to a continental climate, where the Passivhaus standard has proved successful
in significantly reducing building energy usage compared to dwellings that simply meet national
building regulation standards. There have been few dwellings constructed to the Passivhaus
standard in maritime climates to date. While research has shown the standard operating
successfully in other climates, it would be prudent before a greater adoption in Ireland and the UK
that the suitability of the Passivhaus standard to the maritime is determined.
The purpose of this research is to test the suitability of the German developed Passivhaus
standard to maritime climates, for example in the UK and Ireland, and to determine how the
standard could be optimised for those climates. In addition to the UK and Ireland areas with similar
climates are found in north west European countries of France, the Netherlands, Belgium, northern
Spain, the north west of Germany and outside Europe in the Australian states of Victoria and New
South Wales, New Zealand, and some parts of Chile, Argentina and Brazil [1]. (When referring to a
‘passive house’ in this paper, reference is always made to a house complying with the
requirements of the Passivhaus Standard.)
The first certified passive house in Ireland was built in 2005 in Co. Wicklow, and was monitored for
the first two years of occupancy in 2006-2007. The research had two main objectives:
- To analyse the performance of the Wicklow Passivhaus in order to determine the degree to
which this house, designed and constructed in accordance with the established ‘continental’
Passivhaus standard has met its design objectives; a comfortable internal environment and
energy performance within the limits set out in the Passivhaus standard.
- To use a validated dynamic simulation model of the Wicklow Passivhaus to investigate the
sensitivity of the internal conditions and building energy use to changes in the building
specification so that the Passivhaus standard can be optimised for maritime climates.

2. Climate
The average heating season temperature in Munich is considerably colder than that of Dublin,
staying below freezing for a full quarter of the year. Munich has a greater heating demand than
Dublin, with 1605 rather than 708 heating degree days if a base temperature of 10 °C is assumed.
Annual levels of solar radiation are comparable between the cities; however the distribution of
solar radiation is slightly different, with Munich receiving more intense radiation during its heating
season higher when solar gain is most useful for space heating and solar contribution to water
heating systems. Differences however are small.
The Dublin climate is windier than that of Munich, with average wind speeds 2 – 6 m/s greater.
Munich does however experience higher peak wind speeds than Dublin during the period
December to March, however due to the low frequency with which these peaks occur, their impact
on building heat loss is likely to be less significant that the persistently higher wind speeds in
Dublin. The cumulative effect of the steady higher average wind speed will act to reduce energy
performance of buildings in Dublin.
Relative humidity is similar in the two locations compared, the main difference being daytime
humidity levels in Munich dropping to a slightly lower level than is the case in Dublin.

3. The Wicklow Passivhaus
The Passivhaus that is the subject of this study, named ‘Out of the Blue’, was designed by MosArt
Architects and built in 2005, in Ballykippogue, 6 km south west of the Irish costal town of Wicklow.
The house is certified by the Passivhaus Institute as meeting the Passivhaus quality standard. The
house is a single family detached residence with a total internal floor area of 365 m2, of which
350m2 is considered to be ‘treated floor area’ (TFA) as defined by the PassivHaus standard.

The house is a high thermal mass
building of concrete block construction.
The walls are solid with external
insulation. Ground floor construction is
a concrete slab on the ground, the first
floor is a reinforced, cast in situ,
concrete slab and the roof is of trussed
rafter construction with deeper than
standard
rafters
in
order
to
accommodate more insulation at the
eves. Construction details and images
of the house are given in the following
figures and tables.
Figure 1: View of the house from the garden

Figure 2: Plan of the ground floor and the first floor
Table 1: Thermal performance (U-values) and overall measurements of the building envelope
elements
Area (m2)
Façade
Roof
Floor
Doors
Windows

351 (excl. windows)
240
240
2.2
93

U-values (W/m2K)
Out of the Blue Passive
House
0.106
0.103
0.105
0.608
0.74 (triple glazing)

U-values (W/m2K)
Typical New House
Ireland
0.27
0.16 to 0.22
0.25
2.2
2.2 (double glazing)

The house is equipped with a pellet boiler providing a rated heat output of 3 to 10 kW. The rated
efficiency according to the manufacturer is 95%, with a ratio of 80% delivery to water and 20% to
air.
7.5 m2 of flat plate collectors are installed on the roof with 30 degrees inclination and south
orientation, connected to the hot water storage tank. The storage tank capacity is 540 litres, with
80 mm of insulation. It includes separate heat exchangers for input from the solar panels and the
pellet boiler, and for output to the water-to-air heat exchanger.

There is a mechanical heat recovery ventilation unit (MVHR), with a manufacturer declared heat
recovery efficiency of 83% and 0.28Wh/m3 for electric energy use. A water-to-air heat exchanger
facilitates the transfer of energy from the pellet boiler to the incoming fresh air, after the heat
recovery unit has preheated the air.

4. Monitoring results
4.1

Meeting the Passivhaus energy use targets

Monitoring shows that the Wicklow Passivhaus was successful in achieving sufficiently low energy
use to have met the Passivhaus standard in practise, using 8.63 kWh/m2 in 2006 and 12.35
kWh/m2 in 2007, due to greater use of the pellet stove.
Primary energy use was also found to be considerably less than the maximum permitted, with a
total primary energy use of 82.92 kWh/m2 in 2006 and 80.19 kWh/m2 in 2007. The reduction in
primary energy use in the second year whilst space heating energy use increased was likely to
have been the result of the conversion of 105 halogen light fittings of between 40 and 50 watts to
more energy efficiency compact fluorescent equivalents rated at 14 watts.
4.2

Comfort

Temperature

Monitoring shows that thermal comfort within the house was generally good, but it was more
consistent in the second year of monitoring: average heating season temperatures in the house
were 20.9°C during October to May 2006 and 21.5°C f or the same period during 2007. External
temperature logging showed that 2007 was, on average, slightly cooler than 2006. During 2006
the internal temperature was, on average, 11.5°C wa rmer than the ambient temperature. In 2007
this difference was 12.4°C. This is likely to accou nt for the increase in space heating energy
consumption described above.
Over the two year monitoring period
average temperature in most areas of
30
the house appear to have remained at
acceptable levels as shown in figure 3.
25
However, there is a significant
difference in the internal conditions of
20
rooms. During 2006 some areas of the
house removed from the pellet stove,
15
such as the upstairs office, were not
always sufficiently warm to be
considered comfortable by the majority
10
of people, with an average temperature
of 17.7°C in this room in March.
5
Temperatures in all rooms were higher
during 2007, following the installation of
0
the MVHR heater battery to better
Jan-06
Apr-06
Jul-06
Oct-06
Jan-07
Apr-07
Jul-07
Oct-07
distribute heat from the stove to all
Upstairs office
Kitchen
Main bedroom
Living room
External
areas of the house. The issues found
with regards to internal comfort were
Figure 3 Recorded average monthly temperature
similar to those found in the continental
low energy houses discussed by [2].
The temperature in the living room during the heating season was found to be variable and warmer
than the generally accepted indoor comfort temperature of 21°C, averaging 23°C during March
2007. This is likely to be as a result of the direct radiant heat from the stove to the room causing
some degree of overheating. This direct output is inherent to the stove design, so that if the rest of
the house requires heat from the stove it is inevitable that the temperature in the living room may
exceed the optimum level while the stove is running. The issues with heating Passivhaus dwellings
using stoves has been previously discussed by Hastings [3].

The summer of 2007 shows lower internal temperatures than those experienced in 2006 which are
likely to be as a result of the cooler summer in 2007. However other factors may have affected in
internal temperature in the summer of 2007. During the first summer the balconies that run the
length of the southern side of the building at first floor level and act at shading devices for the
ground floor windows were not present. During 2007, after their installation, solar gain during the
summer should have been reduced.

5. Parametric sensitivity analysis
Dynamic simulation in order to perform a parametric sensitivity analysis was a major objective of
this research, allowing an investigation of the sensitivity of the internal conditions and building
energy use, to changes in the building specification.
The simulation of the house comprises several stages; firstly the generation of a weather file, in a
suitable format that can be read by the DesignBuilder / EnergyPlus software, from the weather
data collected at the site of the Wicklow Passivhaus. Secondly, the construction of the model
within the software, based on the specification of the house as described earlier. Thirdly the
validation of the model against the real world performance data collected during the monitoring
period. Finally, the model was then be used to run the scenarios detailed as part of the parametric
sensitivity analysis.
5.1

Parameters for investigation via simulation

The parametric sensitivity analysis investigated three building fabric and one services based
parameters; the specification of external walls and windows, the air permeability of the building and
the impact of a change from mechanical ventilation with heat recovery to natural ventilation. For
each of these parameters the worst case was taken to be the elemental backstop value imposed
by Part L of the Irish national building regulations [4]. The best case was taken to be the elemental
values required to meet the Passivhaus standard under continental climatic conditions. Three
values between these extremes were chosen for investigation. For each of the four parameters
selected a sensitivity analysis set was defined as shown the Table 2.
Table 2 Parametric sensitivity analysis parametric set
Specification

Wall
U-value
W/m2K

Window
U-value
W/m2K

Base case

0.106

0.77

Scenario 1

0.10

0.7

Scenario 2

0.14

1.0

Scenario 3

0.18

1.3

Scenario 4

0.22

1.6

Scenario 5
(UK Part L)

0.27

2.0

5.2

Air tightness
(ACH)
1.06
0.086
0.6
0.048
2.0
0.159
3.0
0.283
4.0
0.318
10.0
0.78

(n50)
(infiltration)
(n50)
(infiltration)
(n50)
(infiltration)
(n50)
(infiltration)
(n50)
(infiltration)
(n50)
(infiltration)

Ventilation strategy
(ACH)
MVHR
Natural 0.2
Natural 0.4
Natural 0.6
Natural 0.8
Natural 1.00

Relative significance of parameters

The results are tabulated in table 3 and shown in figure 4. As each parameter was varied, the
remaining parameters were held at the level shown as ‘base case’.

Table 3 Parametric sensitivity analysis; results from simulations runs
Variant

Annual Space Heating Requirement
Total (kWh)
Per m2

Space Heating Energy Demand (kWh/m2year)

v00
v01
v02
v03
v04
v05
v06
v07
v08
v09
v10
v11
v12
v13
v14
v15
v16
v17
v18
v19
v20

Wicklow house validation
2
0.10 W/m K
2
0.14 W/m K
Walls
2
0.18 W/m K
2
0.22 W/m K
2
0.27 W/m K
2
0.70 W/m /K
2
1.00 W/m /K
2
Windows
1.30 W/m /K
2
1.60 W/m /K
2
2.00 W/m /K
0.6 n50
2.0 n50
Air permeability
3.0 n50
4.0 n50
10.0 n50
0.2 ACH
Air changes per 0.4 ACH
hour with natural 0.6 ACH
ventilation
0.8 ACH
1.0 ACH

4146

12.38

3305
3851
4395
4949
5652
3562
4081
4659
5615
6491
3068
5014
6310
7951
18858
6280
10045
13955
17917
21900

9.87
11.50
13.12
14.77
16.87
10.63
12.18
13.91
16.76
19.38
9.16
14.97
18.84
23.73
56.29
18.75
29.99
41.66
53.48
65.37

This graph, figure 4, shows the contrast
between what the worst case scenarios
performed, the best case Passivhaus and
intermediate
scenarios,
the
black
horizontal line indicates the Passivhaus
space heating limit of 15 kWh/m2/year.
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As would be expected, there was a large
contrast between the worst case and the
best case, largely Passivhaus compliant
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Figure 4
Impact of parameter specification on
Wicklow Passivhaus
5.3

Ventilation strategy

It can be seen from figure 4 that switching from mechanical ventilation with heat recovery to natural
ventilation has the greatest impact on space heating energy use. The results show that an
equivalent air change rate to that used in the validation of the Wicklow Passivhaus model, 0.2 air
changes per hour slightly increases space heating energy above the Passivhaus target. This is
below the Passivhaus Institutes’ recommended figure of 0.3 ACH in passive house dwellings.
However the occupants of the house did not report any discontement with the indoor air quality,
which is to be expected given the large building volume to occupant ratio. It is unlikely that a
natural ventilation system was able to deliver this low air change rate consistently however, as
natural ventilation systems are generally wind driven. The simulations use a specified air change

rate. Air flow simulation was not performed and is outside the scope of this investigation. Figure 4
shows that when the ventilation rate is increased to a level much greater than 0.2 air changes per
hour without the use of a heat recovery system, the Passivhaus space heating energy use target is
much exceeded.
5.4

Air permeability of the building fabric

The parameter that has the second greatest impact on space heating demand was air permeability.
Poor air permeability, such as the worst permissible under UK and Irish Building Regulations; 10
m3/m2/hour (q50), equivalent to an n50 figure of 9.78 in the case of the Wicklow Passivhaus and
providing a resultant infiltration rate of 0.78 air changes an hour in use for this building when
calculated using PHPP, results in a space heating requirement 3.4 times greater than the
Passivhaus standard permits. This assumes all other aspects of the specification match the
Wicklow Passivhaus. The air permeability of the building fabric caused space heating energy use
to exceed the stipulated Passivhaus limit when a value (n50) of approximately 2.0 was exceeded.
Infiltration essentially adds an uncontrolled element to the ventilation air change rate, bypassing
any heat recovery system present in the building. An n50 air permeability of 2.0 is equivalent to an
additional 0.159 air changes per hour. Simulations of the fabric parameters showed the
significance of ventilation heat loss where heat recovery was present while the ventilation
parameter showed the sensitivity of building energy use to increases in the ventilation rate, any
additional uncontrolled ventilation would appear undesirable to the aim of meeting the Passivhaus
space heating energy use target.
5.5

Window U-value

The space heating energy demand was less sensitive to changes in the remaining fabric
parameters; with window U-value the next most significant factor. When the simulation was run
with windows having a whole unit U-value of 1.3 the Passivhaus space heating limit was met,
allowing the use of double glazed windows in a maritime climate. The heat balance shows the
positive annual heat balance achieved by windows having whole unit U-values of 0.70 W/m2/K. All
other window specifications failed to achieve a positive heat balance.
5.6

Wall U-value

Within the range investigated, the wall U-value, was the least significant of the variables. The wall
and window U-values were the two parameters that were most closely correlated with each other.
The simulations showed that with a wall U-value of 0.22 W/m2/K the Wicklow Passivhaus would
still achieve a space heating demand of 14.77kWh/m2/year. Using the current Part L (Irish) worst
permissible elemental U-value does push the space heating demand over 15kWh/m2/year.

6. Conclusions
It can be concluded from the analysis of the monitoring data that the Passivhaus in Wicklow meets
the Passivhaus energy use targets in practice, and provides a comfortable living environment for
the majority of the time in most rooms. Comfort and energy use increased in the second year of
monitoring due to changes made to the building services such as the addition of a heater battery in
the MVHR system.
From the parametric sensitivity analysis it was found that increasing the natural ventilation rate had
the greatest influence on space heating energy use, followed closely by the air permeability of the
building fabric. It can be concluded that with natural ventilation, if controlled to achieve a limited air
change rate it is possible to come close to the Passivhaus space heating target in a maritime
climate. However it is only likely to be possible if the ventilation rate is no more than 0.3 air
changes per hour, there has been no relaxation of the Passivhaus air permeability target and if
fabric U-values are in accordance with continental Passivhaus practice. In practise a natural
ventilation system is unlikely to be able to provide a 0.3 air changes per hour ventilation rate
consistently, but these findings could be applied to less complex mechanical ventilation systems,

i.e. without heat recovery than those used in continental Passivhaus buildings. However, the loss
of the mechanical ventilation and heat recovery system would fundamentally change the way a
building works resulting in a low energy, but not passive house as the means of retribution solar
and incidental heat gains has been removed. The climate comparison, showing increased wind
speeds characterising of the maritime climate compared to that found on the continent suggests
that air permeability is not an aspect of building fabric construction that should be relaxed in a
maritime climate.
The modelling carried out as part of the parametric sensitivity analysis showed that Passivhaus
energy performance can be achieved in a maritime climate with a lower fabric or services
specification than in a continental climate. However the modelling also made clear that the
maritime climate while milder than the continental climate is still very much a heating based
environment, both regions require space heating for at least 6 months of the year, even when
buildings have a base temperature of 10°C. The ret ention of heat is very important in designing
energy efficient buildings in both climates.
The parametric sensitivity analysis shows windows with a U-value of 1.3 W/m2K still meet the
space heating energy target, allowing the use of double glazed windows in a maritime climate. The
hypothesis given in the rationale for investigating window performance; that in a maritime climate
the heat balance of windows may favour less insulating windows with a greater solar transmission
factor was not found to be the case when the simulations were run.
The U value of external walls was not as significant as the other parameters investigated, with
space heating energy demand remaining under 15 kWh/m2 with the wall U value as poor as 0.22
W/m2/K. This suggested that the compact form required of Passivhaus buildings in the continental
climate is not as important in maritime climates. It also suggests that Passivhaus energy efficiency
standards may be achieved in the UK and Ireland using the cavity wall construction widely used in
these countries. However cavities would need to be widened to accommodate more insulation than
current practice and the cavity wall issues of air permeability and thermal bypass of insulation used
for partial cavity fill, (insulation slabs fixed to the inner leaf of cavity walls) popular in Ireland would
need to be addressed to ensure design performance is implemented on site.
In achieving Passivhaus performance in a maritime climate, it is likely that a combination of the
parameters investigated will be considered. Air permeability and ventilation standards set out in the
Passivhaus standard are appropriate to the maritime climate. While they could be relaxed, this
then closes the possibility of modifying any other element of the design, reducing flexibility. A
combination of slight increases in both wall and window U-values are likely to be the most practical
changes that that could be made to continental Passivhaus practise when implementing the
standard in the UK and Ireland.
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Summary
This paper presents the results of research underway at the Politecnico di Torino and developed in
cooperation with the University of Torino, entitled “Sustainable Alpine Huts” with particular reference to the experiences of environmental planning and an experimental design research project
promoted and developed by Politecnico di Torino: the Carlo Mollino mountain hut.
Keywords: sustainable, mountain hut, renewable energy sources, climatic change, ecological
housing, prefab wooden buildings, eco-architecture, eco-compatible tourism

1. Introduction
It is currently possible to see within the alpine context a new season of design experiences that
utilize energy-efficient buildings and experiment with renewable energy sources, pointing the way
to possible responses to the demand for sustainable development.
The Alps have been particularly affected by climatic change and in the light of the new circumstances they have increasingly become a laboratory for the experimentation of strategies for the
future.
A number of initiatives and research projects are taking up the important challenge of sustainable
development in the field of the various “categories” of living – alpine shelters, residential buildings,
holiday accommodation, public buildings – applying protocols that are then assumed as technical
references for the construction of buildings that are energy-efficient and environmentally friendly
leading to the identification of new models of ecological housing.
The extreme climatic conditions, the difficult access to the localities and at times, the lack of a support network for the buildings, has led to the construction of experimental architecture, rethinking
not only the design process, but the entire construction method and the site logistics.
Over the last ten years the alpine setting, with its vocation for tourism – and its extreme living conditions – has developed, more than other areas of design research, an elaboration of significant
experiences.
The difficulty in transporting building materials to high altitudes, the need to manage short-term
worksites during the summer season – as in the case of mountain huts – have resulted in the optimization the building process.
The reappraisal in this context of some building techniques, which have preferred prefab wooden
buildings and the use of helicopter transportation, have not only made the construction of new
mountain huts, or the extension of existing ones easier, they have also contributed considerably to
the change in the design, planning and construction of buildings, shifting to the production plant –
where the components are assembled – some of the checks that were traditionally carried out on
site, thus restoring the architectural project to its central role.
The new concept of high altitude buildings, both from the technical-constructive point of view and
the management of the building process has therefore had a series of significant effects:

- reduced work time thanks to the extreme simplicity of the assembly on site of the various components, which are made using CNC machinery;
- less work on site thanks to the use of the helicopter, which has instead of a means of transport
has become a piece of site equipment;
- reduced environmental impact of the buildings thanks to the minor ecological imprint of the experimental constructions, which mainly use wood – eco-compatible and with a limited “grey energy” content;
- more flexible architecture and management of the external spaces.
This cultural change, supported by a process of transformation in the construction industry, marked
by greater sustainability and fairer use of the environmental resources, has been accompanied by
developments in construction techniques using wood and by the increasing popularity of wooden
constructions over the last decade, throughout Europe.
In the various design experiences that will be mentioned in this paper, wood as a regenerable construction material, in line with the new postulates of architecture – “the zero kilometres philosophy”,
eco-architecture, etc. – can be seen as the most suitable material for this sort of construction.
Apart from the technical advantages, it offers the opportunity to simultaneously guarantee a reduction in energy consumption and CO2 emissions during the entire construction process and the life
cycle of the building.

2. The alpine eco system becomes a workshop for experimenting with
new models of sustainable development
The demand for new services at the alpine huts and the demand for greater comfort has increased
over the last thirty years, due to a new dimension of mountain tourism, which has definitively left
behind the heroic season of alpinism, reducing – in some cases drastically – the distance between
man and the mountains.
This tendency can perhaps be traced to the seventies when “ecological-transcendental” alpinism
moved away, without betraying its roots, from traditional alpinism.
Nowadays the search for a more profound and balanced approach to the mountain – not idealistically ecological – seems to be the need felt by an increasingly eclectic echelon of mountainlovers, a dimension of which the experience of a new generation of alpine mountain huts is part.
This new form of widespread tourism at high altitudes has, in recent years, led the alpine clubs to
refurbish the existing structures, modernising those considered obsolete, and in some cases building new huts on the paths that were considered poorly equipped.
In many cases the renovation of the existing structures was not dictated merely by the needs of the
users, but also by the effects of climate change. The higher average temperatures, whatever the
season, has in fact led to a different distribution of snowfalls during the year, with the gradual
shrinking of the glaciers, which in turn has generated problems of:
- accessibility of some huts, with an increase in the dangers on some alpine paths and the consequent relocation of the buildings;
- structural stability of the buildings, which have been damaged by the degradation of the permafrost;
- water supply, linked to the reduction in the snowfields and the disappearance of the streams, due
to the lack of snowfalls in winter.
Only in recent years have we truly realised that the Alps are a fragile environment to be safeguarded and ‘at risk of extinction’. This awareness, although belated, has identified in the alpine
ecosystem the most suitable ‘workshop’ in which to experiment with new models of development
compatible with the history and the nature of this territory, focussing attention on emergent topics:
the valorisation and the safeguarding of the natural environment, the production of energy from
renewable sources, the recovery of the constructive and environmental patrimony.
The expansion and the ecological-awareness of high-altitude architecture have thus played a key
role with respect to the topic of energy-saving, above all in relation to the various interpretations

and declinations that the topic can assume from a cultural and social point of view in an ecologically sensitive environment such as the alpine one.
In many alpine regions the new activities, also supported by environmental polices for the reduction of energy and the emission of greenhouse gasses, have determined the spread of ‘know-how’
linked to the study of the alpine huts as a model for the spread of good environmental practices
and energy-saving techniques.
Amongst the alpine huts that have become models of sustainablity are:
- the Schiestlhaus, the first high altitude passive house, built in 2005 by Österreichische Touristenklub (the Austrian Tourist Club) as part of the “Haus der Zukunft" (building of tomorrow) programme and characterised by an overall ecological approach and autarkic energy management;
- the Monte Rosa-Hütte owned by CAS (the Swiss Alpine Club) built in 2009 on the occasion of the
150th anniversary of the Zurich Polytechnic University, in cooperation with the faculty of architecture of the Lucerne Technical University. Certified under the MINERGIE-P® standard, it is unique in
its field, both architecturally and in relation to the energy supply and systems.
In addition to the usual seasonal micro-repairs, which were traditionally limited to modernisation
and adaptation to regulations of old mountain huts, work has been carried out to improve the level
of ecological performance of the buildings, also in conformity with the European standards of certification, which have been extended to high-altitude hospitality structures, including Rifiugo Marco
and Rifiugio Rosa on Pizzo Bernina (I) and the Keshhutte (CH).
The alpine huts, given the isolated setting and high altitude at which they stand, have shown themselves to be the ideal outpost for the development of scientific research, with the installation of new
meteorological stations, instruments for monitoring air quality and the glaciers, thus constructing
the framework of information necessary for the realisation of a new generation of experimental
buildings with an ecological approach, closely related to a specific climatic context.
Among the mountain huts, some were originally built as places for scientific research. In Europe,
the most famous is the Regina Margherita Hut, situated on the summit of the Signalkuppe (Punta
Gnifetti), at 4554 m, in the Pennine Alps.
The Hut was opened on 18 August 1893 as a research center. The main fields of study were high
altitude medicine, physics, chemistry, geology. Towards the end of last century, studies of environmental management have been initiated to describe and analyze the relationship between the
activity triggered by the tourist lodges and environmental effects, in light of the EU fostered Environmental Management Systems.
This approach is intended to define, monitor and improve over time the intensity of environmental
variables. The examination of the transformations of matter and energy, due to the activity of hospitality, the study of plant, organization and regulatory requirements make it possible to design a
management system to improve the environmental performance over time.
These studies, carried out with systematic approach, are related to management models promoted
by the EU and ISO - International Organization for Standardization Insternational. After checking
the applicability of the Environmental Management Systems in Mountain huts, have achieved recognition from third party agencies. In other nations have implemented actions to analyze sectoral
issues (water management, waste management, energy management) and to promote local
scheme or, recently European Eco-label.
In some cases these experiences began from a survey of the energetic framework of the huts
through a synergic action between the various countries of the Alpine chain in order to promote the
rational use of energy and encourage the use of renewable energy sources.
Over recent years the work on the huts has paid particular attention to correct environmental planning, not only in relation to renewable energy sources, methods for gathering and conservation of
water, the correct treatment of waste water and rubbish disposal, the reduction of energy consumption and CO2 emissions, evaluating – as in the case of the research carried out at the Zurich
Polytechnic University and the building of the Monte Rosa-Hütte – the lifecycle of the building from
the sourcing of the raw materials to the production phases, the transportation of the materials, the

transformation and dismantling of the buildings at the end of their lifetime and the analysis of the
alteration of the biodiversity in the area.
The various case studies, in their experimental dimension now show a variety of approaches, also
in the case of modernisation, at times attributing to the mountain hut a central role in innovation in
the field of research into energy production – as in the case of Radlsee (I) – the first application in
a mountain setting of a fuel cell system, powered by hydrogen, developed with the aim of identifying alternative solutions to the better-known solar or wind systems, often dependent on the morphology of the mountain terrain and by the geographical position.
As part of this paper we propose a summarised reading of the results of research underway at the
Politecnico di Torino and developed in cooperation with the University of Torino, entitled “Sustainable Alpine Huts” with particular reference to the experiences of environmental planning and management.

3. The extreme challenge of sustainability: a new generation of architecture on the alpine chain
Amongst the recent design experiences, with regard to the extension of existing buildings –
Tschierva (CH), Corno Gries (CH), Capanna Michela (CH) – projects for new huts developed as
part of design competitions – Olpererhutte (A), Capanna Cristallina (CH) – or as part of research
programmes – Schiestlhaus (A), Monterosa Hütte (CH) – we can see that there are certain conditions common to the various buildings analyzed:
- a compact conception of the buildings, characterised by correct positioning to the south in order
to maximize the solar radiation, which is particularly favourable at high altitude;
- internal organization in ‘solar zoning’, with rooms for daily use on the south side, where large
windows receive the most sun;
- insulation of the outer walls with high-performance heat insulation and high-efficiency external
windows;
- overall ecological imprint of the project, according to self-sufficient building models characterized
by a good capacity for accumulation of solar energy and heat.

Fig. 1 The research project “Sustainable Alpine Huts”: case study comparison (G. Dei Cas)

In this type of architecture the importance of the ‘skin’ of the building in relation to the integration
between the outer layer of the building and the systems for producing energy is marked. The characteristics and the appearance of the façades of the huts are increasingly determined by the collection and environmental energy control surfaces, with a move from systems for producing energy
simply positioned on the roof - Olpererhutte (A) - to integrated façade systems characterized by a
more complete integration, for example the Schiestlhaus (A).
In recent decades the evolution of technology has led to progressive changes in the structure of
the materials that make up the envelope of the building, increasing the performance and the complexity, offering planners an increasingly wide range of possibilities in the construction and aesthetic choices through a process of specialization of the layers of material that make up the quality
of the envelope.
The many case studies are increasingly directed at high levels of performance with regard to energy-saving, and have led in particular to experimentation with pre-assembled components in
wood, small in size and easy to transport and assemble, with consequent advantages on an economic and environmental plane, also thanks to a reduction in the number of helicopter trips.

Fig. 2 The research project “Sustainable Alpine Huts”: innovative building skins (G. Dei Cas)
The experiments in the field of construction with wood at high altitudes has therefore brought about
an evolution in the traditional systems, identifying new possibilities for use, also in relation to the
integration between the ‘skin’ of the building and the systems for producing energy, as in the case
of the Marco and Rosa huts (I) at 3609m.s.l., the Gonella hut (I) at 3701 m.s.l. or the Keschhütte
(CH) at 2630 m.s.l. which have become symbols of the marriage between experimentation and
design research.
These buildings, interesting for their energy-saving conception – amongst which we must certainly
highlight the new Keschütte are characterized by envelopes made from phase change material

(PCM) and experimentation with translucent thermal insulation materials and insulating surfaces
made from TWD honeycomb glass panels
Alongside these works in which the technological innovation of the building envelope has become
an essential visual component of the architecture, it is interesting to examine a case study such as
the Olpererhütte (A) designed by the architect Hermann Kaufmann, where the experimental dimension is determined by the use of structural walss in Xlam wood and by shingles in split larch as
an external cladding, in the logic of the return to wood as “sacrificial material”.
Also the so-called traditional materials – including wood – have undergone a metamorphosis, giving birth to products with a high technological-performance content where the technical aspects
concern not only the constructive essence of the buildings, but also the appearance.

4. The Carlo Mollino mountain hut design: an experimental research
project
The Carlo Mollino mountain hut, Casa Capriata, located along the Walserweg amidst the Weissmatten ski pistes at an altitude of 2100 m.s.l. in the town of Gressoney Saint Jean (AO), rightly
takes its place in the debate on energy efficient architecture in the alpine context.
This paper presents the results of an experimental design research project promoted and developed by Politecnico di Torino with local authorities of Gressoney Saint Jean, which aims to highlight Casa Capriata’s worth as a still topical symbol and a manifesto of technological innovation
and prefabricated building.
The challenges facing the designers included the condition of living in an “extreme context”, and
they began by analyzing alpine huts constructed in Europe in the last ten years, focusing in particular on energy-saving and environmental sustainability aspects.
The building is drawn from an experimental prototype designed for the X Triennale di Milano (1954)
by one of the protagonists of twentieth-century architecture, Carlo Mollino: Casa Capriata was one
of his ideal houses that remained unfinished, but it was finally built fifty years later by the Politecnico di Torino in cooperation with the local authorities of Gressoney Saint Jean.
The Politecnico di Torino research team (Liliana Bazzanella, Alessandro Mazzotta, Mario Sassone,
Elena Tamagno) coordinated by Guido Callegari, scientific director of the project, has taken over
the experimental nature of the original design that, in the X Triennale di Milano (1954) , which was
a manifesto for the testing of materials and innovative construction techniques.
The project, launched in 2006 as a cultural event during the celebrations to mark Carlo Mollino’s
birth and included in 2008 amongst the Off Congress events of the XXIII UIA World Congress
Torino 2008, was converted into a research project for the adoption of Mollinian architecture in the
Valle d’Aosta.

Fig. 3 The Carlo Mollino mountain hut, Weissmatten, Gressoney Saint Jean (A. Bringhen)

Casa Capriata has been transformed into an experimental building whose architectural, structural,
technological and plant engineering aspects have been remodelled in accordance with the design
criteria indicated by Carlo Mollino and will start to operate as an alpine refuge dedicated to the figure of Carlo Mollino during the summer of 2011.
The building, raised from the ground, is an energy-efficient complex constructed according to the
class A Gold standards established by the CasaClima protocol (<10kWh/m² y), introducing innovative components and construction systems consistent with the original building-manifesto.
As a project, Casa Capriata is characterised by far-reaching use of experimental technologies directed towards pursing energy and environmental suitability.

Fig. 4 Carlo Mollino, Casa Capriata X Triennale di Milano (1954). Details of structural layout

5. Discussion
Over the last decade the Alps have played a central role in the elaboration of design strategies for
the construction of energetically and environmentally sustainable buildings.
Mountain huts, in particular, represent an extreme condition of building and have become the symbol of a process of rethinking the way a sustainable future is planned and built.
The various projects are the result of a season of European policies and international agreements,
including the Alpine Convention, promoting the valorisation of the Alps as an independent and responsible space.

Nowadays the alpine context is a forerunner of design research, increasingly aware of the ecological aspects of buildings, which raises the image of the Alps to a parameter and a model of reference.
This European region has become an important ‘workshop’, not only thanks to the particular sensitivity of its eco-system and the climate, but also due to the strategic meaning that the various
framework activities of the European policies for sustainable development have assumed.
The good practice elaborated in recent years, the subject of much research, has become a warning with respect to a merely technical approach to the environment, with an individualistic logic,
highlighting the centrality and the importance of the man-nature relationship as a philosophy based
on responsibility towards the environment and the reproduction of natural resources.
It has recently been developed integration between management methods and architecture, as it
became evident that the optimization of environmental performance is linked to the relationship
between constructive choices (in terms of materials, techniques, forms and spaces) and the choices of plants and management, within a defined framework of laws, in a specific environment.
The reduction of energy consumption and emission of polluting gases, the use of renewable energy sources, the correct disposal of refuse and waste waters, which have become common practice for the sustainability of the alpine landscape over recent years, now form a corpus of useful
experiences for a critical appraisal of architectural quality of the activities and active support for
eco-compatible tourism.
Despite the significant number of projects realised in the alpine chain, even today there is no systematic study on this topic capable of critically framing the strategies brought to bear by the various
experiences.
The research project “Sustainable Alpine Huts” analysed a significant number of case studies with
the aim of understanding the various design projects being developed in the Alps with regard to
energy-saving and environmental sustainability.
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Summary

This paper discusses a review of literature on the use of heat pumps for domestic space and water
heating following a UK, German and Swiss study, as a context to a research project being
undertaken in collaboration between the lead author from the Ecological Built Environment
(EBERE) group at the University of Wales Institute Cardiff (UWIC) and United Welsh Housing
Association (UW); a registered social landlord based in Caerphilly, UK. The research project is
investigating the effectiveness of exhaust-air-source-heat-pumps for space and water heating in
dwellings in Bargoed, UK. The methodology and results discussed and presented in this paper are
from physical monitoring, which commenced in July 2010 on one dwelling, with a particular focus
on the month of January 2011. It is demonstrated that by minimal intervention by the dwelling
occupants, the energy use has been a nominal 176 kWh, which has resulted in a cost of just under
£23.00 and led to carbon dioxide emissions of only 96 Kilograms. An expected output of the
research will be the development of an educational guide for UW that discusses and illustrates the
most effective method of post occupancy monitoring to inform future design and construction
strategies and a protocol that will assist households to minimise energy costs and carbon
emissions yet maintain comfort conditions, when living in dwellings that use heat pumps as their
source of heating. The paper will be of interest to researchers, residential developers and landlords
of dwellings.
Keywords: exhaust air source heat pumps, physical monitoring, carbon emissions, dwellings.

1. Introduction
This paper discusses some of the results of a physical monitoring programme being conducted at
a residential development in Bargoed, UK, which commenced in September 2010 and finishes in
August 2011. The results focus on the winter month of January 2011, which was one of the coldest
winters on record for many years in the UK. The first section of the paper discusses an overview of
low carbon dwelling design and thermal performance and energy use monitoring protocols in the
UK and current research which researchers from the EBERE group are undertaking in relation to
monitoring dwellings. In addition, a review of a published UK wide study on the use of heat pumps
in dwellings to provide heating is also discussed, in comparison to a study from Germany and
Switzerland. The second part of the paper presents the case study including discussion on the
development ethos of UW, the methodological approach undertaken to undertake the monitoring
study, including equipment used and some of the results which have been collected from January
2011.

2. Background
2.1

UK policy on low carbon dwelling design

The Climate Change Act 2008 commits the UK to legally-binding targets for greenhouse gas (GHG)
emissions reductions of at least 34% by 2020 and 80% by 2050 against a 1990 baseline [1]. The
UK housing stock accounts for approximately a quarter of total UK GHG emissions by end-use
sector [2]. Achieving deep GHG emissions reductions from the residential sector is therefore an
“imperative”  if  these  targets  are  to  be met [3]. New housing represents one of the easiest sectors
of the economy to implement emissions reductions cost-effectively [4] and in 2007 the UK
Government announced its intention for all new homes to be built to a zero carbon standard from
2016 [5]. The performance targets of the zero carbon standard are to be implemented through
progressive   strengthening   of   the   requirements   of   Approved   Document   L1A   ‘Conservation   of   fuel  
and  power  in  new  dwellings’  (ADL1A)  of  Building  Regulations [6].
Lowe & Oreszczyn [7] argue that it will be essential to monitor and evaluate the energy and carbon
performance of new dwellings in the UK to appraise the impact and success of policy
implementation for zero carbon homes. Further drivers for monitoring the performance of new
dwellings are identified by Taylor et al. [8]:
Supporting product and process innovation for new design and construction methods and
technologies;
Developing knowledge and expertise in the development of low carbon dwellings through
providing feedback to the clients and design and construction teams; and
Informing the development of design standards and regulatory instruments and thus
connecting policy aims with practice.
2.2

Current EBERE research on monitoring the environmental performance of dwellings

The first author of the paper is leading a number of projects to investigate via monitoring the
performance of low carbon buildings and low carbon technologies for new dellings and retrofitting
to deprived existing dwellings in Wales, UK. This includes UWIC’s contribution to work package six
of the Low Carbon Built Environment project; a 39 month project that commenced in July 2010.
The second author commenced a three-year doctoral research project (the director of studies for
this project is the first author of this paper) at UWIC in February 2010, which is investigating the
environmental performance of four case study apartment buildings in Swansea to determine if, in
practice, low-carbon design is translated into low-carbon construction and performance in-use [8],
9]. Both projects aim to address the general lack of of detailed empirical evidence of the
performance of low carbon dwellings in the UK [7]. Furthermore, these projects also aim to test
and develop protocols and publish guidance for the monitoring and evaluation of building
environmental performance for Registered Social Landlord (RSL) housing developers. This builds
upon recent research work in the UK for developing monitoring protocols for low carbon dwellings
[11].
In addition, to the carbon performance targets introduced in the preceding section of the paper,
residential developers in the UK are subject to other planning and development requirements. For
example, since September 2010 all new dwellings in Wales have been required to meet Level
three of the Code for Sustainable Homes (CfSH) as a condition of receiving planning permission
[13] & 14]. This paper reports on the results of a residential case study where each of the dwellings
have utilised exhaust-air-source-heat-pump (EASHP) to deliver these environmetnal objectives.
2.3

Introduction to air source heat pumps

In domestic heating applications, a heat pump operates by moving heat from a low temperature
“heat source” (e.g.   ambient   air)   and   delivering   it   to   a   higher   temperature   “heat   sink” to provide
central heating or domestic hot water (DHW) [15]. For an exhaust air source heat pump, the heat
source is the air inside the house extracted by a controlled (mechanical) ventilation system. The
heat sink can be either under-floor heating or radiators for space heating, or a DHW boiler system

(or a combination of space heating and DHW systems). The  heat  pump  uses  electricity  to  “pump”  
heat from the lower temperature source to the higher temperature sink, and a well-installed air
source heat pump with good performance can deliver 3kW of heat for every 1kW electricity used
[16] (the ratio of heat supplied to the electrical energy used by the heat pump is known as the
coefficient of performance, or COP).
A recent study by the Energy Saving Trust (EST) [15] investigated the performance of heat pumps
installed in new and refurbished homes in the UK. Following a one-year field trial, it was found that
the performance of both air source and ground source heat pumps varied widely. In summary, the
study found that [15]:
The performance of heat pump systems is sensitive to system design, installation and
commissioning practices and user behaviour;
Control systems were generally too complicated for users to understand how to operate the
heat pump efficiently and effectively;
Many systems appeared to be incorrectly installed; and
The installation of heat pumps often involved many trades (e.g. plumber, electrician) and in
some cases this blurred responsibilities for the eventual performance of the whole system;
A subsequent research study compared the results of the EST trial with similar trials of heat pumps
in Germany and Switzerland [17]. Although some air source heat pumps in the UK trial achieved
similar levels of performance as the German and Swiss installations, many did not perform as well.
The study concluded that the observed gap between the performance of the heat pumps in the UK
trial and those in Switzerland and Germany could be closed through concerted efforts to improve
the knowledge and skills of installers [17].

3. Introduction to research programme
The first section of the paper has provided a brief overview of UK Government policy on low
carbon dwelling design and on-going work by the EBERE research group to monitor and
investigate the environmental performance of low carbon dwellings. This section introduces the
aims and objectives of a research project that the lead author has been undertaking from the
EBERE group at UWIC in collaboration with the Development department at UW. The aim of the
research programme is to develop a monitoring protocol for UW which can be adopted on all
recently completed dwellings and built into the design and construction process.
For the case study presented in this paper, the aim above has been further refined to investigate
the environmental performance, occupancy behaviour and occupant attitudes towards the Park
Crescent dwellings and the questions include:
1. Has the low carbon design approach i.e. increased insulation, renewables: DSHW panels
and exhaust air source heat pump (EASHP) led to lower carbon emissions?
2. Are the heating systems in the dwellings easy to operate?
3. Are the dwellings comfortable i.e. do they provide a stable internal temperature throughout
the annual climatic year?
4. Do the dwellings have reduced utility costs for space and water heating and power?
5. What can be learnt from this project for future dwellings?
6. Does the dwelling design and construction approach, heating and renewable energy
systems need to change?

4. Case study
4.1 Introduction to United Welsh Housing Association
UW is a medium sized Housing Association providing affordable homes across South Wales, UK.
Cemented within its corporate strategy is a commitment to invest in sustainable communities. UW
have already built dwellings to meet levels four and five of the Code for Sustainable Homes and
were the first UK registered social landlord to develop a level six (zero carbon) dwelling in 2010 at

the Ebbw Vale regeneration park, which is also certified by the passivhaus institute [18]. This initial design for this dwelling was procured through a design competition in 2009. The lead author of
this  paper  contributed  to  the  design  of  the  scoring  system  and  acted  on  UW’s  behalf  to  contribute  
to the judging of the 43 dwellings submitted for review in the competition. The UW emphasis on
sustainability is due to the aspiration that all their tenants are able to live greener lives; whilst
minimising fuel poverty and carbon emissions. UW has been working with the lead author of this
paper at UWIC since June 2009 and in September 2009 they jointly won a European Social Fund
grant to sponsor a doctorate student to investigate and develop the UW model for ecological communities, see [19].
4.2

The case study site

The case study development consists of 24 houses (22 with three bedrooms and two with four
bedrooms on two storeys) and two apartments (two bedroom on one storey) as illustrated on the
site plan in Fig 1 below. The development is known as Park Crescent and is situated in Bargoed,
Wales, UK. Park Crescent was completed in spring 2009 and therefore the majority of occupants
have been resident for two years. Park Crescent is on a latitude and longitude of 51.7 and 3.2
degrees, respectively and an altitude of 220 mts. Each dwelling has been designed to code level
three of the code for sustainable homes and level four for the energy category [14]. The heating
strategy for each dwelling designed to trial the use of NIBE 360p EASHPs supplying underfloor
heating [20]. The NIBE 360p works on two cycles, air-to-water for space heating, which involves
extracting air from two internal rooms (kitchen and bathroom) and water-to-water for domestic hot
water, from a roof mounted four meter squared solar panel [ibid]. Unusually for UK sub-urban
development the development site does not have a supply of natural gas as a fuel, a deliberate
choice of UW. The case study dwelling is highlighted at the top left of Fig 1 and is a three bedroom
house, which is occupied by two adults (between April; 2009 and December 2010 and one adult
from January 2011) and two children.
Fig. 1 Site plan for Park Crescent, Bargoed, UK & the case study dwelling
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4.3

Research methods

Sections 4.3.1 to 4.3.4 discuss and illustrate the monitoring methodologies which have been
adopted at Park Crescent, which commenced in June 2010.
4.3.1 Sensors to monitor climatic data
In June 2010, a Davis Vantage Pro2 weather station was installed above the roof ridge line on the
case study dwelling, which records a number of variables, as illustrated in Fig 2 and Table 1 below

[21].
Fig. 2 Davis Vantage Pro2 weather station installed on the case study dwelling

Table 1: Davis weather station, Vantage Pro2
Variables recorded

Units of measurement

Recording interval

Air Temperature
Humidity
Wind Speed
Wind Direction
Heat Index
Barometric Pressure
Rain
Solar

Fahrenheit
Percentage
MPH
NSEW
Fahrenheit
mBar
inches
2
W/m

10min
10min
10min
10min
10min
10min
10min
10min

The Davies Vantage Pro2 Weather Station is connected via ethernet to a broadband router in the
case study dwelling, which then sends data back to a Davis hosted site, which can be assessed
via
the
Internet
and
live
date
is
summarised
here:
http://www.weatherlink.com/user/uwhapkcs48/index.php?view=main&headers=1.
4.3.2 Sensors to monitor internal energy use
Five circuits are being recorded for their electricity usage, as indicated in Table 2 below. The
number of circuits which could be monitored was limited by the connections of the DT80
datalogger.
Table 2: Circuits recorded
Manufacturer

Variables
recorded

Units
measurement

INSTeng

Electricity usage of
EASHP
Total Power
Sockets
Lights
Cooker

kWh

4.3.3 Sensors to monitor internal conditions

of Accuracy
± 0.5% FSD

Recording
interval
10min
10min
10min
10min
10min
10min

Nine internal rooms (ground floor hall, lounge, kitchen/diner and bathroom; first floor landing, three
bedrooms and bathroom) are monitored in the case study dwelling and the sensors in each room
record the air temperature, relative humidity and the position of each openable window (open or
closed), as indicated in Table three illustrated on Fig three below.
Table 3: Internal conditions recorded
Manufacturer

Variables
recorded

Units
measurement

INSTeng

Air temperature
Humidity
Window switch

Centigrade
%
Open/closed

of Accuracy
0.5°C
± 2%
n/a

Recording
interval
10min
10min
10min

Fig. 3 Insteng sensor for recording internal air temperature, relative humidity & fenestration
position

4.2.4 Datalogging
Data is collected from the internal conditions and the electrical circuits are all sent by internal
wireless network to the “DT80”  [22]. The temperature, humidity & Window contact are transmitted
via wireless to a base station, which then communicates to the Datalogger via RS232 Modbus
RTU protocol. All data from the base station is then logged. The energy kWh pulse are monitored
by current transducers mounted in the distribution board, the kWh pulse is then wired directly to
the DT80 inputs & logged by the Datalogger. Other conditions such as EASHP & Solar
Temperatures / Flow, CO2% are directly wired to the DT80 and logged by the Datalogger. The
Datalogger is connected via ethernet to a broadband router enabling data to be transmitted to an
FTP site (Hosted by INSTeng Process Automation.) The data logged every 10min is downloaded to
the FTP site daily (at midnight) in the form of a CSV file.
4.4

Results

Data has been recorded since July 2010 to date (April 2011 at time of writing this paper). Between
July and September 2010, was the commissioning period to test the equipment installed. The results presented in this paper were recorded in January 2011.
4.4.1 Results period January 2011
In the UK, 2010 was on average the coldest year since 1986 and the winter period was the coldest
since at least 1970 [2]. Milder temperatures were recorded in January, although these were still
below the 1971 to 2000 average [23]. Overall, between 2009 and 2010 there was a corresponding
13% rise in CO2 emissions from the residential sector in the UK, reflecting an increased use of

domestic gas for space heating [2]. Mean temperatures for January 2011 as a whole were
somewhat below the 1971 to 2000 average, especially over Northern Ireland and other western
areas [ibid].
4.4.2 Recorded Results
Figures four to six below illustrate the internal conditions in the ground floor lounge and first floor
bedroom (occupied by one adult) versus the external climatic conditions and also the power
consumtpion of the EASHP.
Fig. 4 Ground floor lounge air temperature versus external air temperature, January 2011

The winter design temperature range for living rooms in the UK as recommended by the Chartered
Institute of Building Services Engineers (CIBSE) is 22 to 23 degrees centigrade (oC) [24] and by
Borer [25] is 18 to 23°C. It can be seen from Fig four above that on several occasions (31 in total,
linked to each day of the month) during January 2011 the interior air temperature in the lounge
exceeds 23°C and the highest temperature is 27.4°C. This is 4.4 degrees Kelvin above the upper
comfort range for a lounge in UK dwellings [24]. On all only two days does the internal air
temperature dip below the minimum comfort temperature of 18°C. By contrast the exterior air
temperature has a maximum and minimum of 10.3 and -6.3°C, a 16°C temperature range.
The winter design temperature range for bedrooms in the UK as recommended by CIBSE is 17 to
19°C and by Borer [25] 18 to 20°C. It can be seen from Fig five below that on several occasions
(15 in total) during January 2011 the interior air temperature in the lounge exceeds 20°C and the
highest temperature is 21.2°C. This is 3.2 K above the upper comfort range for a bedroom in UK
dwellings [25]. The internal air temperature dips below the minimum comfort temperature of 18°C
on 15 days during January and the coldest temperature is 16.8°C, 1.2 K below the minimum
comfort range of 18°C [25].

Fig. 5 First floor bedroom air temperature versus external air temperature, January 2011

Fig. 6 Lounge and bedroom air temperature versus external air temperature & power consumption
of the EASHP, January 2011

When analysing the data for the power consumption of the EASHP for January 2011, it was
anticipated that the associated energy costs and CO2 emissions would be excessively high, based
on the cold exterior air temperature in January 2011 and the very warm internal air temperatures
during the same month, which often exceeded the upper comfort range of 23°C and 20°C for the
lounge and bedroom. The power consumption of the EASHP is illustrated in Fig six running from
left  to  right  just  above  the  ‘0’  unit  on  the  y  axis  and  indicated  by  the  red  band;;  it  is  almost  negligible.  
The total power consumption for space and water heating by the EASHP for January 2011 was
only 175.58 kWh, which equates to £22.85 at a unit cost £0.13 per kWh and 95.73 Kg CO2e per
unit. An EASHP if designed and installed correctly, which appears to be the cse from the results
presented in this paper, perform particularly well as heat recovery devices. This is because the
evaporator and condenser temperatures are closer together than when outside air is the source,
as in air source heat pumps. With, an EASHP, the temperature lift for the supplied air is less than a
conventional air source heat pump, the pumping is easier and as a result the power consumption
and associated carbon emissions are less also.

5. Discussion
The EST UK trial of heat pumps indicated that the performance in-use is often worse than the
designed use [15]. From the results presented in Figs four to six above it could be argued that the
installation of the EASHP in the case study dwellings at Park Crescent meets the designed
performance and that there have been no problems with the installation, since the energy usage
and associated CO2 emissions and costs are minimal during one of the coldest winters in the UK,
since 1986. The results presented are a snap-shot of the available data and future papers will
indicate a more in-depth analysis of the monitoring in the case study dwelling.
In terms of the initial questions for the research study, the results thus far have indicated that the
dwelling provides internal temperatures within comfort ranges, with minimal heating costs.

6. Conclusions
The paper has discussed an overview of low carbon dwelling design and thermal performance and
energy use monitoring protocols in the UK and current research which researchers from the
EBERE group at UWIC are undertaking in relation to monitoring dwellings in the UK. In addition, a
review of a published UK wide study on the use of heat pumps in dwellings to provide heating was
also discussed, in comparison to a study from Germany and Switzerland. The second part of the
paper has discussed and illustrated the methodology adopted since June 2010 for a physical
monitoring programme of a case study dwelling in Bargoed, UK. The results have demonstrated
that  for  one  of  the  coldest  winter’s  on  record  in  the  UK  since  1986,  the  internal  temperatures  during
January 2011 are well within comfort ranges for UK dwellings (in the lounge and bedroom) and
often exceed the top of the comfort range, yet energy costs and associated CO2 emissions from
the use of an EASHP are minimal at just over £22.00 (space and water heating) and 95.73 Kg
CO2e per unit.

7. Acknowledgements
The project is funded by and United Welsh Housing Association and University of Wales Institute
Cardiff. Thanks are given to the tenants of United Welsh Housing Association at the case study site
for their patience and co-operation with the research programme.

8. References
[1]
[2]

[3]
[4]

[5]
[6]
[7]
[8]

OPSI. “Climate Change Act 2008 (c. 27)”. London, UK: HMSO; 2008.
NATIONAL STATISTICS. “Statistical   Release   - UK Climate Change Sustainable
Development Indicator: 2010 greenhouse gas emissions, provisional figures and 2009
greenhouse   gas   emissions,  final   figures  by  fuel  type   and   end  user” [internet]. DECC, 2011.
Available:
http://www.decc.gov.uk/assets/decc/Statistics/climate_change/1515-statreleaseghg-emissions-31032011.pdf [Accessed 11 April 2011].
BOARDMAN, B “Home  Truths:  A  Low-Carbon Strategy to Reduce UK Housing Emissions by
80%  by  2050”. Oxford, UK: Environmental Change Institute, 2007.
LEVINE, M., D. ÜRGE-VORSATZ, K. BLOK, L. GENG, D. HARVEY, S. LANG, G.
LEVERMORE, A. MONGAMELI MEHLWANA, S. MIRASGEDIS, A. NOVIKOVA, J. RILLING,
H. YOSHINO. Residential and commercial buildings. In: “Climate Change 2007: Mitigation.
Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change” [B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)],
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 2007.
CLG. “Building a Greener Future: policy statement”. London, UK: CLG; 2007.
CLG. “Building Regulations 2000: Approved Document L1A Conservation of fuel and power
in new dwellings October 2010 edition”. London, UK: NBS; 2010.
LOWE R, ORESZCZYN T. “Regulatory standards and barriers to improved performance for
housing”. Energy Policy. 2008, Vol. 36, pp.4475-4481.
TAYLOR T, LITTLEWOOD J, GEENS A, COUNSELL J, PETTIFOR G. “Development of a
strategy for monitoring the environmental performance of apartment buildings in Swansea:

[9]

[10]

[11]

[12]

[13]
[14]

[15]
[16]
[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

measuring progress towards zero carbon homes in Wales” [Internet]. In: Proceedings of
RICS COBRA 2010 conference, Paris France: 2-3 September 2010. [cited 2011 Feb 6]
Available from: http://www.rics.org/cobra
TAYLOR T, LITTLEWOOD J, GEENS A, COUNSELL J, PETTIFOR G. “Developing postoccupancy evaluation techniques for assessing the environmental performance of apartment
buildings in Wales: An ecological perspective”. In: Proceedings of 9th International Detail
Design in Architecture conference, Preston UK: 4-5 November 2010.
TAYLOR T, LITTLEWOOD J, GOODHEW S, GEENS A, COUNSELL J, HOPPER J, SHARP
D,   “In-construction testing   of   the   thermal   performance   of   dwellings   using   thermography”  
(forthcoming) International Conference on Sustainability and Energy in Buildings, Marseille
France: 1-3 June 2011.
EST. “CE298: Monitoring energy and carbon performance in new homes” [Internet]. London,
UK:
2008.
[cited
2011
Mar
28]
Available
from:
http://www.energysavingtrust.org.uk/business/Global-Data/Publications/Monitoring-energyand-carbon-performance-in-new-homes-CE298
HOMES & COMMUNITIES AGENCY. “Monitoring Guide for Carbon Emissions, Energy and
Water Use - The Carbon Challenge: developing an environmental evaluation of housing
performance in new communities” [Internet]. Homes & Communities Agency; 2010. [cited
2010
Dec
28]
Available
from:
http://www.homesandcommunities.co.uk/public/documents/HCA_Carbon_Challenge_1.pdf
WELSH ASSEMBLY GOVERNMENT. “Planning for Sustainability” [Internet]. In: Planning
Policy
Wales.
2011.
[cited
2011
Mar
28]
Available
from:
http://wales.gov.uk/docs/desh/publications/110228ppwchapter4en.pdf
CLG. “Code for Sustainable Homes Technical guide (Version 2, May 2009)” [Internet].
London:
CLG;
2009.
[cited
2010
Oct
8]
Available
from:
http://www.planningportal.gov.uk/england/professionals/buildingregs/sustainablehomes/bcco
detechnicalguide
EST.  “Getting warmer: a field trial of heat pumps”.  London,  UK:  Energy  Saving  Trust, 2010.
EST.  
“Air
source
heat
pumps”  
[Internet].  
Available  
from:  
http://www.energysavingtrust.org.uk/Generate-your-own-energy/Air-source-heat-pumps
[Accessed 12 April 2011]
DELTA   ENERGY   &   ENVIRONMENT.   “Heat Pumps in the UK: How Hot Can They Get?”  
[Internet].
Available
from:
http://www.sepemo.eu/fileadmin/red/Publications/Delta_Heat_Pump_Trials_Whitepaper_Jan
uary_2011.pdf [Accessed 12 April 2011]
UNITED WELSH HOUSING ASSOCIATION. 2011. “The   UK’s   first   zero-carbon passive
house”. Cited at: http://www.uwha.co.uk/About/news/Welsh%20Passivhaus.htm; available
and accessed 13th April 2011.
HOLMES, D. COUNSELL. J, A, M. LITTLEWOOD, J. R. GEENS, A. J. DAVIES, G. “An
exploration of low carbon and ecological dwellings, for the social housing sector in Wales,
UK”. Paper submitted to the SB11 international conference
NIBE. “NIBE Exhaust Air Heat Pumps Help Meet New Eco-Targets”. Cited at:
http://www.nibe.co.uk/Home-Owner/NIBE-Heat-Pump-News/Bramall-Construction-AchieveCode-Level-4-With-NIBE-Heat-Pump/ accessed 15th April 2011 (available).
DAVIS. “Vantage Pro2”. Cited at: http://www.davisnet.com/weather/products/vantage-proprofessional-weather-stations.asp; available and accessed 15th April 2011.
DATATAKER. “Datataker dataloggers”. Cited at: http://www.datataker.com/products/dt80.html;
available and accessed 15th April 2011.
BBC   WEATHER.   “UK Review – January 2011”   [Internet].   Available   from:  
http://news.bbc.co.uk/weather/hi/uk_reviews/newsid_9386000/9386839.stm [Accessed 12
April 2011]
CIBSE. 2007. “CIBSE Guide, Volume A, Design Data”. The Chartered Institute of Building
Services Engineers, London, UK.
BORER P. HARRIS C. 1998. “The Whole House Book – Ecological building design and
materials”. Centre For Alternative Technology, Machynlleth, Wales, UK.

Diffusion determinants for passive building technologies
Tim Rose
Research Fellow
Queensland University
of Technology –
Urban Development
Australia
tm.rose@qut.edu.au

Karen Manley
Snr Research Fellow
Queensland University
of Technology –
Urban Development
Australia
k.manley@qut.edu.au

SUMMARY
This paper is based on an international review of leading peer reviewed journals, in both technical
and management fields. It draws on highly cited articles published between 2000 and 2009 to
investigate the research question, ‘What are the diffusion determinants for passive building
technologies in Australia?’. Using a conceptual framework drawn from the innovation systems
literature, this paper synthesises and interprets the literature to map the current state of passive
building technologies in Australia and to analyse the drivers for, and obstacles to, their optimal
diffusion. The paper concludes that the government has a key role to play through its influence
over the specification of building codes.
Keywords: innovation, passive building technologies, Australia

1.

Introduction

Passive building technologies are an important part of energy saving in commercial and residential
buildings, and as such are a key element in our response to climate change and the need for
sustainable environmental development. Passive building technologies are part of the Green
Building Movement which has gathered considerable momentum since the global community had
its first significant meeting to consider global environmental needs and appropriate responses at
the first United Nations Earth Summit in 1972 in Stockholm. This was followed with two more Earth
Summits; Rio de Janeiro in 1987 and Johannesburg in 2002. The next Summit is scheduled for Rio
De Janeiro in 2012. These events have driven global interest in environmental sustainability, along
with key reports, such as the seminal Brundtland Report [1].
In the last few years, concern about environmental degradation and the drivers of required change
have focused on a number of themes, including the weight of evidence provided by the increasing
frequency and impact of disasters [2], the economic cost of required adjustment [3], the need for
system-wide approaches to change [4], the symbiosis between the built environment and human
experience [5]; the importance of socio-political change [6]; and the importance of technical change
[7].
Although the role of technical change is by no means the most important of these issues, it is
nevertheless a key element in the path to optimal environmental impacts. This paper focuses on a
sub-sector of the technical change issue, first of all zeroing in on green buildings as a key element
of the built environment, and within that focused on their energy usage and the nature of diffusion
determinants for passive building technologies. Green buildings are those that result from ‘a
systematic effort to create, sustain, and accelerate changes in practice, technology and behaviour
to reduce building-related environmental impacts while creating places that are healthier and more
satisfying for people’ [5]. Green buildings always incorporate passive technologies and these
technologies typically reduce or eliminate the need for active systems to maintain thermal an

optical comfort. A very recent study comprehensively reviews passive technologies on worldwide
building projects and notes the importance of the following technologies in achieving net zero
energy solar buildings [8] :
Advanced termal insulation
High thermal mass
Advanced daylighting
Advanced solar heat gains
Sunshading
Mechanical ventilation
Heat recovery
Passive cooling or ventilation
Solar thermal DHW
Solar-assisted space heating/DHW
This paper focuses on a subsector of these technologies; those that emerged as prominent in the
Australian context. The point of our research however, is not to examine the technical details of the
technologies, but to investigate the determinants of their adoption. We undertook a comprehensive
literature review to pursue the research question, ‘‘What are the diffusion determinants for passive
building technologies in Australia?’. This is a significant topic given the global movement towards
greener buildings as described above. Although innovation determinants have been studied
extensively overseas and in Australia [10], there is presently a gap in the literature when it comes
to these determinants for green buildings in Australia. The current paper fills this gap.

2.

Methods and Conceptual Background

This paper is based on a international review of leading peer reviewed journals, in both technical
and management fields. It draws on highly cited articles published between 2000 and 2009. The
articles dealt with the adoption of passive building technologies in Australia. Content analysis was
employed to understand the adoption environment in view of the conceptual framework, which is
shown in Figure 1. The authors each independently allocated the themes arising in the literature to
the activities and actors shown in Figure 1. Following this, the two sets of analysis were merged
and triangulated to arrive at a consensus understanding of the nature of key determinants. We
employed an innovation system framework to understand adoption determinants. The framework is
shown in Figure 1 and reveals the relationships between key activities and actors involved in the
creation of the built environment. The regulatory and institutional framework shapes, and is shaped
by, the supply network, project-based firms and projects themselves, with the technical support
infrastructure playing a similar role.

Figure 1: Activities and Actors in the Construction Product System
Regulatory and Institutional Framework
Activities: technical, economic, environmental and social regulation

Supply Network
Activities:
materials/components/equip.
manufacture/distribution; financing;
insurance; legal advice
Actors:
Manufacturing firms,
Distributors, financiers, insurers,
lawyers

Actors: government, firms, industry associations, pressure
groups, local authorities etc.

Project-based Organisations

Projects

Activities:
Design, engineering, integration,
assembly/construction
Actors:
consultant designers/engineers,
project managers, contractors,
unions

Activities:
Commissioning and using
constructed projects
Actors:
Clients/owners/users/facility
managers

Technical Support Infrastructure
Activities long term technical development and support

Source: Based on: Gann and Salter 2000[9]

Actors: government, education and R & D institutes, industry
associations

The framework in Figure 1 emphasises the relationships and interdependencies in the built
environment product system. Indeed, the project-based nature of production in the construction
sector creates unique challenges to the adoption of innovation, compared to say, the
manufacturing sector, for example. The temporary nature of teams makes it difficult to build up the
strength of relationships often needed for successful innovation. In addition, the project to project
production method implies a discontinuity which makes the accumulation of knowledge within
project based firms difficult [10]. These factors were predicted in theory to play an important role in
the adoption of passive building technologies.

3.

Passive Building Technologies – Physical Description

Passive eco-design is a key element of a sustainable building and incorporates advanced
technologies that represent emerging design innovations in Australia. The principles underlying
passive eco-design aim to maximise the thermal comfort levels of the building occupants while
minimising energy use and the need for mechanical heating and cooling systems [11]. Passive
design targets natural energy resources, such as solar energy, to provide cooling, heating,
ventilation and lighting to building occupants. Passive design principles can be applied to both
commercial and residential buildings and can be applied to a wide range of conditions.
As the design functions of a building are highly interdependent, it is important that designers take a
holistic approach to the integration of passive eco-design technologies. Not only should the impact
of integrating passive and active design technologies be considered, but an individualised
approach should also be considered, taking into account the location of the proposed building,
climate, orientation and expected occupant comfort levels. Further, as Australia has large climatic
variations between regions and seasons, passive eco-design is required to be flexible to manage
current climate fluctuations and future climate change predictions. Recommendations in this and
related areas have been provided by three research projects funded by the CRC for Construction
Innovation: ‘Energy efficient subdivisions’, ‘Water efficient subdivisions’ and ‘Subdivision design for
ventilation’.
According to Ambrose [12], the basic principles of eco-efficient passive design are:
Orientation – the design should provide for shading during summer and maximum solar
gain during winter. This is a core principle of passive solar design and can significantly
reduce the need for artificial heating and cooling. The ideal orientation for a building will
depend on the climatic and regional conditions, but generally speaking, in hot humid or dry
climates, orientation should aim to exclude sun all year round with design focusing on
maximising exposure to cooling breezes. However, in cooler climates, a combination of
passive cooling and solar heating is required. Such buildings are ideally constructed on a
block running North – South to capture low elevation winter sun and the use of shading
devices on the northern elevation to minimise high angle summer sun [13].
Layout and zoning – the design should provide internal layouts that place common areas to
the north and provide good natural lighting and ventilation.
Insulation – the design should provide wall, ceiling and floor insulation to slow heat transfer.
Windows and shading – the design of window size and placement should aim to maximise
natural light and passive solar heat gain, using shading devices to shield windows from
summer sun.
Ventilation and draft proofing – the design should capture natural cooling breezes during
summer and prevent the escape of cooling from air conditioning systems.

Thermal mass – the design should use ‘thermally massive’ materials to store heat and
discharge it at night.
Landscaping – the landscape design should aim to maximise shading and capture breezes.
Recently, the emergence of advanced ‘passive design’ materials and products has increased the
options available to designers when designing eco-efficient buildings. The advancements in
building product technologies have led to improved design methods that take advantage of building
positioning and protect occupants from the extremes of Australia’s varied climate zones. The
following provides a cross-section of emerging building technologies that are improving the passive
eco-efficiency of buildings with the potential for uptake in Australia.
3.1

Passive Solar Lighting Systems

A well-known approach to capturing natural light in a building is the use of skylights or solar tubes
with reflective surfaces. A recent evolution of passive solar lighting and the traditional skylight is
the development of ‘Hybrid solar lighting’ (HSL). HSL applies a novel approach in capturing
sunlight, channelling it directly into a room using optical fibres. Currently targeting commercial
buildings, this technology uses mirrored dish rooftop collectors that track the sun with the
assistance of daylight harvesting sensors. The dish then focuses the collected sunlight onto 127
optical fibres, bundled into a single cord. This cord is then connected to special hybrid light fixtures
that diffuse light in all directions. Currently, this technology has not evolved into a cost-effective
lighting solution due to its technical complexity. However, with further development, it is expected
that costs will fall by 50% over the next two years [14].
3.2

Advanced Insulation Technology

Transparent and dynamic insulation are two emerging insulation technologies that have the
potential to improve the passive solar efficiency of a building. Firstly, Transparent Insulation
Material (TIM) represents a new class of thermal insulation that consists of a transparent
honeycomb array immersed in an air layer [15]. TIM is solar transparent, yet provides good thermal
insulation and prevents large radiation losses that can occur with traditional glazing. The material
can also be used as an external building insulation layer. Secondly, dynamic insulation aims to
capture escaping radiant heat through a permeable insulation layer. External air is then drawn
through the insulation layer that forms the building envelope, and is heated as it passes [16]. The
system uses an ‘active’ external fan to draw out air so that the internal space becomes
depressurised to allow external air to be drawn through the insulation. This requires strict air
leakage control as the entire system depends on adequate depressurisation. Although dynamic
insulation requires a powered ventilation system and the technology cost profile is still problematic,
it offers the potential to minimise radiant heat loss without the use of thick traditional insulating
materials.
3.3

Insulate and Spectrally-Selective Glazing

Special glazing systems with low emissive or spectrally sensitive (SS) coatings are being
increasingly used on buildings and can contribute significantly to the passive solar efficiency of a
building. This technology modulates the glazing’s optical properties, allowing shortwave energy
(daylight) to pass while limiting the absorption and loss of infra-red radiation (heat) within the pane.
This results in significantly reduced heat loss through the glass and can act as a mirror to long
wave radiation of building interiors [17]. SS glass can be ideally integrated into double glazing
technology to maximise the control of solar radiation. Double glazing technology comprises two
panes of glass with a sealed space in between to increase insular properties. This space is
generally filled with air or an inert gas and provides better thermal properties than a single pane.

3.4

Dynamic Facade and Shade Systems

Dynamic shade systems are a new innovative technology driven by the demand for transparent
building façades and energy efficiency. They are used for the optimal control of solar energy.
Generally, these systems include roller shades that move automatically to redirect sunlight and
allow diffused light into a building space, while horizontal blinds automatically redirect natural light
uniformly. These systems can be coupled with automated windows to allow for natural ventilation
at certain times. They can also be linked with the simultaneous control of electric lighting,
ventilation and air conditioning and can reduce energy consumption for lighting and cooling, while
maintaining optimal thermal and lighting indoor conditions [18]. Each of these systems needs to be
tailored to a specific climate, location and orientation.
3.5

Passive Eco-Efficiency Modelling

Modern computer modelling technology has improved the optimisation of the passive building
design process. This technology allows designers to model the thermodynamics and heat transfer
properties of building materials, analyse climatic conditions (matching building design with specific
climate variations and solar orientation), and predict solar gain potential. Such emerging
technologies are assisting designers to achieve significant building energy savings, while retaining
functionality, thermal comfort and aesthetics. Secondly, designers can potentially evaluate design
elements and passive energy efficiency prior to the commencement of construction on-site.
Passive eco-efficiency is a key construction management dimension that can be incorporated into
digital building models [7].

4.

Passive Building Technologies – System Dynamics

The benefits of passive design principles coupled with advancements in passive solar technology
and building products offer benefits to clients and owners in the improved long-term energy
efficiency of their buildings. Referring back to the conceptual framework shown in Figure 1, the
literature review above indicates that in Australia passive building technologies are driven by: 1)
environmental and technical regulations (such as minimum energy performance standards and
Building Council of Australia requirements); 2) from material, component and equipment
manufacturing (through advanced passive eco-efficient products such as those discussed above),
and importantly; 3) through design, engineering, integration and construction. Without the interest
and relevant knowledge base of project-based actors such as consultant designers, optimal ecoefficient design solutions will not be fully realised.
Support infrastructure actors (such as industry associations and government bodies) are taking a
leadership position in advocating the benefits that can be achieved through passive eco-design
technologies. Awareness and education campaigns targeted at design and engineering
professionals have been developed and implemented, with the Australian Institute of Architects
‘continuing education program’ [19], and the Australian Government’s YourHome initiative [20]
being examples. Similarly, with the development of emerging eco-profiling and modelling
technologies by R&D institutes, designers and engineers have greater confidence in the efficiency
of their proposed design solutions. Such systems also have an impact on end-product actors
(owners, users and facility managers) as they provide the tools for the ongoing monitoring of
passive energy systems (e.g. building thermal efficiency).
Passive building design focusing on energy efficiency is not a new concept. Indeed, its principles
have been applied for centuries in traditional building design, and in Australia, originated from the
need for residential buildings to minimise the harsh climatic variations, without the option of
mechanical heating and cooling systems available today. An early example of passive eco-design
is elevated and high ventilation homes in hot and humid climates which take advantage of the
natural cooling breezes.

The benefits of passive eco-efficient building design are being increasingly recognised by the
Australian construction industry andG. An example of this is the Australian Government’s recent
inclusion of mandatory requirements for residential buildings to meet energy efficiency
performance standards. These standards have been facilitated nationally through inclusions to the
Building Code of Australia (BCA) and supplemented through individual state government
regulations. Regulations specifying commercial buildings’ energy efficiency requirements have
been slower to appear than for residential buildings, but are now part of the current regulations
[11].
Although these regulations focus on active systems (such as solar hot water, energy and lighting;
and appliance requirements), passive design systems have been acknowledged in the regulations
as an important component to an eco-efficient design solution which can significantly influence the
overall operating energy efficiency of a building. Indeed, the BCA 5-star regulations require the
rating of the ‘thermal efficiency’ of a building envelope. Yet, there is still much to be done in this
area. For example, the current thermal requirements in the BCA for Australian dwellings are still
well below European and US building requirements. The comparatively low rating requirements in
Australia are reflected in higher per capita domestic energy consumption in Australia [12].
Passive design has primarily been applied to the residential building sector in the past, with
increasing interest in and from the commercial sector. Recent examples of commercial buildings
that incorporate passive design principles have emerged. One such example is the CH2 building in
Melbourne that uses integrated passive and active systems to control the indoor office
environment, and is regarded as Australia’s ‘greenest’ office building [11]. The building utilises
natural ventilation and thermal mass technology whereby the concrete ceiling slab absorbs excess
heat during the day and releases it at night. It also utilises an underfloor convective heating system
that forces warm air (captured partly from excess heat from a co-generation plant) through the
office areas during the cooler months in Melbourne.
4.1

Diffusion Issues

There remain significant opportunities for the uptake of advanced eco-efficient design in Australia.
Although new technology and products are emerging that support the development of passive
energy-efficient building design, uptake is not at optimal levels. Of note, in the housing industry,
sustainable housing technology is being successfully developed; however, its uptake is being
significantly hampered by issues of awareness and communication in Australia [21]. As such, the
supply network and regulatory bodies (including government) should be focusing on packaging
environmental products that are cost-competitive with minimum trade-off in functionality; and
disseminating the full benefits of passive eco-efficient design (integrated with eco-efficient active
systems such as heating, ventilation and air conditioning). Also, increased specification by clients
of environmental performance requirements in project briefs (including passive design
requirements) will be of benefit to project outcomes. This will provide the information to the
designers on what environmental performance levels are required to be met and prevent costly
changes during design development [22].
Other obstacles include a lack of incentives through regulation which perhaps could be made
tougher, including the comparatively low building rating requirements for thermal efficiency in
Australia, compared to other western countries [12]. Raising performance standards will have
downstream effects for clients to further consider passive design performance in areas such as
natural ventilation and solar access.
Despite the obvious benefits of eco-efficient building design, there are potential downsides to early
adoption. These include potentially higher upfront costs to clients and the risks associated with
sub-optimal design performance once the building is constructed. In some cases, eco-efficient
design will also require clients to compromise comfort, functionality and ease-of-use to enhance
ecological sustainability.

5.

Conclusions

Australia has three key assets – its people, its built environment and its natural environment. This
report concerns itself with the role that people play in generating innovation to improve the value
for money provided by the built environment, while preserving and enhancing the natural
environment. Passive building technologies offer significant performance improvement across the
Construction Product System in Australia. These innovations contribute in a significant way to
creating a more sustainable built environment in Australia.
Overwhelming, this paper points to the important role played by Australian governments in
facilitating improved adoption rates. This applies to governments in their various roles, but
particularly as clients, regulators, and investors in education, training, research and development.
In their role as clients for government buildings, the report suggests that government can better
facilitate innovation within the Construction Product System by reviewing their specification policies
and adjusting them to encourage better use of passive building technologies on government
projects. Specification of client requirements within tenders should be based on performance
parameters, rather than on detailed prescription of methods and materials. Further, performancebased parameters need to be specified in very broad, high-level terms, to encourage the most
innovative solutions possible. It is expected that if substantive policy changes are made in this
respect, then over time significant improvements in project and built asset performance could be
expected, in turn encouraging private sector clients to follow the government’s lead.
In their role as regulators, Australian governments face particular challenges associated with our
federal system of government and associated duplication and uncertainty. This means that
innovators often face high costs associated with approval processes. In relation to the BCA, recent
reforms towards performance-based specifications have helped to encourage innovators, yet
stakeholders would like to see performance specified at higher levels of aggregation, providing
more flexibility in possible solutions. In relation to setting standards generally, the need for greater
interoperability within our federal system and internationally is urgent. More rigorous and pervasive
mandatory sustainability standards are required, as in many cases current standards are well
below European and US requirements.
In relation to the government’s role in ‘education, training, research and development’, stakeholder
conservatism and lack of adequate understanding of the net benefits associated with passive
building technologies over the long-term are hampering innovation adoption. These issues require
increased government funding of training activities, education programs, and demonstration
initiatives.
The study reported here is based on desktop research that provides new insights through (1)
synthesis of the latest research findings on passive building technologies and (2) interpretation of
diffusion issues through our innovation system model. Future research will build on the results of
this exploratory study through extensive fieldwork which is planned to quantify the barriers to the
adoption of green building innovations in Australia.
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Summary
Energy efficient renovation of existing houses is needed to meet government requirement for
reduced energy use in the building sector. A Norwegian house from the 1980s is analyzed to
identify best practice renovation actions for optimized energy performance. Energy performance
calculations are performed to document possibilities when using traditional renovation actions as
well as needed development for new technologies for renovation to zero energy levels. Use
scenarios are applied for estimation of total energy requirements after renovation.
These analyses show that renovation using traditional technologies such as improved thermal
insulation, improving thermal bridges and air tightness, and installation of ventilation with heat
recovery reduces the energy requirement for heating from 145 kWh/m2 to 26 kWh/m2. Further
thermal improvement of the building envelope using innovative technologies may reduce the need
for heating to 14 kWh/m2. Combined with realistic domestic hot water, lighting and electrical
equipment loads, the energy use for operation of the house can be reduced by 73 % compared to
nominal values calculated for the as built case, prior to installation of renewable energy production
facilities.
Keywords: renovation, building, zero energy, sustainable, house, wood frame, calculation

1. Introduction
1.1

Energy use in the Norwegian building stock

40 % of energy use in Norway is related to buildings and the building sector. The residential part of
the total energy use is approximately 22 % [1]. Energy savings in the Norwegian building sector
have a potential of saving 12 TWh before 2020 [2].
The Norwegian building stock consists of 3.8 million buildings. Of a total of 2.3 million dwellings
there are 1.2 million single family detached houses. 80 % of the buildings existing today will still be
in use in 2050 [3]. Annual energy use in Norwegian dwellings was 46 TWh in 2009. 30 TWh was
used in single family houses [4]. Reducing the energy requirement of these buildings is of great
importance to realize the potential for energy savings in the building stock.
Norway produces electricity from hydropower and has traditionally had low prices for electricity.
Electricity has therefore been widely used for heating dwellings. In 2001 69 % of Norwegian
dwellings had electricity as main energy source for heating [5]. Norwegian energy companies sell
their electricity in a European market, leading to a substantial rise in electricity prices in Norway the

last 10 years. The experienced rise in electricity prices and future scenarios of even higher
electricity prices will most likely increase the demand for energy efficient renovation of single family
houses. Building envelope improvement and installation of new renewable heating sources are
preferred actions. Air to air heat pumps are frequently installed in existing houses and air to water
heat pumps are also becoming more common.
1.2

Renovation of wood frame houses in Norway

Norwegian tradition for energy saving measures in single family houses is to replace windows and
add on thermal insulation on the outside of the exterior wood frame wall. Adding 5 cm of mineral
wool and mounting a new wind barrier is common measures when the wood panelling needs to be
replaced. It is also common to add insulation on the inside of the roof. However, these actions,
when not done correctly, have also resulted in damages due to condensation of moisture on cold
surfaces. The book “Etterisolering” [6] shows recommended solutions for the traditional energy
efficient measures for traditional wood frame houses.
Renovating towards zero energy requires new technical solutions for improving the thermal
properties of the building envelope. The heat loss must be minimized and gains from solar energy
need to be optimized. Energy use for ventilation, hot water, lighting and electrical appliances also
need to be minimized to achieve as low energy requirements as possible.
1.3

Renovation towards zero energy levels

Several new single family houses are being built according to the Norwegian passive house
standard NS 3700 [7]. However, as far as we know there are no projects in Norway that aims
towards renovating houses to passive house or zero energy levels. The most energy efficient
renovation cases are using passive house elements. Husarveien is an example of renovation using
passive house technology [8]. The described renovating measures include adding on mineral wool
insulation on exterior walls and roof, installing new windows, installing ventilation with efficient heat
recovery and using a solar collector for heating domestic hot water. The table 1 shows measured,
calculated and expected energy requirement for the Husarveien house before and after renovation.
Table 1 Energy requirement for the case Husarveien before and after renovation with passive
house elements [8]. The annual energy need include space heating, ventilation, domestic hot water,
lighting and electrical equipment
Before renovation
Calculated
Measured energy
according to
use in 2007
NS 3031 [9]
Annual energy
need [kWh/m2]

243

132

Calculated
according to
NS 3031 [9]
123

After renovation
Calculations
adjusted for user
behaviour
91

The COST C23 Action entitled “Strategies for a Low Carbon Built Environment“ [10] resulted in
renovation of buildings in many countries. Cases in Belgium and Germany show energy efficient
renovation of single family houses including building envelope improvement and new heating
systems based on renewable energy.
Milder climates than the Norwegian give alternatives of less insulation and still achieving a net zero
energy balance for operation. A house in Palo Alto [11] in California is an example of a zero energy
renovation. Plastic foam insulation is used for attic and subfloor energetic improvement, cellulose
heat insulation is used for walls and storm windows are installed in addition to the original windows.
Electrical appliances and lighting are replaced with modern energy efficient systems. Solar cells
produce electricity, and green electricity is purchased from the grid.
This paper addresses the need to develop possible solutions for zero energy renovation of houses

in cold climatic zones. Renovation should include minimizing energy requirements for heating,
ventilation, lighting, domestic hot water and electrical equipment. For future design of the energy
system in the renovated house, calculated energy values should separate the need for heating and
the need for electricity. The methods should also validate the accuracy of standardized calculations
and loads versus expected real energy use and real climatic conditions.
The strategies should not be limited to using traditional technologies such as adding on mineral
wool, but also look at the potential for developing new solutions. The analyses should include
identifying actions with significant impact on the energy requirements, identifying needed measures
to achieve near zero energy in operation. The analyses should also reflect the expected energy
use for future user scenarios, not only nominal values calculated according to existing norms.
The objective is to reach a zero energy balance for operation of the house. Annual energy
requirements for heating and electricity should be compensated with production of renewable
energy on site. This research looks at all possible parameters affecting the need for heating and
electricity in a single family wood frame house and possibilities for energy efficiency improvements
during renovation towards zero energy levels.

2. Case “Block 180”
Windows and roofing underlays have an expected lifetime of 20 – 40 years [12]. Houses built in the
1980s are at a stage in their lifetime where renovation actions are needed during the next 10 years.
Dwellings from the 1980s also have the highest energy use compared to dwellings from other
construction periods [5]. Most Norwegian houses built after 1970 are named catalogue houses and
are prefabricated houses bought from house manufacturing companies. Block 180 was a high
selling catalogue house model in the 1980s [13]. By analyzing a popular house model, the results
will be applicable for renovation of many houses. Block 180 was chosen as a case because the
floor area is bigger than for many other popular models. A large floor area gives a larger volume to
be heated as well as possibly more use of electricity for lighting and equipment. A larger house will
therefore be a worse case scenario when the goal is zero energy in operation. Table 2 show some
basic facts for Block 180.
The floor is made of concrete casted on site. Basement walls are in light weight masonry. Exterior
walls, interior walls, interior floors and roofing are wood frame constructions insulated with mineral
wool. The wood frame exterior walls have wood panels as exterior cladding. Table 3 shows Uvalues, thermal bridge coefficient and air tightness of the house.
Table 2 Basic data for the house model “Block 180”
No. of floors
Floor area
Window area
Heated volume
Location
Orientation

2.5
262 m2
45 m2
565 m3
Oslo
Main facade oriented 30o to
south west

3. Methods and tools
Energy calculations are performed according to NS 3031:2007 [9]. Energy performance is
calculated stationary giving monthly values according to NS-EN ISO 13790 [14]. The software
SIMIEN 4.505 issued by Programbyggerne in 2010 is used for calculations. SIMIEN is verified for
calculation according to NS-EN 15265 [15], NS 3031:2007 and Norwegian Building Code
requirements [16].
U-values for renovation actions using traditional methods are selected from building design sheets

issued by SINTEF Building and Infrastructure [12]. The U-value for the original floor construction
has been calculated according to NS-EN ISO 13370 [17]. Thermal bridges of the original house
have been calculated according to the method described in NS ISO 6946 [18] based on input
values given in “Trehus 80” [19].
Dial Europe Software © 2007 version 4.3 issued in September 2007 is used for daylight
calculations.

4. Results and discussion
4.1

Energy performance before and after renovation

Energy performance of the original house before and after two different levels of energy efficient
renovation is shown in table 3. The as built Block 180 fulfils energy label class E according to
Norwegian regulations [20]. The first renovation case gives a net energy demand meeting the
Norwegian Building Code of 2010 [16] and is classified as an energy label C building. The second
renovation case is based on state of the art renovation action using traditional technology such as
adding mineral wool insulation on inside and outside of exterior walls, installing super insulated
windows, installing mechanical ventilation with heat recovery and adding on mineral wool insulation
in floor and roof. The state of the art renovation is in accordance with energy label class B.
Calculation results are given as net energy demand including needed energy for space heating,
ventilation, technical equipment, lighting and hot water. Space heating requirement includes energy
need for ventilation heating, but excluding energy needs for fans, domestic hot water, lighting and
electrical equipment.
Table 3 Energy scenarios for Block 180 calculated according to NS 3031 [9]. Energy label E is
calculated values for the original house. Label C corresponds to net energy need fulfilling the
Norwegian Building Code [16]. Energy label B is based upon renovation with traditional
technologies.
U-values [W/m2K]

Energy
label

Window

Wall

Roof

Floor

Thermal
bridge
[W/mK]

Air
tightness
n50 [1/h]

Ventilation
[m3/hm2]

E
1.75
0.47 0.21 0.37
0.07
3,0*
1.2
C
0.88
0.19 0.21 0.37
0.03
2.0
1.2
B
0.71
0.14 0.11 0.21
0.03
0.6
1.2
*) The air tightness value is a nominal value based on Thyholt et al [21]

4.2

Heat
recovery
efficiency
0
0.8
0.8

Annual
net
energy
[kWh/m2]
215
126
89

Space
heating
[kWh/m2]
145
51
26

Building envelope energy optimization

A parameter study of space heating requirements with further improvement of the building
envelope and installations are performed. The basis for the parameter study is the energy label
case B in table 3. The parameter study is performed to identify factors with significant impact on
the energy requirement and to identify criteria for wanted technological innovations for renovation.
Figure 1 shows the impact on the heating needs when the thermal properties of building envelope
components are altered. Parameters that are included are further reduction of U-values of building
envelope components and the effect of further reduction of air infiltration and thermal bridges. The
figure shows that improvement of thermal properties of windows and walls are of greater
importance than further improvement of the other components. Lowering of the U-value of the
windows from 0.71 W/m2K to 0.60 W/m2K (85 % in the figure) will reduce the annual heating need
by 2.9 kWh/m2. A 15 % lowering of the air infiltration by an improvement of the air tightness from
0.6 h-1 to 0.5 h-1 will give a reduction of the heating need by 0.5 kWh/m2.

The diagram also shows the effect of an energy optimal window area. Some windows have been
removed while others have been reduced in area, giving a total window area of 33 m2. The
frame/window area ratio has been reduced from 40 to 27 %. Still, the window area reduction will
affect the daylight levels in bedrooms, kitchen and living rooms. The Norwegian Building Code
requires an average daylight factor of 2 %. Daylight calculations for the 2nd floor show that the
requirement of an average daylight factor of 2 % is fulfilled if there are no interior walls. For most
Block 180 houses there will be interior walls separating the 2nd floor in more rooms. With interior
walls, the daylight requirement is not fulfilled neither with original window area nor with reduced
window area.

Figure 1 Annual energy need as a result of further improvement of the thermal properties of the
building envelope. Reference point, stated as 100 %, is renovation to state of the art regarding
traditional renovating technologies and solutions, see energy label B status in table 3.
It is not possible to reach near zero heat loss without a total renovation of all building envelope
components. The house is occupied by one family, and the owner should finance the renovation. In
most cases wood frame houses are renovated when the building components, such as window or
roofing, are at the end of their lifetime. The energetic upgrade and renovation will therefore most
likely occur stepwise. When conducting a stepwise upgrade certain renovation actions need to be
performed at the same time to achieve a healthy building. Most important is to install a ventilation
system when improving the air tightness. Adding on insulation and improving air tightness without
installing sufficient ventilation will most likely cause moisture problems and poor indoor quality in
the building due to excess internal moisture production.
4.3

Mechanical ventilation with heat recovery

The energy need is closely related to the efficiency of the heat recovery in the ventilation system.
The renovation case “label B” assumes a heat recovery efficiency of 80 %. Increased efficiency to
90 % reduces the annual heating need by 2.5 kWh/m2. Increased efficiency to 95 % reduces the
annual heating need by 3.1 kWh/m2. Energy needs for ventilation may also be reduced if the
ventilation system operates with lower air exchange rates when there are no persons in the house.
4.4

Use scenarios and annual net energy requirement

NS 3031:2007 [9] and The Norwegian Building Code [16] define required peak power for domestic
hot water, lighting and electrical appliances as well as energy gains from system heat losses.

NS 3700:2010 [7] sets lower peak power requirements for lighting and equipment for passive
houses. However, user behaviour strongly influences the real energy use for domestic hot water,
lighting and equipment. Figure 2 shows the effect of decrease and increase of energy
requirements for domestic hot water, lighting and electrical appliances for the renovated Block 180.
The state of the art renovation case, energy label B in table 3, is used as the 100 % reference point
with values according to NS 3700:2010 [7]. The figure shows that domestic hot water is the most
important factor for reduction of the energy need. A 25 % reduction in domestic hot water use
reduces the energy need by 4.5 kWh/m2.

Figure 2 Annual energy need for appliances for domestic hot water, lighting and electrical
appliances. Energy label case B in table 3 is the 100 % reference point.
Figure 2 shows the great importance of having energy efficient installations and appliances. Hot
water consumption dominates the energy budget of the renovation cases. Installing energy efficient
domestic hot water systems and monitoring hot water consumption is needed to minimize energy
use in the house. In Norway there is no tradition for using heat recovery of waste water even
though there are such systems for heat recovery from waste water available on the market. There
is no Norwegian statistics or numbers on efficiency and heat losses related to domestic hot water
systems, and research should be done to better understand and quantify this.
For the renovation case reaching net energy need in line with today’s building code, energy label C
in table 1, internal loads constitutes 55% of the calculated net energy need. The internal loads
strongly depend on user behaviour. The measured internal load values for Husarveien are relevant
as an example for real use and are 5000 kWh lower than the calculated annual values for Block
180. A user behaviour in accordance with that measured in Husarveien implies a difference of
26 % between nominal calculated values and real use-values.
4.5

Towards zero energy renovation

Scenario “Zero” in table 4 refers to near zero energy need by using new technologies. Calculations
are based on results of the parameter study shown in figures 1 and 2. U-values of building
components have been reduced implying the use of new technologies for renovation. The
suggested reduction in U-values and energy requirements are not stricter than what will be
possible to achieve within few years of technological development. The air tightness of the building
envelope is reduced further. The energy need for hot water, lighting and electrical appliances has
been reduced by 44 %. In addition, the indoor temperature has been lowered 1 oC to an average
indoor temperature of 20 oC. The window area has been optimized for maximum heat gains and
minimum heat loss during the cold seasons.

The standards and Building code give normalized values for indoor temperature, air exchange
rates for ventilation and internal loads for domestic hot water, lighting and electrical equipment. The
internal loads are given as required peak power pr floor area. Block 180 as built in the 1980s has a
heated floor area of 262 m2. For electrical equipment and lighting the calculation method based on
needed peak power pr area is relevant since all rooms need lighting, and since electrical
equipment are installed in most rooms. For hot water needs the relevance is less since the number
of sanitary rooms and water use does not depend on the overall floor area, but more likely on the
number and age of the occupants. Statistics from Norwegian dwelling energy use show a close
correlation between number of occupants and energy use. Dwellings with 3 occupants used
approximately 2500 kWh less electricity than dwellings with 4 persons in 2001 [5]. Measured
energy use for domestic hot water production in Husarveien is used for the case “Zero”.
Table 4 Energy scenario for near zero energy renovation of Block 180 calculated according to
NS 3031:2007 [9].
U-values [W/m2K]
Energy
scenario

Window

Wall

Roof

Floor

“Zero”

0.56

0.10

0.09

0.13

Thermal
bridge
[W/mK]

Air
tightness
n50 [1/h]

Ventilation
[m3/hm2]

Heat
recovery

0.03

0.4

1.2

0.9

Annual net
energy
requirement
[kWh/m2]
57,6

Space
heating
requirement
[kWh/m2]
14

Figure 3 Total annual net energy need for Block 180 as built, energy label E and renovated
according to today’s building code, label C, renovated with state of the art technologies, label B,
and renovated with even further reduction of heat loss and lower internal loads, “Zero”.
Assuming 21 oC for all the heated floor area gives too high heating loads for the as built case. The
heated area includes 43 m2 bedrooms which normally are kept colder in Norway than bathrooms,
kitchen and living rooms. Natural ventilation gives the possibility of keeping different temperature
zones in a building. Using a lower temperature for calculations should therefore be done when
estimating real energy use. For wood frame houses with balanced mechanical ventilation built
according to the 2010 Building code [16], calculations according to NS 3031:2007 will give a better
correlation with real values for heat loss through the building envelope due to the fact that the
ventilation system give a more equal temperature in all heated rooms. For the case Husarveien [8]
an average temperature of 18 oC was used for calibrating calculations estimating real energy use..
Calculations according to NS 3031:2007 and 2010 building code will most likely give an unrealistic
picture of the real energy need of a wood frame house built in the 1980s. When evaluating the
cost-benefit of energy efficient renovation actions, it is vital to know the real energy use and energy
saving effect of the chosen measure. Chosen measures should also function in future use
scenarios with higher and lower energy needs than the current situation. Houses are sold and new
users may have other use patterns. Using the peak power requirements in the Norwegian Building

Code [16] and NS 3031:2007 [9] may be relevant for some occupants. The chosen energy sources
and systems should, however, also function well with expected lower energy use as shown in
Husarveien.
According to the Norwegian Building Code calculations according to NS 3031.2007 are necessary
for documentation. The calculated results in figure 1 and 2 also give a realistic view of the effect of
certain renovation measures. By evaluating the parameter study shown in the figures, it is possible
to identify which renovation actions that have a substantial effect on the energy use.
When deciding which energy sources to use in a renovated house, the need for heat and for
electricity should be treated separately. For the scenario “Zero” the annual energy requirements for
space heating, ventilation heating and domestic hot water is 8600 kWh. Annually electricity
requirement for fans, electrical equipment and lighting is 7100 kWh annually.
Renewable energy sources need to be included for achieving a net zero operational energy
balance. In the Norwegian climatic zone solar energy may be harvested in summer, spring and
autumn, but in the coldest months (November- February) the availability is low. Solar collectors
may supply 50 % of the annual energy need for domestic hot water [22]. Space heating systems
must include other renewable energy sources than solar energy. District heating, biomass, wind
power, combined heat and power aggregates and heat pumps are potential solutions.
The need for electricity for fans, lighting and equipment may be assumed to be independent of
season. Installed solar cells will produce electricity when sun is available. In Norway there is no
system for feedback of overproduction of electricity to the grid. To reach a zero energy balance one
should look for electricity production in a regional setting where more houses are connected to one
energy source, for instance a wind turbine or a small scale hydropower plant. If the single house
should be energy neutral, combined heat and power aggregates may be an option for electricity
and heat production.

5. Conclusions
Renovation of single family houses towards zero energy levels in cold climates requires radical
improvements of all building envelope components. By using traditional technologies for renovating
a 1980s house, annual space heating requirements may be reduced form 145 kWh/m2 to
26 kWh/m2. Facades, including windows, need special focus when developing new solutions.
Further reduction of the space heating requirement to 14 kWh/m2 can be possible.
After renovation towards zero heat loss through the building envelope, energy requirements for
domestic hot water, lighting and electrical equipment dominate the energy budget. Special focus
during zero energy renovation should be on technical installations and user behaviour. Norwegian
energy calculation standards and The Building Code should be updated to give a better correlation
with measured energy use in houses and to promote the use of more energy efficient installations.
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Summary
The present work began as a challenge to one of the most complex aspects of the contemporary
city: the creation of social housing available in short time, economic but also energy efficient and
with strong architectural identity. The "ESSE" (in Italian Edilizia Sociale Sostenibile Efficiente)
project is based on the use of a modular architecture that allows the creation of housing with
elements of fixed size, favouring the pre-fabrication. In this work the “ESSE” project is applied to a
case study of a residential complex which spread over 3 floors, with three residential units of
different sizes: small sized unit, built with 3 modules (2 occupants, useful surface 46 m2), medium
sized unit, 4 modules (3 occupants, useful surface 61 m2), large sized unit, 5 modules (4 occupants,
useful surface 77 m2).
Keywords: Social housing, modular architecture, passive house, energy performance, light
envelope structure

1. Introduction
The focus on the sustainability of the built environment, especially in terms of energy performance
of buildings that has became important from the legislative point of view after the adoption of
EPBD/2002 [1], was recently confirmed in the EPBD recast/2010 [2]. In [2] it is required that by
31st December 2020 all the new buildings are nearly zero energy buildings, leaving the definition
of nearly zero energy building to the individual member states of the EU.
This paper describes an architectural proposal able to meet the requirements fixed in the Italian
Legislative Decree 192/2005 [3] (Italian acknowledgment of the EPBD/2002), leaving the designers
completely free in the characterization of the shape and appearance of buildings.
The proposal is based on the concept of modular architecture, this choice is justified by the
dynamicity of the system, able to adapt to different needs and to their changes. The contemporary
house, according to the needs of society, has to be an increasingly changeable and adaptable
space, no longer static. From monolithic and compact blocks of the Modern Movement [4], the
residential architecture changes towards transparent forms, morphologically open, also the
standardization changes levels and codes [5], [6], [7]. The modular architecture allows to obtain the
aforesaid flexibility, with the benefits of a factory production, available in short time, economic and
energy efficient, with strong architectural identity.

2. The description of ESSE project
2.1

Architectural features

The ESSE project (in Italian Edilizia Sociale Sostenibile Efficiente) involves the construction of

residential units for different numbers of people, with a maximum (for structural reasons) of three
floors above ground and a basement.
The residential unit is obtained by the
combination of a basic module and gives life to
endless possibilities of aggregation. In this
paper are shown just some examples of
possible combinations, that are repeatable
countless times and always with different
results.
The idea of the basic module, which is used to
create living spaces, risen from the same
philosophy with which the system Lego ® [8],
the oldest line of toy building bricks, is built.
These bricks are designed so that each
element of any series is part of a system and is
therefore compatible with all others, regardless
of form, function and size. From these
considerations, a basic module with proportion
between the sides of 2/3, with dimensions of
3.2x4.8 m (WxL) and an useful surface of 15.4
m2, has been developed. The dimensions and
the proportions of the basic module have been
suitably selected after numerous tests, in order
to find the optimal solution able to host at best
all the living functions.
By connecting different modules can be
created a residential unit with different sizes
and for different numbers of people. Different
residential units can be assembled in turn
giving rise to residential complexes; the
aggregation possibilities that this system
allows are endless. In this paper just some
examples of aggregation are presented. The
examples have been designed by considering
residential units with number of occupants
equal 2, 3 and 4. In particular: SMALL unit,
Fig. 1 Examples of basic modules aggregation consisting of 3 modules and designed for 2 2
(L=length of basic module, W=width of basic occupants (useful surface about 45 m );
module, garden areas painted in green, external MEDIUM unit, consists of 4 modules, for 2 3
occupants (useful surface about 60 m );
paved areas painted in brown).
LARGE unit, consisting of 5 modules, for 4
occupants (useful surface about 74 m2). These
three sizes have been subsequently assembled, pulled over and overlapped so as to compose
different solutions, according to an enjoyable and exciting game of full and empty, as if these
modules are plugs inserted or removed from their location to create ever new effects and without
compromising the stability of the building. Figure 1 shows four examples (indicated by the letters A,
B, C, D) of residential buildings over 3 floors, obtained through a combination of different basic
modules, with three different sizes of residential unit (LARGE sized at ground floor, MEDIUM sized
at frist floor, SMALL sized at second floor).
2.2

Example of application

As a case study in this paper is analyzed a residential complex consisting of 3 floors, created using
two times (with symmetrical duplication) the modules aggregation indicated with "A" in Fig. 1. The
two blocks of the residential complex are connected by a stairwell outside, centrally located. In Fig.
2 the plan views with the distribution of the rooms are shown.
On the ground floor are located the LARGE units, with the rooms listed in Table 1. The living area
is an open space and it is located in the south-facing of the building, to receive all the daylight

coming from the openings that overlooking the terrace. The openings on the north side are minimal
to reduce losses in winter.
On the first floor are located the MEDIUM
units (see Table 1). The basic module
removed from the lower level has created a
space to use as garden. Even in this case the
openings on the south side are very large and
shaded by solar mobile shades, on the north
side instead there are only two openings for
the bedrooms.
On the second floor are located the SMALL
units (see Table 1). The distribution of the
rooms remains unchanged with respect to the
lower floors. The location of the garden is
shifted to the north, in order to exploit the
coverage of the unit located below and
leaving uncovered the garden of the
apartment below.
Of note that the terraces and the gardens are
positioned in such a way as to be sheltered
from view from the stairwell, to ensure privacy
to users on all levels. The south elevation of
the complex is one of the relevant elements
of the project: the language of full and empty
is made extreme here, not only with the use
of green space located on multiple levels,
which already provide a movement in the
skyline, but also with the posibility to shift,
and overlap the solar shades visible in the
front view. In Figure 3 are shown 3D views of
the south elevation (diurnal Fig. 3 left,
nocturnal Fig. 3 right).
The 3D views also differ for the choice of the
solar shades, in one case obtained with
orientable fins (Fig. 3a) in the other with
polycarbonate screens with low light
Fig. 2 Plan views of the case study building: transmission index (Fig. 3b).
ground floor, first floor, second floor.

Fig. 3 3D views of the south elevation diurnal (left) and nocturnal (right).

Table 1 Useful surfaces of the rooms
Room
Living and dinning room, kitchen
Bathroom 1
Bathroom 2
Double bedroom 1
Double bedroom 2
Single bedroom
Hallway

Large
Medium
Small
unit
unit
unit
2
Useful surface (m )
31.70
25.86
21.97
4.73
5.00
5.52
5.68
14.96
14.65
14.48
14.96
10.00
1.94
4.25
2.70

Total indoor surface

74.12

59.76

44.67

Terrace
Green terrace

12.00
-

7.00
15.00

7.00
17.15

3. Sustainability strategies
In order to make the case study building more sustainable as possible, different strategies has
been considered. Special attention has been paid to the design of the building envelope in order to
minimize the energy consumption, this aspect is discussed in detail in the next paragraph; for the
sake of overview, the other strategies, which have been considered for the sustainability of the
building, are summarized below.
The roof of the building is made entirely with a green roof, which is in some case used as a private
garden, this not only improves the thermal and acoustic performance, the life cycle of the roof
structure, but also helps to create a vegetal space that interacts with the environment by filtering
dust and smog. Besides the different layers that make up a green roof, the heart of this system is
the part draining, which not only guarantees the correct dosage of water to the soil, but allows to
recover, through a special absorber system, the excess water that can be reused. Along the
perimeter of the green roof some grids are installed for the collection of rainwater. The rainwater,
together with the excess of water drained from the green roof, is firstly conveyed in tanks and
purified and finally it is reused for the watering systems for the cycle of washing machines or for
the discharge of the toilet. The rainwater recovery system can be sized to cover 50% of the annual
requirement of water for the uses listed above.
The terraces are equipped with appropriate solar mobile shades, that protect the glass surfaces
from direct sunlight, avoiding high superheating of the rooms. The terraces in the winter can
become solar greenhouses thanks to the presence of glass panels, contributing significatively to
the heat gains. The glass panels can be opened in the summer, thereby avoiding superheating of
the space.
On the coverage of the stairwell and ground floor terrace is installed a photovoltaic system with
panels made of polycrystalline silicon and amorphous silicon (for the most shaded areas), with a
total surface of 42.4 m2 and a nominal electric power (at standard reference conditions) of 4 kW.
The PV system is designed to cover more than 70% of the electric energy demand (except for
heating and cooling) of the residential complex. On the coverage of the other terraces are installed
solar collectors for a whole of 7.8 m2, which cover about the 50% of energy demand for domestic
hot water (DHW) production.
Finally the residential units are heated/cooled by radiant floor. The thermal power for
heating/cooling is supplied by electric heat pumps with high thermal performance. The described
strategies are schematically shown in Fig. 4.
3.1

Energy performance of building

For the construction of the building a structural system with load-bearing walls made with wooden
panels, prefabricated and portable, is used. The wooden panels arrive on site already designed to
be mounted easily and quickly, ready to be integrated with the various building plants. The reasons

of this choice are to be found both in reducing time and cost of construction and in the enormous
potential offered by a material like wood: wood is natural, renewable and it has a good behaviour
both in seismic zones and in the presence of fire.

Fig. 4 Sustainable strategies considered for the building during summer

The building system with wooden bearing panels involves the construction of solid wooden panels
with cross layers, which are connected by mechanical elements and assembled to form boxshaped structures. The wooden panel chosen consists of a plywood (wood 99.5%, glue 5%) that
can be considered a compact and sustainable product and can be used in buildings with bearing
walls.
Special attention has been paid to the choice of the stratigraphies of the opaque structures, in
order to meet the requirements fixed by the Italian Legislative Decree 192/2005 [3] and to reduce
energy consumption of building both during winter and summer. The stratigraphies of the main
opaque structures (green roof and vertical external wall) are described respectively in Tab.s 2, 3,
where D (m), ρ (kg/m3), r (m2·K/W), Cp (J/(kg K)) are respectively the thickness, the density, the
specific thermal resistance and the specific heat of the single layer.

With reference to the opaque structures, in Tab. 4 are shown the values obtained for the following
parameters: thermal transmittance (U), dynamic thermal transmittance (UD), time lag (t) and
decrement factor (f). As can be seen from Tab. 4 the values obtained for U and UD are well lower
than the limit values more stringent (Ulim and UD,lim) fixed by Italian legislation. Furthermore, the
values obtained for f and t allow the attribution of the label 1 "excellent performance" for the
thermal summer behaviour of the building envelope, maximum label achievable according to the
Italian Ministerial Decree 26th June 2009 on the energy labelling of buildings [9].
The thickness of the air duct, which is present in the stratigraphy of the vertical wall, is sized to
achieve energy savings in summer conditions, according to the calculation models presented in
[10], [11]. The air duct, closed during winter, can be hence opened in the summer, promoting the
natural ventilation.
For the case study, an evaluation of the primary energy demands, for space heating and DHW
production, has been carried out, assuming for the building location the city of Florence (Italy). In
particular, the energy performance indicators for space heating and DHW production, used in Italy
[9] for the energy labelling of buildings have been calculated; they are defined as:
EPi=Qh/(nh S)

(1)

EPdhw=Qhw/(nhw S)

(2)

with the following simbols: Qh (kWh/year) and Qhw (kWh/year) are the useful energy demand for
space heating and for DHW production respectively, nh (n.d.) and nhw (n.d) the overall eficiency of
the heating system and of the DHW production system rspectively, S is the useful surface (m2).
Tab. 2 Green roof stratigraphy
N.
1
2
3
4
5
6
7

Material.
Substrate of soil and turf
Filtering layer in polyethylene
Drainage layer in polyethylene
Protection (felt+ polyethylene)
Waterproofing layer in bitumen
Thermal insulation in XPS
Wooden floor

D
0.20
-4
1x10
0.05
0.010
-4
2x10
0.06
0.16

ρ
1200
1000
950
30
1080
30
470

r
0.07
-4
3x10
0.14
0.22
0.01
1.67
1.61

Cp
0.85
2.20
2.20
1.50
0.92
1.25
1.55

r
0.07
0.18
2.78
1.10
1.39
0.10

Cp
0.98

Tab. 3 External wall stratigraphy

N.
1
2
3
4
5
6
7

Material
Metal support for external facing
External layer in asbestos cement
Air duct
Thermal insulation in XPS
Wooden bearing wall
Thermal insulation in XPS
Internal layer in plasterboard

D
0.02
0.05
0.10
0.11
0.05
0.02

ρ
560
30
470
30
900

1.25
1.55
1.25
1.20

Tab. 4 Thermal parameters of the building structure and limit values imposed by Italian
legislation

Green roof
External wall

U
(W/m2K)
0.26
0.17

UD
(W/m2K)
0.007
0.005

t
(h)
21.6
19.6

f
Ulim
UD,lim
(n.d) (W/m2K) (W/m2K)
0.028
0.29
0.20
0.035
0.33
0.12

For the analyzed building, using the methodologies specified in the technical standards of the
series UNI/TS 11300 [12] and also considering the energy supplies derived from the exploitation of
solar energy (especially from solar collectors), the energy performance indicators result: EPi=15.2
kWh/m2year, EPdhw=8.2 kWh/m2year. These values, according to [9] allow the attribution of the
energy label A+ to the building (maximum label achievable). For economic comparison, the
analysed building if realized with different solutions in order to obtain the energy label C (minimum
label required by the Italian legislation for new buildings) would have an operating cost of about
1500 €/year higher than in the case in class A+ (considering an average cost of primary energy
supply amounted to 0.1 €/KWh).
3.2

Sustainability rating with Guidelines for Sustainable Building in Tuscany

The overall sustainability of the building has been assessed according to the Guidelines for
Sustainable Building in Tuscany [13]. The method proposed in [13], according to the international
method Green Building Challenge (GBC) is a score-system, based on the analysis of requirements
weighed according to numerous qualitative and quantitative criteria, contemplating a range of
scores included between -2 and +5.
The score obtained for the analysed building is 4.14 points out of a maximum of 5. The high score
has been obtained thanks to the use of recyclable materials in structures and strategies for
effective exploitation of solar radiation, and also to the excellent thermal and hygrometric behaviour
both in winter and in summer. The value of performance indicator k=EPI/EPI* shown in [13] has
been also calculated (with EPI*=97.8 kWh/m2year maximum value allowed by Italian legislation for
the analyzed building), which is equal to 0.15.
In the new building regulations of different Italian towns (e.g. Pisa [14]) an energy evaluation
criterion of buildings, according to the score obtained as to the indicator k, has been adopted. For
values of k lower than 0.50 economical incentives are contemplated (e.g. a discount on the
urbanization fees) as well as a proportional increase of the building gross area in order to promote
the design of low-energy-consumption buildings. For values of k lower than 0.30 the maximum
score equalling +5 for the overall performance for space heating is obtained.

4. Conclusion
In the paper, a project of social housing with high sustainability features is proposed .
The proposed project not only meets the main requirements of social housing, such as innovation,
flexibility, integration, standardization and modularity, but it is also characterized as a solution with
high energy efficiency, with the aim of reducing energy consumption and emissions of CO2, as
highlighted in the recent EPBD recast. The good results obtained in terms of sustainability and
efficiency did not adversely affect the architectural appearance, thus avoiding the compromise
between quality and price too often predominant in the social housing design.
4.1
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Summary
Since 2007 a monitoring research team has accompanied a public R&D programme to build innovative, high-tech energy-efficient schools in Germany. The research includes a social-psychological component. Acceptance of new technologies and the user behaviour influence the energy efficiency of a building. Schools are suitable places to raise energy and environmental awareness
early in childhood. Currently the programme and the associated research includes seven schools,
some of which are in new buildings and some in refurbished old buildings. The first project was
finished in 2009 and from this the experiences of one and a half years are available. The social
monitoring research team carried out personal interviews, surveys and group discussions with the
people affected: teachers, students, caretakers, and parents. It shows that the new building and its
energy-related features are essentially accepted, but there still are some problems to be solved.
Automatically functioning high-tech buildings may be energy efficient, but the user is more satisfied
when he can control and adjust parameters of the room climate.
Keywords: energy-efficient school, social acceptance, learning energy saving

1. Introduction
Within a large research initiative the German Federal Ministry of Economics and Technology
supports   “Buildings   of   the   Future”   with   energy-optimised construction, minimal primary energy
consumption, superior comfort for the users, moderate investment, and low operational costs [1].
The programme focuses on research and development of building technologies, innovative
construction elements, such as vacuum insulation, innovative facade systems and sun-controlled
glazing, multivalent and renewable heating systems, energy-efficient lighting, effective regulation,
and control equipment. It covers new buildings and retrofitting of old buildings.
The second focal point of the initiative is the scientific monitoring of the buildings including testing
of new concepts, technologies and materials in pilot projects. It includes an evaluation of energy
savings achieved, profitability of the scheme, user acceptance of new technologies, and success
factors to help planners, operators and users of the buildings find appropriate solutions.
One type of building which receives special attention in the programme is schools. Improvements
of the building environment of schools have a positive impact on the conditions for learning and are
thus an important investment in the future. In addition, energy-efficient school buildings could
assist the integration of energy topics into the curriculum and daily school life: attitudes and
personal qualities are developed very early in childhood and therefore school is an ideal place to
raise awareness and learn about the environment, energy saving, and sustainable use of
resources in general. It has been shown, for example, that children who studied climate change in
school were more likely to believe they can influence it [2].

A high-priority for communities, school authorities and planners is to improve the energy quality of
school buildings. A large proportion of around 40,000 school buildings in Germany show an urgent
need for retrofitting and modernisation [4]. Children and young people will spend more and more
time in school in the future and school buildings should meet this requirement.
Comfortable room conditions are a prerequisite for effective teaching and learning. There are many
factors which influence the feeling of comfort [3]: generally, physical conditions such as room temperature, air quality, light, or acoustics; physiological conditions such as age, health, constitution,
etc., and intermediary conditions such as level of activity, or social factors. Physical conditions
depend on features of the building and the technology available. The most important features are
adequate room temperatures, fresh air, and good visual and acoustic properties. In this respect,
lack of fresh air is the main problem in many school buildings and considerably affects the learning
capacity. Another challenge is controlling the room temperature under varying conditions of use.
Automation of technical processes in the building is not necessarily the best solution. On the one
hand, physical conditions can be optimised, but on the other hand, users are less satisfied if they
cannot influence the conditions at least to a certain degree [5]. Above all, full automation prevents
children in schools from learning about energy saving.
The   Ministry’s   pilot programme currently includes seven school buildings in different regions in
Germany (Fig. 1). They are a combination of elementary and secondary schools or schools that
provide both functions. In two cases completely new buildings are being constructed, in all other
cases old buildings are being fundamentally retrofitted.
Concerning energy consumption there are two
groups of buildings: buildings which fulfil the
requirements for passive houses, i.e. consume
less than 34 kWh/m2a,   and   “flagship   projects”,  
i.e. energy-plus schools annually generating
more energy than they consume.

Fig. 1: Energy-efficient school buildings
pilot projects in Germany

The programme to develop energy-efficient
school buildings started in 2007. However
planning and construction of such projects is a
very long process which involves an optimisation
phase. By April 2011 the first pilot project was
completely finished: a new building with specialist
rooms for natural sciences as part of a private
high school. The experiences of one and a half
years of social monitoring research have been
evaluated and first results are presented in this
paper.

2. Methodological Approach
From the sociological point of view the project focuses on two main aspects:
User behaviour influences the energy efficiency of a building. The success of innovative
technologies in schools may be strengthened or weakened by the acceptance of new
technologies which in turn influence the user behaviour. Therefore the question is how the
installed technologies affect daily school life, and whether room temperature, air quality,
lighting etc. meet individual needs. This has to be studied from the point of view of the various
stakeholders, such as students, teachers, headmasters, facility managers and parents. To

what extent and how do they react to the new building and technical equipment? Does energy
efficiency improve learning conditions?
Energy-related projects, such as innovative energy-efficient school buildings, offer a good
opportunity to integrate this topic into the class. Students can be taught about energy saving
and the relationship between energy consumption, environment and sustainability. It is
assumed  that  “Learning by doing” is the most effective way to internalise this knowledge. The
question   therefore   is   whether   the   teachers   use   this   “window   of   opportunity”   and   integrate  
elements of the project into the class, e.g. measurement of energy consumption, air quality,
etc. as well as functioning and operation of energy-related systems. In a broader sense,
energy-related issues can also be discussed in courses other than natural sciences, e.g.
politics, history, ethics, and even in sport, art or foreign languages.
To answer these questions, a concept of empirical social research methodologies was developed
which comprised the following steps:
personal interviews with the headmaster, selected teachers (mainly those who care about
energy issues), and caretakers or facility managers in order to determine expectations of the
retrofitting or the new building. This included running energy projects in the school and the
integration  of  students’  interests  into  the  project;
written survey of all students and teachers before the beginning of the construction work;
discussions with focus groups, i.e. selected students, teachers and parents in order to get
detailed information about the attitudes of different actors towards the project after having
experienced the new or retrofitted building;
a second written survey of all students and teachers after they have experienced one hot and
cold seasonal period.
All these steps have so far only been carried out in the Science College Overbach (SCO). Another
new building in Hohen Neuendorf only recently became operational, and in all other schools retrofitting work is still ongoing. The next survey on experiences will therefore take place in spring 2012.

3. Results from the Science College Overbach
The Science College Overbach (SCO) in Juelich-Barmen is a   “scientific   education   centre” in a
separate building within a private high school campus intended for students and young adults
studying the natural sciences (math, biology, physics, chemistry and astronomy). They either
participate in regular classes or as external students in workshops and summer schools working
intensively in a university-type environment (Fig. 2). The building fulfils the passive house standard
with high insulation of the building shell, window systems with switchable glazing, and intensive
use of daylight with roof heliostats. The heating and cooling requirements are satisfied by a heat
pump system with borehole heat exchangers combined with a building element activation system
[1]. There are seminar rooms, lecture halls, computer rooms, and laboratories.
The following special features are interesting for the study of acceptance issues. Firstly,   the   “Econtrol”  glazing  is  a  measure  of  sun  protection.  When  the  control  mechanism  is  switched  on  by  the  
facility manager the windows change into a blue colour in response to the solar radiation. Due to
the special coating the windows become very hot when exposed to the sun. For this reason the
windows can only be opened fully by the facility manager or teacher with a special key. In order to
provide enough fresh air, there is an automatic ventilation system with heat recovery. Secondly,
the lamps are controlled automatically by daylight and motion sensors. Generally, the lighting
system aims to use as much daylight as possible. In the central hall this is achieved by roof
heliostats (see Fig. 2). The light from these also indirectly light the classrooms via glazed walls and
the classrooms also have large windows. The walls between classrooms, corridors and hall can be
partially shaded by curtains. The lighting in some class rooms, the hall and the corridors cannot be

influenced at all by the users, although additional bright lamps can be switched on in the class
rooms in  order  to  “wake  up”  the  students  if  necessary.  Generally,  the  SCO  is  described  as  a  “high  
tech”  building.

Fig. 2: Science College Overbach – view from outside (left) and main hall with roof heliostats
The following steps were taken in the social monitoring research accompanying this pilot project
(Table 1):
Table 1: Social monitoring research in the SCO
Method
Personal interviews

Target group

Year

N

summer 2009

4

Survey in the old building

headmaster, 2 teachers, facility
manager
all students

summer 2009

410

Survey in the new building

students of summer school

summer 2010

119

Focus groups

3 groups: students, participants in junior
academy, teachers and parents
all students using the SCO

autumn 2010

35

Survey in the new building

spring 2011

660

When asked about the necessity to save energy in general, 93 % of the respondents stated that it
is   “very   important”   or   “important”.   However,   when asked about their personal responsibility, the
percentage  of  “very  important”  decreased  from  51 % to 18 % (Fig. 3). The answers as well as the
scores on the energy awareness indicator vary with age: classes of older students were less
energy aware than those of younger students.

Fig. 3: How important is it to save energy?

Of the students 34 % believe that they can generally contribute much to energy saving in a school
building, and even more believe so in the SCO (45 %). On the contrary, teachers perceive students
can have much more influence in the old building (88 %) than in the SCO (29 %). Only 19 %
assume that the building can motivate students to save energy. Of the teachers 63 % consider
their own influence to be high and 56 % believe that caretakers generally have significant influence
(Fig. 4).

Fig. 4: Contribution to energy saving in schools
The  students’  impression  of  their  influence  depends  largely on two factors: how they like the building and their energy awareness: The more they like the building and the greater their energy
awareness, the more influence they perceive they have.
An important task of  the  project  is  the  evaluation  of  the  users’  perception  of  the  room  conditions,  
i.e. whether they feel comfortable or not in the new building compared to the old one. The project
aimed to find out the reasons for their satisfaction or discomfort.
The surveys reveal that the SCO receives better scores than the old building on all points by the
students and for almost all of them by the teachers (Fig. 5). Almost all indicators receive better
scores in the SCO from the teachers than from the students. Obvious problems exist even in the
new building with the air quality and the solar radiation. The most frequent complaints in the SCO
are the lack of sun protection and the fact that windows cannot be opened. The protection provided
by the switchable glazing may be insufficient or may take too long to react to sunlight. Obviously
there are situations when there is not enough fresh air in the rooms. This is also a psychological
issue: the simple fact that the user cannot influence the situation makes him feel uncomfortable.
The group discussions with students also revealed problems with air quality: they complain about
the air being too dry. However, when teachers were asked about complaints expressed by
students, dry air was a minor issue. Another obvious problem is the automatic control of lighting.
This feature is not well accepted by the teachers and this could also be affected by the feeling of
lack of influence. Other energy-related innovative elements show a relatively good acceptance.
There is an interrelationship between the judgements of room conditions, the energy awareness
and age of students, and their orientation towards natural sciences. Students who like the new
building give it better scores than those   who   don’t. The same holds true for students with high
energy awareness, younger students, and students specialising in natural sciences.

Fig. 5:  Students’  and  teachers’  views of the room conditions in the old and new building
The group discussions showed that there are relevant factors influencing the acceptance of the
new building beyond the energy point of view. The technical equipment of the SCO – in the
specialist rooms such as laboratories, as well as with regard to general school equipment such as
smartboards, projectors, communication facilities, or internet connection – is unique and offers
excellent learning conditions for natural science subjects. This aspect is much more important for
teachers and students than the energy efficiency of a building. Students who decided in favour of
MINT subjects (math, informatics, natural science, technology) are much more impressed by and
enthusiastic for the new building than others who focus on languages, arts or sports and who
criticise the building because it is only dedicated to natural sciences. Some students argued that a
lot of money was been spent on the new building whereas there is a lack of modernisation in the
old building and partially old teaching materials are used in subjects others than MINT. The survey
of all students confirmed that the best scores were attributed to the technical equipment and not to
the energy-related room conditions or elements.
The overall judgement of the SCO given by the teachers is positive: 54 % said that the students
learn better in the SCO than in the old building. This opinion is shared by 43 % of the students. For
91 % of the teachers the SCO meets their expectations completely or substantially higher comfort
levels, improved learning conditions, and lower room temperatures in summer in the SCO than in
the old building.
A second concern of the social monitoring research of the SCO was to find out the extent to which
energy-relevant aspects of the new building are used in the lessons and how effective this is. Of
the students 71 % said that teachers informed them about special energy-related features in the
new building. However in normal lessons the topic was only partially dealt with (Fig. 6).
Given the switch from a nine-year to a eight-year high school period there is almost no time left for
subjects besides the curriculum. Energy-related topics are dealt with by 27 % of the teachers in
workshops. Nevertheless, 93 % believe that the students receive new insights or helpful suggestions from dealing with energy efficiency the new building. However in the survey of all students
only 38 % stated that they received ideas in this way. It was found that 69 % of the students said
that they talk about the building at home, but they discussed more about the teaching equipment
than about energy-related issues.

Fig. 6: Energy-related features of the SCO as topics in lessons
Teachers deal with energy consumption, energy saving or climate change in their lessons more
frequently on a more general level than specifically with the SCO building. The students said in the
group discussions that elements of the SCO building are not often discussed in regular classes.
They say this only happens in  the  “junior  academy”  with  participants  who  are  especially  interested  
in MINT subjects and receive special lessons about control technologies, and HVAC, etc. A special
focus group was formed with representatives of these students. They are particularly interested in
the new building and its energy-related systems and they deal with energy topics more often than
others, but this has nothing to do with the new building, it is rather linked to the implementation of
the junior academy and its curriculum.
The participants from the junior academy appreciate high-tech  “intelligent”  buildings  because  they  
consider them easier to handle. Energy saving takes place automatically and so there is more time
for other things. However, successful operation of the technical systems is seen as a precondition
for such acceptance.

4. Conclusions and outlook
The benefits of the new buildings for students and teachers primarily lie in the excellent specialised
technical school equipment. The expectations of the teachers were largely met. Some elements
however, cause problems, such as the lack of fresh air, automatic light control, and sun protection.
An energy-efficient building may lead to lower energy consumption, but it does not always lead to
improved user satisfaction. The user wants to control and adjust parameters of the room’s climate,
so there may be a conflict between energy efficiency and the user’s comfort.
Children can learn about energy-efficient behaviour as much in an energy-efficient “flagship  building” as in a conventional one. The energy-efficiency elements of the new building do not really
have   a   strong   relationship   to   the   children’s   everyday   life   of.   It   could   be   more   effective   to   initiate  
“Learning   by   doing”   and   to   involve   the   students   in   activities   such   as   working   groups   on   energy  
saving  in  school,  competition  of  ideas,  or  “eco  events”,  etc.  The  older the pupils, the less they are
interested in energy topics and the lower their awareness of the issues. In order to motivate them it
is important to arouse their interest and creativity and to make sure that they have fun with energy
saving and environmentally friendly behaviour. The acceptance of new technologies is greater
when all users of a school building, especially the pupils and the teachers, have been invited to
help design  “their”  school from scratch.
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Summary
The present paper reports the results of a series of monitoring activities carried out in an
intermediate season on a flat with Trombe wall system in a temperate Italian climate.
This passive solar system is a still up to date construction element which is interesting because of
its potential in terms of energy saving. However, it is very difficult to predict the thermal behaviour
of the solar wall since it depends on highly dynamic parameters, so it requires complex dynamic
analysis. The aims of our research study were to experimentally investigate the solar system and
to test the reliability of a dynamic numerical model by comparing the recorded values with the
results of calculations. The experimental survey involved the measuring of surface temperatures,
heat fluxes, air layer temperatures and air velocity in the external air gap. During the monitoring the
heating plant was switched off and the control devices (recirculation vents and external rolling
shutters) were kept open. The experimental results show that in the mid-season the Trombe wall
has a good performance and it provides thermal comfort with high energy gains. The analytic study
demonstrates a good approximation between the measured data and the calculated values. The
experimental data and the calculation model could be used in further research works to evaluate
the performance of the Trombe wall in several operating conditions.
Keywords: Trombe wall; monitoring; experimental data; solar heat gain.

1. Introduction
The Trombe wall system was born with the aim of energy saving and it was designed in order to
maximize the solar gains during the winter. The thermal mass stores heat during the day and part
of this energy is transferred from the external air gap into the room by natural convection through
the upper recirculation valves. During the night another part of the stored energy is transferred into
the room by conduction through the massive wall. In summer the system helps to increase thermal
comfort conditions due to the effect of temperature control exerted by the mass. The drawbacks of
the system are its high heat losses in winter or in cloudy days and possible overheating in the
warm season. To reduce these undesired effects, shields have been studied to diminish both the
winter heat losses and the unwanted solar heat gain during summer.
However the unshielded solar wall has optimal behaviour in autumn ensuring thermal comfort
without any heating system. In that period the outside temperature and the solar radiation on the
vertical plane reach high values during the day while the outside temperature decreases down to
14°C during the night.
The first aim of this paper was to experimentally investigate the thermal behaviour of a real solar
system in the mid season, when the heating system was turned off.
In terms of numerical simulation it is very difficult to predict the thermal behaviour of the Trombe
wall that is possible only with dynamic simulation tools. Therefore another aim of our research
study was to make a comparison between the experimental data and simulation results of a simple
and effective method which is able to simulate a ventilated solar wall.
Designers can use the model to optimize the solar wall and to simulate the system in different
operating conditions in summer and winter. The experimental results could be used in other
research study in order to validate and improve numerical models.
The research was carried out in a four-stage study:
1. A Trombe wall built in the early 80s on an experimental building in Ancona was taken as a case
study.
2. The wall and adjacent environment were monitored in the mid-season (October).
3. The system was simulated with a dynamic model.
4. The simulation results and the experimental data were compared.

2. Literature review
2.1

Numerical modelling

The latest analytical studies on the Trombe wall system were carried out by L. Zalewsky et al.
(2002) [1]. The researchers investigated a composite Trombe wall in order to validate a dynamic
calculation model. The authors used the model to study the energy efficiency of the solar wall and
assessed the influence of different parameters with the factorial plan technique. Jibao Shen et al.
(2004) [2] extended the previous study by simulating the wall with TRNSYS type 36. The model
assumes that the temperature in the air gap varies linearly and it considers the massive wall as a
single layer. The study shows that the most important parameters in order to evaluate the thermal
behaviour of the wall are the thermal flux from the ventilated layer to the dwelling and the thermal
flux from the inside surface of the internal wall to the room. These parameters are directly
influenced by the incident solar radiation. In both studies the models are validated on real
prototypes with a small size. A. Ruiz et al. (2005) [3] explain the influence of different parameters
on the behaviour of solar walls; the study was carried out with the steady-state model of revised
UNI EN ISO 13790 [5]. The study was focused on the influence of air velocity, airflow, external and
internal transmittances on the behaviour of the wall; the results showed that the minimum velocity
in the air gap must be 0.2m/s and that the Trombe wall can be improved with a high external
thermal resistance; i.e. double glazing. Some years later A. Ruiz et al. (2009) [4] developed a
dynamic model based on the finite difference method to calculate some types of double skin
elements. The model uses special correlation in order to estimate convection heat transfer
coefficients. Simulation results were compared with experimental data and with the results
obtained from CFD.

2.2

Experimental investigation

H. Onbasoglu and A. Nilufer Egrican (2001) [6], used experimental data in order to investigate the
performance of a solar wall. This system was similar to a traditional Trombe wall but it did not have
storage property. Thermal fluxes, surface temperatures and air velocity were measured on the wall.
It was found a significant variation in surface temperatures in the vertical direction and it was
shown the importance of preventing reverse air recirculation during the night time; for this reason
the authors recommended to cover the vents. B.Chen et al. (2005) [7] studied the effect of a low
emissivity shield in the air gap. The experimental data showed the positive effect of the shield in
the winter thanks to the decrease in heat losses in the air gap. The authors also demonstrated the
importance of studying the Trombe wall in a dynamic regime since its behaviour depends on solar
radiation and external temperature. J. Arce et al. [11] experimentally investigated the thermal
performance of a solar chimney, with respect to natural ventilation. It was observed that air flow
rate is influenced by a pressure difference between input and output and wind velocity.

3. The case study

Fig. 1 View of the Trombe Wall

The experimental building is located in Ancona in a
suburban area (Latitude: 43°37’ N, Longitude: 13°31 ’E,
Altitude: 163m.s.l.m.). It has three floors and a
basement; it is compact and oriented along the EastWest axis. The building consists of nine apartments,
six duplex and three simplex apartments. They all
have the same area and internal distribution but a
different kind of envelope on the south wall. Each
apartment has a different passive solar system on the
south facade. The East, West and North facades have
an external insulation coat and little glass surfaces to
minimize the heat losses. The present survey was
carried out in October on the simplex flat that houses a
traditional Trombe wall system. The massive layer is
made up of a 40 cm thick concrete wall, painted black
on the exterior surface. Manually adjustable vents,
each of size 40*20 cm, are located at the bottom and
top of the massive wall. The exterior layer is made up
of an openable single pane of glass; the air layer has a
width of 10 cm. An external PVC rolling shutter can
shield the wall (Fig.1). The thermal transmittance U
was assessed using the model proposed by UNI EN
ISO 13790:2008, annex H. The air velocity in the air
gap was assumed to be 0.3m/s; the consequent
thermal transmittance U was 1.63 W/m2K.

4. Methodologies
4.1

Experimental facility

The research group monitored the Trombe wall using numerous sensors in order to record internal
and external environmental parameters. The experimental investigation was carried out from 23
October to 1 November 2008. During this period the heating plant was switched off and the vents
were kept open (Fig.2). The survey of outdoor environmental conditions was carried out using a
meteorological station. The recorded parameters were: air temperature, wind velocity, wind
direction, relative humidity and south vertical global solar radiation. The radiometer was mounted
on the glass surface so as to consider the shade and to measure the real incident solar radiation
on the wall (Fig.3).
The indoor microclimatic conditions and the thermo-physical parameters of the Trombe Wall were

collected using a data acquisition system consisting of a 3 data logger. The position of each sensor
is shown in Fig. 3.
The probes used were:
•
Four stainless steel
probes
with
platinum
resistance
thermometers
PT100 DIN A, tolerance
according to IEC 751, to
measure air temperatures in
the vents, in the air layer, and
in the room.
•
Three flat probes in
silver plated copper with
platinum
resistance
thermometers PT100 DIN A,
tolerance according to IEC
751, to measure the surface
temperatures of the glass and
of the solar wall.
Fig. 2 Instrumentation, front view and vertical section
The probes for surface
temperature
measurements
must be ventilated and
protected from solar radiation.
To that end we shielded them
using a plastic box with holes
for air passage (Fig.3).
•
Two Heat flux plates
made of a thermopile with a
ceramic-plastic
composite
body, tolerance according to
ISO 8302, with a sensitivity of
50 µV/Wm2, to measure the
heat flux through the massive
wall.
•
A hot wire anemometer
to measure air velocity in the
air gap with an
accuracy of ±0.03m/s.
•
A
black
globe
Fig. 3 View of the probes on the solar wall
thermometer with platinum
resistance
thermometers
PT100 DIN A, tolerance
according to IEC 751, to
Fig. 3 View of the probes on the solar wall
measure globe temperature
near the wall.

5. Results
5.1

Outdoor climatic conditions

Outdoor climatic conditions were characterized by high solar radiation and a strong temperature
fluctuation. Ambient temperature reached a maximum of 24°C during the day with the highest solar
radiation on the vertical plane (26 October 2008). On the cloudiest day (31 October 2008) the
ambient temperature was 19°C when the solar radiati on was at its maximum (Fig.4). There was a
strong daily thermal excursion, about 10°C; during the night the temperature went down to 15°C
(29 October 2008).

Fig. 4 Outdoor climatic conditions
5.2

Surface temperatures

Surface temperatures are shown in Fig.5. The maximum external surface temperature values were
obtained during the sunniest day (26 October), approximately 1hour and 30 minutes after the
maximum value of solar radiation. The external surface temperature of the solar wall reached 45°C
at 15:10 pm. Glass surface temperatures and air gap temperatures varied according to the
external surface temperature; the maximum value is observed approximately 1 hour after the
maximum value of the external surface temperature. This lag means that when the concrete wall
discharges its heat, the temperatures of the air layer and the glass increase (Fig.5).

Fig. 5 Internal and external surface temperatures
In the cloudiest day (31 October) the external surface temperature raised up to 25°C at 13:40 pm.
The time lag between the maximum value of the internal surface temperature and of the external
surface temperature was 9 hours and 20 minutes (Fig.6). This is due to the thermal inertia of the
concrete wall. The internal surface temperature reached 24°C after the sunniest day. This value
was recorded at 0:40 a.m. of 27 October. After the cloudiest day, the internal surface temperature
raise up to 21°C.
In both sunny and cloudy days, during the night, the internal surface temperatures were higher
than indoor air temperatures; this demonstrates that the Trombe wall ensures a good thermal
comfort also in the coldest hours of the day. The globe temperature, which integrates the effects of
air temperature, radiation and air movement, was measured near the wall. It was higher than air
temperature and this difference increases during the night and in the first hours of the day (Fig.6 a,
b). In the sunniest day, indoor air temperature was higher than internal surface temperature during
the hottest hours, consequently heat fluxes was directed toward the wall (Fig.6a). In the coldest
day indoor air temperature did not exceed interior surface temperature and there were not heat
losses (Fig.6b).

Fig. 6 a, b Surface temperatures, indoor air temperature and heat fluxes in sunny (a) and
cloudy (b) days
Air inlet and air outlet temperatures
Inlet and outlet temperatures are shown in Fig.7. The maximum values were observed
approximately 1 hour and 10 minutes after the maximum values of solar radiation. There is a
maximum increment of 13°C on 26 October 2008 thanks to a solar radiation of 780 W/m2 at 13:10
pm. The air gap temperature was influenced by the external surface temperature of the wall. It was
observed that during the night the air gap temperature was always higher than the solar wall
external surface temperature. The air temperature in the upper and lower vents, during the night,
was lower than the indoor air temperature. This occurs both in sunny days and in cloudy days: it
demonstrates that during the night is better to close the vents to prevent cold air infiltration.

Fig. 7 Air inlet and air outlet temperatures and air layer temperature
5.3

Heat fluxes

Heat fluxes at different heights are shown in Fig. 8. Although the curves had the same trend, the
highest flux is at the midpoint of the wall. This is due to the fact that there is air stratification in the
room. A higher air temperature involves a lower flux that enters the room. The flux trend is the
same as the inner surface temperature’s one (fig.6 a, b). When the inner surface temperature
decreases the massive wall gives off heat to the air layer. When the inner surface temperature
increases the concrete wall gives off heat to the indoor ambient. Approximately from 10:30 am to
16:40 pm the solar wall gives off heat to the air gap, while in the other hours of the day the wall
gives off heat to the indoor ambient.
The trend of heat fluxes shows that, during the test period, the Trombe wall had high energy gains
and low heat losses. The heat fluxes became negative only during the hottest hours, when the air
temperature was higher than the internal surface temperature.

Fig. 8 Heat fluxes
5.4

Air velocity in the air gap

Air velocity in the air gap is shown in Fig.9 .Experimental data were recorded on the first days of
November 2008. The maximum velocity was obtained approximately when there was the highest
solar radiation. However, the air movement was influenced by the air infiltration from the frame due
to the outdoor wind. For this reason we observed the data for 2 November 2008 when the wind
velocity was 0.34 m/s. The air velocity in the air gap ranged from 0.01 m/s during the night to
0.33m/s during the hottest hours of the day. The air velocity curve is very irregular; the highest
velocity of 0.33m/s was obtained at 12:10 pm when the solar radiation was 760 W/m2.

Fig. 9 Air velocity in the air gap
5.5

Numerical results

Fig. 10 Experimental and numerical energy loss and
energy gain in the test period.

The most important parameters for
the evaluation of Trombe wall
behaviour are the heat fluxes. We
carried out a comparison between
numerical results and experimental
results. The calculation model was
developed by the research group in
Seville [4], which uses a new
correlation for the heat transfer
coefficient.
Validation
of
the
calculation model was carried out
using information available from
previous
publications;
the
experimental and numerical results
were compared in terms of airflow
rate and surface temperatures. The

authors deduced that in general terms the proposed model showed an acceptable accuracy. In the
present work the experimental values of heat fluxes were compared with simulation results and the
energy gain of the storage wall was estimated. The model takes 48 hours to run regularly; in order
to compare the simulation results and experimental data this first period was not considered. The
deviation between the mean experimental and the simulated value of heat flux was 10%. Fig. 10
shows the sum of energy gain and energy losses from 26 October to 1 November 2008, the solar
energy gains during the test period were 5.13MJ/mq and the heat losses were 0.21MJ/mq.
Besides heat fluxes, the experimental data for the external surface temperature were also
compared with the simulation results.

Fig. 11 Experimental and numerical exterior surface temperature
Graph 11 shows that there is a good agreement between the experimental data and the simulation
results, the mean deviation between temperatures being lower than 5%.
Our results are in agreement with those obtained by the research team in Seville; the model gives
a good approximation of the real behaviour of the storage wall.
5.6

Conclusions

The thermal performance of a full-scale Trombe wall was experimentally investigated. It was
observed that in the mid-season (October) the Trombe wall has a high energy gain. The energy
transferred into the room in the test period was 5.13MJ/mq (Fig.11). The heat fluxes became
negative only during the hottest hours of the day, when air temperature was higher than internal
surface temperature. On a clear day the external surface temperature reached approximately
45.5°C for a maximum irradiance of 780 W/m 2. On the same day there was a maximum air layer
temperature increment of 12.9°C. It was observed th at the air velocity in the air gap was influenced
by air infiltration from the frame. This ranged from 0.01 m/s during the night to 0.33m/s during the
hottest hours of the day on a windless and clear day (2 November).
Experimental data enabled us to have a better understanding of the way in which a Trombe wall
works and may be used in further research studies. These data were compared with the simulation
results obtained with the model, developed by the research group in Seville, which uses a new
correlation for the heat transfer coefficient. The comparison between experimental data and
simulation results demonstrates that there is a good agreement between the model and the fullscale Trombe wall.
5.7
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Summary
Buildings are substantially responsible for environmental problems during every phase of building
life cycle such as global warming and resource depletion. In Turkey, some energy efficient
solutions to reduce energy consumption have been used for new residential buildings after going in
effect of ‘the Regulation of Thermal Insulation in Buildings’ in 2000, but most existing buildings still
do not have any energy efficient solutions such as insulation of building envelope, use of high
performance windows or operated sun control devices. Therefore, the energy efficient renovations
of the existing building stock and their environmental effects should be considered to reach
reduction in energy consumption. This subject is investigated in the context of a research project
supported by Scientific and Technological Research Council of Turkey, which is being conducted to
develop a method to assess the environmental and economical sustainability of existing building
stock on post construction period.
In this paper, the effect of energy efficient renovations on energy consumption is investigated by
analyzing use period energy consumption for existing buildings in different climates. For this aim, a
case study was conducted to analyze the building stock, and a building model was developed for
simulating the representative case. Then, the energy efficient renovation alternatives were
generated by insulating the building elements such as exterior walls, floors and roof and renewing
the window system. The energy consumptions of the alternatives were calculated by using
EnergyPlus 4.0 energy simulation program for different climatic regions of Turkey. Istanbul, Ankara
and Izmir were selected to be exemplified different climates. Consequently, the energy
consumptions of the renovation alternatives for buildings at use period were assessed by
comparing with the existing situations according to different climates.
Keywords: Existing residential buildings, energy consumption, renovation, use period, building
simulation.

4. Introduction
Increasing environmental problems have faced the responsible sectors with the necessity to take
measures on global scale. These sectors that cause negative impacts on environment through
energy and resource use, have started researches and studies to be able to take necessary
precautions. The relationship between sustainable development and the construction industry has
become clear, since construction has high economic significance and has strong environmental
and social impacts [1]. The improving social, economic and environmental indicators of sustainable
development are drawing attention to the construction industry, which is a globally emerging sector,

and a highly active industry in both developed and developing countries [2]. Construction has been
accused of causing environmental problems ranging from excessive consumption of global
resources both in terms of construction and building operation to the pollution of the surrounding
environment [3]. Buildings have an important share on energy consumption because of the need
for heating energy. In the OECD (The Organization for Economic Co-operation and Development)
area, the building sector’s share of total energy consumption is considerably high, between 25%
and 40%, and the building sector’s share of total energy consumption is gradually growing [4].
In Turkey, residential buildings constitute 83% of existing building stock [5]. Most of the existing
residential buildings do not have insulation application and this increases the share of residential
buildings on energy consumption. Therefore, not only construction of new buildings by using
energy efficient solutions but also renewal of existing residential buildings is necessary.
In Turkey, required studies and researches are being done following awareness of environmental
problems. This subject is investigated in the context of a research project supported by Scientific
and Technological Research Council of Turkey (TUBITAK), which is conducted to develop a
method to assess the environmental and economical sustainability of existing building stock on use
period. This project consists of four basic steps which are analysis of existing situation and
constituting renewal alternatives, environmental impact analysis, economical analysis and
assessing environmental and economical effects. In the context of the project, environmental and
economic sustainability of energy efficient renovations for the existing residential buildings in
Istanbul were analyzed according to the parameters like window transparency ratio, building
orientation, building age, window system, building element and insulation material type. The project
will be also widened for buildings in different climates. Hence, in this paper, energy consumption of
buildings in different climates is analyzed to be able to define differences in energy consumption.
The analyses were fulfilled according to all parameters for Istanbul, which has a temperate-humid
climate [6]. In this paper, insulation material type, window transparency ratio and window system
type were selected as parameters in order to evaluate energy consumption in different climates.

5. Methodology
In the context of the paper, the effect of energy efficient renovations on energy consumption is
investigated by analyzing use period energy consumption for existing buildings in different climates.
For this purpose, one of the building models which were developed in the context of the research
project was used and energy consumptions in different climatic regions were analyzed. EnergyPlus
4.0 building energy simulation program was used to analyze the energy consumptions of the
building model for three different climatic regions. The program has its roots in both the BLAST
(Building Loads Analysis and System Thermodynamics) and DOE–2 programs that were
developed as energy and load simulation tools. Like its parent programs, EnergyPlus is an energy
analysis and thermal load simulation program. Based on a user’s description of a building from the
perspective of the building’s physical make-up, associated mechanical systems, etc., the program
will calculate the heating and cooling loads [7].
After calculating energy consumption amounts for every selected city, the results were divided by
the area of the building model to be used in assessment as energy consumption per square meter.
Finally, results were compared and assessed for selected parameters.

6. Application
In the context of this study, the effect of energy efficient renovations on energy consumption in
Istanbul, Ankara and Izmir, which were selected to represent temperate-humid, temperate-arid,
and hot-humid climates, respectively, were analyzed. For this aim, parameters and hypothetical
renovations were defined and a building model was developed.
In the studies that analyze and assess energy consumption of buildings, different parameters in the
scale of building, building environment and building element are used. Yu et. al. used parameters
like heating and cooling systems, internal air conditions, hourly weather data etc. to assess energy
and thermal performance of building envelopes in summer and winter in China [8]. Erlandsson et.

al. used parameters like energy use, energy conservation, waste water conservation,
environmental performance etc. to assess environmental performance of renovations in national
scale [9]. In the context of the research project parameters were designated as window to wall ratio,
orientation, building age, window system, building element and insulation material type. In this
study, insulation material type, window to wall ratio and window system used as analyzed
parameters.
In the context of the research project, buildings that represent the existing building stock of Istanbul
were analyzed to designate building models used in the project. For this purpose, buildings were
examined on site and buildings’ projects were analyzed at related municipalities. Existing
residential building areas were determined according to the parameters as heating system,
building settlement layouts, external wall insulation, age of buildings and number of floors. The
reasons of selecting these parameters can be explained as follows:
Individual heating systems provides not only heating but also provides hot water. Hence, it is
not easy to calculate the amount of natural gas used in heating energy production. Therefore,
buildings that have central heating system were selected to analyze.
According to results of the research conducted through real estate agencies websites, attached
buildings generally do not have central heating system. Hence, detached buildings were selected
to analyze.
According to the “Directive of Thermal Insulation in Buildings’ which came into force at
08.05.2000, ‘TS 825 Thermal Insulation Rules’ has become necessary to follow [10]. For this
reason, buildings constructed after 2000 were selected to analyze.
According to the survey results, it was determined that there were no buildings older than 30
years in the selected regions. Thus, buildings that were between 15-30 years old were decided to
analyze.
According to the “Turkey’s Statistical Yearbook”, 43% of the residential buildings in Istanbul
have 3 to 5 number of floors [5]. Therefore, buildings that have 3 to 5 number of floors were
selected to analyze.
According to the data obtained from the case studies, four building models were constituted in
the context of the research project. In this paper, the building model selected to analyze has
square plan type.
In the context of the study, to provide energy efficient renewal of existing residential buildings,
insulating building elements and changing window systems were decided according to the ‘TS 825
Thermal Insulation Rules’. For this purpose, a survey was conducted with insulation material
manufacturer and applicator firms. The materials suggested for thermal insulation of buildings
elements and window system renovation based on the survey results and their physical properties
can be seen in Table 1 and Table 2.
Table 1 The materials suggested for thermal insulation and their physical properties.
Material
Building
Element
External wall
and projected
floor
Floors between
heated and unheated spaces
Roof Floor

Abbreviations

Extruded
Polystyrene
(XPS)
d: 5 cm
: 0.030 W/m²K
: 30 kg/m³
d: 4 cm
: 0.030 W/m²K
: 30 kg/m³
----

d: Thickness

Expanded
Polystyrene
(EPS)

Rock Wool

Glass Wool

d: 5 cm
: 0.035 W/m²K
: 16 kg/m³
d: 4 cm
: 0.035 W/m²K
: 16 kg/m³

d: 5 cm
: 0.035 W/m²K
: 150 kg/m³
d: 4 cm
: 0.035 W/m²K
: 150 kg/m³

----

----

----

: Heat Transmission Coefficient

----

d: 6 cm
: 0.035 W/m²K
: 18 kg/m³
: Density

Table 2 The materials suggested for window system renovation and their physical properties.
Components

Material

Joinery

Glass
6+12+6 mm glazed unit
: 2.8 W/m²K
Space gas: Air
6+12+6 mm double glazed unit
: 2.8 W/m²K
Space gas: Air

Wood type: Pine Tree
: 0.13 W/m²K

Wooden

Profile type: 60/110mm – double
EPDM sealed
: 1.8 W/m²K

PVC
Abbreviations

: Heat transmission coefficient

To analyze the effects of the energy efficient renewals performed in the existing residential
buildings on the use period energy consumption, 648 alternatives were generated based on the
parameters, building model and renovation assumptions. These alternatives were coded to be
understood more easily. For instance A1-B-TI1-20-WD means that building A1 has brick core in
wall, and walls and floors are insulated by using extruded polystyrene while roof floor is insulated
by using glass wool. Also, this building has 20% window to wall ratio and window system is
renovated by using wooden joinery with 6+12+6 mm double glazed unit (WD). TI2 means that
walls and floors are insulated by using expanded polystyrene while roof floor is insulated by using
glass wool and TI3 means that walls and floors are insulated by using rock wool while roof floor is
insulated by using glass wool.

7. Results
The simulations performed to calculate the effect of the renovations on heating energy consumption for Istanbul, Ankara and Izmir were made by using EnergyPlus 4.0, and compared and analyzed for the selected three cities.
7.1

Effect of insulation material type on energy consumption

Effect of insulation material type on energy consumption was assessed by analyzing building models which were insulated by using extruded polystyrene, expanded polystyrene and rock wool on
walls and floors, and glass wool on roofs. For the building model, window system was renovated
by using wooden joineries (WD), and 20% window to wall ratio was chosen for the analysis (Fig. 1).
Fig. 1 Energy consumption according to insulation material type.
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According to the results;
The insulation of the walls and floors by using extruded polystyrene provides 64.44% reduce in
energy consumption related with the un-insulated condition for Istanbul. The insulation of these
building elements by using expanded polystyrene provides 62.44% reduce and by using rock
wool provides 62.43% reduce in energy consumption for Istanbul.
The insulation of the walls and floors by using extruded polystyrene provides 60.48% reduce in
energy consumption related with the un-insulated condition for Ankara. Also, the insulation of the
walls and floors by using expanded polystyrene and rock wool provides 58.40% reduce in energy
consumption.
The insulation of the walls and floors by using extruded polystyrene provides 70.15% reduce in
energy consumption related with the un-insulated condition for Izmir. The insulation of these
building elements by using expanded polystyrene provides 68% reduce and by using rock wool
provides 67.99% reduce in energy consumption for Izmir.
It can be said that, in warmer climatic conditions insulating building elements provides more energy
conservation. For example, in Izmir and Istanbul more energy conservation can be provided than
Ankara, and in Izmir more energy conservation can be provided than Istanbul. Also, according to
the results it seems that insulation of walls and floors by using extruded polystyrene reduce energy
consumption more than insulating by using expanded polystyrene and rock wool. Moreover, expanded polystyrene and rock wool provides almost same amount of energy conservation.
7.2

Effect of window to wall ratio on energy consumption

Effect of window to wall ratio on energy consumption was assessed by analyzing building models
which were insulated by using extruded polystyrene on walls and floors, and glass wool on roofs.
For the building model, window system was renovated by using wooden joineries and alternatives
were analyzed for window to wall ratios of 10%, 20% and 30% (Fig. 2).
Fig. 2 Energy consumption according to window to wall ratio.
Energy consumption according to window to wall ratio
120
100
80
60
40
20
0
ISTANBUL (kWh/m2)
10%

ANKARA (kWh/m2)
20%

IZMIR (kWh/m2)
30%

According to the results;
It can be said that when the window to wall ratio increases, the amount of the energy consumption also increases. For example, in Istanbul 54.17 kWh/m2 energy is consumed for 10% window to
wall ratio while 59.02 kWh/m2 and 62.67% kWh/m2 energy is consumed for 20% and 30% window
to wall ratios.
The differences in energy consumption for different window to wall ratios increase when climatic
conditions get colder and reduce when climatic conditions get warmer. For example, in Izmir 36.15

kWh/m2 energy is consumed for 10% window to wall ratio while 37.26 kWh/m2 energy is consumed
for 30% window to wall ratio. However, in Ankara, 83.48 kWh/m2 energy is consumed for 10% window to wall ratio while 96.76 kWh/m2 energy is consumed for 30% window to wall ratio.
7.3

Effect of window system on energy consumption

Effect of window system on energy consumption was assessed by analyzing building models
which were insulated by using expanded polystyrene on walls and floors, and glass wool on roofs.
For the analysis, 20% window to wall ratio was chosen and window system was renovated by using wooden (WD) and PVC joineries (PD) (Fig. 3).
Fig. 3 Energy consumption according to window system.
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According to the results;
The renovation of the window system by using wooden joineries provides 62.44% energy conservation and by using PVC joineries provides 62.24% energy conservation in Istanbul.
The renovation of the window system by using wooden joineries provides 58.40% energy conservation and by using PVC joineries provides 58.27% energy conservation in Ankara.
The renovation of the window system by using wooden joineries provides 68% energy conservation and by using PVC joineries provides 67.98% energy conservation in Izmir.
It can be said that renovation of window system by wooden joineries or PVC joineries has almost
same effect on energy consumption. However, renovation of window system reduces energy consumption in warmer climatic conditions more than in colder climatic conditions.

8. Conclusion
In the context of this paper, effect of renovation of existing residential buildings on use period energy consumption was analyzed in three different climatic regions. According to the results of analyzed renovation alternatives;
Insulation of the walls and floors by using extruded polystyrene reduce energy consumption
more than renovated by using expanded polystyrene or rock wool. Also, expanded polystyrene
and rock wool provides almost same amount of energy conservation. Moreover, in warmer climatic regions insulation of building elements provides more energy conservation than in colder
climatic regions.
Differences in energy consumption for different window to wall ratios increase when climatic
conditions get colder and reduce when climatic conditions get warmer. Besides, when window to
wall ratio increases, amount of energy consumption also increases.
Renovation of window system by wooden joineries or PVC joineries has almost same effect on
energy consumption. However, renovation of window system reduces energy consumption in
warmer climatic conditions more than in colder climatic conditions.
In the context of the project, subsequently, the other parameters will be evaluated in terms of their
effects on energy consumption for three climatic regions. The results obtained will be used for
calculating environmental and economic impacts of the renovations, and finally a basic tool for the
users in Istanbul, Ankara and Izmir will be developed for selecting the most appropriate renovation
alternative.
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Summary
The analysis of any indicators of climate change, or the environmental effects of human activity on
the planet will inevitably advise the adoption of measures to minimize these effects, which although
only just starting to manifest themselves, could in the future generate conflicts of unforeseeable
consequences.
Energy consumption is one of the major contributors to these effects, and this is in large part due
to usage in building and housing. This proposal aims to define guidelines in order to tackle the
issues of GEG, and the consumption of non-renewable resources in specific relation to building in
moderate climates, whether they be maritime or continental, where it is still necessary to combat
both cold and hot weather.
For cold climates, particularly the continental ones, there already exist clearly defined strategies,
however these cannot always be successfully applied to the more temperate climates, and often
fail to take into consideration other local factors such as economical conditions and public health.
Keywords : Thermal Inertia, calorific capacity, thermal conductivity, orientation, thermal bridge,
activation, radiation ….

Introduction
The building sector, responsible for the basic human need of housing and building in the most part
of it´s activities will continue to grow as it has done so historically. It currently represents some 60%
of the world´s consumption of materials, and is responsible for 30% of the production of
greenhouse effects gases. Amongst the low-renewable activities it is also the biggest consumer of
land. The sector will increase both qualitatively, as standards of living improve, and quantitatively
given the growth of the world population.
As in other human activities, there exists in building the need for a sustainable approach, and it is
important that this is present in all of it's various phases and scales. Building must also not
threaten public health in any way, nor excessively consume non-renewable material, drinking
water, or scarce resources ( money being amongst the latter category.)
In practice it is not easy to find a whole process driven by the laws of sustainability as the political
ideology thus far has been generally alien to the subject. What is more, urban planning has still not
incorporated in any systematic sense the laws that would help foster an urban life more respectful
to both people and planet ( new balance between built-up and open spaces, compact and dense
town with corresponding land liberation, a systematic mix of land use and the integration of
agriculture as a primary urban need).
It is possibly the case that building, separated from the chain in which it finds itself has been the
area where most work has been dedicated to the creation of rules and guidelines, although always
in a form independent of urban context (the same rules are applied, for example, to both single
and multi-family housing). Standards are not always extendable to the many different urban uses.

They are often also excessively centered on a single theme (for example energy), and tend to be
tailored to the climatic and socioeconomic conditions of determined territories (usually associated
with the country of origin of the work). In many cases these rules overlook basic issues such as
health, water, waste production and the use of scarce resources.
As explained in the introduction, this project intends to follow it's own line of investigation into
sustainable building in temperate climates, be they wet and dry, where over the course of the year
it is necessary to take care of both heat and cold, although in varying proportions. It should be
noted that there are certain coincidences between climatic conditions and socioeconomic ones; In
cold climates the price of land tends to be relatively low, in comparison with hotter climates such as
that of Spain, where the cost of land is much higher, a factor which often leads to frenetic efforts to
reduce building costs. Sustainable building should look to those methods which would create
interior comfort all year round, whilst respecting the socioeconomic conditions within which the
work is to be carried out.
For all that is proposed, the most efficient overall strategy is to work with the abundant local
resources; firstly and preferably using passive systems, after this active systems with renewable
resources, and finally and only where necessary, active systems with non-renewable resources.
Any other relevant local conditions must also be respected accordingly.
Although this project is centered on the principal aspects of building, it is to be pointed out that this
forms part a bigger picture of large scale urban planning and minor scale use of materials which
should themselves be equally sustainable in character.
Proposal
In a physical context in which the building must provide warmth in the cold season, and cooling
during the hot season ( with no one season causing particular thermal stress ) and within a socioeconomic context which imposes a high cost of land, requiring the optimization of the relationship
between floor area and usable space of buildings, and that also necessitates the reduction of
building costs, we are lead to propose that the principal construction criteria to be implemented in
sustainable architecture in temperate climates is the use of thermal inertia for the attainment of all
year round hydrothermal comfort. [1]
This forms part of a hierarchical system of a set of construction criteria applying the general
strategy for sustainable architecture.
To be operational the criteria of analysis is reduced according to the temperatures and humidity
levels, on the understanding that other local conditions such as the height above sea level, the
number of hours of direct solar radiation, the prevailing winds etc… are already reflected in those
two parameters, with the only condition being that proper ventilation can influence decisively the
internal summer comfort. [2]
Despite their efficiency, the possibility of the use of inertia of elements that take up usable interior
space such as water tanks and stone beds will not be considered in this proposal.
In all of the possible passive systems, we consider principally, and complementing with other
systems, the use of a characteristic which to a lesser or greater extent is always present in not
only the constructive elements of a building (it's structure, partition walls, finishing materials etc.),
but even in the furniture and users within it.
This characteristic is called Thermal Inertia, and is defined as the capacity of the material to absorb
heat without increasing its surface temperature, a capacity dependent on its calorific capacity, its
thermal conductivity and it's thickness [3]
We propose then, taking advantage of the presence of thermal inertia in building materials of
common usage, in materials which exist in abundance either throughout the planet, or, at least

locally. This could be materials of stone origin or nature (including ceramics, concrete and soilcement), and also some hard woods. This material in all its variant or derivative forms should make
up the fixed and immovable parts of the building to provide the greater share of the inertia, which
will be complemented by that provided by it's more variable aspects.
It is intended to convert the inertia located in the interior of the building into a type of 'Thermal
lung', capable of storing thermal heat gain in the cold season and distributing it as necessary, but
also able to act as a major means of 'draining off' unwanted gain during the warm season.
The materials mentioned above are characterized by their high calorific capacity i.e. their
resistance to changes in temperature when exposed to heat sources (measuring a minimum of
300 kcal / m3 º C) and also by their average thermal conductivity – that is to say, by the intrinsic
difficulty of transmitting heat through themselves (measuring between 3 y 0,6 kcal/h mº C). These
materials are also characterized by their high density (minimum 700 kg/m3). Metals are excluded
on account of their high thermal conductivity. [3]
The combination of these two properties makes these materials very stable thermally, and potential
stores of heat ( in both a positive or negative sense ), which can then be distributed to the adjacent
environment as and when appropriate.
For inertia to carry out it's thermal role in the desired form, it should be accompanied by other
actions in the building, also of a passive character, and which occur beforehand, namely the
overall design of the building in terms of the external conditions of orientation, prevailing winds,
etc.. In general it is favorable for the building to take an elongated form with the largest dimension
oriented southwards. It should be comprised over various floors, and have a good relationship
between the exterior surface and the interior volume. [4]
The main heavily used areas should be orientated towards the South, and the least used towards
the north, creating 'Cap' spaces. The spaces to be heated should be located on the upper floors
and those that require cooling on the lower floors. The outer skin should allow heat gains during
the cold season, and prevent them during the warm season. [1] [3] [4]
One part of the optimization of thermal exchange between interior and exterior in order to achieve
the desired comfort level is the control of the relationship between the surface which contains a
building volume (m2) and the actual volume (m3); this we call co-efficiency of form (CdF): Sup / V
(m-1). [1]
The thermal exchange between interior and exterior will be less the smaller the CdF, this is to say
that a building would exchange less energy compared to a building of equal building standard,
which possessed a higher co-efficiency of form. This is more beneficial the more extreme the
climate, be it hot or cold.
For the implementation of thermal inertia inside for air conditioning, we should tend to use buildings
with a low CdF (< 0,4 m-1) to facilitate control of the behaviour of the elements that provide the
interior thermal inertia, and to make it generally easier to capture heat gains, rather than dissipate
them.
Thermal inertia corresponds to an interior mass of some 500 Kg /m3, in itself close to optimal,
which with the addition of internal energy contributions will regulate interior temperatures up to the
required standards of comfort. Users and furniture are held to contribute roughly 20 Kg /m3,
therefore the remaining elements should provide about 480 Kg /m3 corresponding to 1.140 Kg/m2
( medium weight building) [5]
With solid bodies, the giving off, or absorption of heat is brought about by a system of radiation; the
transmission of heat will depend on the temperature of each of the elements ( between which they
establish and tend to become equal) on the distance between them, and on the exposed surfaces
of each one. [4]
Thermal exchange by radiation is optimized as the exposed surfaces are increased, requiring more
similar temperatures and therefore lower energy contribution to the radiator surface .
The ratio of radiating surface to usable floor space will vary between 1 and 3.5 (this is particularly
important when the emphasis is on cooling).
The overall strategy for correct operation is to add to it's existing characteristics (it's resistance to

changes in temperature, it´s capacity for storage and ability to achieve energy gains in the cold
season, and prevent them in the hot season), the role of 'draining off' the gains which have come
to her, whether they be exterior or interior.
Again, activation is depended on in the first place for passive gains or losses. In warm latitudes the
principal passive contribution will be solar, which will be advantageous in winter, and will need to
be impeded in summer. Simple devices such as overhangs fixed on the correct geometry, or
retractable exterior awnings or other devices of horizontal nature function very well in S / N
orientations (whichever this may be, according to hemisphere)
Volumetric overhangs, awnings or other external devices of vertical nature will be good regulators
for preventing gains from the West orientation . The relationship between the area of the glass
surface oriented to the sun, and the usable surface will vary between 0 and 0.33 and the
relationship between the surface of thermal mass and the south-oriented glass surface will vary
between 1 and 8 (especially important if the emphasis on heating), although excessively large
dimensions of this surface can produce dire consequences in summer.
The thermal mass should be distributed as evenly as possible within the interior space, and be
exposed as much as possible to direct sunlight. For the purposes of air-conditioning, thicknesses
should not exceed 15cm. [4]
Other passive devices that would help optimize the performance of interior thermal inertia relate to
the outer skin of the building, essentially the facades and roofing. The key issue is to reduce
losses in winter, and increase them in summer The walls contain the elements that produce the
most interior losses: firstly the holes, secondly the roof, and finally the solid part of the facade.
Holes in the building such as window / door areas, etc should be considered (dimensions,
materials, ...) depending on their orientation and their use of space. For those that contribute
gains, large cavity areas are favorable, although at night they can be a source of losses. Those
with orientations that do not produce gains can only be a source of losses, therefore in these
cases it is necessary to utilise carpentry with a broken thermal bridge, double glazing and / or lowemission glazing
Heat-capturing walls must consider the balance between energy input and nocturnal losses (and
preferences for single, or double-glazing) according to whether the emphasis is on heating or
cooling.
The covers that will be highly exposed, equally to both solar radiation, and to the night sky,
therefore experiencing extreme temperatures both hot and cold, are difficult to use as regulating
elements in passive systems, as they must both impede excessive captures during the day, and
prevent excessive losses during the night.
We will resolve the problem with ventilated and insulated wall cavity. It is essential that in both the
roof and the solid parts of the facades the insulation is placed on the outer face of the heavy side
of the cavity, so it's thermal inertia works in favor of the interior, avoiding any thermal bridges. This
is one of the fundamental differences, which permits a great improvement over the buildings which
historically have made thermal inertia available only as a by product of the need to achieve
mechanical inertia for its stability. Although, conceptually, the whole building could be considered a
"big thermal bridge" it's satisfactory performance was based on the great thickness of its walls,
which at night returned to the exterior the radiation received during the day, before this could
penetrate the interior.
The insulation will be any low density material (< 100 Kg/m3 ), with low calorific capacity (< 35
Kcal/m3 ºC), and very low thermal conductivity(< 0.05 kcal/h m3 ºC), attached to an interior sheet,
preferably of renewable origin, or recycled material, which is permeable to water vapor.
The insulation shall be protected from the outside with a layer also fixed mechanically to the
interior sheet of enclosure, forming a ventilated air chamber between itself and the insulation. This
material should be able to withstand the most extreme climatic agents (intense sunlight, strong
winds and hail-stones). It is preferable also that the level of ventilation in the air chamber is
controlable.
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Figure 1
In the cold season it is favorable that this level of ventilation is minimal, in order to immobilise the
existing hot air and minimise losses. In the hot season the chamber should be heavily ventilated to
dissipate the heat generated there. The insulation should prevent this heat from reaching the
interior. If the position of the chamber is not adequately considered, the likelihood is that in
summer, heat will penetrate to the interior spaces, regardless of the thickness of the insulation.
What has been explained with regards to the roof applies also to the solid parts of the facade,
especially those heavily exposed to solar radiation (South / North and West orientations), although
they may have, more readily than the roofs, solar protection (in the form of overhangs, awnings
etc...).
It is also very important with respect to the air chamber in these cases to have a thickness which
permits convection currents inside (> 5 cm), in order to dissipate the heat generated in summer,
minimise losses in winter, and in both cases dry the inside surface of the external wall which may
become wet as a result of rain.
The facades orientated towards the East and North / South can be considered differently, given
that they do not harvest energy ,but are capable of energy losses. In these cases the air chamber
can be dispensed with, although the thickness of the insulation should be increased, and a barrier
against water vapor included to avoid build-ups in the interior of the facade.
Particularly in maritime climates and for the warm season it is important that the layout of the
interior allows cross ventilation through openings in opposite walls that ensure, by themselves, the
renewal of interior air during the day, and the ability to cool during the night. In these climates it is
also important, at least in those cases where ventilated air chambers are present, that the outer
walls allow perspiration (permitting the passage of water vapor from the interior)
These are the principal passive devices which allow interior thermal inertia to provide for the large
part of the achievement of all year round indoor comfort in climates where consideration of

diversity and changing needs is paramount
It is not always possible to implement passive solutions with the required efficiency, especially in
urban environments where poor orientation, shade from neighboring buildings and building
regulations become factors. This is when we must resort to active solutions using renewable
energy, and the range of possibilities is wide and varied. Again solar energy is the prime candidate,
but we can also consider geothermal energy, wind power or biomass.
In hot climates in general, with many hours of direct solar radiation, we can implement unglazed
selective solar collectors with full irrigation that do not contribute to the greenhouse effect, and
although less effective, they are still adequate for the needs. They can be constructed easily with a
light metal covering, and can provide interior heating as well as hot water. These would be
connected to the system through heavy elements and the interior sheets of the coverings.
Inside there should be a network of small-diameter tubes to circulate the heat-transfer fluid (water)
from the external captors. The system turns the active elements into radiators (over 60% of heat
transfer is provided through this system) with a large exchange surface. It is the system that works
with a distribution temperature closest to the ambient temperature, and therefore needs less
energy to operate
The system is self-regulating, ie, gives heat only to those areas that require it and is sensitive to
external contributions for example, passive solar energy or contributions from it's own internal
space (artificial lighting, appliances etc.) Even without the active contributions the system is a
"carrier" of energy from those parts "over-fed" (e.g. where direct sunlight reaches) to those area
which have no direct local contributions, or suffer losses (e.g. facades which do not receive the
sun).
Daytime functioning (winter)

Summer night functioning (night-cooling)

Figure 2

Figure 3

The operation described corresponds to the daytime function (when enough solar radiation strikes
on the solar collectors) equally in both winter and summer, although in the latter only for domestic
water heating. During the winter the system works only with the daytime scheme whereas in
summer there is also a nighttime application. Not being made of glass, the metal surface of the
sensors are exposed to the night sky (where it is possible to find temperatures of zero degrees on
the Kelvin scale, -273 º C).
Like any other object on earth the sensors tend to lose heat (by the system of radiation); on nights

with clear skies, weather typical of warm climates in summer, or in the lowest possible
temperatures. This means that the sensors are cooled in summer nights (as also in the winter ,but
in winter this effect is not used) and if you open the radiant water circuits, the system will operate
as a means of "draining off” internal heat to cool the elements that provide the inertia..
A large part of the efficiency of the system is based on it's accumulative effect: the stability
provided by the inertia, it's sensitivity to external contributions, it's ability to store these
contributions and finally to distribute them as and when necessary in a manner appropriate to
personal comfort.
Where it is not possible to use active solar energy, the same system can be implemented using a
geothermal installation. The advantages of this system is that it does not depend on access to the
sun, and the geometry imposed by radiation ,and it is also continuously available. It can directly
activate interior inertia or work with other elements of a faster regime. It is equally capable of both
heating and cooling, and can be combined with the production of hot water.
The disadvantages are that the temperature range it offers is very limited (17 º - 19 º C) In winter it
is always inadequate but not so in summer. You need the support of a geothermal heat pump that
runs on electricity, but is usually very effective, with a COP ranging from 4 to 5.
Summer functioning with geothermal energy
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Figure 4b

The same system can be connected to a biomass boiler, if the material is abundant in the area. It
may be combined with hot water production. It offers a wide range of temperatures but should only
be chosen for heating, It is necessary to employ an additional pump for cooling, and make
additional installations for it's internal distribution.
The systems described so far use water as it's heat-transfer fluid. Inertia can also be activated
directly by electricity using integrated circuits in the corresponding elements, although less
efficiently, and only in cases where there is a clean and sufficient supply of electricity (from wind
power, co-generation with bio-gas). The stability provided by the proposed system also combines
well with discontinuous sources of energy such as wind and solar power. This only functions for
heating, and is easily combined with the production of hot water. As in the previous case, cooling
requires additional facilities.

Winter functioning with biomass boiler

Winter function on electric power

Figure 5

Figure 6

In every case we are dealing with systems of centralized energy production that achieve maximum
efficiency with a control and management which is also centralized. (and communal in the case of
multi-family housing). In general there should be no one special management, and it should hardly
be complemented with additional energy of non-renewable origin.
Like inside radiators elements the floor can to provide up to 42 W/m2 for cooling and up to 99
W/m2 for heating; the walls can to provide up to 72 W/m2 for cooling and up to 160 W/m2 for
heating and the ceiling can to provide up to 99 W/m2 for cooling and up to 42 W/m2 for heating.
These available powers guarantee the internal comfort around the year in a economical way.
We propose then the use of the thermal inertia of the main building elements of the architecture as
a general strategy for the management of indoor temperatures in planetary areas of complex
climate, for the dual possibilities it offers- its adaptability to diverse sources of energy of renewable
origin, and it's financial feasibilty; it does not involve major construction cost overruns, and it can
adapt to the socio-economic conditions that impose high land costs
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Summary
In many European countries the share of existing old buildings – built before the first heatconservation regulation - is large. These buildings represent a huge potential for energy saving
but which is hard to exploit. Achieving this challenge depends not only on technical solutions but
also on socio-economic drivers (willingness and skills of stakeholders, regulation and
incentives, norms and values).
Our paper stems from a study involving five European countries. It aims to analyse the weight of
these socio-economic factors in the decision making process, and to identify the supply
conditions necessary to meet the needs of households for energy-efficient refurbishment. To do
so, several energy-efficient-retrofitted houses in the private sector have been selected as case
studies in Germany, Switzerland, Italy, Spain and France. For each case, on-site surveys have
been conducted, including qualitative interviews with the owners, the residents and the involved
professionals. In addition, a thorough context analysis has been conducted in each country in
order to reveal specificities regarding the retrofit market, the housing building stock, energy
uses and the support measures implemented by local or national authorities as regards energy
refurbishment.
This study allows to compare experiences and to share knowledge about support actions able
to boost energy-efficient retrofitting. The paper will examine what policies and measures are in
use and how effective they are in the different countries, what is the role of financial incentives,
what are the different levels of action (national / local) and which are the motivations and
practices of actors involved in these energy saving projects.

Results show in particular that:
- people getting involved in projects of energy-efficient refurbishment aren’t mainly and
exclusively motivated by energy savings;
- there’s a lack of skilled work force able to meet the requirements of energy-efficient retrofitting;
- public support schemes for retrofitting measures play a crucial role;
- the local embedding of projects is important.

Keywords
Energy-efficient building, sustainable built environment, energy refurbishment, incentives and
barriers, European cases studies

1.

Introduction

Considering the amount of energy consumption in the residential sector - 26% of total energy
consumption in European Union - efforts need to be made to reduce energy demand and boost
energy efficiency in European housing. Within this specific sector, the private housing units are
particularly hard targets to reach, given the market stakeholders’ extremely diffuse character
(many professionals and small contractors), the non-professional project owner, the unique
technical specificities of each housing unit (in particular of individual houses) and the existence
of many obstacles to refurbishment on both sides of the equation (shortage of consumer
information and of appropriate financial instruments on one side, lack of training, of professional
culture and of a global technical approach and offer on the other side, etc.).
In order to better understand how energy-efficient refurbishment in the private housing sector
can spread in Europe, public and private energy and environmental European organisations
and companies, have conducted an exploratory study – discussed in this paper. This
exploratory study has consisted in observing and comparing various European experiences in
order to identify and understand the mechanisms enabling the supply side and the demand side
to efficiently match.
To carry out this cross cultural study, five countries in northern and southern Europe with
different levels of progress in the energy retrofitting markets were selected: Germany,
Switzerland, Spain, Italy and France. In order to better characterise the different national
contexts, an analysis of the socio-economic, political and regulatory contexts of each country
has first been realised on the basis on existing literature and available statistical data collected
by the different European project partners and summarized in a detailed report[2].
Subsequently, a field study was carried out. For each country, four to six energy-efficientretrofitted buildings in the private sector were selected as case studies and qualitative
interviews with the owners, the residents and the professionals involved were conducted to
explore how the private-sector housing refurbishment market might become an energy
efficiency market.

2.

National context analysis in preparation of on-field interviews.

A previous European field study has shown that the efficient deployment of high-energy
performance buildings in the residential sector is based on a combination of various factors.
This kind of operation is initiated due to specific motivations of the project owners, but is also
influenced by energy and research policies, favourable regulations, or even regulatory
obligations, and financial incentives [1] [2]]. It is therefore important to know the specific context

of each country considered in the study to set the stage, to correctly analyze the information
collected from the on-field investigation and to make informed choices as regards the selection
of case studies. This national context analysis enabled to put the five countries’ contexts into
perspective with regards with the level of development of the energy retrofit market in the
private housing sector, the regulatory and financial policies and measures implemented to
support energy-efficient refurbishment of existing buildings. Only the main primary conclusions
that came out of the national context analysis will be presented hereafter.
2.1 The energy-efficient retrofit market is not at the same stage of development in the
five countries
In all five countries, over half of the housing units existing in 2000-2008 were built prior to the
earliest heat-conservation regulations in the late 1970s and, consequently, have poor insulation
and high heat demand.
If we attempt to draw a global picture of the renovation markets in the five, we would say that
this market hardly exists in Spain, where housing-unit renovation consists of structural
improvements and does not really take energy into account, whereas it appears to develop
steadily in Germany and Switzerland, and more recently, in certain parts of Italy (the Northern
part) and in France.
In Germany, the concept of global energy-retrofit of buildings is now well disseminated thanks to
the support programs of the public bank KfW (from 2005 to 2008, 450 000 dwellings have
benefited from this financial support) and to the demonstration programs developed by the
German Agency for Energy (dena). In Switzerland, the concept of global-energy retrofit is also
well disseminated, but the maturity of the market varies from one canton (local district) to the
other. The public policies developed by the cantons play indeed a key role in this market. In
France, the situation appears to be intermediate. An important rise of the private demand has
been observed in recent years, partly as a result of the new financial tools put in place by
national authorities, and of a rise of the public awareness, but this phenomenon is still recent
and fragile, and it concerns mostly owners of detached houses – energy-efficient renovation of
blocks of flats is still rare. In Spain, few energy-efficient retrofits are observed in the private
housing sector, and when they exist, they are generally arising from a public authority initiative.
Finally, in Italy, a strong contrast is observed between the northern part of the country and the
southern part. The tax deduction system for instance is much more used by inhabitants of the
North of Italy than of the South of Italy; likewise, initiatives like energy certification of houses are
observed in the North and not as much in the South.
Whatever the differences between countries, it appears that, in all countries, many windows of
opportunity for energy-efficient retrofits of housings are not used and energy retrofits are optimal
only in a small share of cases. Some surveys conducted in France [3] and Switzerland (survey
from Federal Office for Energy [4] show, for instance, that energy renovations, when they are
undertaken, seldom achieve optimal results in terms of energy efficiency [2]. The renovations
are made step by step over time and rarely follow a global approach. Changing windows is the
most common type of energy-efficiency intervention in all the countries (although still rare in
Spain); insulation work is the least frequent.
2.2

The regulatory framework and support measures in the five countries

2.2.1 The regulatory context related to energy-efficient retrofitting
France, Germany, Spain and Italy have transposed the European EPBD (Energy Performance
Building Directive) into their national law. Still, regulatory obligations applying to building
renovation vary greatly from one country to another. Germany’s regulations seem relatively

strict compared to the other countries: the performance requirements applying to each
“refurbished elements” is particularly high; global performance requirements apply as soon as
10% of a structural element’s area is refurbished, whatever the size of the building may be, or if
the building surface is increased by more than 15 m2; moreover, the thermal insulation of the
high living space must be carried out by 2011 if the roof void is non-heated and can not be
occupied (Energieeinspar- verordnung – EnEV, april 2009, 29). Regulations currently in force in
France, Spain and Italy appear looser as only major renovations of buildings exceeding 1,000
m2 are subject to a global performance requirement. As for Switzerland, regulations vary greatly
from one canton (local district) to another.
Besides the regulatory obligations that address specifically the energy performance of buildings,
other areas of regulation have an impact on the energy retrofit of buildings. Rules affecting the
decision making process in buildings held in co-ownership are one of them. Germany adjusted
its home ownership law in 2007 to facilitate renovation work in blocks of flats held in coownership; more recently, Spain, France and Italy have taken similar measures. Little evidence
on the effective impact of these facilitating measures is available however.
As for the energy performance certificate introduced by the EPBD in order to raise the public
awareness on the energy performance of the buildings and to encourage energy retrofitting, it is
not yet perceived as a strong decision-making factor in the countries where it is implemented,
although it is becoming more well known and recognized. In this respect, it is worth mentioning
that in Switzerland, which is not party to the European Directive, a similar certificate was
introduced in 2009 by the cantons and under which the first 15 000 certificates (which were
subsidized) were taken up very quickly.
2.2.2 Common features and singularities regarding the financial incentives in place
Germany, France, Switzerland and Italy all offer financial incentives to promote energy-efficient
retrofit of housing units, including direct support (subsidies, low-interest loans). These support
mechanisms have been highly successful in all four countries and appear as key incentives.
Spain on the other hand offers few financial incentives specifically dedicated to improving
energy performance in existing housing units and, where they do exist, few people take
advantage of them. This is partly due to a lack of communication : (ew people are aware of
them and the eligibility criteria are not clear.
It is interesting to mention that several of the financial incentives that are in place in Germany,
France and Switzerland encourage the combination of several works in order to rich a high
energy performance for the building (i.e. encourage insulation works on the same time the
heating equipment is replaced). For instance, this is the case of the loans granted by the KfW
public bank in Germany, of the subsidies of the Building Programme of the Centime Climatique
Foundation in Switzerland (2006-2009), of the subsidies of the Swiss cantons for Minergie
renovations and of the zero-interest ecological loan put in place in 2009 in France.
Besides subsidies and low-interest loans, one should also mention the existence of: tax
deductions and credits systems (in France and Italy), financial support to perform energy audits
(in Germany, France and Switzerland) and the “white certificates” mechanism (in France and
Italy) which functions as indirect financial incentive for individuals.
Based on an analysis of case studies in the five countries, the second part of the study aims to
shed light on the necessary conditions for matching supply and demand, and to identify the
levers driving the transition from a traditional, piecemeal approach to a more encompassing
retrofitting approach for better performance of the building stock.

3.

Main findings of the case studies in the five countries

The aim of the field study was to provide an analysis of the ways energy-efficient
refurbishments are implemented in the field. 28 energy efficiently refurbished buildings were
selected together with our European partners: the architectural and thermal design offices in
Germany, France, Italy, Spain and Switzerland. These include: collective housing in Germany
(4 cases), detached houses (3) and collective housing (3) in France, detached houses (2) and
collective housing (4) in Italy, detached house (1) and collective housing (5) in Spain, detached
house (3) and collective housing (3) in Switzerland.
Altogether 61 interviews were conducted with decision-makers and professionals involved in the
decision-making and in the operational phase. All the interviews followed a semi-directive
interview guideline. Interviews with decision-makers focused in particular on their residential
history, the context conditions of projects, motivations for undertaking the works and factors
influencing the decision-making process. Interviews with key stakeholders explored their
experience in energy-efficient retrofitting, their perception of homeowners' needs and factors
impeding or encouraging the implementation of ambitious refurbishment projects.
3.1

The decision making process: saving energy is not the main issue

Cutting energy use was never the main or only issue in the renovation projects studied in the
five countries. In most cases, decision-makers did not even consider energy when they started
thinking about the project. A conjunction of various factors led them to integrate energy into their
renovation project, confirming a finding from previous studies in France, Belgium and Denmark
[3] [5].
In few cases, the decision-makers did not even consider the issue at all : it was the professional
responsible for the project (generally the architect), totally trusted by the owner, who integrated
the energy aspects into the planning.

3.1.1 The renovations' overall context and triggering factors
The main goal of retrofitting detached houses was usually to adapt them to the needs of the
families who live there or have just acquired their home. Typically, the owners wish to expand
their housing unit as children grow older; they bought a new home and would like to improve the
comfort; they purchased an old farmhouse and would like it to become their primary residence.
In these cases, the works were a key step in the families’ residential itinerary and lifecycle. The
work is a way of fitting the building to the family; at the same time the work symbolically
contributes to building the family as a previous study found [6]. The buildings' poor condition
itself was not the primary driver of the refurbishment projects : it is rather the confrontation
between the residential project and the buildings' rundown condition which spurred the decision
to renovate.
In contrast, the poor building conditions were the trigger for retrofitting the blocks of flats owned
by landlords and co-owners. Those owners made their decision because there was an urgent
need to renovate or local officials had required the works (e.g. the obligation to retrofit façades
in France and Spain). For landlords, the building's bad condition was an opportunity to bring it
up to standards, increase the property's value and facilitate renting.

3.1.2 Motivations for improving energy efficiency
Motivations related directly to the energy issue

Many owner-residents of detached houses aimed to reduce their energy use. Some of them
expressed their will to reduce their dependence on increasingly expensive fossil fuels. The
desire for a comfortable, good quality home which is prominent in the bioclimatic philosophy
(desire to "live with the sun", especially in Switzerland) is the second main motivation behind the
objective to reduce energy consumption. Environmental protection plays a more or less
important role depending on the project. Most decision-makers consider that aspect a side
benefit rather than a triggering factor. Besides, most homeowners in Switzerland indicated that
“preserving natural resources" was a important to them. They are not necessarily ecologically
minded, but believe that it is normal to pay attention to natural resources and energy use –a
finding that demonstrates that they have integrated environmental concerns into patterns and
practices. Lastly, a small number of homeowners expected that energy-conservation measures
would increase their properties’ value.
In comparison, many owners of units in collective housing explained they were aiming to
increase their properties value and improve their chances for renting (France, Germany and, to
a lesser extent, Spain). Those landlords expect energy efficiency will become a quality criterion
in the real estate market in the near future. Furthermore, they consider energy efficient
retrofitting as an opportunity to rent their flats more easily. Tenants are expected to appreciate
lower heating bills and better comfort. Some may also aim at environmental protection.
Some co-owners considered cutting their own or their tenants' energy bills, improving comfort
and/or environmental protection as positive side benefits but those motivations were not a key
factor in their decision-making process: the financial incentives were the key drivers.
The other factors that encouraged owners to take energy efficiency into account
Energy savings, better comfort and living quality are main motivations for owners of detached
houses to undertake energy-efficient measures (France, Switzerland and Spain), but other
factors strongly influenced the decision of owners of units in blocks of flats.
National and local support programmes and awareness of that assistance pushed many flat
owners in collective housing to carry out energy-efficient renovations and opt for more
comprehensive works (France, Germany, Spain, and, to a lesser extent, Switzerland). Most of
the collective housing projects in France and Spain received important financial support, which
shows at the same time that the step to make these kinds of refurbishments more widespread is
still large.
Regional or municipal support and incentive programmes played indeed a key role in the
decision-making process, not only due to the financial means provided, but also due to the
advising coming with it. The possibility to benefit from of a collective dynamics, at a local scale,
also played an important role in the case of French projects in the framework of regional calls
for tender and those carried out as part of OPATB (Planned Heating and Energy Improvement
Operation).
The prospect of tighter energy standards played a role in some projects. In France, for example,
the possible introduction of stricter energy-efficiency requirements, put forward by OPATB
officials, convinced co-owners of the importance of the topic. Overall, public policies play a
decisive role when it comes to the deciding on energy-efficient refurbishments.

3.1.3 Some stakeholders encouraged or even led to take energy aspects into account
For many French and Swiss and most Spanish cases, architects played a key role for orienting
homeowners towards comprehensive energy-efficient retrofitting. In the case of Spain, all
architects involved in the collective housing projects were particularly receptive to the energy

topic, which is rather rare in that country, and integrated it into their projects. In most of these
cases, Spanish landlords never considered this issue, leaving all decisions to architects as the
trusted experts.
Existing local advisory bodies also played an important role in starting up projects. They have
various forms and can act on different levels depending on the country. For many French cases,
for example, local energy agencies advised individuals wishing to reply to a call for tenders.
An "intermediate actor" played a key role in the co-ownership decision-making process in
France: a person mandated by the town who did an important supporting and communication
work towards the co-owners inhabiting the buildings in the framework of the OPATB program
(Planned Heating and Energy Improvement Operation). Because of his impartiality and
thorough knowledge of financial support available for low-income persons, this expert had real
added value by providing "customised" information.
In one Spanish case study, an insulation manufacturer explained the benefits of insulation to coowners. This type of intervention is important in Spain, where homeowners pay little attention to
energy issues. A previous study [7] already pointed out the growing influence of this “secondary
network” (institutional and, in the economic sphere, manufacturers and retailers).
Weight of the various drivers identified for energy efficiency refurbishments
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3.2

Planning and carrying out the works

3.2.1 Works definition and planning with the various stakeholders
The planning of the refurbishment works did not follow a unique, standard, pattern at all.
However, some converging points were found cross the countries. For example, local advisory
bodies in Germany, Switzerland and France are often involved in the choice of the
refurbishment measures. Besides, in all countries, similar problems were experienced in the
decision-making process in the collective housing sector.
The role of advisory bodies for the project preparation
Our interviews in Germany, Switzerland and France, report that local advisory bodies informed
individuals before they start their projects and continue accompanying them in the later stages,
for example by directing them to the most qualified professionals or in the framework of pilot
programmes by offering technical support to professionals involved in the project. The advisory
bodies are often attached to a city or region (or to a canton in Switzerland). Their added value is
providing decision-makers with information on locally available financial support. They also
centralise information that is sometimes scattered and confusing when many financial support
programmes co-exist on national and local levels.
However, there are considerable differences with regard to their actions. For example, for most
of the German cases energy consultants visited the property that will be renovated and
performed an energy pre-assessment, whereas in the French cases consultants helped owners
to carry out their projects rather than performing a pre-diagnosis. In fact, in the French cases
studied, the decision-makers received more help from the advisory bodies than usual because
they had applied for regional pilot projects partly managed by these bodies.
In all case, these bodies played an important role in several projects, especially in Germany and
France. Owners received precious information, often leading them to modify the initial
programme to make it more ambitious and eligible for financial assistance.
Defining the refurbishment programme: with architects or, in Germany, with "energy
consultants"
In Germany, "energy consultants" were involved in defining the refurbishment measures of the
four studied projects. These consultants should not be confused with consultants belonging to
the previously mentioned advisory bodies. These professionals—energy specialists in building
technologies—are registered on two lists which are available to the general public administered
by dena (the German Energy Agency) and BAFA (Federal Office of Economics and Export
Control). Despite this public listing, some interviewees are confused about the roles and
responsibilities of the "energy consultants" due to the fact that this title can be obtained by
people from different educational venues. In all cases, the German situation does not seem to
have an equivalent in the other studied countries.
Project architects in France, Switzerland and Spain usually have the advisory reponsability
regarding energy efficiency. Most of them are collaborating with a thermal office. Spain is an
exception, as architects do not seem to draw upon the skills of thermal offices. Spanish
professionals have not yet developed the practice to assess buildings' energy performance.

Simplified software helping to calculate the energy efficiency performance during the design
process is just starting to be developed. The network of professionals taking care of buildings'
energy performance is smaller compared to the other countries - a sign that the issue is only
emerging.
In most French projects, companies gathering several skills did intervene, including the
expertise of at least one architect and one energy efficiency expert, and sometimes of an
economist. This organisation had not been observed in France in the previous study on new
buildings [1] and provided real added value to the examined projects. It enabled to offer clients
several refurbishment scenarios, which, according to the interviewed homeowners, facilitated
the decision-making process. The scenarios allow decision-makers to compare several
refurbishment projects based on costs, energy performance and financial support available in
each case.
Difficulties in co-ownership decisions making
In France and Germany it was particularly hard to carry out comprehensive energy
refurbishments in co-ownerships. Those problems are apparently related to high costs and
uncertainties coming with the planned refurbishment measures. Young owners are more
inclined than older ones. Third parties - energy consultants in Germany, municipality agencies
or a co-op leader in France - often had to intervene to convince owners of the suggested work.
The decision-making process therefore was often reported to be long and complicated:
agreements on refurbishments are hard to find, and voting is only possible at general
assemblies, which usually take place only once a year. However, final decision-making is
facilitated by majority voting (rather than unanimously).

3.2.2 Doing the work
Difficulties in recruiting qualified companies
In France and Switzerland many owners paid high attention to the recruitment of qualified
companies, capable to implement the required technical solutions and to collaborate with other
involved professionals. This is because energy-efficient retrofitting projects require special
qualifications that only a few professionals possess. Hence owners sought companies that meet
these requirements or got closely involved in the worksite themselves to assure the project
success. Spanish landlords did not share these preoccupations to the same extent. However,
the expected levels of energy performance are not really comparable.
Landlords’ involvement in the work
In several French, German and Swiss case studies, owners either monitored the worksite or
took part in the refurbishment works. Some of them strived to supervise companies' work to
assure the project success; in other cases the need for coordination explains this involvement,
which helped to avoid harmful consequences, in particular concerning deadlines. In a few cases
owners also aimed to cut costs. However, such a close involvement means huge efforts for
owners and the willingness to look into technical details. Some of the interviewed German
landlords who coordinated extensive works themselves considered it as a burden.
Quite differently, in the Spanish and Italian projects owners were not closely involved in the
work and entirely trusted the mandated architects. This can probably be explained by the
smaller scale of those projects (and therefore of a less intrusive nature) or done at an
unoccupied site.
Technical difficulties

All in all, only a few major technical problems occurred in the studied projects. The problems
concerned the ventilation system in a block of flats and, in another case, the airtight seal under
the roof. These problems were not considered as major obstacles, but illustrate the need of
professionals who are capable of adapting to unexpected worksite incidents. The issues were
resolved thanks to the professionals' ability to innovate and adapt.

3.2.3 After the works
Residents’ satisfaction, impacts on their living patterns
Overall, residents expressed their satisfaction with the works, despite the inconveniences some
of them may have experienced. They generally like the comfort and good quality of living inside
their refurbished homes (convenient, more even temperatures at summer and winter time, good
light and air quality), except for rare cases where air quality is a problem or a feeling of
confinement was reported. Some people also emphasize savings on their energy bills, although
it is hard to have very precise quantitative information.
However, the study revealed that the new thermal qualities do not encourage residents to adopt
more energy saving behaviours. Those who had always paid attention to their consumption
simply continued to do so. The others haven’t changed theirs habits either.
Finally, some of the studied projects helped to spread knowledge about energy-efficiency, either
by providing the involved professionals an opportunity to upgrade their skills or, in some cases,
through publicity about the works carried out.
Assessments of the achieved energy performance level
Only in very few analysed projects was post-work performance precisely monitored. According
to the interviewees, this type of follow-up is not common practice but might be part of a research
project. In Spain, consumption was monitored in two projects. In the first case the architect
wanted to evaluate the effectiveness of the refurbishment works he had done in order to
improve his future projects' performance; in the second public institutions required information
as they were co-financing the project. A German interviewee reported that for ambitious projects
- such as the ones carried out in the framework of the dena (the German Energy Agency)
programme, - consumption is being monitored for three years in order to evaluate if results
match objectives.
Most of the interviewed professionals agree that monitoring consumption would be worthwhile,
but are not willing to do it because it is not part of their mission.

4.

Conclusion

The field survey presented here helped to identify and understand various factors at work that
can either facilitate or impede energy-efficient retrofitting projects. In conclusion, we want to
sum up the key factors that, according to our observations, tend to encourage or impede
ambitious energy-efficient refurbishments in the private housing sector. Where available we
complement our findings by additional evidences from other studies.
Contexts favouring refurbishment: events in relation to people’s lives and the life cycle of the
building
An obligation or a need to carry out major building refurbishment or adaptation work was behind
all studied energy-efficient retrofit projects. Particular events were seized as opportunities to

carry out major refurbishments: typically, the purchase of a detached house or the expansion of
a dwelling unit, or, in the case of collective housing, the obligation to perform maintenance work.
Factors favouring energy efficient retrofitting
The prospect of increasing the real estate value of housing units that undergo energy-efficient
retrofits, or the benefits associated with such renovations, such as lower bills and greater
comfort, often led decision-makers to opt for "ambitious" energy components in refurbishment
projects. The study shows that the prospect of boosting real estate value was a bigger driver for
energy-efficient refurbishment measures in case of blocks of flats than in detached houses;
benefits such as lower bills and greater comfort mattered more to owners of detached houses
than co-owners.
A set of factors influenced both these aspects — the prospect of higher resale value and
benefits associated with energy-efficient renovation. They have to do with social and cultural
values attached to housing, to the idea of well-being in the local socio-economic context and, in
a certain manner, in the normative context, which has a positive impact on real estate values.
Two other factors encouraged the adoption of an ambitious energy component into renovation
projects: the prospect of tighter regulations and owners' concerns for environmental protection.
A need for incentive schemes to make energy-efficient retrofitting a reality: attendant measures
and financial support
Owners' access to information often played a preponderant role in the decision. In several
cases, technical and financial advice before the project, and accurate information about
available financial support, appeared as key factors prompting the decision to carry out an
ambitious energy-efficient retrofit instead of a conventional one. In some cases, local advisory
bodies provided owners with important information; in other cases, professionals did. Yet, some
owners were themselves well informed due to their profession or personal network.
In cases where individuals trusted the building or project manager's choices, the stakeholders'
ability to recommend an ambitious energy-efficient retrofit was decisive.
Another decisive aspect was the amount and nature of financial support available and
individuals' knowledge of that assistance. This was a key factor for most of the collective
housing renovation projects. One person interviewed in Germany said that at first she had no
intention to undertake a total energy renovation but the possibility of obtaining support
convinced her to do it.
Local embedding favours energy-efficient refurbishment measures
In addition to support and incentive measures, local authorities' actions had a big impact on
several projects. Some of them made access to information easier by creating a advisory
service for private individuals; others set up support programmes combining financial support
and advice services and launched local dynamics to promote energy-efficient retrofittings.
Regarding barriers to energy savings, this study confirms a number of obstacles found in other
research projects [8] [9] [10] [1], in particular:
- Lack of households' information on available solutions and the saving potential of
comprehensive measures. Individuals are insufficiently acquainted with the energy performance
of their building (insulation and performances of equipment) and with the comfort and quality of

life an energy-efficient retrofit can bring, although the degree of unfamiliarity varies depending
on the country. In Switzerland, there has been a major communication effort on the Minergie
standard that emphasized the relationship between energy-savings and comfortable
temperatures.
- High expenses and opaqueness of costs. In every sector studied, not just detached houses,
energy-efficient retrofits entail costs that few people can actually afford. Some landlords with
small properties may have trouble financing extensive work. For buildings held in co-ownership,
including insulation in a renovation can add 40% to the bill, which is considerable for some
owners. Financing is an issue for all types of residential buildings to spread energy efficient
retrofits on a large scale.
- Lack of incentives and changing policies. Some interviewees in Germany complained about
confusing political signals during the past two years. Budget cuts due to the economic and
financial crisis have temporarily eliminated the economic development promotion programme,
which supports facilities using renewable energy. Such political signals are confusing and may
have harmful consequences on owners' and professionals' decisions to invest in energyefficient buildings. Likewise, in France the "budget reorientations" the government has decided
for in 2011, including less support for energy efficiency and renewable energy in the
construction sector, may cause some confusion. Contractors, for example, have long feared a
rise in the 5.5% VAT on renovation work, but the rate finally got unchanged. In Spain, the lack
of regulatory constraints and incentives (such as energy performance labels) was lamented.
The supply side appears insufficiently structured and specialised and access to information is
sometimes difficult. An important obstacle seems to be the workforce which is only partly
capable of satisfying the demand. Skilled professionals in all involved building profession —
engineers, architects and contractors — are still not numerous (see also outcomes from the
European study Barenergy [10]). Many construction workers seem to lack knowledge about new
products, be insufficiently aware of the need to coordinate with other professionals involved in
the project (lack of "meta-skills") and lack a comprehensive view of the building. This
assessment appears especially true for Spain, Italy and France, but in some cases, also, for
countries more advanced such as Switzerland and Germany. There is consensus among
experts in France on the need for better coordination between professionals to refurbish to
create more low energy consuming buildings [11] [1] [7].
The wide range of intervening professionals caused some confusion, especially since there is
not necessarily a good coordination between the various organizations involved. All in all, it was
often hard for individuals to access information, which tended to discourage them from
undertaking energy-efficient retrofits: people in Spain and Italy emphasized the lack of
readability and the difficulty of accessing financial support. Often, the local institutional context
(local consulting organization) encouraged the creation of a network facilitating information
access. It also encouraged or penalised energy-efficient retrofit projects depending on whether
building regulations were applied (in particular, the Italian ones on heritage and landscape
preservation).
Social conventions and diverging priorities on the demand side. In addition to these economical
and technical barriers which might hinder a move forward in the building sector, social
conventions in relation to thermal and acoustic comfort, light, air quality can impede the
progress of the energy efficiency refurbishment market (i.e. perceptions of inside air quality can
affect technology diffusion as seen, in the previous study [1] in Germany and Switzerland with
mechanical ventilation system). Futhermore, diverging priorities can affect the decision making
process. In a context of high real estate prices more floor space is prioritised over
environmental protection and some people reject certain kinds of thick insulation materials or
façade insulation in order to preserve old building's aesthetic value.

Considering this body of evidences on key factors and impediments, which measures might be
pushing energy-efficient retrofittings and sustainable building ?
Creating financial incentives for households (tax reliefs, loans and subsidies), establishing
regulations based on an overall energy approach to buildings and training professionals seem
crucial to tackle these barriers. The eco-building market needs to be boosted. The local level, in
particular through calls for tenders, appears to be very appropriate to boost energy efficiency
initiatives in the residential sector.

References
[1]

BEILLAN V., GOATER A., CAYRE E. & alt, “Socio-economic Barriers and Success
Factors in the Development of Low Energy Consumption Housing. A Comparative Study
in Three European Countries”, Eceee Summer study 2009 proceedings, 2009.

[2]

GOATER A., RenovEnergie : la rénovation énergétique des logements du secteur privé.
Analyse des facteurs qui participent au déploiement et à la réussite des opérations de
rénovation énergétique, observation des pratiques en Allemagne, Espagne, France, Italie
et Suisse. Report for Ademe, nov. 2009.

[3]

ADEME, Observatoire Permanent de l’Amélioration Energétique du Logement (OPEN):
2007 campaign results, 2008.

[4]

OTT W., KAUFMAN Y., JAKOB M., Mobilisation des potentiels de rénovation dans les
bâtiments d’habitation. Cahier des journées du 13è séminaire suisse 2004 « Energie- und
Umweltforschung im Bauwesen, EPF Zurich, 9-10 sept. 2004.,.

[5]

GRAM-HANSEN K., BERTIAUX F, Do homeowners use energy labels? A comparison
between Denmark and Belgium. Energy policy, No. 35, 2006.

[6]

ADEME-CAH-GUENOUN R., “Les craintes environnementales et leur impact sur la
qualité des logements”, Report Ademe, January 2005.

[7]

ZELEM MC& alt; Vers des bâtiments économes. L’intégration des économies d’énergie
par les professionnels du bâtiment:. Jean-François Champollion University Training and
Research Center, ERT-SPEED CNRS, Report for Ademe, January 2010.

[8]

ADEME, "Les ménages apprivoisent la maîtrise de l’énergie à la maison", Ademe &Vous,
n°. 17, january. 2009.

[9]

PIERRE M., "Travaux, gestes ou achats en faveur des économies d’énergie: quelles
pratiques selon les groupes sociaux ? revue de la littérature sur la question", EDF R&D
report, March 2008

[10] BARENERGY, www.barenergy.eu/resources, 2010,
[11] LAGANDRE E., L’amélioration énergétique des bâtiments existants. Le rôle des artisans
dans l’information de leurs clients, Les Annales de la Recherche Urbaine, n°. 103,
September 2007.

An exploration of low carbon and ecological dwellings, for the social
housing sector in Wales, UK.

David Holmes
Academic Associate

John Counsell
Head of the
Department of
Architectural Studies

University Of Wales
Institute, Cardiff
UK
daholmes@uwic.ac.uk.

University Of Wales
Institute, Cardiff
UK
jcounsell@uwic.ac.uk.

Such texts should be
aligned left (as above)
Dr.John Littlewood, University Of Wales Institute Cardiff, UK. jlittlewood@uwic.ac.uk
Prof. Andrew Geens, University Of Glamorgan, UK. ajgeens@glam.ac.uk
Mr.Gareth Davies, United Welsh Housing Association, UK. gdavies@uwha.co.uk

Summary
This paper introduces a European funded research project to develop design guidance for low
carbon and ecological social housing in Wales. From September 2010, all new dwellings in Wales
must meet code Level 3, of the Code for Sustainable Homes (CfSH) with an additional requirement
to achieve a reduction in Carbon Dioxide (CO2) emissions with 31% improvement over Approved
Document Part L, Building Regulations 2006, and with the aim of moving towards zero carbon as
soon as possible. Higher standards of ecological building practice required to meet Code levels 4
and above demand a fundamental re-think of existing approaches to design, construction and
integration of renewable energy systems.
The main issue is how to identify and utilise best practice in achieving these targets within the
framework of existing cost constraints. Methodology adopted in evaluating the ecological
credentials of existing and proposed schemes within the built asset base of the industrial partner
focuses on the design approach for ecological and low carbon dwellings in primarily urban
locations. This paper will be useful to Registered Social Landlords, Local & Regional Government
Agencies, and Private Sector organisations engaged in the planning, design and procurement of
residential buildings.
Keywords: low, carbon, ecological, housing, social, economic , environmental, Wales, UK.
2.

Introduction

This paper introduces the background and context to a research project entitled ‘A study to
develop design guidance for use by Registered Social Landlords in the design and procurement
of low carbon and ecological dwellings and micro-communities, in Wales and the UK’,
which addresses the issues in aspiring to low carbon and ecological building practice in the the
context of social housing in Wales. Environmental assessment tools aim to quantify the impact of
building at the design stage, and to set targets for improvement. Some are being adopted as

regulatory standards, driving forward an increase in environmental benefits. The authors are
exploring whether this amounts to a sustainable approach to domestic construction. Improvements
could be seen in terms of added value by potential occupants. Evidence shows that 87% of
home-buyers would like more information about the environmental performance of a house before
purchase [1]. Further evidence of an increase in perceived value, is presented in a report by the
Royal Institution of Chartered Surveyors [2], which associates ‘green  practices’  with    an  increase  in  
market values, and characteristics which will be of interest to both private sector and Registered
Social Landlords:- tenants can be secured more quickly, a case to charge higher rents or prices,
reductions in tenant turnover, lower operating and maintenance costs, assistance with capital
expenditure via additional grants and financial incentives, and intangible benefits to occupants
which may not be reflected in financial on-costs. Reduced fuel poverty, a key driver for providers
of affordable housing, is an added benefit [ibid]
Table 1: Project Work Plan
Work Package

Description

1.

Base-lining of United Welsh schemes
Outline project methodology and procedure for establishing a
benchmark for existing practice. Appraisal of UW built asset base, and
identification of key schemes.
Or Develop interview format UWHA Development Team
Collate and analyze results of semi-structured interviews with UWHA
Development Team.
Develop site appraisal /data collection procedure for selected UWHA
sites /schemes.
Semi-structured interviews with Design Team / Local Authority
/Contractors /Suppliers/Tenants.

2.

Undertake a literature review to investigate best practice schemes in the
UK, or Europe, using benchmark data as an analysis mechanism to
compare United Welsh schemes.

3.

Explore and develop an Ecological Decision-ing Tool for sustainable, low
carbon dwellings from the single building to the micro-community, based
on the analysis of Social, Economic and Environmental factors.

4.

Apply and test the tool in relation to a notional development of a number
of vacant sites, within the United Welsh land-bank. Testing dwelling
mixes and micro-community configurations; refining and improving the
decision-ing tool.

Recent studies have largely been focused upon the up-grading of existing housing stock [3], the
potential benefits presented by the adoption of renewable energy technologies [4], supply-side
policy issues relating to existing centralised energy distribution [5], and demand reduction in terms
of in-use management[6]. Innovative social housing projects can be seen as exemplars,
influencing development of sucessful ideas and promoting wider up-take [7]. In collaboration with
United Welsh Housing Association (UWHA), this study will build upon this concept, examining
case-studies from the built asset base of the industrial partner, and examples of best practice,
identifying both ecological design oportunites and barriers to sustainable practice in the design

and procurment of social housing in South Wales.(See Table 1.)The key themes will be identified,
the   research   methodology   outlined,   and   ‘The   Code   for   Sustainable   Homes’   a   widely   adopted  
environmental assessment tool, provides the main topic for discussion and the subject of objective
review and detailed analysis.
2.0

Context & Methodology

In the UK, responsibility for social housing and development controls in Wales have been
devolved to the Welsh Assembly Government. In 2009, the words of the First Minister of Wales
RT Hon. Rhodri Morgan AM, succinctly articulate the rationale for sustainable development:
‘Continued   unsustainable   development,   globally   and   locally,   will   have   a   profoundly  
negative impact on our economic, social and environmental wellbeing. Those who are
the least well able to cope are likely to be hit the hardest. Sustainable development,
as the process by which we must become a sustainable nation, is therefore as much
about social justice as it is about securing economic resilience and living within
environmental limits’ [8].
Social housing constitutes in excess of 20% of the total UK housing stock [9], and the domestic
sector, in general, accounts for more than 30% of total national energy consumption [10]. The
design and procurement of social housing has traditionally been subject to greater regulation.
Specifically  for  Wales,  the    ‘Design  Quality    Requirements’  add  to  regulatory  pressure. Changes in
the economic climate, and decline in private sector house construction, present an opportunity for
Registered Social Landlords to lead innovation in this area. United Welsh Housing Association is a
forward-looking, not-for –profit organisation, providing social housing in South Wales,UK, and with
an interest in leading innovation. The Association has in excess of 4,200 properties geogrphically
spread across a number of Unitary Local Authorities, including Cardiff, Caerphilly and Blaenau
Gwent [11]
This study will consider low carbon and ecological building practice for social housing, in the
context  of  the  UK  Government’s  strategic  framework  for  sustainable  development,  which  underpins
the  Welsh  Assembly  Government’s  (WAG) ‘One  Wales,  One  Planet’  policy. A holistic approach will
include social, economic and environmental considerations, reflecting the key strategic goals:





Sustainable consumption and production - working towards achieving more with less.
Natural resource protection and environmental enhancement - protecting natural
resources on which we depend.
From local to global - building sustainable communities & creating places where people
want to live and work, now and in the future.
Climate change and energy - confronting the greatest threat.

In addition to these four priorities, changing behaviour also forms a large part  of  the  Government’s  
thinking on sustainable development.
A procedure for base-lining existing UWHA practice has been developed, with reference to
established environmental assessment tools. Current practice in general, focuses largely upon
the application of renewable energy systems, but attainment of higher levels of environmental
performance and sustainability requires a more fundamental approach to design and procurement.

Strategic decisions made during the earliest stages of a project can have the potential to
significantly influence both the environmental performance in-use of the copmpleted development,
and  it’s  sustainability  credentials. Independent site appraisals will be made in relation to selected
schemes within the asset base of the industrial partner, and ‘triple bottom line analysis,’ [12] is
being adopted to appraise social, economic and environmental factors.Geographic Information
System (GIS), digital mapping, and socio-economic data, is being collated to fully appraise the
context and extent of ecological design opportunities. Semi-structured interviews utilising a
standardised questionaire have been held with key members of the Housing Association’s
Development Team, and further interviews with members of the Design & Procurement Teams
for each project, will identify successful take up of ecological design opportunities, and areas in
which barriers to a wider consideration of sustainability need to be overcome. Data on
performance in-use and the opinions and views of occupants also form part of the baseline study.
A review of literature, best practice, and case studies, from Europe and the UK, provides an
opportunity to review current practice, identifying the merits and shortcommings of currently used
regulatory tools and legislative frameworks. Together with data from the baseline study,this will
provide  a  ‘bank  of  ecological  knowledge, and form the basis of design guidance and decision
assistance in the design and procurement of future developments for UWHA and other Registered
Social Landlords. It’s  effectiveness  will  be  tested    in  relation  to  existing  sites  and  developments  
within the portfolio of the industrial partner, and as a key design tool in a notional development
based  upon  a    ‘live’  development  opportunity.
3.0

The Code for Sustainable Homes

Ecohomes [13], introduced in the UK as an environmental assessment tool for housing, was
superseded in April 2007 by the CfSH [14]. The CfSH sets standards which extend beyond current
2010 Building Regulations, and which provides a framework for the introduction of higher
standards in the future.Originally intended to operate on a voluntary basis, it is now being adopted
as a legislative standard ,and in Wales, from September 2010, all new dwellings must meet code
Level 3, with an additional requirement to achieve a reduction in CO 2 emissions with 31%
improvement over Approved Document Part L, Building Regulations 2006, with the aim of moving
towards zero carbon as soon as possible [15] The CfSH represents a key document in terms of
benchmarking current practice and warrants detailed detailed consideration.
The CfSH considers opportunities to reduce environmental impact within nine categories:
Energy /CO2; Water; Materials; Surface water run-off; Waste; Pollution Health and Well-being;
Management; Ecology and Land Use. The initial design stage assessment awards credits on the
basis of evidence presented on drawings, and specifications, with code levels determined by total
scores. Categories are not weighted equally, and for each Code Level, a minimum number of
points must be achieved within the Energy /CO2 and Water categories, giving an indication of the
relative urgency of energy and CO2 emissions. An interim Code Certificate is issued
recommending a sustainability rating, which is verified by post-completion checks prior to issue of
a final certificate of code compliance.
3.1.

The Code for Sustainable Homes: Energy /CO2

More than a third of the total maximum credits available fall within this category. In spite of
increased efficiencies and higher levels of insulation, energy savings within the UK domestic

sector have been outweighed by increases in the use of electrical goods, artificial lighting and
appliances, resulting in a net rise in energy consumption since the 1970’s  [16]. Carbon emissions
from housing have been estimated to be 100% greater than predicted levels. Research by the
Association of Environmentally Conscious Builders (AECB) [17] suggests this is due to three
factors:
1)The Standard Assessment Procedure (SAP) 2005, when used as a prediction tool, makes
assumptions in relation to the calculation of the Dwelling Emission Rate (DER), which result in
misleading  figures.  The  procedure  is  non  ‘site  specific,      taking  no  account  of    different  parts  of  the  
UK, where local weather conditions , altitude and degree of exposure, impact upon patterns of
energy use [18].
2) Construction skills necessary to achieve the required standards are not widely available
within the UK.
3) Assumptions made in relation to predicted use under estimate the impact of occupant behaviour.
The lack of construction skills and associasted poor quality workmanship, could be addressed in
part by the introduction of ‘   Post-Completion   Testing      and   Certification’. Occupant behaviour
provides a key focus to Section 8 of the Code, which endeavours to promote efficient operation.
Half of the total credits available within Category 1 are awarded for predicted improvements over
and above the Target Emission Rate(TER),calculated with reference to the Dwelling Emission
Rate (DER) for energy used for space heating ,domestic hot water and artificial lighting.
Allowances are made for CO2 savings resulting from the use of low carbon fuels and sources of
renewable energy .
Other sections within this category are concerned with the building fabric, the provision of internal
/external lighting, laundry drying spaces, eco-labelled domestic appliances and low or zero carbon
technologies. Two further sections, Cycle Storage, and Home Office, address the reduction of
energy used in relation to car use, and the potential for emission reductions by promotion of
sustainable      transport   and      ‘working   from   home’.   This   seems   appropriate   when   considering   that  
71% of the working population travel by car, and that 25% of car journeys are of distances less
than two miles [19]. This fails to account for availability and access to public transport, travel
distances, or access to commonly used services and amenities. Information collated by the
Department for Transport indicate that in 2008, 90% of households in Great Britain were within a
thirteen minute walk of an hourly, (or better) bus service. Additional information suggests time
taken to complete journeys is a key factor influencing the mode of transport chosen for particular
activities [20].
3.2.

The Code for Sustainable Homes :Water

The focus is on demand reduction, with credits awarded for the specification of efficient appliances,
flow restrictors and rainwater harvesting [21]. Expected benefits include resource protection and
reduced processing costs in both financial and environmental terms. The supply-side issue of
using potable grade water for all activities is clearly a structural problem requiring a major shift in
strategic service supply.
3.3

The Code for Sustainable Homes :Materials

The primary objective is to minimise the impact of building materials, based upon an assessment
of the environmental cost of manufacture and disposal. Credits are awarded with reference to

‘The  Green  Guide  To  Specification’  [22]. Published by the Building Research Establishment (BRE),
and designed to be an integral part of the assessment process, this document provides A to E
ratings for materials and products on the basis of environmental credentials. Designers and
specifiers need only cursory knowledge of the document to recognise fundamental difficulties in
it’s  use.  An  analysis  carried  out  by  the  ‘Good  Homes  Alliance’,(GHA)  identifies  several  key  issues,  
the most significant being a critical lack of transparency related to sources of data and the
methodology used to calculate ratings, and generic profiles, The GHA claim this results in
‘unintended  negative  consequences’,  in  design,  product  innovation,  and  the  overall  environmental
impact of buildings [23]. A specific area of concern lies in the calculation of embodied carbon,
which BRE acknowledge can result in a broad range of values according to the assumptions and
criteria used. In a cradle-to-cradle analysis, future use of recylable materials could be more
significant than recycled content. In the case of timber, widely used in construction, or other biorenewables, their ability to absorb carbon dioxide during the growing period, locking-up carbon and
suspending   it’s   effect   within   the   carbon   cycle,   must   be   accounted   for.   Assumptions      regarding  
future use, recycling options, decomposition, or combustion, are important if values for embodied
carbon are to be meaningful.
This lack of transparency extends to ratings for manufactured components and composites. Once
recognised, this raises doubts as to the efficacy of the entire system. An example being the
manufacture of double and triple glazed windows and the choice of inert gas for cavity infill, which
is not considered. Xenon is expensive and unlikely to be used in domestic situations, however
Argon and Krypton, commonly used gases, incur hugely different levels of energy use in
manufacture. Argon requires 0.0023% of the energy required to produce Krypton for an equivalent
area of double glazing [24].

3.4

The Code for Sustainable Homes :Surface Water Run-Off

The aims of this section are to minimise flood risk and reduce pollution of water courses,
reflecting an increased tendency to flooding in the UK, and growing concern regarding
contamination. In excess of 7 % of land area in England & Wales could be subject to flooding,
and statistics indicate that floods in the UK are, on average, twice as likely as they were at the
beginning of the twentieth century [25]. Code entry level criteria for minimum standard requires
that peak run-off rate into water courses for the newly developed site does not exceed the value
prior to development. This requirement appears onerous, but the code fails to reflect this in the
number of credits available, and falls short of recognising the full social and economic impacts of
flooding. Levels of personal stress and the social disruption created by loss of home, together with
the waste of resources utilised in remediation seem unlikely to have been considered. Research in
this area has been limited.Evidence presented at the RICS Cobra 2004 Conference, concerned
with the social as well as economic aspects of flooding, identified that loss of home, earnings, and
personal effects contributed to feelings of insecurity and general loss of wellbeing [26]. Further
evidence is presented by Tunstall et al [27], in the results of a study to investigate the physical and
psychological effects of flooding on individuals within 30 locations in England and Wales, using
established metrics. Results indicated that 64% of interviewees provided responses normally
associated with psychological distress. Perhaps more significantly, the data also showed 20% of
individuals      went   on   to   display   symptoms   of   ‘Post      Traumatic   Stress’,   indicative   of   longer   term  
psychological and emotional damage.

3.5

The Code for Sustainable Homes :Waste

Three sub-sections detail credits available in relation to household recycling facilities, construction
waste and composting facilities. The construction industry in England is a major source of waste,
using the highest tonnage of solid material resources of any sector, over 400 million tonnes [28].
Household recycling and composting have shown significant increases over recent years,
although this must be offset by an increase of approximately 26% per person in the amount of
domestic waste generated over the last fifteen years [29]. The code acknowledges collaboration
with Local Authority Refuse Collection & Recycling departments, ensuring the provision of basic
facilities. The UK produces 592 Kilograms (kg) of waste per capita, more than many   of   it’s  
European neighbours (European average 577kg). It also lags behind in terms of the amount of
waste recycled,18%, well below the EU average of 36.4% [30].
3.6

The Code for Sustainable Homes :Pollution

The heading to this section is misleading, as its provisions are restricted to air contaminants, and
potential impact upon global warming. Insulation products are awarded credits where the use of
ozone depleting substances are avoided whilst maintaining a global warming potential of less
than 5. This relates to a comparative scale of Global Warming Potential (GWP) in which
CO2= 1 [31]. Additional points are available where specified heating and domestic hot water
systems, traditionally reliant upon the burning of fossil fuels, limit emissions of Nitrous Oxides,
which have a GWP more than three hundred time greater that CO2.
The significance of air contaminants, such as diesel particulates and other transport related
pollution is not considered either in relation to the construction process, or the location of
residential development relative to the sources of pollution. The likely travel activity of the
occupants is also disregarded. Data produced by Friends of The Earth, entitled ‘Road  Transport  ,  
Air  Pollution  and  Health’, identifies road transport as a major source of air pollution in the UK, and
considers the percentage contribution of transport to total air borne pollution from five key
pollutants: carbon monoxide, benzene, nitrogen oxides, hydrocarbons, dust and soot particles.
Projected figures for premature death due to short term exposure to commonly found levels of
pollution suggest that 12,000 to 24,000 deaths per annum could be expected, and that a further
14,000 to 24,000 hospital admissions and re-admissions would also be likely to occur. One in five
people within the UK could be particularly at risk from air pollution. High risk groups include young
children, pregnant women, the elderly and those suffering from heart and lung disease [32].
3.7

The Code for Sustainable Homes :Health & Wellbeing

This section addresses three areas in which improvement in quality of life for occupants can be
achieved: good day lighting; sound insulation; provision of private outdoor space. Exposure to
daylight has been found to assist in the regulation of hormone levels, and sleep patterns, and to
generally enhance psychological wellbeing [33].Credits are awarded where good day lighting
levels  ,  and  ‘view  of  the  sky’  can  be  demonstrated  in  relation  to    the  main  living  spaces.  Sunlight  
penetration, also thought to be of psychological benefit [34], is not included within the assessment
criteria. The benefit of outdoor activity is reflected in the award of credits for the provision of private
outdoor space, but the code fails to encourage and promote the use of shared external space.
Credits   available   for   compliance   with   the   requirements   of      ‘Lifetime      Homes   ‘standards,   are  
contentious, and relate to access to the dwelling, accessibility within the dwelling, and potential for

future adaptation to meet changing occupant needs. Ageing, infirmity or change in circumstances
could present difficulties in accommodating physical requirements, and credits are awarded where
designs make appropriate provision. It seems reasonable to suggest that only a percentage of
dwellings within a development should be required to meet this standard. Occupant requirements
are likely to change in a variety of ways, all of which may contribute to the need for alternative
facilities.   Within   the   social   housing   sector,   the   proposed   abolition   of   ‘lifetime   tenancies’   seems  
likely to make this provision less relevant [35].
3.8

The Code for Sustainable Homes :Management

This term is used to address a disparate collection of three topics, concerned with encouraging
occupants to operate their homes efficiently, contractors  to  operate    ‘considerate  construction  sites’,  
and to promote the design of safe and secure developments. Credits are awarded within four
sub-sections : Home User Guide, Considerate Constructor Scheme, Construction Site Impacts,
and Security.
The  provision  of  a  ‘Home  User  Guide’  represents  an  area  in  which    further  development, drawing
together occupant awareness, education and changing behaviours, could result in increased
benefits. Research shows that 66% of people purchasing a new home are not given adequate
information regarding technical specification and operational requirements [36].This is given
added significance where new technologies or unfamiliar approaches are taken and applies
equally to both social and private housing. A social housing development at Marsbachohe,
Kassel, Germany, built to Passivhaus standards, and subject to post occupancy evaluation as part
of the European Union funded Cepheus Project, demonstrates the importance of occupant
instruction in relation to the operation of mechanical ventilation heat recovery systems and the
implications for window opening behaviour [37].
Safety and security is recognised to be an essential characteristic of a sustainable community.
Reference   is   made   to   the   ‘Secured   by   Design’   framework.   This   is   a   certification   scheme  
administered by Police Authorities and operated through an advisory service providing guidance to
design teams and developers. The scheme aims to reduce opportunities for crime to take place by
creating places where people can mix, promoting community development and avoiding social
exclusion. The active use of streets and public spaces decreases the opportunity for anti-social
behaviour or criminal activity by increasing natural surveillance. Public and communal areas are
designed to be overlooked by properties or travel routes, and the provision of adequate lighting is
encouraged to both public and semi-public areas. Natural surveillance is further promoted by the
adoption of good sight lines, while also creating attractive, and well landscaped environments
[38].Developments   designed   using   the   SBD   principles   of   ‘designing–out’   crime,   experience   up   to  
67% less crime than equivalent non SBD schemes [39].
3.9

The Code for Sustainable Homes: Ecology & Land Use

In the context of trends illustrating an increased amount of land used for urban development, and
a decline in the number and population of wildlife species and habitats, this area of the code
encourages the development of sites with limited ecological value, lessening the ecological impact
of proposed development and promotes opportunity for ecological enhancement. Five sub
categories are designed to approach different aspects of this issue, and recognise the benefit for
specialist  advice.  In  Wales,  the  ‘Environment  Strategy  Annual  Report’  [40] provides a measure of

achievement against a framework of ecological indicators identified and defined within the UK
Biodiversity Action Plan [41]. The code makes no explicit reference to this benchmark, but
specialist knowledge could be expected to utilise this resource in the formulation of
recommendations. Credits are awarded for the implementation of 30% of recommended actions.
This arbitrary figure, could reasonably be increased. Concerns regarding the perceived costs of
compliance with more demanding ecological standards seem likely to have been influential. The
value of ecosystems and the services they supply represents an area of difficulty in terms of public
perception and in relation to commercial enterprise. In his   essay   ‘Natural   Capital’   [42],John Box
suggests that realistic cost benefit analyses can only be truly meaningful, when the economic
value of natural capital and biodiversity are accounted for in balance sheets and reflected in
market values. Bamford et al [43], suggest the social value of bi natural ecosytems could be
addressed by the development of market instruments such as biodiversity credits or the additionl
of cost premiums for goods dependant upon natural ecosystems in their production.
4.0

Discussion

The CfSH builds upon concepts introduced by the Ecohomes initiative and sets new standards for
environmental performance. It provides a framework for further improvements in Building
Regulations and recognises the need to make energy and carbon emissions a priority. The
introduction of post-completion checks as a means of compliance verification should present
opportunity for significant improvement
in standards of construction, promoting greater
emphasis on quality control and the need for increased levels   of      skill.   The   integration      of   the’  
Lifetime  Homes’  standard  acknowledges    demographic  change  and  is  evidence  of  a  more  socially  
inclusive  approach  to  design.   Likewise   ,  the   incorporation   of   ‘Secured   By   Design’   criteria   reflects  
the evidenced-based success of this approach. The importance of occupant behaviour is evident
in many of the issues discussed, and the provision of a home user guide represents positive
action. Greater emphasis upon raising public awareness will requires a more integrated, multilateral approach to ecological education and falls beyond the scope of the code. The failure of a
national scheme to account for geographical variations in factors impacting thermal performance
and predicted energy use suggests a more rigorous approach is required if these issues are to be
treated as a real priority. Aspects of the CfSH appear at times to be primarily concerned with the
capacity of existing publicly owned services. Avoidance of capital expenditure in relation to
replacement ,expansion and maintenance suggest possible motivation. Areas of overlap between
sections of the CfSH and confusion in relation to different areas of legislation could be avoided by
explicit cross referencing and definition. A reluctance to engage with the intractable difficulties of
community development and shared facilities could be addressed by recognising the need for
multi- agency involvement in development strategy and scheme design.
Transport and Materials represent perhaps the two least satisfactory aspects of the code.
Reductions in the use of cars and associated air bourn traffic pollution is treated superficially with
minimal consideration of context and reality. Any ambition to effect significant change would
require major re-alignment of policy at government level and a co-ordinated and long term strategy
shift. Reliance upon the Green Guide To Specification in the selection of materials is fundamental
to the questionable value of the code in this area. Lack of transparency, the use of questionable
data from unidentified sources, commercial bias and unrealistic or broadly based assumptions
result in ratings of limited value. The document represents a proto-type which needs to be the
focus of further development, and evidence-based scientific scrutiny [44]. Danger lies   in   it’s    
incorporation in what has become a constituent part of statutory legislation. The dissemination of

mis-information and part truths could result in the adoption of ineffective or detrimental behaviour
change, which may prove difficult to reverse.
The CfSH acknowledges changing agendas in relation to climate change and the concept of
shared environmental equity. Integration with statutory controls for development will   ensure   it’s  
survival and embed in the design professions and construction industry some of the principles on
which it is based. The issues of obscure methodology, validation of data and general transparency
raise serious questions in relation to its value and suggest that this is a foundation upon which
further research and development could be built. Co-ordination with other areas of legislation and
government standards, and the development of mechanisms to evaluate and promote the social
benefits of sustainable housing must be addressed. The possibility of partiality and commercial
or political bias suggest that independent scrutiny should replace private sector interest. Finally,
and most significantly, if maximum benefit is to be derived from the implementation of this or future
iterations of the code, it is essential that a collaborative approach to education and public
awareness of sustainability and environmental issues should reflect the urgent need to change
behaviours.
5.0

Conclusions.

This paper has introduced the background and context to a research project entitled entitled ‘A
study to develop design guidance for use by Registered Social Landlords in the design and
procurement of low carbon and ecological dwellings and micro-communities, in Wales and the
UK’, which addresses the issues presented by low carbon and ecological building practice in the
context of social housing in Wales. It has critiqued the incorporation into regulation of the CfSH. It
has sought to explore the direction in which a more fundamental step change needs to go to meet
the needs of the knowledge bank and design tools based upon it.
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Summary
The proposed research aims at a comparative analysis using sustainability criteria in two
buildings for educational use in a Mediterranean climate.
The two selected models exemplify several different strategies from a legal and regulatory
standpoint of buildings in Spain. However, they share similarities such as location (Huelva, SW
of Spain), the purpose of each building (teaching in both cases, although the former are
classrooms in a university while the other is used for job training) and the time frame for building
utilization (double shifts, morning and afternoon during the months of September to June).
The first -New Maxiaulario for the University of Huelva on the campus of the Carmen (MUHU)is a new building located in an isolated plot in an area that is undergoing campus expansion.
The original project was the winner of an international architectural competition convened in
2007 by the University of Huelva.
The second -Enlargement and Reform in Huelva Salesian School (CSH)- is a comprehensive
rehabilitation project, including partial demolition and replacement of obsolete areas of the old
building. The request for the reform comes from a private customer who has budget constraints
as well as the need to utilize the building during the construction phase. There are very strict
deadlines for this particular project.
The thesis begins with a detailed analysis of different indicators for each model. These
indicators include environmental, social and economic perspectives.
A comparison will then be made between the two models proposed using the selected key
indicators of sustainable construction. This will thereby assist the developers and technicians
responsible for making decisions regarding the construction.
Keywords: Energy rehabilitation, sustainability indicators, educational buildings, efficiency,
construction

1. Introduction
G. Wade et al. [1] explains that the condition of sustainability occurs when waste from a building
site is recycled so that all materials will be either utilized during the construction or recycled.
Thereby amending the production model of the industrial revolution from the vector
mining>manufacturing>use>waste to the continuous cycle of recycling>manufacturing>use>
recycling.
The building sector is vital for the improvement of energy efficiency of the industrial system.
Pulselli RM. et al. [2] claims that 40% of the total resources are consumed by buildings in
developed countries, while Wang W, Zmeureanua and R, Rivard H. [3] have estimated that the
building sector accounts for about 70% of electricity and 12% of drinking water.
One of the statistical models most successfully used is the so-called life cycle analysis. O. Ortiz
et al. [4] used this model to describe a house in Catalonia. From that study it has been
concluded that 9.5% of the total environmental impacts of the building are produced in both the
preconstruction and construction phases, while 90.5% occurs in the operation phase of the
building (88.9% use and 1.7% maintenance). The final utilization and operation of the building is
therefore the most critical for optimizing the environmental impacts in buildings.
There are already examples of good practices that exemplify what is possible with today’s
technology that are within our reach. M. Osmani A. and O'Reilly [5] develops the feasibility of
zero emission housing construction in England in 2016 from the builder’s perspective. There are
not only technical and design issues but also dilemmas involving cultural, legislative and
financial problems. Clear and concise decisions must be taken by the construction industry to
achieve such ambitious goal. Both argue that it is essential to have a holistic approach to the
problems associated with zero-emission buildings, so that it involves designers and planners,
builders, material manufacturers and above all, governments.
The degree of sustainability of a given building can and should be measured so that every day
new ways and tools can be developed for the evaluation of energy while others are constantly
perfected. Fernández-Sánchez G. and Rodriguez-Lopez F. [6], establish the need for a method
to select the indicators that best reflect all the factors responsible for the life cycle in a project. A
project can only truly be considered sustainable if it simultaneously integrates the three
dimensions of sustainable development: environmental friendliness, social integration and
economic issues (which they define as maintenance costs, time, quality and performance at an
acceptable level).
In this sense, Macías M. and Garcia Navarro J. [7] select the GREEN model for the
sustainability evaluation in buildings. This new tool is based on a methodology to quantify the
reduction of impacts caused by construction. These impacts are related to the plot and the
building, grouped into six different categories. The GREEN model assigns importance in regard
to the regional and local impacts. It takes into consideration each location which is one of the
main contributions in relation to other methods of assessment.
Elaborating on the issue of energy simulation, La Roche P. [8], discusses several tools for
calculating emissions of greenhouse gases (GEF) in buildings that have different types of
weather. It is necessary to integrate this calculation of emissions of GEF in the building design
stage. To achieve this, the author identifies fifty tools available. Nevertheless, it is difficult to
utilize each indicator while maintaining sufficient accuracy to provide the necessary information
to the designer. The author proposes a protocol that combines several simple tools to estimate

emissions from different sources, finally selecting two tools: HEED and Design Builder. The
major sources of emissions GEF can be classified according to five broad groups: Energy by
Operation, Construction, Waste, Water and Transport. Of these five categories, the first three
contribute the majority of emissions in nearly all of the cases that were analyzed.
With respect to those factors that improve the energy efficiency of a building, Ruiz-Larrea C.
and Prieto E, Gomez A. [9] identify that a ventilated façade is incredibly important for the energy
industrialization of architecture. Furthermore, the authors discussed the possibilities of energy
generating facades for their ability to provide renewable energy for a building.
The second major set of factors Yoon Y. J. et al. [10] study regards natural overhead lighting in
office spaces with open floor plans in five different types of weather in several U.S. locations.
They also analyzed the interaction between the energy consumed in lighting and the total
consumed by the building using energy simulation software (DOE-2.1E) and lighting simulation
(RADIANCE). They conclude that natural lighting without proper sun protection could be
counterproductive, consuming even more energy than that of a corresponding space with
ceilings that are completely opaque.
Ruiz-Larrea C. and Prieto E, Gomez A. [9] clearly identify a fourth factor for energy efficiency in
the new concept of open industrialization in the construction industry. They explain the concept
of utilizing product specialization catalogs instead of prefabrication for building materials. The
traditional way of building models is no longer profitable today because of the crisis. All attempts
to use closed industrialization to date have been unfortunate examples of repetitive and dull
architecture, not made for the enjoyment of people.
Finally, a fifth factor of importance as indicated by Ortiz O. et al. [11] is comparing the energy
consumption in houses, the importance of the habits of the occupants and the level of
development. Their conclusions stem from a study conducted in Colombia and Spain about the
life cycle analysis of two houses.
None of this would be possible without mechanisms to verify actual energy consumption in
buildings. How reliable are the simulation mechanisms that are available today?. B. Pilkington et
al. [12] studied thermal parameters in different building materials through in situ measurement
procedures in buildings that were previously tested by standard laboratory tests. The results
were compared from three case studies of insulated houses involving different construction
techniques in the UK.
The accuracy of an energy simulation program is verified by monitoring the finished building. In
this sense, Batlle and Pich-Aguilera T F. [13] study the revitalization of some old barracks from
a dual perspective: simulation using tools (LEADER + ECOTECT) and monitoring of the real
building, once built with control of temperature, humidity and energy expenditure among other
variables.
However, sustainable building involves much more than energy efficiency and environment.
Sustainability is also human development. B.W. Wekesa et al. [14] studied the informal
settlements in developing countries and the need to improve their living conditions. In his article,
he discusses various technologies for construction elements (foundations, floors, walls, roofs,
etc.) and bases the results on various parameters of technical, socio-economic and
environmental factors. For the first time, the triple perspective concept of sustainability is evident
in the same research, establishing a methodology of a holistic nature.

Sustainability is also economically feasible. In this respect D. Castro-Lacouture et al. [15]
discusses a new philosophy: Green Building, the ability to mitigate the impact of buildings over
their life cycle. In the analysis, the authors examine the budget increases that are required in
order to construct a LEED certified building.

2. Objectives
2.1

General Objectives

Analyze comparatively "sustainability criteria" of two educational buildings in temperate
climates.

2.2

Specific Objectives

Select relevant criteria regarding the main indicators of sustainability in a project for an
educational building.
Calculate the Energy Efficiency of each building expressed in kWh/m2a (kilowatt hours per
square meter per year), analyzing comparative results.
Calculate the carbon footprint of each building, expressed in tones of CO2, analyzing
comparative results.
Determine the volume of CDW (Construction and Demolition Waste) generated in each building
(expressed in tons), analyzing comparative results.
Determine the level of natural lighting in a space of primary use of each building, analyzing
comparative results.
Assess the accessibility of each building for people with reduced mobility, analyzing
comparative results.
Calculate the building costs (expressed in ! / m2) and maintenance (in ! / m2a) of each
building, analyzing comparative results.

3. Material and Methods
The selection of core indicators of sustainability have followed the methodology proposed by the
GREEN tool (Methodology for the environmental certification of buildings), advocated by GBCe
(Spain Green Building Council), currently iiSBE (International Initiative for a Sustainable Built
Environment) Member in good standing of WGBC (World Green Building Council). GREEN
methodology is based on the quantification of reducing the impacts caused by construction of
buildings.
GREEN provides 6 levels of environmental certification from 0 leaves (level 0 to 0.5 avoided
impact) to 5 sheets (4.5 to 5.0 avoided impact level). Analyze 49 indicators which we have

selected:
Non-renewable energy use in building materials.
Non-renewable energy use for transport in building materials.
Nonrenewable energy consumption during use, application and system efficiency.
Renewable energy production in the plot.
Impacts generated by the construction process, construction debris.
Natural lighting in the space of primary occupation.
Strategies to improve access for disabled people.
Construction costs.
Maintenance costs.
To define the building geometry, spatial and structural characteristics have used the ArchiCAD
software tool that allows virtual building modeling (BIM software). This is software under the
Mac OSX platform developed by the company Graphisoft and subject to conditions of license.
We evaluate the building energy certification utilizing the tools CALENER LIDER. LEADER /
CALENER is a software tool developed by the Thermal Engineering group of the ETSI,
University of Seville. It has been promoted by the Ministry of Industry, Tourism and Trade and
the Ministry of Housing verifies the energy demand of buildings and certifies energy efficiency
as well. The program LIDER is one of CTE’S recognized documents and utilization of this
particular program is free.
Certain leaders / CALENER is a single program with two operational parts: LIDER complies with
the DB-HE1 regulation giving the most in-depth information of the building (estimated demands
for the different areas and compares them with those of a model building). CALENER
determines the level of energy efficiency of the building. Both are actually testing tools for the
completed building project. Therefore, they are not included in the preliminary stages of
designing the building. This is the program’s main limitation.
To implement the phases of building design and the optimal conditions of its surrounding or
exterior walls, we study the energy efficiency of the building using HEED. HEED is a software
tool developed by UCLA for analysis of energy efficiency in homes. It allows optimization of the
design in the early stages of the project and iteratively calculates the amount of energy, money
and CO2 consumed by the building. It was developed by the triple perspective of sustainable
development. It's user friendly, intuitive and freely distributed. It is designed specifically for
housing which is its main limitation.
To calculate the carbon footprint of the building we use the program Buildcarbonneutral.
Builcarbonneutral is a carbon footprint calculator for construction, developed by the architectural
firm Mithun, in collaboration with the University of Texas and the University of Washington. It is
an extremely simple approach to the complex issue of calculating the carbon footprint of
buildings.
To determine the amount of RCD `s generated by the building we apply the procedure provided
by the Royal Decree 105/2008, of February 1 (BOE n.38 of 13 February 2008), as well as
guidance for the drafting of A study of waste management FIDAS Foundation (Foundation for
Research and Dissemination of Architecture of Seville).
We estimate the level of natural lighting as the relation between the glass surface (windows,
curtain walls, skylights, etc.) and the surface area of each of the primary occupancy rooms in

the building, classrooms, offices and main lobby.
Strategies to improve access for disabled people to the building are identified in terms of what
governed by Decree 293/09 of 7 July (BOJA N.140 of July 21, 2009) standards for accessibility
in infrastructure town planning, building and transport in Andalucía (Spain).
The calculation of the costs of construction and maintenance is done with the PRESTO software
tool developed by the company Soft and subject to license. This is the measurement and
budgeting software most used in the field of architecture and engineering in Spanish-speaking
countries.
Finally, for comparison and representation of the results obtained in the study, we used a simple
spreadsheet with custom features of numerical and graphical results obtained from this work.
Each of the 9 indicators receives a specific allocation according to their degree of overall
contribution to the sustainability of the building. The end result is a number whose value can
range between 0 and 100.

4. Results
From the perspective of energy performance of both buildings, it is evident that the overall
energy consumption for heating and cooling is significantly lower, almost half, in MUHU (45
kWh/m2a) than CSH (KWh/m2a 86). Indeed energy efficiency strategies (improving the
insulating power of the exterior of the building, reducing the levels of infiltration and
improvement in air conditioning and lighting systems) have been better implemented in the case
of renovation of MUHU without any major budget constraints.

4.1

Energy analysis

MUHU building consumes a total of 45 kWh/m2a for heating and cooling. The CSH building
consumes a total of 86 kWh/m2a for heating and cooling.
4.2

Analysis of the carbon footprint

In the analysis of non-renewable energy consumption for transportation and use of construction
materials, the building MUHU has generated total emissions of 264 tons of CO2, while total
emissions of the CSH building are 40 Tons of CO2.
If we compare the carbon footprint of both buildings from homogenized values (expressed in
terms of tons of CO2 emitted per m2 of floor area) we obtain a value of 0.044 tons CO2 per m2
in MUHU, and of 0.027 tons CO2 per m2 in the CSH.
4.3

Production of renewable energy in the plot

The grid-connected photovoltaic installation in the building MUHU generates a total of 72 kWp,
while the building of CSH does not have any production facilities for renewable energy.
4.4

Waste generated during construction

For the construction of the MUHU building, it will generate a total of 576.91 tons of RCD's, which
represents 0.096 tons per m2 of floor area. The total value of generated RCD's will come from
the new building and will not come from previous renovations or demolitions. The amount of
land that will not be reused is an unprecedented excavation of 2,056 m3.
For the construction of the CSH building, it will generate a total of 367.15 tons of RCD's, which
represents 0.241 tons per m2 of floor area. Of the total value of RCD's generated, 221 Ton
correspond to the demolition of existing workshop spacecraft (including 7.5 tons of hazardous
waste with LER code 17 June 2001, for the removal of a roof containing asbestos fibers), 84, 61
Ton correspond to the actions of new construction and Ton 76.93 to reform. The amount of land
that will not be reused is an unprecedented excavation of 325 m3.
The CSH building presents a number of RCD's for m2 much greater because it is a renovation
that involves a major rehabilitation after demolition (responsible for a large volume of waste),
while all the construction of MUHU are new plans. In contrast, the volume of reused land is
surprisingly low since there is no basement and it has only been necessary to dig one meter
under the foundation of the new floor plan to accommodate the slab foundation. The volume of
excavation land reused for the MUHU is quite high as a result of having a basement that
occupies almost all of the ground floor.

4.5

Natural lighting in the areas of primary activity

In the MUHU, it is estimated that 5,246 m2 of the building area is lit naturally through openings
in walls and roof. This represents 87% of the total constructed area.
The CSH was estimated at 925 m2 of the building area is lit naturally through opening in walls
and roof. This accounts for 61% of the total constructed area.
4.6

Strategies to improve access for disabled

Both CSH and MUHU meet all the requirements established by the Decree 72/92 for the
removal of architectural barriers in buildings in Spain. Both also met, although not applicable
when they were projected, the new standard recently approved by Decree 293/09. Both are
equally deserving of full marks for this indicator.

4.7

Construction and maintenance costs

The MUHU building has had a construction cost of ! 493.46 / m2, with an annual maintenance
cost of an additional ! 15.09 / m2. The building of CSH in turn has had a construction cost of !
395.66 / m2, with an annual maintenance cost of an additional ! 8.59 / m2.

5. Discussion
From an energy performance perspective of both buildings, it can be seen that overall energy
consumption for heating and cooling is significantly lower, almost half, in MUHU (45 kWh/m2a)
than CSH (KWh/m2a 86).
The other major difference is evident in the budget. For the building of CSH, the cost for
renovation will be ! 395.65 / m2. Using this same formula for the MUHU building, the price
increases to ! 493.46 / m2 which is 25% more to develop a very similar building. Part of that
price difference has allowed the introduction of photovoltaic power generation systems in the
exterior walls of MUHU. These systems were dismissed during the early design stages because
of their costly economic impact.
However, it is apparent that the main difference between the two buildings is the construction
required for the renovations. MUHU is an entirely new construction project that will not require
any prior demolition. The other project (CSH) must undergo a tedious renovation that will
combine a partial demolition of the existing building followed by a complete renovation. These
indicators are directly related to the carbon footprint of the building and the volume of
construction and demolition waste (RCD`s).
In relation to their carbon footprints, the difference between the two buildings is also notable
(0.044 tons CO2 per m2 in MUHU versus 0.027 in CSH). The majority of the carbon stored in
the main structures of CSH has been reused with the renovation.
The impact of RCD's is just the opposite, as the need to demolish part of existing building will
create much more waste (0.24 Ton/m2 instead of the MUHU 0.09). Not to mention if we account
for the presence of highly dangerous waste such as asbestos cement plates of the roof that
requires demolition.
The strategies used to improve access to the building for disabled people are very favorable in
both cases since both buildings meet the requirements for removal of architectural barriers. The
entrances and elevators for both buildings are handicap accessible. The handicapped
accessible entrances can be conveniently found at the main entrances of each building.
Finally, the value the use of the natural lighting of the primary spaces is high in both cases
(above 60%) but again reflects the limitations inherent in renovations in the CSH building with
61% versus 87% of MUHU.

6. Conclusions
In this study, we compared nine sustainability indicators, emphasizing the GREEN sustainability
indicator used in each of the two educational buildings that are closely located and also share
the same climate.
There are many similarities and two fundamental differences of the buildings: the fact that one is
an addition to a previous building and a renovation while the other is a new building. The
second different is the budget that is available for each project. Energy indicators have a greater
impact in the case of MUHU (62%) versus that of CSH (53%). Incorporating solutions developed
from the technological point of view achieves greater performance.

Social values are roughly balanced (16% of MUHU versus 15% of CSH). It is, however,
regarding economic factors that CSH has a notable advantage to MUHU (32% vs 21%). In the
case of the renovation of CSH, it has a very low budget but still achieves high overall energy
efficiency. The high energy efficiency can lower the future building upkeep costs which are
especially important at a time of economic crisis such as the present crisis.

7. Bibliography
!

[1] Wadel G, Avellaneda J, Cuchí A. Sustainability in industrialised architecture: closing the materials
cycle. Informes de la Construccion 2010;62(517):37-51.
[2] Pulselli RM,Simoncini E, Pulselli FM,Bastianoni S. Emergyanalysisofbuilding manufacturing,
maintenance and use: Em-building indices to evaluate housing sustainability. Energy and Buildings
2007;39(5):620–8.
[3] Wang W, Zmeureanua R, Rivard H. Applying multi-objective genetic algo- rithms in green building
design optimization. Building and Environment 2005;40(11):1512–25.
[4] Ortiz O, Bonnet C, Bruno JC, Castells F. Sustainability based on LCM of residential dwellings: A
case study in Catalonia, Spain. Build.Environ. 2009;44(3):584-594.
[5] Osmani M, O'Reilly A. Feasibility of zero carbon homes in England by 2016: A house builder's
perspective. Build.Environ. 2009;44(9):1917-1924.
[6] Fernández-Sánchez G, Rodríguez-López F. A methodology to identify sustainability indicators in
construction project management-Application to infrastructure projects in Spain. Ecol.Ind. 2010.
[7] Macías, M.; García Navarro, J.. Metodología y herramienta VERDE para la evaluación de la
sostenibilidad en edificios. Informes de la Construcción, Norteamérica, 62 30-03-2010.
[8] La Roche P. Architecture, Calculating green house gas emissions for buildings: analysis of the
performance of several carbon counting tools in different climates. Informes de la Construccion
2010;62(517):61-80.
[9] Ruiz-Larrea C, Prieto E, Gómez A. Architecture, industry and sustainability. Informes de la
Construccion 2008;60(512):35-45.
[10] Yoon Y. J, Moeck M, Mistrick R. G, Bahnfleth W. P. How Much Energy Do Different Toplighting
Strategies Save?. Journal of Architectural Engineering. 2008;14:4(101).
[11] Ortiz O, Bonnet C, Bruno JC, Castells F. Sustainability based on LCM of residential dwellings: A
case study in Catalonia, Spain. Build.Environ. 2009;44(3):584-594.
[12] Pilkington B, Griffiths R, Goodhew S, De Wilde P. Thermal Probe Technology for Buildings:
Transition from Laboratory to Field Measurements. Journal of Architectural Engineering.
2008;14:4(111).
[13] Batlle T, Pich-Aguilera F. Revitalization of old headquarters from a new climatic space. Criteria for
demand reduction. Food and Agriculture Technological Scientific Park “PCiTAL”. Gardeny. Lleida.
“PCiTAL” Consortium “PCi- TAL” (Lérida University-Lérida City Hall). Informes de la Construcción
2010;62(517):113-124.

[14] Wekesa BW, Steyn GS, Otieno FAO. The response of common building construction technologies
to the urban poor and their environment. Build.Environ. 2010.
[15] Castro-Lacouture D, Sefair JA, Flórez L, Medaglia AL. Optimization model for the selection of
materials using a LEED-based green building rating system in Colombia. Build.Environ.
2009;44(6):1162-1170.

A bioclimatic one family house in the experimental area of
“ 25 Bioclimatic Dwellings” on the island of Tenerife.

Anneli Lyytikkä
architect SAFA
Ympäristösuunnittelu OK
Finland
anneli.lyytikka@
ymparistosuunnittelu.
com

Harry Bent
architect
dhb architects
Ireland
hbent@dhbarchitects.
com

Summary
The project “25 Bioclimatic Dwellings” for the Island of Tenerife started with an International
Tender promoted by the Tenerife Island Government and Tenerife’s Instituto Tecnológico y de
Energías Renovables (ITER) with the backing of the International Union of Architects. The aim was
to create a laboratory of homes developed in line with the criteria of bioclimatic architecture,
adapted to the conditions of the surroundings and capable of being self sufficient in their energy
needs. The aim was that that this would facilitate the reproduction of the technology and solutions
used and will provide future initiatives of sustainable building with a tried and tested tool which is
easy to apply and can be exported to other areas with a similar climate.
Keywords:

bioclimatic dwelling, self sufficient, sustainable building, housing laboratory,
experimental village

1. Introduction
1.1 General
The housing development of 25 different Bioclimatic Homes is situated on land belonging to ITER
in the south of the island of Tenerife. The area has been conceived as a laboratory for different
types of bioclimatic techniques and for the integration of renewable energy sources applied to architecture in hot climates. The homes designed by architects from different countries will be monitored (every house is equipped with sensors) for the study of bioclimatic techniques and to determine which are the most efficient. To make this experimental area accessible to scientists, experts
or any other interested parties, the houses will be available to rent. Additionally, periodically Open
Door Days will be staged with guided tours to the houses in order to bring the bioclimatic techniques and integration of renewable power in architecture also to the general public
One of these bioclimatic houses is “Arcilla” designed by architects mentioned above. The twostorey building unites the traditional hot and arid climate house and possibilities of modern ecotechnology. The rooms of the house are situated on three different levels. Two bedrooms are in
the coolest, ground floor, the entrance, dining and kitchen on the intermediate level and the living
room and main bedroom on the upper level. A split level is used to define areas as well, separating
living from sleeping on the ground floor. The central spine dividing the spaces contains storage
and technical rooms (water tank, battery storage etc.).

The bathroom is easily accessible from all levels and is used as a space divider between the two
ground floor sleeping areas. It is extended beyond the main wall of the house to allow for adequate
ventilation which is important in this area, and was rooflit to allow for the ‘wetfloor’ shower. This
also gave some articulation to the rear wall of the house.
The house contains four patios all towards different directions: a bedroom patio facing East,
kitchen& laundry patio facing South, entrance patio to the West and another bedroom patio to the
North. The terraces at first floor are tent-like, using sail fabric as a wind and sun screen. The terraces at ground floor are more enclosed providing an alternative environment for the user, to those
of the first floor. Furthermore in the upper floor there are two terraces open to three directions and
with a view to the sea. The patios and terraces make the house seem larger; a 120 m2 house
grows to a 204 m2. The house is designed to be as flexible as possible, to adapt to the needs of
the user with ease.

1.2 Energy
The architectural concept of the building includes many energy saving solutions. The electricity of
the house is produced by PV –panels; the extra energy goes to the grid. Solar collectors and a hot
water tank provide the hot water needed for 4-5 persons. The solution makes also use of passive
energy solutions. The house is partly situated in the earth. Earth is used as shelter and it helps to
keep the temperature of the rooms stabile. Thick walls enhance a similar effect. During the cooler
winter months the low angle of the sun warms the massive walls and tile floors which act as heat
storage. Natural light is been used in living and working areas. The rooms are lit from two sides.
The bathroom roof is of transparent material. Light coloured walls optimize the use of natural light.
Indirect general lighting and spot lights are used in order to create energy efficient and natural
lighting conditions, where dark and light spaces vary. The wind tower was to be topped with a wind
turbine but it was decided that as there were highly efficient wind turbines on site already providing
power to the village that a small one on the house would be superfluous and so it was removed.
1.3.Natural ventilation
There are many possibilities for natural ventilation. All vents are also closable, so it is possible to
experiment and achieve the best ventilation. The house has an open plan and is directed to the
prevailing winds so that the cool air circulates through the house. It can be closed or opened up
and ventilated in many ways according the seasons and the day/night cycle. By opening the doors
in hot weather at both ends of the house it forms a kind of wind tunnel. The patios at the ends of
the house also help the natural ventilation. When the temperature at the downwind patio rises, it is
hotter than the patio at the other end. The difference in temperature of the patios helps to pull the
air through the house.

The rooms have windows at least to two directions so that cross ventilation is possible. In the middle of the house there is a wind tower that directs the wind into the house improving the natural
ventilation and the water pool humidifies the air stream entering through the wind tower.
In the arched roof ventilation tubes are built in and the ventilation of the roof functions as follow:
when sun heats the roof, hot air flows out through the tubes and prevents the heat reaching inside
spaces.

1.4 Structure and materials
When design started on this house the idea was to build the outer walls and roof construction of
clay/straw blocks as timber was hard to come by and so it was presented in the competition drawings. Later it came out that the clay should have been brought from Africa and also there was no
experience on clay/straw construction by the local craftsmen.
As with all designs, compromises have to be made, and it was no different with this house. The
clay/straw blocks were changed to a local clay ‘poroton’ block “Thermoarcilla” which served their
purpose well, and these blocks could be used in the construction of the barrel-vault roof and the
monopitch roof as well. The whole building is ‘whitewashed’, a traditional approach in hot climates,
to reflect the heat. The floors are paved with local tiles, local wood is used in the woodwork, and
the terrace frames are made of local hardwood and canvas. In the entrance and other patios there
are tiles and seawashed stones. In the south facing kitchen patio there is a timber grille, which
doesn´t overheat even I a strong sunlight.
It was decided to use a barrel-vault roof on the two storey section to reduce the need for timber
and similarly on the monopitch roof a series of vaulted arches were used between beams. The
main roof is finished with broken, recycled white pottery pieces and seashells as an experimental
weather and waterproof finish in order to order to reflect the sun light and prevent the spaces below from overheating.
1.5 Water and waste treatment
A composting toilet “Naturum”, a Finnish prototype, is used, and the grey water filtered. The composting toilet doesn´t use water at all. It doesn´t burden the natural environment with its effluents,
but instead prepares fertilizers. With a composting toilet it is possible to return nutrients through
their natural cycle to their source, the soil.
The approach to waste treatment is very important in the design of this house and the team are
fully aware of the difficulties associated with and aversion to a composting toilet. The prototype
used is designed in such a way as to make life ´as easy as possible’ for the user and to allow for
composting human waste.
The separating of ‘waste’ materials in the kitchen area of the house is very important. Space for
waste separation is allocated for the following: mixed waste, biowaste, paper, glass and problem
waste. Rainwater is collected at the base of the wind tower to add moisture to the air when needed.

1.6 Way of life
A bioclimatic house creates a natural environment also for its inhabitants. The house intents to
provide sensory delight and possibilities to live a natural life according to the weather conditions
and day-night cycle.
The house changes according to seasons, weathers and day and night cycle. There are patios to
all directions, two bedrooms face East, the rising sun direction. The living room opens towards
West. The house can be closed and opened up in many ways. During hot weather it is possible to
sleep on a patio or terrace in a hammock.
Architecture cannot predict a way of life, but it can give different possibilities. The choices and activities of the inhabitants influence for instance the energy consumptions as well as the function
and maintenance of the house. “The house user´s manual” should be given to inhabitants. It would
facilitate them to make environmentally friendly decisions in their way of life and in the use of the
house.

1.7. Monitoring of the houses
To be able to determine the thermal conditions inside the house, the following sensors/probes will
be installed in each home by April 2011: temperature probes at different heights in the house and
on both sides of the walls and roofs; humidity probes; air flow meters; people presence sensors;
gauges for CO2 and dust particles. These probes will be complemented by weather stations, which
will register parameters like sun radiation, outside temperature, pressure, humidity and particles,
plus registers to measure power consumption and production. All the data will be collected in a
concentrator that will process all the information and send it, following a set protocol, to a central
computer and eventually, to a computer in the home to process the data from each house. The
central computer will make a global compilation of all the data from each of the homes allowing
access to the results either individually or globally, a real time monitoring of the homes’ performance and a study of the evolution of the different parameters for a period of time.
Apart from the technical aspects, the project also aims to disseminate information about these
techniques and the integration of renewable energy into architecture to raise awareness among
specialists and the general public. Every year a seminar will be held in collaboration of the College
of Architects of Canary Islands, to analyse and discuss the design improvements, new devices,
innovative techniques and other aspects relating to solar architecture.

3. Discussion
An isolated region like the island of Tenerife is highly dependent on energy sources from the outside. Also drinking water must sometimes be brought from outside.
The experimental village’s situation within the grounds of research centre like the ITER, which will
carry out monitoring of the performance of each of the homes, means very useful data will be obtained for future applications at local and international levels. This concerns also Finland; due to
the climate change rising temperatures will demand also here design solutions which before were
needed only in more southern regions.
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Summary
The use of energy in buildings is about 40 % in Sweden. EU has decided that before the end of
2020 all new buildings must be nearly zero energy buildings. The task is very challenging and in
order to increase the knowledge of how to build low energy and sustainable buildings the project,
Energy efficient buildings in cold climate, has been started in Umeå. The project is a unique cooperation between Umeå municipality, Umeå University and building construction companies. A
major goal is to apply the gained experience from this pilot project on larger scale in future
sustainable urban areas.
A number of six low energy buildings have been built within the framework of the project. None of
the houses has been built with the intention of being a passive house. The buildings are designed
by six different construction companies and have unlike solutions concerning thermal insulation
thickness, choice of insulation material and heating system. From an energy perspective the
buildings could briefly be described as ranging from a common building, however with extra
insulation in the roof and in the external walls compared to standard, to a building with an unusual
insulation material, i.e. foam glass, and a sustainable heating system based on combined solar
heating, a wood pellets burner and use of electricity generated at a nearby wind mill.
The measurements of energy usage and thermal performance in the different buildings are still ongoing and will continue until the end of 2011. Three of the total six houses are reported on in this
paper as due to practical reasons the period of measurements has been too limited for the
apartment buildings and one of the single family building. Thus the reported houses are all single
family buildings and the owners moved into the houses just before the summer and in the
beginning of the autumn 2010.
The annual use of energy for space heating and hot water usage for the buildings was estimated
by the house manufacturers to be within 50 – 75 kWh/m2.year. The energy performance of the
buildings, the operation of different installations such as air-to-air heat exchangers and heat pumps
together with moisture content at different positions in the shell of the building, i.e. the roof, the
external walls the ground slab, are all monitored continuously in each building. The basic idea with
the extensive measurements is to clarify the actual energy usage and to analyse the thermal
performance to investigate to what extent there may be further potential for lowering the energy
usage. There is also an intention to study sustainable conditions like moisture contents in indoor air
as well as in the climatic shell of the buildings.
So far in this investigation it is concluded:

-

It is easy to construct low energy buildings in cold climate which have a lower energy
demand for heating than what is stipulated in the Swedish building regulation code, i.e. 150
kWh/m2 per year for space heating and hot water usage. All the houses reported on in this
paper have a lower key figure than this and one of the buildings has a key figure of 51
kWh/m2 per year which is even lower than recommended for passive houses in cold
climate, i.e. 55 kWh/m2 per year.

-

It is of crucial importance to make performance measurements in order to achieve proper
operation in the heating system components like heat exchangers and heat pumps. It is not
surprising that erroneous operation could occur like heat exchangers operating in by-pass
mode with an efficiency of 30% instead of 75 to 85%. Long term measurements are also
important for tuning of the control and regulation equipment in order to optimize energy
efficiency for heating.

-

All the houses have extra insulation than standard and the measured humidity in the
insulation, roof, external walls and under the floor, show low levels of moisture content
typically a relative humidity lower than 50% outside the vapour barrier in the roof insulation,
below 55% in external walls and 65% in under floor insulation. The values are far below
critical levels given for growth of mold in organic materials.

-

The intake of outdoor air through a buried pipe in the ground is an effective measure using
free energy to raise the inlet air temperature and thus reducing the energy for space
heating.

An estimation of the energy demand in the investigated houses is compiled in the table below. The
energy demand for space heating has not been normalized based on outdoor temperature since
the heating season is still on-going. Instead a simplified forecast has been used based on average
diurnal heat demand for the whole measured period, i.e. from October to the 25 th of March.

Space
heating
[kWh/year]
6 769

Household
apparatus
[kWh/year]
3 314

Domestic
hot water
[kWh/year]
476

Total

SH and DW

F-value

[kWh/year]
10 559

[kWh/m2year]
51

[W/°C]
56

Carlstedt

15 568

798

5 249

21 615

74

145

Dario

23 342

381

2 931

26 651

98

221

Building
Falk

In the table the column SH and DW is the sum of energy for space heating and domestic hot water
divided by the heated floor surface, i.e. the key figure used for stipulated levels in the Swedish
code for building regulation. The F-value is the total heat loss coefficient based on an energy
signature evaluation.

Keywords: low energy buildings, sustainable buildings, energy performance, heat transfer,
moisture in the shell of the building.

1. Introduction
The use of energy in buildings is about 40 % in Sweden. EU has decided that before the end of
2020 all new buildings must be nearly zero energy buildings. The task is very challenging and in
order to increase the knowledge of how to build low energy and sustainable buildings the project,
Energy efficient buildings in cold climate, has been started in Umeå. The project is a unique cooperation between Umeå municipality, Umeå University and building construction companies. A
major goal is to apply the gained experience from this pilot project on larger scale in future
sustainable urban areas.
A number of six low energy buildings (four single family and two multifamily houses) has been built
within the framework of the project. None of the houses has been built with intention of becoming a
passive house. The buildings are constructed by six different companies and have different
solutions concerning thermal insulation thickness, choice of insulation material and heating
systems. From an energy perspective the buildings could briefly be described as ranging from a
rather common building, however with extra insulation in the roof and in the external walls
compared to normal, to a building with an unusual insulation material, i.e foam glass, together with
a sustainable heating system based on combined solar heating, a wood pellets burner and use of
electricity generated at a nearby wind mill.
Three of the total six houses are reported on in this paper since due to practical reasons the period
of measurements has been too limited for the apartment buildings and one of the single family
building. Thus the reported houses are all single family buildings and the owners moved into the
houses just before the summer and in the beginning of the autumn 2010.
The annual use of energy for space heating and hot water usage for all the buildings was
estimated by the house manufacturers within 50 – 75 kWh/m2.year. The energy performance of the
buildings, the operation of different installations such as air-to-air heat exchangers and heat pumps
together with moisture content at different positions in the shell of the building, i.e. the roof, the
external walls the ground slab, are all monitored continuously in each building. The basic idea with
the detailed measurements is to clarify the energy usage and compare actual energy usage with
the annual estimations. The performance measurements are made to clarify to what extent there
may be further potential for lowering the energy usage, but also to document sustainable
conditions like moisture contents in both indoor air and in the shell of the buildings.
The measurements performed in this project are done with a wireless LAN data acquisition system
from the manufacturer T&D Corporation in Matsumoto, Japan. This means that the implementation
of the data loggers for measuring temperature, humidity and counting voltage pulses from volume
flow meters and energy meters has been very practical to install and accepted by the residents
since no visible cabling were needed.

2. Description of the buildings and measurements
2.1

Villa Falk

This single family building is built in two floors and has a total heated floor area of 140 m 2. A
photograph of the exterior is given by figure 1. As can be seen the house has a ridge roof and an
outside facing made of wood panel. The outside facing of the roof is made of metal.

The foundation, the insulation in the external walls and on the ceiling are built with foam glass. The
thickness is 0.300, 0.350 and 0.400 m respectively in the foundation, the external walls and in the
ceiling. Foam glass is made of recycled
glass and coal. According to the
manufacturer foam glass has a durable
thermal insulation quality (thermal
conductivity 0.042 W/mK), is water as
well as moist proof due to its cellular
structure, is non combustable, and
since the material is non-organic it do
not become rotten or affected by microorganism.
The heating system is based on solar
panels (total area 7.1 m2) on the roof
and a stove for wood pellet, which are
connected by a water coil to a heat
water accumulator tank (0.5? m3). The
Figure 1 - View of Villa Falk. Photograph by Christer
Johansson.
heat is distributed by an under floor heating system which has pipes embedded in a 0,05 m thick
concrete layer on top of the foam glass foundation.
The ventilation system has a counter flow air to air heat exchanger for heat recovery. An unusual
solution is that exhaust air is taken through the wastewater drain in the bathroom, in the laundry
and in the kitchen. This means that there are no individual water traps in these rooms but instead
there is one common water trap placed outside the building before the drain water tank. The
outdoor inlet air is pre-heated by its passage through a 35 m long pipe, which placed 1.5 m below
the ground, before it enters the air to air heat exchanger.
The heat water accumulator tank, the air to air heat exchanger and the equipment for control and
regulation are all placed in the same room which has a central placing in the house.
2.1.1 Measurements in Villa Falk
Continuously measurements on temperatures and volume flow rates of water are performed in
order to evaluate the use of energy for heating, i.e. solar panels, pellet stove and features of the
different applications such as temperature efficiency in the air to air heat exchanger and the preheating of the inlet air. Also electrical energy used for fans, pumps, resistance heaters and
domestic electrical apparatus are monitored continuously. The heat distributed by the under floor
heating system is measured separately as well as the demand of domestic hot water. However, the
heat transferred by convection and radiation from the pellet stove to the indoor air has not been
measured.
Moisture and temperatures at different location in the foam glass in the foundation, in the external
walls and in the ceiling is measured continuously as well as with temperatures and moisture in the
exhaust and outdoor air.
The air tightness, measured by the Minneapolis blower door method, at 50 Pa showed an
infiltration rate of 0.15 litres per immersive surface. In Sweden there are three classes of air
tightness in buildings, i.e.in litres per immersive surface 0.1 – 0.3 is very air tight (Passive house),
0.3 – 0.45 is classified as air tight building and finally a value between 0.45 – 0.6 is an approved
building.

2.2

Villa Carlstedt

The heated floor area in this single family building is 220 m2. The house is built with traditional
wooden structure, mineral wool insulation and a concrete slab on the ground. It has a pitched roof
with concrete tiles and external wall facings of wood panel, as seen by figure 2. As indicated by the
photograph the house has two stories
in the middle section.
The concrete slab on the ground is 0.1
m thick with a total of 0.300 foam
plastics towards the ground. The
external walls are insulated by 0.285 m
mineral wool and the ceiling is
insulated by 0.600 m loose wool.

Figure 2 - View of Villa Carlstedt. Photograph by
Christer Johansson.

Heating is based on a geothermal heat
pump for domestic hot water and
space heating. Heat is distributed by
an under floor water heating system
with pipes embedded in the concrete
ground slab. Conventional water
radiators are used for space heating of

the upper floor in the midsection of the house. Beyond this an electrical resistance heater is also
used for heating the inlet air after the rotating air to air heat exchanger used for recovery of heat in
the exhaust air. The geothermal heat pump integrated by an accumulator heat storage tank is
placed in the garage, thus heat and domestic hot water are distributed to the house by an insulated
short culvert in the ground.
2.2.1 Measurements in Villa Carlstedt
Continuously measurements on temperatures and volume flow rates of water are performed in
order to evaluate the use of energy for space heating and performance of the different applications
such as temperature efficiency in the air to air heat exchanger and coefficient of performance of
the geothermal heat pump. Also electrical energy used for fans, pumps, resistance heaters and
domestic electrical apparatus are monitored continuously. The heat distributed by the under floor
heating system is measured separately as well as the domestic hot water usage.
Moisture and temperatures at different location in the foam plastic insulation in the foundation, at
different depth in the external walls and in the ceiling insulation is measured continuously as well
as temperatures and moisture in the exhaust and outdoor air.
The air tightness, measured by the Minneapolis blower door method, at 50 Pa showed an average
of infiltration and exfiltration rate of 0.37 litres per immersive surface. As mentioned earlier in
Sweden this is classified as an air tight building and the obtained value is lower than the design
value for the house.

2.3

Villa Dario

This is the largest single family house in this investigation with a heated floor surface of 269 m2.
The house is built in two stories and has an unconventional design, which simplified can be
described as two main sections put together in a V-shaped form, figure 3, facing the south direction.

The house has a ridge roof with concrete tiles, a wooden structure, external walls made of wood
panels, concrete slab on the ground and most of the windows are facing the south direction.
The concrete slab on the ground has a thickness of 0.1 m with a total of 0.400 foam plastics
insulation towards the ground. The external walls have 0.370 m loose-fill thermal insulation made
of wood fibre from pine wood. The
loose-fill insulation in the ceiling
has a thickness of 0.500 m.
According to the manufacturer the

Figure 3 - View of Villa Dario. Photograph by Christer
Johansson.

loose-fill insulation is developed to
have low air permeability and
hygroscopic properties. Rough
irregular surfaces and different
types of penetrations are practically
a problem when insulating. The
loose-fill adapts itself to rough
surfaces and leaves no gaps
towards coverings or crossbars.

District heating is used for space heating and domestic hot water. Even the post-heater to raise the
temperature of the inlet air after the air to air heat exchanger is connected to district heating. Heat
is distributed by an under floor water heating system with pipes embedded in the concrete ground
slab. Water radiators are used for space heating of the upstairs in the house.
2.3.1 Measurements in Villa Dario
Continuously measurements on temperatures and volume flow rates of water are performed in
order to evaluate the use of energy for space heating and the temperature efficiency in the air to air
heat exchanger. Also electrical energy used for fans, and pumps and electrical domestic apparatus
are monitored continuously. The heat distributed by the under floor heating system is measured
separately as well as the domestic hot water usage.
Moisture and temperatures at different location in the foam plastic insulation in the foundation, at
different depth in the external walls and in the ceiling insulation is measured continuously as well
as temperatures and moisture in the exhaust and outdoor air.
The air tightness, measured by the Minneapolis blower door method, at 50 Pa showed an average
of infiltration and exfiltration rate of 0.25 litres per immersive surface. Thus, the house is classified
as an air tight building and the obtained value is lower than the design value for the house.

3. Results and analysis
3.1

Energy signature

Energy signature is a well-known concept and has been used in several investigations concerning
energy analysis in buildings, recently by [1-3]. In this paper the energy signature is based on
measured energy supplied for space heating, domestic hot water and energy used in electric
apparatus inside the buildings. The total heat loss, Pt, in the building is described by a simplified
heat balance according to

Pt  F Ti  Tu   C
where

(1)

F = total heat loss coefficient, W/°C
Ti = indoor temperature, °C
Tu = outdoor temperature, °C
C = lumped contribution from non-outdoor dependent heat demand
The measured energy supply for heating is of course in various extents affected by solar heat
contributions, thermal storage in the building, airing by opening windows and doors and body heat
released from persons. All these factors and the thermal control characteristics of the heating
system influence the energy signature by various degrees of spreading in the data. The signatures
presented below all include those factors. However, the influence from thermal storage has been
reduced by using averaged data on diurnal basis. A more detailed application of interaction of
parameters in an energy signature analysis, extracting the influence from solar heating and
valuating the contribution from electric apparatus to heating, is given in [4].
In this paper the energy signature is used as a measure of the aggregated heat loss coefficient for
the different houses. The total heat loss coefficient, F, is dependent on transmission and ventilation
heat losses including the air tightness of the house. Different values of F are expected since the
houses have unlike thickness of insulation, ventilation heat losses, air leakage and various
efficiency of heat recovery in the ventilation systems.
3.1.1 Energy signature for Villa Falk
In this house the measurement on the solar heating system offers an opportunity to correlate
possible influence from insolation on the plot of the energy signature. As can be seen in figure 4
there is a distinct unlike in the spread of data at different θ-interval, θ  =  (Ti –Tu).
MEASURED ENERGY SUPPLIED VS TEMPERATURE DIFFERENCE, Ti - Tu
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For  values  of  θ  in  the range of
20 - 35°C the variance is
increased as compared to
values  of  θ  above 35°C. In the
latter case the heat released
by the solar system is reduced
by 48 %  compared  to  in  the  θinterval 20 - 35°C. Thus the
insolation is assumed to be
negligible   for   θ   >   35°C   and   a  
linear regression in that
interval separately gave the F
value 68 W/°C.

Figure 4 – Energy signature villa Falk. The linear regression
is 1.3 θ  +  10,  with  an  R2-value of 0.8.
A  regression  of  the  entire  θ-interval gave the F value 56 W/°C. This unlike in F-values, i.e. about
20 %, caused by the increased spread in the measured data is among others due to insolation.

3.1.2 Energy signature for Villa Carlstedt
The energy signature in this house, figure 5, has a larger spread in data for the  whole  θ-interval. In
this case no local measure can be used as an indication of possible influence from insolation. So
far the reason for the large spread in data has not been unambiguous clarified. However,

besides
influence
from
insolation another reason in
this
case
is
that
the
geothermal heat pump seems
to be oversized and the
regulation of the under floor
heating
has
not
been
optimized.
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Figure 5 – Energy signature villa Carlstedt. The linear
regression is 3.5 θ  – 0.5, with an R2-value of 0.7.
A regression based on the entire  θ-interval gave a F-value of 145 W/°C. This is about 2.5 times
higher than in villa Falk.
3.1.3 Energy signature for Villa Dario
The energy signature in this house, figure 6, also shows a relatively large spread in data. Due to
losses in continuous measurements of domestic hot water and electrical apparatus inside the
buildings the energy signature in this house is based on the measurements of space heating. The
F  value  based  on  a  regression  of  the  entire  θ-interval is 221 W/°C.
Assuming both loads to be
independent
of
outdoor
temperature this should have a
minor impact on the F-value.
However, the C-value according
to equation 1 is affected and as
can be seen it adopts a negative
value of 8.7.
Comparing with the other two
houses the quality of this linear
regression with respect to R2 is
lower, 0.6 compared to 0.7 in
villa Carlstedt and 0.8 in villa
Falk.
Figure 6 – Energy signature villa Dario. The linear
regression is 5.3 θ  - 8.7, with an R2-value of 0.6.
A larger scatter in data could be expected, due to insolation, since in this house there is a large
surface area facing the south direction. Also contributing to the spread in data is the functioning or
regulation of the floor heating system, see section 3.3.3.
3.2

Moisture content in the buildings

The measurements of moisture in the building sections are compiled as monthly average values in
terms of relative humidity (RH) and vapour content (V). Since the sensors also measure

temperature the monthly average temperatures (T1, T2, T3 and T4) at the different locations are
given as well. The measured period is from the first October in 2010, i.e. the beginning of the
heating season and owners has moved into the houses, to the middle of March 2011.
3.2.1 Moisture in roof insulation
The temperatures and moisture contents at different locations measured by the built in sensors in
the roof insulation are compiled in table 1 for villa Falk.
Table 1 Villa Falk: T1, RH1 and V1 are inside the first layer (next to the inner surface of the ceiling)
of foam glass inside the vapour barrier. T 2, RH2 and V2 are placed in the foam glass layer outside
of the vapour barrier.
Month
October
November
December
January
February
March

T1
[°C]
15,9
14,1
13,3
14,0
13,1
14,9

RH1
[%]
57,1
54,9
46,0
37,5
35,2
31,8

V1
[kg/m3]
0,0079
0,0068
0,0055
0,0046
0,0041
0,0042

T2
[°C]
9,8
4,4
2,3
4,3
2,0
7,1

RH2
[%]
36,8
32,0
26,0
21,5
13,8
18,2

V2
[kg/m3]
0,0036
0,0022
0,0015
0,0014
0,0009
0,0015

As can be seen from table 1 the moisture content in the measured locations are low and far lower
than the levels that may cause problems with growth of mold, i.e. relative humidity above 70 % for
organic material. Soil bacteria requires a relative humidity of 75-80% and higher, that the material
has a moisture content higher than 0.20 kg/kg and need a temperature between 0 - 40°C.
The measured vapour content in the outdoor air is highest in October with 2.9 g/m3 and lowest in
February with 1.3 g/m3. The vapour content in the exhaust air varies in the range 4.1 to 7.8 g/m 3.
Based on average values of exhaust and outdoor air humidity the moisture addition in the house
for the measured periods was 3.2 g/m3. This is a high moisture addition, however we have to
remember that the exhaust air is taken via the floor drain and thus high vapour contents in the
exhaust air are expected.
At the internal position (RH1) the measurements show a continuous dehydration from 57.1 % in
October to 31,8 % in March. The same can be noticed for the outer position (RH2) except in March
which has a minor increase in the relative humidity to 18.2 % compared to 13.8 % in February.
Since RH2 is outside the vapour barrier it is reasonable that the outdoor humidity has a greater
influence than the indoor air humidity. February was the coldest period (outdoor average
temperature -12.8°C) with the lowest outdoor vapour content. A consequence of this is that T2, RH2
and V2 have their lowest values in February.
The vapour barrier and the foam glass material itself can be seen to effectively prevent transport of
vapour in the roof insulation. The difference in vapour content between the measured positions is
in the range 2.7 – 4.6 g/m3 with an average of 3.7 g/m3 for all the periods in table 1.
As in the former house the measured moisture content in the roof insulation of villa Carlstedt, table
2, is far lower than the critical level of mold growth.

Table 2 Villa Carlstedt: T1, RH1 and V1 are next to the inner surface of the ceiling, i.e. inside of the
vapour barrier. T2, RH2 and V2 are placed outside of the vapour barrier.
Month
October
November
December
January
February
March

T1
[°C]
19,8
19,0
18,9
20,0

RH1
[%]
34,8
33,5
25,2
25,1

V1
[kg/m3]
0,0060
0,0055
0,0041
0,0043

T2
[°C]
9,2
4,8
3,0
5,2
4,4
9,0

RH2
[%]
6,0
14,8
7,6
6,0
1,8
1,0

V2
[kg/m3]
0,0006
0,0010
0,0005
0,0004
0,0001
0,0001

The measured vapour content at the site of villa Carlstedt (same as for villa Dario) in the outdoor
air is highest with 2.7 g/m3 in March and November and lowest in February with 1.5 g/m3. The
vapour content in the exhaust air varies in the range 3.7 to 6.2 g/m3. Based on average values of
exhaust and outdoor air humidity the moisture addition in the house for the measured periods was
2.2 g/m3, which is about 70 % of that in villa Falk.
The plastic vapour barrier can be seen to effectively prevent transport of vapour in the roof
insulation. The difference in vapour content between the measured positions is in the range 3.7 –
5.4 g/m3 with an average of 4.4 g/m3 for all the periods in table 2.
As can be seen in table 3 the moisture content in the roof insulation of villa Dario is also reassuring
lower than the critical level of mold growth.
Table 3 Villa Dario: T1, RH1 and V1 are next to the inner surface of the ceiling, i.e. inside of the
vapour barrier. T2, RH2 and V2 are placed outside of the vapour barrier.
Month
October
November
December
January
February
March

T1
[°C]
21,5
20,0
17,2
19,9
20,0
21,7

RH1
[%]
31,4
25,0
15,5
16,4
12,9
17,0

V1
[kg/m3]
0,0059
0,0043
0,0024
0,0028
0,0023
0,0032

T2
[°C]
15,3
12,3
8,8
12,2
11,5
14,9

RH2
[%]
50,9
39,1
29,9
29,9
28,6
31,4

V2
[kg/m3]
0,0070
0,0044
0,0027
0,0033
0,0031
0,0041

However, it seems as the vapour barrier has a leakage at the location of measuring sensors since
the vapour content is about the same, actually an average of 0.6 g/m 3 higher outside the barrier
than inside.
The vapour content in the exhaust air varies in the range 2.2 to 6.4 g/m 3. Based on average values
of exhaust and outdoor air humidity the moisture addition in the house for the measured periods
was 1.7 g/m3.

3.2.2 Moisture in south facing external walls
There are no vapour barriers, besides the foam glass material itself, in the external walls of villa
Falk. Thus there is a minor difference in vapour content between the sensor positions, as seen in
table 4, an average difference of 0.6 g/m3 for all the periods in the south facing wall compared to
3.7 g/m3 in the roof. The high vapour content in October is reduced to comparable contents in the
outdoor air for January, February and March.
Table 4 Villa Falk: T1, RH1 and V1 are next to the inner surface of the wall, i.e. inside of the vapour
barrier. T2, RH2 and V2 are placed outside of the vapour barrier.
Month
October
November
December
January
February
March

T1
[°C]
14,4
11,9
10,1
11,1
10,1
12,9

RH1
[%]
54,2
37,6
23,8
23,3
14,0
25,1

V1
[kg/m3]
0,0069
0,0042
0,0024
0,0025
0,0015
0,0030

T2
[°C]
11,2
6,7
3,7
5,2
3,3
8,3

RH2
[%]
51,2
36,8
28,2
30,7
20,8
30,5

V2
[kg/m3]
0,0055
0,0030
0,0019
0,0023
0,0015
0,0027

The humidity measurements in the north facing wall show similar results as in table 4. The main
difference is that the outer position has a slightly higher vapour content that corresponding in the
south wall. It is also found that the average vapour content in the north wall has a better
compliance with the outdoor air vapour content. In both cases this is natural due to heat from
insolation to the south wall.
In table 5 there is unfortunately some loss in data during October – December 2010, but it is seen
that the plastic vapour barrier is performing as expected. On average (January to March) the
difference in vapour content was 1.5 g/m3.
Table 5 Villa Carlstedt: T1, RH1 and V1 are next to the inner surface of the wall, i.e. inside of the
vapour barrier. T2, RH2 and V2 are placed outside of the vapour barrier.
Month
October
November
December
January
February
March

T1
[°C]

RH1
[%]

V1
[kg/m3]

T2
[°C]

RH2
[%]

V2
[kg/m3]

17,1
16,0
16,7

33,0
30,9
29,6

0,004867
0,004307
0,004354

4,6
2,9
7,2

41,4
38,6
45,7

0,002866
0,002416
0,003775

Villa Dario has more built in sensors in the external walls than in the other houses. The results are
compiled in table 6. Comparing V1 and V2, i.e. vapour content on each side of the vapour barrier
again there seems to be a leakage at the location of measuring sensors since the vapour content
is about the same, actually an average of 0.5 g/m3 higher outside the barrier than inside.
The outer sensors at a depth of 0.27 and 0.375 m have the highest relative humidity 67.2 and
72.7 % respectively. In table 6 a dehumidification in the wall is on-going during November to
February, i.e. in the space heating season. The humidity increases in March as a consequence of
increasing outdoor humidity.

Table 6 Villa Dario: T1, RH1 and V1 are next to the inner surface of the wall, i.e. indoor of the vapour
barrier. T2, RH2 and V2 are placed outside of the vapour barrier 0.135 m from the inside wall
surface, the third sensor 0.270 m and the fourth sensor 0.375 m from the inside wall surface.
Month
October
November
December
January
February
March

T1

RH1

V1

T2

RH2

V2

T3

RH3

V3

T4

RH4

V4

[°C]

[%]

[g/m ]

[°C]

[%]

[g/m ]

[°C]

[%]

[g/m ]

[°C]

[%]

[g/m ]

21,0
20,8
17,7
20,9
20,9
21,6

37,3
28,3
20,7
18,8
16,1
17,4

6.7
5.1
3.2
3.4
2.9
3.3

17,5
15,7
12,2
15,3
14,4
17,2

52,1
37,9
29,0
27,2
24,1
30,7

7.8
5.2
3.2
3.6
3.1
4.6

12,4
7,5
3,2
6,2
4,2
10,2

67,2
58,7
50,8
49,7
45,6
53,9

7.6
5.0
3.2
3.8
3.2
5.3

9,3
2,7
-2,0
0,8
-1,7
5,9

72,7
68,5
60,8
60,9
56,1
65,5

6.8
4.2
2.6
3.3
2.6
4.9

3

3

3

3

3.2.3 Moisture in the under floor insulation
Temperatures and humidity measurements in the insulation under the concrete slab are compiled
in table 7 – 9 for the different houses. A common and an unexpectedly result was that the sensors
in the insulation next to the ground showed the lowest vapour contents. This indicates that the
foundation with non-capillarity layers from ground water is working well in all houses.

Table 7 Villa Falk: T1, RH1 and V1 are placed in the foam glass layer next to the inner surface of the
floor. T2, RH2 and V2 are placed in foam glass layer at the bottom and T3, RH3 and V3 are placed in
against the ground.
Month
October
November
December
January
February
March

T1
[°C]
19,0
18,9
19,3
18,9
19,0
17,8

RH1
[%]
39,0
40,7
37,8
36,0
32,8
29,9

V1
[kg/m3]
0,0064
0,0066
0,0063
0,0059
0,0054
0,0047

T2
[°C]
20,6
17,6
17,1
16,7
16,6
16,0

RH2
[%]
61,4
84,6
84,6
90,5
87,8
86,7

V2
[kg/m3]
0,0128
0,0128
0,0125
0,0130
0,0126
0,0122

T3
[°C]
13,0
13,1
13,3
13,0
12,9
12,1

RH3
[%]
44,0
41,8
38,6
37,3
36,0
36,1

V3
[kg/m3]
0,0051
0,0049
0,0046
0,0043
0,0042
0,0040

Table 8 Villa Carlstedt: T1, RH1 and V1 are placed in the foam plastic layer next to the inner surface
of the floor. T2, RH2 and V2 are placed in foam plastic at the bottom and T 3, RH3 and V3 are placed
against the ground.
Month
October
November
December
January
February
March

T1
[°C]
21,8
22,7
22,5
22,5
22,7
21,2

RH1
[%]
71,5
68,4
65,4
66,6
66,1
65,5

V1
[kg/m3]
0,0136
0,0136
0,0130
0,0132
0,0132
0,0122

T2
[°C]
17,8
18,3
18,0
17,9
18,0
16,8

RH2
[%]
76,5
75,3
72,3
73,7
73,4
71,0

V2
[kg/m3]
0,0117
0,0119
0,0113
0,0114
0,0114
0,0104

T3
[°C]
12,8
12,8
12,4
12,2
12,1
11,3

RH3
[%]
40,2
39,0
38,2
38,2
37,8
37,3

V3
[kg/m3]
0,0046
0,0045
0,0043
0,0042
0,0042
0,0040

The highest humidity as seen by the tables was found in the middle section of the insulation with
relative humidity in the range of 61 to 90 % in villa Falk, 71 to 76 % in villa Falk and 56 to 67 % in
villa Dario. A possible explanation for this in villa Carlstedt and villa Dario could be water that has

been trapped in the position of the sensors in connection with the casting of the concrete slab on
top of the insulation. In villa Falk the vapour content in the position next to the concrete slab, (V1)
with embedded floor heating pipes, is seen in table 7 to be comparable to the humidity against the
ground (V2).

Table 9 Villa Dario: T1, RH1 and V1 are placed in the foam plastic layer next to the inner surface of
the floor. T2, RH2 and V2 are placed against the ground.
Month

T1
[°C]
23,5
25,3
23,7
25,8
26,0
24,5

October
November
December
January
February
March

3.3

RH1
[%]
67,4
65,1
63,3
60,4
58,0
56,5

V1
[kg/m3]
0,0141
0,0149
0,0134
0,0141
0,0137
0,0124

T2
[°C]
13,0
13,1
11,7
11,8
11,5
11,2

RH2
[%]
19,5
18,7
19,7
19,3
19,0
19,1

V2
[kg/m3]
0,0023
0,0022
0,0021
0,0021
0,0020
0,0020

Operation characteristics of heat appliances

3.3.1 Villa Falk
The outdoor air temperature after passing the pipe used for ground pre-heating of inlet outdoor air
is plotted in figure 7. As can be seen the increase in temperature is considerable. In the beginning
of the autumn when the ground is warm and the surroundings of the pipe has been heated by high
outdoor temperatures the inlet
air temperature varies in the
INLET AIR TEMPERATURE AFTER PASSING THE TUBE IN THE GROUND
range of 12°C to 4°C as the
14,0
outdoor temperature changes
from 10°C to -20°C.
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In the winter the surroundings of
the pipe are successively
refrigerated by colder air but still
pre-heating the inlet air as can
be seen by the unfilled squares
in figure 7. At outdoor air
variations between 5°C to -25°C
the inlet air temperature can be

Figure 7 – Temperature of inlet outdoor air after the passage in the ground buried pipe versus
outdoor temperature. The filled squares are measurements in the autumn and the unfilled squares
during the winter and beginning of spring.
seen to vary in the range of 6°C to 2°C. Continued measurements will show the characteristics of
the inlet air temperature as the summer time approaches. It is expected that excessive high inlet
air temperatures in the beginning of the summer are avoided.

The temperature efficiency in the air to air heat exchanger at different outdoor temperatures, see
figure 8, is fairly constant at 75%. Initial measurement indicated that something was not functioning
properly, since the temperature efficiency was only 30%, as indicated in figure 8. The reason for
this poor functioning was that the heat exchanger was running in by-pass mode.
Ventilation heat losses in the
house would thus have been
about twice as high if the
improper functioning had not
been fixed. Without extensive
measurements this kind of poor
functioning would not easily
have been defined and would
result in unnecessary use of
space heating energy.
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Figure 8 – Temperature efficiency of the air to air heat exchanger in villa Falk.
It was mention earlier in this paper, section 3.1, that thermal control characteristic of the heating
system may affect the energy signature. Figure 9 and 10 show the measured features (diurnal
average) of the difference between the forward and return water temperature in the under floor
heating system and the circulating volume flow rate of water.
FORWARD AND RETURN TEMPERATURE DIFFERENCE
3,5
3,0
2,5
2,0
1,5
1,0
0,5
0,0
-30,0

-25,0

-20,0

-15,0

-10,0

-5,0

0,0

5,0

10,0

Figure 9 – Temperature difference between input and return temperature in the floor heating
system at different outdoor temperatures.
In figure 9 it is seen the temperature difference varies in the range of 1°C to 3°C as the outdoor
temperature changes from 5°C to -25°C. As for the energy signature the spread in data is larger for
outdoor temperatures in 5°C to about -15°C compared to -15°C to -25°C.
The circulating flow rate of water, figure 10, varies between 550 to 800 litres per hour. Thus both
the temperature difference and the volume flow rate are regulated to vary in the under floor heating
system.
The correlation with the spread in the energy signature (figure 4) is clear. The same variation in
temperature difference in the floor heating system and its volume flow rate has been observed
during the period of very low insolation, i.e. in December, when the solar heating system delivered
zero energy. Thus the regulation of floor heating could likely be further tuned in order to reduce the

spread in heat supply at the same temperature difference, i.e. indoor and outdoor temperature
difference.
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Figure 10 – Volume flow rate, litre/hour, of water in the floor heating systemat different outdoor
temperatures.

The solar heating system delivers excessive heat than what actually is used for domestic hot water
during October to November. In January due to poor insolation it delivered only 3.7 kWh, but in
February 107 kWh and so far in March 318 kWh has been delivered.
3.3.2 Villa Carlstedt
The operation of the floor heating system is analysed in terms of input and return temperature
(figure 11) and circulating volume flow rate of water (figure 12).
The return temperature increases evenly with changes in the outdoor temperature while the input
temperature has a larger spread
40,0
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temperature, especially in the
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This spread in the input
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rate reproduces in the energy
signature.
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Figure 11 – Input (filled squares) and return temperature (unfilled squares) in the floor heating
system at different outdoor temperatures.
The volume flow rate in this house varies similarly as in villa Falk. The spread in flow rate, see
figure 12, is higher for outdoor temperatures 2°C to about -10°C than for temperatures below -12°C.
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Figure 12 – Volume flow rate, litre/hour, of circulating water in the floor heating system at different
outdoor temperatures.
The coefficient of performance (COP) defined as the sum of energy for space heating and
domestic hot water divided by supplied electric energy to the geothermal heat pump system is on
the average 2.5.
The variation in COP with
outdoor temperature is given in
figure 13. As can be seen the
scattering in the plotted data are
rather high and this is due to the
spread in the input temperature
and the volume flow rate in the
floor heating system.
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Figure 13 – Coefficient of performance (COP) of the geothermal heat pump at different outdoor
temperatures.
Also in this case it seems that the regulation of floor heating could be further tuned in order to
smooth the supply of space heating. A system COP of 2.5 is not impressive but may be improved
by tuning the floor heating regulation.
3.3.3 Villa Dario
The measured input and return temperature of the floor heating system in villa Dario is plotted in
figure 14. As can be seen the scatter in both temperatures are very high and also increases as the
outdoor temperature drops. The potential for optimizing the regulation of the input temperature or
the difference in input and return temperature should be substantial in this case.
There is also a very large scatter in the measured volume flow rate, figure 15, and as indicated in
section 3.1.3 this is the main reason for the low R2 value in the regression of the energy signature
(figure 6) in this house.
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Figure 14 – Input (filled squares) and return temperature (unfilled squares) in the floor heating
system at different outdoor temperatures.
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Figure 15 – Volume flow rate, litre/hour, of circulating water in the floor heating system at different
outdoor temperatures.
3.4

Estimation of yearly energy demand

In this section estimations of the energy demand in the different houses are compiled in table 10.
The energy demand for space heating has not been normalized based on outdoor temperature
since the heating season is still ongoing. Instead a simplified forecast has been used based on
average diurnal heat demand for the whole measured period, i.e. from October to the 25th of March.
It has further been assumed that the heating period is 200 days and that corresponding average
values of domestic hot water and electric apparatus are used for 330 days of a year.
Table 10 Estimated yearly energy demand in the houses. SH is short for space heating and DW is
short for domestic hot water and the sum these is divided by the heated floor surface.
Space
heating
[kWh/year]
6 769

Household
apparatus
[kWh/year]
3 314

Domestic
hot water
[kWh/year]
476

Total

SH and DW

F-value

[kWh/year]
10 559

[kWh/m2year]
51

[W/°C]
56

Carlstedt

15 568

798

5 249

21 615

74

145

Dario

23 342

381

2 931

26 651

98

221

Building
Falk

The average outdoor temperature for the whole measured period is about 3°C lower than normal.
This indicates that the space heating demand could be about 10 to 15 % higher than given in table
10.
Villa Falk has the lowest value, 51 kWh/m2year, in the key figure which includes energy demand for
heating, i.e. space heating and domestic hot water, per heated floor surface. Villa Carlstedt comes
next with 74 and finally villa Dario at 98 kWh/m2year. Compared to estimated key figures in the
design phase of the houses two of the tree buildings are within what was planned, i.e. 50 to 75
kWh/m2year. Considering the Swedish building regulation rules the key figure of villa Dario is far
lower than the current limit which is 150 kWh/m2year. As seen in table 10 the total heat loss
coefficient (F-value) from the energy signature reflects the relation of space heating demand
between the houses better than the key figures.
The use of domestic hot water in villa Falk (two adults) is surprisingly low. The highest use of hot
water is found in villa Carlstedt, which could be expected since two adults and two children are
living in the house. Villa Dario also has two adults and two children living in the house. The energy
used for household apparatus seems to be very low in villa Carlstedt and Dario. The lighting in villa
Dario is dominated by LED-lights.

4. Discussion
The F-value obtained from the energy signature can of course be questioned since they are
influenced by the scattering in the measured data. Smoothing the data and making a new
regression will alter the actual value and certainly increase R 2 in the linear fitting. However the
presented F-values based on diurnal data are used to roughly indicate differences in transmission
and ventilation heat losses in the houses.
The lowest F-value found in villa Falk is also evidenced by the airtightness in the house which is
the lowest found for the three houses. The pre-heating of inlet air in the ground is a feature which
lowers the ventilation heat losses in the house. For all the houses the temperature efficiency in the
exhaust heat air to air heat exchangers was found to be in the range 75 – 85 %. The ventilation air
changes in the houses are still to be further investigated in order to clarify the different F-values
concerning the ventilation heat losses.
The key figure of villa Falk is impressively low and even below the range of Swedish passive house
standard in cold climates which is 55 kWh/m2year. The surprisingly low estimated energy on yearly
basis for domestic hot water in villa Falk and household apparatus in villa Carlstedt and villa Dario
are going to be checked by further monitoring.
Even if it has not been fully clarified it seems possible, based on the measurements so far, to make
optimizations in the thermal control system to achieve further energy reduction of space heating in
all the houses, especially in villa Dario.
As already mentioned in section 3.2.3 the highest moisture content in the under floor insulation
was found to be in the middle section for all the houses. It is of course impossible to prove it but it
seems to be a reasonable hypothesis that this is caused by water trapped inside the insulation
layers due to the casting of the concrete slab. Continued measurements are expected to reveal
any dehumidification by time in the insulation.

5. Conclusions
Based on performed measurements and analysis it is concluded so far in this investigation:
-

It is easy to construct low energy buildings which have a lower energy demand for heating
than what is stipulated in the Swedish building regulation code. One of the buildings
reported in this paper has even a lower energy usage than recommended for passive

houses in cold climate.
-

It is of crucial importance to make performance measurements in order to clarify proper
operation in the heating system components like heat exchangers and heat pumps. This is
also important for tuning of the control and regulation equipment in order to optimize energy
efficiency for heating.

-

All the houses have thicker insulation than standard and the measured humidity in the
insulation, roof, external walls and under the floor, show low levels of moisture content. The
values are far below critical levels given for growth of mold in organic materials.

-

The intake of outdoor air through a buried pipe in the ground is an effective measure using
free energy to raise the inlet air temperature.
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Summary
Senate Properties, one of the biggest organizations providing workspace services in Finland, is
leading  a  project  “Ecologically  efficient  office  building  – Synergy  building”.
The task is to develop a pilot office building which is designed and constructed according to the
newest knowledge of ecological efficiency.
Another aim is to make benefit of the experiences that are gained of this pilot project and to create
good practices and models which can also be used in similar other buildings in public building sector in Finland.
The project has been planned and realized in close co-operation with the user of the building, the
Finnish Environment Institute (also known as SYKE, a research institute and a centre for environmental expertise). The expertise of SYKE is going and has been used both in determining the aims
and in choosing the design solutions.
The project started with workplace planning in August 2009 and is estimated to be finished in autumn 2014.
The building project is closely accompanied by two development projects lead by Senate Properties and SYKE, both projects focusing on ecological topics.
Keywords: Ecological, efficient, building, energy, sustainable, agreement and environment.

1. Introduction
The Finnish Environment Institute (also known as SYKE) is both a research institute and a centre
for environmental expertise. SYKE's research focuses on changes in the environment and seeks
ways to control these changes. SYKE’s expertise is based on long-term environmental monitoring,
wide-ranging research results and the institute's highly-qualified staff.
SYKE’s  premises  are  now  in  three  different  places  in  Helsinki  area.  The  aim  is  to  concentrate  the  
premises in one place and a suitable place has been found in Viikki situated in North East Helsinki
about 10 km from centre of the city. Viikki Campus area (also called Viikki Science Park area) is a

place where there is a concentration of institutes, enterprises and university faculties concerning
environment so it is an ideal place for co-operation and synergy.
The new building being designed for the head office of SYKE contains office premises for
approximately 625 persons as well as laboratory facilities. The programme area of the building is
12 855 m2 which consists of office space (80 %) and laboratories (20 %). The laboratory facilities
can be roughly divided into general laboratories (bio sector and chemistry) and special laboratories
as well as condition and support facilities.
The task of the project is to achieve an energy-efficient and ecologically sustainable building
forming an excellent working environment, as well as to be an example of office building
construction outstanding in terms of its cost-effectiveness and overall economy.
Another aim of the project is to develop the whole construction process from the viewpoint of
sustainability, and looking especially the role and tasks of the property.
In  SYKE’s  case  it  was  decided  that  the  best  way  to  reach  the  goals  for  the  building  was  to  organize  
a design competition. Through an EU-wide competition we could best find innovative solutions in
the area of ecologically sustainable building.
The design composition was organized between May 2010 and October 2010 and also functioned
as a designer selection process.

2. Ecologically sustainable building process – case: Synergy building
2.1

Ecologically sustainable building process

When we are heading for ecologically sustainable buildings we must have a process which
supports our aims.
The building process of Senate Properties has clear ecological parts in it.
The main ecological parts in chronological order are following:
- Environmental impact assessment
- Environmental objectives set by the owner
- Environmental report and
- Goals realization assessment
An environmental impact assessment is made for each project during the needs analysis stage
and the environmental report during the building design stage. The key environmental objectives
cover the energy consumption and transformability of the building. Attention is also paid to the
quality of indoor air, the healthiness of the building materials, the ease of maintenance and the
ease of repairs in the building. We also set useful lifetime for to the building and also to the
different parts of the building, for instance for the HVAC-technique.
The realization of the environmental targets is studied at the building design stage and also after
the building has been constructed.
The best way to carry out a project depends always on the special features of the project. On the
Synergy building case the project group reinforced with outside specialists had a brainstorm after
some researches of realizing alternatives of the project. We came to a conclusion that a design
team competition would be the best way to achieve the targets which we are heading for.
2.2

The targets of the Synergy building

The goal set for the Synergy building project is to find an innovative and integrated comprehensive

solution that optimally meets the goals set for it and:
-

is ecologically sustainable and energy-efficient
forms a workable and effective working environment that promotes well-being at work while
supporting the many types of continuously evolving working methods suiting the nature of
operations
is high-level from the townscape and architectonic perspectives
is cost-effective and feasible in terms of its overall economy

In the design competition, ecological sustainability means (in order of importance):
1. Energy efficiency
2. Materials  efficiency,  life  cycle  environmental  impacts  of  buildings’  major materials
3. Local renewable energy production
Environmental  classification  systems  will  be  exploited  as  tools  to  ensure  the  project’s  overall  environmental favourableness. During the project planning stage, a preliminary clarification of environmental classifications for the Synergy Building was carried out; on that basis of which the following
environmental classification levels have been set as project targets:
-

Breeam Europe 2009 Office: Outstanding
Leed New Construction 2009: Platinum
Hanke-PromisE: A-Class

The environmental classification systems’  targets considered most important were included in the
competition programme, so that it will later be possible to reach the goals.
2.2.1 Energy efficiency
The  primary  objective  in  achieving  ecological  sustainability  relates  to  the  building’s  energy efficiency.
The   competition   entries’   energy   efficiency   was assessed as a savings in the energy design
solution’s   total   energy   consumption   compared   to   the   conventional   solution.   The   energy   design  
solution means a calculated, simplified design solution that will not take the special characteristics
of laboratory facilities into account; in energy efficiency assessments, laboratory facilities was
treated   as   a   landscape   office.   The   comparative   solution   describes   a   calculated   “conventional  
solution”  according to Finnish design practice.
The competition entries were required to comply with the indoor climate required. To achieve this,
the intent should be to keep the cooling capacity need as low as possible, which will also require
the use of passive means in the control of excess heat. The objective is a minimisation of roomspecific cooling capacity, or even the elimination of the cooling need.
Fulfilling the stated requirements was verified with condition simulations in measurement situations.
The simulation was carried out for the typical spaces 1) from the most typical compass direction,
as well as 2) from the direction (south or southeast) providing the greatest external load. The
starting point is a target cooling temperature of 24 °C (indoor temperature), from which a
dimensioning day summertime temperature will be allowed to rise to a maximum of 27 °C (indoor
temperature).
The design of the Synergy Building will pay special attention to moisture technical factors.
2.2.2 Materials efficiency
The second most important objective when seeking ecological sustainability is materials efficiency
and  the  ecological  longevity  of  the  building’s  materials.  This  was measured with respect to the

greenhouse  emission  resulting  from  the  materials’  manufacturing and maintenance over a 100year review period (carbon footprint).
When designing the competition entries, the intent should be to minimise the carbon footprint generated  by  the  building’s  main  materials.
Life cycle assessments during the competition stage will include only the following main structural
types and material quantities significant in term of their scope:
-

Bottom floor
External wall structures
Windows and glass walls
Load-bearing partitions
Frame (columns and beams)
Intermediate floors
Top floor / roof structure, insulation and surface materials

To ascertain materials efficiencies, competitors were ordered to present the aforementioned quantities and carry out a carbon footprint review using the given emissions factors. The carbon footprint
review were ordered to take into account the possible need to renew or replace façade or roofing
materials over a 100-year review period.
The assessments took into account the imprecision of calculations made during the preliminary
design stage. The results of materials quantities and carbon footprint calculations were considered
only as indicative, and they will be used as a support for expert evaluations.
2.2.3 Local renewable energy production
The third objective when seeking enhanced ecological sustainability relates to the utilisation of
local renewable energy production solutions. The aim in the competition was to find alternative
heating, electrical or cooling energy production solutions, based on local renewable energy
sources that supplement or even replace conventional energy production solutions such as district
heating and grid electricity. When presenting these, competitors were ordered however to confirm
their suitability to the urban area in question (external appearance, need for service traffic,
emissions and noise levels, space needs, environmental permits and other similar considerations).
When calculating the design solutions, 15% of the annual total electricity consumption (property
and user electricity combined) was ordered to be generated at the site with, for example, solar
panels or wind generators. In calculations it was assumed that locally produced electricity can be
joined  directly  to  Helsinki  Energy’s  power  grid,  and  that  any  possible  surplus  can  be  fully  exploited.
The objective was to  achieve  an  “almost  zero-energy  building”  criteria  applied  to  the  location.
2.3

The results of the design competition of Synergy building

The competition was participated by six design teams. All the six entries were high-quality and
carefully made; here is a citation of the minutes of the competition jury:
"The six entries submitted in the competition have all been carefully prepared with the creativity,
effort and sense of commitment required for such a demanding design task. The requirements set
for the competitors have guided the design in the anticipated and intended direction. The
competition entries demonstrate that an extremely diverse spectrum of overall solutions can be
achieved with stringent environmental targets.
The competition entries also allayed the fear that tightened environmental targets might inhibit
architectonic expression, thus weakening the quality f built surroundings. Just the opposite
occurred; the competitions' high quality results demonstrate that the environmental targets inspired

fresh innovations, which are precursors for a new kind of dynamic architecture reflecting our own
times."
The key figures of the competition entries' energy and materials efficiencies and also the main
structures' carbon footprints were calculated and they were in a very good level.
A comprehensive description of the design competition can be seen in Senate Properties' web site.
2.4

Construction process and viewpoints of the property developer

The Synergy building project is closely accompanied by research work.
The development project  “Practise  for  eco-efficient  public  building;;  case  Synergy  building”  leaded  
by Senate Properties focusing in ecological topics is going on beside the building project. The
development project gives detailed aid to Synergy building process and also forms new ways to
lead an ecologically sustainable building process overall.
This development project has four main research areas:
-

Eco-efficient building process
Developing a suitable green lease model
Comparing different environmental classifications
Developing the control and calculations of energy

In eco-efficient building process the focus is on the acts which must be made beside the normal
investment process.
Green lease is a new way to make the lease agreement in Finland and rather new also
internationally. In Synergy building project both the landlord Senate Properties and the tenant
SYKE are willing to make a green lease and want to be a pilot also in this sector.
Several environmental classifications are used in building sector. In this development project those
classifications are examined and in Finland mostly used PromisE, Leed ja Breeam-classifications
are more thoroughly inspected. The aim is to use all those three classifications in the Synergy
building project, compare them and make decisions which classification(s) should be most suitable
in building processes in Finland.
Different methods of control and calculate energy are used in real estate business. The results are
not easily comparable with each other and that makes it difficult to estimate for instance how
energy-efficient the building concerned in fact is. The result of this  development  project’s  area  is to
make common and clear direction for calculations.
2.5

Agreements between the parties involved the building process

Important area in the ecologically sustainable building process is to elaborate ecological contracts
between the parties.
It was former mentioned the green lease model. Lease agreement is very crucial when we think
how the whole process will succeed and also how the building is going to be used.
In order to manage in all areas should the landlord reassure that all the parties in the building chain
aim to reach the same target – an ecologically sustainable and energy-efficient building. For
instance the targets of the contractor may be to minimise the construction costs, not the life-cycle
costs if the model of the agreement is not right.
The main agreements are following:
-

Agreement with the tenant

-

Agreement with the consultants
Agreement with the contractor
Agreement with the real estate maintenance company

These agreements should make the parties co-operate in order to achieve mutual good targets
and the terms of agreements should preferably have economical incentives.
In the other way round – the agreements should at least not inspire to part-optimization.
2.6

The ecological use of the building

In order to succeed in the whole ecologically sustainable process it is important to take care of the
ecological the use of the building.
The design and construction process should make it possible to measure the important ecological
quantities in the building. When the facts are known also the control will be possible.
This creates requirements for the measurement – the buildings will be provided much more with
the meters than nowadays.
When the consumption is known the user of the building can for instance be rewarded of
ecological use of the building.
2.7

Conclusions

Senate Properties has updated the investment process due to this pilot project. One of the key
points is   to   have   expertise   of   sustainability   and   energy   in   the   designers’   working   group.   This  
expertise can be brought by an extra person compared to the former model of the team or at least
the team members should have the expertise needed in these ecologically important areas.
It   can’t   yet   be   estimated   and   make   conclusions   how   this   pilot "ecologically efficient building
process - Synergy building" is going to be succeeded because the project is still in early stage but
results up this time have been encouraging.
The preliminary work for the project has been thorough and the design competition aroused great
interest and altogether 30 fine working group applications were achieved from seven different
countries in Europe.
The competition was held between six working groups which contain expertise in architecture,
structural engineering, HVAC design, electric and lighting design, the design of laboratory facilities,
and the design of ecologically sustainable buildings as well as energy and condition simulations.
Competition entries were high-quality and carefully made and showed that a design competition
with ambitious targets is a very good way to find different ecological solutions and designs where
various aims have been equally enough taken account.
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Summary
This study integrated building structure, heat flow mechanism and photovoltaic (PV) system to
propose ventilated Building-integrated photovoltaic (BIPV) walls. Energy efficiency of the BIPV
walls was investigated via engineering considerations and computational fluid dynamics
simulations (CFD). The results showed that either the flow pattern at the lower part of the channel
or the indoor vent height can affect the indoor vent flow rate. When the indoor vent position was
lowered and the airflow channel was widened, the indoor vent flow rate was affected by the
outdoor wind velocity. As the indoor vent height increased, the induced air velocity through the
indoor vent decreased. Correlations for predicting the heat removal rate and indoor heat gain were
introduced.
Keywords: Ventilated BIPV, CFD numerical simulation, heat removal rate, indoor heat gain

1. Introduction
Building-integrated photovoltaics (BIPV) refers to an architectural design approach that combines
photovoltaic (PV) panels with the building construction system. This combination allows BIPV to
not only feature a power generation function but also to become part of the building façade. BIPV
transforms buildings from energy consumers into active power generators and is important to
promote sustainable development in the building sector. Generally, the power output from a PV
system is relatively proportional to the PV cell area and solar irradiation on the PV cell surface.
The power output is also affected by shading, cell temperature, dust on the PV surface, sunlight
incidence angle, and irradiation spectral distribution. The PV cell temperature is associated with

the generation efficiency from the solar irradiation energy that is converted into electricity. The
nominal power of a PV module is tested under standardized testing conditions (AM1.5, 25°C, 1000
W/m2). However, in a normal environment, it is difficult to maintain a PV cell temperature of 25°C
because the cell is affected by ambient climate and heat transfer conditions. The efficiencies in a
PV module are decreased with increasing the module temperature (Meral and Dinçer, 2011).
Therefore, whenever possible, it is necessary to fully enhance a PV’s heat dissipation.
The ventilated BIPV design strategy can be achieved through a double-skin design, known as an
effective way to reduce the building’s solar heat gain (Lai et al., 2008) (Chang et al., 2008). A
double-skin structure enables the mezzanine to form an air layer. In the summer months, an air
layer with open ends can reduce the heat entering into the room.
Limited research exists on the effectiveness of ventilated BIPV on cooling load reduction. (Yang et
al., 2000) analyzed ventilated BIPV by employing a cooling load component reduction ratio to
evaluate the effectiveness of BIPV on reducing the cooling load. The results indicate that the
cooling load component reduction ratio of ventilated BIPV was 32.5%, 41.1% and 50.1% under the
climatic conditions in Hong Kong, Shanghai and Beijing, respectively. (Yun et al., 2007)
considered power generation performance, energy savings of illumination from daylight, induced
indoor ventilation and energy savings from BIPV daylight shielding to propose a comprehensive
evaluation indicator termed “PVEF” (Effectiveness of a PV Façade). The results showed that an
increase of BIPV transmittance causes a rapid increase in air conditioning load and illumination
energy savings. In this scenario, power generation and heating load were reduced. Therefore,
PVEF provided an optimal light transmittance of 30%.
Computational fluid dynamics (CFD) simulation technique is a well-known and widely-accepted
scientific technique that provides insight into various building energy and building science related
applications, including building ventilation (Abdalla et al., 2009; Cheng, 2010; Lariani, 2009), solar
thermal facility (Reddy and Satyanarayana, 2008), etc. This study aims to understand the thermal
effect on the BIPV module and to explore the use of thermal management or ventilation to
decrease the thermal impact. The ventilated BIPV wall design is proposed and evaluated via
engineering considerations and CFD simulations.

2. Research Methods
2.1

Design development

In Taiwan, residential buildings are often composed of reinforced concrete or light steel. A
conventional exterior wall structure for a light steel house is shown in Figure 1. In such
constructions, the C-shaped or square steel columns are erected to be the main support where
outdoor and indoor wall panels are attached.
As shown in Figure 2, this study suggests the replacement of the exterior wall panels with PV
Channel width, Wch
Hybrid
airflow out

Column

Exterior
The space between the PV
panels and indoor wall panels
serves as the airflow channel

Fig. 1 The exterior wall structure of
a light steel house
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Fig. 2 The ventilated BIPV wall
proposed in this study

panels, leaving the space between the exterior and interior walls as an airflow channel to provide
natural ventilation and heat dissipation for the ventilated BIPV wall. The channel space, which has
the same dimensions as the column width, can also be used for installation of PV cables. Each
row of PV panels (i.e., every external wall unit divided by two columns) has an air inlet at its base.
The outdoor airflow enters through the inlet into the mezzanine channel, which is formed by the PV
panels and indoor decorative boards. After flowing through the entire row of PV panels, the airflow
in the channel is discharged from the outlet located on top of the PV panels. A detailed design of
the outlet vent has been simulated using CFD technique to ensure that the outdoor airflow will not
flow in through the top air vent and reduce the strength of the buoyant convection.
2.2

Physical Model

The exterior wall of the residential house has the dimensions 6.1 m × 3.2 m × 2.85m (height) and
is designed with the ventilated BIPV wall shown in Figure 3. The investigated model space
resembled a one-story space but was not necessarily at a low level and could also be used to
represent a higher floor. The main parameters for the model space used for the study are detailed
in Table 1 and illustrated in Figure 3.
Solar irradiation

Interior
Exterior

The proposed ventilated BIPV wall
(Please refer to Fig. 2 for details)
Outdoor airflow

Fig. 3 Schematic diagram of the proposed ventilated BIPV and investigated space
Table1 Main parameters for the CFD simulations
Item
Settings
1. Exterior
Fix the outdoor air temperature at 29 °C
environment
Fix the solar irradiation at 600 W/m2
Change the air velocity Vo (0.5, 1.0, 2.0 m/s)
The upper side of the exterior environment was assigned
to be a Neumann boundary condition
2. Exterior wall
Original exterior
Replace the original exterior wall with the proposed
wall location
ventilated BIPV wall
BIPV channel
Exterior: steel (to mimic the PV metal material)
walls
Interior: wood (to mimic the conventional interior
decorative material)
BIPV airflow
Change the airflow channel width Wch (5, 10, 15, 20 cm)
channel width
(change under the premise of meeting the actual exterior
wall structure of the building)
Fix the opening area
Indoor vent
Change the opening height H (15, 30, 45, 60, 75, 90 cm)
(change under the premise of meeting the actual indoor
design)
3. Indoor space
Indoor furniture
No furnishings
Indoor heat
No indoor heat source
source
Walls
Adiabatic
4. Indoor partition wall
Shut the door (ignore cracks in interior door)

2.3

Numerical method

Numerical simulations of the physical problem under consideration were performed using a finite
volume method to solve the governing equations and boundary conditions mentioned above. A
commercial CFD code, PHOENICS, was used to simulate the airflow and temperature distributions.
The governing equations solved by PHOENICS include the three-dimensional time-dependent
incompressible Navier-Stokes equation, the time-dependent convection diffusion equation and kturbulence equations. These formulated equations can be found in the PHOENICS user’s manual
(Spalding, 1994) and in any CFD textbook. For the k- turbulence equation, the empirical
turbulence coefficients were assigned as k=1.0,
=1.22,
1=1.44,
2=1.92, and C =0.09.
These values were widely accepted in the CFD k- model. To bridge the steep dependent variable
gradients close to the solid surface, the “general wall function” was employed. The iterative
calculation was continued until a prescribed relative convergence of 10-3 was satisfied for all the
field variables of this problem. The numerical simulation accuracy depends on the resolution of the
computational mesh, and a finer grid leads to more accurate solutions. In this study, a structured
cubic-like hexahedral grid system with approximately 52 x 162 x 120 cells was used for the
numerical simulation. The model development and validation have been described in (Chiang and
Lai, 2009). Increasing the number of cells will provide information that is more accurate. However,
increasing the number of cells will also increase the computation resources required.
2.4

Evaluation indicators

2.4.1 Heat removal rate
When sunlight radiates onto a ventilated BIPV wall, thermal energy will be absorbed, causing the
temperature of the PV panels to rise and the air in the airflow channel to be heated. These
reactions will generate buoyancy to push up the channel air and remove part of the heat via a
natural convection mechanism. The other part of the heat energy will be transmitted into the
indoor space by means of thermal conduction through the indoor side wall panels of the BIPV
structure. Furthermore, the outdoor air can also flow into the airflow channel of the ventilated BIPV
wall through the inlet below the BIPV structure to generate forced convection and remove the heat
gain on the PV panels. A mixed convection mechanism is generated within the airflow channel.
By measuring the temperature and airflow rate, the amount of the heat transfer rate Qch (W) that
has been carried away by convective airflow in the channel can be calculated as shown in
equation (1).

Qch mch CP (Tch , o Tch ,i )
m : mass airflow rate (kg/s) (= ), C P : specific heat capacity (kJ/kg K)

(1)

2.4.2 Indoor heat gain
Solar radiation penetrates a building’s opening directly to heat the indoor air or indoor facilities. It
is also able to heat the outdoor air or exterior walls to transmit thermal energy through the building
skin. Indoor heat gain is a result of these two phenomena. The indoor heat gain Qindoor induced
by the ventilated BIPV wall can be calculated from equation (2) as:
Qindoor Qcond Q vent
(2)
Where Q cond is the rate of conductive heat transfer (W) transmitted through the indoor wall panels
of the ventilated BIPV to the indoor air, and Q vent is the heat gain (W) that flowed in through the
indoor vent.

Qcond

k
(TL
d

TR ) As

(3)

TL, TR: wall surface temperature of the interior wall panels (oC)

Q vent

m vent C p (Tvent

Tindoor )

(4)

3. Results and discussion
3.1

CFD simulation results

3.1.1 Airflow pattern
The CFD simulations were conducted under the conditions of three outdoor wind velocities, four
airflow channel widths and six indoor vent heights. When the outdoor airflow entered the inlet from
below, part of the airflow entered the indoor compartment through the indoor vent, and part of it
flowed upward in the channel and then flowed out through the top outlet, which was also entrained
by the outdoor airflow outside the outlet.
Airflow simulations of different airflow channel widths ( Vo =0.5 m/s and H=15 cm) are shown in
Figures 4(a) and (b). As the channel narrowed, the outdoor air entering the channel collided with
the indoor wall of the ventilated BIPV to generate a hydraulic pump phenomenon. Next, the outdoor air flowed upward as shown in Figure 4(a). When the channel was widened, part of the outdoor airflow entered the indoor vent in an upward slanting manner, enhancing the indoor vent flow
(Figure 4(b)). At this location ( Vo =0.5 m/s), the strength of the hydraulic pump effect was not significant and did not affect the slanting airflow entering the indoor vent. When the outdoor wind
velocity was increased ( Vo =2 m/s), the stronger hydraulic pump did not affect the flow pattern in

(a) =5 cm ( =0.5m/s, H=15 cm)

(b) =20 cm ( =0.5 m/s, H=15 cm)

(c) =5 cm ( =2 m/s, H=15 cm)

(d) =20 cm ( =2 m/s, H=15 cm)

(e) =5 cm ( =0.5 m/s, H=90 cm)

(f) =20 cm ( =0.5 m/s, H=90 cm)

Fig. 4 CFD simulations of flow patterns

the narrow airflow channel ( Wch =5 cm) (Figure 4(c) vs. 4(a)). However, when the width of the airflow channel was increased ( Wch =20 cm), the strength of the hydraulic pump prevented the outdoor airflow rate from entering the indoor vent (Figure 4(d) vs. 4(b)). Therefore, when the indoor
vent position was lowered and the airflow channel was wider, the indoor vent flow rate was affected by the outdoor wind velocity.
Based on the flow patterns of different indoor vent heights, a higher the indoor vent height resulted
in a lower induced air velocity through the indoor vent (Figure 4(e),(f) vs. 4(a)(b)). The flow pattern
at the lower part of the channel and the indoor vent height can affect the indoor vent flow rate
3.1.2 Temperature distribution
The thermal boundary layer thickness was controlled to a certain extent (with exception of the area
near the outlet). The thickness was able to be controlled even for cases with strong buoyancy (i.e.,
weaker forced convection due to low airflow velocity in the channel), as shown in Figure 5. The
thermal boundary layer development prevented the solar heat from entering indoors through the
indoor wall panel. When the outdoor air velocity increased, the forced convection in the channel
also increased, and the thermal boundary layer thickness decreased.

(a) =5 cm

(b) =10 cm

(c) =15 cm

(d) =20 cm

Fig. 5 Temperature distributions ( Vo =0.5 m/s; H=15 cm)
3.2

Heat removal rate of the ventilated BIPV wall

A wider the airflow channel results in a lower heat removal rate for the ventilated BIPV wall. When
the outdoor wind velocity was 0.5 m/s, the channel width had a minimal effect on the heat removal
rate, and its average value was about 1073~1155 W. When the outdoor wind velocity was 1.0 m/s
and the channel width was 5 cm, the heat removal rate was found to be at its maximum. A larger
channel width results in a lower heat removal rate. An average heat removal rate value of approximately 1228~1628 W was documented. When the outdoor wind velocity was 2.0 m/s, with an
airflow channel width greater than 10 cm, the heat removal rate reached an average of 2439~3065
W.
Furthermore, the effect of the indoor vent height on the heat removal rate was explored. An increase in the height of the indoor vent off of the ground caused a decrease in the heat removal
rate when the outdoor wind velocity was held constant at 0.5 m/s. In this scenario, the average
heat removal rate was found to be 1067~1121 W. When the outdoor wind velocity was 1.0 m/s,
the heat removal rate was not affected by the position of the indoor vent, and the average value
was 1353~1399 W. When the outdoor wind velocity was 2.0 m/s, the average value was

2516~2890 W, and when the indoor vent height was higher than 30 cm, the heat removal rate was
unchanged.
Based on the above observations, the heat removal rate was not significantly affected by indoor
vent height. Therefore, this study only analyzed the heat removal rate ( Q ch ) with respect to outdoor wind velocity ( Vo ) and airflow channel width ( Wch ). Research indicates that

Q ch
fea1/ 5
Wch

tures a strong linear relationship with outdoor wind velocity , as shown in Figure 6 and equation (5).
In Figure 6 (also Figure 7), x and y refers to the quantities in the abscissa and the other coordinate
respectively; R represents the coefficient of determination in the least squares regression.

Q ch

2203Vo Wch

1/ 5

(5)

Equation (5) is based on the following applicable ranges: outdoor wind velocity of Vo =0.5~2.0 m/s,
airflow channel width of Wch = 5~20 cm, and indoor vent height of H=15~90 cm.
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Fig. 6 The relationship between outdoor wind
velocity, channel width, and heat removal rate.
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Fig. 7 The relationship of outdoor wind velocity, channel width, and indoor heat gain

Indoor heat gain of the ventilated BIPV wall

When the outdoor wind velocity was 0.5 m/s, the indoor heat gain of the ventilated BIPV walls was
approximately 143~148 W, indicating that the indoor heat gain was not significantly affected by
channel width. When the outdoor wind velocity was 1.0 m/s, the indoor heat gain was approximately 98~295 W, indicating that an increase in channel width results in an increase in indoor heat
gain. When the outdoor wind velocity was 2.0 m/s, the indoor heat gain value was 558~847 W,
indicating that an increase in the airflow channel width increases the indoor heat gain. When the
width was greater than 10 cm, the indoor heat gain remained constant.
The effect of indoor vent height on indoor heat gain was also explored. When the outdoor wind
velocity was 0.5 m/s, 1.0 m/s, and 2.0 m/s, the average indoor heat gain was found to be 125~193
W, 171~248 W, and 740~827 W respectively. These findings indicate that the indoor heat gain
was not significantly affected by the indoor vent height.
Therefore, the indoor heat gain was only analyzed with respect to the outdoor wind velocity and
airflow channel width. When the outdoor wind velocities were 0.5 m/s, 1.0 m/s and 2.0 m/s, a logarithmic relationship was shown between the indoor heat gain and the channel width. After confirming the relationship between the heat gain and the airflow channel width, the relationship of

Qindoor
and outdoor wind velocity ( Vo ) was established as shown in Figure 7 and equation (6).
Ln ( Wch )

Q indoor

1.4

106.5Vo Ln ( Wch )

(6)

4. Conclusion
This study integrated building structure, heat flow mechanisms and PV systems to propose a ventilated BIPV design. The ventilated BIPV walls, with air vents at the top and bottom, were exposed
to solar irradiation. The energy efficiency and ventilation performance were investigated via CFD
simulations.
Both the flow pattern at the lower part of the channel and the indoor vent height affected the indoor
vent flow rate. Decreasing the indoor vent position and increasing the channel width caused the
indoor vent flow rate to be affected by the outdoor wind velocity. A higher indoor vent height
caused the induced air velocity through the vent to decrease.
The heat removal rate and indoor heat gain were not significantly affected by indoor vent height.
The effects of outdoor wind velocity and channel width on the heat removal rate and indoor heat
1/ 5
1.4
gain are Q ch 2203Vo Wch
and Q indoor 106.5Vo Ln ( Wch ) , respectively. These equations are
valid when the outdoor wind velocity is Vo =0.5~2.0 m/s, the airflow channel width is Wch =5~20
cm, and the indoor vent height is H=15~90 cm.
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Summary
The method is developed to provide a tool for managing building energy efficiency. This method is
based on building energy management plan which contains energy simulation and energy
efficiency metering arrangements planning in project’s design phase, measurement and verification
reporting in building guarantee time as well as indoor climate, consumption and real estate service
managing in operation period. The target of the method is to ensure that all systems are
performing as specified and identifies any anomalies in equipments, operations or user habits. The
method will lead to systematic energy efficiency process which begins of project’s planning phase
and covers also operation period.
Keywords: Energy management plan, energy simulation, measurement and verification, M&V-plan

1. Introduction
Energy consumption makes up a major proportion of the life-span costs of buildings. A major
problem in energy efficiency construction projects is that there is not in use a systematic energy
efficiency development process which begins of project’s planning phase but also covers building
operation period.
Energy consumption sub-measurements have become more general during last few years in new
construction projects. However, there is no individual energy consumption comparison level when
the building is completed. Without energy simulation it takes usually two-three years to specify the
level and even then it is hard to say, are the all systems performing as specified. The same
problem happens again during renovation. Energy simulation is also a valuable tool for comparing
effects of different kind of design case system solutions on building post-construction energy use.
Measurement and verification (M&V) arrangements provide a systematic procedure for determining
the functional performance and energy consumption of the building’s HVAC and electricity systems.
The major function of developing the M&V-plan is to identify system’s most essential metering
parameters interacting with building energy efficiency. Continuous commissioning ensures satisfy
and useful indoor climate, verifies that all functions are operating correctly and system’s repair and
replacement needs will be discovered early enought. M&V-report provides a tool for maintenance
organization for building continuous commissioning.
In construction projects, there are often expert building services designers and used sophisticated
energy management tools. However, these are closely interconnected to each other and the most
significant advantage can be achieved by developing these functions overarching project’s energy
management plan. Energy efficiency objectives, methods, initial data, assumptions and
responsibilities must write down to ensure that all systems are performing as specified and there
have not been used poor implementation or lack of user habits.

2. Project’s energy management plan
Energy management plan includes description of project’s energy efficiency targets, energy
simulation report, measurement and verification plan and its report as well as description of
operations during continuous commissioning period. The stages of formulate the plan has
represented in figure 1.

Project’s
design

1.

Project’s energy
efficiency target

2.

Energy simulation
- Initial data description
- Results

3.

Energy efficiency
developing needs

4.

Measurement &
Verification plan
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M&V report
- Updated simulation

Design

Implementation
design

Construction

Use

Consumptions, indoor climate
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Continuous commissioning
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time

-Efficiency measurements
-Montly based consumption reports

Acceptance

Figure 1. Project’s energy management plan.
2.1

Project’s goals

The first step is to set building energy efficiency targets and write down the requirements of how
these will be overtaken. The action plan including procedures, methods, time frames,
responsibilities as well as limitations must be formulated with client in project’s planning phase.
That document is template for the energy management plan. Action plan will be documented and
the requirements sets by the plan will be brought also to the design and construction agreements.
2.2

Energy simulation

The target of energy simulation is developing building’s energy efficiency during design process.
Comparison of effects of different kinds of design case system solutions on building postconstruction energy consumption is possible via simulation. It also provides an estimation of
system level building post-construction energy use. Concrete results motivate design team
members to innovate more energy efficiency solutions.

2.2.1 Initial data description
The design simulation is based on source information given by designers and system producers.
The baseline simulation is based on, for example ASHRAE 90.1 standard or national best practice
guides or national business-as-usual building – solution.
Design source information must be written down in detail. Initial data description must include
summary of simulation basic information (such like weather data, occupancy level and time of use),
description of building characteristics and its systems as well as devices technical parameters.
Remarkable assumptions used in simulation must be described literally.
2.2.2 Simulation results
Simulation results contain system level energy distribution of the design simulation and the
baseline simulation. The comparison between design simulation and baseline simulation provides
a tool for energy efficiency comparing during design phase. However, the most important function
is to define building system level post-construction energy use in sufficient accuracy. Limitations of
the modeling program are expected to be the greatest potential source of inaccuracy.
2.2.3 Description of energy development needs
Comparison between the design simulation and the baseline simulation provides information of
remarkable energy efficiency differences on system level. The report must be described occurred
development needs as well as realized energy efficiency operations. Therefore resources can
direct to developing most significant weaknesses.
2.3

Measurement and verification plan

Measurement and verification plan provides a systematic procedure for determining the functional
performance and energy consumption of the building’s HVAC and electricity systems. Simulated
energy consumption and its distribution gives initial data for developing the M&V-plan. Energy
metering must have identified compare level. The major function is to identify system’s most
essential parameters interacting with building energy efficiency. Continuous metering of systems’
efficiency parameters provides more specific information of performing and underperforming
causes and these can be navigated quickly.
2.3.1 Systems approval report
Contractor might change the designed building systems during construction. All alternative
systems must be corresponded to project’s efficiency requirements. The simulation must be
updated if changes have been occurred since design stage. A format of system approval report
can be check-list of system models and characteristics for example.
2.3.2 Commissioning tasks
During commissioning phase there will be performed diverse commissioning inspections and
occasional measurements in accordance, for example to LEED or BREEAM or national best
practice guide. Energy simulation must be calibrated in consequence of commissioning findings
and functional performance test records during commissioning stage. The findings and results
must be well documented to energy management plan.

2.3.3 Energy efficiency measurements
The building must be equipped with a bus-based centralised adjustment and monitoring system.
Selected measurement points will be monitored through the Building Automation System (BAS).
Metered data must be averaged to be equivalent to simulation data in order for the comparison will
be possible.
2.4

Measurement and verification report

Measurement and verification period is two years in length. During the period monthly readings of
energy consumption will occur. The monitored data will be analyzed to determine the performance
and operating characteristics of various building system components, and the results compared to
the energy simulation to determine their impact on energy consumption. During the M&V reporting
process additional cross-check measurements are taken in place. These measurements are
usually the same as in building commissioning stage.
The M&V report includes summaries of logged information and provides comparison between
measured data and simulated data. A major task is to provide analyze of the reasons which are
convened to underperformance of equipments. The report also provides recommendations for
corrective actions and record any significant operation and maintenance work performed on
equipment.

M&V reporting process

-System approval report
-Commissioning measurements report
-Measured energy consumption data
-Measured efficiency parameters
-Systems’ measured schedules

1.

Cross-check
measurements

2.

Analyze

3.

Re-calibration

4.

M&V report

Figure 2. Measurement and verification reporting process.
2.4.1 Updated energy simulation
The energy simulation will be re-calibrated with actual weather data, occupancy levels, device
controls, schedules and all other relevant operating parameters at the end of the M&V period.
Updated simulation will be re-run and provided an estimation of building energy consumption in
future. The simulation must be updated also during remarkable load alteration.

2.5

Indoor climate, consumptions and real estate services management

Major functions of continuous commissioning are to ensure confortable and useful indoor climate,
verify that all functions are operating correctly and system’s repair and replacement needs are
discovering enought early. Energy consumption makes up a major proportion of the life-span costs
of buildings. To minimize this expenditure without inconveniencing users, the building must be
monitored continuous based also after the M&V period. M&V report provides a tool for
maintenance organization for building continuous commissioning.

3. Conclusion
Major function of energy management plan is to channel construction culture and habits to more
sustainable and energy efficiency way. Energy management plan is usable for new construction
projects but also for renovation projects. Therefore building baseline energy use will be determined
with measurements before renovation. Energy management plan is a brilliant tool also for
construction projects which implementing by Energy Service Company (ESCO) – project model or
Public-Private-Partnership – project model. Actual energy savings and deviations associated with
energy efficiency can be verified on specific level.
Energy management plans have formulated for a few new construction projects. Some of these
buildings are completed and the energy efficiency measurement and verification period has started.
However, practical results and experiences of the pilot projects are available before summer 2011
and these will be presented in the conference.
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Summary
Worldwide energy consumption has increased by 30% in the last 25 years. Primary energy
reduction and energy efficiency improvement are important targets to be achieved in every society
and in residential buildings in particular. A residential polymer electrolyte fuel cell (PEFC)
cogeneration system is an emerging and highly efficient system. It can convert the chemical
energy recovered from a single fuel source into electricity and heat directly. As the two popular
methods for space heating, a air-condition system and a hydronic radiant floor heating system
(HRFHS) can be integrated with PEFC cogeneration systems. This paper analyzed the energysaving effects in terms of annual primary energy consumption and greenhouse gas (GHG)
emissions when a residential PEFC is used in HRFHS-rooms (PEFC-HRFHS) and air-conditioning
rooms (PEFC-NOHRFHS) based on simulation, and finally, compared them to conventional grid
utilization and heat pump technologies of residential houses in Fukuoka City, Japan. The results
show that residential PEFC cogeneration systems offered primary energy reduction of 6.3% in one
year. However, the annual primary energy reduction and GHG emissions reduction of a PEFCHRFHS were 11.3% and 3.9%, respectively.
Keywords:

Residential PEFC cogeneration system; Hydronic radiant floor heating system
(HRFHS); Primary energy consumption; Greenhouse gas (GHG) emissions; Whole
building simulation

1. Introduction
Nowadays, environmental deterioration due to the production and consumption of energy,
particularly greenhouse gas (GHG) emissions, threatens human health and quality of life, and even
influences the development of economy and society. The amount of GHG emissions of the world
reached 29.0 billion metric tons in 2006 and increased to 31.0 billion metric tons in 2010 [1].
Primary energy consumption is a main cause of GHG emissions. In Japan, the primary energy
consumed in the domestic sector in 2006 was twice as large as that in 1973. Therefore, it is
important to reduce energy demands and boost energy efficiency in residential buildings in the
domestic sector.
In Japan, the utilization efficiency of primary energy in conventional power generation is only 39
percent. Large thermal energy is wasted in terms of power transmission and generation processes.
Additionally, the energy demands of hot water and electricity accounted for 30% and 45%
respectively in the domestic sector. Due to the above reasons, the residential fuel cell
cogeneration system, which is an environmentally friendly and highly efficient system, has
emerged and is being promoted in Japan. It can convert the chemical energy recovered from a
single fuel source into electricity and heat directly. When fuel cell cogeneration systems are
operated, the losses associated with electrical power transmission can be reduced and water can
be heated up by exhaust heat recovery. Compared with other fuel cell systems, the polymer
electrolyte fuel cell (PEFC) cogeneration system operates at relatively low temperatures (from
room temperature to 90°C) with a fast activation time, and even reaches a high overall efficiency of
approximately 80%. Moreover, the hydronic radiant floor heating system (HRFHS), which is a

comfortable system [2] using circulating water and has become popular in residential houses in
Japan, can utilize the exhaust heat energy generated by PEFC cogeneration systems immediately.
A series of studies have investigated residential fuel cell cogeneration systems using simulation
tools and compared their energy and environmental performance with other supply options. In the
European context, Viktor D. and his team [3] analyzed fuel cell cogeneration system installations in
single and multiple buildings with distinct domestic energy demands in Switzerland. Then, the
primary energy and GHG emissions performance of systems were assessed [4]. They showed a
good result regarding energy savings and GHG emission reduction with high domestic energy
demands as fuel cell cogeneration system’s utilization. For Japan, Tetsuya W. et al [5] conducted
the study on how to increase the operating factor of fuel cell cogeneration systems with minimum
output. They clarified that primary energy consumption is reduced significantly when the system
was operated to meet the total electric demands rather than to meet the total hot water demands in
a normal family. Our laboratory at Kyushu University started research on the energy-saving effects
of residential PEFC cogeneration systems in 2004. Characteristics of PEFC cogeneration systems
(partial load, start up energy and the heat loss of a hot water tank) were measured [6] in winter
(between December, 2004 and January, 2005) and in summer (August, 2005). According to the
results of those measurements, the program, which calculated energy consumption and the
amount of GHG emissions of PEFC cogeneration systems, was coded based on the THERB [7]
which is a calculation program for indoor thermal load. The annual energy-saving effects and
efficient operation of PEFC cogeneration systems were analyzed [8]. In addition, the program was
improved to calculate the energy-saving effects of a PEFC cogeneration system integrated with a
hydronic radiant floor heating system (PEFC-HRFHS).
This paper summarizes PEFC cogeneration systems applied in HRFHS-rooms and in conventional
air-conditioning rooms (hereinafter referred to as “PEFC-NOHRFHS”) respectively, identifies
important characteristics and related loads, develops a simulative model and outlines simulative
methods, clarifies the annual primary energy consumption and GHG emissions when a PEFC
cogeneration system is used in the two building styles under standard conditions, and finally,
compares them to conventional grid utilization and heat pump technologies in Fukuoka City, Japan.

2. System analysis
2.1

Residential PEFC-NOHRFHS
A PEFC-NOHRFHS consists of a PEFC unit
and a hot water tank unit. The PEFC unit,
which generates power and recovers
exhaust heat, is comprised of a fuel reformer
for hydrogen recovery from manufactured
gas and a heat exchanger to heat up tap
water using the exhaust heat. The
components of the hot water tank unit are a
hot water tank, a mixing unit and a sub-boiler.

Exhaust heat from the PEFC unit is
recovered in the form of hot water and then
stored in the hot water tank. Hot water was
adjusted to the desired temperatures for
Fig. 1 Schematic illustration of a residential shower, kitchen and domestic demands by
PEFC-NOHRFHS
the mixing unit. A shortage of hot water
supply from the hot water tank is
compensated for by using the sub-boiler. Domestic electric demands are supplied from the power
generated by the PEFC unit beforehand; the lacking electricity is transmitted from the utility
company. As reverse power flow to a commercial electric power system is not allowed in Japan,
surplus electricity from the PEFC unit is utilized by an electric water heater and the hot water
generated by the electric water heater is also stored in the hot water tank. The PEFC-NOHRFHS
can stop automatically when the hot water tank is full. The schematic illustration of the power

interchange operation using a residential PEFC-NOHRFHS is shown in Fig.1. The basic
specification of the pilot unit is indicated in Table 1.
Table 1 Specification items of the PEFC-NOHRFHS
Specification items
Power generation efficiency
Exhaust heat recovery efficiency
Rated power output
Rated exhaust heat output
Temperature of hot water heated by PEFC
Capacity of hot water tank
Activation temperature of PEFC
Fuel

2.2

value
33 %
45 %
1 kW
1.36 kW
60 °C
200 l
90 °C
Manufactured gas 13A

System integration of a PEFC cogeneration system with a HRFHS

Fig. 2 Schematic diagram of a PEFC-HRFHS
Table 2 Specification items of the HRFHS
Specification items
Tube length
Tube diameter
Intervals between tubes
velocity
Heat conductivity coefficient

106m
4mm
50mm
0.3m/s
0.111W/(m*K)

A hydronic radiant floor heating
system (HRFHS) is a system of
plastic or metal tubes laid within a
floor that carries hot water into
specific rooms or zones, dispersing
the heat through the floor surface.
During the HRFHS operation, the
cooler water returns to the heat
source where it is reheated by the
heat exchanger and sent out again in
what is known as a “closed-loop
system”. A gas boiler as an assistant
water heater is used when the water
temperature of the HRFHS is lower
than the appointed temperature after
heat exchange.
A PEFC cogeneration system is one option of
heating sources for a HRFHS due to the ability
of the PEFC to generate exhaust heat. The
PEFC-HRFHS is made up of a PEFC unit, a
hot water tank unit and a HRFHS, which is
shown in Fig.2. The basic specification of the
simulative HRFHS is listed in Table 2, which
determined the heat output.

3. Simulative methodology
3.1

Outline of simulation

Two additional conventional systems were considered to evaluate the energy-saving effects of the
PEFC cogeneration systems, because the loads are different in the PEFC-NOHRFHS and in the
PEFC-HRFHS. The first system is a conventional energy supply system without a PEFC
cogeneration system and a HRFHS (NOPEFC-NOHRFHS); electricity is purchased from a utility
company, and hot water is supplied from a gas boiler. The NOPEFC-NOHRFHS is the reference
used to assess the effects of the PEFC-NOHRFHS. The second system is a conventional energy
supply system with HRFHS utilization (NOPEFC-HRFHS), which is also without PEFC
cogeneration systems. Likewise, the NOPEFC-HRFHS is used for referring the effects of the
PEFC-HRFHS.

Three seasons were adopted for our study: winter (Dec. and from Jan. to Mar.), summer (from
June. to Sept.) and intermediate season (from Apr. to May. and from Oct. to Nov.). Space cooling
and heating were supplied by electric air-conditions installed in each living room and bedroom in
NOPEFC-NOHRFHS/PEFC-NOHRFHS. The HRFHS was supposed to be placed in a living room
only for space heating in winter and partial intermediate season in NOPEFC-HRFHS/PEFCHRFHS, while simultaneously air-conditions were applied to heat bedrooms and cool down the
whole house. In addition, the room temperature was set up to 26°C when cooling and 22°C when
heating.
Based on the results of past research [9], the HRFHS and air-conditions were operating only when
people stay inside. Daily Start & Stop (DSS) operation of the PEFC unit, which means that
activation/stop time was designated beforehand, was set up in the simulation as an optimal
operation method for energy-saving. The PEFC unit was set up to operate when its partial load
was up to 0.3; and terminated automatically when the stored hot water was close to the fill level
and the set temperature. When the PEFC unit was stopped, the standby power requirement was
set to 20W. On the side of the output control method, operation to just follow power load was
chosen to prevent surplus power generation. On the side of hot water supply, tap water was set up
to heat up to 60°C by using recovered exhaust heat. Also, 40°C hot water was provided for
domestic demands and 50°C water was provided for the HRFHS by mixing the stored hot water
and the tap water. When stored hot water was not sufficient, the water was heated up by the subboiler (80 percent of heat efficiency).
3.2

Situation of the simulative house model

Table 3 Materials of envelop, heat loss coefficient (Q-value),
solar gain coefficient (µ-value) of glazing of the standard house
model in Fukuoka City, Japan
Items
Details
Materials composition (from internal to external), [mm]
Plaster board [12]; Air layer; Plywood [9]; Insulation
External wall
[55]; Ventilation layer; Siding [15]
Window
Flat glass [3]
Ceiling
Plaster board [12]; Insulation [115]
Floor
Plaster board [10]; Plaster board [12]; Insulation [70]
Q-value
2.69 W/(m2K)
µ-value
0.070

The Japanese standard house
model
stipulated
by
the
Architecture Institute of Japan
was
considered
as
the
simulative model. The thermal
properties
of
the
house
envelope
(insulation
and
glazing),
the
heat
loss
coefficient and the solar gain
coefficient for Fukuoka City
were set based on the
Japanese standard. Details of
the
standard
house
are
described in Table 3.

The standard family was assumed to be dual-earner parents and two children. The life pattern in
the house was produced by the automatic life schedule creation program of SCHEDULE Ver. 2.0
[10]. As for the life pattern, only Saturday and Sunday were set up to be holidays without legal
holidays.

Amount of load per season
[kWh/season]

3.3

Inputted load calculation
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Fig. 3 Amount of occupant electricity, domestic water
demand and space thermal load by air-con and by
HRFHS in winter, intermediate season and summer

The inputted load data at one
minute intervals of the simulative
systems includes annual aircondition load, the amount of hot
water supply for domestic
demand and the HRFHS,
occupant-related electricity and
gas demand.
Initially, SCHEDULE Ver. 2.0
directly created the occupantrelated electricity, domestic hot

water demand, gas demand and internal heat gain by season for weekdays and weekends
respectively. Secondly, the space thermal load by air-condition was calculated by THERB, which
was based on inputting internal heat gain and expanded AMeDAS Weather Data (on the standard
year). It was assumed that air-condition was an electrical heat pump air-condition (COP=3.1).
Furthermore, the heat output of the HRFHS was determined by pipe spacing, supply water
temperature, tap water temperature, water flow rate and floor covering in NOPEFC-HRFHS/PEFCHRFHS, which was also calculated by THERB. Water demand of the HRFHS was counted by the
Equation of Specific Heat Capacity, in which the set up temperature of the hot water supply for
HRFHS was 50 °C and the tap water temperature was measured by the local waterworks
department. Finally, annual load data by power and the hot water supply (at one minute intervals)
was created based on obtained data, which is shown in Fig.3. Occupant-related electricity and
domestic water demand are the standard data in these systems. The annual space heating load in
NOPEFC-HRFHS/PEFC-HRFHS is 734kWh greater than in NOPEFC-NOHRFHS/PEFCNOHRFHS.
3.4

Performance assessment indicators

The PEFC-NOHRFHS and the PEFC-HRFHS were analyzed for four performance indicators: (a)
reduction rate of primary energy consumption, (b) reduction rate of GHG emissions, (c) actual
efficiency of power generation and exhaust heat recovery and (d) contribution rate of power
generation and hot water supply.
The reduction rate was calculated by comparing the results of the PEFC-NOHRFHS to the
NOPEFC-NOHRFHS and comparing the PEFC-HRFHS to the NOPEFC-HRFHS. The values of
primary energy and GHG emissions were converted from the energy consumption of electricity and
gas. The values of 10.05MJ/kWh, 9.31MJ/kWh and 45.9MJ/Nm3 are the conversion factors of
daytime electricity consumption, night-time electricity consumption and gas consumption to primary
energy consumption, respectively. The conversion factors of thermoelectricity generation and gas
consumption to GHG emissions are 0.689kg-CO2/Nm3 and 2.355kg-CO2/Nm3, respectively.
Additionally, actual efficiency is equal to the ratio of power and exhaust heat transformed from a
single fuel source, in fact by the PEFC unit. The contribution rate, which indicates the contributions
of the PEFC unit in systems, was estimated based on comparing power and exhaust heat
generated by the PEFC unit and the energy demands of the whole building.

4. Results analysis
4.1

Primary energy consumption and greenhouse gas emissions
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The PEFC-NOHRFHS and PEFC-HRFHS considered were evaluated in terms of their primary
energy demand. Fig.4 shows that the annual primary energy consumption of electricity increased
and gas decreased with the PEFC utilization. Primary energy consumed in the NOPEFCNOHRFHS was 0.9GJ/year lower than in the NOPEFC-HRFHS. Compared to the NOPEFCNOHRFHS, the PEFC-NOHRFHS achieved a 6.3% (5.1GJ) drop in total primary energy demand in
one year. The range of its fluctuation of monthly primary energy reduction was stable within 5%.
However, the PEFC-HRFHS achieved up to an 11.3% (9.2GJ) drop in the annual primary energy
factor. Its monthly primary energy reduction rate peaked at 15.6% in February, then decreased
rapidly and bottomed at 3.8% in July. From then on, it rose up again in winter due to great hot
water demand for the HRFHS.
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Fig. 4 Primary energy consumption and reduction rate
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The comparison in terms of GHG emissions was highly dependent on the gas and purchased
electricity consumption. Fig.5 shows that the annual GHG emissions were lower for the PEFC
installation than for the conventional system without a PEFC unit. Residential PEFCNOHRFHS/PEFC-HRFHS offered reductions in GHG emissions in winter and growth in summer.

1.1

1.5

2.4

2.1

NOPEFCNOHRFHS

NOPEFCHRFHS

1.9

2.5

1.5

1.0

PEFCNOHRFHS

PEFCHRFHS

PEFC-HRFHS

5
0
-5

-10

Jan. Feb.Mar.Apr.May.June.July.Aug.Sept.Oct. Nov.Dec. Annual

(a) Amount of annual GHG emissions
(b) Monthly GHG emissions reduction
Fig. 5 Amount and reduction rate of GHG emissions
4.2

Actual efficiency and contribution rate of systems

Actual efficiency and contribution rate of power generation and exhaust heat recovery for the
PEFC unit are shown in Fig.6 and Fig.7, respectively. Monthly actual power generation efficiency
for the PEFC-NOHRFHS dropped down gradually from January (28.6%) to June (24%), grew by
1.4% slightly by the end of intermediate season and went up sharply from November to December
(28%), which was similar to the PEFC-HRFHS. The difference between them is only 1%. The
annual actual power generation efficiency was 26.5% for the PEFC-NOHRFHS and 27.6% for the
PEFC-HRFHS; the annual actual exhaust heat recovery efficiency was 32.5% for the former and
35.4% for the latter respectively, which were both lower than the efficiency of power generation
(33%) and exhaust heat recovery (45%) of the PEFC unit.
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For one year, the PEFC-NOHRFHS contributed 35.6% of power generation of the household. Not
surprisingly, the PEFC-HRFHS contributed much more power than the PEFC-NOHRFHS and
accounted about 54% of the total electricity demand. A contribution rate of the hot water supply of
approximately 90% for the two systems claimed that most of hot water was obtained from the
PEFC cogeneration systems.
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Fig. 6 Annual/Monthly actual efficiency of the PEFC units
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Fig. 7 Annual/Monthly contribution rate of the PEFC unit
4.3

Operational state of systems

Fig.8 shows the average operation time per day. Fig.9 shows the operational state for the two
systems during three typical days in winter, in intermediate season and in summer, respectively.
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Fig.8 Average operation time of the PEFC
the electricity demand for space heating by
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electric air-condition. Energy measuring about
20.4GJ was purchased from the utility company during the whole winter for the PEFC-NOHRFHS.
The PEFC unit operated for up to 10 hours in one day in intermediate season and less than 8
hours in summer. Furthermore, the sub-boiler was utilized scarcely in summer.
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(b) Operational state of the PEFC-NOHRFHS in winter
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(c) Operational state of the PEFC-HRFHS in intermediate season
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Fig. 9 Operational state of the two systems during three typical days in different seasons
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5. Conclusions
This paper outlined a methodology for assessing the performance of a PEFC-NOHRFHS and a
PEFC-HRFHS in terms of primary energy demand, GHG emissions, actual efficiency and
contribution rate. To assess the potential energy and emissions savings attributable to the PEFC
cogeneration system, simulation models were applied which fully account for: (a) the space
thermal load, (b) the occupant related load, (c) the building heat gains, (d) the system control and
activation load and (e) the heat loss of the system. The results obtained are summarized as follows:
PEFC-NOHRFHS and PEFC-HRFHS are effective in reducing primary energy demand, and
reductions are especially considerable in winter. The annual primary energy reduction using the
former was 6.3% while using the latter was 11.3%. However, there is little difference between the
amount of primary energy demands of them. In addition, PEFC-NOHRFHS/PEFC-HRFHS offered
GHG emissions reductions in winter but growth in summer.
For one year, the PEFC-NOHRFHS contributed 35.6% of the power generation of the household
while the PEFC-HRFHS contributed about 54%. Most of the hot water can be obtained from the
PEFC unit according to the 90% contribution rate of the hot water supply in the two systems.
Consequently, a PEFC cogeneration system, especially supplemented with hydronic radiant floor
heating, is a suitable energy-saving method for an energy conservation design of a residential
house. As future tasks, the authors will investigate the designs and operation methods of PEFC
cogeneration systems for a friendly environmental target.
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Summary
Most recent energy efficiency research has concentrated mainly for residential buildings and office
buildings. There is a clear lack of research results for total energy performance of commercial single storey buildings. New concepts utilizing quite simple techniques in a very innovative way decrease considerably heating and cooling energy as well as lighting energy thus creating promising
possibilities. The developed solutions will have to be cost effective and production efficient enough
to be ramped up in a very limited timescale and large geographic area. Some of the identified
technical solutions in development include
Using foundation piles that support the buildings as ground heat harvesters,
Integrating solar photovoltaic panels directly into the exterior wall structures,
Using highly isolative translucent panels to maximize natural light without compromising
commercial aspects,
Supporting natural ventilation with exterior wall components to form a hybrid with efficient
heat recovery systems.
The combined effects of these solutions form a realistic path, taking an entire building type to a
new level in energy efficiency. Their solid business viability is the best way to guarantee positive
impact on EU single storey commercial facilities building stock’s energy efficiency.
Keywords: single-store commercial buildings, air-tightness, energy pile, solar-PV

1. Single-storey commercial buildings
This building type is most naturally used for trading in sizeable items and large quantities, such as
furniture or hardware. Stores supplying smaller items, such as groceries or textiles, are also commonplace. Some uses present specific challenges for the energy efficiency of such buildings. Furthermore, since these buildings are used for customer service and as workplaces, special attention
has to be paid to the conditions inside the buildings. All the main factors in energy consumption
bear direct reference to how a building functions in it’s primary purpose.
Single storey commercial buildings are usually located in easily reachable locations, close to or
within urban areas. They have a large footprint compared to their height: since the facilities often
include parking on ground level, they occupy large areas of land in very visible places. The building
type in question creates challenges for urban design and energy efficiency on community level.
Even though this study will concentrate on building level solutions, the community level implications will be considered when assessing the solutions.
Large buildings in visible locations have a major effect on the aesthetic quality of their immediate
surroundings. Improving the buildings’ energy efficiency can therefore not be done by means which
compromise the appearance of the buildings in any way. Considering only technical issues at this
stage would make it impossible to evaluate the overall sustainability or economic viability of the

results. Also the aesthetic quality of such facilities should be considerd to fit the buildings visually
into their surroundings.
Single storey commercial and industrial facilities are one of the most important building segments
for steel construction in EU. This building segment also has a relatively short life span, thus the
building stock renews quickly compared with many other segments. These factors combined will
validate the importance of energy efficient solutions in new construction in this particular segment,
from both primary energy demand and steel industry point of view.

Fig. 1 Large enclosure single-storey building

2. Research on energy efficiency of Finnish single-storey store building
2.1 Initial data
During 2008-2010 “Sustainable Energy” project [1] was conducted as a group project between
three departments of Aalto University: Department of Structural Engineering and Building Technology, Department of Energy Technology and Department of Applied Physics. An objective of Sustainable Energy project was to define the most cost effective solutions to improve energy performance of buildings and to minimize CO2-emissions taking into account an integration of energy production and consumption. One task of this project was to find energy saving design concepts for
new buildings and energy saving renovation concepts for existing buildings. Single-storey buildings
belong among the studied building types. Ruukki introduced a case building to the research. The
case building was K-Rauta hard ware store constructed in 2008 in Lahti, Finland (Fig. 2). Ruukki
provided steel frame and building envelope as installed to the building. Wall structure consisted of
mineral wool sandwich panels and roof structure was built-up type roof with trapezoidal sheeting,
mineral wool and membrane. Basic information of the building is described below:
Building floor area:
Building air volume:
U-values:
-wall:
-roof:
-floor:
-windows:
-doors:
Air-tigtness n50:
Heating system:
Heating energy source:
Cooling:
Ventilation:
-Temperature ratio of
supplied air:
-Control:
-Air flows
-Air circulation
-SFP
Lighting power:

8400 m2(of which shop area 6900 m2)
63000m3
0.23 W/m2K (2820 m2)
0.15 W/m2K
0.22 W/m2K
1.20 W/m2K (total area 125 m2)
1.40 W/m2K
0.5 1/h
Air heating
District heating
Only in office part (+25°C)
Mechanical, inlet/outlet
0.8
VAV: CO2/T control
1.5 - 3.0 dm³/s,m²
weekdays (21-06), saturday (19-07), sunday (24h)
2.3 kW/m³/s
20 W/m² (store in opening hours, 1 in other time)

Fig. 2 K-Rauta Lahti
Total energy demand was determined by dynamic simulation using IDA-ICE simulation program,
ver. 4.0 [2]. Simulation results were verified against actual consumption of the building received
from the building user. Further to the simulation of the actual building, several simulations were
also carried out to the virtual buildings where different energy efficiency measures were varied to
the original building.
2.2. Simulation results
Calculated energy demand of the building is presented in Fig. 3. Energy demand is divided to heating energy demand and electricity energy demand (lighting, pumps, blowers). The same figure includes also results to the virtual building constructed according to the reference values in current
energy efficiency building code in Finland (“Norm 2010”). Following differences to the original building were used:
U-values:
-wall:
-roof:
-floor:
-windows:
-doors:
Air-tigtness n50:
Ventilation:
-Temp. ratio of supplied air:

0.17 W/m2K
0.09 W/m2K
0.16 W/m2K
1.00 W/m2K
1.00 W/m2K
2.0 1/h
Mechanical, inlet/outlet
0.55

It can be seen from the Figure 3 that the actual building constructed in 2008 fulfil 2010 energy efficiency requirement clearly, even with 32% smaller energy consumption. It is also worthwhile to see
that the major amount of the energy is electricity (71%). Share of the lighting of the electricity demand is 68% and of the whole energy demand 48%. Thus almost half of the total energy consumption is consumed in lighting. Of course part of the lighting energy can be utilised in heating energy
demand in heating period, but it’s clear that the biggest potential in further developments in energy
efficiency is related to lighting for this kind of building.
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Fig. 3 Heating and electricity demand for the K-Rauta building and the similar building constructed
according to the 2010 energy efficiency requirements in Finland.
Because the energy efficiency of the constructed building was quite good compared to the 2010
regulations reference values, some simulations were made in order to find out the most critical factors for that. First, the simulation was carried out to the similar building but using lower heat recovery rate in ventilation. Reference value for the yearly ventilation heat recovery rate is 45% that can
be achieved about with temperature ratio of supplied air of 0.55. The total energy demand for the
building with weaker heat recovery was nearly 20% higher than in the original K-Rauta building
where the temperature ratio was 0,80.
Another studied variable was air-tightness of the building. Reference value in Finnish regulations is
n50 = 2.0 1/h whereas the measured value in the actual building was 0.4 1/h (n50 = 0.5 1/h was
used in calculations). The influence of the air-tightness is shown in Figure 4. Energy consumptions
based on n50 values of 4.0 1/h and 1.0 1/h are also presented in the same figure. According to the
Finnish regulations, the minimum value for the air-tightness is n50 = 4.0 1/h and recommended
value is n50 = 1.0 in order to guarantee functionality of the ventilation system. If the building’s airtightness is not measured or otherwise proved, energy certificate shall be calculated based on airtightness value of n50 = 4.0 1/h.
Figure 4 shows that the air-tightness has very high influence on the heating energy in the Finnish
climate. Heating energy of the building with air-tightness of n50 = 0.5 1/h is about half of that of the
building with air-tightness of n50 = 2.0 1/h.
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Fig. 4 Effect of air-tightness on energy consumption of the single-storey store building.
2.3 New solutions in energy reduction
In the previous chapter, the most important factors having influence on the energy efficiency were
introduced. Based on that, several new alternatives were studied in order to study the potential in
energy demand reduction. The developed solutions will have to be cost effective and production
efficient enough to be ramped up in a very limited timescale and large geographic area.
Following simple technical improvements to the original building were studied
-Better U-values in envelope representing Finnish energy efficiency regulations 2010
-Low-energy U-values (walls 0.12, roof 0.08, floor 0.12, windows 0.7, door 0.5 W/m2K)
-Band window 118 m x 4.5 m to the south facade + day light control for lighting
-LED lighting (50 lm/W, current technique))
-Water based floor heating + constant air flow for ventilation during opening hours
-Previous case + natural ventilation in store area during summer months
The results are shown in Figure 5. Each case has been analysed separately and the result is compared to the original building shown in the left.
If the building envelope is realized by using better heat insulation, the total energy consumption
would be 7% lower than in the original building. Thus, it can be said that the change in Finnish
regulations in 2010 has proved to be reasonable also for this kind of large enclosure buildings. On
the other hand it can be seen that there is no sense to go further with tighten U-values, because
the next case with improved U-values has only slightly better energy efficiency than 2010 U-values
case.
Because the lighting energy was observed to be the biggest single energy consumer, the next
measures were focused on that. By introducing more windows to the south façade and equipping
lighting system with day-light controlling, there is potential to 8% total energy reduction. In terms of
primary energy the difference is bigger because the reduction is now mainly achieved by savings in
electricity. Another way of reduce lighting energy was studied by replacing general lighting in store
area by LED lighting based on current available technique. The saving in total energy was quite
same as in the previous case, but the reduction in electricity was larger. Heating energy amount
was increased due to smaller amount of heat load generated by LED system compared to traditional lighting system.

The biggest influence on the energy demand has the change of heating system. Water based floor
heating system saves 20% energy compared to original air-heating system. Mainly this is achieved
due to lower electricity demand for ventilation blowers. Utilising natural ventilation during summer
time gives also some extra potential for energy saving. It’s possible to integrate different kind of
openings to the wall structure for this purpose. These elements may also give more architectural
possibilities for facades.
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Fig. 5 New technical improvements for energy demand reduction
At the next phase, some of the previous single measures were combined in order to find out maximum energy saving potential. By combing 2010 U-values for building envelope, introducing more
windows, equipping lighting with LED technique and day light control and choosing water based
floor heating system, total energy saving potential is 45% compared to the original building. There
is still potential to reduce net delivered energy by utilising ground energy as an energy source. Results are shown in Figure 6. It’s very efficient to combine ground heat with floor heating because
floor heating requires low temperatures thus improving efficiency of the heat pump. By introducing
ground heat system with heat pump, the total net delivery energy can be squeeze into 39% of the
original energy demand. Because the coefficient of performance COP for ground heat pump is
over 3 in Finnish conditions, also the primary energy consumption can be lowered even the electricity demand is increasing (2012 forthcoming primary energy factors in Finland are 1,7 for electricity and 0,7 for district heating). Comparison of primary energy consumptions in different cases
is shown in Figure 7. Ground energy can also be utilised at a very low cost with free cooling i.e by
circulating cooled liquid in floor embedded pipes only with circulation pump. At the same time can
be achieve much better indoor conditions because store area is not typically equipped with separate cooling systems.
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Fig. 6 Combination of new technical improvements for energy demand reduction
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Fig. 7 Primary energy consumption for different cases
2.4 Energy piles
Ruukki has recently researched possibilities to integrate ground energy harvesting into the steel
pile foundation. First office building, where new technique will be tested, is just under construction
in Jyväskylä, Finland. The idea is very simple. After the steel piles have been installed, heat exchanger pipes will be installed into the empty steel piles (length typically over 15 meters) and connected to the ground heat pump located in the building. In order to guarantee sufficient heat transfer from the ground to the heat exchanger pipes, the steel piles are concreted. The system is most
effective in the buildings that have both heating and cooling demand. In that case the heat balance
in the soil can be stable in a long run. Compared to the traditional ground heat systems the main
advantage of this system is the saving in drilling costs of heat wells.

Fig. 8 Energy piles
Studies for the original K-Rauta building has shown that if the building would be founded on steel
piles, whole heat energy demand is possible to reach by ground energy utilising steel piles as energy piles. If the pile length is supposed to be 20 meters, about 250 steel piles are needed to provide yearly heat energy demand to the building. At the same time, utilising free cooling during
summer time, it is also possible to keep inside temperature under 25°C at a very marginal cost. If
the ground energy application is applied to the case where the energy demand is decreased by
above mentioned technical improvements (see Figure 6), the required amount of energy piles is
radically lower. It is not only due to lower heat energy demand, but also because the heat energy
and cooling energy demand are at the same magnitude that keep ground temperatures in balance.
2.5 Translucent panels
The windows used for natural light utilization in the presented simulations were normal commercially available windows with a U-value of 1.0 W/m2K. This is far from the U-values of walls and
roofs and means that the savings achieved in lighting come with the cost of extra heating and
higher construction costs. The savings could be greater if the components used would have better
thermal resistance.
From the lighting point of view the openings would optimally be located in a way that rarely provides architectural value from the views outside and the sales concept usually focuses on presenting the goods for sale rather than the surroundings. Additionally, one of the challenges of using
natural light in retail spaces is strong contrasts in lighting conditions witch can make it more difficult
to present the goods in the desired way. These factors mean that one of the main characteristics a
window, transparency, is actually a negative value.
When re-thinking the way to introduce more natural light into this building type, the main requirements are good U-value, air tightness, translucency, low acquisition cost and capability to disperse
light evenly. Designing such components to be a part of the existing panel system would further
increase their usability (Figure 9). Unfortunately such components are not commercially available
at the moment since they would be a good addition to the means presented here.

Fig. 9 Example of using translucent panels in wall structures [3]
2.6 Targeting zero energy buildings with solar PV-solutions
When all economically feasible means for saving operating energy are depleted, the next step on
the path to zero energy buildings will obviously be on-site produced renewable energy. One of the
characteristics of the building type in question is large solid surfaces in both walls and roofs. These
surfaces provide a good base for building integrated photovoltaic solutions. As PV-technology advances and challenges related to the periodical nature of power production are solved, these solutions will become economically feasible and gain a stronger foothold also in commonplace construction. One example of well designed building integrated solution is shown in Figure 10.

Fig. 10 Building integrated solar-PV solution (Ruukki)

2.7 Conclusions
The most important factors having influence on energy efficiency on single-storey commercial
buildings have been presented. Thermal insulation level is obviously the most important factor, but
the current requirements in Finland are so tight that there is not any more notable potential in that
area. Air-tightness has very high influence on the heating energy in the Finnish climate. It is also
very cheap way to improve energy efficiency of any kind of building. Lighting energy can be reduced considerable by simply introducing more windows to the south façade and replacing conventional lighting system with LED lighting and equipping the lighting system with day-light controlling. The windows may also be replaced with translucent wall elements with better heat insulation
capacity. Floor heating system combined with ground-energy collection is very effective alternative
to the conventional air-heating. Ground energy can also be used for cooling at very low costs. If the
building is founded on piling, the integration of ground heat collectors into the steel piles gives very
attractive potential. Compensation of the increased electricity demand due to heat pump is easy to
do e.g. by introducing building integrated solar-PV panels that have high quality architectural appearance.
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Summary
The norms and regulations in terms of energy saving in buildings in Southern Europe Countries
seem to follow North European trends which call for high insulation of the building envelope.
However, this kind of set up overlooks some specific elements that are necessary to build
traditional buildings in the Mediterranean climate. These elements, such as thermal mass, have
always been used to contain solar gains in warm climates.
This   “overinsulation”   strategy   which   is   used   to   maximise   the   thermal   resistance   is   already
considered counterproductive in terms of comfort and energy saving in summer: insulation traps
heat coming from solar and internal gains leading to the potential overheating of the internal
environments.
But this strategy could turn out to be damaging also in winter. This is because it totally overlooks
the benefits that thermal inertia on the internal surface of the envelope can have as it has the
capacity to store and to slowly release energy.
An experiment was conducted on a full-scale building with different roofs, on light and heavy slabs,
during a whole year period. The roofs were made following the Italian norms and regulations in
terms of thermal transmittance (U<0,32 W/m2K) and of periodic thermal transmittance (Y<0,20
W/m2K). In winter, roofs were also subjected to heat cycles, lasting 4, 6, 8 and 12 hours at night
time, in order to record the subsequent performance of the different systems
The thermal measurements in summer demonstrated that a certain thermal mass in the slab
guarantees better indoor comfort, because of the reduction on the internal surface temperatures.
Even in winter, the experiment confirmed that the thermal inertia of massive slabs guarantees less
energy consumption in terms of heating and better indoor comfort. Moreover, the thermoregulation
capacity of the heavy slab increases with the duration of the heating cycle, thereby guaranteeing a
major reduction in energy consumption.
Keywords: Comfort, energy saving, roof, heating, insulation, thermal mass

1. Introduction
Since time immemorial, traditionally-constructed buildings in the Mediterranean climate have
preferred to make use of high thermal mass in the building envelope in order to guarantee
adequate indoor comfort in summer as it has the capacity to dampen and flatten transmission of
heat waves (Fig. 1).
Many studies have tried to focus on these topics [1]-[2]-[3]. However, most of them overlook the
role that high thermal inertia can also have in terms of indoor heat gain in both summer and winter.

Also in winters, a certain  inertia  of  the  building  envelope  towards  a  building’s  internal  environment  
is important to maintain home comfort as it would allow the internal surface temperature to change
less and more slowly guaranteeing better
comfort and energy saving [4]-[5]. In both
seasons,
thermal
mass
works
as
thermoregulation system allowing to reduce
temperature oscillations of the internal envelope
[6].
The current Italian regulation on energy saving
in buildings, as provided by the European
Directive 2002/91 CE [7], overlooks these
aspects and prefers to use light building
envelope with low thermal inertia and high
insulation. The last decree [8] actually requires
to respect a limit on periodic thermal
transmittance Y (W/m2K) as a substitute for
using high surface mass in the envelope. This
Fig. 5 Example of
traditionally-constructed dynamic thermal parameter, stated in the
buildings in the Mediterranean climate. They are international standard UNI EN ISO 13786:2008
characterized by the use of high thermal mass in [9], actually enhances the use of higher
insulation in the building envelope not only to
the envelope and few windows
face the cold winters but also to use it as a
strategy to save energy and to have better indoor comfort in summer.
As regards the characteristics of the building envelopes to guarantee good indoor comfort, it would
be necessary to consider other parameters mentioned by the standard, such as the areal heat
capacity on the inside of the envelope which is connected to internal thermal loads. In this regard,
a study was conducted to verify the influence of thermal inertia of the inner side of the roof on
summer and winter performance both in terms of energy saving for heating and of indoor comfort.
An experimental analysis on a full-scale building was made with different roofs characterized by
the same heat insulation but by different thermal mass (with pine wood slab and traditional
concrete slab). The field measurements in high insulated roofs equipped with high thermal mass
actually confirm that their thermal inertia guarantees less energy consumption in terms of heating
and better indoor comfort both in winter and summer seasons.

2. Materials and methods
Monitoring activity was carried out on a full-scale experimental building near Ancona, Italy (2064
DD,  43°37’N  13°22’E).  It  was  a  one-storey building having a rectangular-shaped floor (8.20 x 10.50
m) of 82.30 m2 and having a unique volume of around 250 m3 similar to an attic (Fig. 2).
The roof was made up of six
different systems. They were
1.6 m wide and 6.4 m long.
They were made following the
Italian norms and regulations
in
terms
of
thermal
transmittance (U<0,32 W/m2K)
and of periodic thermal
transmittance
(Y<0,20
W/m2K). The roofs were very
well isolated on all sides so
as to avoid cross-sectional
heat diffusion. At the same
time, the unique volume of
the building ensured same
Fig. 6 The full-scale experimental building near Ancona, Italy (2064 internal conditions.
The analysis described below
DD,  43°37’N  13°22’E)  made  up  of  6  different types of roofs
focuses on two of the six
envelopes which were characterized by the same thermal insulation thickness (12 cm EPS), same

air duct and same kind of copper covering but by a different type of pine wood or concrete slab (Fig.
3).
ROOF A
Copper (0,3cm)
OSB board (1,5 cm)
Air duct (6 cm)
EPS insulation (12 cm)
Wood deck (5 cm)

ROOF B

Copper (0,3cm)
OSB board (1,5 cm)
Air duct (6 cm)
EPS insulation (12 cm)
Concrete slab (16+4 cm)

Fig. 7 Two of the six envelopes which were monitored. They are characterized by the same
thermal insulation thickness (12 cm EPS), same air duct and same kind of copper covering but by
a different type of slab.
External climatic conditions (solar radiation, external temperature, speed and wind direction) were
detected. The thermal measurements in the envelope were based on 2 data loggers. These data
loggers were connected to PT100 thermal resistances and air temperature probes (accuracy +/0.15°C) and heat flow meters (accuracy +/-5%) (Fig. 4). The results of the calibration of the probes
were taken into account for the
interpretation
of
the
experimental results.
In addition, cooling and heating
plants were placed inside the
building. During winter season
the heating plant also produced
cyclical internal heat gains,
lasting 4, 6, 8 and 12 hours at
night time (to avoid the effects
of solar radiation), in order to
record
the
subsequent
performance
of
the
two
envelope systems (Table 1).
Fig. 8 Position of the thermal probes and heat flow meter in a
typical roof
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Table 1 Definition of the cyclical internal heat gains, lasting 4, 6, 8 and 12 hours
Before, at each cycle, the heating system was switched on during the day with the temperature set
at 22°C in order to avoid overheating inside the building.
As the analysis was carried out in winter with only internal thermal loads (because in a well
isolated envelope, solar gains can normally be overlooked), the use of internal gains depended on
the areal heat capacity of the structures and on the capacity of the envelope to dampen and flatten
the thermal boundary conditions. Obtaining high areal heat capacity values means having higher
capacity to store heating.
The areal heat capacity Cta (1) of the envelope slabs was calculated in the following way:
Cta  =  ρ  s  c

[kJ/m2K]

(1)

Where:
ρ  = material density (Kg/m3);
s = slab thickness (m)
c = material specific heat capacity (J/KgK).
The density of the concrete slabs was obtained on the basis of the UNI 10355:1994 [10] standard
which supplies the values of the surface mass according to the various types of concrete slabs. In
variable conditions of flows and temperature, the parameter that briefly describes the thermal
behaviour of the material is thermal diffusivity α (2) which, in addition to the insulating capacity,
also takes into account values of heat accumulation in a certain volume of material. The thermal
diffusivity indicates the rapidity with which the heat spreads in depth:
Errore. Non si possono creare oggetti dalla modifica di codici di campo.
(2)

[m2/s]

The thermal parameters previously defined and calculated based on UNI EN ISO 13786:2008
together with thermal transmittance values (U) and periodical thermal transmittance (Y) have been
shown in Table 2 for all the analyzed envelopes.

ROOF A
ROOF B

U (W/m2K)

Y(W/m2K)

Cta (KJ/m2K)

α  (m2/s)

0.247
0.256

0.149
0.079

74.25
207.91

8.08
6.56

Table 2 Thermal parameters of the two analyzed roofs, calculated based on UNI EN ISO
13786:2008

3. Results and discussion
3.1 Roofs thermal performance in summer
Analyzing the specific heat flux trends in the two roofs (Fig. 5), it can be immediately observed that
the values are similar in their peaks. However the roof with the concrete slab (ROOF B) shows a
higher phase shift compared to the solar radiation. We can also notice negative fluxes in this roof,
which indicate that the thermal mass of the concrete slab is able to dissipate the heat during night

time.

Fig. 9 Trends of the specific heat flows through the slabs of the two roofs and solar
radiation during a typical summer week (7-17 August 2009)
Analyzing the trend of the internal surface temperatures of the two roof slabs (Fig. 6), it can be
observed that the concrete slab temperature increases and decreases more slowly, compared to
wood slab, and it has lower oscillations.

Fig. 10 Surface temperature on the inner side of roofs and temperature indoor during a
typical summer week (7-17 August 2009)
It should however be noted that the difference in temperatures between the two roofs is quite

limited. This is because the study was made on an experimental building devoid of natural
ventilation with a high insulated envelope in order to obtain adiabatic conditions and with a unique
internal temperature for all types of envelopes.
3.2 How does thermal inertia affect indoor comfort in winter?
Analyzing the trend of the internal surface temperatures of the roofs reflects indoor comfort.
Using  Fanger’s  model  [11]  and  referring  to  the  temperature  of  the  building  envelope,  it  can be said
that the best indoor comfort can be had when the temperature of the envelope is close to the
temperature of the environment inside the building. Conditions with a big difference between indoor
temperature and temperature of the envelope can be corrected by increasing indoor temperature.
However, this does not provide the same comfort and also leads to higher energy costs.
The trends of surface temperature on the inner side of roofs were compared with the trend of the
internal temperature in the four different cycles (Fig. 7) in order to point out which type of envelope
has higher oscillations compared to the internal temperature and to observe the effect of the
duration of the cycle on thermal performance.

Fig. 11 Surface temperature on the inner side of roofs and temperature indoor during the different
heating cycles
In the case of the 4-hour heating cycle, it can be seen that in heat storing, the surface temperature
on the inner side of roofs increases with a trend that is similar to that of indoor temperature.
However, during the heat release phase, the concrete slab has lower surface temperature
oscillations compared to wood slab, and its temperature decreases more slowly. This means that
during the heat release phase, the inner surface temperature of the concrete slab tends to reach
the indoor temperature maintaining better comfort conditions compared to the wood slab. This
phenomenon occurs because the wood slabs, having a lower areal heat capacity, accumulate less
heat and therefore heat up and cool down more rapidly.
One   can   also   observe   how   the   “starting”   surface   temperature,   or   rather,   the   temperature   at   the
time of the beginning of the heating cycle, has an important effect on subsequent thermal
behaviour.
For instance, in the 12-hour cycle, it can be observed that the concrete slab, which starts from a
lower surface temperature, is not able to reach the internal temperature in its first cycle. However,
since   during   the   heat   “release”   phase   its   surface   temperature   decreases   more   slowly,   at   the  

beginning of the next cycle, it reaches a temperature which is closer to the internal one. This
confirms that it performs better compared to the envelope on wood slab.
Finally, in order to evaluate which of the two roofs ensures better indoor comfort during the
different heating cycles, we calculated an operating temperature for each roof which is the average
of the indoor temperature and of the internal surface temperature of the roof.
Then, in order to highlight the differences between the two systems, the sum total of the difference
of the operating temperatures between the concrete slab and the wood slab during the heating
cycles (4) were calculated in the following way:
n

Top   ( TopROOFB ( x )  TopROOFA ( x ))

(4)
Where:
Top = sum   total   of   the   difference   of   the   “operating”   temperature between the two different
systems
x 1

TopROOFB (x)

=  “operating  temperature  in  a  generic  time-step for the concrete slab roof (ROOF A);

TopROOFA (x)

=    “operating”  temperature  in  a  generic  time-step for the wood slab roof (ROOF B).
The  ΣΔTop are positive in all heating cycle series (Fig. 8). This means that, on the whole, the roof
with  the  concrete  slab  (ROOF  B)  maintains  a  higher  “operating”  temperature  than  that  with  wood  
slab (ROOF A) during the heating cycles. The difference increases with the increase in the duration
of the heating cycles and, as such, the longer the cycles, the better the advantages in terms of
indoor comfort when the building envelope has higher thermal inertia.

Fig. 12 Sum   total   of   the   difference   of   the   “operating”   temperature    
(ΣΔTop)  between  the  two  different  systems during the heating cycles
3.3 Affects of inertial mass on energy consumption for winter heating
While observing the trend of the specific heat flows through the slabs of the two roofs during the
different heating cycles (Fig. 9), we can immediately note that the heat flows are positive and
therefore, outgoing when the heating system is on. The heat flows become negative when heating
is turned off even if the internal temperature remains higher than the temperature outside. This is
probably due to the fact that heat is stored up by the two systems during the heating phase which
makes the internal surface temperatures higher than the air temperature inside.

Fig. 13 Trends of the specific heat flows through the slabs and the inner surface temperature of the
two roofs during the different heating cycles.
Analyzing the thermal flow trends in the two roofs, it can be observed that the system with the
wood slab shows outgoing thermal flows higher than that with the concrete slab. In particular, the
difference between the two systems can reach up to 2 W/m2K when the heating is on.
From a first qualitative analysis, we can also note that the difference between the positive areas
enclosed by specific heat flows in the loading phase (when the heating is on) and the negative
areas in the release phase (when the heating is off) are greater for the roof on the wood slab
compared to the ones on the concrete slab. These areas represent the quantity of energy that is
dispersed by the slabs, by difference between the energy accumulated and the energy released
indoor.
The phenomenon is mainly determined by higher heat diffusivity of the wood slab and therefore by
its lower accumulation capacity. It follows that the quantity of heat that is thrown indoors in the
period when the heating is off is lower for the wood slab compared to that for the concrete slab. As
such, the roof systems with lower heat capacity, or rather with lower accumulation capacity,
dissipate a higher quantity of heat per square metre of the surface outside.

4. Conclusions
From the analysis of the dynamic heat behaviour of highly insulated roofs on light or heavy slabs, it
turns out that thermal mass has a fundamental role in maintaining indoor comfort both in summer
and in winter seasons. In fact, the heavy envelope system demonstrates certain inertia in the heat
accumulation and release phases and, as a result, has lower oscillation in its surface temperature.
Moreover, this thermoregulation capacity increases with the duration of the heating cycle in winter.
One important consequence of the phenomenon is the reduction in energy consumption for winter
heating. This is shown from the trend of heat flows through the two roofs. In particular, the heavy
concrete slab spreads the heat inside the building in the turning off phase of the system thereby
guaranteeing a reduction in energy consumption compared to the light wood slab.
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Summary
In order to increase the daylight use in gymnasium which is deep and wide, more and more
membranes are used as the material of gymnasium roof. Although this material has some
advantages such as high transparency, light weight and material-saving, it leads to rising interior
temperature and consuming more air-conditioning electricity for its poor thermal insulation.
Therefore, how to use membrane roofing appropriately in gymnasiums and large space buildings
of subtropical climate should be taken into consideration well. This study set a gymnasium with a
standard basketball court as a simulation model. Compared to a gymnasium with general concrete
roof, the model was simulated by dynamic energy simulation program Power DOE and lighting
simulation program DiaLux to analyse the relationship between the annual electricity consumption
of lighting and air-conditioning in the same situation (operating hours 8am ~ 6pm, in the central of
Taiwan, North 24° latitude). The results indicates that the gymnasium with concrete roof only
consumes lower electricity consumption in the period of June to September than the one with
membrane roofing, but in the rest of the month, the membrane roofing saves more power. After
simulation, the gymnasium with membrane roofing consumes electricity about 867,063 kWh per
year, while the other with concrete roof consumes electricity about 883,220 kWh. Although
membrane roofing increases more than 4.2% heat load on air conditioning, it also decreases about
76% lighting consumption at the same time. In whole membrane roofing can save about 1.96%
energy-consuming. It’s an ideal method for green building design to apply suitable materials for
gymnasium function to conserve energy.
Keywords: Green Building, Membrane, Gymnasium, Energy Simulation, Daylight

1. Introduction
Being situated in subtropical region, Taiwan is hot and humid (North Latitude 21~25 degrees). The
gymnasiums in this region has wide plane. To increase indoor lighting for the gymnasiums, more
and more roofs are constructed with membrane structure. The membrane roof has light
transmission, light weight and material saving, but the membrane material has worse thermal
insulation. In daytime, the membrane roof can save electricity for lighting and increase indoor
temperature, leading to more electricity consumption of air-conditioners in summer. To know
energy consumption difference between membrane roof and general roof, this study simulated a
gymnasium with a standard basketball court, analyzed the consumption of lighting and dynamic
energy consumption, and compared electricity consumption of air conditioners with that of lighting.
The results can provide the reference for the designers in design of membrane roof for
gymnasiums in the subtropical region.

2. Experimental method (Simulation setting)
2.1

Small-sized gymnasium simulation model construction

To simulate daylight and energy consumption with computers, a standardized gymnasium model is
needed to construct prior to simulation. By collecting the cases of the recently completed
gymnasiums in Taiwan, the roof can be generally divided into general roof and membrane roof
(Table 1) according to the lighting type. The gymnasiums can be divided into large-sized
gymnasiums (the main area occupies 6,400 m2) and small-sized gymnasiums (the main area
covers 1,400~2,000m2). The large-sized gymnasiums have many use functions and their purpose
is not fixed, and they are distributed extensively. Thus, this study surveyed the small-sized
gymnasiums. The small-sized gymnasiums often provide a standardized basketball court with the
size specified by FIBA (Fig. 1), added with 5m-wide periphery, and 5m-wide auditorium. Its length
totals to 46m, and width 34m and the area is 1,564 m2. Due to lower percentage of the facade
windows, the effect of the facade windows on the indoor lighting can be ignored. The indoor height
is 12.5m plus the height for lights and maintenance walkway, totaling to 15m. Based on the above
conditions, the 3D simulation model (Fig. 2) is as follows.
Table 1 Gymnasiums during the period of 1993~2007 based on classification of lighting types
Lighting Types

General roof
(few skylight)

Floor Plan
/Satellite
Image

Case

Capacity

Floor Area
(m2)

Hight
(m)

Aletheia
University
Gymnasium

1,000

2,750

20

2006

Feng Chia
University
Gymnasium

4,500

2,450

12

2005

Sinjhuang
Gymnasium

7,200

6,000

18

2002

National
Taiwan
University
Gymnasium

4,200

5,800

23

2002

Miaoli
Gymnasium

7,800

6,400

48

2001

Hualien
Gymnasium

5,000

6,358

18

2001

Chiayi
County
Gymnasium

3,900

1,400

27

1997

Photograph

Finished
Year

Membrane
roof

Fig. 1 Basketball Court Size specified by FIBA

2.2

Fig. 2 Simulated Size of Small Gymnasiums

Daylight and lighting simulation methods

The membrane-roof gymnasiums can help reduce number of lights that are turned on in daytime.
To know accurate time and date of the lights that are turn on, DIALux is used to accurately
calculate daylight and lighting. The gymnasium is located at the middle area of Taiwan (E120°70'
N24°10'). The simulation of daylight and lighting was conducted at 8:00-18:00 throughout the
whole year (365 days), and the simulation times were 4,015. From this, the method of combining
daylight of the membrane skylight with startup of auxiliary artificial light source can be found. Next,
with architecture energy resource simulation analysis, it can serve as the reference for estimating
electricity consumption. The natural daylight brightness varies continuously, and the membrane
roof gymnasium cannot satisfy the illumination of all weather. If the surface luminance (Lux) fails to
reach CIE illuminance standard for sports competition, the lights will start work subject to the
principle of minimum number till all measured points of the working surface meet the required
illuminance. For example, 8:00 am summer solstice, the indoor has natural lighting, and the
illuminance of the working surface periphery cannot meet cannot meet the illuminance (Fig. 4). The
lights are turned on to meet the required illuminance (Fig. 5). This method is used to simulate
lighting of the membrane- roof gymnasium. The statistical data can show the illuminance of natural
daylight, number of used lights and its percentage. The main simulation parameters of the
gymnasium are set as follows:
(1) Membrane roof: Membrane reflective index is 73% and light transmittance is 13%.
(2) Indoor material: Reflective index of material of the interior wall and flooring conforms to IES
standards. The gymnasium wall is applied with color paintings with high brightness. According
to requirements by FIBA, the basketball court must use highly elastic flooring. The flooring uses wooden (dark color) as the setting value.
(3) Lights: To determine minimum number of the lights in the gymnasium, the artificial lighting that
can meet lowest illuminance of indoor ball games is used as the basis. Use Metal Halide Lamp
(MHL) Philips MEGALUX 4ME550 P-MB, power of each light is 484 [W], luminous flux is
42,500 [lm], and the distance between the lower edge of the light fitting and the ground is 12.5
m (Fig. 3). The lights are arranged uniformly within the range of the working surface. After simulation, 36 lights are required, and arranged in a uniform manner.
(4) Indoor illuminance standard: The illuminance in the gymnasium conforms to the national
standard, and 750 Lux required for the game is the benchmark. The basketball court is extended to 5m in which 500 Lux is used as the standard.

Fig. 3 The Simulation light is Metal Halide Lamp and the light distributions curve

Fig. 4 Daylight Illuminance Distribution of
Membrane-Roof Gymnasium at 8:00 Am
2.3

Fig. 5 Indoor Illuminance Distribution After Turning
Lights On (compliant surrounding illuminance)

Dynamic energy analysis simulation

To accurately simulate energy consumption of the gymnasium, various simulation parameters
should be set in full and accurate manner. This study used the meteorological data of the past ten
years in the middle part of Taiwan and converted them into TMY2 format. The data are introduced
in the energy analysis software Power DOE. Other important parameters are set as follows:
(1) Roof structure: To compare the energy consumption difference between the membrane roof
and general roof, heat insulation performance of reinforced concrete roof is set to 1.0
[W/(m2.k)] according to Taiwan’s building laws and regulations, and the thickness is 15 centimeters. The simulation software has no material for membrane roof structure, so glass with
light transmission capacity is selected, and material properties are modified to make it has the
same light transmittance (13%) and reflective index (73%) with that of membrane, and the
thickness is 0.6 mm, and the thermal transmittance is 5.03 [W/( m2.k)].
(2) External wall structure: The external wall of the gymnasium is constructed with reinforced concrete, and the thermal transmittance (U) is 3.5 [W/(m2.k)].
(3) Lights: This study used 36 metal halide lamps (484 W), the lighting density is 11.14 [W/m2].
The number of lights for the membrane-roof gymnasium is used to set the percentage of the
lights that are turned on all the year around according to the DIALux simulation result. The
gymnasium consisting of reinforced concrete structure is not planned to use roof lighting, so all
the lights are used.
(4) Number of people: small sized gymnasium can averagely accommodate 2,000, and number of
people per unit area is 0.88[person/m2].
(5) The air conditioning area and system: Use FCU OA (duct is incorporated into fresh air intake
system) and Hermetic Centrifugal Chiller. The chiller power (EIR) is set to 0.21 (COP = 4.76),
and the temperature benchmark for starting up the air conditioner is set to 26 . The indoor
ventilation rate and other values are the built-in values.
(6) Time schedule setting: The important part of simulating energy consumption of buildings is to
set time schedule. It assumes the gymnasium runs at 8: 00~18: 00 all the year around. Set

"light startup, people percentage, startup time of air conditioner, temperature for starting up air
conditioners and other time schedules". After establishing the daily time schedule, yearly time
schedule can be made which is used as the basis for starting up the all equipment in the building. Thus, the heat load and electricity consumption can be simulated.

3. Lighting electricity consumption analysis
3.1

Hourly power consumption analysis for lighting

The comparison is made for the hourly power consumption per unit area in one year (Fig. 6)
between the two types of roofs. For gymnasiums, the unit power density of the membrane roof is
the closest to that of the general roof at 18: 00 pm. The electricity consumption per unit area is
2.48 [kWh/(m2.hr)] for membrane roof and 2.81 [kWh/(m2.hr) for general roof. The difference is only
0.33 [kWh/(m2.hr)]. The natural daylight of this time is very weak, so the gymnasiums of membrane
roof have to turn on the lamps to meet the required indoor luminance. Thus, the type of
gymnasium can save a little more electricity than gymnasium of the general roof. In the
gymnasiums of membrane roof lamps are turned on at 11:00~13:00. At 10:00 and 14: 00, the
electricity consumption per unit area is only 0.06 [kWh/(m2.hr] and 0.07 [kWh/(m2.hr)], much lower
than the 2.81 [kWh/(m2.hr) for the gymnasiums of general roof, accounting for 2% and 3% of the
total electricity consumption of the common gymnasiums. At 8:00 and 16:00, the unit electricity
consumption for the gymnasium of membrane roof is 0.91 [kWh/(m2.hr)] and 1.00 [kWh/(m2.hr)],
comprising 32% and 36% of total electricity consumption of general roof. The membrane roof can
make use of light transmission during most daytime to reduce electricity consumption for the
gymnasium lighting.
For the gymnasium of membrane roof, the yearly power consumption totals to 15,714 kWh, and
the lowest electricity consumption for lighting occurs in June, and is 780 kWh; the highest
electricity consumption for lighting occurs in December, and is 2,186 kWh which is 2.8 times the
consumption in June (Fig. 7). The membrane roof for gymnasiums can increase indoor illuminance
but the daylight brightness cannot maintain in a certain level. Consequently, difference between the
highest and lowest electricity consumption for lighting is nearly three times. For the general roof,
the yearly electricity consumption for lighting is 69,961 kWh, and is 4.5 times the total consumption
of the membrane roof. The general roof has no lighting facilities to increase daylight brightness,
and lamps should be turned on for the indoor space for long time to meet the illuminance standard.
The daily electricity consumption for lighting reaches 192 kWh. In July, the electricity consumption
for lighting is 5,942 kWh for general roof, and 7.6 times that of membrane roof which is 783 kWh;
in December, the electricity consumption for lighting is 5,942 kWh for general roof and 2.7 times
membrane roof. The electricity consumption of the two roofs is not similar due to reduction of
sunshine amount in this month. Hence, in the month where sunshine time is shorter, membrane
roof can also save more electricity consumption for lighting.
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Fig. 6 Analysis for unit power density of membrane roof and general roof
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Fig. 7 Monthly electricity consumption of lighting for membrane roof and general roof

4. Electricity consumption analysis of air conditioners
This study discussed chiller which has the highest electricity consumption in the air conditioning
system, and compared the monthly power consumption of chiller installed in gymnasiums of the
membrane roof and general roof (Fig. 8). The year-based power consumption of chiller is 103,384
kWh for the general roof and 117,518 kWh for membrane roof. The difference is 14,134 kWh. In
hot summer, (June, July and August), electricity of the chillers in the gymnasiums increases greatly.
The power consumption of the air conditioners is 61,545 kWh for the membrane roof and 54,325
kWh for the general roof. The highest power consumption of air conditioners occurs between June
and August, comprising 52% of the total power consumption of air conditioners. July has the
highest power consumption of the air conditioners. In this month, the power consumption of the air
conditioners is 24,058 kWh for membrane roof and 21,324 kWh for general roof. The difference
between them is 2,734 kWh. In cold winter (December, January and February), the power
consumption of air conditioners is 1,722 kWh for membrane roof and 1,518 kWh for general roof.
The power consumption of air conditioners in the winter months accounts for 1.4% of the total
year-based power consumption of air conditioners. January has the lowest power consumption of
chillers. The power consumption of chillers is 141 kWh for membrane roof and 126 kWh for general
roof. The difference is 15 kWh. For warm spring (March, April and May) and autumn (September,
October and November), the power consumption of chillers accounts for 18% of total consumption
for membrane roof and 28% for general roof. Overall, power consumption per unit area is 52
[kWh/(m2.yr)] for the membrane roof and 46 [kWh/(m2.yr)] for general roof. The power consumption
of the chiller for membrane roof is 10% higher than that of general roof in each month.
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Fig. 8 Monthly electricity consumption of chillers for membrane roof and general roof

5. Analysis of power consumption of lighting and air conditioners
By comparing power consumption of lighting with that of air conditioners, it has been found
monthly power consumption of the membrane roof is lower than that of general roof. The yearbased power consumption of lighting and air conditioners is 173,345 kWh for the general roof and
133,232 kWh for membrane roof. The year-based power consumption of membrane roof is 76.9%
of that of general roof (Table 2). The difference between them is 40,113 kWh because the
membrane roof has lighting advantage, and the power consumption of lighting is reduced by
54,247 kWh. The membrane roof has worse heat insulation, and the resulting power consumption
is increased by 14,134 kWh as compared to that of general roof. For membrane roof and general
roof, January is the lowest power consumption of chillers. The power consumption is 2,144 kWh for
membrane roof and 6,068 kWh for general roof. The difference between them is 3,925 kWh. In
summer, temperature gradually rises. Power consumption of membrane roof and general roof
climbs to the highest value in July. The power consumption is 24,841 kWh for membrane roof and
27,266 kWh for general roof. The difference is 2,425 kWh. In summer days of July-September,
monthly power consumption of small gymnasium exceeds 18,000 kWh. If the gymnasium wants to
reduce operation cost in the summer, the sports games can avoid the hottest time of noon. In
Taiwan, the fee per kilowatt hour is NT$ 2.1. The cost of power consumption of lighting and air
conditioners is NT$ 279,786 for membrane roof and NT$ 364,023 for general roof. The difference
is NT$ 84,238. Due to poor heat insulation, membrane roof may increase power consumption of air
conditioners and can reduce power consumption for lighting. In summer (June-August), as
compared to general roof, the membrane roof can save cost of NT$ 16,767; in winter (December ~
February), low temperature can reduce power consumption of air conditioners. The cost for
membrane roof can be reduced by NT$ 23,808 as compared to general roof, and the power
consumption is the lowest in this season.

Table 2 Comparison of monthly power consumption of lighting and chillers between membrane roof
and general roof (unit: kWh)
Month
Jan.
Feb.
Mar.
Apr.
May.
Jun.
Jul.
Aug.
Sep.
Oct.
Nov.
Dec.
Total

Lighting
2,003
1,521
1,228
936
838
780
783
866
1,137
1,530
1,904
2,186
15,714

Membrane Roof
Chillers
141
1,090
2,469
8,399
10,408
17,553
24,058
19,934
17,775
12,510
2,691
491
117,518

Total
2,144
2,611
3,697
9,335
11,246
18,333
24,841
20,800
18,912
14,040
4,595
2,677
133,232

Lighting
5,942
5,367
5,942
5,750
5,942
5,750
5,942
5,942
5,750
5,942
5,750
5,942
69,961

General Roof
Chillers
126
958
2,174
7,356
9,095
15,360
21,324
17,640
15,574
10,972
2,372
434
103,384

Total
6,068
6,325
8,116
13,106
15,037
21,110
27,266
23,582
21,324
16,914
8,122
6,376
173,345

6. Conclusions and Suggestions
If the gymnasiums in the middle area of Taiwan use membrane roof, no light is required to turn on
at 11:00~13:00. At 9:00, 10:00, 14:00 and 15:00, the lowest usage factor of daylight is 89%; at
8:00-16:00 when the daylight is weaker, the usage factor can reach 65%. Indoor space can have
adequate natural daylight during 49% time of the whole year; if the activities are held in the time
with high usage factor of daylight, the small gymnasium consisting of membrane roof structure can
reduce lighting cost. For the simulation samples, the use time is 8:00~18:00 all around the year.
The membrane roof can reduce 76% (54,247 kWh) of power consumption for lighting as compared
to general roof. The peak power consumption of air conditioners in gymnasiums occurs in hot
summer of Jun.-Sep.. In summer, the power consumption of air conditioners for membrane roof is
2000 kWh higher than that of general roof. The year-based air conditioners power consumption
exceeds 100,000 kWh, whether membrane roof or general roof. The power consumption of air
conditioners is 11 times power consumption for lighting of gymnasiums with membrane roof and
1.9 times power consumption for lighting of gymnasiums with general roof. The unit energy density
of membrane roof for gymnasiums is 59 [kWh/(m2.yr)] and is lower than the gymnasium of general
roof which unit energy density is 77 [kWh/(m2.yr)] . Generally speaking, 23.1% (40113 kWh) of the
year-based power consumption can be saved. The heat transfer rate of membrane roof can be
reduced. For example, two-layer membrane can use air layer to increase heat insulation
performance, and use of high-efficiency chillers can have good energy saving effect.
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Summary
This paper studies about the community-based allocation of renewable energy which aims to
provide alternative solution to efficient use of renewable energy. Most of the renewable energy
sources such as the sun and wind are intermittent by nature. In case of residential buildings, the
timings of energy demand and photovoltaic energy supply are not parallelly matched. Among many
current solutions for the aforementioned issues include the use of battery storage, hybrid energy
generation system, and the demand side response. However, this paper deals with those issues
with the idea of strategically matching various energy demand patterns available within a
community under a community-based energy system. Based on this load-balancing or demandmatching idea, a case study on residential-community-based photovoltaic systems with and
without battery storage was done by using simulation. The main target was to find out the
appropriate scale of the community-based system so that the generated renewable energy can be
consumed efficiently within the residential community. In the simulation, actual data of energy
demand and photovoltaic energy supply were used and a main assumption was made that when
the scale of community becomes larger, the overall photovoltaic energy generation decreases due
to the difference in weather condition. The simulation results showed that (1) in general the
efficiency of the system becomes better when the scale of community increases; and (2) the
addition of community-based battery storage is more economic than individual battery storage and
can enhance the efficiency of the system. In conclusion, a community-based energy system is
potential to improve the efficient use of renewable energy but further enhancement to the system is
needed to achieve practical energy savings.
Keywords: community, energy allocation, renewable energy, photovoltaic energy, battery storage

1. Introduction
1.1

Background

Energy is one of our most indispensable resources and yet the energy security is one of the major
problems nowadays that is always linked to the carbon emission and the global warming. As
almost one-third of the total annual energy is consumed by buildings, and more than half of it is by
residential buildings, it is important to improve the energy consumption of residential buildings.
Recently, many countries are encouraging the residential-building owners to install renewable
energy generation system to their homes, for examples the solar thermal and photovoltaic (PV)
panels, wind turbines and geothermal heat pumps. However, most of the renewable energies are
highly dependent on the weather conditions, for instance the solar energy system only works when
the sun is available and becomes idle during the night time. This kind of intermittency problem of
the renewable energy generation has been one of the many hurdles that prevent the development

and growth of off-grid buildings. Among the well-known solutions to manage the intermittency of
the renewable energy are the provision of operational and capacity reserve, energy storage,
distributed generation, demand side response and interconnection with other grids [1], all of which
are the important elements of the smart grid.
The smart grid enables two-way communication not only between the end-users and the grid
operators but also among the end-users themselves. Currently this two-way communication is
used by the grid operators to implement the demand side response program but in the future when
the automation of the smart grid becomes more robust the two-way communication can be used by
the end-users and among the end-users themselves to develop off-grid community. A standalone
off-grid house still needs back-up energy storage in case of continuous days of bad weather. An
off-grid community is better than a standalone off-grid house by having more buildings and hence
more energy demand patterns which play a significant role in load balancing or demand matching.
Having more energy demands (more buildings) has been found out to be able to make load
balancing more efficient [2] and this opens the opportunity to improve energy efficiency and also
maximize energy savings. As Friedman [3] stated that the building electric load is believed to have
the potential to maximize energy savings with the smart grid.
1.2

Community-based allocation of renewable energy

Compared to many researches related to building energy, integrating buildings with the smart grid
is relatively a new research topic and the relevant literature is growing but still limited. This paper
looks into a community-based allocation of renewable energy. Just like any other energy system,
the community-based energy allocation also faces the difficulty to make full use of the renewable
energy supply without selling the surplus energy back to the currently outdated and overburdened
power grid which can cause problems like transmission and distribution bottlenecks and power
reliability and quality [3]. Battery storage is a helpful solution but people are holding back the usage
of battery because of its current high cost. One of the good literatures about battery storage and
on-grid building is done by Mulder et al. [4] which proposed methods to determine the optimal size
of battery storage for on-grid house with PV panels. Considering the potential benefits a
community has over a single building, this paper covers a case study about finding out the effect of
the scale of community on the efficiency of the community-based allocation of renewable energy.

2. Case study
2.1

Objectives

It is believed that community-based allocation of energy is capable to provide more advantages
than a standalone energy system because of the flexibility of load balancing. A case study was
carried out to find out how the efficiency of community-based allocation of renewable energy
changes under different scales of community. Similar to the study of Mulder et al. [4], the energy
allocation efficiency in this study was also measured by the amount of buying and selling of electric
energy from and to the power grid and it is better if the buying and selling of electric energy are
small because the buying of fossil-fuel-based electric energy costs more in terms of economy and
environmental impacts and the selling of surplus renewable energy also requires upgrade of
current power grid infrastructure to support the extra loading or else grid instability may happen.
The effect of integrating battery storage into the community-based allocation of energy was tested
as well.
2.2

Methodology

2.2.1 Scope of case study
In this case study, the community-based allocation of renewable energy was set up in a residential
community which only consisted of japanese detached houses. The residential community of
detached houses were made up by eight types of detached houses with properties as shown in the
Table 1. The information and energy monitoring data of these detached houses were obtained

from a published source and these actual energy demands were used in the simulation. Only one
renewable energy generation was available in the residential community and it was the
photovoltaic (PV) energy and the installation of the PV panels was considered to be on the rooftop
only.
Table 1 Properties of detached houses used in the simulation

House
ID

Location

K01
K02
K03
K04
K05
K06
K07
K08

Saitama
Tokyo
Tokyo
Saitama
Chiba
Chiba
Kanagawa
Gunma

Energy Source for Different Usage
(E:Electric G:Gas)

Completed
Year

Total
Floor
Area
(m2)

Structure

2002
2001
2002
2001
2002
2002
2000
1968

92
106
105
90
132
108
240
113

Wood
Wood
Wood
Wood
Wood
Wood
ALC
Wood

Hot
Water
(Bath)

Hot
Water
(Kitchen)

Cooking

Heating

E
E
G
G
E
G
G
E

E
E
G
G
E
G
G
E

E
E
G
G
E
G
G
E

E
E
E
E
E
E
E&G
E

The objectives of this case study were achieved by performing simulation with the Microsoft Excel.
The simulation was simplified to the state that was deemed by the author to be good enough to
test the objectives of this case study.
2.2.2 Data treatment
The energy demand of the eight detached houses was monitored into eight usages: lighting, heating and cooling, hot water, kitchen, refrigerator, household chores, entertainment and others. The
eight demand usages were sorted into direct current (DC) load and alternating current (AC) load as
shown in Table 2, after considering the availability of DC and AC appliances in the current market.
Table 2 Load type of demand usage
Load Type

Demand Usage

DC load

Lighting, Refrigerator, Entertainment, 50% of other

AC load

Heating or Cooling, Hot Water, Kitchen, Household Chores, 50% of other

The community-based allocation of PV energy was simulated in two cases in which one was a
residential-community-based PV system with battery storage and another without battery storage.
As the main objective was to study the energy allocation efficiency under different scales of community, not to find out the effect of integrating battery storage in the community-based PV system,
and therefore different simulation conditions which are explained later were applied to the two
cases and both cases were not for direct comparison to each another.
In case of the PV energy generation, the simulation used actual PV output data of a 10kW
crystalline-silicon PV system in Japan. In total, 36 sets of data (3 sets for each month in 3 weather
conditions: sunny, cloudy and rainy) with each data set representing one day of PV output
monitored at one-minute interval was obtained and they were treated into 12 sets of data (each
data set for each month by taking average weather condition) with each data set representing one
day of PV output data processed at one-hour interval. The PV energy generation from the PV
panels installed on the rooftop was simulated based on this treated data.

2.2.3 Simulation conditions and constraints
PV energy is generated only when the sun is available and hence the community-based allocation
of PV energy must consider this factor to reduce the buying and selling of electric energy with the
power grid. The PV panels output DC electric energy and it is the most efficient to use the PV
energy directly with DC appliances instead of converting it into AC which incurs energy loss. The
residential community was simulated to be installed with maximum area of PV panels that was
constrained by the available roof area and the roof area of each type of detached house was taken
as half of the total floor area of the detached house. Under such condition, the generated PV
energy was known to be insufficient to supply all DC and AC loads but more than enough if only
DC load was supplied and as a result, the electric loads supplied by the PV energy for two cases
of residential community were different as shown in the Table 3.
Table 3 Electric loads supplied by PV energy for two cases of community
Case

Coverage of Electrical Loads

Without battery storage

DC loads and AC loads excluding hot-water use

With battery storage

DC loads

For the case of community-based PV system without battery storage, everything except the AC
hot-water use was supplied by the PV energy because making hot water by converting DC into AC
involves energy loss and a lot more buying of grid power would be required as the energy used for
making hot water is the highest portion of the total energy consumption of a Japanese residential
building. On the other hand, when battery storage is integrated into the system, any surplus PV
energy at any time of the day can be stored and discharged for usage if there is any PV energy
insufficiency especially during the night time when PV energy generation is unavailable. As the PV
energy is the most efficient to be consumed as DC, in this study all the PV energy was made to be
consumed with DC appliances through the use of battery storage even though the charging and
discharging of battery storage also involves energy loss and the loss was slightly higher than DCto-AC conversion loss. In the simulation, the efficiency of DC-to-AC conversion was taken as 90%
and the overall battery efficiency was 85%.
The main objective was to see how different scales of community affects the efficiency of the
community-based allocation of PV energy and this study looked at that in a macroscopic way by
taking the weather factor as the main constraint to PV energy generation. When the scale of
community increases, the community area also increases and the weather condition experienced
over different parts of the community starts to be different. This situation was simplified into an
assumed relationship between the coefficient of weather factor against the community area as
shown in Figure 1 in
which the coefficient is
1.0 when the community
area is still small enough
that
the
weather
condition
experienced
over
the
whole
community and the PV
energy generation are
almost the same and the
coefficient
starts
to
decrease
as
the
community area gets
larger and the PV energy
generation
becomes
different from one area to
another
within
the
Figure 1 Assumed relationship between coefficient of weather faccommunity.
This
effect
tor against the community area
was
assumed
to

converge at the coefficient value of 0.75.
In the simulation, the built-in solver tool of the Microsoft Excel was used to find out a residential
community which was optimized to certain conditions for each case. In terms of the optimization
conditions, the optimized residential community must minimize the surplus PV energy for the case
without battery storage and the electric deficit (buying of grid power) for the case with battery
storage. Due to different simulation conditions, the composition of the optimized residential
community for two cases was different as well. Another constraint here was that the energy
consumption of the detached houses of the residential community followed a normal distribution.
Once the residential community was optimized, the energy allocation efficiency of two cases was
respectively indicated by the surplus PV energy for the case without battery storage and the
electric deficit for the case with battery storage. After that, the simulation (searching for the
optimized residential community) was repeated for different scales of community to obtain the
corresponding energy allocation efficiency for two cases.
2.3

Results and discussion

The Figure 2 shows the simulation results for the two cases. In total eight iterations of simulation
with different scales of community were carried out and they are represented by the dots in the
graphs for the two cases. For the community-based allocation of PV energy without battery storage,
the residential community should consume all the generated PV energy and reduce the selling of
surplus PV energy back to the power grid. The simulation result shows that when the scale of
community increases, the PV surplus becomes decreased and this indicates that the allocation of
PV energy in a larger residential community can efficiently avoid overburdening the current grid
infrastructure with less electric energy flowing back to the power grid.
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Figure 2 Energy allocation efficiency against scale of community for two cases
On the other hand, for the case with integrated battery storage, it would be ideal if the addition of
battery storage could help to eliminate the necessity to use the grid power especially during the
night time. However the simulation result shows that when the scale of community increases, the
electric deficit (buying of grid electric) becomes increased as well. This outcome is expected
because the total energy consumption of the community still remains the same as ever and the
larger the community gets its total energy demand also gets larger and exceeds what the limited
PV energy generation can provide. However, the required capacity of the integrated battery
storage that ensures zero surplus PV energy flowing back to the power grid becomes smaller as
the community gets larger (Figure 3) and this indicates that people can invest in a community-

Battery Capacity (kWh/house)
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based battery storage to share a lower cost as
the required battery capacity decreases. In Figure
2 and Figure 3, the surplus PV energy, electric
deficit and required battery capacity begin to stop
changing in the end and this indicates the
convergence of the effect of the scale of
community which is believed to be constrained by
the weather factor.
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From the simulation results of the two cases, it is
clear that community-based allocation of
6.5
renewable energy is capable to yield both
positive and negative outcomes depending on
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implementation the energy efficency of the
0
100
200
300
400
community can be improved by minimizing the
With Battery
reliance on the external energy sources. Besides
that, the integration of battery storage also
Figure 3 Required battery capacity debecomes more affordable and can facilitate more
creases when scale of community gets
creative applications to further improve the
larger
energy efficiency and even achieve greater
energy saving. Of course, for more efficient
implementation, not only PV energy but other forms of renewable energy and technology should
be used as well to produce the best system combination and the community can involve different
types of buildings and even other relevant facilitites and infrastructures to optimize the matching of
energy demand.
This case study and the simulation was based on the current situation, in the future where the
renewable energy technology is a lot more advanced, the integration between the building and the
power grid network is a lot seamless and the cost of new technology becomes more affordable due
to mass production, the community-based allocation of energy is potential not only to increase
energy efficiency but also enhance energy saving which is a more practical measure to reduce the
carbon footprint and strengthen energy security.

3. Conclusion
3.1

Conclusion

[1]

A case study was carried out to find out how the efficiency of community-based allocation of
photovoltaic energy changes under different scales of community. Two residential
communities, one without battery storage and another with integrated battery storage were
modelled and simulated according to certain conditions and constraints.
From the simulation results, it can be concluded that in general a larger scale of community
is able to improve the efficient use of renewable energy of a community-based energy
system and reduce the required battery capacity that is integrated to further improve the
energy efficiency. However, when the efficiency of using the renewable energy is improved,
the total energy demand of the community still remains the same and thus the grid power is
still needed when the limited PV energy is insufficient.

[2]

3.2

Recommendation

[1]

Not only the energy efficiency but also the energy saving must be considered and improved
whenever implementing any new scheme of energy usage.
The simulation can be improved by considering a larger scope of parameters and other
renewable energy sources and technology. While improving the realistic quality of the

[2]

simulation, the balance between simplicity to use and complexity for better result must be
taken into account.
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Summary
The energy efficiency of a building is the result of a series of “design choices”. This research
elaborates a methodology for evaluating the relationship between some design choices and the
energy demand in residential buildings for different climate zones. In order to determine the energy
demand range of two different buildings, some factors have been modified, such as orientation
towards 4 cardinal points, U-values of the building envelope and so on. The results of these
simulations show which of the analyzed parameters have the biggest influence on the energy
demand. The most influential parameters have been organized in matrices based on multi-criteria
analysis. Furthermore a mathematical analysis has been carried out to find a mathematical
dependence of the considered design choices.
Keywords: residential buildings design, energy demand, different climates, multi-criteria matrix.

1. Introduction and description of two case studies
The present study aims to evaluate the energy performance of a residential building as a function
of the “design choices” such as orientation, geometric shape and envelope characteristics. It is an
analytical comparative study based on the use of simulations, carried out with the main objective of
getting a better understanding of the interactive relation between the building energy demand and
the design choices in two different European climates. In particular this research tries to
understand which kind of relationship could exist between some design choices, building energy
efficiency and climate conditions. The study doesn’t aim at imposing restrictions on the creativity of
architectural choices rather than discovering how to make some design choices for optimizing the
energy demand.
The analysis could be extended to more parameters, but this study wants primarily to understand if
the proposed methodology is suitable to describe an interaction between different design choices
as a first step before carrying out more complex analysis.
Two existing residential buildings were selected in order to determine the effects that the design
choices have on the overall building energy demand [kWh/m³ year] (considered as the sum of the
energy demand for heating, cooling and lighting). The two case studies, characterized by a low

Fig. 1 Localization of the two case studies.

Fig. 2 View of the Case Study 1.

energy demand (Tab.1), are located in two
different European climate zones (Fig.1). The
case study 1 (Fig.2) is located in Stuttgart [1],
Southwest Germany, where, due to the
continental climate, the main problem is to
reduce heat loss and to improve the solar
gain in the wintertime. The case study 2
(Fig.3) is located in Monopoli [2], Southern
Italy, a place characterized by Mediterranean
climate and excessive heat in the
summertime. The total energy demand for the
two case studies is obviously different
because the climate conditions, geometrical
shape, relationship between opaque walls
and windows and envelope U-value, are
different (Tab.2).

Fig. 3 View of the Case Study 2.

Table 1: the two case studies
total

for
heating

for
cooling

for
lighting

Case study 1 _ Stuttgart, Germany, Latitude: 48°
46' N; Design by Schulude + Ströhle.

23.95

17.71

2.16

4.08

Case study 2 _ Monopoli, Italy Latitude: 40°57' N;
Design by Francesco Longano.

17.43

7.79

5.55

4.09

Energy demand [kWh/m3 year]

2. Interaction between design choices and energy demand
A quick and easy assessment tool, Archisun [3], has been used to evaluate the respective energy
demand for the two selected case studies. The first analysis has been to verify if the energy
demand, as certified by the designing architects, corresponded with data on the energy needs for
heating, cooling and lighting obtained from simulations with the software. In a second step a
sensitivity analysis has been carried out on the range variance of energy demand modifying
various building design choices. These modifications include the variation of the orientation
towards the 4 cardinal points, the surface-to-volume ratio (S/V ratio), the roof slope, the percentage
of the windows surface area in the walls in the North and in the South external walls (the most
influencing ones on the energy demand), the reflectance values of the envelope, the building

envelope U-values (external walls and windows) and the external walls superficial mass-value
(Tab.2). Changes in the S/V ratio have been carried out keeping the building volume constant: the
elongated has 2 storeys and a thickness of 5 m; the dimensions of the cube were obtained from
the square root of the volume and the tower has a plant of 5 x 5 m.
Table 2 Analyzed design choices.
Case Study 1
Design choices

Sensitivity analysis

Case study 2

90°clockwise
rotation
elongated

180°clockwise
rotation
cube

270°clockwise
rotation
tower

ridge line
east/west
0.76

ridge line
east/west
0.46

Roof slope

41°

12°

0°

30°

60°

% of window_North wall

17%

0%

20%

50%

80%

% of window_South wall
Walls reflectance
Roof reflectance

0%
0.45
0.29

43 %
0.45
0.45

20%
0.10
0.10

50%
0.45
0.45

80%
0.90
0.90

Uwall = 0.27
Uroof = 0.75

Uwall = 0.45
U roof = 0.17

Uwall = 0.36
Uroof = 0.32

Uwall = 0.20
Uroof = 0.10

69
U = 1.00

173
U = 1.40

230
U = 2.40

90
U = 1.00

Orientation towards
4 cardinal points
S/V ratio

Walls U-value [W/m²K]
Walls sup. mass [kg/m2]
Windows U-value [W/m²K]

Table 3 Example of the influence of the design choices on the energy demand for case study 1 and 2
Influence of the variation of a design choice expressed in percentage and kWh/m³ year on:
total
for heating for cooling
for lighting
3
27% (6.5 kWh/m year)
37%
32%
1%
Orientation towards 4 cardinal points
3
43% (10.3 kWh/m year)
77%
77%
2%
S/V ratio
3
19% (4.5 kWh/m year)
30%
46%
2%
Roof slope
3
46% (11 kWh/m year)
64%
83%
3%
% of window_ North wall
3
11% (2.6 kWh/m year)
28%
88%
3%
% of window_ South wall
3
14%
(3.4
kWh/m
year)
19%
19%
1%
Walls reflectance
3
14% (3.4 kWh/m year)
17%
13%
1%
Roof reflectance
3
14%
(3.4
kWh/m
year)
17%
13%
1%
Walls superficial mass
3
6% (1.4 kWh/m year)
5%
33%
1%
Walls U-value
3
28% (6.7 kWh/m year)
44%
54%
1%
Windows U-value
total
for heating for cooling
for lighting
Case study 2
3
16% (2.6 kWh/m year)
67%
26%
2%
Orientation towards 4 cardinal points
3
74% (11.9 kWh/m year)
63%
187%
4%
S/V ratio
3
10% (1.7 kWh/m year)
27%
4%
0%
Roof slope
3
7% (1.1 kWh/m year)
67%
67%
3%
% of window_ North wall
3
17%
(2.7
kWh/m
year)
84%
55%
5%
% of window_ South wall
3
2%
(0.32
kWh/m
year)
1%
9%
0%
Walls reflectance
3
42% (6.7 kWh/m year)
4%
8%
0%
Roof reflectance
3
1%
(0.2
kWh/m
year)
0%
0%
0%
Walls superficial mass
3
13% (2 kWh/m year)
44%
12%
0%
Walls U-value
3
7% (1.1 kWh/m year)
53%
6%
0%
Windows U-value

Case study 1

The analysis has been carried out changing only one parameter at a time. These simulations show
which design choices have higher influence on the energy demand than others. Based on the
results of the simulations the design choices which most influence the energy requirements are:
orientation towards 4 cardinal points, S/V ratio, window-to-wall ratio, external walls and windows Uvalues (Tab. 3) (Fig.4,5).

Fig. 4 Energy demand according to the variation of orientation and S/V ratio.

Fig. 5 Energy demand according to the variation of the analyzed design choices regarding the
characteristic of the building envelope.

3. Interpretation of the simulation results
Based on these considerations and the results of the simulations, multi-criteria matrices have been
developed for each of the two case studies. The matrices in Fig. 6 show the relationship between
the S/V ratio and the orientation in the case study 1. The matrices in Fig. 7 and 8 show the
reciprocal relation between the window-to-wall ratio of the southern and the northern wall and the
walls and windows U-values in the case study 1 located in Stuttgart, Germany.

Fig. 6 Matrix: interaction between S/V-ratio and orientation (Case study 1- Stuttgart).

Fig. 7 Matrix: interaction between window-to-wall ratio of the southern wall and walls and windows
U-values (Case study 1- Stuttgart)

Fig. 8 Matrix: interaction between window-to-wall ratio of the northern wall and walls and
windows U-values (case study 1 – Stuttgart).
The different colors in the matrices show qualitative analysis of the energy performance of the
parametric simulations. The different energy demand values (for heating, cooling and lighting) have
been classified in three performance levels. In the matrices the values are pointed out in white if
they match the passive house energy standard for Southern Europe [5] [6], in light grey if they
correspond to a medium level and in dark grey if they have the worst level, corresponding to the
greater European law limit for energy demand [7] [8]. The matrices in Fig. 9, 10 and 11, show the
result of the simulation for the case study 2 located in Monopoli, Italy.

Fig. 9 Matrix: interaction between S/V-ratio and orientation (Case study 2- Monopoli)

Fig. 10 Matrix: interaction between window-to-wall ratio of the southern wall and walls and
windows U-values (Case study 2- Monopoli)

Fig. 11 Matrix: interaction between window-to-wall ratio of the northern wall and external walls
and windows U-values (case study 2 – Monopoli).
This matrix-representation shows that the sensibility analysis (modification of the design choices)
determined different effects (with various entities) in the two case studies located in different
climatic zones. For example, the variation of the design choices for the orientation with respect to
the cardinal points and the S/V ratio determined in the case study 1 a large variation in energy
requirements and it can cause a very high energy demand for heating. In the case study 2 the
variation of the same aforementioned parameters influence the energy demand, but does not ever
determine a value of energy demand equal to the corresponding greater European law limit for
energy demand.

4. The mathematical analysis of the multi-criteria matrices
The values reported in previous matrices (Fig. 6 - 11) have been analised in mathematical matrices
which consider the correlation of two different design choises with the energy demand value
(heating, cooling, lighting and total).
The data analysis has been conducted by means of descriptive statistics. In general, the
correlation of two variables provides us with a measure of how the two variables affect one
another. In this study the statistical analysis of variables correlation is conducted by a
computational software program, Mathematica .[9], and the corresponding correlation index has
been considered.

It is well known that low correlation is represented by a small index value, on the contrary an high
index value denotes an important relationship between variables. The maximum value can be
valuated computing [min (max m,n)-1], where m and n are respectively row and column of the
considered matrix. As explained in the previous paragraph we have considered 16 matematical
matrices and table 4 represents an example.
Figure 12 shows the obtained results. It is interesting to observe how S/V ratio and orientation are
highly correlated (referred to Energy demand for cooling and total energy demand).
Table 4: Correlation matrix between the total energy demand and the S/V ratio relating to the
orientation towards 4 cardinal points. The numbers (0,1,2,3,4) in the “m,n” positions of the matrix
Amn represent the number of analyzed cases having Energy demand comprised in the range
values (first column).
Total EnergyDemand (kWh/m3 year)

case study 1

tower

elongated

Cube

17/20

3

0

0

0

20/23

0

0

0

1

23/26

1

0

0

2

26/29

0

1

0

1

29/32

0

2

0

0

32/35

0

1

0

0

35/38

0

0

4

0

Fig. 12: Correlation indices between design parameters and energy demand in the case study 1
(Stuttgart) and case study 2 (Monopoli). MAX = value of the maximum possible correlation.

5. Conclusion: discussion and results
The previous graphic (fig. 12) - summary of results of the mathematical analysis - shows the
degree of interrelationship that exists between some design choices and energy demand in
residential buildings located in two different European climate zones. For example, in the case
study 1 - located in cold continental climate - the correlation between the design choices S/V-ratio
and orientation has a high influence on the energy demand: particularly the heating energy
demand (influence of 2 to a maximum of 3) and the lighting energy demand (influence of 2.6 to a

maximum of 3). In design terms this means that the first design decisions, those relating to building
form and placement on the site (which sometimes are not considered directly related to the energy
efficiency of the building) have very high consequences on the energy demand. In cold continental
climates it is possible to get the minimum energy demand with a residential building rather compact
(S/V = 0.76) and an orientation with the longitudinal axis along the east-west axis.
In the case study 2, located in warm Mediterranean climate, orientation and S/V-ratio influence the
total energy demand, but not to the same extent as in the case study 1 (influence of 2.4 for the
case study 1 and of 1.6 for the case study 2). Instead the design choices on the envelope opaque
and on the percentage of glazed area have a higher influence on the energy demand for the
building located in Monopoly. In fact, the interaction of these two parameters have (for the South
façade) an influence of 1.5 to a maximum of 2.
Buildings referred to as "low energy" buildings for specific climatic zones (e.g. Northern Europe)
are very often considered as exportable example of good method of construction without verifying
the real efficiency of their features in different climates.
This study has demonstrated not only that in different climatic zones it is necessary to make
different design choices to reduce the energy demand, but also that the variation of the same
design choice has diverse influences depending of the climate zone.
Furthermore the organization of design choices in matrices, analyzed mathematically, is an
innovative methodology that can form the basis to develop energy efficient design criteria for
residential buildings in different climate zones.
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Summary
Micro   cogeneration,   or   micro   Combined   Heat   and   Power   (micro   CHP),   poses   a   challenge   to   the  
development   of   a   robust   emission   calculation   methodology   for   Zero   Emission   Buildings   (ZEBs).  
Cogeneration  is  a  multifunction  process  in  which  the  ratio  of  co-products,  namely  heat  and  power,  
can  vary.  Special  care  in  assessing  the  environmental  burden  of  the  co-products  of  cogeneration  is  
needed  when  a  buildings  is  allowed  to  export  electricity  to  the  grid,  which  situation  is  expected  for  
zero   emission   buildings   (ZEBs).   In   the   framework   of   the   development   of   a   robust   emission  
calculation   methodology   for   ZEBs,   it   is   important   to   understand   and   assess   the   environmental  
burden  of  electrical  and  thermal  energy  derived  from  cogeneration.  
The   paper   reviews   the   basic   principles   of   allocation   and   system   expansion   in   the   context   of   joint  
production  and  presents  a  conceptual  and  qualitative  approach  to  the  problem  in  the  framework  of  
micro   cogeneration   as   a   technological   solution   for   the   development   of   ZEBs.   The   paper   presents  
various   ways   in   which   the   environmental   burden   of   micro   cogeneration   may   be   shared   among   its  
co-products.   Allocation   is   firstly   done   by   direct   allocation   based   on   energy   and   exergy.   System  
expansion   is   then   introduced   to   support   emission   allocation   in   the   political   framework   of   GHG  
emission   mitigation   reporting.   Finally,   the   micro   cogeneration   system   is   expanded   to   include  
competing  state   of  the   art   technologies  for  the   independent   production   of   heat   and   electricity.  The  
paper   concludes   that   the   exergy   method   is   the   most   robust,   resilient   and   logical   and   that   it   thus  
should  be  studied  further  for  the  development  of  emission  calculation  methods  for  ZEBs.
Keywords:   Combined   heat   and   power,   micro   cogeneration,   system   expansion,   allocation,  
emissions,  calculation  methodologies,  zero  emission  buildings.  

1. Introduction
Micro  combined  heat  and  power  (CHP)  systems  provide  opportunities  to  increase  energy  eﬃciency  
in  buildings,  to  achieve  a  decentralisation  of  energy  supply  and  to  reduce  primary  energy  demand  
[1-3].  Micro  CHP  systems  oﬀer  the  possibility  to  produce  both  electricity  and  heat  at  the  place  and  
time  of  use,  i.e.  in  the  building  itself  and  in  a  way  that  reduces  both  the  daily  and  annual  electricity  
production/demand   mismatch   problem.   Micro   cogeneration 1   has   been   identified   as   a   promising  
energy  efficiency  solution  for  the  development  of  a  range  of  energy  efficient  buildings  including  zero  
emission   buildings   (ZEBs),   both   in   Norway   [4]   and   internationally.   Micro   cogeneration   brings   new  
challenges   to   emission   calculation   in   buildings;;   the   way   the   environmental   burden   of   the  
cogeneration  process  is  shared  among  the  co-products  will  affect  the  energy  and  emissions  balance  
1

In this article, cogeneration will refer to the multifunction process of generating two output whereas micro CHP will refer
to the system (or unit) itself.

of  a  building  implementing  such  system.
This  paper  relates  the  Life  Cycle  Assessment  (LCA)  concepts  of  co-product  allocation  and  system  
expansion  in  a  multi-output  system  to  micro  cogeneration  in  the  framework  for  the  development  of  a  
robust   emission   calculation   methodology  for   ZEBs   in  Norway.   The   paper  starts   by   a  review   of   the  
basic   working   principles   of   micro   cogeneration   and   the   theory   behind   co-product   allocation   and  
system  expansion  within  a  life  cycle  inventory  (LCI)  framework.  It  then  applies  such  theory  to  micro  
cogeneration  within  a  ZEB  perspective.  Several  approaches  on  how  to  share  emissions2  among  the  
co-products   are   discussed   and   represented   graphically.   These   approaches   diﬀer   signiﬁcantly  
depending  on  whether  the  environmental  burden  is  directly  allocated  to  the  co-products  or  if  direct  
allocation  is  circumvent  by  expanding  the  system  boundaries.  
Zero  emission  buildings  aim  to  eliminate  net  emissions  from  the  building  stock  by  achieving  a  very  
high   level   of   energy   eﬃciency   of   the   building   and   satisfy   the   remaining   energy   demand   from  
renewable  sources.  A  zero  emission  building  in  this  sense  is  a  step  ahead  of  the  nearly  zero  energy  
building   deﬁned   by   the   European   Commission   [5]   as   a   building   that   has   a   very   high   energy  
performance  and  where  the  nearly  zero  or  very  low  amount  of  energy  required  should  be  covered  to  
a   very   signiﬁcant   extent   by   energy   from   renewable   sources,   including   energy   from   renewable  
sources  produced  on-site  or  nearby.  

2. Method  and  Scope
The  paper  is  based  on  (1)  theoretical  and  logical  arguments,  (2)  on  a  literature  review  of  that  part  of  
life  cycle  inventory  theory  which  deals  with  the  allocation  problem  of  multifunction  processes  and  (3)  
on   relevant   literature   on   micro   cogeneration  systems.   Useful   inputs  for  the   redaction  of   this   paper  
were   also   gathered   from   fruitful   discussions   with   participants   taking   part   in   the   Post   Graduate  
Course   of   Industrial   Ecology   2010   at   the   Norwegian   University   of   Science   and   Technology,   and  
researchers  at  the  Norwegian  Research  Centre  on  Zero  Emission  Buildings.  
This   papers   concerns   micro   CHP   systems   in   the   framework   of   energy   and   emission   balance   of  
future  operational  zero  emission  buildings.  It  concerns  micro  CHP  systems  during  their  operational  
phase   and   focus   on   the   study   of   the   different   ways   in   which   the   environmental   burden   of  
cogeneration   may   be   shared   among   its   co-products.   This   study   is   meant   to   contribute   to   the  
development   of   a   robust   emission   calculation  methodology   for   ZEBs   in  Norway.   The   study   mainly  
focuses  on  the  environmental  impact  category  of  climate  change,  i.e.  the  emission  of  GreenHouse  
Gases  (GHG),  but  may  be  applied  to  other  impact  categories.  These  are  brieﬂy  discusses  in  order  
to  highlight  the  need  to  adopt  a  broad  view  on  emission  calculation  methods  if  the  development  of  
ZEBs  is  assumed  to  be  driven  by  global  environmental  concerns.  

3. Combined  Heat  and  Power  (CHP)  
In   2004,   the   European   Parliament   and   the   Council   adopted   the   Directive   2004/8/EC   on   the  
promotion   of   cogeneration   based   on   useful   heat   demand   in   the   internal   energy   market   [1].   This  
article  will  follow  the  deﬁnitions  established  by  this  directive,  notably:
  
cogeneration   shall   mean   the   simultaneous   generation   in   one   process   of   thermal   energy   and  
electrical  and/or  mechanical  energy
useful   heat   shall   mean   heat   produced   in   a   cogeneration   process   to   satisfy   an   economically  
justiﬁable  demand  for  heat  or  cooling    
electricity  from  cogeneration  shall  mean  electricity  generated  in  a  process  linked  to  the  production  
of  useful  heat  and  calculated  in  accordance  with  the  methodology  laid  down  in  Annex  II  

Throughout this paper the “emissions” associated with micro cogeneration may be understood in a
broader sense as the “environmental burden” of the cogeneration process..
2

co-product  any  of  two  or  more  products  coming  from  the  same  unit  process  or  product  system  
unit   process   smallest   element   considered   in   the   life   cycle   inventory   analysis   for   which   input   and  
output  data  are  quantiﬁed  

The   general   objective   of   this   directive   was   to   establish   a   harmonised   method   for   calculation   of  
electricity   from   cogeneration.   The   directive   has   however   been   criticised   in   the   scientiﬁc   literature,  
notably  on  the  external  benchmarking  it  entails  [3].
  
3.1 Introduction  to  micro  CHP  
Micro   CHP   units   are   devices   which   cogenerate   useful   heat   and   electrical/mechanical   energy   in  
order   to   fulﬁl   the   energy   needs   of   small   residential   and   commercial   buildings.   They   provide   the  
opportunity  to  use  primary  energy  more  eﬃciently  than  traditional  heating  systems.  They  are  small  
units  deﬁned  by  the  EU  directive  as  having  a  maximum  capacity  below  50kWe.  For  most  residential  
purposes  however,  units  have  a  capacity  of  less  than  5kWe.  Micro  CHP  units  can  replace  boilers  in  
conventional   central   heating   systems   as   they   may   use   the   same   fuels   and   provide   heat   to   the  
building   in   the   same   way,   i.e.   “plug   and   play”   to   the   house’s   existing   heat   distribution   system.  
Current  products  are  ﬂoor  or  wall  mounted  units  of  the  same  size  as  a  standard  washing  machine.  
Different   micro   CHP   technologies   exist.   The   most   common   market   ready   micro   CHP   units   run  
internal   combustion   engines,   Stirling   engines   or   fuel   cells   [2,   6].   In   all   cases,   waste   heat   in   the  
electricity  production  process  is  used  for  useful  space  and  domestic  hot  water  heating.  
3.2

Incentives  and  basis  for  motivating  micro  cogeneration

The   European   Commission   in   its   directive   on   the   promotion   of   cogeneration   takes   the   following  
position  [1]:  
Promotion   of   high-eﬃciency   cogeneration   based   on   a   useful   heat   demand   is   a  
Community   priority   given   the   potential   beneﬁts   of   cogeneration   with   regard   to   saving  
primary   energy,   avoiding   network   losses   and   reducing   emissions,   in   particular   of  
greenhouse  gases.  
Furthermore,   on   a   simplistic   energy   eﬃciency   point   of   view,   the   CHP   principle   dominates   the  
condensing  only  power  cycle  [3].  Electricity  is  more  useful  than  heat  as  more  can  be  accomplished  
from  a  given  equal  quantity  of  both,  i.e.  the  exergy  of  electricity  is  always  higher  than  that  of  heat.    
To  produce  electricity,  and  not  merely  heat,  from  a  given  fuel  is  thus  more  useful  and  efficient.  It  was  
shown   that,   as   far   as   the   prevention   of   GHG   emissions   is   concerned,   micro   CHP   systems   are  
superior   to   efficient   and   state-of-the   art   separate   production   of   electricity   in   gas   operated   power  
plants  and  heat  in  condensing  boilers  [7].  It  is  also  important  to  realise  that  Micro  CHP  units  produce  
heat  and  electricity  at  the  place  and  time  of  use.  Promoting  their  implementation  may  help  dealing  
with   energy   distribution   challenges,   notably   with   the   seasonal   and   daily   mismatch   between   the  
electricity  needs  and  electricity  production  resulting  from  the  difficulties  in  storing  electrical  energy.
The   unique   opportunities   offered   by   micro   cogeneration,   combined   with   government   incentives,  
trigger   the   apparition   of   micro   CHP   units   in   new   energy   efficient   buildings   across   Europe.   Such  
technological  solution  for  zero  emission  buildings  is  only  relevant  when  relying  on  renewable  fuels.
It  is  to  be  noted  that  it  falls  outside  the  scope  of  this  paper  to  argue  on  whether  micro  CHP  should  or  
not  be  promoted  or  to  speculate  on  if  they  ultimately  will  be  implemented  in  ZEBs.  It  is  understood  
however   that   they   are   currently   being   considered   as   possible   energy   efficiency   solution   for   these  
buildings   [4]   and   thus   the   need   to   closely   study   the   allocation   of   environmental   burden   to   the  
process’  co-products  in  order  to  develop  a  robust  emission  calculation  method  for  ZEBs.

4. Handling  Environmental  Burden  of  Co-products  in  Joint  Production  
4.1

Life  Cycle  Assessment  Theory  

Life  cycle  assessment  (LCA)  is  a  tool  to  compile  and  evaluate  the  inputs,  outputs  and  the  potential  
environmental   impacts   of   a   product   system   throughout   its   life   cycle   [8].   LCA   has   diﬀerent   parts   of  
which   two   are   relevant   to   this   article,   namely,   life   cycle   inventory   (LCI)   and   life   cycle   impact  
assessment   (LCIA).   LCI   is   a   methodology   for   estimating   the   consumption   of   resources   and   the  
quantities  of  waste  ﬂows  and  emissions  caused  by  or  otherwise  attributable  to  a  product’s  life  cycle  
[9].   Here   the   LCI   principles   of   allocation   and   system   expansion   will   be   used   to   handle   the  
environmental   burden   of   co-product   in   the   joint   production   of   thermal   and   electrical/mechanical  
energy   from   micro   CHP   units.   LCIA   provides   indicators   and   the   basis   for   analysing   the   potential  
contributions   of   the   resource   extractions   and   waste/emissions   in   an   inventory   to   a   number   of  
potential  impacts  [9].  This  article  is  limited  to  the  area  of  protection  (AoP)   natural  environment  and  
mostly  to  the  impact  category  of  climate  change.  Other  important  impact  categories  within  the  AoP  
natural  environment  will  brieﬂy  be  discussed  in  order  to  highlight  the  fact  that  a  decision  on  whether  
to  adopt  a  new  technology  should  not  be  taken  based  on  a  single  impact  category.  For  a  review  of  
other  important  impact  categories,  see  Pennington  et  al.[10].  
4.2

Allocation  and  System  expansion  in  Joint  Production  

In   accordance   with   the   International   Organization   for   Standardization   (ISO)   standard   ISO  
14044:2006   [8],   “allocation”   refers   to   the   action   of   partitioning   the   input   of   a   process   or   a   product  
system   between   the   product   system   under   study   and   one   or   more   other   product   system.   For   the  
speciﬁc   case   at   hand,   the   system   has   one   input   (i.e.   fuel)   and   two   output   (i.e.   thermal   and  
electricity/mechanical   energy).   The   same   standard   sets   up   the   following   3-step   procedure   for  
allocation:  
Step   1   Wherever   possible,   allocation   should   be   avoided   by   (1)   diving   the   unit   process   to   be  
allocated  into  two  or  more  sub-processes  and  collecting  the   input  and  output  data  related  to  these  
sub-processes,  or  (2)  expanding  the  product  system  to  include  the  additional  functions  related  to  the  
co-products,  taking  into  account  the  requirements  for  4.2.3.3  [System  boundary].  
Step   2   Where   allocation   cannot   be   avoided,   the   inputs   and   outputs   of   the   system   should   be  
partitioned  between  its  diﬀerent  products  or  functions  in  a  way  that  reﬂects  the  underlying  physical  
relationships   between   them;;   i.e.   they   should   reﬂect   the   way   in   which   the   inputs   and   outputs   are  
changed  by  quantitative  changes  in  the  products  or  functions  delivered  by  the  system.  
Step  3  Where  physical  relationship  alone  cannot  be  established  or  used  as  the  basis  for  allocation,  
the   inputs   should   be   allocated   between   the   products   and   functions   in   a   way   that   reﬂects   other  
relationships   between   them.   For   example,   input   and   output   data   might   be   allocated   between   coproducts  in  proportion  to  the  economic  value  of  the  products.  

Step  1  proposes  two  alternative  ways  to  avoid  direct  allocation  to  the  co-products.  While  subdivision  
of   a   multifunction   processes   in   a   way   that   would   eliminate   the   allocation   process   is   not   easily  
achievable,   see   Ekvall   et   al.   [11],   system   expansion   is   very   useful   in   solving   allocation   problems.  
System   expansion,   also   refer   to   as   “avoided   burden”   approach,   has   been   used   in   diﬀerent   case  
studies  to  eﬀectively  circumvent  co-product  allocation,  see  e.g.  [11,  12].  

5. Handling  emission  allocation  in  micro  cogeneration  
While  the   allocation   problem   has   been   extensively   studied   in   LCA,   limited   work   was  found   on   the  
allocation   problem   in   the   perspective   of   building  scale  micro   cogeneration.   Rosen   [13]   studied  the  
general   allocation   problem   of   cogeneration   with   an   emphasis   on   direct   allocation   methods   and  
concluded  that  the  exergy  allocation  method  appears  to  be  the  most  meaningful  and  accurate  of  the  
methods  proposed.  Pehnt  [7]  presented  the  results  of  an  micro  cogeneration  LCA  study  to  illustrate  
the  impacts  of  distributed  energy  systems.  Frischknecht  [14]  tackled  the  allocation  problem  of  a  gasfired   CHP   plant   for   small-scale   district   heating   with   a   method   based   on   both   economic   and  
environmental  aspects.

In  this  article,  a  system  expansion  approach  in  line  with  step  1  of  the  ISO  14044:2006  standard  and  
a  direct  allocation  approach  based  on  energy  and  exergy  in  line  with  step  2  will  be  applied  to  micro  
cogeneration.  Energy  and  exergy  are  two  underlying  physical  relationships  between  the  micro  CHP  
co-products   (outputs)   which   permits   direct   allocation   between   them.   As   the   first   two   steps   should  
prevail  and  do  offer  numerous  ways  of  allocating  emissions  between  the  co-products,  the  third  and  
last   step   falls   outside   the   scope   of   this   article   and   will   only   be   briefly   discussed   with   respect   to  
economic  allocation.    
5.1

Allocation  

5.1.1 Energy Allocation
Energy,  or  the  transformation  between  useful  forms  of  energy,  is  central  to  the  problem  at  hand.  It  
would   thus   be   logical   to   allocate   the   environmental   burden   with   respect   to   the   share   of   energy  
between  the  co-products.  Eq.1  represents  such  an  approach  to  energy  allocation:  
𝐄𝐓 = 𝐄𝐞𝐥 + 𝐄𝐭𝐡 + 𝐄𝐥𝐨𝐬𝐬 = (𝛈𝐞𝐥    +    𝛈𝐭𝐡    +    𝛈𝐥𝐨𝐬𝐬 )𝐄𝐓

(1)

The   total   initial   energy   available   in   the   fuel   prior   to   combustion   ET   is   transformed   into   electrical  
energy   Eel,   thermal   energy   Eth   or   lost   to   the   surroundings   Eloss.   The   respective   fraction   of   energy  
associated  with  the  co-products  is  represented  by  η,  where  we  assume  that  all  the  energy  available  
in  the  fuel  is  either  transformed  into  electrical  or  thermal  energy,  or  lost  to  the  surroundings  ,  i.e.  ηel  
+  ηth  +  ηloss  =  1.  Clearly  here,  ηel  ,  ηth  and  ηloss  do  not  represent  the  environmental  burden  of  the  coproducts   as   energy   losses   cannot   carried   an   environmental   burden,   i.e.   the   fraction   of   emissions  
carried   until   now   by   ηloss   needs   to   be   shared   among   the   thermal   and   electrical   energy   outputs   in  
order   to   be   able   to   separate   the   total   emissions   among   the   co-products.   We   shall   deﬁne   here   ζ  
which  represent  the  contribution  of  each  co-product  as  follow  in  eq.2  and  eq.3:  
𝜼𝒆𝒍
𝛈 𝐄
𝛈𝐞𝐥    +    𝛈𝐭𝐡 𝐥𝐨𝐬𝐬 𝐓
𝜼𝒕𝒉
= 𝛈𝐭𝐡 𝐄𝐓    +   
𝛈 𝐄
𝛈𝐞𝐥    +    𝛈𝐭𝐡 𝐥𝐨𝐬𝐬 𝐓

𝛇𝒆𝒍 = 𝛈𝐞𝐥 𝐄𝐓    +   

(2)

𝛇𝒕𝒉

(3)

The   energy   loss   to   the   surroundings   associated   with   energy   transformations   (i.e.   from   chemical  
energy  in  fuel  to  useful  heat  or  electricity)  is  allocated  proportionally  to  the  share  of  both  co-products  
(second   term   in   eq.2   and   eq.3).   This   allocation   method   is   robust   when   faced   with   a   varying  
proportion  of  co-product  as  possible  in  the  case  of  certain  micro  CHP  units.  If  such  variation  occurs,  
the  set  of  equation  holds  and  the  emissions  can  robustly  be  allocated  to  each  co-product.  The  same  
applies  if  there  is  a  reduction  of  eﬃciency  associated  with  varying  the  proportion  of  the  co-products.  
Furthermore,  if  the  electricity  is  used  locally  within  the  system,  e.g.  the  building,  it  can  be  assumed  
that  all  electrical  energy  will  ultimately  be  dissipated  into  heat  within  the  system.  In  such  a  case  the  
allocation   becomes   trivial,   but   one   question   arises.   Producing   electricity   is   more   “useful”   than  
producing  merely  heat  as  electricity  can  be  used  to  do  useful  work  before  being  ultimately  converted  
into   heat   within   the   building.   Heat   and   electricity   are   considered   equal   co-products   here,   thus   this  
proposed  allocation  method  based  on  energy  fails  to  tackle  this  aspect  of  energy  usefulness.  
5.1.2 Exergy Allocation
Electrical/Mechanical  and  thermal  energy  do  not  have  the  same  usefulness  or  capacity  to  do  work,  
thus  they  should  not  be  valued  in  the  same  way.  Exergy  tackles  this  difference  and  may  be  a  more  
adequate  metric  than  energy  to  allocate  the  environmental  burden  to  the  co-products  of  the  system  
at   hand.   In   general,   exergy,   while   conceptually   more   challenging,   is   a   better   metric   than   energy  
when   discussing   the   transformation   of   energy   from   one  form   to   another.   On-going   discussions   on  
energy  calculation  methodologies  and  energy  eﬃciency  of  buildings  often  fail  to  consider  this  aspect  
of   energy   usefulness   resulting   in   bottlenecks.   Exergy   has   been   studied   in   the   context   of   net-zero  

carbon  buildings,  see  [15].  
Exergy  is  the  amount  of  work  obtainable  when  some  matter  is  brought  to  a  state  of  thermodynamic  
equilibrium   with   the   common   components   of   its   surrounding   nature   by   means   of   reversible  
processes   [16].   The   exergy   of   an   energy   form   or   a   substance   is   a   measure   of   its   usefulness   or  
quality   or   potential   to   cause   change   [17].   More   precisely,   exergy   is   the   maximum   theoretical   work  
obtainable  as  two  reference  systems  interact  to  equilibrium  [18].  Simplistically,  the  term  exergy  can  
be  understood  as  potential  for  use.  
The  exergy  of  heat  depends  on  the  temperature  diﬀerence  between  the  heated  air  or  fluid  from  the  
CHP  and  the  ambient  temperature  in  the  building,  i.e.  the  reservoir  temperature.  The  exergy  (E x)  of  
a  given  quantity  of  heat  transfer  (Q)  depends  on  the  temperature  at  which  heat  is  delivered  to  the  
building  (TOut_CHP)  and  the  ambient  temperature  in  the  building  (Tambient):  
𝐄𝐱 = 𝐐(𝟏 −

𝐓𝐚𝐦𝐛𝐢𝐞𝐧𝐭
)
𝐓𝐎𝐮𝐭_𝐂𝐇𝐏

(4)

Equation  4  shows  that  low  temperature  heat  has  lower  exergy  and  that  high  temperature  heat  has  
higher  exergy  for  a  given  reference  indoor  temperature.  Exergy  always  equals  energy  for  electricity  
and   mechanical   energy,   i.e.   all   electrical/mechanical   energy   is   totally   recoverable   as   work  
independently   of   the   surrounding   conditions.   As   electrical/mechanical   exergy   obviously   always   is  
higher   than   thermal   exergy   for   a   given   energy   quantity,   it   will   lead   to   allocate   more   emissions   to  
electricity   than   heat   in   the   CHP   system   under   study.   This   direct   allocation   method   may   be  
detrimental  to  the  adoption  of  micro  cogeneration  if  it  results  in  the  CHP-produced  electricity  to  bear  
more  emissions  than  the  electricity  available  directly  from  the  grid.  However,  this  allocation  method  
succeeds  to  correctly  value  the  usefulness  of  these  different  forms  of  energy  and  their  capacity  to  
do  useful  work.  Exergy  allocation  in  the  case  of  cogeneration  system  has  brieﬂy  been  tackled  in  [7]  
and   mentioned   in   [14]   in   an   allocation   method   based   on   economic   parameters   discussed   in   the  
following  section.  More  widely  within  the  framework  of  LCA,  exergy  is  used  for  the  characterisation  
of  abiotic  resources  were  relevant  references  are  provided  in  [19].  
5.1.3 Economic Allocation
Economic  allocation  is  an  interesting  allocation  method  notably  mentioned  as  an  example  in  the  last  
step  of  the  ISO  14044:2006  standard  and  proposed  when  all  other  allocation  methods  have  fail.  It  is  
sometime  argue  that  economic  criteria  may  be  a  better  way  to  allocate  the  environmental  burden  to  
different   economic   processes   of   free-market   economies.   The   economic   value   of   the   co-product   is  
driven  by  the  demand  which,  under  normal  circumstances,  is  expected  correlate  to  the  usefulness  
of   the   products.   Thus,   in   a   way   similar   to   exergy   allocation,   economic   allocation   would   tend   to  
allocate   more   emissions   to   electricity   than   heat.   While   conceptually   highly   interesting,   economic  
allocation  falls  outside  the  scope  of  this  paper.
Valuating   the   cost   of   environmental   damage   appears   speculative   in   its   nature   and   allocating  
environmental   burdens   to   the   co-products   of   a   multifunction   process   based   on   a   capacity   to   bear  
driven  by  the  market  value  of  the  co-products  is  controversial.  This  article  concentrate  on  allocating  
the   emissions   to   the   co-products   following   direct   allocation   based   on   physical   ground   and   on  
comparing  the  emissions  of  alternative  ways  of  producing  the  co-products.  
It   is   however   worth   mentioning   that   interesting   work   was   done   on   economic   allocation   by  
Frischknecht;;   notably   to   tackle   the   allocation   problem   of   a   gas-fired   CHP   plant   for   small-scale  
district   heating   networks   in   Switzerland   using   economic   allocation   while   recognising   that   such  
allocation   based   on   cost   is   controversial   [14].   This   approach   relies   on   the   proposition   that   if  
economic   and   environmental   aspects   influence   consumer   choices,   economic   and   environmental  
aspects   should   influence   the   determination   of   allocation   factors   for   consumer   goods   as   well.   The  
analysis   is   based   on   allocation   approaches   used   in   management   science   and   attempts   to   find   a  
balance  between  “economic”  and  “environment”  aspect  of  the  allocation  problem  while  maintaining  

competitive   trade   in   market   economies.   The   approach   proposed   by   Firschknecht   for   small-scale  
district   heating   CHP   could   be   relevant   for   micro-CHP   units   if   an   economic   perspective   to   such  
system  is  desirable  at  a  later  stage.  Currently,  this  falls  outside  the  scope  of  this  paper  which  looks  
at   the   allocation   problem   from   an   environmental   point   of   view   within   the   development   of   a   robust  
GHG   emission   calculation  method  for   zero  emission   building.  Other   types   of  “zero   buildings”   such  
as   net   zero   energy   cost   building,   are   discussed   by   Torcellini   et   al.   [20]   where   aspect   of   economic  
allocation  are  surely  relevant.
5.2

System  Expansion  

Heat   and   electricity   may   be   provided   to   a   building   in   several   ways.   Expanding   the   micro   CHP  
system   boundaries   to   include   alternative   ways   to   produce   the   co-products   permits   to   avoid   the  
direct   allocation   of   environmental   burden   to   these   co-products.   Here,   the   environmental   burden  
associated   with   the   micro   CHP   is   shared   among   its   co-products   according   to   the   impact   of  
producing  equivalent  co-products  from  the  systems  it  replaces,  i.e.  an  avoided  burden  approach.
The  most  common  heat  supply  technologies  in  domestic  applications  are  boilers,  heat  pumps,  direct  
electrical  heaters,  solar  thermal  collectors  and  supply  from  district  heating  systems.  Depending  on  
the   subjective   view   point   one   takes,   many   of   these   thermal   production   technologies   may   be  
considered   as   competing   with   micro   cogeneration.   With   respect   to   electricity,   it   may   mostly   be  
generated  on-site  from  renewables  or  taken  from  the  grid.  
5.2.1 Grid electricity and non-condensing boilers – The case of GHG emission reporting
International  agreements  such  as  the  Kyoto  Protocol  or  the  Cancún  Agreements  formally  pressure  
the   mitigation   of   GHG   emissions.   High   reduction   of   GHG   emissions   may   be   claimed   from   the  
implementation  of  micro  CHP  systems  if  these  are  understood  as  replacing  traditional  heat  supply  to  
buildings,   e.g.   non-condensing   boilers.   Micro   CHP   units   are   much   more   efficient   than   traditional  
boilers,  i.e.  they  produce  less  emission  for  the  same  useful  output.  
To  follow  this  approach,  the  micro  CHP  system  is  
expanded   to   include   traditional   alternative   ways  
of   providing   the   co-products,   namely   here   in  
Figure  1,  the  electricity  from  the  grid  and  the  heat  
from  the  competing  boiler  system.
Assuming   the   same   useful   heat   demand,   the  
micro  CHP  is  significantly  more  eﬃcient  than  the  
traditional   boiler   in   transforming   the   fuel   energy  
into   useful   forms.   Figure   2   is   a   qualitative  
illustration  of  that  situation  were  a  micro  CHP  unit  
delivers   the   same   quantity   of   useful   heat   and  
burns   the   same   quantity   of   fuel   as   a   tradition  
Figure  1:  System  expansion  diagram  boiler   at   the   same   time   as   generating   electricity  
micro  CHP  &  non-condensing  boiler
as   a   co-product.   Conceptually,   the   electricity  
produced   by   a   micro   CHP   replaces   the   energy  
otherwise   lost   to   the   surroundings   by   a   traditional   boiler.   Thus,   the   system   is   more   efficient   in  
transforming  the  fuel  energy  into  useful  forms  and  GHG  emission  mitigations  can  be  claimed  from  
this  electricity  produced  by  the  micro  CHP  and  which  is  no  longer  required  from  the  grid.
In   such   an   approach   the   emissions   offset   by   the   CHP-produced   electricity   equals   the   emissions  
associated  with  the  otherwise  produced  electricity  from  the  reference  grid.  Many  subjective  choices  
may  be  made  when  assessing  the  emissions  embodied  in  the  grid  electricity.  For  example,  by  taking  
(1)   the   regional   grid   mix,   (2)   the   national   grid   mix,   as   many   European   country   do,   or   (3)   a  
supranational   approach   where   it   is   understood   that   electrical   grids   are   interconnected   and   that  
electricity   not   used   in   one   region   or   country   can   be   exported   and   oﬀset   non-renewable   electricity  
demand  elsewhere.  Furthermore,  depending  if  the   analysis  follows  a  consequential  or  attributional  
LCA   approach,   offset   electricity   may   be   understood   as   pertaining   to   the   base   or   the   marginal  

electricity  production.  Both  approaches  lead  to  different  intrinsic  emission  characteristics.  Where  the  
base  production  may  sometime  include  a  high  share  of  renewable,  the  marginal  production  usually  
is  highly  non-renewable.
Now,  this  system  expansion  does  not  represent  the  state  of  the  art  alternative  ways  of  producing  the  
co-products,  but  rather  a  convenient  way  to  link  GHG  emission  mitigation  to  the  adoption  of  micro  
cogeneration.  Thus  this  first  system  expansion  should  not  be  used,  as  it  happens  to  sometimes  be,  
to  assess   the  share   of   emissions   among  the   co-products   of   micro  cogeneration.  This   may   lead  to  
the  CHP-produced  electricity  to  carry  no  emission,  i.e.  to  be  considered  “green”  or  “renewable”.  The  
next  section  illustrates  the  problem  of  taking  non-state-of-the-art  technologies  as  a  basis  to  assess  
the   share   of   environmental   burden   between   the   co-products   of   an   energy   supply   system   for  
building,  such  as  here  micro-CHP  for  ZEBs.
5.2.2 Grid electricity and non-condensing boilers – The  case  of  “emission  free”  CHP  electricity  
Until   now,   the   system   expansion   of   Figure   1   has   been   looked   upon   from   a   perspective   based   on  
GHG   emission   mitigation   reporting.   Another   perspective   can   be   taken   from   the   same   system  
expansion  where  the  CHP-generated  electricity  is  understood  as  “free”  energy  since  otherwise  “lost”  
by  traditional  boilers  (Figure  2).  In  such  perspective,  were  no  GHG  emission  mitigation  is  claimed  for  
the  system,  the  CHP-generated  electricity  could  be  understood  as  carrying  no  emissions,  i.e.  to  be  
considered  “green”  electricity  with  all  emissions  allocated  to  heat.  This  interpretation  is  well  suited  to  
qualify  the  electricity  generated  by  cogeneration  for  exportation  to  the  grid  and  to  encourage  such  
system  to  offset  emission  in  ZEBs.  Micro  CHP  with  high  electricity  to  heat  ratio  would  be  especially  
relevant   here.   Assuming   advantageous   feed-in   tariﬀs   exist,   as   it   is   the   case   in   many   European  
countries,   this   allocation   method   will   encourage   the   market   penetration   of   micro   CHP   units.  
Consequently,  this  allocation  method  is  likely  to  be  favoured  by  supporters  of  a  decentralised  energy  
supply  system  and  interesting  for  manufacturers.  
The   allocation   of   all   emission   to   heat  
only   is   however   easily   challenged  
when   the   system   is   looked   upon  
independently   of   the   historical  
situation.   When   current   competing  
technologies   are   included,   e.g.  
condensing   boilers   and   heat   pumps,  
there   is   no   way   to   justify   allocation   to  
heat   only.   Furthermore,   allocation   to  
heat   only   assumes   that   heat   is   the  
prime   output   of   the   reaction,   a  
statement   diﬃcult  to   defend  in  front   of  
the   obvious   higher   “value”   or  
“usefulness”  of  electricity  as  an  energy  
carrier,  
as  
discussed  
earlier.  
Figure  2:  Qualitative  comparison  of  energy  transformation   Additionally,   micro   CHP   units   may  
in  traditional  (non-condensing)  boilers  vs  micro  CHP
have  the  possibility  to  vary  the  ratio  of  
heat   to   power   generated.   This   is  
problematic  if  the  electricity  produced  has  no  associated  emissions.  It  could  lead  to  situations  where  
micro  CHP  units  are  used  to  generate  large  quantities  of  electricity  which  could  be  fed  to  the  grid  at  
an   advantageous  tariff   because   considered   emission   free.  These  examples  illustrate   very   well   the  
impracticability  of  allocating  all  environmental  burdens  to  heat  only.  
Expanding   the   micro   CHP   system   assuming   the   non-condensing   boiler   is   the   alternative   way   of  
producing   the   co-products   is   an   interesting   method   for   policy   makers   to   claim   GHG   emission  
mitigations   or   to   qualify   the   CHP-produced   electricity   for   exportation   to   the   grid.   However,   the  
approach   is   not   robust   when   faced   with   other   available   alternative   ways   of   producing   the   coproducts   and   is   at   odd   with   the   European   Union   directive   on   cogeneration   which   establishes   the  
operating  efficiency  of  the  separate  heat  and  electricity  production  that  cogeneration  is  intended  to  
substitute:

Each   cogeneration   unit   shall   be   compared   with   the   best   available   and   economically   justifiable  
technology  for  separate  production  of  heat  and  electricity  on  the  market  in  the  year  of  construction  
of  the  cogeneration  unit  [1].

5.2.3 Condensing Boiler vs Micro CHP & Heat Pump
Many  eﬃcient  ways  to  provide  heat  to  buildings  are  now  available.  Gas  fired  condensing  boilers,  for  
example,   offer   efficiencies   in   the   order   of   90%.   In   line   with   the   EU   directive,   micro   CHPs   may   be  
considered   to   compete   directly   with   condensing   boiler.   Both   may   use   the   same   types   of   fuel   and  
provide  heat  to  the  building  in  the  same  way,  e.g.  through  forced  air  or  water.  
That  situation  where  condensing  boilers  
are   the   competing   alternative   to   micro  
CHP  systems  has  been  studied  in  order  
to   determine   which   one   of   the   two  
systems   has   the   lowest   overall  
environmental   impact   and  which  should  
be  
encouraged  
through  
policy  
instruments,  see  e.g.  [1,  3,  7].  However,  
no   study   could   be   found   which   directly  
looks  at  this  system  in  the  framework  of  
allocating   emissions   to   the   micro   CHP  
co-products  for  the  balance  of  emission  
in  buildings.  
Let   us   consider   here   a   micro   CHP  
Figure  3:  Qualitative  comparison  of  energy  transformation   system   and   a   condensing   boiler   both  
with   the   same   overall   energy   efficiency  
by  a  condensing  boiler  and  a  micro  CHP  unit.  
(Figure  3).  
In  order  to  compare  both  systems,  they  need  to  fulfil  the  same  useful  heat  demand,  i.e.  part  of  the  
electricity   generated   by   the   micro   CHP   needs   to   be   converted   into   heat.   Electricity   being   highly  
versatile,   it   can   be   used   to   drive   other   state   of   the   art   technologies   available   to   provide   heat   to  
buildings,  e.g.  heat  pumps.  The  system  expansion  illustrated  in  Figure  4  represents  this  situation.
Ground   source   heat   pumps,   have   a   rather   constant   coefficient   of   performance   due   to   constant  
temperature   in   the   ground   and   will   be   considered   here.   Extracting   geothermal   energy   with   heat  
pumps   is   a   very   eﬃcient   way   to   provide   heat   to  
buildings,   they   may   provide   several   times   more  
thermal   energy   than   the   electrical   energy   required  
to  extract  it.  
Assuming   part   of   the   electricity   produced   by   the  
micro   CHP   is   used   to   drive   a   modern   ground  
source  heat  pump  and  based  on  the  same  quantity  
of  fuel  for  both  sub-systems,  the  micro  CHP  &  heat  
pump   system   may   deliver   the   same   quantity   of  
useful   heat   as   the   condensing   boiler   and,  
furthermore,   deliver   an   electricity   surplus   (Figure  
5).  Here  again,  should  we  consider  the  micro  CHP   Figure  4:  System  expansion  diagram  -  micro  
electricity   as   emission   free?   The   present   situation  
CHP/  Heat  Pump  &  condensing  boiler
is   very   similar   to   the   one   depicted   when   studying  
the   traditional   boiler   system.   Thus,   the   electricity  
produced  by  the  micro  CHP  can  be  understood  in  the  ways  introduced  in  the  last  two  sections.  As  
previously,   allocating   emissions   to   the   co-products   will   vary   depending   on   how   the   grid   embodied  
emissions  are  understood.

Figure  5:  Qualitative  comparison  of  energy  transformation  by  a  condensing  boiler  vs  a  
micro  CHP/  Heat  Pump  system  run  on  the  same  quantity  of  fuel.
5.2.4 Grid Electricity & Ground source Heat Pump vs Micro CHP
In   this   last   section,   the   micro   CHP   system   is   brought   into   a   different   perspective.   Here   electricity  
from  the  grid  is  provided  to  the  building  directly  and  used  to  drive  a  heat  pump.  This  alternative  way  
of  providing  the  co-product  leads  to  two  sub-systems  which  do  not  rely  on  the  same  inputs,  i.e.  fuel  
vs  electricity  only.  
The   micro   CHP   system   is   expanded   to   include   a  
ground   source   heat   pump   and   electricity   from   the  
grid   as   the   alternative   way   of   providing   the   coproducts  (Figure  6).  Inputs  to  the  sub-systems  are  
different   here,   i.e.  fuel   only   vs   electricity   only,   and  
so   special   care   must   be   taken   when   analysis   the  
system   and   proposing   ways   to   allocate   the  
environmental   burden   among   the   co-products   of  
micro   cogeneration.   For   example,   local   realities  
such  as  the  fuel  and  electrical  distribution  network  
in  place,  the  availability  of  renewable  fuel  and  the  
share  of  renewables  in  the  grid  electricity   need   to  
be  taken  into  consideration.  
Figure  6:  System  expansion  diagram:  Micro  
CHP  &  Heat  Pump

Here,  again  the  emissions  associated  with  the  grid  
electricity   are   a   crucial   part   of   the   analysis.   This  
once   more   highlights   the   importance   to   clarify  
which   electricity   mix   is   considered   in   a   given   country/region   and   be   consistent   throughout   the  
analysis  and  the  subsequent  technological  choices.

6. Discussion  
The  direct  allocation  of  environmental  burden  to  the  co-products  of  micro  cogeneration  based  on  
physical   relationships   between   them   was   shown   to   be   robust   and   independent   from   outside  
parameters.  Both  the  energy  and  the  exergy  based  methods  are  robust  when  faced  with  a  varying  
share  of  co-products,  they  do  not  depend  on  the  electrical  grid  mix  nor  of  other  grid  characteristics  
(e.g.   marginal   vs   base   production)   and   of   the   apparition   of   new   competing  technologies  to  micro  
cogeneration.  Direct  allocation  based  on  exergy  is  especially  meaningful  as  it  correctly  grasps  the  
higher  value,  or  usefulness,  of  electricity  over  heat.  The  evaluation  of  the  system  based  on  exergy  
also  gives  argument  to  consider  electricity  and  not  heat  as  the  main  product  of  the  reaction.  
In   line   with   the   guidelines   for   co-product   allocation   in   life   cycle   analysis,   methods   to   circumvent  
direct   allocation   were   presented.   Direct   allocation   was   circumvent   by   expanding   the   micro   CHP  
system   to   include   alternative   ways   of   producing   the   co-products.   It   provided   new   and   broader  
perspectives   on   the   allocation   problem   of   micro   CHP.   For   all   cases   studied,   the   allocation   of  
environmental   burden   to   the   co-products   of   micro   cogeneration   is   highly   dependent   on   the  
electrical   grid   mix   and   relate   heavily   on   the   assumption   one   takes   on   whether   the   cogenerated  
electricity  offset  the  grids  marginal  or  based  electricity  production.  A  highly  renewable  grid  leads  to  
the  allocation  of  less  emission  to  the  cogenerated  electricity  than  a  highly  non-renewable  grid.  The  
understanding   here   is   that   electricity   produced   by   micro   cogeneration   is   electricity   that   the   grid  
does  not  need  to  produce.  Thus,  generating  electricity  by  micro  cogeneration  in  regions  where  the  
grid  is  highly  non-renewable  triggers  a  higher  reduction  of  GHG  emission  than  in  regions  where  the  
grid   is   highly   renewable.   In   certain   case,   micro   CHPs   may   reduce   the   overall   GHG   emissions  
associate   with   the   operation   of   a   building   when   compared   with   the   alternative   ways   of   providing  
heat  and  electricity.  
It   is   interesting  to   discuss   here   that   running  a  micro   CHP   on  fossil  fuel  makes   little   sense  for  the  
particular   situation   of   zero   emission   buildings   where   the   aim   is   not   to   reduce   but   to   attempt   to  
eliminate   the   emission   of   GHG.   Alternatives   to   fossil   fuel   exist,   e.g.   biofuels   and   biogas.   These  
fuels  permit  to  greatly  reduce  the  emissions  of  GHG  when  compared  to  burning  fossil  fuels  but  not  
eliminate   them   completely.   The   GHG   emissions   embodied   in   the   transformation   of   biomass   into  
biofuel   and   the   harvesting   of   biogas   together   with   transportation   needs   to   be   taken   into  
consideration  and  subsequently  shared  among  the  co-products.  The  different  methods  presented  
in  this  paper  may  be  directly  applied  to  micro  cogeneration  running  on  biofuel  or  biogas.
Furthermore,   cogeneration   may   take  
place   at   the   building   level   or   at   a  
cogeneration   plant   connected   to   the  
grid.   It   is   not   obvious   why   micro  
cogeneration   should   prevail.   One  
reason   to   encourage   cogeneration   on  
the   building   level   for   ZEBs   derives  
from  how  emissions  are  balanced,  the  
initial   motivation   for   this   article.   In   the  
design   of   ZEBs,   there   is   a   certain  
pressure  towards  on-site  electrical  and  
thermal   energy   production   deriving  
from   the   emission   mitigation   focus  
which   is   on   the   building   itself   and   not  
on   the   neighbourhood   or   society.  
Certain   countries   are   planning   to  
adopt   as   a   requirement   that   ZEBs  
produce   their   electricity   on   site   or  
nearby.   Other   approaches   to   emission   calculation   methodologies   would   allow   the   balance   to  
include  renewable  supply  options  lying  
Figure  7:  Overview  of  current  renewable  energy  supply   outside  the  building  system.  Marszal  et  
options  linked  to  common  international  practice  for  
al.   [21]   reviewed   the   proposed  
energy  calculation  methodologies  for  Net  ZEBs.
calculation   methodologies   of   eight  

countries   and   presented   the   following   renewable   energy   supply   option   diagram   (Figure   7)  
summarising  the  different  approaches.  
Based  on  this  diagram,  micro  cogeneration  at  the  building  level  falls  under  the  category  III  On-site  
generation   from   off-site   renewable.   If   cogeneration   takes   place   outside   the   building   site,   then   it  
could  still  be  included  in  the  energy  balance  of  ZEBs  if  category  IV   Off-site  generation  is  allowed  
for  the  balance  of  emissions.  This  off-site  generation  option  would  make  it  possible  to  balance  the  
emission  of  a  single  building  independently  of  whether  the  emission  free  electricity  is  produce  onsite  by  micro  cogeneration  or  off-site  by  a  cogeneration  power  plant.  A  building  would,  in  this  last  
case,  be  credited  with  the  production  of  emission  free  electricity  if  the  owner  contributes  financially  
to   the   construction   of   the   cogeneration   power   plant,   in   a   way   similar   to   financing   the  
implementation   of   a   micro   CHP   unit   on-site.This   shows   that   depending   on   the   scope   of   the  
calculation  methodology,  both  centralised  and  decentralised  cogeneration  system  may  be  used  in  
ZEBs.  
Finally,  climate  change  is  one  of  many  environmental  impact  categories  that  need  to  be  considered  
when   looking   at   the   allocation   problem.   The   area   of   protection   human   health   and   natural  
environment  are  both  affected  by  different  impact  categories  relating  to  micro  cogeneration,  such  
as  human  toxicity,  ecotoxicity,  land  use,  urban  air  pollution,  etc.  Emissions  from  micro  cogeneration  
do   not   only   include   GHGs,   nitrogen   oxides   (NOx)   are   for   example   emitted   in   high   quantities   by  
CHPs   based   on   oil   reciprocating   engines.   Pehnt   [7]   studied   the   relevance   of   certain   emissions  
other  than  GHG  that  are  linked  to  micro  cogeneration.  Here  again,  direct  allocation  appears  to  be  
more   relevant   to   robustly   share   the   environmental   impact   among   the   co-products   of   micro  
cogeneration.
New   technologies   are   making   their   way   into   the   market.   Fuel   cell   micro   CHPs   are   becoming  
increasingly   available   and   use   diﬀerent   types   of   fuels   then   boilers.   It   could   be   interesting   to  
compare   such   unit   with   the   competing   systems   in   another   system   expansion   of   micro  
cogeneration.   Micro   CHPs   based   on   the   combustion   of   solid   biomass   and   the   use   of   a   Stirling  
engine  to  produce  electricity  may  also  be  interesting  to  review  for  zero  emission  buildings.

7. Conclusion  
The   article   presented   different   methods   to   tackle   the   allocation   of   emission   to   the   co-products   of  
micro   cogeneration   and  highlighted   discrepancies   among  these  methods.   Based  on   physical   and  
environmental   considerations,   the   direct   allocation   method   based   on   exergy   appears   to   be   the  
most   robust   when   faced   with   exterior   parameters.   All   allocation   methods   based   on   system  
expansion  were  shown  to  be  highly  dependent  on  the  subjective  viewpoint  one  takes  with  regards  
to   the   grid   electricity   and   on   whether   an   attributional   or   consequential   approach   is   followed.   The  
article  highlighted  the  importance  to  clearly  define  the  grid  characteristic  and  to  adopt  site-specific  
locally-adapted  solutions  for  the  design  of  ZEBs.
A   question   remains:   does   it   make   sense   to   encourage   the   use   of   micro   cogeneration   in   the  
perspective   of   zero   emission   buildings   considering   the   potential   environmental   impact   of   such  
technology   compared   to   competing   ones?   It   falls   outside   the   scope   of   this   paper   to   answer   that  
question,  but  the  enthusiasm  shown  by  policy  makers  towards  micro  cogeneration  may  well  push  
its   apparition   in   ZEBs.   Thus,   a   robust   emission   calculation   methodology   needs   to   be   in   place   to  
assess  the  share  of  emission  between  the  electricity  and  heat  produce  by  micro  cogeneration  and  
in   order   to   ensure   that   the   zero   emission   buildings   we   strive   to   construct   really   do   bring   forth  
environmental  relief.  This  paper  presented  useful  inputs  into  this  problem.  
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Housing shortages in the world are mainly in the South eastern and tropical
part of the world. The distribution of Bamboo belts of the world closely
corresponds to the areas with the Housing shortages or quality housing
shortages. This is not a
concidence.
Scientific
experiments and investigations
have
proved that Nature
provides appropriately for all of
the human’s needs, viz,food,
clothing and shelter in each
climate zone
and all the
geographical locations of the
world. One fifth of the world
population even today lives in
Bamboo houses. If through
improved
technology
interventions and extensive
training programmes we are
able to improve the quality of
their houses, we will have
solved the housing problem of
1/5th of the world population
straightaway. Once the quality
of housing of these are
improved, the popularity of
Bamboo houses will increase
and consequently more and more people , authorities and countries will
adopt them. This will bring livelihood security, solve housing problems,
combat global warming all at the same time. This paper will outline the
problems, strategies and methods to establish Bamboo houses for solving
the Global Housing Problem through the following:
1.Exploring the relationship between bamboo resources, world population
density, urban slums and disaster prone areas of the world;
2.Explore the Bamboo civilizations and their housing types of the world’s
bamboo rich areas with particular reference to India;
3.Briefly discuss the New Avatar of the Bamboo House with latest
technology interventions; and its ecological, economical and other
advantages;
4 Explore the Socio-cultural acceptability of Bamboo houses;
5.Role of Bamboo housing in Disaster Management, one of the most
important areas to be explored;

6.Explore the Bamboo Economy globally, the world market, etc.;
7. The paper will outline the necessity and methods for manpower
development for the Bamboo housing sector;
8. The govts need to put enabling policies in place for the development of
the Bamboo housing market;
9. Financing mechanism for these programmes;
10.Role of Bamboo housing in integrated rural development;
11. After collecting all the above datas, the paper will analyze the data for
the problems in using Bamboo in Housing and also explore solutions for the
same.
In the end, the paper will outline the expected goal of the paper through the
discussed strategies and methodologies.

“…One cannot live long in a country where bamboos grow and are used by
the people without feeling that bamboo has contributed a great deal to the
progress and that the mastery of its uses marks a cultural stage in the
development of their civilizations…
…It is no wonder that native craftsmen soon found such a workable material
a broad field for cultivating their genius. Because of its great tensile
strength, its capacity for splitting straight, its hardness, its peculiar cross
section and the ease with which it can be grown – a combination of useful
traits found together in no other plant – bamboo is one of those providential
developments in nature which, like the horse, the cow, wheat and cotton,
have been indirectly responsible for man’s own evolution.”
(Porterfield 1933:181-3)

Introduction
The rapid increase in greenhouse gases in the atmosphere, land
degradation, increasing floods and droughts, deforestation, loss of
biodiversity and productivity are leading to an ecological crisis affecting
livelihood options for development and increasing poverty, pollution and
unsustainable development. As the poor ultimately bear the brunt of these
adversities, scientific management and augmentation of natural resources
has to be given highest priority in development.

1. Bamboo Distribution, Global population density and
Housing Shortage in the world
1.1 -- Distribution of Bamboo Resources in the Globe Bamboo is one of
forest resources. There are above 1200 species in 70 genera of bamboo
plants in the world, which are mainly distributed in the tropical zone and
subtropical zone, and a few in the warm zone and cold zone. Bamboo
belongs to evergreen and shallow-rooted plant except for some kinds of

Fig. 1 Distributions of bamboo resources across the world
Bamboo being deciduous in dry season. Bamboo’s demand for the
hydrothermal condition is very high, so the hydrothermal distribution on the
earth surface dominates the geographic distribution of bamboo. Southeast
Asia, lying in tropical zone and subtropical zone, is an ideal ecological
environment of bamboo growing, and also is the distribution center of

bamboo in the world, benefiting from monsoon gathering of Pacific Ocean
and Indian Ocean which bring ample rainfall and stable heat. The current
global climate encourage the spreading of many species of this plant that
can bear sometimes -28 ° C.In hot countries they proliferate up to 3,000 m
above sea level. In Himalayan some species can be found up to 3,600
meters.
The following figure shows high
population density in areas

Fig. 2 World Population Density Map

Fig. 3 Projected changes in population distrubution
Source: United Nations Department of Economic and Social
Affairs/Population Division 5. World Urbanization Prospects: The 2007
Revision
1.3 World urban population and urban housing shortage
Despite its low level of urbanization, in 2007 Asia was home to about half of
the urban population in the world. Europe had the second highest share, at
16 per cent (figure below). Over the next four decades, Africa and Asia will
experience a marked increase in their urban populations. In Africa the

Fig. 4 Distribution of World’s Urban Population: 1950, 2007, and 2050
urban population is likely to treble and in Asia it will more than double. By
mid-century, in absolute terms, most of the urban population of the world
will be concentrated in Asia (54 per cent) and Africa (19 per cent). Region
Wise Levels of Urbanization, 2007

Fig. 5 World Urbanization Prospects: The 2007 Revision
1.4-Housing shortage in the world
The figure for the estimated housing shortage across the world according to
the internationally recommended standards, (PPD 3.5) is 428,700,000 units.
When considering the world housing shortage it is important to also
consider the number of people living in inadequate conditions around the
world. A UN figure in 2001 estimated a world slum population of
923,986,000.

Fig.6 The housing shortages and surplus in countries around the world.

The above diagram considers the housing shortages and surplus in
countries around the world.
1.5 Nature Providing Appropriately In Each Climate Region
Scientific experiments and investigations have proved that Nature provides
appropriately for all of human’s needs, i.e., food , clothing and shelter in
each climate zone and all the geographical locations of the world. As is
evident from the maps, Fig No – Fig No there is a close and direct
relationship between all the issues.
Bamboo grows more in areas where population density is more and hence
the housing shortage is more. In the world, Bamboo is distributed at
different Latitudes and Altitudes according to the species and depending on
temperature and rainfall. Higher temperature generally promotes the growth
of Bamboo. Most bamboos grow at temperatures which vary between 9-36
degrees. . High rainfall areas promote high growth of Bamboo immensely.
India is the second richest country in Bamboo genetic resources after
China. These two countries together hold more than half the total bamboo
resources distributed all over the world. Now, these are the areas in the
world which have the highest density of population and also the highest
housing shortage. These are also the highest disaster prone area of the
world.
Relation table
Table 1
Continents

Population

Housing
shortage

Disaster
prone area

Bamboo
Supply

Bamboo
Civilization

Fig.7 Combined risk of death

2. Bamboo Civilizations—traditional bamboo houses of
India
Bamboo and its usage are not new to India. For centuries, people and
communities have used this resource in practical and sustainable ways. The
country therefore possesses the advantages of a legacy of traditional skill
and knowledge, an extremely valuable resource that cam be built upon to
utilize bamboo in newer and innovative modes. Bamboo is currently in the
process of being ‘rediscovered’ in India, and its attributes and potential
increasingly recognized and widespread is that bamboo can be an
important vehicle for sustainable and widespread development, augmenting
underdeveloped areas. (Page 6)
2.1 Traditional bamboo houses

Fig 8 Thatched Bamboo houses

Fig 9 Tiled roof houses

Fig 10 Flat roofed houses

3. The New Bamboo House-The Indian Example
One-fifth of the world population lives in bamboo houses. Asia is the
continent where bamboo is the most integrated in the culture. This plant is
in the heart of many subjects: religion, arts, construction and daily life.
America and South Africa also contain vast varieties of bamboo. In some of
these countries it is related to the culture, the construction and the history.
Since the no of people living in bamboo houses is very large, any
intervention will have far reaching impacts
on improvement of Housing Stock,
livelihood security, and Global warming.
Advantages of a Bamboo House—
-low energy
-healthy
-community participation
-familiar technology, easily adaptable
-economic
-building material easily available

-Bamboo easily adaptable in various climates etc
- Viable and sustainable solution of housing problems around the world.
Bamboo houses are low cost, environmental friendly, easy to construct,
durable, flexible, socially adaptable and resistance to earthquake
3.1- Technology Interventions for improving the housing stock—It’s a
Bamboo World ! New Trends in Usage
Traditionally, in the countries where bamboo is grown, it has been used as a
building material, paper pulp resource or scaffolding structure, or for making
fishing tools, and handicrafts, or even as a water conduit. There have been
rapid advances in bamboo usage among a few countries in Southeast Asia,
South Africa and Central America.
The latest development in China has been the usage of bamboo as a viable
replacement for wood bamboo mat boards have been acknowledged as an
excellent substitute for ply. Rapid growth of the bamboo ply industry has
instilled a new vibrancy in the sector. Bamboo has also been used to
substitutes plastics, steel and cement in new applications in construction of
houses, and manufacturing of furniture and agricultural tools and
implements with application of sophisticated design, knowledge and use of
improved composite technologies.(Page 80)
3.1.1 Prototype for a RURAL Bamboo House – I am giving examples of
various types of bamboo houses designed by me
In a structural application, bamboo rounds can used to create roof support
system. These system include a prefabricated triangular truss comprising
units’ eight metres long. A truss can be carried by four people, and deflects
only 2.5 cm along its entire length. It is covered with bamboo boards, lath
and plaster to create a waterproof roof. This system utilizes bamboo rafters
with bamboo boards, which are plastered on both sides, and fired clay tiles
are used to waterproof. The house was of 250 sq. ft. for a state housing
programme.
3.1.2. Prototype for a Sub-urban Bamboo House – This was designed by
me and executed at IPIRTI, Bangalore in collaboration with TRADA and
DFID. It is a 2- bedroom house of 1000 sq. ft.

Fig 11 Prototype for a Sub-urban Bamboo House
3.1.3. Prototype for an Urban House- This is my own house, 10,000 sq. ft in
Bangalore with up market usage of Bamboo and its value added products.

Fig 12 Prototype for an Urban House

Fig 13 Bamboo roof structure
3.2 Economic Security from using Bamboo in Housing and other uses
India ranks only behind China in the diversity and dispersal of Bamboo.
Bamboo occurs naturally in all parts of India, expect in Kashmir Valley. The
most profuse areas are in the North East, the Andaman and Nicobar
islands, the Himalayan foothills, Vindhyan Ranges, Eastern Ghats and
Western Ghats. The growing stock is estimated at 80.4 million tones. The
estimated commercial (non-household use) utilization of bamboo is about
3.5 million tones annually. Much larger quantities are utilized in the
household sector, in house construction, fencing and for functional articles
and in implements. The contribution of bamboo to the economy is decidedly
understated, taking into accounts the non-reported household usage and
the opportunity cost of using alternative materials. (Chapter – I-Resource,
Potential & Comparative Advantages, page 4)
3.2.1 Abundance of the building material available locally, hence its is
cheaper. No transportation cost is involved.
3.2.2 Material can be grown by them in their backyard gardens
3.2.3 This will provide the Rural Population with a renewed Livelihood
options, since it will revive the Bamboo Croft traditions.
3.3 Ecological advantages of using Bamboo in Housing
Bamboo is known to be one of the Greenest materials available today.
Some of its properties are
3.3.1 Bamboo - A Wonder Grass
Grows 3 times as fast & can be harvested times as often as eucalyptus
yield 6 times more cellulose than fast growing trees found extensively in

natural forests , suitable for afforestation of degraded lands and soil
stabilization

Fig 14 Eucalyptus
3.3.2 - 2.5 Billion People worldwide use Bamboo
1.0 Billion People live in Bamboo houses
3.3.3 –Low Energy Architecture
A bamboo house requires 1/7th amount of energy to build compared to a
brick , cement and steel house. And hence is that many times more
sustainable. ( author’s sb05 paper)
Have a very high MOE 9000-10000 n/mm2 is thus is very strong
Bamboo in panel from is well suited to substitute wood
3.3.4 Bamboo houses are much more healthier to live than a house built
with highly processed materials
Indian bamboo sector generates about 432 million workdays annually

4. Socio-cultural acceptability of Bamboo Houses
Shelter is one of the important indicators of the standard of living and plays
a crucial role in the economic development of a society. As we have seen ,
Bamboo Houses are economically sustainable and viable, when assessed
in terms of availability of resources, acceptability, affinity, affordability,
adaptability, and ease of construction.(DFID KAR project R7140, Bamboo
shelter-a demonstration of best construction practices,1999) They are also
environment friendly and healthier to live.
Bamboo houses that looks like conventional brick-cement houses with no
visible bamboo are also possible. This has been proved in good measure in
Latin America where even multinational banks are housed in very elegant
buildings made of bamboo. Considering that housing is the principal
investment of most families this is by far the largest market for this
ecofriendly resource. The start can be made with government buildings.

Fig 15 Photos of good looking houses
5. Disaster prone areas and Bamboo Houses
India in the last decade has been seismically active as seen in the case of
Maharashtra, Garhwal and Gujarat. North East is also a seismically
sensitive area. Bamboo based housing can prove to be earthquake
resistant and therefore offer tremendous possibilities of its use in the
housing sector. We can promote bamboo based housing for approx 72 lakh
families and its use in earthquake and cyclone prone areas and in road
construction work as it can alleviate poverty as well as provide shelter to the
shelter-less rural poor.
5.1 Golbal photos
5.2- Advantages of Bamboo houses in Disaster prone areas
An important issue in housing in earthquake resistant construction. It has
been demonstrated in regions where earthquake and tremors occur
frequently, that bamboo housing remains serviceable longer than other
types of houses and performs extremely well during such calamities.

Fig 16 calamities.
5.3- Bamboo houses in post Disaster Management Bamboo is typically
the most widely used, locally available material in a post-disaster scenario,
providing for temporary shelters and subsequent reconstruction. We need to
develop the technological basis for responses to natural calamities,
involving the use of bamboo. Towards such an objective, we could develop
prototypes of bamboo shelters and
construct them for technology
demonstration.

Fig 17 Disaster management
Various government and Non-governmental agencies are making effort
towards improvements in the design, ease of usage, re-usability, strength
and cost aspects across the world through usage of Bamboo

6. The Bamboo Economy- Demand, Supply, Marketing
and Trade
The size of the domestic bamboo economy as of now is Rs. 2043 crore
while the market potential is estimated at Rs. 4463 cr. with a projected
annual average growth rate of 15-20%. The bamboo industry could grow to.
Rs. 26,000 crore by 2015, which is close to the current size of Bamboo
industry of China.
6.1 World Market of Bamboo- Bamboo is used for consumption by the
local communities primarily in the construction of houses. At the same time
raw bamboo as well as bamboo-based products like bamboo furniture,
boards and shoot enter the international market for trade. It has been
estimated that the combined value of internal and commercial consumption
of bamboo is to the tune US$10 billion. Bamboo development has to be
market and technology driven. It has been estimated that the combined
value of internal and commercial consumption of bamboo in the world is to
the tune of US $ 10 Billion (approximately Rs. 50,000 cr.) which is expected
to reach about US $ 20 Billion by 2015( Chapter – V--Demand, Supply,
Marketing and Trade)

6.2 Estimated Market size
The current expected size of the market for some of the bamboo products
are estimated as follows: US $ 10 Billion (approximately Rs. 50,000 cr.)
Table 2
Product/Application Current Market (Rs)

Expected market (Rs)

Bamboo as wood
substitute

10,000 crores (import
value)

30,000 crores (in next
20 years)

Bamboo Ply board

200 crores

500 crores

Bamboo Ply board
for use

1000 crores

3408 crores (in 2015)

Bamboo flooring

Bamboo furniture

100 crores (Domestic)
100 crores (Export)
380 crores

1950 crores (2015)

3265 crores (2015)

Building and construction Material
Scaffolding

-

861 crores (2015)

Housing

-

1163 crores (2015)

Roads

-

274 Crores

6.3 Present size of the market in India:
The current size of the housing segment in bamboo usage is based on only
on utilisation in internal consumption, which accounts for 1.35 million tons of
the total consumption of 13.47 million tons. There is no value addition, the
bamboos being used in its raw form without any treatment or finishing.
Moreover, the perception prevailing among locals who use bamboo to make
houses is that these houses are not safe. For a standard rural house of 433
sq. feet and walls 10 feet in height, the total amount of bamboo that would
be needed is approximately 1 ton. The cost of the bam,boo required for
making the walls and roof would be Rs. 6000. (Bamboo used for such
purposes has to be treated with preservatives.
The cost of other materials and the cost of construction would not amount to
more than Rs 20,000. As against Rs 26,000 presently, the cost of
constructing a rural house of standard size 433 square feet is Rs 32,000
(plus Rs 10,000 for electrical and sanitary fittings).
Expected size of the market
About 16 per cent non-serviceable kutcha houses can be converted into
semi-pucca ones, while 57 per cent semi-pucca houses can be converted
into pucca ones with funds from the rural housing schemes. According to
available statics, there were a total of 113,088,200 pucca, semi-pucca and
kutcha houses across rural areas in 1988-89.
The distribution of the different types of structures was:
Table 2
Type of structure

Percentage

Kutcha

39.14

Semi-pucca

33.32

Pucca

27.54

According to an estimate by BMTPC, the growth rate of semi-pucca houses
would be 0.52 percent during the period 2001-2011. There are at present 40
million semi-pucca houses, which are increasing at the rate of 200,000
houses a year on all-india level on account of conversion from kutcha
houses. Taking an average cost of Rs 6000 for the bamboo needed for the
walls and the roof, the potential of using bamboo in low-cost housing is Rs
125 crore. At the same time, the existing semi-pucca houses are also
repaired: 5 per cent, or 2 million houses, are repaired every year. The total
potential market for bamboo for construction and repair of semi-pucca
houses is thus Rs 725 crore. Assuming that initially only 35 per cent of the
household;ds use bamboo, there is a market of Rs 250 crore which exits in
the housing sector.(Page 93)
The opportunity for using bamboo as a structural material amounts to Rs
100 crores in the NER alone. This market could be much higher if the
growth is fuelled through schemes like the Indira Awaas Yojana.
The thrust has to be to use local materials and cost-effective technologies.
Technologies using bricks, cement and steel on a large scale should be
discouraged. Cement could be substituted by lime manufactured locally,
locals themselves could manufacture bricks and use bamboo.
The local communities have not been able to avail themselves of the Rs
10,000 scheme for upgradation of the houses or even build a house in the
stipulated Rs 20,000 since the cost of construction is higher at Rs 32,000
per house. With the availability of a cheaper alternative like Bamboo,cost of
construction will decline to Rs. 20,000 and the locals would be encouraged
to avail themselves of the scheme.
The conversion of kutcha houses to semi-pucca ones would take place at at
higher rate than 0.52 per cent with the usage of economical and strong
materials like treated and reconstituted bamboo. Even if the conversion rate
doubles, the market in the NER alone Rs 200 crore.
Taking a conservation growth rate of 15 per cent annum, the total market for
housing bamboo would be Rs 1163 crore in the year 2015.(Page 94)
Systems map

Fig 18 Systems map

7. Manpower Development & Training
Human resource development for modernizing the Bamboo economy would
imply upgradation of skills of craft persons as well as growth of
entrepreneurship.
To create awareness about the importance of Bamboo for sustainable
development of the environment and its uses in daily life and other more
value added products.
Manpower development of bamboo housing – The huge scope for use of
bamboo for housing and construction sector will require training facility for
artisans and masons in developing appropriate technologies fit for
construction, housing and physical facilities like schools, primary health
centers and even such facilities for the security force in the field.
CGBMT,HUDCO ,BMPTC and some other agencies are doing pioneering
work in this area
7.1 Bamboo Application Technology
We are starting a one and half year Diploma course on “Bamboo
Application Technology” in distance education mode starting from July,
2011. The course is to be run by Center for Green Building Materials and
Technology (CGBMT), Bangalore, in collaboration with the Distance
Education Cell of Dayalbagh Educational Institute (Deemed University),
Dayalbagh, Agra
7.2 Bamboo Housing Google Group by INBAR
A platform to share data on Bamboo housing, research and development.

8. Policy Intervention.
The role of the government will be that of a facilitator responsible for
creating an ‘enabling environment’ by providing policy, technology and

financial support. The potential of bamboo as an economic resource
capable of generating employment for the rural and the skilled and semi
skilled labour in plantation and others in various value addition activities has
remained largely untapped due to lack of an appropriate policy and
institutional framework, covering plantation with community involvement,
technology upgradation, product and market development.

9. The financing of the Programmes
The economic and social benefits from these activities will be immense as it
will bring about a total transformation of the Bamboo Production function
from its current unorganized, low technology and poor value added level to
an organized technology and market driven to enable India to participate in
the World Bamboo economy, which is expected to reach a size of
Rs.91,000 cr. by 2015. This will enable about 5.01 million families of
artisans and farmers to cross the Poverty line, provide livelihood security
and create a base for environment security and sustainable development.

10. Rural Development
Maximum number of Rural poor are dependent on bamboo. It is, therefore,
desirable to formulate special income and employment generating schemes
to cover bamboo dependent families. Deptt. Of Rural Development will
promote bamboo through various existing poverty alleviation and self
employment programme

11. Strategies and Methods
The aim of this paper is to propose an action programme with the objective
of placing bamboo as a key component in the national effort to provide
safe, healthy ,affordable, durable, functional and easy to construct housing
stock to meet mass housing needs, generate employment and mitigate
environmental degradation.

12. Conclusion:
The Integrated Bamboo Housing Development programme proposed to:








Promote ecological security as a major component of Greening India
Programme and restoration of degraded lands;
Promote upgradation of skills of craftsperson by institutional training.
Expose Bamboo housing sector to research, technology, improved
management and specialization with a view to raising yields from existing
and future plantations, which must be industry specific for optimum value
addition;
Provide livelihood and economic security to rural artisans for Bamboo
Housing, industrial workers, in reopened and expanded, Plywood & Saw
Mills, and Modernized handicrafts Bamboo Housing sector by employment
generation.
Lay down the foundation of a modern bamboo economy based on science
and technology, people’s participation, industrial application and strong
linkage with market capable of meeting global competition.
From an orphan crop, Bamboo could emerge as Green gold for the world,
its People and the natural , energy positive, zero energy, energy effiecient
passive habitat’ –to house the poor and the most underprivileged on this
earth.
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Summary
Due to alarming and realistically worrying status of the environment, the global warming and other
problems caused by the emission of green-house gases, the beginning of this century and the millennium is characterised by global conventions on protection and improvement of the state of the
environment along appropriate local activities on implementation of various agreements and directives, especially in the area of energy efficiency in architecture which serves as the basic integration element of the concept of sustainable development.
The end of the past century has defined the 'low-energy architecture' as a 'three-litre house' and
so-called 'passive house' or 'one-litre house'.
The beginning of century recognizes nearly zero, zero energy, carbon neutral, energy positive,
energy self-sufficient (self-suply, independant) architecture. Implementing integral architectural
concept (interoperability, BIM) sustainability as a process is defining process of integral building
design.
Ourdays intelligent architectural envelope solutions reached very high level of energy efficiency
and environmental qualities so as an surcumstance indoor environmental criteria should be
adequately improved.
Author’s   idea   is a redefinition of architecture which is, along all previous basic determinants, defined also as an exceptional energy medium. The architecture is conceived as a power plant without emission of CO2 and with the energy produced excessive to own needs. Thereby, high health
standards of thermal, light and sound comfort are enabled together with permanent supreme quality of the interior air, thanks to implementation of contemporary installation systems and the intelligent IT support in regulation, control and safety.
Keywords: energy efficiency, sustainable architecture, integral design, passive house, selfsufficient architecture

1. Introduction
The global energy crisis in 1970s has instigated a search for various and numerous architectural
solutions to decrease energy consumption. Urban planning and urbanism provide answers through
solutions conceived with respect to energy and ecology (eco settlements and cities, solar cities,
and similar). The response of architecture is the so-called 'solar' architecture, which, along preposition of advanced architectural-construction physics for provision of required energy, uses renewable sources of energy. One of them is certainly solar radiation, which is transformed through passive and active systems integrated in architectural envelope into thermal energy or electrical power. Although only a few, the projects and construction of passive solar architecture make significant
contribution to architectural discourse and practice in the area of ecologically and energy-efficient

architecture, which is systematically and more intensely developed parallel with ethical commitments of today's civilisation. [1] [2] [3]

2. Passive solar architecture

Fig. 1 The first passive solar family houses in Croatia; „P2“ in Marija Bistrica, 1985, „V1“   in  

Koprivnica, 1986 and house  „P3“  in  Zagreb  1993, designed by the author Lj.  Miščević.

3. Low energy and passive houses
The end of the past century has defined the 'low-energy architecture' as a 'three-litre house' and
so-called 'passive house' or 'one-litre house', i.e. the energy standard which consumes the energy
equivalent to only one litre of fuel oil per square meter annually for heating of the space throughout
the entire heating season.
At the turn of the century, the architectural design and construction of passive houses (very low
energy houses) began to figure a platform for the new energy efficient model as a standard of
building in EU. Passive house is already a long practice of proven cost-effective and sustainable
architectural model of high energy efficiency. It becomes a topic of great interest for architects,
other experts, investors and builders. The use of renewable energy sources enabled the
accomplishment by far the biggest energy savings in the construction industry, ensuring optimal
conditions for healthy living without harmful gas emissions. Even the accomplished energy
efficiency and already corroborated favourable investment effectiveness lead to new forms of
financing incentives to such construction, energy standard and relevant changes of long-term
energy strategies in the EU member states that is still not offered and accepted as a model in
Croatia. EU initiatives and programmes like Intelligent Energy Europe, IG Passivhaus, PASS NET
etc. should help in quicker implementation of passive house as a standard of building. [4] [5] [6]

Fig. 2 Croatian Solar House, National technological RD project, Zagreb, 2002. Author: Lj. M.

The project for a low-energy  („3  litre“)  type  family   “Y1”  house is designed for a typical four to five
persons family. Construction is of porous concrete blocks. Ceilings are of original half-mounted
patented   structure   „White   ceiling“.   During last year it was redesigned into passive house energy
standard building.

Fig. 3 Low-energy house “Y1”, 2005. Redesign to passive house in 2008. Author: Lj. M.
Energy efficiency in buildings at the low-energy and "passive house" standard levels is presently
the basic prerequisite for considering and formulating long term strategies, which with the task of
meeting energy needs and system maintenance respond to requests of environmental protection
and improvements in the context of sustainable development. Orientation to sustainable development is integrated in the development strategies. The application of renewable energy sources, in
particular solar energy in passive and active systems in the architecture is permanently confirmed
by conducting energy monitoring and growing number of domestic studies, projects and realizations. [7] [8] [9] [10]

Fig. 4 The first wooden family passive house CV1. Project, 2003. Under constru- ction in 2008.
Author: Lj. M.

Fig. 5 The first wooden family passive house CV and the first realized passive house In Croatia
“M4” in Bestovje in PASS-NET( EU IEE) project Data base. Author: Lj. M.

Fig. 6 Projects for family passive   houses;;   „T4“   in   Zagreb,   2006.,   „J3“   in   Sv.   Nedelja,   2007.   and
house  „M5“  in  Poreč,  2006. Author Lj. M.
Author’s   idea   is   a   redefinition   of   architecture   which   is,   along   all   previous   basic   determinants, defined also as an exceptional energy medium. The architecture is conceived as a power plant with-

out emission of CO2 and with the energy produced excessive to own needs. Thereby, high health
standards of thermal, light and sound comfort are enabled together with permanent supreme quality of the interior air, thanks to implementation of contemporary installation systems and the intelligent IT support. [11] [12] [13] [14] [15]

4. Very low energy architecture for a public use
Multifunctional tourist and educational public use building in Zagreb is designed as passive house.
Installation system uses underground water with heat pump. It is oriented on south with longer
façade,  so  solar  radiation  has  important  role  in  energy  profile.      

Fig. 7 Multi - functional  building  “Sunny”  in  Zagreb.  Project,  2006.  Author:  Lj. M.

5. Urban planning - Solar city Zapresic with passive house architecture
The first Croatian   “Solar   city” in Zapresic, a small town close to Zagreb is designed by author in
2004. Four feature-functional complexes; the campus in the south-east, the technological park in
the south-west, the student lodgings in the northern part and sporting-recreational zone in the middle and western part of the area, all connected through a network of communications in an orthogonal raster. All architectural complexes are conceived on the principle of sustainable - ecological
energy efficient architecture on passive house energy standard, so as a spatial synergic entirety
this represents the first project of its kind in Croatia. The pilot building Croatian Solar House (mentioned ad 2 in this paper) is situated at the centre of the spatial encompassment, as a generative
structure of all future complexes with the purpose of the informative centre and a demonstrational
structure of a passive house energy standard.

Fig. 8 3D model of Solar city Zapresic, south-east view. Project, 2004. Author: Lj. M.
Energy efficiency in buildings at the low-energy and passive house standard levels is presently the
basic prerequisite for considering and formulating long term strategies, which with the task of
meeting energy needs and system maintenance respond to requests of environmental protection
and improvements in the context of sustainable development. Orientation to energy efficiency in
building as a part of sustainable development concept is integrated in all progressive development
strategies.
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Summary
Buildings in sustainable community are energy efficient and have good indoor air quality, at least
this is an expectation. Towards growth of sustainability, measures have been taken to realize these
goals. In the European FP7 framework project “Intelligent Use of Buildings’ Energy Information
(IntUBE)” one major objective is to increase awareness for energy efficiency of buildings during
their whole lifecycle. Energy efficiency has to be achieved without compromising the occupant
comfort in the building. Therefore it is important that indoor ambient environment is monitored
continuously, and especially when energy efficiency improvement measures are implemented.
ICT will have an increasing role in energy and indoor ambient monitoring, which will enable novel
services to building occupants and operators. Development of new business models and services
is one target in the IntUBE -project. In this project an end-user interface is demonstrated, where
both occupants' sensation of thermal comfort and building’s energy efficiency information are
displayed. Data for the end-user interface is provided by a continuous commissioning and
monitoring service for buildings’ technical systems and indoor air. The service is mainly based on
the RAUinfo application in cooperation with the Human Thermal Model. The RAUinfo application is
further developed in the IntUBE project, whereby a new wireless ambient monitoring tool has been
included in the application.
The comfort and energy efficiency service is targeted for property owners, facility managers,
maintenance personnel and end-users. It supports operations like monitoring indoor air quality,
analysing deviations, making decisions and delivering information. By utilising wireless sensors in
the ambient monitoring tool the following benefits can be achieved: monitoring devices can be
easily transferred from one monitored location to another, the monitoring system can be extended
with additional sensors afterwards, if needed. Additionally, with wireless sensors the existing
building automation system’s monitoring can be supplemented, and monitoring tool can be utilised
also in one-time energy or indoor air quality studies, not only for continuous monitoring purposes.
Furthermore, the wireless and portable monitoring devices have better cost effectiveness than
stationary monitoring system.
Keywords: energy efficiency , comfort, thermal sensation, indoor air quality, end-user interface

1. Introduction
Buildings in sustainable community are expected to be energy efficient and have good indoor air
quality. In the European FP7 framework project “Intelligent Use of Buildings’ Energy Information
(IntUBE)” one objective is to increase awareness for energy efficiency of buildings. It is important
that higher energy efficiency is achieved without compromising the occupant comfort in the
building. Therefore indoor ambient environment should be monitored continuously, and especially
when energy efficiency improvement measures are implemented.
Indoor air comfort and energy monitoring, and meter reading are clearly aspects where ICT will
play a key role in the near future. The new generation of measurement systems, monitoring tools
and energy meters brings a new range of ICT-enabled services to buildings’ occupants and energy
service providers. However, to be able to handle the information coming from different sources and
needed by different tools and their users, integration of energy information is needed. In the
IntUBE –project an energy information integration platform (EIIP) is developed. The platform
integrates energy-related ICT applications and tools which support or enable provision of energy
efficiency service. These include tools for measuring and analysing building energy profiles based
on user comfort needs, which will offer efficient solutions for better use and management of energy
use within buildings over their lifecycles. The results of IntUBE –project are expected to enhance
not only the comfort levels of building users, but also to reduce overall energy costs through better
energy efficiency. Results of the project are demonstrated in an office building located in Finland
and in a residential building located in Spain. This paper elaborates on demonstration of the office
building in Finland.
The demonstrated service in the office building exploits the tools and data transfer techniques
developed in the IntUBE project. With the user interface prototype developed in the IntUBE project,
energy and indoor air quality information is delivered to employees in the office. The demonstration
covers also simulation and monitoring of the office building’s operations and energy use. Thermal
comfort is simulated with the sophisticated Human Thermal Model. Application of the Human
Thermal Model utilises measurements from a wireless sensors for predicting thermal behaviour in
the human body under both steady- and dynamic-state indoor environment boundary conditions.
Objective of the demonstrated service is to optimize energy use, to verify and improve the indoor
conditions, as well as to inform the facility users about energy use, indoor conditions, and comfort.

2. Integrated comfort and energy efficiency service for buildings
Indoor air comfort and energy monitoring, and meter reading are clearly aspects where ICT will
play a key role in the near future. Even if serious privacy issues must be considered, the new
generation of measurement systems, monitoring tools and energy meters brings a new range of
ICT-enabled services to buildings’ occupants and energy service providers. However, to be able to
handle the information coming from different sources and needed by different tools and their users,
integration of energy information is needed. Such an energy information integration platform has
been developed in the IntUBE –project. The platform serves as the neutral 'glue' between energyrelated ICT applications, tools and services. During the IntUBE –project an example of integrated
services was demonstrated in one office building in Finland. Figure 1 presents services and
applications which are integrated into comfort and energy efficiency service which is demonstrated
in the office building.
The demonstrated service exploits the tools and data transfer techniques developed in the IntUBE
project and, through the user interface prototype developed in the IntUBE project, demonstrates
energy information to the building users. The objective of the demonstration is to optimize energy
use, to verify and improve the indoor conditions, as well as to inform the facility users about energy
use, indoor conditions, and comfort. Among the business models that were also defined in the
IntUBE -project, the demonstration covers the simulation, monitoring, and information
dissemination services. There can be one or more service provider companies, in which case the
saving of information and tools in the shared energy information platform would benefit all these
service providers.

The demonstrated service comprises the following phases:
Designing a Building Information Model (BIM) for the office building
Designing a simulation model for the building by exploiting the BIM
Designing the Human Thermal Model (HTM) for comfort
Simulation of the building energy use
Based on the simulation results, setting the targets for the office building
Collection and monitoring of the building’s operating values as well as monitoring the
conditions and operation of the building services technology
Intervention in defects detected by monitoring
Simulation of comfort and visualisation of results for the facility users
Monitoring and comparing the actual energy consumption to the targets
Information dissemination to the facility users about the conditions, comfort, and energy
use
Monitoring services

Simulation services
Building specifications
in IFC model

RIUSKA software for energy
simulations

RAUinfo tool

Ambient monitoring tool
Sensors

Building automation

Data manager

Energy meters

Energy
Optimization
and Thermal
Comfort
Human Thermal
Model (HTM) for
thermal sensation
simulations

Information services
Advanced graphical user interface

Fig. 1 Tools and components utilized in the demonstration of the office building

3. Simulation applications
3.1

Energy simulations

In case of the office building demonstration, the total energy consumption and the energy
consumption of each ventilation unit are simulated. Figure 2 presents results of the simulated
consumptions. The energy simulations are run by the RIUSKA simulation program [1]. The
RIUSKA simulation program utilises the building information model (BIM) generated using the
MagiCAD program. The simulated energy consumption readings have been set as target
consumption levels for the office building. The monthly target consumption levels are set in the
RAUinfo application (see Figure 3).
The simulated consumption data has been imported to a virtual office building, which is also
established in the RAUinfo application. Then monitored actual consumption and simulated
consumption can be compared visually in the RAUinfo application with its benchmarking tool.

VMT5 energysimulation for Intube
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Fig. 2 Total simulated energy consumptions for the office building
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Fig. 3 Actual and set target heating consumptions of the office building

3.2

Human Thermal Model simulations

In the demonstration, thermal comfort is simulated with the sophisticated Human Thermal Model
(HTM) [2]. The HTM simulation application utilises the temperature measurement readings from
the wireless sensors (see chapter 4.1 and 5) for predicting thermal behaviour in the human body
under both steady- and dynamic-state indoor environment boundary conditions. HTM can be used
for estimating more accurately than before the effects that the building structures, as well as
building service systems, will have on occupants under different conditions. The model is based on
the body’s true anatomy and physiology. It is capable of estimating temperature levels of a body
tissue and skin in sixteen different body parts which are further divided into four different layers
(bone, muscle, fat, and skin) as is presented in Figure 4. The sweating and shivering effects are
also taken into account.

Fig. 4 Human Thermal Model (HTM) body part composition

4. Monitoring applications
4.1

Indoor air quality monitoring

In the office building indoor air temperature and humidity are monitored with the help of the
RAUinfo application. Indoor air temperatures and humidity are measured in three open office
spaces, in two office rooms and in one meeting room by a wireless monitoring system. With the
wireless sensors and the RAUinfo application, measurements can be monitored remotely online
via the Internet. For example, the results from the measuring period between 6 December and 12
December 2010 are shown in Figure 5.
The wireless monitoring system’s data manager uses HTTP protocol to send saved data in the
XML format. The data is saved in the RAUinfo’s database server. An interval specifying how often
the XML file is transmitted to the database server is programmed into the data manager device of
the wireless monitoring system. In the RAUinfo server, the data is saved in an SQL database. A
Java-based application run on the RAUinfo server opens the connection to the SQL database and
writes the content of the XML packet received from the data manager into the SQL table.

Fig. 5 Average temperature in different rooms of the office block during a selected period (on the
left, and temperature in one office room during a selected day (on the right)
4.2

Monitoring of building technical systems’ operation and energy consumption

Measurements of the building automation system (BAS) are utilised also in the demonstration. The
data measured with the BAS is saved in the RAUinfo application’s SQL database automatically
once per day. Outdoor temperature, ventilation units’ performance data and domestic hot water
consumption are retrieved from the BAS, where the monitored data is recorded in the excel files
stored in the BAS’s computer. A Java-based application run in the RAUinfo server opens the
connection to the SQL database and writes the content of the XML packet received from the BAS
into the SQL table.
The electricity and district heating meters of the office building are not connected into the BAS.
Therefore, the electricity and district heating consumption readings are retrieved from the transfer
file (csv –mode) provided by energy supplier’s monitoring service, which file is stored in the
RAUinfo server. The same kind of a Java-based application is used to retrieve and store data in
the SQL database as is the case in the measurement data provided by the BAS.

5. Graphical User Interface informs the user
Employees rarely have a good understanding or interest in energy efficiency of an office building
where they are working. Through a newly developed prototype of a Graphical User Interface (GUI)
it is expected that information about energy consumption and indoor air conditions will increase
employees’ motivation for energy saving and environment-friendly acts. Therefore the
demonstration included also the GUI. The measured energy consumption levels, the measured
indoor air temperatures, as well as the simulated thermal comfort index and percentage are
visualized in the user interface application.
The user interface has been implemented into a commercial touch-screen personal computer. The
touch-screen user interface as well as any other user interface should be designed to meet the
typical usage scenario. The lobby touch-screen is meant for people walking by. It needs to be very
simple and intuitive to use. The prototype of GUI developed in the IntUBE –project is presented in
Figure 6. It provides a simple but informative GUI that will tell users about the energy consumption,
thermal comfort and indoor environment quality in their office.

Measured and simulated data are transferred between the GUI, the HTM simulation tool and the
RAUinfo application. Thermal comfort level is calculated with the Human Thermal Model (HTM)
using the temperature measurement readings from the wireless sensors. The measurement data is
stored in the RAUinfo application’s server and read from the server to the GUI application by an
HTTP request (Figure 7).

Fig. 6 The touch screen Graphical User Interface

Fig. 7 Components in the GUI Flex application

In the demonstration, the actual consumption (electricity, district heating and domestic hot water)
measurements are compared with the target consumption. Each month’s simulated target
consumption is fed into the RAUinfo application, which calculates the target consumption for each
day. The calculated relative daily consumption controls the visualization of the consumption trends
in the GUI. The relative consumption is 1.0 when consumption is equal to the target consumption.
The numeric values transferred from the RAUinfo application to the GUI represent the daily
consumption measurement readings divided by the simulated target consumption, the
consumption status (lower, same or higher than target consumption), and the consumption trend
(going down, stable, going up). The visualized information data for users are presented as green,
yellow, and red icons in the GUI (Figure 8).

Fig. 8 Trends in electricity, heat and domestic hot water consumption is visualised by varying the
energy symbol’s background colour
The numeric data from thermal sensation obtained from the HTM simulation is visualized in the
GUI with a colour-changing human figure (Figure 9). The figure is coloured red when a typical
person is feeling hot and to blue when the person is feeling cold.

Fig. 9. The colour-scale used to visualise thermal sensation.

6. Conclusions
Building Information Models (BIMs) should be exploited also during building use. By exploiting an
information model established during the construction or renovation phase, energy consumption
during building use can be simulated and, based on the optimal building use, help to set the target
levels When, for instance, in connection with operational failure protection service, the property
and its operations become familiar, it is easy to enable a simulation model. However, if designed
only for a certain energy monitoring or operational failure protection service, the designing of a
Building Information Model and the designing of a simulation model for energy use are heavy
measures. Today, such models are normally designed already during the construction or
renovation phase. Thus, they should be exploited in the energy and operational failure protection
service during building use and to help provide information for building users. The saving of the
models, of the data required for them, and of the data generated by them in the open energy
information service platform would enable comprehensive development and implementation of the
services.
The advantage of wireless measurement systems is their mobility. The sensors can be freely
located in a property. Compared to, e.g., logger measurements, in wireless systems, the data are

almost directly available, not only after a measurement period and unloading of the data loggers. In
some situations, online operation can speed up the intervention in problems. For RAUinfo service,
a wireless measurement system brings additional value in a location where, e.g., room
temperatures are not available from the building automation system. When, in connection with
operational failure protection service, there is a doubt about uneven temperatures or about indoor
temperatures deviating from the target values or there are other problems, wireless measurement
service can be offered as a complementary service. The investigation of indoor air problems often
requires a longer monitoring period, and a wireless measurement system is a usable tool for the
job.
In many buildings, e.g., in the pilot building of the IntUBE -project, energy measurement is not
connected to the building automation system. And, the data on energy consumption per hour is not
necessarily available from any other source either. At least some of wireless measurement system
suppliers also offer energy metering solutions. Hence, a further development subject in the
RAUinfo service is the reading of energy consumption data independently from the building
automation. An additional further development subject is the expansion of indoor condition
measurements in the RAUinfo, e.g., to include carbon dioxide measurement.
Informing the user has an important role when improving energy efficiency in the building.
Information should not only focus on energy consumption trends but also data describing indoor air
quality and comfort. The user interface which delivers information to the user should be very simple
and intuitive to use. In the demonstration the user interface has been implemented into a
commercial touch-screen computer. Touch-screens are becoming popular. They are changing the
way people use computers, which should lead the software designers to design novel software that
supports and utilises the possibilities of touch-screens. Touch-screen is usually found easy to use.
It is often seen that people become curious and try “what happens if I touch this” more easily than
with other types of interfaces. Therefore touch-screens suit very well to places where people
should be given some information when they are just walking by. If typical users would have more
time to concentrate the other user-interfaces become more suitable [3].
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Summary
In this paper we address the need to focus on energy effectiveness and the associated metric
called PUE. Energy effectiveness places focus on how energy is used and the purpose associated
with this. This helps to improve energy efficiency without challenging the user experience. This will
be especially important in a Smartgrid regime where consumers and market will interact closely in
multiple ways and where a holistic approach to energy efficiency is required. A method has been
developed that describes how the PUE can be derived and used as a reference for both long term
efficiency improvements and temporal optimizations as a response to market demands. The latter
is relevant when developing control systems that must assure user value while liberating energy
loads to improve grid efficiency or reduce market prices.
Keywords: SmartGrid, Prosumer, effectiveness vs. efficiency, Power Usage Effectiveness factor

1. Introduction
Energy efficiency is typically expressed in terms of technical parameters such as kWh per square
meter. Unit energy consumption is the classic way to assess the energy characteristics of
buildings. These characteristics are then used to rank facilities and to provide guidance for
efficiency improvements. It can be argued that there is an inherent weakness associated with this
since energy consumption is not addressed in terms of use or function. “For what purpose is
energy consumed” is a question which is largely left unanswered while focus has been placed on
“how much energy is consumed.” Initiatives that seek to improve the classic concept of efficiency
are therefore liable to overlook important needs and how these vary with time. Each function that a
building or a part of a building serves, yields value for the user. This value is strongly related to the
user experience at a given moment in time. Energy effectiveness pay attention to what function or
purpose energy is used. Like other authors we believe that more emphasis should be placed on
this.
In a Smartgrid (SG) 999 setting we argue that focus on energy effectiveness will be imperative.
Understanding purpose and user value at any time will be necessary in order to optimize the use of
energy in the context of a changing energy market. SG is the vision of the future electricity grid
enabled by advanced computer technologies. A fundamental feature of the SG is the introduction
of high resolution measurements of consumption combined with price and market information
using the same time scale. Using advanced control and monitoring systems all of this will make it
possible to respond to changes of energy supply and demand in completely new ways. As will be
discussed in more detail in the following paragraphs a SG will lead to a tighter coupling between
the classic user and the energy market. In fact it is likely that it will make a building and its users
active participants in the market. Participation may vary considerably and take multiple forms. One

could be to turn off appliances when prices are high at a given hour, another could be to sell
surplus energy back to the market. Consequently a household or commercial building will become
resonant with the state of the grid and with the general energy trade.
We believe it will be hard to distinguish clearly between efficiency measures that address a specific
facility, a community, the grid as well as the whole market place. A holistic view is required that
addresses all within the same context. This perspective should embrace energy needs both at the
user side and distribution side in light of time and situation. It should address reuse of energy and
self supply. It should include energy efficiency of neighbourhoods as well as single buildings. It
must consider efficiency gains when local production make remote supply less dominant as loss of
energy due to transportation will decrease. It should also take into account efficiency gains when
congestions in the grid are avoided since consumer and suppliers cooperate to reduce peak loads.
In the ongoing research project “Manage Smart in SmartGrid” we have adopted this holistic view.
This discourse constitutes the first report related to this research. It introduces the basic concept of
energy effectiveness which we have adopted to build a contextual basis for energy efficiency
improvement in general and flexibility of energy demand in particular. In the following we will
discuss this concept and the method developed primarily in light of a SG enabled service called
“demand-response”. Demand-response enabled service allows a utility to communicate with a
facility in such a way that energy volumes can be temporarily liberated to reduce price peaks or
improve net balance. Focus on purpose and energy effectiveness will be paramount in order to
ensure satisfactory volumes without hurting the user experience. Reference metrics must be
produced to support the method and to allow advanced control systems to balance this against
signals from the utility or the market. This will be highlighted in the following paragraphs.

2. On Smart Grid and related concepts
2.1

Smart Grid

Traditionally, the electricity grid has supported only the supply of electricity from typical energy
producers such as hydro electric power plants, to end users, e.g. households and industry. The
former has maintained the classic role of the professional business supplier with the end user
representing the customer. The energy flow has followed one direction only, from relative few
suppliers to numerous customers across a large geographical area. A Smart Grid (SG) will offer a
grid with a different topology typically made up of multiple micro grids that can be self sustainable
and allow different ways of end user involvement. Consequently it will open for distributed energy
production typically based on renewable sources. For more details on the SG concept we refer to
9. This describes the different domains and sub-domains of a SG as well as the different actors
and applications of each domain. The European Technology Platforms SmartGrids 9 defines SG in
the following way:
“Smart Grids are electricity networks that can intelligently integrate the behaviour and actions of all
users connected to it - generators, consumers and those that do both – in order to efficiently
deliver sustainable, economic and secure electricity supplies.”
According to the US Department of Energy 9 traditional information networks are applied for
dynamic optimization of electric system operations, maintenance and planning. Digital technology
is used in SG to improve reliability, security and efficiency by combining resources and services
that before was managed separately. A pronounced feature with a SG is that it opens for much
more involvement of the consumer in the energy market. The interactions between the market and
the consumer may take different forms. Swift responses to the supply situation in the grid and
moving consumption away from periods of high energy prices to hours where prices are low is one.
Production of energy using micro generators is another. In both cases the consumer can be
economically rewarded. Issues of energy efficiency of the supply side, the grid and the consumer
side will overlap. This will also blur the boundaries between the concept of the traditional
consumer and the producer. Hence the term “prosumer” has emerged to cover the dual role 9.

2.2

The prosumer concept – a new role in the energy market

A prosumer is an entity in the energy market that both produces and consumes energy. It can be a
household, a production plant or an office to name a few. Although a new concept in the energy
business the idea is not new. Other industries have learned to appreciate the concept for some
time. One important aspect highlighted by Toffler 9 was the intimate interaction between the
customer and the supplying business in order to assure increased customization, more effective
production and increased profit margins. This demanded an important two way communication.
With the advent of Internet the concept has also commanded a dominating place in the media
industry. New business models have emerged and the prosumption concept has evolved.
Coordinated interactions and communication between the prosumers themselves were added as
important characteristic of the modern prosumers 9. This has contributed to an increased degree
of market democratization. SG will introduce communication technologies that will support both
kinds of interactions. And this will be exploited by all parties involved.
When a building is referred to as a prosumer, it implies that the building is a zero sum or positive
energy building. By using the term prosumer we are not only indicating that there is energy
generation onsite, but also referring to the role the house and/or its owner have in the energy
market.

2.3

Curb, move or remove consumption

The spectrum of functions that a prosumer may play in the market is quite broad. In this discourse
we will present a more limited scope. An extended discussion associated with the subject may be
found in 999. Our prime aim here is to discuss energy efficiency related to key aspects of a SG.
Traditionally energy efficiency measures have been associated with questions of facility improvements such as insulation, change of consumer behaviour and application of fixed energy control
systems. All of these are initiatives that place focus on the consumer unit with little reference to
the market or the community surrounding that unit. With the advent of SG enabling technologies
new ways for curbing or changing use of energy will be introduced. In turn these will require new
control systems and these systems must operate according to a suitable set of reference metric.
“Demand-response” constitute an important part of the SG concept and refers to how consumption
can be manually or automatically altered based on the state of the grid or the energy market. A
fundamental requisite is technologies that measures consumption down to the hour and combines
this with hourly market prices. Given this it will be possible to adjust consumption with changes in
price. This will make it possible to create new energy related products that could encourage more
effective use of energy, increased use of renewable energies and lower prices. For the market it
could mean improved price elasticity. It is also likely that a more optimal operation of the net will be
achieved. Efficiency gains due to reduction of very high peak loads are possible and distributed
energy production could lead to lower transportation loss. In light of this demand side management
suggests a minimum degree of interactivity between the user side and the market. When prices go
up user will be notified and decrease consumption. They may also choose to postpone the use of
an appliance to hours with lower prices. If a facility is equipped with energy generating capabilities
self supply may kick in to curb the cost of operations until the price situation is more favourable.
When imbalance problems in the grid occur and peak loads threaten operations, utilities may use
reserve capacities offered by prosumers. They could also demand that loads related to
convenience systems are reduced. “Fixed price with the right to return” is a new type of energy
products which is considered by utilities in order to create incentives for the user side to encourage
interactions in this way. With a product like this a consumer will be offered a long term contract for
a reasonable price allowing the utility to curb the user’s consumption when imbalance problems
occur in the short term markets. The consumer sells back energy by releasing loads at his
premises. The benefit will be split among the user and the utility. Invoicing will be accordingly. This
is a kind of virtual production that is popularly called “negawatts”.

Today there are different ways of managing the heating system in a house to reduce the
temperature in certain zones and/or at certain times of the day. Figure 1shows that the first level is
a control system where one can pre-program the zones’ temperature according to when they are
normally going to be used, combined with manual overrides to cater for flexible use patterns.
These are standalone systems in each home that are becoming more and more common to install,
in more or less advanced versions. This represents what we could call a “traditional energy
efficiency measure”. For these systems reference of control is largely fixed and reference to
purpose and user needs are at best tacit. The ability to respond to more than a slight degree of
dynamics is limited. However Level1 control, as we have called this, constitutes an important
platform for more advanced features that can be added on top (see Figure 1).
To react to hourly price fluctuations or critical peak load situations much more sophisticated
systems are required that interact with a building and its various parts in a whole different way.
Even when the cost of micro-generator systems such as photovoltaic panels is steadily decreasing
they have a limited role in the Nordic countries as the main supply element. To defend costs it is
more attractive to use them as a supplement or as an alleviating system when prices are high or
grid problems occur.
An important issue that must be contemplated is what kind of references should be applied to
utilise these technologies fully. The energy efficiency metrics that are typically used today are not
suited to support this. As dynamics increase and as the user becomes more involved in the market
that resembles that of the traditional industry we postulate that effectiveness is the prime concern.
Energy effectiveness and the more traditional energy efficiency concept are inseparable, but by
placing energy effectiveness first it will be possible to balance user needs with energy concerns in
a whole different way. This will be discussed in the following.

Fig. 1 The more a prosumer is involved in the market the more complex control is required.

3. Parameters for energy efficiency and energy effectiveness
3.1

Energy efficiency versus energy effectiveness: Shifting focus towards function and performance

A popular definition of energy efficiency is the goal to expend less energy in the performance of
tasks 9. For measuring energy efficiency in buildings the indicator energy use per area (kWh/m2)
is the most commonly used, and it typically specifies how much energy a building consumes in a
year.
Ronning et al 9 questions the usefulness of a metric like kWh/m2 as it tells little about a building’s
life cycle, or its environmental performance in relation to its function. It is inherently oriented
towards preservation and cost saving, and only adjusts for size. The authors recommend that
buildings are compared according to their prime function, i.e. their effectiveness. They have shown
that buildings ranked high according to mere technical metrics fall short when the purpose and the
degree of prime use is taken into account.
Furthermore, the standard periodic reference is typically made across a period of one year.
Reflections based on an arithmetic annual average will not expose the likely variations across the
calendar period. Various forms of taxonomies have been introduced in order to group and
compare different types of buildings. Statistics are accumulated for each group. This introduces a
tacit form of functional orientation that helps to assess qualities of buildings more precisely.
Higher resolution measures have also been introduced and documented in literature, such as that
of 9. Yet, they typically create a technical reference, and the functional aspects are not strongly
pronounced. Moreover, it could be argued that they are purely resource oriented; with little or no
reference for what purpose the resources are applied. Consequently, energy efficiency becomes a
question of how to reduce resource consumption rather than asking what the resources are used
for. This can be related to the transformation of the post-war industry, which went from selling what
it produced, due to concerns for resource use and time spent producing each unit (efficiency), to
producing what people need/want (effectiveness). Focus on effectiveness inevitably led to a high
degree of segmentation, with each segment targeted a specific need or particular type of customer.
This specialization led to leaner products, which the customer was willing to pay a higher price for.
At the same time it was recognized that waste could be profitable, and could be a resource for
another application. This knowledge could be exploited to enrich the business and lower the
overall cost of production. Cross production became profitable and reduced waste. The principles
highlighted in the account above could be adopted by the energy business
In the literature there are some initiatives reported that we find highly relevant. One example is 9
which introduces the energy effectiveness factor Ee. Ee specifies the ratio between delivered and
utilized energy for different purposes and the required sourcing to produce the amount of energy
needed. Consequently it takes the perspective of a value chain addressing the flow of energy from
an inert state to the final state where it yields a benefit. This contrasts the traditional perspective
that addresses a single unit along this chain.
In addition, we have been intrigued by the work that has been published by The Green Grid 1
consortium 99 related to the energy effectiveness of data centers. The introduction of the Power
Use Effectiveness (PUE) factor has become a standard reference when comparing and designing
data centers for minimal energy use. Chapter 3.2 below presents The Green Grid consortium’s
work in more detail. The following chapters expand on this application in our own context.

3.2

PUE, ERE and ERF

99 and others pursue improved resource efficiency of data centers and business computing ecosystems to determine the efficiency and effectiveness of data centers they have introduced the
1

concept of Power Usage Effectiveness (PUE) . The PUE has been introduced to support the
design of energy efficient data centers and allow sound comparison of operational facilities. PUE
is closely related to the concept of Control Volume (CV). A CV defines the boundaries of the facility
addressed. Understanding the flow of energy and the energy balance across the control area is
essential in order to apply the PUE correctly.
PUE is defined as:
PUE = Total Energy / IT Energy
In short this implies how well the total energy entered into the control volume is utilized for its
primary purpose. This can be expanded into the expression:
PUE = (Cooling+Power+Lighting+IT) / IT
Here Cooling specifies the energy used by the entire cooling attributed to the data center. Power
is the energy lost in the power distribution system through line loss and other infrastructure.
Lighting represents the energy used to light the data center and support spaces, and IT is the
energy used by all of the IT equipment that generates the prime value of a data center. A PUE of
1.0 implies that all the energy delivered from the power utility across to the control volume defining
the data center is used by the IT equipment. PUE = 1.0 suggests a very efficient, but alas, a
utopian data center design. Target factors of 1.3 to 1.5 are more realistic. Another concept
introduced by The Green Data Center is the partial PUE (pPUE) which can be applied for multiple
zones within a control volume. This supports a hierarchical approach. The pPUE defines the
energy effectiveness within a specific zone and can be expressed in the same way as the PUE.
The pPUE provides a relative view of the various zones pointing to where ineffectiveness is higher.
Use of the pPUE also allows analysis of the shared conveniences. If the difference between the
average pPUE and the overall PUE is high the shared conveniences should be the target for
efficiency improvements. Two other interesting aspects that should be noted are related to the
main function of each zone and overall purpose management of a facility. In order for a zone to be
fully functional when needed the pPUE can obviously never be less than one. In fact for functional
zones that we have looked into it is only possible to approach the factor one for very short periods.
This will be explained later. The PUE can never approach the value of a pPUE unless shared
conveniences are entirely shut off and all, but one zone is operational. Again we claim that this can
be done, but only for short periods, in order to respond to certain demands. To make this more
transparent 9 has defined the PUE in terms of the partial PUE’s.
PUE = S0/(M1+M2)+(R1*pPUE1)+(R2*pPUE2)
Where

R1 = M1/(M1+M2), R2 = M2/(M1+M2) and R1+R2=1.0.

The PUE concept can readily be adapted to other areas. Indeed, this has also been reported in the
literature. The American based test institute 9, CRI has defined a specific PUE to design a method
that determines the amount of electrical power used by a vacuum cleaner when soil removal
performance is tested. The specific application of the PUE is then written:
PUE (Soil Removal) = Total Energy for Vacuum Cleaning / Soil Removal Performance

Despite good infrastructural design the efficiency of the data center may still produce a lot of
surplus energy. If this is not recycled within the control volume it is lost to neighboring zones. This
has led 9 to define another parameter, namely the Energy Reuse Factor (ERE) which can be
specified as a proportionate function of PUE:
ERE = C * PUE, where C is a factor
ERE specifies how much of the energy that escapes the control volume is actually exploited for the

benefit of utilities in other zones. ERE can also be written:
ERE = (Cooling+Power+Lighting+IT-Reuse) / IT
As recycled energy captured within the control volume is accounted for in the PUE factor, the ERE
specifies the amount of surplus energy that flows across the boundaries and which is actually
exploited for benefits beyond the CV of the data center. This leads to the definition of the Energy
Reuse Factor for which they base their method of design for green data centers:
ERF = Reuse Energy / Total Energy
Although recycling and the ERF are both important to our research we will pay less attention to this
in the discussion here. What is important to note is that reuse beyond the control volume requires
a receiver. In a general sense such a receiver represents a market. Another thing that must be
stressed is that the ERF addresses another type of effectiveness. This resembles the type of
effectiveness that has been applied for years by market oriented industry and must be
contemplated when addressing energy efficiency issues of a building. This type of effectiveness is
both concerned with the unit facility as well as the community. As a case in point, instead of venting
hot air through the hatches of glass roofed atriums, which will yield no effect on the ERF, the
surplus energy could be transferred and used for an ancillary purpose. This would require a
customer with a need for energy import. A customer base of this kind can be found in
neighborhoods that consist of buildings with reciprocal characteristics. A mixture of buildings with
inner and outer structures that typically have different heat capacity signatures could serve as an
illustration of such an “inner market”. The same logic can be applied for micro production.

3.3

Effectiveness as a value function

The PUE addresses effectiveness entirely in terms of relative energy consumption. It is asking
whether the energy that is consumed is channeled to where it is needed. It does not specify which
of the main functions are more valuable than others. On an overall level this is what 9 does.
Figure 2 below suggests the different parameters which can be included when describing the
functional oriented energy efficiency in buildings. Energy consumption, space efficiency and benefit
per time utilization will for many buildings represent the consumption related to its function. The
denominator provided benefit in the fraction is not set, as this depends on the type of building and
the function it is supposed to fulfil and must be adjusted accordingly. It is not certain that the model
is appropriate to use for all types of buildings, but so far it has been tested on private homes,
offices, schools and several other common building types.

Fig. 2 Elements that may be included in the figures describing the functional energy efficiency in
buildings 9
This extends the concept that underpins the PUE factor described above. While 9 specifies the
prime objective of the data centre, that is the computers, in terms of energy consumption 9 applies
a unit related to the actual value proposition of the asset in question. Adapted to the business of
data centers the type of value indicator described above could be the number of subscribers to the
services that the data center offers, the annual hosting fees that a set of computers generates or
the number of transactions handled per time unit. This would allow data centers to rank the
performance of each computer managed against the relative use of energy.
In the next paragraph we will elaborate more on how the two approaches to effectiveness can be
combined and extended to support developments related to a SG oriented energy supply regime.

4. Towards a parametric set that can support Smart Grid oriented work
4.1

Towards a set of efficiency parameters for prosumers in a Smart Grid

PUE can be seen as an expression of how much of the energy entering a specific control volume
is actually applied for the principal purpose in a given context. In figure 3 a depiction of a CV
containing three zones is shown. The figure shows a generalized version of an example presented

Fig. 3 An example showing a control volume (CV) of three zones
in 9. We have replaced ”IT” with ”Main function” and ”Non IT” with ”Support functions”. In the
context of data centers, power to the computers will always be priority one as this is the sole
objective. Without the electric energy required to run the computers that are vital for business
functions, the operation of the data center becomes meaningless. There is a direct causal link
between the energy sourcing and the prime value objective. In addition there is quite often a need
to introduce secondary systems that ensure stable operability of the main function.
Our abstraction thus indicates how the PUE approach for data centers can be used to address any
functions dependent on energy. Like 9 pointed out, different buildings serve different purposes.
Effectiveness rise with an increase of its intended use. In fact, effectiveness increases the more it
can serve its users. This implies that purpose can be composite. “Main function” does not have to
serve a single value focus like for the case of data centers. A CV could contain a composite set of
main functions. To cater for this we have introduced the Generalized Power Usage Effectiveness
factor:

gPUE = Total Energy / Energy for Prime Purposes
The example in Figure 3 could therefore be used to address multiple facilities and households. In
this particular example the CV is divided into three zones. Two of the zones contain the principal
systems. Each main system has support that also consumes energy. Support systems embrace
elements that pre-process, convert or simply add a degree of additional convenience or
contingency.
The zero zone is void with any main system, but contain support systems that are shared between
the two main systems. Figure 4 shows a simple power plan for a workshop that fit this description.
The PUE for the abstracted plan could be expressed as follows:
PUE = (S0+S1+S2+M1+M2) / (M1+M2)

Fig. 4 A simple power plan for a workshop that matches the abstraction in Fig. 3 Like
for
data centers we could also express the partial PUE for the different zones. As Zone 0 does not
contain any main system of its own it will be undefined. In a sense we could say that it is without
an independent purpose. However, the pPUE for the other zones could be specified:
pPUE1 = (S1+M1)/M1
pPUE2 = (S2+M2)/M2
The pPUE defines how well a zone is optimized for its particular purpose. It allows us to compare
the different zones against each other and to determine their contribution to the overall
effectiveness. In the case of the workshop the machines constitute the prime value generating
facilities of the shop. One machine needs chilling to operate, and the other requires power
conversion that results in a loss. The loss can be attributed entirely to the operation of Machine B.
However, the loss in the overall infrastructure must be shared. The energy required to heat and
light the whole control volume is also shared. We could then calculate
PUEms = 9/ (1.5 + 2.2) = 2.43
The pPUE1 = 2/1.5=1.33 and pPUE2 = 2.5/2.2 =1.14

A PUE factor of 2,43 is considered poor for data centers. Our initial calculations suggest that a
value above 2 would require scrutiny for all types of facilities as support functions consume more
than the principal installation. When we address Zone1 and 2 we find that the partial PUE’s are
quite encouraging. Consequently we should first look for improvements in the general area of
Zone0.
Based on this, we can create some guiding rules for efficiency improvements and general design:
•
•
•

•
•
•
•
•

PUE >> 1 implies high energy ovehead
PUE  1 implies low energy overhead
PUE  max (pPUEi) implies a limit suggesting that further reduction in PUE could hurt at
least one of the main functions (function i).
pPUE1 > pPUE2 implies that Zone1 contributes more to overhead than Zone2
R1 > R2 implies that M1 draws more energy than M2 (%-wise)
R1*pPUE1 > R2*pPUE2 means that Zone1 should receive more attention than Zone2
IF R2 > R1 AND pPUE1 > pPUE2 means that Zone1 should receive even more attention
than Zone2
S0/(M1+M2) >> 1 implies that this is a candidate area for substantial savings

Some general expressions for comparing the effectiveness between main functions and between
the main functions and the shared support function have been identified here. Bearing in mind that
SG concepts allow for varying energy control according to variables such as energy price and peak
load variations over time, it would be interesting to investigate the dependency between main
functions and the different support functions, and to see how and to which extent this could be
utilized.

4.2

Extending the basic PUE metric according to function dependency and time

There are certain issues that are not addressed by The Green Grid consortium that would be
imperative in a Smartgrid setting. 99 assume 100% dependency between support systems and
main systems. In a more general case a relationship of this type is likely to be weaker. Certain
support functions can be turned off or reduced for some time without affecting the main function
noteworthy. Indeed they may be eliminated altogether, but the overall service experience would
probably be weakened. Consequently, the value of the overall service would be reduced too.
Some types of lighting have this effect. One could dim the light somewhat without impacting the
main objective. On the other hand, turning it off completely would possibly jeopardize the service.
The point to be made here is that the relationship between the main function and the support
function could be expressed in a non-binary way by introducing a dependency factor, μ. 60%
dependency implies that an interval of 60-100% performance of the support function would not
affect the main function noteworthy. That fraction may be considered a convenience more than a
necessity. But if the lower limit is violated, the main function would not be able to sustain
satisfactory operability over time.

Fig. 5 Dependencies between support and main functions do not have to be binary

By introducing this concept we can determine how much leverage there is when trying to optimize
the PUE by evaluating the necessity of the support functions. This could help to rationalize the
design and planning of facilities such as data centres. It would also help to determine the degree of
flexibility that can be utilized for optimizing energy control. If μ is 1 or close to 1, we must assure
that support system consumption follows the variations in main system performance. Energy
controls should then be applied with care in order to harvest the benefit. If we have a system with
variable inter-dependencies we should avoid the inflexibility of binary control systems that allow
things to be turned on and off only. Taking due considerations to all of this would lead to a smarter
energy demand management. Furthermore, the concept suggests a time dependency. The PUE is
likely to vary with time. 9 assume continuous operation across time, something which reduces the
need to address temporal issues. If there is absolute dependency between the support systems
the PUE would not vary over time as the load on the support systems would be reduced
proportionally. However, we will argue that this is rare. Systems that support the main function
only partially are often the source of significant PUE variations. Hence this must be taken into
account. Consequently the PUE that we have discussed above is an average that can be
expressed as follows:
PUE = 1/T * ∑PUE(t)
and: PUE(t) = S0(t)/(M1(t)+M2(t))+(R1(t)*pPUE1(t))+(R2(t)*pPUE2(t))
And as the dependency varies with time we could get an expression for the Zone0 and Zone1 as
follows:
F0(t, μ 0) = S0(t)* μ0t /(M1(t)+M2(t))
pPUE1(t, μ1) = (μ1(t) *S1(t)+M1(t))/M1(t)
In our research we are determined to investigate these time variations closely. It will be crucial
how the variations are controlled. Systems whose degree of dependency varies with time must be
managed by means of continuous or stepwise control systems. Binary controls must only be used
when long periods of main system inertia is expected. Otherwise, change of the PUE will require a
full redesign of the whole system. However, we assume that for most facilities PUE can be
expressed as follows:
PUE(t,ui) = PUE basic + ΔPUE(t,ui)
PUEbasic is based on reflections related to construction, architecture and use of equipment. It
represents the norm. By changing from a regular bulb to LED the PUE may be permanently
improved.. The floor lay out will determine the organization of zones and shared systems. PUE basic
must therefore be the focus of facility design. ΔPUE(t,ui) has a temporal character and is subject
to a context. Consequently PUE(t,ui) can be optimized for long term benefits, but also for
temporary purposes. This can be illustrated with the workshop example. There is a general light
and heating requirement that must be met. Due to the high overall PUE, efforts should be made to
reduce power requirements for heating and lighting altogether. However, if one of the machines are
stopped due to lack of sufficient orders some means should be applied to reduce the load of the
support systems in Zone0. However, assuming that this will not be a permanent situation the
dependent support load cannot be permanently eliminated. With ideal dependency we should,
however, be able to achieve PUE (t) = PUEbasic. The division shown could also be exploited in order
to increase responsiveness to market related signals such as energy price and load shaving
demands. ΔPUE(t,ui) will allow us to determine what parts of the overall system could yield. It
could tell us to what degree the demand posted from outside of the control volume could be met.
Especially it would help to determine how large the prosumer response, measured in energy
volume, could be without affecting the main functions that is dependent on at that time and for a
given period thereon.

The PUE specifies how well a facility or building is designed to maintain its primary function with as
little use of energy as possible. It does not address the consumption of the main devices of the
zones themselves. By mapping the needs for principal functions across time and determine the
interdependencies we can create a knowledge base that help us to optimize use of energy for a
particular purpose at a given time. The PUE metric can help to quantify the gains. Consequently
we will be able to determine how the needs of a business or a family best can be fulfilled while
lowering the overall and temporal consumption of energy. Dependencies specify how tolerant the
main system is to changes made to the support systems. This can be exploited when power
utilities request peak shaving demands on loads, or the user wants to be more responding to price
fluctuations.

5. Utilising Power Usage Efficiency – PUE - in a home setting
5.1

Sectioning of space over time in the home

The discussion on the PUE suggests a high degree of differentiation with respect to function and
purpose both in terms of time and zones; either as physical places or groups of systems.
Differentiation here means to deliver energy for a given purpose at a given time as effectively as
possible, in order to satisfy user needs while reducing cost and energy consumption. In a SG
oriented setting this, together with energy prices and grid conditions, defines a context that must
be honoured in order to enable demand side flexibility and even make micro grid production useful
and cost effective. Although there are reasons to believe that the potential is just as high or even
higher in the commercial domain we will illustrate the concepts introduced here using a household
example.
The floor plan in a home is typically designed with an intended function or functions specified for
each room and according to certain design criteria. The layout usually guides the user in how to
utilize the spaces in the house. Some rooms are used more than others. Depending on the size
and floor plan of the house and the size and routines of a family, certain rooms in a house may
only be in use a few hours each week. It therefore makes sense for many households to reduce
the temperature in these rooms in the winter, particularly when the electricity price is high.
Heating, or rather maintaining a comfortable temperature, is a function that can be correlated to
rooms or zones of the dwelling. Traditionally, energy consumption has been adjusted according to
zones by closing off parts of houses during winter, or as we have seen in the latter decades, by
more or less advanced control systems where heating is pre-programmed to rise and lower
according to time or presence by people 9. In the following we investigate whether this concept of
differentiated temperature zones in the home may be utilised further by adding price information
and grid state signals facilitated by the SG.
Since Norway’s dominating energy source is hydro power, the country has a peculiar and particular
heating system in buildings compared to other countries. The predominant heating device/system
has historically been the electric radiator either as the only system or combined with electric floor
heating or stoves for peak loads, or since 2003: supported by air-source heat pumps. Statistics
(from 2006) show that 98% of Norwegian households had electrical panel heaters installed. 7
percent of the households had installed air-source heat pumps 9, types that in larger dwellings
often is supported by electric radiators. The panel heaters have low inertia and the temperature is
hence quick to regulate with these.
In the last census in 2001 it was also revealed that 70% of the Norwegian population live in
detached homes, semi-detached or similar. Of these, 53 % were equipped with 5 or more rooms
(not counting bathroom) 9 and are hence quite large homes. Since water borne systems have
been most common in apartment buildings and blocks, and electricity carried heating in detached
dwellings (ibid), it is reasonable to claim that there lays a potential in control of electrical heating
combined with space sectioning in a substantial part of Norwegian homes, even given a certain
change of building stock since 2011.

Metric that explicitly addresses effectiveness related to principal operations and specialization of
zones is less common. Short term assessments related to this is also rare. Breaking down energy
consumption according to type of appliance or consumer type have been done (sometimes called
functional breakdown) 9 but these metrics do not tell what can possibly be changed without
affecting the principal functions involved. Therefore general energy cut strategies can only target
the average. These can prove too costly and hurt prime functions and thereby lower the perceived
value of a facility.
In figure 6 below we have included a graph that shows the general consumption profile for an
average household in Norway according to 9. It can be readily seen that the relative load per hour
attributed to water heating (blue) is marginal. Yet, this is the part that receives most attention in
terms of demand side management. Figure 5 suggests that the potential related to room heating
(purple) and appliance control is much higher. A PUE oriented analysis would help to determine
how this can be done by indicating what zones yield less effect while consuming most per hour.

Fig 6: Consumption profile for an average Norwegian household dependent on the hour of the day
9
A small PUE calculation example

Fig. 7 A control volume that contains four zones, three with a distinct main function.
Figure 7 shows a simplistic model of a control volume with four zones containing appliances and
functions typically found in a household. A zone could be an area or a room. We could identify
distinct main functions for each zone. Zone1 would typically be “comfort” or “relaxation”. Zone2
could be “food making”, while Zone3 could be “sleeping”.
We have analyzed the dependencies of each support function and the following has been
established. For simplicity sake all the main functions require 1/3 of the support in zone 0. Lighting,
some types of heating, power cabinet, different appliances that are not directly related to the main
functions in questions typically belong to this category.
In this example the concept of relaxation in Zone1 is dependent 100% on the TV. The heating
system supports the prime function with a factor 0.6. This can be viewed as a simple translation of
a temperature requirement. Below a certain temperature the main function is hard to maintain.
The additional 40% is a convenience fraction that is preferred in the long term, but strictly not
needed for a limited period of time. Similarly the prime function requires at least 30% of the
available light in this zone. When food making is taking place cooking is dependent on light (0.8)
and heater (0.4). We assume standard dependencies in Zone3 for the targeted function.
If all zones are fully operable and properly supported the control volume consumes 5.51 kW by the
hour. The housing facility is fully utilized and the PUE is 1.4. This value suggests a fair balance
overall between the main functions and support. The partial PUE for Zone1, Zone2 and Zone 3 is
1.68, 1.21 and 1.12 respectively. Zone 3 is better balanced than the two others. Zone1 would be a
prime candidate for traditional energy improvements. The pPUE for Zone0 is undefined as long as
no main function is defined. As was pointed out earlier we could possibly reduce the PUE

permanently by considering new solutions to the architectural lay-out or replace support systems
that require a lesser load. What is more interesting in this context is to exploit the temporal
differences during the day (see figure 6) that reflect the variations in use.
In the following we will illustrate how we could improve general effectiveness and utilize the
flexibility in this specific case using the PUE factor. First let us look at Zone2. It is the time of the
day that food making is taking place. For the sake of the example the other main functions in the
other zones are inactive. In spite of this let us further assume that all the support functions are left
fully turned. The overall PUE increases to 2.0. The load is now 4,91 kW. Overall effectiveness is
penalized when lights and heaters are left burning in Zone1 and Zone3.
When attention is turned to Zone1 we get an even more discouraging result. Zone2 and Zone3 are
not in use. The partial PUE remains the same (1.68), but the overall PUE has soared to 2.89
although overall consumption has dropped from 5.51 to 3,01 kW since the main functions in the
other zones are disabled. Intuitively it sounds like a good strategy to turn down support systems in
the inert areas as they are not used. Most consumption oriented people would do this. The higher
the average energy prices the more people would adhere to such a policy on a permanent basis.
Simple control devices, typically at what we have called Level 1, could also handle this. If a main
function is turned off or reduced, the support is reduced accordingly. In the situation described
such measures would lead to a fall in overall PUE from 2,89 to 2,50.
For the sake of the example let us define this as the difference between time step T1 and T2. At T2
Lights are still burning in Zone3 and Zone2, some secondary heating also, to cater for contingent
needs or mere convenience. However, if energy prices continue to rise these contingencies could
also be turned off. Let us assume that this happens at T3. All support in S2 and S3 will be turned
off, at least as long as the price is above a certain reference value. The PUE will drop to 1.70 and
the overall consumption per hour will be 1.78 kW. As the partial PUE is still less than the present
overall PUE (1.67 against 1.82) the prime purpose that we want to sustain is not in jeopardy.
Let us further assume that at T4 the collective load is beginning to take its toll on the net. There is
a need to reduce and even out the load even more. The utility would want to look for ways to deal
with this. In our case a proper response could be to demote the support systems in Zone0. Now
only Zone1 operations are intact together with absolute minimum Zone0 support. The overall PUE
at T4 is only 1.68 (1,75 kW). At T5 there occurs a peak load crisis in the power grid. The power
utility sends the control system a warning that it needs to cut power to the minimum. This is the
time when support in Zone1 is cannibalized on. Partial PUE is forced down to 1.0. Overall PUE
drops to 1.03, just above the partial PUE. The television news can still be watched, there is enough
light to read the paper and there is no need to wrap up in blankets to keep warm in this part of the
house. However, other main functions and basically all other support systems are disabled.
Knowing that the alternative could have been a “rolling black out” for the same period we do not
regret the darkness in the hallway or other temporary inconveniences. We have channelled a
minimum of energy to where it is most needed. Our participation has benefitted grid operations.
Given a proper contract with the utility we should also be rewarded for this economically. However
a sophisticated control system would be needed to fully exploit the possibilities. These systems
would have to respond to both price changes as well as signals stemming from systems that
monitor the state of the grid itself. They would also need to determine where it is possible to yield
loads at a given time. As we have seen we can use the PUE and the pPUE to support this. The
PUE can also help to determine permanent measures against temporary adjustments. When the
PUE is high conventional energy efficiency measures are recommended. But as the PUE
approaches 1 there is little room for improvement without actually looking at the operation and the
power needed to sustain the main systems themselves. When the PUE approaches the pPUE of a
zone the sustainability of the main function in that zone is threatened. Measures aiming to shed
loads when both PUE and pPUE is close to 1 must be of very temporary nature. Nevertheless, if
these limits are observed it should be possible to maintain basic operations while yielding
effectively in a demand-response regime. In Table 1 we have highlighted all this for the example
described above.
Figures 8-10 show the same information plotted graphically. In figure 8 it can be observed that a

load of approximately 2kW can be released when the PUE is reduced from 2.88 to 1.03. Part of
this cut can be made permanent, while the rest could be part of a temporary and situation specific
arrangement. By analysing the various steps and policies in Table 1 there is room for 1kW or so in
regular savings using simple conventional means. This would adhere to the PUEbasic discussed
above. There is another 1kW that can be shed temporarily within a demand-response regime
without threatening the main functions in Zone1. A PUE below 2 could affect support systems to a
level where it would be likely to affect the more general use of the facility.
Time step
PUE
pPUE Zone1
Load (kW)

1
2.88
1.67
3.01

2
2.50
1.67
2.61

3
1.70
1.67
1.78

Fixed load
reduction as a
consequence
of main
system use
Demote direct
support
systems in
inert areas
Level 1

Regular
suspension of
load due to price
and use of house

Temporary response to
price increase or peak
loads

Turn off all
suport/convenien
ce systems in
inert areas
Level 1/2

Turn off all
suport/convencience
systems in shared
areas
Level 2

4
1.68
1.67
1.75

Policy

Efficiency
measure
Control level

Temporary
response to
price increase
or peak loads
Turn off all
suport/convenci
ence systems in
prime area
Level2-3

5
1.03
1.00
1,08
Very
temporary
load shedding
or home
production
Cannibalize
on main
function
Level 3

Table 1 The PUE and pPUE values are listed together with policies and efficiency measures
discussed in the example. It also indicates what kind of control level must be applied to manage
the various policies well.
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Fig. 9 Changes in PUE and pPUE as different reduction policies described in the household example are activated
Figure 8 shows how we have applied the PUE and the partial PUE (pPUE) in this example to develop a strategy for energy efficiency improvements and controlled energy use. The example illustrates how the zone oriented approach, the PUE and the pPUE can be used to determine where to
reduce the power load and thereby the level of energy consumption. By using the knowledge of
what are main and support functions and organize this according to time and dependencies we
showed that the main purpose (to relax in front of the TV) could be preserved even during a crisis.
However, the closer the pPUE and the PUE came to 1 the more temporary the measures introduced had to be. Initially it could be deducted from this simple example that quick measures could
be made to lower the overall PUE and thereby the consumption. For the single zone this meant a
20%+ reduction. This took into account the simple dependency measures introduced. In practice
we can relate this to two conventional things.

Fig. 10 The PUE and pPUE suggest what kind of efficiency improvement measures (policies) are
appropriate and what control regime is required to achieve desired effects

The PUE could be lowered on a permanent basis by introducing more efficient support systems.
This could imply introduction of LED based lighting and more efficient heaters. But we could also
turn it off fully or partly. If a main function is only marginally dependent on this demoting or cutting
the power entirely would be the simplest thing to do. This addresses the low level, classic control.
Consequently, demotion of these entities should be more temporary and possibly encouraged only
through price variations or other types of rewards that demand-response can offer. When PUE
came close to 1 it could be observed that the prime purpose enabled by the main function in Zone1
could still be preserved, but only temporarily. At this point in our research we hypothesize that PUE
values above 2 should encourage conventional efficiency improvements, while the interval
between 2,5 and 1,4 could be used for demand-response purposes. The closer to 1 the PUE gets
the more crisis oriented the demand has to be in order to yield a favorable response from the facility. This is also where great benefits from micro production could be achieved. Even simple installation based on intermittent energies and combined with a few hours storage capacities could yield
great effects here. Once the main function of a facility is threatened at a given time i.e. classrooms
are too cold to encourage children to be still and attentive, there is no way to cook a meal, reserve
power can be called upon. The scale of evaluation will not be the price of energy alone, but the
value of the main function. We propose that micro generation addresses this issue first as the economic benefit would be greater at this end. Then the next incentive would be to support flexibility
when prices are high. In this context expansion of the basic reserve capacity could be done incrementally. The PUE would help to determine both the capacity needed and the possible gain. In the
example shown 0,5 – 1 kW would be equivalent of a PUE gain from 2 to 1. Although the example
describes a hypothetical case it serves to show that working from the right hand of the axis in the
graph shown in Figure 10 would help to understand and appreciate the value of micro-generation.
We admit that this is not the only strategy, but it emerges as a viable alternative from the PUE analysis

6. Method
Figure 8 shows how we have applied the PUE and the partial PUE (pPUE) in this example to develop a strategy for energy efficiency improvements and controlled energy use. The example illustrates how the zone oriented approach, the PUE and the pPUE can be used to determine where to
reduce the power load and thereby the level of energy consumption. By using the knowledge of
the main and support functions and organize this according to time and dependencies we showed
that the main purpose (to relax in front of the TV) could be preserved even during a crisis.
However, the closer the pPUE and the PUE came to 1 the more temporary the measures introduced had to be. The example shown is idealized and simple and meant to convey the inherent
principles of the approached discussed. However, the principles can be organized into a systematic method that can help to target permanent efficiency improvements as well as time dependent
ones. For the latter the PUE and the pPUE could be used as reference values for optimizing a
control regime that is contextually dependent on the market as well as the state of the grid. We believe that the analysis method proposed below is relevant for both homes and commercial buildings and are determined to apply for such purposes. We hypothesize that the gains will be significantly greater for larger buildings, but that again will depend on the departmentalization in the architectural plan with respect to heating, lighting and the use of appliances. Equally important is the
placement of main functions and how the use of the building can be divided into discrete periods of
distinct use. In the case of households the latter is supported by profiles of the type shown in Figure 5. The user signature for a main function in a given zone changes over time. It is also cyclic. It
is important to note that two signatures in a given zone might overlap each other in time. Making
food and eating in a kitchen at the same time demands attention to both. The crucial idea is that a
zone is populated and used differently by the hour. Even when there is scattered and non-uniform
use that departs from the main purpose we believe we can apply the analytic knowledge produced
by the method to make a control system impose increased concentration of activities. This is typically relevant for larger buildings. We further believe the method can be used as part of a design effort and possibly integrated with BIM 99. This is something that we will look further into. Next we
will combine this with a Pareto optimization approach to define optimal strategies for market integ-

rated control systems. Independently of this the analytic method incepted by The Green Grid Center and extended here could be applied for more specific energy efficiency analysis. We have
summed up the approach in the following steps:
1. Break down the facility (building, house, plant) into zones
2. Identify energy consuming elements in each zone
3. Go through the 24-hour cycle across the working week and the weekend. Take into account seasonal differences. For each step identified and for each zone:
a. Nominate main functions per periodic step. All other consuming elements in the
zone are considered support during that time step
b. Identify dependencies between main functions and support functions
c. Determine consumption per unit for the particular main function contemplated in the
period
d. Calculate pPUE per Zone per period
e. Calculate PUE for the period
f. Rank zones according to relative PUE contribution
g. Identify initiatives for conventional PUE reduction (typically with PUE > 2)
h. Identify initiatives and margin for demand side management and PUE flexibility (i.e.
PUE = {2,5 – 1,5} )
i. Identify reserve power demands for crisis management
j. Specify value of main function in regard to reserve power management
k. Identify possible production systems for reserve power.
4. Synthesize or average across all items a.-k. across time
5. Create a profile for the building to specify the overall use, the overall PUE, the average
pPUE per zone and determine overall consumption and flexibility accordingly.
6. Determine PUE basic
7. Build improvement and flexibility strategy for the building. Improvement applies to building
and area design. Flexibility specifies the tolerances based on the PUE and pPUE of the
building and its zones to demand side management for a full period cycle and should be
entered into the knowledge base of the control system.

7. Concluding remarks and further work
We have introduced a new method based on effectiveness as a basic metric to create a platform
for assessing energy efficiency of buildings and homes in the context of a SmartGrid. In a
SmartGrid the concept of a prosumer will be important. A prosumer will be an active player in the
future energy market as the boundaries between the market and the consumer will gradually
overlap. New technologies will facilitate active interaction between the user, the utility or other
players in the market. This will allow utilities to create energy products that stimulate active
responses from the user. Price and load signals may be issued to curb or move consumption to
even loads and to increase efficiency both on the user side as well as in the grid.
Energy effectiveness implies focus on value and purpose. It distinguishes itself from the classic
technical units typically used to guide and assess the energy characteristics of buildings today. The
rationale behind the method is based on the idea that measures to save energy must also honor
the intended function of a building and conserve the values associated with it. Value in this context
refers to the user experience. If people feel that the quality of a function which a building or a part
of a building is meant to serve is lowered the perceptive value for the individual is reduced
accordingly. Without making references to this type of risk measures introduced to increase
energy efficiency according to conventional metrics may prove too costly. The method introduced
and the associated metric can help to alleviate this. It can also help to define new references for
modern control systems integrated with advanced digital meters and other instruments related to
SmartGrid developments.

The method described is inspired by work done in the area of data centers by The Green Grid
Center and earlier efforts related to assessment of energy characteristics of buildings made by
Ostfold Research. We have adopted the Power Usage Effectiveness (PUE) factor and developed a
method that can be used to analyse facilities in terms of purpose, energy use and market role. A
goal here has been to define ways to increase the possible volume that can be shared with the
market within a demand-response regime to shave peak loads and even out consumption.
Associated with this we have also shown how we can use this to identify redesign measures and
simple control to improve things on a permanent scale. We have also specified a strategy based
on the PUE approach that can help determine where to deploy micro generators. The approach
developed is based on delineation called Control Volume (CV). Within the CV we specify a group
of zones that accommodate a set of energy consuming functions. By addressing each zone in
terms of time steps we can determine which functions serve the main role. Other functions within
the zone take on a support role that the main function is more or less dependent on. By
introducing a dependency factor we can determine how the main function in a zone must interact
with the zone’s support functions and those in other zones. This yields a picture of how the
building is used and what functions are important to sustain a main function at a given point in
time. Based on this it is possible to determine not only efficiency measures that have a lasting
impact, but also those that can be applied for specific periods. The PUE and the partial PUE
applied in this context helps to establish important knowledge that can help to understand how the
unit facility can become resonant with the market at the state of the grid itself. This also suggests
that energy efficiency assessments of a given prosumer oriented facility cannot be done without
regard to the efficiency improvements that can be brought about in the surroundings due to this. It
has also been shown that the PUE metric introduced helps to maintain focus on principal functions
and value. When the partial PUE and the PUE converge and approaches 1, measures introduced
to shed loads must be temporary and highly contextual taking into account the current use of the
facility, the state of the grid and the market situation. In order to exploit and manage thisa high
level control system will be required.
Energy flow will be essential. We have briefly addressed recycling and indicated the hierarchical
nature of the zone division. Energy flow issues, reuse of surplus energy and further elements of
micro generation must be brought into the equation on energy efficiency. We have not addressed
this in detail in this paper, but it will be a prime concern in further research. In the continued effort
we also intend to apply the current method in the analysis of various types of buildings and to
create a simulation tool that can help to understand how this group of buildings can function in
different forms of demand-response situations. A priori we believe that the application of this
method will yield relative higher gains for commercial buildings than for households.
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Summary
The increase emphasis on sustainability in the United Arab Emirates (UAE) has become noticeable
over the last five years after the UAE joined the signatories for the Kyoto agreement. Regulations
have increasingly emphasised the need to cater for environmental concerns. The capital Abu
Dhabi has set up the Abu Dhabi Sustainability Group (ADSG) to champion sustainability. This
paper examines the contributions that IT can make to achieve the sustainability Triple Bottom Line
(TBL). The review of literature shows that although we have a better understanding of the concept
of sustainability there is very little emphasise on the role of IT. The research examined the
indicators of the Global Reporting Initiative (GRI) and explained the contributions that IT can make
to specific GRI indicators. Three organisations in the UAE were selected as case studies to
examine the level of awareness, organisation strategies, and practices in sustainable IT. The
results indicate that the sustainable It concept is at its infancy and most of the practices are
focused on basic issues such as the use of paper and printing. It was evident that the level of
awareness is not high enough to motivate greater commitment and that such initiatives tend to be
in response to requirements from government awards or policies.
Keywords: Sustainability, IT, GRI, Environment, Triple Bottom Line, UAE

1. Sustainability and IT
Sustainability is defined as “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” [1]. Literature agrees on
three dimensions of sustainability economic, social and environmental dimensions which are
refereed as “triple-bottom-line” [2 & 3]. Sustainable development defined by The International
Institute for Sustainable Development, Deloitte & Touche and the World Business Council for
Sustainable Development [4] as “adopting business strategies and activities that meet the needs of
the enterprise and its stakeholders today, while protecting, sustaining and enhancing the human
and natural resources that will be needed in the future” [5]. Companies now have to adopted
sustainability and the challenge has moved from “whether” to “how” to integrate corporate
sustainability into day-to-day management decisions [6]. Especially in the current downturn,
Vermeer and Clemen [7] see that social initiatives will suffer in the current downturn but the core
elements of sustainability, the environment, will survive and even thrive in a re-order economy.
According to Lubin [8], environmental sustainability is the strategic option in the current downturn,
but organizations have to know where and how to adopt it. Winston [9] also claimed that adopted
environmental sustainability strategy will motivate the employees and increase the workforce
loyalty in the current downturn. The main reason for addressing the role of IT is the increase
evidence of its impact on Sustainable development. Schmidt et al. [10] argued that IT’s growing
global impact on economy, ecology and the society, has made IT a challenge to organisations
attempting to enhance their sustainability. Sustainable IT is about aligning IT with business strategy
to achieve market-leading business value, customer value and societal value [11]. The adoption of

Sustainable IT is expected to create a shift in the processes, behaviours and organizational
cultures in order to able to integrate the business model within the social and environmental
responsibility. The objectives of this paper is to investigate s the impact of IT on the three pillars of
sustainable development and examine current Sustainable IT practices adopted in the United Arab
Emirates.
1.1

Why sustainable IT

The overall important environment dimension is the main reason that IT is being considered by the
advocates of the sustainability agenda. Worldwide energy consumption of servers and its
associated infrastructure has increasingly resulted in not just more electricity being used but it also
has lead to increased generation of carbon (greenhouse) emissions [12]. Gartner [13] explains that
the ICT industry is responsible for two percent of global carbon dioxide which is similar to that
generated by the Aviation industry. It is such emissions that are causing the global warming which
in turn is changing the world climate and weather patterns in different countries [14] and causing
increase likelihood of death, injuries and resource shortage. The end of life for Information
Computer Technology (ICT) products is also creating environmental problems by releasing
poisonous materials into the environment. Cobbing [15] claimed that the Electronic Waste (e-waste)
is expected to rise to 9.8 million tons in 2015 80 percent of it, is dumped in the landfills and only 20
percent is properly disposed of and recycled [16]. The disastrous effect of such was can be seen in
Guiyu City in China, considered the world’s e-waste capital, where it has been discovered that a
high percentage of hazardous material, such as lead, mercury and cadmium and other toxins, are
released from the e-waste into the soil, water and air [17 & 18]. The effect of such waste
endangers the health of human and animals and causing high percentage of cancer between the
habitant [18]. In addition to the dangers of the e-waste generated by the decommissioning of ICT
components IT hardware is also using many environmental resources such as water, chemicals
and raw material in unsustainable way at the time of production [12].
Regarding the economic dimension, huge energy consumption has increased the operations costs
and this affect the economic situation of the company [12]. Azapagic [19] argues that sustainability
should help achieve cost saving though improving material usage, energy consumption and
product efficiencies. Business organisations are also coming under pressure from their
stakeholders, especially investors and customers, to engage in sustainability. This is not an
important shift in stakeholders’ mindsets towards more ethical investment and products but also
due to evidence showing good sustainability performance companies are attracting investors [20].
Moreover, when competitors adopt a sustainability strategy, it puts a real pressure on the business
to adopt the same [21]. Butner et al [22] also declared that some businesses requested their
partners to declare their carbon emissions. Regulations have put further pressures where noncompliance of IT with regulation regarding the carbon emission and e-waste will cost the
organization fines [23].
On the social dimension, IT is seen to help organizations enhance their image and reputation by
reducing bribery, corruption [24] and boost its social responsibility [25]. Increased customers’
interest in ethical and socially responsible business is real pressure on organizations [20]. Article
19 of the Universal Declaration of Human Rights addressed many points regarding the privacy,
data security, equal pay for equal work and using any information through any media. These all are
IT driven and can help in building a better society.
1.2

Factors for smooth sustainable IT implementation

Literature has defined some factors which are essentials for smooth sustainability implementation:
sustainability should not be an added work and it should be incorporated in the DNA of the
company [26] and into the business strategy [19]. Management honest commitment to
sustainability is critical success factor to sustainability [20 & 8]. Clear identification of sustainability
issues for IT is also important for sustainability implementation [10]. Global Reporting Initiatives’
(GRI) indicators and the Global e-sustainability initiatives (GeSI) are helpful tools to identify the
sustainability issues for an organisation. This should help Organization set clear sustainability
targets and goals [19] and the metrics to measure them which should help in monitoring the overall

progress [10]. Olson [27] claimed that creating sustainability culture is important for implementing
sustainability and this will reinforce people’s behaviour to adopt sustainability. Finally effective
communication is essential for promoting sustainability and company’s achievements, thus
companies should develop useful internal and external reporting procedures. Harmon and Auseklis
[11] also added communicating the sustainability achievement will form trusted long-term
relationships with the stakeholders and attract investors and customers [10].

2. Sustainability Indicators and their Relevance to IT
The Global Reporting Initiative (GRI) is a network-based organization that develops a sustainability
reporting framework which is used worldwide. This framework has been developed with
participations with business, civil, labour and professional institutions. GRI framework set
indicators to measure for Environmental, Social and Economic performance of the organizations. It
is used to benchmark organizational performance with laws, norms and standards and compare its
performance overtime (www.grireports.org). The GRI presents three dimensions and with each
dimension they reported several indicators. Research has reviewed the indicators and the
following are the ones that are deemed relevant to IT.
2.1

Environmental Indicators

The environmental dimension concerns the impact an organization has on all natural systems.
“EN4 Indirect energy consumption by primary source” refers to the amount of intermediate energy
used such as electricity that needs to be identified as well as the amount of primary fuels
consumed to generate this intermediate energy. This information can be obtained from the
electricity provider.
“EN5 Energy saved due to conservation and efficiency improvements” is related to the results of
improved energy efficiency and the total energy saved. It can result in cost savings and can lead to
competitive advantages and market differentiation. Total energy saved after implementing the
sustainable IT should be reported.
“EN6 Initiatives to provide energy-efficient or renewable energy based products and services, and
reductions in energy requirements as a result of these initiatives:” the taken initiatives should be
reported as well as the energy saving results from these initiatives. Report should contain the
initiatives taken to reduce the energy required to provide IT services, and quantify the reduction
achieved in the power-consumption.
“EN7 Initiatives to reduce indirect energy consumption and reduction achieved:” Intermediate
energy reported in EN4 is excluded here. Indirect energy use such as business-related travel and
employees commuting should be identified. Reports should include initiatives implemented to
reduce this energy consumption, the quantity of reduction and methodologies used to calculate the
indirect energy used.
“EN16 Total direct and indirect green-house gas emissions by weight:” Greenhouse emissions
should be identified according to direct and indirect energy use. Indirect emissions of greenhouse
gases result from the generation of electricity. Sum of direct GHG has been identified in tonnes of
CO2 equivalent.
“EN17 Other relevant indirect green-house gas emissions by weight:” this excludes the emissions
produced from generating electricity. It includes other activities such as employees commuting and
business travel from EN7. It should report the sum of indirect GHG identified in tonnes of CO2
equivalent. It should reveal the criticality of these emissions to the stakeholder and whether they
can be reduced by adopting some actions.
“EN18 Initiatives to reduce greenhouse gas emissions and reductions achieved:” The possible
emission reduction for all resources should be identified as well as the initiatives to reduce these
emissions. It should report what has been implemented and the amount of reduction that has been
achieved.
“EN22 Total weight of waste by type and disposal method:” the amount of hazardous waste and
non-hazardous waste produced should be identified. Reports should identify the selected way of
disposal (reuse, recycle, recovery and landfill) with the quantity and how the method has been
selected.
“EN28 Monetary value of significant fines and total number of non-monetary sanctions for noncompliance with environmental laws and regulations:” Total monetary fines and the number of non-

monetary sanctions should be reported.
“EN30 Total environmental protection expenditures and investments by type:” Expenditures and
investment paid to enhance the environmental performance. They include the cost of e-waste and
emissions treatment, training and education for employees, certificate cost, hardware cost,
operation costs, and related personnel costs.
2.2

Economic Indicators

The economic dimension concerns the organization’s impact of the economic conditions of its
stakeholders and local, national and global economic.
“EC1 Direct economic value generated and distributed, including revenues, operating costs,
employee compensation, donations and other community investments, retained earnings, and
payments to capital providers and governments:” Reports should show operation costs such as the
used material and electricity, and the total outflow for employees, wages and benefits.
“EC2 financial implications and other risks and opportunities for the organization’s activities due to
climate change:” many regulations now make organizations responsible for their emissions and
waste cause a direct risk and opportunity. Risk and financial implications for energy cost, and the
cost of new physical components required to comply with these new regulations. In addition, cost
of activities to comply with regulations.
“EC5 Range of ratios of standard entry level wage -salary per hour- compared to local minimum
wage at significant locations of operation:” economic well-being requires that organization invest in
its employees. Reports should identify whether wages given to its staff is above the minimum wage
rules and the entry level-wage at significant locations of operation. For organizations which offer
monthly salaries, they should convert the salary into an hourly estimate.
“EC6 Policy, practices, and proportion of spending on locally-based suppliers at significant
locations of operation:” improving the local economy can be done by supporting the local
businesses. Local sourcing will build stable local economy thus attracting additional investment to
the local economy. So report should show what the geographic meaning of ‘local’ is. It can be
measured by the number of invoices. The policy of supplier selection should be cleared (e.g.
based on costs, environmental and social performance). Moreover, the percentage of the
procurement budget used to purchase from the local suppliers should be stated.
“EC7 Procedures for local hiring and proportion of senior management hired from the local
community at significant locations of operation:” Selection of staff and senior management from the
local residents will bring the economic benefits to the local community and enhance local human
capital. Moreover, it will help the organization understand the local needs and help the local
economy. Report should include the policy whether to hire globally or from the local community,
and the percentage of the local residents hired as senior management using the full time
employees.
2.3

Social Indicators

The social dimension concerns the organization’s impact on the social system within which it
operates.
“SO3 Percentage of employees trained in organization’s anti-corruption policies and procedures.”
This training is important to build awareness and capacity necessary to prevent incidents of
corruption. It should identify the percentage of total number of management and non-management
employees who got this training.
“SO8 Monetary value of significant fines and total number of non-monetary sanctions for noncompliance with laws and regulations:” in case of failure to comply with regulations (emissions or
e-waste), consequence sanctions should be reported as well as total monetary value of significant
fines and number of non-monetary. If there is no non-compliance with regulations and laws, it is
good to mention it in the report.

3. Research Framework and Methodology:
This research paper have adopted the case study approach to examine current practices and the
attitude of organisations towards sustainable IT. The case study method has been chosen because,
first, it can provide intensive investigation and in-depth knowledge of sustainable IT in these
organizations. Secondly, there are very few companies which have implemented IT sustainability
which would make any quantitative approach not suitable. Nine organizations were contacted to
participate in this research and most of them were governmental entities. All of them have
sustainable IT or Green IT strategy or practices. Only three organisations have agreed to
participate in the study. The other six organizations that declined the invitation claimed that they
have a Sustainable IT strategy but they did not start the implementation. The case studies have
been built according to the information collected from the interviewees. Having three case studies
should provide enough knowledge of current practices and attitudes that may enable the research
to generalize the findings when reach common patterns. It will show different approaches of
implementation for different companies. Moreover, studying more than one case will avoid the
weakness and the bias. It will make the study more robust and accountable. Case studies are built
based on face-to-face semi-structured interviews which will allow the interviewer to be more
flexible and allow a two-way of communication. The research requested to interview the person
responsible for the management of IT provisions to be able to shed light on the management and
technical aspects of IT implantation within the organisation.
3.1

The Sample

Organization ‘A’ is one of the biggest governmental organizations in Dubai and it is growing fast as
a result of Dubai’s growth. It consists of many agencies that provide and manage the infrastructure
services in Dubai. Their customers are the citizens of Dubai, business and investors. Its IT
department is considered to be one of the pioneering IT departments in Dubai government
evidenced by the many awards they have received for their efforts and accomplishment in IT. This
organisation is considered the ‘headquarter’ for the organisation responsible for providing shared
services such as IT, HR, finance, QHSE. The headquarter has several agencies under its
responsibility. Each agency has its own IT, HR, finance and QHSE departments. The corporate IT
consists of 50 employees while the IT department for the agencies is about 30 employees. It can
be considered as the interface between the agency and the corporate IT. Moreover, their
infrastructure, support and help desk is outsourced. This organization’s activities have a sufficient
impact on the environment because of its huge GHGs emissions. The interviewee is an IT
manager in one of agencies. He has three years of experience in this organization. He is
responsible for the entire agency’s IT needs and requirements and is a member of corporate IT
committee!!!. His responsibility is to ensure that all IT services and projects for this agency are
moving in the right direction and aligned with the corporate strategy. He has also been given the
responsibility for implementing sustainable IT across the whole organisation!!!
Organization B is one of Abu Dhabi’s governmental departments which have been established in
1996 to be responsible for setting up and monitoring the emirate’s environmental regulations. Their
main concerns are air quality, waste management, and sustainability. Its IT department consists of
five employees, and an outsourced company providing IT support and services to help manage
their infrastructure. It was a government directive to outsource IT services hence the small IT
internal team. The meeting with organization B was conducted with two interviewees, the Green IT
consultant and the IT manager. Green IT consultant has been working with this organization since
the inception of the Green IT Strategy project two years ago. The IT manager has been working for
this organization for ten years and she reports to the management board.
Organization C is one of the first departments set up by the government of Dubai to provide
services to the Dubai citizens as well as the businesses. Its IT department consists of 5 sectors
information security system, infrastructure section, application section, support section and etransformation section which is responsible for putting IT strategies. IT is providing the public with
more than 400 e-services. They have one of the biggest IT infrastructures in Dubai government. It
consists of 5 data centres and about 300 servers. They have about 180 employees between main,
outsourced employees and managers. The interviewee is the head of platform service unit. The

Platform service unit plays a vital role in the IT department because it is used to manage the
operation of IT department. He has been in this organization for 5 years, and he reports to the
head of IT infrastructure section.
The interviews conducted by the research with the three organisations have focused on
investigating and assessing the level of awareness of the main sustainable It issues, the main
drivers for adopting sustainable IT, adopted sustainable IT practices and their views on the prerequisites of an effective sustainable IT implementation.

4. Results and Discussion
4.1

The extent to which sustainable IT is recognized, formalized and accepted

It is expected that organisations which have made commitment to sustainable IT would have good
understanding of sustainability. Organization B was the only organization that has used the triple
bottom line (TBL) to define sustainability. Although Organization B has defined sustainable IT along
the TBL it could not identify the social responsibility of the IT clearly. As far as the existence of
sustainability in the corporate strategy no organization seems to have succeeded in its
implementation. Organization A strategy was more concerned about the economic dimension as
they emphasised the “finance sustainability and assets sustainability” while Organisation B,
obviously, was more concerned about the environment as they stated “Our mission is sustainable
environment for sustainable future”. Organization C did not identify sustainability in their strategy. It
was only organisation B which was familiar with GRI indicators and was the first organisation in
Abu Dhabi to publish their sustainability reports, while the other two organisations were not familiar
with this concept. None of the three organisations was aware of IT initiatives such as the Global esustainability initiatives (GeSI). It is interesting that despite such differences all three organizations
did have environmental departments. Organization B has a sustainability department. This may be
a reflection of their awareness of the importance of the environment and sustainability. However, IT
focus is poor evidenced by the lack of any effort tto collect data regarding their performance in this
field despite having a dedicated department for sustainability and environment. This may be due to
the lack of awareness of the impact that IT, and solutions that it offers, have on the environment.
4.2

Main drivers for adopting sustainable IT

The research asked interviewees to identity the drivers that have convinced their organisations that
they need to embrace sustainable IT. All emphasise the economical drivers: cost saving, reducing
operations cost, and energy efficiencies. Market pressures and popularity of sustainability made it
important to address this issue in order to enhance company reputation and image, as well as the
need to mimic competitors. This has become more significant as more government awards were
focusing on sustainability and there was a feeling that organisations cannot be left behind or be
seen not to recognise the political set priorities. Organizations A and B have identified caring for
the environment as a driver to adopt a more sustainable IT practices. Even though Organization A
has declared that environment is a driver they were not measuring their environmental
performance such as CO2 emissions. Organization A is focusing more on the economical
dimension since they measure cost saving and not the environmental impact of the initiatives.
Environment is the core business of organization B, so it is main driver for them. Organization C
clearly declared that environment is not a driver; they concern more about following the
international standards such as the uptime institute standard. Regarding the social drivers, all three
organisations expressed concern about their reputation and image from the government
perspective and not the society because they linked company reputation and image with the
governmental awards and not the general public or society. This shows that they concentrate more
on the economic aspect whereas environmental and social have less impact on adopting
sustainable IT. Having no competitors for the interviewed organizations in their business field have
made them less conscious about the environmental and social concerns. Moreover, current
environmental regulations were seen not to be enough to drive companies to adopt sustainability.
In addition to the low public awareness about sustainability seems to have negatively influenced
the motivation of such organisations.

4.3

Sustainable IT Practices

All Organizations were able to identify practices related to environmental and economical
sustainability. No one could identify the social responsibility of IT, they agreed that organization
social responsibility is HR responsibility and IT is part of it and it cannot be separate. Table 1
provides a summary of the practices, using the GRI indicators, adopted by the sample.
Since the drivers are the economic drivers it is not surprising to see most adopted practices are
economically oriented. Some practices have economic and environmental benefits such as
virtualization technology. Virtualization will reduce the number of used servers and this will reduce
the energy consumption and the CO2 emissions resulting in better economic and environment
performance. Even these practices have benefits in more than one direction, they considered as
economic practices sine the economic performance is measured for these practices and not the
environmental performance. Regarding the social practices is more about HR responsibility toward
the whole organization and IT is part of it. No organization could identify the social responsibility of
the IT even though they engage in some practices such as security and privacy. They are doing
these practices not for the purpose of sustainability; it is just to follow the standards and to have a
better image from the government perspective since they are competing for the governmental
awards. In general, their IT social responsibility is poor and their knowledge about how IT could
improve society is weak. They do not realize how IT could help to reduce corruption. They tried to
respond to the questions about the social responsibility of IT but failed to address the real issues.
Organization A and C have implemented several initiatives. For instance, in using papers,
organization A is printing double side however they are not using recycled papers whereas
organization C is using recycled papers but not double side printing. The random nature of such
adopted practices could be related to the lack of clear strategy, experience or knowledge in
sustainable IT. The absence of environmental measures indicates the lack of experience in
sustainability.
Practices
Change the users’ usage pattern [N6,EN18]
Change to efficient machines [EN6,EN18]
Optimize the datacenter design and cooling [EN6,EN18]
Virtualization [EN6,EN18]
Energy, workload and thermal management [EN6,EN18]
Cloud computing [EN6,EN18]
Telecommunications [EN7,EN18]
Online business (e-commerce / e-services) [EN7,EN18]
Supply Chain Sustainability
Choose product with minimal hazardous waste
Reuse, Refurnish, Recycle [EN22]
Paperless
Renewable Energy [EN6,EN18]
Provide solutions [EN6,EN7,EN18]
Training, education costs [EN30]
Financial implications and risk [EC2]
Local-hiring [EC7]
Local-suppliers [EC6]
Training, education costs [EC1]
Environmental management
Anti-corruption training [SO3]
Enhance Working conditions
Non-discrimination hiring
Telecommunications

Organization A
X

Organization B
X

Organization C

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Online business (e-commerce, e-services)
privacy and security
increase Health and safety
enable work-life balance
reduce bribery and corruption
Training, education

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

Table 1 Sustainable IT practices
4.4

Requirements for Effective Sustainable IT Practices

The research questioned the interviewees on the pre-requisites of the successful implementation
of sustainable IT. Table 2 is a summary of the responses.
It was clear that the organization that has a sustainability department, a person who is responsible
for implementing sustainable IT (Green IT consultant) and a sustainability strategy has a
demonstrated a better focus, performance and implementation compared with the others. Having
management support and cultural change were identified as essential to successfully implement
these initiatives. A Good budget also helps in implementing latest technology. These all have made
Organization B better than the others in terms of implementing sustainable IT.
Requirements for implementation
Alignment between sustainable IT and corporate strategies
Management support
Clear sustainability issues
Culture changed
Sustainable IT training
Reporting

Organization A
X
X
X
X

Organization B
X
X
X
X

X

X

Organization C
X
X

Table 2 Sustainable IT requirements

5. Conclusion
This research showed that there is a lack of awareness regarding sustainability and its dimensions
among public organizations in UAE. It showed that organizations that have adopted this concept
still did not implement sustainable IT in a comprehensive way. They seem to have selected the
dimensions which demonstrate their adherence to government policy or that which supports their
economic situation. This would highlight the importance of creating the awareness about the
importance of sustainability and its impact on TBL in addition to any set regulations. The research
have shown that even organizations with environment and sustainability departments performned
poorly in sustainable IT. Top management need to be aware of the benefits of sustainable IT and
how it can contribute to enhance organization sustainability performance. It also shows that
organizations without strategy, department and an employee specialized for sustainability has
lower performance than the one which does have one. Practices that have been implemented by
the interviewed organizations showed that they tried to mimic others’ practices. They could not
identify their sustainability issues clearly, in particular the social responsibility of IT.
This makes it obvious that the UAE market is still not mature and requires greater effort to enhance
awareness of the importance and benefits of sustainability in general and that of IT. UAE
government should take the lead in raising awareness among the organizations and the public
audience about sustainability and its benefits for all. Evidence that such steps are taken by the
establishment of Abu Dhabi Sustainability group in 2008 to champion sustainability. The
government can also help to drive the message thought regulations to target areas such the ewaste and CO2 emissions. Regulations and standards will help organizations be more
environmentally responsible. Governmental organizations should provide leadership in
sustainability to motivate private organizations (their suppliers).Achievements in sustainability

should be communicated to the wider public to create the momentum and share good practices.
Moreover, giving government rewards regarding sustainability will encourage organizations to
enhance their performance in sustainability. They should show the cash invested for sustainability
and the savings from this investment. It should show that the ROI is high. Otherwise there is no
attraction for other organizations to invest in environment with small ROI, since there main
business is not related to the environment and there is no regulation to force them to go
sustainable. IT should create awareness in the management about sustainable IT to get their
support. IT should identify their sustainability issues clearly using GRI and GeSI or best practices
of other organizations. It should also communicate its results to its staff. This will help in changing
the culture and having a smoother implementation. Also having a sustainability department or a
sustainability officer, as a start, will help in running and implementing the initiatives.

6. References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

WORLD COMMISSION ON ENVIRONMENT AND DEVELOPMENT (WCED). (1987). Our
Common Future.
MÁLOVICS, G., NAGYPÁL, N. and KRAUS, S. (2008). ‘The role of corporate social
responsibility in strong sustainability’. Journal of Socio-Economics Vol. 37 (3), pp. 907-918.
ELKINGTON, J. (1997). Cannibals with forks: The triple Bottom Line of 21st century business.
Oxford: Captone.
INTERNATIONAL INSTITUTE FOR SUSTAINABLE DEVELOPMENT (IISD) AND WORLD
BUSINESS COUNCIL FOR SUSTAINABLE DEVELOPMENT (WBCSD). (2002). Mining,
Minerals and Sustainable Development Project. London: IISD& WBCSD.
LABUSCHAGNE, C. and BRENT, A. (2005). ’Sustainable Project Life Cycle Management:
The Need to Integrate Life Cycles in The Manufacturing Sector’. International Journal
of Project Management Vol. 23 (2), pp. 159-168.
PORTER, M. and REINHARDT, F. (2007). ‘Grist: A Strategic Approach to Climate’. Harvard
Business Review Vol. 85 (10), pp. 22-26.
Vermeer, D. and Clemen, R. (2009). ‘Why sustainability is still going strong’. Financial Times.
LUBIN, D. and ESTY, D. (2010). ‘The Sustainability Imperative’. Harvard Business Review
Vol. 88 (5), pp. 42-50.
WINSTON, A. (2009). ‘Energize Employees with Green Strategy’. Harvard Business Review
Vol. 87 (9), pp. 24-24.
SCHMIDT, N., EREK, K., KOLBE, L. and ZARNEKOW, R. (2009). ‘Towards a Procedural
Hawaii
Model for Sustainable Information Systems Management’. In: hicss, 42nd
International Conference on System Sciences. Hawaii, USA 2009. pp. 1-10.
HARMON, R. and AUSEKLIS. N. (2009). ‘Sustainable IT Services: Assessing the Impact of
Green Computing Practices’. In: Management of Engineering & Technology, PICMET,
Portland International Conference. Portland, USA Aug 2009. pp. 1707-1017.
MURUGESAN, S. (2008). ‘Harnessing Green IT: Principles and Practices’. IT Professional
Vol. 10 (1), pp. 24-33.
GARTNER (2007). ‘Gartner Estimates ICT Industry Accounts for 2 Percent of Global CO2
Emissions’. Gartner Newsroom.
SATHIENDRAKUMAR, R. (2003). ‘Greenhouse Emission Reduction and Sustainable
Development’. International Journal of Social Economics Vol. 30 (12), pp. 1233-1248.
COBBING M. (2008). Toxic Tech: Not in Our Backyard. Uncovering the Hidden Flows of ewaste. Amsterdam: greenpeace.
KRIKKE, J. (2008). ‘Recycling e-Waste: ‘The Sky Is the Limit’’. IT Professional Vol. 10 (1), pp.
50-55.
WANG, J. & GUO A. (2006). ‘Impact of Electronic Wastes Recycling on Environmental
Quality’. Biomedical and Environmental Sciences Vol. 19, pp. 137-142.
ROBINSON, B. (2009). ‘E-waste: An Assessment of Global Production and Environmental
Impacts’. Science of The Total Environment Vol. 408 (2), pp. 183-191.
AZAPAGIC, A. (2003). ‘Systems Approach to Corporate Sustainability: A General
Management Framework’. Process safety and Environmental Protection Vol. 18 (5), pp. 303316.
SZÉKELY, F., and KNIRSCH, M. (2005). ‘Responsible Leadership and Corporate Social
Responsibility Metrics for Sustainable Performance’. European Management Journal Vol. 23

(6) pp. 628-647.
[21] CHEN, A., BOUDREAU, M. and WATSON, R. (2008). ‘Information Systems and Ecological
Sustainability’. Journal of Systems and Information Technology Vol. 10 (3), pp. 186-201.
[22] BUTNER, K., GEUDER, D. and HITTNER, J. (2008). ‘Mastering Carbon Management:
Balancing Trade-Offs to Optimize Supply Chain Efficiencies’. NY: IBM Global Services.
[23] GLOBAL REPORTING INITIATIVE (GRI). (2006). G3 Guidelines. Amsterdam: Global
Reporting Initiative.
[24] BUSINESS FOR SOCIAL RESPONSIBILITY (BSR). (2008). The Contribution The ICT
Industry Can Make to Sustainable Development. Brussels: Global e-Sustainability Initiative
(GeSI).
[25] SALZMANN, O., IONESCU-SOMERS, A. and STEGER, U. (2005). ‘The Business
Case for Corporate Sustainability: Literature Review and Research Options’. European
Management Journal Vol. 23 (1), pp. 27-36.
[26] WHITE, P. (2009). ‘Building a Sustainability Strategy into The Business’. Corporate
Governance Vol. 9 (4), pp. 386 – 394.
[27] OLSON, E. (2008). ‘Creating an Enterprise-Level “Green” Strategy’. Journal of Business
Strategy Vol. 29 (2), pp. 22 – 30.

Development of an environmental and energy information visualization
system for residential homes
Yusuke Nakajima
Associate Professor
Kogakuin University
Japan
yusuke@cc.kogakuin.a
c.jp

Summary
Our research group developed and implemented an environmental and energy information
monitoring system for an environmentally symbiotic apartment. This system is a new type of a
HEMS that supports residents to save energy wisely through providing indoor and outdoor
environmental information that takes into account the good balance between comfortable living
environment and energy conservation. As a result, frequency of display use has increased with
years in all families, and frequency of energy-saving action has increased, too. And it is confirmed
for example that reduction of power consumption in a family by more than 20% are achieved, by
checking advices of display and replacing lighting with high-efficient type.
Keywords: residential homes, energy saving, HEMS, environmental awareness, lifestyle

1. Introduction
In order to facilitate conservation of home energy use, development of hardware and software are
equally important. In terms of hardware, a better thermal insulation system and other highly
efficient equipment are introduced. In terms of software, in response to the need to promote energy
saving lifestyle, devices that visualize energy production and consumptions called a Home Energy
Management System (HEMS, hereafter) has been developed.
HEMS has two main functions: automatically controlling energy supply and providing information
on energy use. Previous research has shown that there was no or little energy saving effect by
HEMS in some households because of differences in people’s  lifestyles. In addition, even though
there was some reduction in electronic power consumption in the beginning, it was not sustained.
According to our survey at a housing complex with HEMS, the information that HEMS provides to
residents make some difference in their energy saving behaviour. However, as time goes on, the
frequency that the residents checks the information decreased.
In summary, in order to make energy information that HEMS provides to be more effective for
energy conservation, it seems important that the system is capable of learning the pattern of a
household’s   energy   use   and   reflects   it   when   updating   information.   Also,   how   it   appears   on   a  
display has to be more easily understandable for residents.
Meanwhile, residential buildings that make use of passive energy technology are increasing. At the
same time, if the residents of these buildings cannot utilize the technology, its effects will be limited.
In addition, appropriate information for improved thermal comfort should also be provided for the

purpose of energy conservation.
Given the situation, this study focuses on developing a new type of a home energy management
system that supports residents to save energy wisely through providing indoor and outdoor
environmental information that takes into account the good balance between comfortable living
environment and energy conservation.
This study was conducted at an environmentally symbiotic apartment building built in November
2007 in Adachi Ward in Tokyo. Our research group developed and implemented an environmental
and energy information monitoring system for this apartment. This paper reports data analyses and
resident survey results from over two years of the system operation.

2. The environmental and energy information visualization system
Figure 1 is a conceptual diagram of our system. This system provides information on outdoor
climate and energy consumption in an easily understandable way. Furthermore, it analyzes the
information and gives timely suggestions for energy conservation. In other words, it aims to raise
residents’  awareness  of  energy  saving.
The way this system displays energy consumption and controls home appliances is different from
pre-existing HEMS. It also attends to light proofing, air ventilation, and adjusting amount of clothing
so that residents can wisely save energy while ensuring comfort. In sum, this system provides
information that encourages residents to engage in energy saving behaviour in a timely manner
while keeping comfort living environments in different apartments.

3. System outline and operational experiment
3.1

Outline of the hardware system

Figure 2 shows a configuration diagram of the hardware. Meteorological data (outside air
temperature, humidity, solar radiation, wind direction and speed, and precipitation), indoor
temperature and humidity, power consumption of each circuit, and fuel gas and water consumption
are measured. All measured data will be sent to and stored in the server computer, and then
another computer generates graphics of the measured data and displays the graphic on the
monitor in each apartment. The frequency of update is every minute for indoor temperature and
humidity and energy consumption, and every ten minutes for all other data.
Picture 1 shows a monitor in apartment. It is installed on the wall and operates by a touch panel,
which allows residents to enter their input to the system. In other words, this system is interactive.

Outdoor meteorological data
Indoor temperature & humidity

Real-time
data collection

Energy consumption
(electricity, gas, water)

Outdoor cabinet
Energy saving advice

Server computer
(recording & computing)

PC for each
unit's monitor
Feedback

Factors for comfortable indoor
environment
Feedback

Monitor display
(energy & environmental information)
input from residents

・Energy saving
・Raising environmental
consciousness
・Making a habit of
energy saving

Data

Server
computer

Input from residents

Monitor display

Electricity recorder

Residents

Distribution board

energy saving advice

Residents behavior
passive control

active control

adjusting household
specifications
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Fig. 1 Conceptual diagram of the system
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Fig. 2 Configuration diagram of the hardware

3.2

Outline of the software system

Figure 3 shows components of what the monitor displays, which include electricity use, indoor
temperature, gas and water consumption as well as graphs of accumulated data. The most unique
display component is advice for energy conservation. This component shows not only pieces of
advice for general energy conservation but also timely advice that leads to energy saving and
comfortable living such as the need for light proofing or air ventilation based on the computed
meteorological data. This advice function is intended to encourage residents to use the home
energy management system by providing individualized advice for each apartment.
Figure 4 shows examples of monitor displays. The main screen shows metrological data and total
amount of energy consumption, along with a figure of a little person. By engaging in energy saving
behaviour, residents earn points and this little person grows.
3.3

The apartment building and the residents

We started to operate this system experimentally from December 2007, right after the building
construction was completed, and after making various adjustments, the system went into full
operation from March 2008. Table 1 shows the general description of the apartment building,
Picture 2 shows the exterior of the building. All four apartments are two storied and for rent. The
building utilizes both gas and electricity. On the south side of the building, each apartment has an
area with heat reserving tiled floor and a garden for environmental consideration.
Table   2   shows   a   summary   of   residents’   profile.   These   residents   have   relatively   high   degree   of  
environmental concerns. Air conditioner was installed from the beginning in apartment A, October
2008 in apartment D, and December 2008 in apartment B and C.

Pic. 1 Monitor

Fig. 4 Examples of monitor displays
Pic. 2 Exterior of the building
Table. 1 General description of the apartment building
Main screen
Outdoor meteorological data

Detailed data of electricity
consumption (realtime data)

Electricity consumption graph

Indoor temperature and
humidity (realtime data)

Temperature and humidity graph

Gas and water consumption
(realtime data)

Gas consumption graph

CO2 graph

Energy saving information

Energy saving information

Overall energy consumption

Energy saving information

Water consumption graph

Meteorological data graph

Location
Established in
Structure
Number of apartments
Number of residents
Total floor area
Hot water supply system
HVAC equipment

Timetable of nearby train station

Other

Overall energy saving advice
Timely energy saving advice

(displayed constantly based on
indoor & outdoor conditions)

Fig. 3 Components of monitor display

Adachi Ward, Tokyo
November, 2007
Two storied wooden building
4
1 to 3 per apartment
194.4 m2 (48.6 m2 per apartment)
Gas hot water heater
Not included (up to residents)
Air-based passive solar system,
Heat reserving tiled floor,
Vegetable patch, Rainwater tank,
Skylight window for heat exhaustion

Table. 2 Summary  of  residents’  profile
Apt. A
Family composition

couple
(2 people)
Room is used as living room Living room
Room is used as bed room
Room 1
HVAC equipment
2200W in living room
Other heating device
Oil heater 1200W
in Room 1
Other cooling device
Electric fan
in Room 1
Personal computer
Desktop
in Room 2
Television
None

Apt. B

Apt. C

Apt. D

Married couple & children
(4 people)
Living room & Room 1
Room 2
2200W in living room
Electric heater
in Room 1
Electric fan
in Room 1
Laptop
in Living room
28”  LCD  TV

Single female
(1 person)
Living room
Room 2
2200W in living room
Oil heater 1200W
in Living room
Electric fan
in Living room
Desktop
in Room 2
14”  CRT-based  TV

Married couple & a child
(3 people)
Living room
Room 2
2200W in living room
Oil heater 1200W
in Room 2
Electric fan
in Room 1 & living room
Laptop
in Living room
26”  LCD  TV

4. Monitor viewing behaviour
4.1

Analysis of monitor viewing behaviour

Figure 5 shows a monthly frequency of monitor viewing in each apartment. The average daily
counts during the entire period (from April, 2008 to December, 2009) are 2.8 times, 5.2 times, 0.9
times, and 3.9 times for apartments A, B, C and D. The daily average vary widely and the reason
why   apartment   C’s   average   is   the   lowest   can   be   explained   by   the   fact   that   there   is   only   one  
resident and the resident spends shorter time at home than others. The frequency of monitor
viewing tends to increase during summer and winter in all apartments. We think that this is
because residents use HVAC equipment and frequently adjust it to ensure comfortable room
temperature during these seasons. Residents viewed the monitor less during the second year than
the first year. Based on survey interview, residents learned how to use the system over the year
and that seems to have led to less frequency. After we added new function to the monitor in
October 2008, the viewing frequency increased. This seems to indicate that periodical renewal of
the system might encourage residents to keep checking the monitor.
Figure 6 shows the ratio of viewing frequency of each monitor component. There is a similar trend
at all apartments. For instance, data that are shown on a real time basis such as power
consumption, room temperature, and gas and water consumption are checked frequently. The
most frequently viewed data is room temperature, which is the most influential factor on being
comfortable. Among graphs of past record components, ones that have to do with climate are
frequently viewed. The advice for general energy conservation does not change daily so that its
viewing frequency is low.
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Fig. 5 Monthly frequency of monitor viewing
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Figure 7 and 8 shows  apartments  A  and  B’s  ratio  of  viewing  frequency of monitor components. At
apartment A, monitor components that are related to electricity are frequently viewed, and after the
system update in October 2008, viewing frequency of a graph on meteorological data and
components with room temperature is increased. After that the total viewing frequency lowered, but
there is a stable pattern of viewing behaviour. For example, power consumption, room temperature,
and a meteorological data graph are habitually viewed. This seems to indicate that residents in
apartment A are checking both indoor and outdoor data and exploiting the information for energy
saving behaviour.

Fig. 6 Ratio of viewing frequency of each monitor component
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Fig. 7 Ratio of viewing frequency
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Table. 3 A list of energy saving advice
#
1
2
3
4
5
6
7
8
9

Period
All year
All year
Winter
Winter
Winter
Winter
Summer
Summer
Summer

Advice
Check to see if any light is on in rooms where nobody is using
Turn off any home appliance that are not used
It’s  getting  cold  outside.  Close  curtains  to  retain  heat
The weather is good now. Let the sunlight to warm up rooms
Wear a layer of clothing and keep the temperature setting below 22℃
Check the monitor to see if unused rooms are heated too much or not
The sunlight is strong, so close curtains/blinds
It’s  hot  outside.  Sprinkle  water  around  the  house  to  cool  down  the  ground
It’s  getting  cooler.  Open  windows  to  let  cool  air  in.

Monthly frequency of monitor viewing

Timetable of nearby
train station
Overall energy
saving advice
Meteorological data
graph
CO2 graph

Frequency of response

Monthly frequency of monitor viewing
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Fig. 8 Ratio of viewing frequency
of monitor components (Apt.B)
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Fig. 9 Frequency of residents response to advice
At apartment B, power consumption, room temperature, and gas and water consumption
components are viewed relatively frequently over the entire period, and residents in this apartment
seems to be most interested in real time data. When interviewed, the residents in apartment B said
that whenever they buy a new home appliance, they check the power consumption of the new item.
In  other  words,  they  are  using  the  monitor’s  function  effectively.  In  addition,  they  constantly  use  the  
monitor to check the timetable of the closest station.
4.2

Analysis of responding behaviour to energy saving advice

Table 3 shows all variation of advice that prompt energy saving behaviour, and Figure 9 shows the
frequency   of   each   apartment’s   response   to   these   advice.   The   advice   is   timely   shown   based   on  
computation of indoor and outdoor data. During summer, it gives advice to cool the place down and
during winter, to warm the place up.
The responding behaviour varies across the apartments, but residents responded the most during
winter. This seems to indicate that residents responded to the advice in order to save energy while
adjusting indoor environment because energy consumption increases in the winter time in Japan
and they were conscious of the need to conserve energy. Meanwhile, residents seem to act based
on how hot they feel rather than what the data says and responded to the advice less.

5. Relationship between the system and energy saving behaviour
5.1

Overview

We  conducted   a   survey   of  residents’   attitude  toward  the   system   in  the  form   of  questionnaire  and  
interview three times (in December 2007, July 2008, and July 2009). We asked them about their
energy saving behaviour, the extent to which they utilize the information on the monitor, and
usability of the system.
5.2

Energy saving behaviour

Figure 10 shows the results of three-time survey on energy saving behaviour of each apartment.
Table 4 lists the kinds of energy saving actions we asked if the residents took.
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Fig. 10 Results of three-time survey
on energy saving behaviour

Energy saving action points [57 point scale]

Refrigerator

2
1

14
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3: Very frequently
2: Occasionally
1: Rarely
(0: Not applicable)
Dec, 2007
July, 2008
July, 2009

Other

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Use curtains/blinds to adjust heat
During summer, make efforts to ventilate air
During winter, spend in the same room as much as possible
Utilize heat from heat reserving tiled floor
Adjust temperature setting based on seasons
Store hot food after cooling it down
Open and close as little as possible
Do not put too many items in
Use a lid for a bath tub
Set the water level lower for the tub
Set the water temperature lower
Do not turn on extra lights
Replace incandescent bulbs with fluorescent bulbs
Use it as little as possible
Do not leave it on when doing something else
Turn off any unused home appliance
Wash as much clothes as possible at one time
Utilize rainwater
Sprinkle water around the house

As the survey results show, the residents
have some energy saving habit already
formed from the beginning of living in this
apartment building, which indicates that these
residents
have
high
awareness
of
environmental
concerns.
Residents
of
apartment D especially practice energy
conservation for adjusting indoor thermal
environment throughout the study.
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refrigerator and hot water supply, some are
Fig. 11 Relationship   between   residents’   energy   constantly low. We speculate that this is
saving behaviour and monitor viewing frequency
because these actions do not seem energy
efficient to them or are not compatible with
their daily habit, and there might be some room for improvement by adding new features to the
monitor.
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The residents took energy saving actions related to indoor thermal environment and lighting
gradually more over time, and we speculate that this could be the effect of the advice components
of the monitor function.
5.3

Energy saving behaviour and frequency of monitor viewing

Figure 11 shows  the  relationship  between  residents’  energy  saving  behaviour  and  monitor  viewing  
frequency. The results of resident survey on energy saving action (Table 4) are turned into points
and plotted on the vertical axis and averages of the monitor viewing frequency between each
survey are plotted on the horizontal axis. Note that the first survey (December 2007) was
conducted before the full operation of the information visualization system so that the monitor
viewing frequency is zero at each apartment. The averages of monitor viewing frequency between
the two other periods (April to July 2008 and August 2008 to July 2009) vary widely among
apartments.
At apartment C, a single resident lives and the monitor viewing frequency is significantly lower than
other apartments even though the points for energy saving action are high. At apartments A and D,
the frequency of monitor viewing and the points for energy saving action increased over time. This
seems to indicate that the residents of these apartments utilized the system for their energy saving
behaviour. At apartment B, the monitor viewing frequency decreased during the second period
compared to the first period. It might be the case that after a while energy saving actions became
so habitual that the resident did them without checking the monitor.

6. Analysis of energy consumption and effectiveness of the system
6.1

Comparison of energy consumption with regular household

Figure 12 shows yearly consumption of two kinds of secondary energy (electricity and gas) of
apartment A, B and D along with that of regular households in two Kanto areas for comparison.
(Apartment C is not included because it is a single person household.)
Compared to regular households in Area 1, all apartments consumed only 50% of secondary
energy (40% of electricity and 60% of gas). There are three possible reasons. One is the difference
in   total   floor   area.   While   the   average   of   regular   households’   total floor area is around 80m2, the
apartments’  total  floor  area  is  50m2. The second possible reason is that the apartment building is
new   so   that   its   thermal   performance   might   be   higher.   Finally,   residents’   energy   saving   behaviour  
based on the information visualization system might have influenced the results.
The number of people in each apartment is two to four, and the average number of people per
household in Area 1 is 3.7 and Area 2 is 2.4. Since there is no significant difference in the number
of people per household between the two, we think that this is not an influential factor.
6.2

Energy use pattern of each electric power circuit
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Figure 13 shows monthly energy consumption of each electric power circuit at apartment. There is
no significant difference between the first year and the second year even though power
consumption for lighting in the living room increased when the number of person at this apartment
increased from one to two in October 2008. The reason why the use of an air-based passive solar
system increased significantly in July and August 2008 is that there was a mistake in the settings
of the system. This is an example that if residents are not able to spot an error in the settings, an
energy management system could lead to wasteful use of energy. In this case, the monitor was
utilized to correct the error.
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Figure 14 shows energy consumption per circuit for lightning at apartment D. The reason why the
amount of consumption dropped by one third after October 2008 is that the residents used to use
incandescent bulbs but replaced them with fluorescent bulbs in the living room, based on the
advice from the monitor.
In order to see detailed changes in power consumption at apartment D, Figure 16 shows a
comparison between two six-month periods (before and after the lighting change) and reduction
rates of individual power circuits after changing the lightening.
Even though power consumption by air conditioner (E), home appliances for kitchen (B) and for
living room (D) increased, consumption by lighting in living room (A) and air-passive solar system
(O) and other circuits decreased. The total reduction rate is 24%. If we exclude power consumption
of air conditioner (E), which use varies by seasons, kitchen related circuits (B, C), and air-based
passive solar system (O), the total reduction rate from the first six months and the second six
months is 31% (98kWh). Combined with the results of resident survey (Figure 11), monitor viewing
frequency and energy saving actions seems to have contributed to the reduction of power
consumption.
At apartment B, the residents who used to have a washer only purchased a washer dryer and
energy consumption increased significantly. At the same time, the frequency of monitor viewing
increased. After a while, the amount of energy consumption decreased as close to the level of
before having a washer dryer. According to the residents, they checked the amount of energy
consumption on the monitor and tried various ways of using the dryer in order to reduce the energy
use. This incident shows the advantage of this system in that residents themselves can try out
different way of using home appliances and see if it has any effect for energy saving.

7. Discussion
In this study, we developed a new type of a home energy management system that provides
information on not only indoor energy but also on outdoor environment and timely energy saving
advice. We operated this system at hour apartment and tested its effectiveness. The following are
main findings of the study:
5) On average, apartment residents checked the monitor three to five times a day. They most
frequently checked indoor temperature and real-time power consumption data. In terms of
seasons, summer and winter, the time they use air conditioner, they took advantage of the
system frequently.
6) In terms of energy saving advice function, which generated based on indoor and outdoor
conditions, the residents most frequently followed it during winter when they use some kind of
heating devices.
7) The frequency of monitor viewing increased over time. Also, the residents took energy saving
action more as times went by. At the same time, the residents at one apartment seemed to form
a habit of energy saving behaviour and viewed monitor less afterward.
8) At one apartment, based on the advice on the monitor, the residents changed the type of
lightning equipment and that led to reduce power consumption by 20%.
9) At another apartment, when purchasing a dryer, the power consumption significantly increased,
but the residents tried out various ways to reduce it by exploiting information on the monitor and
were able to reduce it by 50% compared to the time when they started using it.
We are aware that this study is small scaled and cannot offer conclusive evaluation of the system.
We plan to implement this system at more households, keep track of its use, and verify its
effectiveness in detail.
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Summary
Sustainability requirements make project management more complex, and practitioners, especially
building owners, need concrete and efficient tools that help them in managing building projects
when respecting sustainability principles and criteria.
In response to this need, CSTB designed and developed the SYSMEO tool. This software,
targeted to building owners (particularly their project managers) is built on a chronologic way, gives
the user an operational road-map, including sustainability principles and specifications at each step
of the project. From an educational point of view, the tool includes relevant advice, guidelines and
examples at each step.
The tool is designed to accompany the 5 following phases: project initiation and preliminary studies,
programming, design, construction, acceptance and commissioning.
The principal functionalities adopted for SYSMEO are the following:
-

the creation and consultation of building projects,

-

a chronology  relating  to  the  “open”  project,  which  constitutes  the  “spinal  column” of the tool.
It is based on a tree structure of phases, sub-phases, tasks and actions, accompanied by
concrete recommendations,

-

the upstream definition of the sustainability objectives for the project, and the follow-up
phase after phase of the sustainability characteristics and performances (environmental,
social and economic) of the project,

-

a toolbox including guidelines and examples,

-

a platform allowing the deposit, share and management of the various operational
documents related to the project,

-

the  possibility  to  create  and  manage  ‘memos’  linked  to  tasks  or  actions,  

-

the edition of reports describing the progress status of the project, its technical features, or
providing other information contained in the tool.

Several types of building owners have been involved in the definition of detailed specifications and
in the test of the tool based on real building projects.
The tool has been developed in a generic way, allowing adaptation to various needs, regarding the
elements of the chronology and the issues of the sustainability framework. The full paper presents
the innovative aspects of the software related to the main functionalities and how it can be adapted
to  clients’  specific  needs,  illustrated  by  examples.
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1. Introduction
People are more and more aware about the importance of living in a comfortable and respectful
place regarding sustainability. Quality of buildings in Europe is increasingly under consideration for
clients, building owners and building professionals, and building actors are more and more keen to
integrate sustainability and environmental issues as early as possible in the Construction process.
Considering that:
-

buildings have a significant impact on the environment during their life cycle, such as raw
materials consumption, greenhouse gas emissions, and waste production,

-

buildings contribute to users’   comfort and health, and more generally to social and
economic life of a territory,

-

project management process and building operation largely influence on the effective
sustainability performances of the building (and its contribution to the quality of the district),

it is definitely necessary to associate a product-oriented approach and a process-oriented
approach.
Project management aims to give to the building owner an optimal control of the project, since the
upstream phases (decision to build) until the handing-over, even further. On this control depend the
building performances and its conformity with the initial requirements of the owner, expressed in
the brief. The sustainability principles and criteria, with its 3 pillars – environmental, social and
economic – have to be integrated since the upstream phase and throughout the entire project.
Project objectives and actors’  role have to be consequently “revisited”.  Project managers need an
assistance tool, built in a chronological way and declined phase by phase, giving them a
chronologic road map in order to make their projects more sustainable.
It is the reason why CSTB, since 2008, has been working on the design and development of a
management tool for sustainable buildings projects, intended for the project managers of building
owners. This new software tool, named SYSMEO, aims to accompany them and optimize their
work during all the phases of a building project (whatever it is), since the preliminary studies until
the beginning of operation. This tool supports the project management while integrating
sustainable development stakes. It provides an operational, chronological and teaching approach
to help managers to lead their projects.

2. Towards new professional practices
Sustainable construction needs that professionals integrate more and more aspects and
constraints, making projects more complex. For instance, it is important to choose the site on the
basis of a multicriteria analysis, to consider and optimize interactions of the construction project
with the immediate surroundings, to involve interested parties in discussion and decision-making
from the beginning and all along the process. The programming phase is crucial, starting with the
definition and priorisation of the sustainability objectives adapted to the project and to its local
context, integrating principles as long term vision, social equity, risk management and life-cycle
thinking.
As projects become more complex, there are more documents to manage, share, validate, and
traceability is needed. It is useful to articulate documents management with actors’   quality
assurance plans or with certification schemes and related audit requirements. It is also interesting
to capitalize and share experiences, as well from a point of view of project management as of
definition and follow-up of sustainability performances, enabling continuous improvement.

For these recent or emerging practices, building owners and their project managers need new
tools: chronologic ones, in order to assist them in project management and new governance
modes, and also thematic ones, allowing performance assessment and monitoring. Furthermore,
they need educational and practical aids and guidelines at the right moment in the process.
Multifunctional software tools, corresponding to these needs, are missing.

3. Presentation of the tool
SYSMEO tool has been developed for building owners and project managers, in order to
accompany them and optimize their work at each step of a building project, from preliminary
studies to acceptance and commissioning of the building. This tool provides a guide for project
management, taking into account sustainability principles and related issues of concern.
More precisely, SYSMEO aims to:
-

provide  a  chronological  and  operational  approach  to  lead  the  project,  through  a  “roadmap”,  
connected to decision-making aid tools and technical support (e.g. checklists)

-

be a generic and chronological tool, adaptable to various contexts,

-

clarify  “who  does  what”  at  each  stage,

-

provide  a  “dynamic”  accompaniment of the tasks,

-

provide at each phase teaching and methodological support, through guidelines and
examples,

-

allow giving information at each phase about the sustainability characteristics and
performances of the project, taking into consideration initial objectives,

-

allow the deposit and the structuring of the project documents (written parts and plans),

-

allow the centralization, organization and
managers,

-

provide a synthetic vision of the progress of projects,

-

allow the traceability and capitalization of information,

-

allow the report edition of the complete or part of the project,

-

facilitate the handing-over,   “passage   of   relay”   between   the   construction   phase   and   the  
operation phase, in particular by a complete documentation adapted to the actors.

share of information between the project

Initially this tool deals with new building projects, refurbishment projects will be considered in a
second time. Based on the MOP law (for public building owners) and the management of public
operations, this tool wishes nevertheless to preserve a certain flexibility to be able to adapt to the
private sector.
The tool is designed to accompany the 5 following phases:
-

Project initiation and preliminary studies

-

Programming

-

Design

-

Construction

-

Acceptance and commissioning

The main functionalities adopted for SYSMEO are the following ones:
-

The creation and consultation of building projects.

-

A  chronology  relating  to  the  “open”  project,  which  constitutes  the  “spinal  column”  of  the  tool.  
It makes it possible chronologically to visualize a given project and its progress status by

phase. It is based on a tree structure of phases, sub-phases, tasks and actions,
accompanied by concrete recommendations, in order to contribute with the management of
the project, step by step. This chronology also makes it possible to follow and bring up-todate the planning (or schedule) of the project.
-

The upstream definition of the sustainability objectives for the project, and the follow-up of
the sustainability characteristics and performances (environmental, social and economic) of
the project, phase after phase. For that, the tool   provides   a   framework   for   a   “log   book”  
crossing the themes of sustainability and the main phases of the project.

-

A toolbox, sort of resource centre, classified by topics and/or dependant on the tasks,
including guidelines and examples.

-

A platform allowing the deposit and the consultation of the various operational documents
related to the project. This platform, or documents repository, is fed all along the phases.

-

The   possibility   to   create   and   manage   ‘memos’   linked   to   tasks   or   actions,   allowing   the  
manager project to note things not to be forgotten during the project.

-

The edition of reports describing the progress status of the project, its technical features, or
providing other information contained in the tool.

The present communication details hereafter the specifications related to these functionalities and
the IT solution implemented to answer it.
Building owners, public and private, working in the residential and tertiary sectors, were consulted
and continue to be it, so that SYSMEO answers their needs and expectations as well as possible.
The following diagram presents in a synthetic and systemic way the various parts and functions of
the tool.

Figure 1: General diagram of SYSMEO tool

4. Detailed presentation of the main functionalities
4.1

Creation and consultation of building projects

Tool makes it possible to create new projects via an interface allowing to provide information for
each project on:
-

Identification of the project  (operation  name,  address,  building  type…)

-

Actors of the project (name, surname, function, e-mail,  phone  number…)

-

Planning of the phases of the project

-

Targeted sustainability performances

Those data are modifiable and can be completed all along the project.
The tool also offers the possibility to consult/ edit on-going or completed projects and their related
documents.
4.2

Project chronology and related phases, sub-phases and tasks

The chronological view is the starting point from which buildings owners can work on their projects.
This view offers a planning, which integrates the tree structure of the phases, sub-phases and
tasks. A planning by default is proposed by the tool. This planning is generic enough to be applied
to the main type of building projects. Lengths for phase are entered by the building owner whereas
sub-phases and tasks are automatically deduced. If needed, new model of planning can be
designed on demand to strictly match requirements of building owners and projects specificities.
The progress status of the project is defined by the state of the phases and so, of its sub-phases.
The possible states of phases or sub-phases are: to be done / in progress / late / to be validated /
completed. The progress status appears via a colour code in the planning, at the level of the
phases and sub-phases. A sub-phase gathers tasks and so, a sub-phase is done when all its tasks
are completed. The tool provides a quick and simple visualisation of tasks progress.

Figure 2: Part of chronological view and milestone

4.3

Milestones

In addition, milestone checklists were introduced at certain places of the project chronology. They
are a sort of summary and include two aspects: a list of organizational checking points and a list of
documents to be checked.
These milestones are located at:
-

end of Project initiation and preliminary studies phase: decision of launching the project,

-

end of Programming phase: assessment of the phase,

-

during Design phase: selection and setting of the design team and notification of its
contract,

-

during Design phase: validation of the final preliminary design,

-

end of Design phase: notification of the contracts to the contractors for the construction
works,

-

end of the Construction phase: decision of acceptance of the works.

Sustainability aspects are of course part of the project elements to be validated of checked,
besides classical aspects.
For instance, regarding milestones:

4.4

-

The design team contracts must include specific tasks, e.g. study of different energy
scenarios, day-lighting study, dynamic thermal simulation (useful for estimating heating and
cooling energy consumption as well as summer comfort), data for the environmental
assessment of the project, life cycle cost study, writing of a green construction site charter;

-

Preliminary design must be assessed regarding sustainability objectives and brief
requirements, before going in further details, e.g. relating to bioclimatic design or good
synergy with the existing context, taking into account the opinion expressed by future users
and neighbours;

-

The specifications for each contractor must be clear and detailed regarding the technical
means required to reach environmental performances, the selection criteria of contractors
must include environmental experience and references, the possible variants suggested by
the contractors must be assessed regarding sustainability performances, the contractors
must commit to respect the requirements included in the green construction site charter;

-

Before acceptance of the works, the building owner must have in hands the results of
detailed visits, measures, list of possible defaults, regarding building envelope and all
equipments, and must be particularly careful regarding aspects affecting sustainability
performances.
Actions and related recommendations included in the tasks

The tasks enable the user to work in a very operational and concrete way on a project, combining
classical aspects with sustainability features of a building project.
A  task  is  composed  of  “Actions”,  for  instance  the  task  “Offers  analysis”  is  composed  of  actions  like:  
Choice  of  contractor,  Signature  of  the  contractor,  Information  to  the  non  successful  candidate  …
At  the  beginning  all  the  “Actions”  are  initiated  with  the  status  “To  Be Done”.  To  be  completed,  the  
task   must   have   all   its   actions   with   a   status   “Done”,   or   “Not   Relevant”   according   to   the  
characteristics   of   the   project.   These   “Actions”   can   lead   to   product   reports   or   documents,   as   for  
instance  the  “site  analysis”  and  the  “complementary  studies  report”  for  the  task  “Site  analysis  and  
associated   studies”   of   the   second   sub-phase   “Feasibility   study”   of   the   program   phase.   The   task  
can’t  be  achieved  till  mandatory  documents  are  not  uploaded  into  the  tool.

To help the user to perform the actions, a set of tools are available in the task interface:
A list of recommendations for the user, showing him the good practice and warning him
against   the   traps   to   avoid,   for   instance  “Plan   a   period long   enough  for   design   studies” or
“Think  to  associated  users  to  the  work  group”.  
A list of self-training tools which are relevant for this task, mainly guidelines and examples.
Examples  can  be  an  instance  of  document  to  draw  up  as  the  “site  analysis”  report.
A checklist that brings a detailed help on main points for example what a site analysis must
contain regarding sustainability,
The possibility of creating reminders or  “memos”,  attached  either  to  an  action  or  to  the  task  
itself.
4.5

Sustainability objectives, characteristics and performances

It is important to follow and control the sustainability performances of the project all along the
phases, to justify them and ensure their traceability.
At the beginning of the Programming phase, the owner and the interested parties carry out a
priorisation of the sustainability objectives, then translated in the form of detailed requirements into
the Brief. In the Design phase, the architectural and technical solutions suggested at the various
stages (preliminary design, detailed project) are assessed versus the objectives and requirements
of the Brief. At the end of the Construction phase, the project is   assessed   “as   built”. At the
conclusion of the year of perfect completion, the project in operation is assessed.
Sometimes, certain starting objectives may be re-examined (with more or less ambition) during the
project, for example because of an unexpected constraint or opportunity, and it is desirable that is
justified and documented.
In the project chronology, the stages where an assessment of sustainability performances is
necessary are made particularly visible, and a link is proposed towards the function dealing with
the sustainability objectives, characteristics and performances.
Conceptually, the function uses a matrix acting as a “log book”, crossing the sustainability issues
(environmental, social and economic) and the phases and/or sub-phases of the project.
In France there exist various reference frameworks of environmental quality or sustainability
applicable to buildings: HQE™  approach, “Habitat  et  Environnement”  (H&E),  RST-02 grid, SyntecIngénierie CBDD, etc. Certain owners (like Departmental or Regional authorities) developed their
own reference framework, in agreement with their charter of sustainable development, their
Agenda 21, etc. Certain reference frameworks form the basis of environmental certifications, like
those in relation to HQE™  approach  or  H&E. In this case, the function of SYSMEO appears useful
for the audits. SYSMEO offers the choice between several tree structures of issues and concerns,
whereas other ones can be developed according to the owners’  wishes.
The generic structure tree is defined according to several levels: field, issue, sub-issues, and
concerns. Crossing these concerns, the SYSMEO framework proposes to fill:
- The priorities resulting from the priorisation process,
- The requirements (text and possible performance indicator) included in the Brief,
- The description of the project at each phase or sub-phase where a summary or
assessment is necessary, with several fields: a short descriptive text, a possible indicator, a
justification and a precise indication of the operational document dealing with this point.
This functionality meets the needs expressed by several building owners, consisting in having a
better control on the sustainability performances of their projects.

4.6

Tool box providing guidelines and examples

The tool box aims to help the user in providing two sets of documents:
- Guidelines,
- Typical examples of documents to be written, as Site analysis, Charter of construction site,
Brief of a sample project, Satisfaction survey, etc.
Documents are available via a search interface or directly via the tasks, allowing a quick
information at the right time. Documents in support to tasks can be guidelines, examples or typical
documents to be filled. Aim is to support each task and to provide an educational purpose help in
management of sustainability projects.
A standard collection of resource documents will be delivered with SYSMEO, whereas this
collection can grow up. Indeed, the building owner is allowed to upload new resource documents
to share with his team.
4.7

Project documents repository

In order to allow gathering all the documents of a project, SYSMEO provides a documents
repository. This documents repository is shared between each partner working on the project and
an export feature is available to zip all documents in a same downloadable folder.
4.7.1 Document deposit
One or several documents are linked to a specific task and most of time documents are the
achievement of this task.
For   instance,  the   task  “Site   analysis and  associated   studies”   of   the   programming phase required
two documents to be achieved:
- Report on the complementary studies, ordered by the building owner,
- Site analysis, including the summary of complementary studies and the identification of
constraints and opportunities.
Documents deposit is done from the task interface and it is required to complete and validate the
task. Complementary documents can be annexed to a task as well.
The document deposit interface is quite simple and provides following actions: upload / download /
delete / replace by a new release.
Features of a document are:
- Author(s),
- File path,
- Type (analysis, report, specifications, plan, photo, etc.),
- Phases, sub-phases and task or environmental objective linked with the document,
- Keywords,
- Deposit date.
These features can be either automatically filled by the software (i.e.  phase,  tasks,  date…),  either  
entered by users (author,  version,  file…)  during  the  deposit  process.  Once a document is recorded,
it feeds the project documents repository. User can refer to documents through the task to which it
is attached, or directly browse the documents repository of the project.
4.7.2 Document search
Documents of a project can be browsed from the repository interface. This interface provides a
paginated list that can be sort out by any existent keys of documents, and a search tool. Features
of a document are used as search keys to find a document in the repository.

4.8

Memos

As said before, the SYSMEO tool allows to record and manage brief notes or major facts (also
called   “memos”). Those notes consist of a short message with categories, expected date of
completion, and priority. They allow the project manager to record financial, organisational, quality
insurance issues but also to recall important deadline, action to make or decision to take. They can
be linked with a task, action or with a performance target from the project model provided by
SYSMEO.. A specific function of the tool makes it possible to recapitulate all the memos in force
and to classify them by priority, deadline, or according to the chronology of the project. The most
important memos are indicated directly on the general planning.
4.9

Export of reports

Effective communication is a key to successful projects. A status report is a great communication
tool, as a way of updating team and mangers on how the project is progressing. Such a report
represents a key document during project review meeting. In order to help project manager to
produce full and effective report, SYSMEO provides a report generation that can be with optional
part to fit the context. Each part consists of one or few electronic documents generated in a
standard format. The different parts of the report are the following:
A description of the project with main information on building characteristics and location
and project planification.
A status report on each step and task of the project
A full list of major facts (also called memo list): financial, planning changes, deliveries,
A compressed archive with all projects documents
Beyond the traditional use of paper reports and according to some key users SYSMEO can be
used as a living report during the review meetings. That corresponds to a new practice that has to
be experimented but seems to have several advantages: less paper, an access to the whole
information, the possibility the trace remarks directly within the management system.

5. Test of the tool and feedback from building owners
In order to take into account as well as possible the needs and expectations of the professionals in
the development of SYSMEO, various building owners, public and private, of various sizes, were
met. The objective was to present SYSMEO to them in a concrete way, in the form of a prototype,
in order to collect their remarks and suggestions. That enabled us to make evolve the tool and to
better position it compared to existing ones.
The needs and expectations of certain owners are convergent and can be taken into account in the
generic tool (certain are already implemented). Others are specific to each one, because of their
practice or culture, and cannot be integrated in the generic tool. But they could be added, case by
case, through individual consultancy services, the important point being that the generic tool is
designed to allow it.
As mentioned previously, SYSMEO targets building owners, public and private, of various sizes. In
order to take into account their common needs and expectations, we met key users to get their
feeling about using SYSMEO in order to manage real projects. Few key users have been
interviewed during the conception phase to gather practices and define corresponding features.
During the implementation phases we checked the efficiency of those implemented features with
some other professionals through a prototype. SYSMEO development is currently progressing
iteratively with users by trying to improve SYSMEO while they express their remarks and
suggestions.
Certain suggestions made by the building owners are already integrated in the tool, like:
Tutorials: as the project progress SYSMEO can suggest guiding information, best practices,

document examples and model fitting with the context.
Collaborative resources centre: users can search through the whole project documentation
and share documents with other teams members and even external partners involved in
the project and allowed, by the managing director, to access to a part of the SYSMEO
system.
Memos and warnings: each major fact or important issue is stored in SYSMEO in order to
recall each user at the right moment what should be done and the list of complete actions.
SYSMEO is flexible enough to fit with various practices and project contexts. Various Phases and
objectives model are provided on that purpose. In case those models don’t   fit   with a company
policy, we would be able to provide a consultancy service to adapt SYSMEO. In a long term we
could think of providing various versions of SYSMEO fitting with operation sizes.
SYSMEO main features have been validated few months ago. SYSMEO kernel is now stable.
Nevertheless, in order to fit with the regulation and practices of continuous improvement, SYSMEO
will need to be updated on a regular basis concerning both contents and features. In addition, the
more we interview building owners the more we identify SYSMEO whole scope. Indeed, a lot of
new  features  are  regularly  suggested  by  users.  SYSMEO  doesn’t  aim  to  replace  a  resource  plan  
software either to substitute a document management system. Guiding building owner according to
best practices and tracing major construction plan facts are two mains challenges of SYSMEO.
Other suggestions are under study:
-

more flexibility in the chronology and planning items,

-

inclusion of at least two years of operation after completion

-

mandatory and blocking check-points, more or less strict according to the owners,

-

integration of the building owners’  specific  reference frameworks,

-

coherence with several certification reference frameworks and their related requirements, in
particular concerning justification and traceability,

-

inter-actors platform for documents management,

-

integration of the financial follow-up of the project,

-

information to be traced back to the project manager’s  director.

Review meeting support: few new features could be added to SYSMEO in order to run through a
project during a review meeting in order to communicate the project status and progress. For
instance a way to search and filter recent major facts through the brief notes list (also called memo
list).
Reporting tool: SYSMEO will soon be able to export various office documents describing in details
the whole project focusing on current status and issues. Specific reports for the managing director
are also expected.
Document support in case of audit: SYSMEO already allows the user to search documents with
keywords. This feature will be improved in order to be able to retrieve all the documents dealing
with a specific topic on demand.
Extension of the existing models: several owners would like to operate SYSMEO even after the
delivery state. Indeed, several major facts need to be tracked at least two years after building
completion. In order to go further, we plan to extend the model in order to take the first exploitation
years into account within the system. We are currently following few studies that could help that
way.
Typology of memos: We are going to set categories of memos in order to track various facts and
recalls such as financial, contractual, economic or organisational ones.

Before having SYSMEO used in a commercial way by owners on real building construction
projects as a main management system, we need to check how SYSMEO fits with professional
practices. That’s why we settled several pilot projects with voluntary building owners. Those pilot
projects correspond to real building construction projects operated by real project teams but on a
short period. On the next step, we expect to improve the ergonomics of various features according
to pilot projects feedbacks.

6. Conclusion and prospects
This tool, helping owners to make building projects more sustainable, was developed according to
their needs, and pilot tests are on-going. At CSTB, this R&D work has closely associated a building
engineer team and a software development team. Until now, it has been financed by CSTB
research funds, coming from the French Ministry of Sustainable Development (MEDDTL). The next
step is to develop commercial partnership with building owners and local/ territorial authorities in
order to adapt this generic tool and related models to their own specific needs (beyond generic
needs).
The roll-out of the tool is envisaged in a mixed way: either the client uses the tool via the CSTB
application  server,  or  the  tool  is  directly  installed  at  the  client’s  office.
SYSMEO is a promising tool for CSTB. Considering its chronological and modular structure, this
tool could become an extended collaborative platform, with the connection of various tools,
economic and/or technical, useful for the project manager, the design team or the contractors.
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Summary
The European standard family of CEN TC 350 on sustainable construction is introduced with a
focus on the product level and the application of product information on building level
assessments, including some examples.
The principles of performance orientation and modularity are explained and supported by
examples.
Keywords: EPD, Type III environmental product declaration, LCA, PCR, building assessment
building rating tools.

4. Introduction
The European standard FprEN 15804 [1] is a key element in the new sustainable building
assessment system standardized by CEN TC 350. It provides the product category rules (PCR) for
building products and other information necessary to describe a building product’s environmental
performance in an EPD (environmental product declaration). These rules define the goal and
scope of the LCA that is needed in the EPD to provide the information for the building level.
This information, aggregated on building level according FprEN 15978 [2], gives rise to a good
estimate of the building’s environmental performance. This approach has been implemented in
principle in a number of building rating tools.
In many European countries programs facilitating the development and verification of EPD have
proliferated with the general guidance of ISO 14025 and ISO 21930. While these EPD are
calculated according to the same ISO framework there still is much room for interpretation and
thus one gets varying results due to indicators of differing definitions, different system boundaries,
calculation rules and requirements on data quality. The European standard harmonises EPD in
Europe so that a data set developed in one program or member state can be used in any other.
A big challenge is the scope of the standard, because it includes all construction products. This at
least provides a level playing ground for all manufacturers performing in the building assessment
schemes, and can support green procurement through comparability of products of the same
functionality in the building context.

5. The rules for developing a European EPD
5.1 What is the PCR and FprEN 15804?
The European standard FprEN 15804 “Sustainability of construction works — Environmental
product declarations — Core rules for the product category of construction products” describes the

core product category rules (PCR) for an environmental assessment of construction products
within an assessment scheme for buildings and constructions, based on the LCA methodology.
The objective of the core PCR is to ensure (clause 5.1):
•
•
•
•
•
•

The provision of verifiable and consistent data for an EPD, based on LCA ;
The provision of verifiable and consistent product related technical data or scenarios for the assessment of the
environmental performance of buildings;
The provision of verifiable and consistent product related technical data or scenarios potentially related to the
health of users for the assessment of the performance of buildings;
That comparisons between construction products are carried out in the context of their application in the
building;
The communication of the environmental information of construction products from business to business;
The basis, subject to additional requirements, for the communication of the environmental information of
construction products to consumers.

The EPD is a Type III environmental product declaration based on ISO 14025 [3] and had already
been introduced in the construction sector as a useful tool for communicating the environmental
performance of construction products through the standard ISO 21930 [4] “Building construction Sustainability in building construction – Environmental declaration of building products. The ISO
standard provides a framework for developing Product Category Rules (PCR) for EPD.
Both the ISO and the European standard are part of a larger family of standards produced by ISO
TC 59/SC17 and CEN TC 350 respectively. The “family” is on one hand owed to the necessity of
including the different columns of sustainability (environmental, social and economic), on the other
hand to the fact that building assessment is largely based on information from construction
products defining the material composition of a building. Consequently both standard families treat
buildings (and constructions) as well as products. However while on ISO level the interdependency
is recognised but not executed in detail, the European family of standards provides a strictly
consistent scheme of building and construction product assessment.

Fig.1: the structure of the standardisation project of CEN TC 350 as described in EN 15643-2
“Sustainability of construction works — Assessment of buildings — Part 2: Framework for the
assessment of environmental performance” [5].

Figure 1 shows the top down and bottom up development of the building assessment scheme:
•

•
•

•

The concept level lists the main performance issues to be addressed in a sustainability assessment: the
classical 3 issues of environmental, social and economic performance complemented by the technical and
functional performance of the building.
The framework level provides the consistency between the two levels: building and product.
The building level defines the information demand on products for the building assessment and the rules how
to aggregate product information, considering at the same time specific requirements on building level e.g.
from the client’s brief, regulation or climatic conditions.
The product level provides in the case of environmental performance the conditions for collecting and
calculating the product related LCA data to be applied in the environmental assessment of a building. In the
case of the assessment of the social performance only a selection of aspects can be aggregated from the
products to the building, e.g. indoor air quality, or acoustic comfort. Other social aspects, like participation of
inhabitants cannot be derived from the product level. In case of the economic level products contribute to the
economic performance of the building, e.g the conservation of value through products of long service life. The
methodology applied is based on Life Cycle Costing.

The scope of the FprEN 15804 includes all construction products and treats them all with the same
set of rules. This is a challenge, because different product groups may require different rules for a
clear description of their environmental performance. Most of the conflict lays in the different
environmental profiles of the basic materials the products are made of. E.g. different raw materials
lead to different energy input and different consumption of scarce resources or different potentials
for recycling and energy recovery lead to different opportunities for resource efficiency. These
differences often are outside the scope of improvement for the producers: bricks have to be fired or
minerals and plastics are more difficult to recycle than metals etc. Compromises are necessary
and at best make every lobby equally unhappy. However the necessity of compromises also calls
for the highest possible transparency, without the documentation becoming too cumbersome. It is
a question of fairness to show which steps in the life cycle add weight to the environmental
backpack of a product. The standard produces this kind of transparency by requiring all results to
be calculated per module (see Figure 2) and all modules to be reported. This transparency is of
course also helpful to check internally, or communicate externally if and where there are potentials
for reducing the backpack.
5.2 Types of EPD and life cycle stages included
The life cycle of a construction product can be described with the following 4 stages:
•
•
•

•

“product stage” A1-A3, which includes production of raw materials and provision of energy (A1),
manufacturing of the product (A3), and transports from cradle to factory gate (A2).
“construction process stage” A4-A5, which includes the installation of the product into the building during the
construction processes (A5) and transports from the factory gate to the building site
“use stage” B1-B7, which includes
o on one hand the actual use which may be connected with consequences e.g. emissions to indoor air
(B1), maintenance (B2) repair (B3) replacement (B4), refurbishment which applies more to building
elements, like roofing or a thermal insulation composite system (B5)
o on the other hand the operation of products in the building, if a use scenario is available (B6 for
energy and B7 for water)
“end-of-life stage” C1-C4, which includes the deconstruction or demolition processes of the product (C1)
Transports from the building site to the end-of-life management processes (C2) waste processing e.g
deposition processes, incineration processes - if considered to be waste management according to the European
Waste directive - or collection processes for later recycling (C3) final deposition e.g. ashes from incineration
or radioactive waste from nuclear power (C4).

5.3 Module D
Many construction products can be recycled, becoming secondary products, in many different
ways after they have completed their life cycle. The convention agreed in this standardised set of
rules is that secondary products leave the system without burdens from their previous life.
Consequently input of secondary products carries no burdens from the previous life cycle.
Following the gist of the European waste directive all products leaving the building (e.g. after
replacement, discarded parts after repair, after demolition of the building) are at first considered
waste and undergo waste treatment processes. These activities are part of the product life cycle
under study. Once waste reaches the end-of-waste status, which is well defined in the directive,
the product becomes a secondary product and the same holds for fuels and secondary fuels.
These secondary products may substitute primary products in a next life cycle.
The knowledge of such substitution potentials is very important for the assessment of the
environmental performance of products and buildings. Therefore these substitution potentials are
reported separately in a module D “benefits and loads beyond the system boundary”, which is not
part of the product life cycle, but part of the product or building assessment.

Fig.2 Types of EPD with respect to life cycle stages covered and life cycle stages and modules for
the building assessment as described in prEN 15804.
5.4 Types of EPD
Most manufacturers can only claim reliable knowledge of the processes they carry out themselves.
They can be expected to gather reliable data on the processes of their supply chain, possibly only
available as average or generic data. For future processes like the application, use and end-of-life
of the product it may not be possible to provide the necessary data. Therefore an EPD has a
mandatory part, covering the modules A1-A3 (cradle to gate) and optional parts covering any
modules from B1 to Module D. It is required however to state which modules are covered and the
indicator results have to be supplied for each module separately (except for A1-A3 which may be
aggregated). This helps e.g. manufacturers who may have no clue about the precise use of their
products (commodities like copper pipes) but a good idea on how they are recycled, maybe even
including a take back system (wood pallets). For innovative products with a long service life no
secure experience on the end-of-life management may yet exist. From these conditions the three
types of EPD are derived:
•

cradle to gate (A1-A3)

•
•

cradle to gate with options (A1-A3 + any other module(s) optional )
cradle to grave (all modules, module D optional)

When “cradle to gate” data is applied in building rating tools, the assessor for the building will have
to complement this information to his own best knowledge. This is partly an incentive for
manufacturers to supply this information to their best knowledge, partly this can be compensated
by the technical information, which may be delivered for the optional modules and is characterised
in the standard.
5.5 Modularity of the product and building assessment
In order to apply product information from EPD in building assessment the two systems must be
consistent. Key for the consistency of the environmental assessment of building and product are
the following topics:
•
•
•
•

Common pre-set parameter descriptions and measurement
Consistent system boundaries
Consistent calculation rules e.g. for allocation: no system expansion for any module
Consistent data quality

These topics have been addressed in detail in the two standards FprEn 15978 (buildings) and
FprEn 15804 (products) of the CEN TC 350 standards family. There are 4 groups of pre-set
parameters or indicators (altogether 22 indicators), which are exactly the same on building and
product level:
•
•
•
•

Indicators describing environmental impacts
Indicators describing resource use
Indicators describing waste categories
Indicators describing the output flows leaving the system

On the product level “additional information on release of dangerous substances to indoor air, soil
and water during the use stage” is required as additional information, which should be dealt with in
the social building assessment document.
All information modules A1-A5, B1-B7, C1-C4 and D have defined system boundaries. All modules
A1 have the same system boundaries for any construction product or any building. The same
applies respectively to all other modules. They all apply the same calculation rules and refer to the
same requirements for data quality. Common allocation rules, e.g. the exclusion of system
expansion, are necessary to maintain the modularity principle: “The principle of modularity shall be
maintained. Where processes influence the product’s environmental performance during its life
cycle, they shall be assigned to the module in the life cycle where they occur” (clause 6.4.3.1 in
FPrEN 15804).
CEN TR 15941:2010 [3] (Sustainability of construction works — Environmental product
declarations — Methodology for selection and use of generic data) gives guidance for the
application and selection of generic data. To ensure consistency also for the quality of generic data
used in the LCA for an EPD, it is recommended that this data go through a pre-validation step
according to the requirements of FprEN 15804. [6].

6. Performance orientation of the EPD and building assessment
LCA describes the consequences of certain activities in terms of material and energy flows and
selected environmental impact potentials connected to the system under study, i.e. connected to
the industrial processes included in the system. In the case of EPD of construction products, the
LCA underlying the EPD describes energy and material flows as well as selected impact potentials
connected to the production, use and end-of-life management of construction products. The EPD

does not provide any risk assessment, nor is there any kind of intended value judgement
connected. The overall results of an EPD provide an overview of the environmental performance of
a product with respect to the impact indicators chosen. Decisions around the quality of that product
may be based on this information, but are not valid without considering the actual functionality of
the product in a building.
Once the information has been aggregated on building level, it provides insights on the
environmental performance of the building. This LCA based information already is used in different
building rating tools (BREEAM [7], DGNB [8]). It is also the basis for the Common Metrics
developed and published as first draft by the Sustainable Building Alliance (SBA) [9]. It shows the
consequences of certain design or constructive solutions. Rating tools based on this kind of
information evaluate the consequences of solutions rather than specific solutions or measures
themselves. This gives the architects freedom for their design and choices of material.
Drawbacks on one solution detail may be compensated by another detail. E.g. flooring material
may have a long service life due to durable and energy intensive materials, but used in a building
context that requires a short replacement cycle this may be a disadvantage – a disadvantage
which in turn may be evened out when there the flooring can be exchanged easily and has a high
recycling potential. In the end the resulting impact potentials connected to the building count. This
performance concept is the basis for the European standard FprEN 15978 “Sustainability of
construction works — Assessment of environmental performance of buildings — Calculation
method”.
6.1 Application of information modules in building assessment
DGNB (Deutsche Gesellschaft für Nachhaltiges Bauen) or BNB (Bewertungssystem Nachhaltiges
Bauen für Bundesgebäude), building certification schemes in Germany already apply product data
from EPD for the environmental performance assessment. Consistency is a necessary condition
for assembling the product related data to describe the environmental performance of a building.
All the EPD provided by the Institut für Bauen und Umwelt e.V., (IBU, [10] EPD program operator
in Germany) are consistent with respect to the requirements for the LCA based data. The LCA
results for the product stage of the building can thus be calculated from the results of the built in
products. The construction stage, use stage, end of life stage as well as the potential benefits from
secondary products or fuels leaving the building system can only be calculated if consistent
scenarios are given on product level, in the EPD. The FPrEN 15804 standard provides guidance
for scenario development by specifying the technical information needed to develop the scenario.
Many manufacturers already include the relevant data on maintenance cycles as well as end- of
life and recycling information modules in their EPD, e.g. EPD for flooring products published on the
IBU website (www.bau-umwelt.de).
In order to supply sufficient data, also including construction products that have not declared their
environmental performance in an EPD, the German Federal Ministry of Transport, Building and
Urban Development provides on its website a freely accessible database, “Oekobaudat” [11] which
is based on the same requirements as the IBU EPDs, which are also integrated into the
Oekobaudat. In addition DGNB is developing a “Navigator” web based data base, which will
provide all the product information needed for the DGNB sustainability certificate, also including
EPD information.
6.2 Application of information modules in compliance with the new construction product
regulation (CPR)
An increasing number of the larger organisations in the construction sector are using EPD as tool
to provide the market with credible and useful information (e.g. Rockwool, Xella, KME, Interface).
In fact the recitals for the new European Construction Product Regulation (CPR, replacing the
European Construction Product Directive and approved by the European parliament in January
2011 and to be implemented by January 2013), propose the use of EPD to provide the requested
information on climate change, resource management and results of harmonised testing for
emissions to indoor air, soil and water when available (basic requirements 3 and 7, BR3 and BR7).
The German federal EPA describes this new regulation as: Construction Products Directive to

Construction Products Regulation: up to date environmental requirements in sight. [12] This is a
strong incentive for manufacturers to investigate their products’ performance on these topics.
So far the use of EPD in a regulatory context has no precedent. The work of CEN TC 350 for the
standard family on sustainable construction is mandated but the standards are voluntary. This
means that the standards can be used to support regulation but on a voluntary basis and should
be prepared in such a way that this is possible from a methodological point of view.
A possible way forward for the European Commission is to provide mandates for the Technical
Committees (TC) for product standards to integrate the necessary requirements for BR3 and BR7
into their product standards. A product TC working in this direction is CEN/TC 134 “Resilient,
textile and laminate floor coverings”. This integration should be based on the mandated standard
FprEN 15804 and its calculation procedures.
For procurement the situation is somewhat of a chicken-egg problem. Application in green
procurement has been introduced for government buildings in the BNB scheme in Germany.
However the limited number of available EPDs especially from SME has so far only allowed for a
recommendation. In addition, the information supplied in EPD needs special training in LCA
methodology in order to enable planers, architects and procurers to understand this information
and apply it correctly. This is not a hindrance per se, and a number of European Research Projects
already aim at informing, training and facilitating the application in buildings: GreenConServe [13],
Open House [14], Superbuildings [15],

7. Outlook and acknowledgement.
The application of the CEN TC 350 standard family has still to develop. Some experience has
been made, but this experience still needs to be communicated and tested in other countries and
under different conditions. It will be important that a common European EPD, an ECO EPD is
developed out of the existing experience. IBU, operator for the internationally operating EPD
program for construction products based in Germany, is testing some formats, e.g. for the leading
supplier of integral lighting solutions Zumtobel, which can be shown at the SB11 in October, but
are not ready for publication yet.
A European platform “ECO” for supporting the merge of existing EPD formats to a common
European format is initiated by IBU. The platform should facilitate the implementation of the new
standards in a grass root approach. While regional program operators provide their services based
on the regional language and additional information demands – e.g on new topics like biodiversity
or land use, the ECO EPD platform ensures that the assessment methods are the same according
to the core PCR in FprEN 15804.
The CEN TC 350 standard family is still developing. Today the environmental column (see figure
1) is technically finalized. More than 28 countries in Europe and numerous European associations
participated in varying combinations in the creation of these standards in approx.150 meetings
over 6 years, producing more than 2000 comments. The author wants to thank all contributors to
WG1, WG3 and the framework task force that helped developed the product level standards in a
truly iterative process.
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Summary
Buildings are estimated to be responsible for around 50% of greenhouse gas (GHG) emissions in
the UK, which include both operational (Oc) and embodied emissions (Ec). To date, attention has
been focused on reducing Oc, although in terms of meeting the UK carbon reduction targets it may
be more important to reduce Ec, the majority of which occurs early in the building life cycle. This
paper reviews currently available standards for assessing life cycle GHG emissions from buildings,
evaluates a sample of software tools and investigates the present values of future emissions. The
study demonstrates the lack of a standardised approach to the calculation of Ec and of reliable
data on emission factors for building materials and processes. It indicates that Ec can be an
important consideration and that weighting of future emissions appears to be an important factor.
Reduction factors accounting for the period emissions are present in the atmosphere during the
assessment period had only a modest effect, but weighting to allow for future decarbonisation of
the energy supply had a large effect
Keywords: Greenhouse gas emission; building; embodied; operational, carbon, footprint.

6.

Introduction

Global temperatures are expected to rise by between 1.1 and 6.4oC this century, depending, to a
large extent, on the quantity of GHGs we emit to the atmosphere from now onwards. This warming
is expected to have very negative effects on many peoples and ecosystems and, therefore,
minimising our greenhouse gas emissions is a priority.
Buildings are estimated to be responsible for around 50% of GHG emissions in the UK [1] and
these consist of both operational emissions (Oc), produced during use, and embodied emissions
(Ec), produced during manufacture of materials and components, and during construction,
refurbishments and demolition.
To date, the UK government has focused attention on reducing the, apparently, larger operational
element. This is reflected in methods of environmental assessment of buildings, which has
allowed the highest environmental ratings to be achieved without any consideration of embodied
emissions [2], and also in the UK Building Regulations, which are employing a phased approach to
increasing energy conservation criteria, resulting in reduced carbon emissions, in the period up to
2020. However, this only applies to Oc. This focus, together with the lack of reliable, readily
available and usable data on embodied emissions, has hampered the consideration of Ec during
building design.

Currently, there is a lack of a consistent and accepted approach to the calculation of Ec, the
relationship and interaction between the Ec and Oc is not well understood, and there is
considerable uncertainty and variability in the available information on emission factors for building
materials and processes.
In terms of meeting the UK carbon reduction targets of 34% by 2020 and 80% by 2050 (measured
against the 1990 baseline), it may be equally, if not more, important to consider early Ec reductions,
rather than just future reductions in Oc. Future decarbonisation of energy supply and more
efficient lighting and M&E equipment installed in future refits is likely to significantly reduce Oc,
lending further weight to this argument. Methods of evaluating the present value of future
emissions, may allow more realistic comparisons to be made between the embodied and
operational elements.
The process of determining Ec, although simple in principle, is not straightforward in reality due to
uncertainty and lack of information on emission factors for all the materials and processes involved.
There is considerable variability between the currently available databases for emissions from
materials alone and there are many software tools and online ‘carbon calculators’ available
purporting to provide whole life assessments. In many cases it is unclear exactly where the
assessment boundaries have been drawn and which data sources have been used.
This paper reviews the currently available standards relating to the assessment of life cycle
greenhouse gas emissions from buildings, and describes a case study of a book storage building
in the UK, where embodied emissions have been investigated using three available software tools
and the authors own evaluation. A proposal is put forward for assessing the present values of
future emissions. This work is part of a research project aimed at producing information on Ec for
different types of building, components and forms of construction, in a simplified form, which can
be readily used by building designers to optimise building design in terms of minimising overall
GHG emissions.

7.

Life Cycle GHG Emissions and Standards

ISO 14040:2006: “Environmental management, Life cycle assessment, Principles and framework”,
[3] is the internationally recognised standard for life cycle assessment (LCA) in environmental
management, and encompasses all environmental impacts. Life cycle greenhouse gas emissions,
or carbon footprints, are a sub-set of this more comprehensive LCA.
In this paper the carbon footprint of a building is defined as the total (GHG) emissions caused by
the whole building project, from extraction of raw materials, the use of the building and through to
disposal at the end of life, as illustrated in Figure 1.

Fig. 1 Life cycle of a building

Currently available standards for assessing GHG emissions, in the UK include:
•

The Greenhouse Gas Protocol [4] developed by the World Resources Institute and the World
Business Council for Sustainable Development in 1998 and revised in 2004 It establishes
three “scopes” of emissions: ‘direct’ emissions, ‘indirect’ emissions from purchased energy
and ‘other indirect’ emissions

•

ISO 14064 (2006) Greenhouse Gases [5], [6], [7], which gives guidance on quantification and
reporting of GHGs at the organisational and project levels, and on validation and verification
of assertions.

•

The Carbon Trust Standard Rules for the carbon measurement of all or part of an
organisation’s operations [8]. Based on the principles of the Greenhouse Gas Protocol
and/or ISO 14064. It defines two ‘levels’ of carbon footprint with some optional emission
sources under Level 2.

•

PAS 2050 [9] uses the ISO 14040 methods and clarifies the assessment of GHG emissions
for goods and services. All GHGs contributing more than 1% of the total footprint are
required to be included. It also considers methods of accounting for delayed emissions and
for uncertainty in assessments. It appears to be aimed more towards smaller scale
‘products’, but apparently the principles could be applied to full building projects. Although
not considered as a British, European or International Standard, it is categorised as a
“publically available standard”, which is essentially a step in the process of standardisation,
short-cutting the development process to meet the urgent need of users. It is understood
that the intention is for it to be developed into ISO 14067 at some future date.

•

CEN Technical Committee TC 350 “Sustainability of construction works” [10] is developing a
harmonised approach to the measurement of embodied and operational environmental
impacts of construction products and whole buildings, across the entire life cycle. At this
stage the following standards have been produced:
EN 15643: Sustainability of construction works, Sustainability assessment of buildings
Part 1 (2010): General framework. [11]
Part 2 (2011): Framework for the assessment of environmental performance. [12]
Again, these encompass all environmental impacts, and it is not clear at this stage when the
full suite of standards will become available and if there will be any specifically dealing with
GHG emissions. However it does provide the diagram reproduced in Figure 2, showing the
information required at the different life cycle stages, which are needed to carry out a full
assessment.

Key issues in determining building carbon footprints are the system boundary selected and the
emissions factors used.
There are variations in the system boundaries in the standards. For example, EN 156435 does not
include reuse, recovery and recycling potential, although this can be included as an optional stage.
This appears to be contrary to the general approach of the other standards, which generally only
permit the deletion of a life cycle phase if it does not significantly change the overall conclusions of
the study. End of life treatment of certain common building materials, such as steel and timber, is
an important factor as it can substantially affect their life cycle GHG emissions. The two levels of
carbon footprint defined by The Carbon Trust Standard and the optional emission sources,
effectively allow different system boundaries to be used.
There is uncertainty and variability in the available information on emission factors for building
materials and processes, due to a lack of transparency and lack of a consistent and accepted
method for the calculation of embodied emissions. Again, this can result from use of different
system boundaries and on whether the emissions considered are from all GHGs (commonly

reported as carbon dioxide equivalent or CO2e) or from just carbon dioxide (CO2).
The development of these standards will no doubt, improve the consistency and reliability of
emissions reporting, but at present there is still scope for variability in the data, life cycle
boundaries selected, and assumptions made.

Fig. 2 The information modules applied in the assessment of environmental performance of a building
from its life cycle stages

8.

Case Study

8.1

Description of the building

The case study building is a book storage facility, completed in October 2010, with a total internal
floor area of 11,578m2, designed to house around eight million volumes, in carefully regulated
internal temperature and humidity conditions. It consists of both warehouse and office type
accommodation. It has a steel framed structure on mass concrete foundations, in-situ concrete
floor and precast concrete insulated sandwich cladding panels to the external walls. The 12m-high
main storage chamber has insulated metal deck roof cladding and the lower 7m high section has a
composite concrete and metal deck roof to support the building plant and equipment. The building
is well insulated, with high thermal mass provided by the external wall panels, and is well sealed,
achieving an on-site air test result of 1.6m3/h/m2.
8.2

Estimate of emissions

Three commonly available software tools were used to estimate emissions. These are described
in the Sections.4.2.1 to 4.2.3 below.
Each of these tools have their individual limitations and therefore a separate assessment of Ec was

made, based on the authors own evaluation, and using published UK and global figures from a
variety of sources [13], [14], [15], [16], [17], [18], [19], [20].
Only one of the tools estimated Oc and therefore an estimate, based on a predicted annual
‘Building Emission Rate’ of 20kgCO2/m2, provided by the building designers, was used as a
comparison. This gives a predicted annual Oc of 231tCO2 for the whole building.
8.2.1 Envest 2 [21]
Envest 2 is a web based tool for estimating the lifecycle environmental impacts and costs of office
buildings. It is normally available on a subscription basis, although it was provided on a free trial
basis for the purposes of this case study. It was developed by the UK Building Research
Establishment and uses their own extensive research data on materials, operational use, impacts
and weightings.
All environmental impacts are measured using a single points scale called ecopoints. This
includes an impact called ‘Climate change’, which is an estimation of the GHGs emissions and
includes Oc and Ec, the latter including both the building fabric and services.
Input is in a simplified form based on the building overall dimensions and configuration and on a
choice of building elements and material specifications. Material quantities are not required for the
input.
8.2.2 CES Eco Selector [22]
CES Eco Selector is a general software tool used for product design or assessment. It contains
an extensive materials database, which includes engineering properties, eco and price data, and
allows product design to be optimized in terms of material, ecological impact and cost. The
software is produced by Granta Design Limited, who specialise in materials information technology,
in collaboration with Cambridge University, and is available via purchased licence.
The integral Eco Audit tool estimates energy use and CO2 emissions for each of the material,
manufacture, use and disposal life cycle phases.
All material quantities need to be calculated prior to input to the software.
8.2.3 Environment Agency Carbon Calculator [23]
The Environment Agency Carbon Calculator is an Excel spreadsheet designed to calculate the Ec
of construction projects. It estimates CO2 emissions from materials and associated transportation,
personal travel, and site energy use and waste management, and is available to download, free of
charge, from the Environment Agency website.
Information on material emissions is primarily obtained from the ‘Inventory of Carbon and Energy’
(ICE) database, and all quantities need to be calculated prior to input to the software.
8.3

Assumptions

The following assumptions were made for the case study
60 year building life
Three M&E refits at 15, 30 and 45 years and a general building refurbishment at 30 years,
End of life treatment has been assumed to be based a hierarchy of: recycled where possible
(e.g., steel); downcycled to a usable but lower grade material (e.g., concrete); incinerate for
energy generation (e.g., timber); landfill.
Transport emissions were based on actual travel distances from suppliers to site, where this
was known. Distances could be determined for the majority of the large quantity materials,
but estimates were made where this information was not available.

-

Emissions from construction and demolition works on site were based on the actual
construction period and an estimate of the period required for demolition.

8.4

Results from the case study

A summary of the estimated emissions derived from the three software tools and the author
evaluation is given in Table 1 and Figure 3.
Table 1 Estimated emissions
CES Eco Selector
tCO2

EA Carbon
Calculator
tCO2

Envest 2

Author

tCO2e

tCO2

Material

3969

81%

4423

90%

na

4901

100%

Manufacture

366

89%

465

113%

na

413

100%

Transport

161

31%

379

73%

na

520

100%

Sub-total
Ec ‘cradle to site’

4496

77%

5267

90%

4358

5835

100%

End of life

-679

187%

na

-363

100%

Sub-total
Ec ‘cradle to cradle’

3817

70%

5472

100%

Use (Oc)
Total

na

na

75%

na

23637

171%

13860

100%

27995

145%

19332

100%

(na=not available)

Table 1 shows that the Sub-total Ec ‘cradle to site’ values (material + manufacture + transport),
varied by up to -25% compared with the author value. If the end of life values are included (Ec
‘cradle to cradle’) the variation increases to -30%. End of life values were only available for the
CES and Author cases.
Values for Oc were only available from the CES and Author figures, but these gave a variation of
+71%.

Fig. 3 Estimated Ec

Figure 3 shows the relationship between the Ec values alone, with the percentages calculated as
the as the proportion of the difference between the maximum and minimum values compared with
the minimum value.

Fig. 4 Estimated Ec for individual materials
Figure 4 shows the variation of Ec for some of the individual materials making up the majority of
the material phase. Envest 2 does not give a breakdown of Ec so could not be included.

9.

Present Value of Future Emissions

Previous studies [24] have shown that lifetime Oc is generally larger than Ec. However, Oc occurs
over the lifetime of a building (generally 60 to 100years), whereas the vast majority of Ec occurs at
the start of a building’s life. In terms of the timeframe in which carbon reductions need to be made,
it is possible that carbon savings made at the start of a building’s life could be more valuable than
predicted savings in the future. The effect of future decarbonisation of energy supply could have a
profound effect on future emissions, as could more efficient lighting and M&E equipment installed
in future refits. It is argued [25] that the cost of measures to mitigate climate change increases for
every year the measures are delayed. For these reasons, two methods of weighting future
emissions are investigated, using the data from the author’s estimate of emissions for the case
study building, which may allow more realistic comparisons to be made between EC and OC.
The first is based on PAS 2050 [9], which accounts for the reduced period emissions are present in
the atmosphere during a 100-year assessment period and the weighting factor is given by
Equation (1). This is a simplified version of the approach outlined by the IPCC[26].

∑
Weighting Factor =

100
i =1

X i (100 − i )
100

(1)

Where i is the year in which emissions occur and X is the proportion of total emissions occurring in
that year i.
The second approach is based on the UK Government Markal-Med model scenarios for
decarbonisation of the electricity supply over the period 2010 to 2050 [27]. Mean values of the
scenarios considered have been used to give reduction factors to be applied to each of the annual
Oc and the future Ec. These factors apply to future electricity supply but for the purposes of this
study they are applied to energy supply as a whole.

Table 2 shows the relationship between Ec and Oc for the different scenarios considered in the
study. The range of Ec as a percentage of the total emissions was found to be 28% to 57%.
Table 2 Case study building: proportions of Ec and Oc
unweighted
cradle
cradle
to
to
site
cradle

PAS 2050
cradle
cradle
to
to
site
cradle

PAS 2050 + Markal
cradle
cradle
to
to
site
cradle

Ec

30%

28%

33%

32%

57%

57%

Oc
Total

70%
100%

72%
100%

67%
100%

68%
100%

43%
100%

43%
100%

Figure 5 shows CO2 emissions for the case study building lifetime phases. Applying the PAS 2050
reduction factors has a relatively small impact, whereas applying the PAS 2050 + Markal reduction
factors has a large effect.

Fig 5 Llife cycle CO2 emissions with weighted future emissions
The emission profiles over the building lifetime are clearly demonstrated in Figure 6. This indicates
that Ec is equivalent to approximately 23 and 25 years of Oc respectively in the unweighted and
PAS 2050 cases and more than 60 years in the PAS 2050+Markal case.

Fig. 6 Ec and Oc as a percentage of whole life emissions

10. Discussion and Conclusions
The estimates of EC (cradle to site) using the three software tools and author evaluation were
found to vary by 34%, expressed as a percentage of the minimum. However, there are differences
in what is being measured. The results are for CO2 in the case of CES, EA and Author and CO2e
(the full basket of GHGs) in the case of Envest 2. More data are available for CO2 and it is
estimated [13] that, for most building materials, this represents the vast majority of GHGs (e.g.,
around 95%). However, for plastics other GHGs are believed to be more significant. It is
anticipated that as materials data evolves and becomes more comprehensive, factors including all
GHGs will become available. The end of life stage is only assessed in the CES and Author
estimates and if included the variation in Ec (cradle to cradle) increases to 43%.
Large differences were observed between the estimates for some of the individual materials. For
example, steel sections 26%, concrete 38%, plastics 69% and timber 241%, expressed as a
percentage of the minimum. These essentially reflect the difference in emission factors used and
can have a critical effect on an assessment, depending on the quantities of the materials involved,
and can perhaps cause incorrect choices of materials and construction systems if assessments are
made at the design stage.
The case study indicates that Ec can be an important consideration in lifecycle CO2 emissions from
buildings. A review of other previous case studies [24] indicated that Ec varied between 79% and
108% of Oc for warehouse buildings and was as low as 2% for some other buildings. In this study
the range was found to be between 39% and 133%, demonstrating that different assumptions and
boundary conditions can produce widely differing results and confirming the need for
standardisation of Ec data and assessment methods. Assessment of lifecycle carbon emissions
should not be considered a precise process due to the many uncertainties and assumptions that
have to be made. Nevertheless, it can be a useful tool in assessing where emission reductions
can be made most effectively.
Oc in this case study is based on estimates and predicted values. The building was only
completed in October 2010 and, therefore, there is currently no data available to assess their
accuracy, although these will be available for future updates of the study.
Weighting of future emissions appears to be an important factor to consider. The PAS 2050
reduction factors, to reflect the period emissions are present in the atmosphere during a 100-year
assessment period, had only a modest effect, possibly due to the relatively short building life.
Longer life buildings would increase this effect but would conversely tend to reduce the Ec
proportion of the whole life emissions. In contrast, weighting due to decarbonisation of the energy
supply has a large effect, although a more detailed analysis of whether the rate of decarbonisation
of the electricity supply will be reflected in the overall energy supply is required before the method
used in this study can be validated. No attempt has been made to include discounting based on
the cost of measures to mitigate climate change increasing with time but is considered that it would
be useful to investigate this issue further.
It is considered that the results of this case study make a useful contribution to the overall bank of
data on Ec in buildings.
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Summary
Buildings have time-varying interactions with the local climate condition for its heating or cooling
systems. This means that the changes on the surrounding climate condition will likely affect the
building energy consumption. It is no doubt that climate change is happening right now. Currently,
the most widely accepted climate change scenarios predict that the global annual average
temperature will increase between 1 and 3.5oC. With the envelope heat gain as one of the major
types of heat sources on a typical air-conditioned building, the increase in air temperature will also
increase the building cooling load. However, with an appropriate building envelope design, the
space cooling load due to external impacts as well as the energy use in air conditioning system
can be significantly reduced.
Envelope Thermal Transfer Value (ETTV) is currently adopted by Building and Construction
Authority (BCA) in Singapore. The predicted ETTV will give a good indication of the building
envelope’s thermal performance under the tropical climate of Singapore. This paper will present
the result of the potential impact of climate change on the energy consumption, in terms of the
ETTV parameter. Thus, it makes ETTV becoming more relevant for the building energy calculation.
The energy consumption and possible range of cooling load demand, for the future climate
condition, under similar internal characteristic and cooling system are identified. Existing typical
local weather data is modified by means of a detailed air temperature prediction calculator,
CCWorldWeatherGen, developed by University of Southampton, UK. These modified data are then
used in the TAS building energy simulation. The result shows that there is a notable increase in
annual building energy consumption due to the climate change. Hence, the current ETTV value of
50W/m2 used by BCA may be revised in the future.
Keywords: Simulation, climate change, ETTV, building energy consumption, Singapore

1. Introduction
It is no doubt that climate change is happening right now. Currently, the most widely accepted
climate change scenarios predict that the global annual average temperature will increase between
1oC and 3.5oC. According to the Intergovernmental Panel on Climate Change (IPCC) Fourth
Assessment Report (AR4) [1], most of the temperature increase is very likely due to increasing

greenhouse gas concentrations in the atmosphere resulting from anthropogenic activities such as
the burning of fossil fuels for electricity, vehicles and from deforestation. If global CO² emissions
continue to grow, climate change is projected to occur at an even faster rate in the future. Hence it
is a pressing issue for many countries to introduce measures to encourage sustainable
development and control carbon emissions level. One report have estimated that almost a third of
the global carbon emissions was from building energy consumption in 2002 that comprises of air
conditioning, lighting and other electrical loads. [2] It can thus be seen that there is a huge potential
in reducing carbon emissions through the better management of building energy consumption.
There is a common agreement as to how building energy consumption will change with increased
temperature. If outdoor temperature rises, the consensus is that energy consumption will likely rise;
this is even true in cases where there are seasonal changes where the decreased in heating days
will be offset by the increased in cooling days. Many studies have shown that indeed there is a
correlation between increase of energy consumption and increasing temperature due to climate
change from the tropical to the temperate regions [3-5].
In tropical climate such as Singapore, where cooling requirements take the most account on
energy consumption, it was found that buildings cooling load which in turn affect the energy
consumption are most likely correlated with the building envelope heat gain [6,7]. Therefore, to
have energy-efficient building, the design of building envelopes become important and plays a
significant role in reducing solar heat gain and maintaining a good indoor thermal environment.
One of the way commonly used to quantify the thermal and energy performance in terms of heat
again/ loss through the building envelopes and cooling requirements are using the overall thermal
transfer value (OTTV) concept which was proposed by the American Society of Refrigerating and
Air-conditioning Engineers (ASHRAE) and sets a limit on the amount of heat gain by an airconditioned building through its envelope [8]. OTTV concept has already been widely used as one
of parameter to evaluate the effectiveness of passive measures to enhance building energy
efficiency improvements in different country and climate zone [9-12]. However, the original concept
of OTTV was found to have underestimated the effects of solar radiation in tropical countries[13]
and hence efforts were made by Chou and Lee [14] to propose a new parameter called Envelope
Thermal Transfer Value (ETTV), which was essentially a revised OTTV equation. The new ETTV
is particularly suited to building in tropical climates where outdoor-indoor temperature difference
and diurnal variations of temperature are relatively small [15]. Based on the study, the ETTV
equation under Singapore’s context is given as;
ETTVsg = 12 (1-WWR) Uw + 3,4 (WWR) Uf + 211 (WWR) CF Sc

(1)

Where ETTVsg is the envelope thermal transfer value of walls for Singapore (W/m²); WWR is
window-to-wall ratio, Uw is the thermal transmittance of opaque wall (W/(m²K), Uf is the thermal
transmittance of fenestration (W/(m²K), CF is the solar correction factor for fenestration and SC is
the shading coefficient of fenestration.
ETTV is currently adopted by the Singapore Building and Construction Authority (BCA) as an
enhancement to the pre-existing envelope design criterion. Under the Building Control Act, airconditioned buildings must be designed with a high-performance building envelope that meets the
prescribed ETTV, currently set at 50W/m² (www.bca.gov.sg).
The next question is how this policy able to cope with the future climate change. It is in this context
that one feels building regulation and policy should play a important role in regulating as well as
enforcing better building practices.
Using TAS simulation software, a series of parametric simulation was conducted to acquire
building cooling load data for a range of envelope parameter via ETTV of typical office building in
Singapore. Future climate are directly incorporated into the simulation model, so that the result will
show changes in cooling load at local building level. The likely future climates are derived from
CCWorldWeatherGen, developed by University of Southampton using the Hadley Centre HadCM3

climate model (www.energy.soton.ac.uk). The Hadley Centre HadCM3, is an improved version of
the Hadley Centre coupled model and able to produce more realistic and stable climate simulation
without flux adjustment.
Finally, the study considers three different climate years, namely year 1993, 2050 and 2080; and
several ETTV modification approach to prevent increasing greenhouse gas emissions as well as
cooling load due to climate change. However, there is no intention of drawing conclusions with a
wide applicability. The objectives of the study was to investigate the performance of building
envelope standard given by the local government due to climate change and to identify parameters
that may be worthy of investigating in more detail for future research.

2. Methodology
2.1

CCWorldWeatherGen world weather file generator

The climate change world weather file generator, CCWorldWeatherGen, are able to generate
climate change weather files for world-wide locations and ready for use in building performance
simulation software. The file generator uses IPCC Third Assessment Report model summary data
of the HadCM3 A2 scenario. The A2 scenario from IPCC shows continues growth of population
growth with more slower and fragmented economy and technology development. The tool itself is a
Microsoft Excel based and able to transforms any EPW weather files into climate change EPW or
TMY2 new weather files which are compatible with the majority of building performance simulation
software. To have a better understanding about the impact of climate change on building envelope
cooling load in future year, comparison were made between year 1992, year 2050 and year 2080.
2.2

TAS building performance simulation software

The study presented on this paper employs TAS building performance simulation software
(www.edsl.net) to perform hourly computation of cooling loads on typical office building. TAS
simulation software gives the options to determine the building parameters that improve energy
efficiency while maintaining thermal comfort and cost effectiveness. In addition, it also provides
detailed modeling of the thermal properties of building envelopes, accounting the solar heat gain
properties and transmittance. Reference climate model for year 1993 from Department of Energy
data base and predicted future climate model for year 2050 and 2080, which are derived from the
CCWorldWeatherGen are directly incorporated into the simulation model. Other basic setting for
the simulation, are as follows:
1. Air conditioning was on 08.00am – 18.00pm (office hour)

2.

2.3

Thermostat is being set with temperature upper limit of 24°C and lower limit of 21°C,
Humidity upper limit of 70% and lower limit of 60%

Case studies

Four different case studies, based on a typical office building design, have been developed to
investigate the relative performance of energy efficiency measures applied retrospectively to the
building envelope. This parametric study focuses on the impact of climate change and considers
how different climate scenarios influence energy consumption mainly by cooling load. A typical 15
stories office building was developed in the TAS simulation as shown on Fig. 1. Specific building
envelope design variables for the building are Uw = 1.135W/(m²K), Uf = 2.811 W/(m²K), Sc = 0.4
and WWR = 0.7. The calculated ETTV of the office building was 52.1 W/m², which still meet the
prescribed energy efficient building criterion by BCA code on envelope thermal performance. The
building model comprises two zones: peripheral and core zones. The peripheral zone is air
conditioned while the core zone is un-conditioned. There is no human occupation nor lighting and
equipment in the core zone. The proposed case studies are interested only on the heat gain
through the wall, thorough ETTV formulation. As the cooling load shown from TAS software does
not distinguish between heat gain through roof and wall, heat gain through roof is minimized by
assigning very low absorptance value material surface and specifying heavy insulation on the roof.

Fig. 1 Reference building plan view and perspective on TAS building performance simulation software

To have better understanding about the impact of climate change on the cooling load through
building envelope performance, three ETTV modification measure to alleviate future temperature
increase were also considered. They are, namely; using new better glass (Uf = 1.643 W/(m²K); Sc
= 0.232; ETTV = 31 W/m²), applying additional blind (Uf = 1.769 W/(m²K); Sc = 0.272; ETTV = 36
W/m²) and reducing the window area (WWR = 0.5; ETTV = 41 W/m²).

3. Results and Discussion
To estimate the likely changes in cooling load due to climate change in future years, TAS building
performance simulation utilize the future weather condition obtained from CCWorldWeatherGen
weather prediction tool. The reference EPW year used by the tool to generate year 2050 and year
2080 likely future weather condition is year 1992 from DOE data base. The detailed hourly result
future weather data will be used by TAS for cooling load simulation on the later stage of the study.
Looking at Fig. 2, based on the generated result, there is notable increase in temperature over the
given year based on IPCC A2 scenario. The figure shows increase on average temperature up to
2°C of after 68 year and up to 4°C after 98 year. Minimum and maximum temperatures are also
found increased within similar rate.

Fig. 2 Temperature changes due to climate change projected by CCWorldWeatherGen

Based on reference case building with ETTV value of 50 W/m² as prescribed by BCA code for
energy efficient building, building envelope performance and the corresponding cooling load were
determined for year 1992, 2050 and 2080. As shown on Fig.3, the future cooling load shows an
increase trend. It was observed that there will be an increase of 9% and 16% of cooling load during
year 2050 and year 2080 respectively.

Fig. 3 Annual average building cooling loads due to climate change

As increase in temperature are likely will also increase the cooling load, adaptive measure for
building envelope design will become necessary. Three modified envelope design under varying
ETTV have also been observed and compared with the result from the reference building.
Basically, for the same building envelope design, cooling load is a function of ETTV, which in turns
depends on the weather conditions. Fig. 4 illustrates that ETTV indeed has a significant correlation
with the cooling load, which in turn affects the energy consumption. The modified ETTV case
studies show the effect of varying the ETTV throughout a range from 41 to 31 W/m2 on building
cooling load and have demonstrated that a reduction of ETTV from 41 to 31 W/m2 would yield
around 8% to 13.5% reduction in cooling load. Interestingly, similar reduction trend happens to all
the three given year.
In addition, further analysis suggest that to achieve similar performance of building with ETTV
value of 50 on year 1992, will need at least ETTV value of 36 and 31 W/m² for year 2050 and 2080
respectively.

Fig. 4 Summary of annual average building cooling load with the envelope modification measures

In this particular study, the result shows that by replacing the glasses with better thermal properties
glasses will have the likely most cooling load reduction compare to other modification measure.
Even, over a period of time, reducing the ETTV value by simply changing the windows glass
properties seems to have the most beneficial in terms of cooling load reduction, as shown on Fig.
5. Basically, having lower ETTV value will give more cooling benefit throughout the year and will
further help to mitigate the impact of climate change on building.

Fig. 5 Summary of annual average building cooling load reduction

4. Conclusion
The present study shows the future trends of cooling load due to heat gain through the building
envelope in a typical office building in terms of ETTV. An increasing trend of cooling load was
observed. The average annual cooling load during year 2050 was found 9% more than that on
year 1992 and 16% more during the year 2080. Three ETTV modification measure to alleviate
future temperature increase - better glass, additional blind, reduce the window area - were also
considered. Among them, the study found that by simply changing the glass with better thermal
performance properties, will gives the most potential in reducing the cooling load. The study also
found that to achieve similar performance of building with ETTV value of 50 on year 1992, will need
at least ETTV value of 36 and 31 W/m² for year 2050 and 2080 respectively.
Nevertheless, this parametric study purpose was to facilitate designer and the policy maker to
understand more on the likely increase in cooling load due to climate change and to consider more
energy efficiency measures needed, such as tighter building energy code, which in turn could help
alleviate the impact on the building and the environment.
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Summary
Envimat.cz is an online database of the environmental declarations of building products. The main
purpose of the project is to provide a transparent and reliable system that figures out differences
between products; motivate the producers to provide data sets of their products; convince
architects and designers to care about different sustainability profiles of materials; give advantage
to products that have lower environmental impacts being at the same technical performance level
than the competitor. The implementation of the web-based tool is divided into the three main
phases: start-up phase (data from the generic database); transitional phase (combination of
generic and localized data); regular operation with fully localized data.
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6. Introduction
With the recent rapid grow of global population the stress on resources and environment is
reaching new levels and the sustainable development of the globalized civilization is often being
questioned.
Different proposed solutions and strategies for a sustainable development of humankind are often
based on predictions and simulations that use sustainability indicators to create a simplified model
of the environment and society.
At the moment we do not know which strategy will be chosen by the leaders to overcome the
upcoming challenging times. It does not mean we should stay idle and wait for the conclusion. In
the mean time we can prepare our systems to be ready to provide transparent and reliable system
of monitoring of the core sustainability indicators in different industry sectors from the top to the
bottom. In the building industry the pyramid would have the levels: global, continental, national,
regional, district, neighborhood, building, products and materials.
There are several existing indicator sets and monitoring systems at each level. This article focuses
on the level of building products.

7. Existing databases of building products environmental declarations
Examples of the current databases of building products declarations are in the following list [1]:
•
•
•
•
•
•
•

Ecoinvent – Swiss Centre for Life Cycle Inventories - up-to-date LCI data
EPD (Environmental Product Declarations) – www.environdec.com
INIES – CSTB (Centre Scientifique et Technique du Bâtiment) - French database of
EPDs, www.inies.fr
IBO Baustoffdatenbank – IBO (Austrian Institute for Healthy and Ecological Building) –
data of GWP, AP, PEI, EP of materials
ICE database - Department of Mechanical Engineering, University of Bath - PEI and
GWP of a large number of building materials.
Bauteilkatalog – SIA (Swiss Society of Engineers and Architects) - data of GWP, PEI,
AP of building structures etc., www.bauteilkatalog.ch
Ökobau.dat - German Institute Bauen und Umwelt (www.bau-umwelt.de) - German
database of EPDs

Because such database was yet lacking in the Czech Republic, as an initiative of the Czech
Technical University in Prague we have started project dubbed Envimat.cz [2] – database of
environmental impacts of materials and building products.

8. Methodological approach
8.1

Discussion of existing EPD suitability for building products

Originally there was an intention just to promote the environmental product declarations (or EPDs)
in building products and convince producers to provide the data into the existing unified database
covering all industry sectors.
For that purpose we have analyzed the EPD approach and tried to figure out its pros and contras.
The EPD is a common approach applicable to all products in general and it fits well to products
with clearly defined purpose (like most consumer products). The building products are not
specialized to just one kind of use, but the purpose varies. So it is not easy (and would not be
correct) to select just one of the possible scenarios (however Product Category Rules of EPD
provide further guidance here).
8.2

Building products vs. consumer goods

Let us use a typical building product – a brick – as an example and compare it to some regular
consumer product – for example hot water kettle.
When assessing the kettle, the function of the product (boiling water) is clearly defined. We can
figure out the functional unit (one boiled liter of water) and scenario of use (average kettle is used
to boil XY liters of water per year). It is not hard to define an “average” kettle (based on set of
comparable products on the market) and make comparisons covering all the life cycle of the
product.
But different situation is with the brick. We cannot say if
the brick will be used to build a residential house, a
school, a shopping mall or a fence. We could select some
of these possible scenarios and try to figure functional
units and use patterns to all of them in all imaginable
climate conditions etc. Then we would be able to say
which product performs better in which field and location.
Trying to apply such procedure for each product used in
the building seems bit complicated (however if we had
enough time it could become more efficient in the longFig. 1 Brick does not have clearly term).
defined purpose [3][4][5].

In the building sector we have the advantage of knowing the location and scenario of use at the
building level, so it seems easier to aggregate the data of the building products at the building level
and make the calculation exercise after that.
Considering the approach with aggregation more efficient at the current situation, we decided not
to analyse a whole life cycle, but to limit the boundary conditions for evaluation of building products
to cover just cradle-to-gate phases. The gate-to-grave life cycle stages are to be aggregated and
assessed at the building level.
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Fig. 2 Consumer goods, building products and buildings – different levels of uncertainties
[6][3][4].
The limitation of the boundary conditions is practical also from the financial point of view – it will
save the producers person-hours that would have been invested into modeling of multiple
scenarios, so that the cost of the data collection for the producers of building materials and
components gets lower. In a long-term it can occur, the multi-scenario approach is more
convenient for the architects and designers, but it is not going to happen in a short-term due to
barrier of high initial investment costs.
8.3

Objectives of implementation in the conditions of Czech Republic

Inspired by the development in other European countries that have developed their own systems
we started to build a Czech database of environmental declarations of building products.
We have taken into account several models of the existing databases and tried to apply the most
suitable approaches to meet the project’s objectives:
•
•
•
•
•
•
•

Increase public awareness of externalities resulting from production of building
materials and components;
Create a localized database of building materials and products, evaluated to the main
sustainability indicators;
Provide a transparent and reliable system that figures out differences between products
and can help when making decisions;
Motivate the producers to provide data sets of their products;
Convince architects and designers to care about different sustainability profiles of
materials;
Provide tool that enables to compare building materials and products taking into
account also their physical and technical properties;
Give advantage to products that have lower environmental impacts being at the same
technical performance level than the competitor.

8.4

Target groups

The resulting tool is a web-based catalogue of building materials and products focused on the
three main user groups:
•
•
•

Producers of building materials and components;
Architects, designers and advisors;
Students.

Envimat.cz [1] provides interface for producers of building materials and components that enabling
them to easily input datasets on their products. Architects, designers and advisors have
comfortable interface that enables them customized filtering and sorting of building products
information. They also have option to combine their own construction from layers of materials and
other constructions included in the database. On top of the functionalities the professionals will
have a paid option to create models of whole buildings and store the project data in the system.

Fig. 3 Project logo.
8.5

Business model

The start-up of the Envimat.cz was enabled thank to SGS Student Grant Competition of the Czech
Technical University in Prague. The regular operation of the database will be financed from the
four main sources:
•
•
•
•

Producers;
Professionals;
Life long education courses;
Grants.

The producers will pay for inclusion and presentation of their products in the database on yearly
basis for packages including different number of products. The professionals that will start to
provide the calculations at the building level to third parties will have an option to purchase
functionality that will enable them to create and store whole projects within the database. By
purchase they will obtain for free courses providing them with deep knowledge of the topic and
tutorial on the application functions and the advantage of being listed on the Envimat.cz website as
official advisors. Students have similar options as the professionals with three months trial of the
extras for free and then discount on all services.
Minor part of the income will be generated by the lifelong education courses of professionals. We
will of course also try to get further support from the national and European sources.
8.6

Project phases

The project is divided into the main three phases:
•
•
•

Start-up phase;
Transitional phase;
Regular operation.

Start-up phase is the initial phase when no truly local Czech data on the products are available. At
this phase we decided to use data from the Swiss Ecoinvent database to calculate the datasets of
materials in cradle-to-gate phases, considering the Czech energy mix in the electric network. From
these generic data of materials we have created datasets for the most common constructions.

In the transitional phase we will present Ecoinvent-based data together with localized data from the
producers. The items in the database will be graphically distinguished according to the data
resources to prevent any possible confusion.
We will continually evaluate the localized data for the main product categories and continually
replace the generic data by the localized ones. Once we have local data for all of the main product
categories, we will cut the generic items completely off and show only the localized datasets and
thus enter the final period of regular operation.
8.7

International harmonization

The Czech Technical University in Prague has recently initialized a networking group focused on
harmonization of the sustainability declaration of the building products internationally. The main
goals are to share the best practices, discuss different approaches and create transition later to
mechanisms to transfer product data across the existing databases or harmonize the approaches
resulting in datasets ready to be used universally.

9. Conclusions
Evaluation of the sustainability indicators is not yet settled process in the global society neither at
the particular levels of building industry. One part of a challenge is tracking the sustainability
indicators at the level of building materials and components. There are several existing databases,
however their approach differs and the market penetration of using such databases is not high.
To give advantage to products those have lower environmental impacts being at similar technical
performance levels as their competitors, database called Envimat.cz has been founded in the
Czech Republic. As the localized data for all the materials are not available at the moment there
will be a transitional period when generic datasets will be used complementary to truly localized
data until the main product categories are fully covered. International development is being
observed to ensure possible later harmonization with the development on the European and global
level.
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Summary
In the Climate Change Act of 2008 the UK Government pledged to reduce carbon emissions by
80% by 2050. As one step towards this, regulations are being introduced requiring all new
buildings  to  be  ‘zero  carbon’  by  2019. These are defined as buildings which emit net zero carbon
during their operational lifetime. However, in order to meet the 80% target it is necessary to reduce
the carbon emitted during the whole life-cycle of buildings, including that emitted during the
processes of construction.  These  elements  make  up  the  ‘embodied  carbon’  of  the  building.  While
there are no regulations yet in place to restrict embodied carbon, a number of different approaches
have been made. There are several existing databases of embodied carbon and embodied energy.
Most   provide   data   for   the   material   extraction   and   manufacturing   only,   the   ‘cradle to factory gate’  
phase. In addition to the databases, various software tools have been developed to calculate
embodied energy and carbon of individual buildings. A third source of data comes from the
research literature, in which individual life cycle analyses of buildings are reported. This paper
provides a comprehensive review, comparing and assessing data sources, boundaries and
methodologies. The paper concludes that the wide variations in these aspects produce
incomparable results. It highlights the areas where existing data is reliable, and where new data
and more precise methods are needed. This comprehensive review will guide the future
development of a consistent and transparent database and software tool to calculate the embodied
energy and carbon of buildings.
Keywords: Embodied energy, Embodied carbon, Life-cycle assessment, Sustainable building,
Sustainable construction, Building energy assessment

1. Introduction
Evidence from the IPCC [1] shows that the emission of greenhouse gases such as carbon dioxide,
the bulk of which come from the burning of fossil fuels for energy, is leading to global warming.
This will have huge environmental, social and economic consequences during the coming century.
The UK government has set a target to reduce carbon emissions by at least 34% by 2020 and by
80% by 2050 [2]. The building sector is a major contributor to carbon emissions in the UK,
accounting for about 50% of the total [3].
Recent UK and European policy, including the Energy Performance of Buildings Directive (EPBD),
has focused on reducing the energy used and carbon emitted during the period of operation of
buildings [4]. UK policy requires   all   new   homes   to   be   ‘zero   carbon’   by   2016   and   non-domestic
buildings by 2019, defined as zero net carbon emissions during their operational lifetime [5,6]. The
policy encourages greater energy efficiency of the design enabling lower energy use by occupiers
(particularly in heating and lighting), and the provision of on- or off-site renewable energy sources

to provide the remaining energy needs.
However, the energy use during the operation of the building is only part of the story. Energy is
also used during the manufacture of the building materials and components, in transporting these
to site, and during the construction process itself. This energy is known as the embodied energy of
the building. Embodied energy can further include the energy needed for refurbishment and
replacement of components during the lifetime of the building and that used in the demolition,
waste and reprocessing at the end of life stage. It is apparent therefore that to make effective and
real-time reductions in energy use and carbon emissions of buildings the whole life (embodied and
operational) energy use and carbon emissions should be calculated. This, with the need for a
standardised and industry-recognised methodology, formed the first two recommendations of the
final report of the Innovation and Growth Team reporting to the UK Government in December 2010
[7],  supported  by  the  Government’s  response  in  June  2011  [8].
This paper reviews the existing methodologies, databases and software tools for the estimation of
embodied energy and carbon of buildings, comparing and assessing data sources, boundaries and
methodologies. The paper asks which data exists in a reliable form and emanates from clear and
comparable methodologies, and considers where new data and more precise methodology are
needed.

2.

Standards and Methodologies

2.1 Standards
The measurement and reduction of embodied energy in buildings is not a legislated requirement of
the EU or UK policy framework at present. However, European standards are currently being
developed by the European Committee for Standardisation Technical Committee 350 (CEN/TC 350)
to look at the sustainability of construction works (environmental, social and economic), and the
calculation method for the whole life performance of buildings. Developed from this work, BS EN
15643-2 Sustainability of Construction Works – Assessment of Buildings, (pt 2) Framework for the
assessment of environmental performance was published in the UK in March 2011.
For methodology, BS EN 15643-2 refers to the International
Organization for Standardization standards ISO 14040:2006
Environmental management – Life cycle assessment –
Principles
and
framework
and
ISO
14044:2006
Environmental management -- Life cycle assessment -Requirements and guideline. Further specific requirements
for construction products are given in ISO FDIS 21930
Sustainability in building construction – Environmental
declaration of construction products. These international
standards define four key phases of LCA (Fig. 1).

Fig. 1 Life-cycle assessment framework
defined by ISO 14044:2006

A further European standard under
approval
is
prEN
15804
Sustainability
of
construction
works - Environmental product
declarations- Product category
rules.
Environmental Product
Declarations (EPDs) are defined
as a Type III declaration by ISO

Fig. 2 Product life cycle defined in pr EN 15804: 2008

14020:2000, Environmental Labels and Declarations. The content of EPDs include details of the
manufacturer plus data on the environmental assessment of the product. The declared
environmental impacts include amongst other aspects the energy used, the carbon dioxide and
other greenhouse gases emitted, and the percentage waste. While EPDs have already been
developed by a few manufacturers, these are highly variable in scope and format and cover only a
few of the products in use in construction.
The method prescribed by these standards, Life-Cycle Assessment (LCA), has been widely
recognised by practitioners and researchers as a useful tool to assess buildings since 1990, and
has been actively applied to both the financial and the environmental assessment of buildings [9].
However, although its usefulness is widely recognised [10], the LCA of buildings is still relatively
less developed compared with other sectors, due to their complexity and variability. Unlike goods
manufactured in batches as part of a uniform process within a carefully controlled environment,
most buildings are still built on site under particular environmental conditions and by a diverse
group of organisations and individuals. They are formed of numerous components, products and
processes, with the involvement of many different stakeholders ensuring that each one is unique
[11].
A further standard published in October 2008 by the UK National Standards Body, British
Standards Institute (BSI) is the Publically Available Specification PAS2050: 2008 Specification for
the assessment of the life cycle greenhouse gas emissions of goods and services. Building on BS
EN ISO 14040 and 14044, the standard specifies requirements for the assessment of the life cycle
GHG emissions of goods and services, considering emission sources, system boundaries,
calculations of greenhouse gas emissions and publication of data.

2.2

Methods of life-cycle analysis

There are three main methods used for the Life Cycle Inventory (LCI) phase of Life Cycle
Assessment (Fig 1), including process, input-output and hybrid methods. The LCA methodology
proposed by the European and International Standards is a process-based analysis as shown in
Fig 2, which calculates the embodied energy by considering the building process in four stages,
with only the first, the product stage, being recommended as mandatory. The product stage
includes the resource input to the product including raw materials, the transport between
processes, and the impacts of the manufacture process. For construction products a further three
additional (currently optional) phases can be included, as shown in Fig 2. The construction stage
includes the transport from the production gate to construction site of the product and processes,
storage and installation of the product, and on site waste associated with the product. The use
stage includes the impacts of operation of the product during the lifetime of the building, the
impacts of its maintenance, repair and refurbishment, and its expected service life and therefore
replacement and associated treatment of waste during the lifetime of the building. The end of life
stage includes impacts associated with deconstruction of the product, transport to disposal or
recovery, and recycling processes. Treloar [12] describes the four repeating steps of the process
analysis as:
1

measurement of the direct energy requirements of the process;

2

measurement of the output of the process;

3

quantification of the products required directly by the process; and

4

the  application  of  steps  1  and  3  to  the  products  quantified  in  step  3,  and  so  forth’

Step   3   in   a   process   analysis   for   a   building   may   therefore   be   developed   from   ‘bills   of   quantities’,
giving quantities of materials and components required for each element of the building. Each of
these  products  will  then  be  subject  to  its  own  life  cycle  analysis,  as  ‘downstream’  to  the  building.  If
the  process  is  ‘  a  building’,  then  to  calculate  the  impact of the building each product and process
which forms the building must be assessed. In turn, for each building product, each of the
products and processes which form it must be assessed, and so on. There are two main problems

with this method. Firstly the data for energy used in manufacturing products is highly unreliable, as
it depends on industry stability, uniformity and compliance. Secondly the upstream services
necessary for the construction of the building, including the associated industry support services of
finance, insurance, and government administration, and the related office buildings from the
construction and the services sectors, are usually omitted from the model. Both of these require
responsible reporting of environmental impacts by a great number of different organisations in
different industry sectors.
An alternative model is the input-output analysis. First developed by Wassily Leontief in the 1930s,
in the 1970s he suggested its application to environmental impact assessment [13]. Countries
calculate GDP and now carbon emissions by economic sectors; by considering the inputs and
outputs from and to other sectors, the input-output model can calculate the total impact of
construction, including the areas omitted by the process analysis. The method also implies
sectoral responsibility for energy use and carbon emissions.
This approach has been followed in the UK by the Strategic Forum for Construction (SFfC). In
2008 the SFfC and the UK Government jointly published the Strategy for Sustainable Construction
[14], under which the SFfC is made responsible for delivering 15% reduction in carbon emissions
from construction processes and associated transport compared to 2008 levels, by 2012. A paper
defining the scope and interim stages necessary to achieve this target was written by the SFfC and
the Carbon Trust, in association with Arup, and revised in March 2010 [15]. The report limits the
responsibilities of the construction sector at this stage to the construction process itself, major
maintenance and refurbishment, and deconstruction (see Fig 3). Thus it excludes the manufacture
of building materials and components, but includes their transport to site, with reasons given for
this  including  ‘the  lack  of  complete  and  consistent  data’  (page  15).  It  also  excludes  the  energy  used  
during normal operation of the building.

Fig 3 Scope categorisation of processes across the construction project physical boundary,
from SFfC report 2008
While I-O analysis overcomes the problems with process analysis by considering a complete

system boundary, and by inherently assigning responsibility to an industrial sector, the
assumptions of homogeneity and proportionality in particular limit its use for comparison of impacts
from individual products. For the purposes of designing a low embodied energy building, the I-O
approach is too broad-brushed and generic to be helpful. Therefore a hybrid methodology has
been developed by Treloar [12] and Crawford [16].    Their  ‘hybrid  input-output  method’  attempts  to  
overcome problems with both of the other methods by conducting both an I-O analysis and a
process analysis, and then replacing the elements of the I-O analysis which are accounted for
more accurately by the process analysis.
The environmental impact of a building defined by a process based analysis can therefore be seen
as the sum of the environmental impacts of the products and processes that have created the
building. The environmental impact of a building defined by an input-output based analysis, on the
other hand, is seen as a proportion of the impacts of the different economic sectors which have
created the building.

3. Data, databases and calculation tools
3.1

Data and databases

Data for individual products are published by some manufacturers in the form of EPDs and these
are often publically available. There are also some initiatives to develop new EPDs, and collate
and publish existing ones, such as the CAP’EM  (Cycle  Assessment  Procedure  for  Eco-Materials)
Project, a North-West European programme which is developing LCAs for 100 building materials
[17].
Current public and commercial databases used for the assessment of embodied energy and
carbon are reviewed in Tables 1 and 2. Most of these provide the data for the cradle-to-gate stage
of the whole life-cycle of buildings that is, product stage only. The Bath ICE and Athena databases
are derived using a process-based assessment method for the data calculation [18] whereas the
New Zealand building material database uses a hybrid approach of both process and input-output
analysis [19, 20].
There are currently several databases that give assessments of the embodied energy and carbon
of products and processes that make up buildings. General databases include the General LifeCycle Inventory (LCI), Swiss Ecoinvent, German GaBi, Dutch IVAM, European Life Cycle
Database (ELCD) and US LCI (Table 1). There are also buildings- or construction-specific
databases concentrating on the building and construction sector (Table 2). These often include
data that are more suitable for the building assessment since they are developed particularly for
the building sector. These include the Inventory of Carbon and Energy (ICE) developed at Bath
University for UK specific data, the Canadian Athena, New Zealand building material embodied
energy database and Australian building products LCI. While some public databases provide free
access many require commercial-level fees.
There are clear complexities and inherent inaccuracies in the methodologies for calculating
embodied energy and carbon of buildings, as described in the section above. The data available
are therefore limited in their scope and their equivalence. A comprehensive review by Dixit et al
[21] deduces ten parameters which cause variations in embodied energy data for building products,
which are reproduced in Table 3.
Table 1 General-purpose databases
Database
Ecoinvent

Developer
Ecoinvent
centre, Swiss

Data coverage
General products and
processes including energy,
transport, building materials,
chemicals, washing agents,
paper & board, agriculture,
waste management,

Access
Licensed
*
access

Boundary
Cradle-togate

LCI method
Processbased
method

European Life
Cycle Database
(ELCD)
GaBi database

IVAM LCA data

EU Joint
Research
Centre
PE International
GmbH (Initially
developed by
the University of
Stuttgart,
Germany)
IVAM
Environmental
Research, The
Netherlands

US LCI

International data
General products and
processes, European data

Open
**
access

Cradle-togate

General products and
processes, International data

Licensed
access

Cradle-togate

General products and
processes including
materials, transport, energy
and waste treatments, Mostly
Dutch data
General ------

Licensed
access

Cradle-tograve

Input-output
economic
model

Open
access

Cradle-tograve

Input-output
economic
model

Access
Licensed
access

Boundary
Cradle-to*
gate

Open
access

Cradle to
grave

LCI method
Processbased
method
Processbased
method

National
Renewable
Energy
, US data
Laboratory
(NREL) and its
partners, US
*
Licensed access: Charge fees for the data use
**
Open access: Publicly available free of charge

Processbased
method
Processbased
method

Table 2 Construction-specific databases
Database
Athena
database

Developer
Athena Institute,
Canada

Building
Products Life
Cycle Inventory
(BP LCI)

Building Product
Innovation
Council,
Australia

Data coverage
Building materials and
products, North American
centred data
Building and construction
materials and products,
Building product
maintenance and
replacement life data,
Australian data
Construction and building
materials, Mostly UK data

Inventory of
Bath University,
Open
Carbon &
UK
access
Energy (ICE)
New Zealand
Victoria
Building materials, New
Open
building
University of
Zealand data
access
materials
Wellington, New
embodied
Zealand
energy
database
* The Athena database claims to have the cradle-to-grave phase data; however
some stages of the whole life-cycle such as construction footprint and demolition

Cradle-togate
Cradle-togate

Processbased
method
Processbased hybrid
analysis
method

the data does not consider

Table 3 Parameters which cause variations in embodied energy data, after Dixit et al (2010)
Parameter
1. System boundaries
3. Geographic location
5. Age of data
7. Completeness of data
9. Feedstock energy consideration

2.
4.
6.
8.
10.

Method of EE analysis
Primary and delivered energy
Data source
Manufacturing technology
Temporal representation

3.2

Calculation tools

In addition to the databases, a number of software tools have been developed in the LCA and
building assessment area. These are often linked to databases and vice versa. Well-known LCA
software includes SimaPro and Gabi developed by PRé Consultants in the Netherlands and PE
international based in Germany respectively. These are general products and processes LCA tools,
occasionally including building materials (Table 4). The general-purpose LCA software tools can be
used for the calculation of the embodied energy and carbon in buildings. However, their data and
calculation often do not cover the whole life-cycle of buildings thus, only partial estimation is
possible.
General-purpose LCA software tools in Table 4 calculate the cradle-to-grave assessment of
materials and products. The construction footprint and demolition of buildings are again left out in
their calculation. Among building-specific LCA software in Table 5Table 5, the Carbon Calculator by
the UK Environment Agency includes the construction site energy use and waste management in
the calculation. There is also some commercial software that includes these elements in
calculating the embodied energy and carbon of buildings. However, the scope of data considered
over the life-cycle of buildings varies.
Recently some building-specific calculation software has been developed. Athena’s   Impact  
Estimator, US NIST (National Institute of Standards and Technology)’s   BEES   (Building for
Environmental and Economic Sustainability), and the Carbon Calculator of UK Environment
Agency are examples (Table 5). Many of the UK building-specific calculation software use the Bath
ICE as a base data source together with other additional data. Some software use not only UK
specific data but also general product data from outside the UK. The Swiss Ecoinvent building
material data is often used to fill the gaps of the Bath ICE data.

Table 4 General-purpose LCA software
Software
SimaPro

Developer
PRé Consultants,
The Netherlands

GaBi

PE international,
based in Germany

Boustead
Model

REGIS

Boustead
consulting Limited,
UK
ifu (Institute for
Environmental
Informatics)
Hamburg, Germany
Sinum AG, Swiss

CES eco
selector

Granta Design Ltd.,
UK

Umberto
Carbon
Footprint

Data used in software
Ecoinvent, US LCI,
Danish input-output
database, Dutch inputoutput database, LCA
food database, Industry
data (Optional: Japanese
input-output and IVAM
database)
PE in-house database,
ELCD, Plastics Europe
data
Boustead in-house
database

Calculation
Products LCA

Copyright
Commercial

Products LCA

Commercial

Products LCA

Commercial

Ecoinvent

Products and
corporate carbon
footprint

Commercial

Ecoinvent

Products LCA,
corporate eco
performance, LCI
modelling
Energy usage and
carbon footprint of
products and
processes

Commercial

Granta in-house database

Commercial

Table 5 Construction-specific LCA software
Software

Developer

Athena
EcoCalculator

Athena Institute,
Canada

BEES (Building
for
Environmental
and Economic
Sustainability)
Carbon
Calculator

National
Institute of
Standards and
Technology
(NIST), US
Environment
Agency, UK

In-house database

DEMScot model

Cambridge
Architectural
Research
(CAR), UK
Franklin &
Andrews, UK
Faithful & Gould
(Atkins), UK
Ramboll, UK

Bath ICE v. 1.6a for the
embodied energy and
carbon calculation

LifeCycle
Knowledgebase
Ramboll Carbon
calculator

3.3

Default data used in
software
Athena’s  in-house
datasets, US Life Cycle
Inventory

Bath ICE v.1.6a, Jakobs
UK in-house calculation,
Defra  (2009)’s  
greenhouse conversion
factors

Calculation

Copyright

LCA for common
building assemblies
(Limited to North
American cases)
LCA and LCC for
building products

Free of
charge with
registration

Embodied carbon of
materials used in civils
construction works,
transportation, site
energy use and waste
management
Both operational and
embodied greenhouse
gas emissions for
Scottish housing

Free access

In-house database
In-house database
Bath ICE v.1.6a, In-house
engineering judgement

Free access
(online
version)

Free access

Commercial
Materials + installation
+ waste
Embodied energy and
carbon of building
assemblies

Commercial
Commercial

Published LCA results of buildings

A number of academic papers have been published which consider the LCA of individual buildings
[22, 23, 24, 25]. A thorough review of these is outside the scope of this paper but particularly
useful recent reviews include those by Sartori and Hestnes [26] and Dixit et al [21]. These show
that authors have found a wide range of values for the embodied energy and carbon for buildings,
as shown in figs. 4 and 5. Dixit quotes Ding [27] who shows embodied energy values of between
3.6 and 8.76 GJ/m2 floor area. The two highest values come from papers by Treloar [28,29], who
uses a hybrid input-output analysis to reach the values. Sartori and Hestnes show values between
10 and 45 kWh/m2/yr [30, 31] equivalent to a total of 1.8 and 8.1 GJ/m2 floor area for a 50 year
lifespan (1GJ=278kWh).
Sartori and Hestnes further compare the results for embodied energy with operational energy,
dividing the total embodied energy by the design life of the building. Multiplying it up to give a total
embodied energy, it can be seen that the case in the first column [30] has (25kWh/m2/yr x 50years)
embodied energy which is equivalent to 20 years worth of operating energy (that is
(25x50)/60kWh/m2).

.

Fig. 4 Embodied energy values in residential buildings from Dixit et al (2010)

Fig. 5 Normalised total energy for end use energy cases in residential buildings reproduced
from Sartori and Hestnes, 2007(fig.5 p 254)

4. Summary, discussion & conclusion
4.1

Summary

There are no current regulations requiring the measurement of embodied energy and carbon in
buildings. Therefore the available data and methodologies are varied in scope and application.
There are three main sources of available information:
1

There are several databases which include embodied energy and carbon of standard

building materials and components. Some of these are construction sector-specific,
including that developed at Bath University [7], while others contain more general product
data.   These   provide   data   for   the   ‘cradle   to   factory   gate’   phase   of   the   embodied   energy.  
Manufacturers are also starting to develop their own EPDs which include this data, and
several of these are publically available.
2

Both commercial and in-house software tools have been developed to calculate whole life
cycle  embodied  energy  for  buildings  and  infrastructure  projects.  This  is  known  as  ‘cradle  to  
grave’  analysis.  

3

Detailed life cycle analyses (LCAs) of specific buildings, including housing developments
and individual dwellings, have also been carried out by academic researchers.

The proposed European standard pr EN 15804 sets out a clear methodology for the development
of Environmental Product Declarations, using a process-based life cycle analysis as shown in Fig 2.
This calls for a mandatory assessment of the impacts of stage 1 (product), and optional
assessment of the impacts of stage 2 (construction process), stage 3 (use) and stage 4 (end of life).
Other methodologies for life cycle assessment have been proposed including Input-Output
analysis and a hybrid version of the two.
A review of both the databases and the research literature shows a wide range for the calculated
embodied energy of buildings. This range in reported figures is due to the use of diverse product
data arrived at through different life cycle analysis (LCA) methodologies, different boundaries and
often for specific manufacturers, which are therefore non-comparable; different calculation
methodologies for the LCA of the whole building; and different building construction and designs.
Perhaps most crucially, inspite of the likelihood that they are underestimated by current analysis
methods, the results show that embodied energy and carbon can be a very significant absolute
value, as well as an increasingly high proportion of the whole life energy and carbon.
4.2

Discussion and conclusion

The existing databases provide limited data for the product stage (stage 1) of the process – that is
for the embodied energy and carbon in the building materials. There is less data still for composite
components, such as windows, services components and innovative materials and products.
There is also a particular shortage of data across the construction sector in the embodied energy
used and carbon emitted during stages 2 (construction), 3 (in use) and 4 (end of life) (see Fig 2).
Many construction projects last for several years and have hundreds of workers on site carrying
out energy intensive activities. The accurate prediction of energy use and carbon emissions during
standard site operations is a fundamental part of the calculation for whole life embodied energy.
Separately the development of off-site  construction  systems  has  been  heralded  as  a  ‘sustainable’  
solution, but the claims have not yet been justified through comparative calculations. The
development  of  an  accurate  ‘costing’  method  for  both  on-site and off-site construction activities will
enable the comparison of different techniques and materials. In addition there is a lack of general
data on the carbon and energy savings to be made by site management operations such as reuse
of subgrade rather than the import of new materials. Furthermore the calculation of the impacts of
transport to site of construction materials will support the European standard BS EN 15643, which
considers   the   social   and   economic   sustainability   of   construction   works   in   parts   3   and   4’   giving   a  
strong driver for the specification of local materials.
The elements of the in-use phase which relate to embodied impacts include replacement and
refurbishment, while ongoing maintenance and repair can be considered as part of the operational
energy requirements, in accordance with the suggestions of the SFfC [13]. A clear understanding
of service life of individual components is necessary for replacement and refurbishment to be
calculated as part of the whole life embodied impacts of a building, and will consist of a proportion
of stages 1 and 2 above.
Finally there is limited data on the energy used by demolition, reuse and recycling processes at the
end of life of a building. While these may be unimportant for building types with a long expected

lifetime such as UK housing, it is a key element of short expected lifespans such as stadia, where
design approaches are often required to consider deconstruction and reuse of components.
In conclusion, it is essential to measure the whole life embodied energy and carbon of buildings, as
well as their operational energy and carbon emissions. The comprehensive development of a
robust methodology, and a deeper understanding of its limitations, is a necessary prerequisite for
this. Various initiatives to develop and collate data and make it freely available are still in their
infancy, and these should be encouraged by the construction industry. It is hoped that the
forthcoming standardisation of EPDs should ensure that all manufacturers produce equivalent
information for their products within a few years. However the diversity of products used within
construction will mean that the LCA of individual buildings will remain complex.
This review will guide the future development of a consistent and transparent database and
software tool to calculate the embodied energy and carbon of buildings within the specific context
of the UK.
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1.

Introduction

Substantial reduction in greenhouse gas emission from primary energy use in buildings can
be cost-effectively achieved by using existing mature energy efficient technologies [1].
However, homeowners, who are the potential adopters, may not adopt the energy efficiency
measures due to lack of adequate and reliable information, lack of awareness [2, 3], or the
inability to interpret the available information. Informative policy instruments, which attempt
to influence behavior by means of persuasion, communication, and transfer of knowledge
could be useful to promote household energy efficiency measures [4, 5]. Expert advice may
help the potential adopters to improve their decision confidence [6], especially in difficult
decision situations [7] that are usually associated with adoption of unfamiliar and investment
intensive energy efficiency measures.
The European Union (EU) directive on end use energy efficiency and energy services
(Directive 2006/32/EC) stipulates that the member states create a conducive atmosphere for
the market operators to provide more information and advice to final customers on end use
energy efficiency [8]. In several European countries, energy advice services for end users
have been in operation for several years. In Sweden, the municipality energy advice service
is recognized as an important informational instrument to improve energy efficiency in
Swedish detached houses [9].
The objectives of this study are to (i) understand homeowners’ awareness, perceived
importance, and level of satisfaction with energy advice service (ii) understand energy
advisers’ perception towards their job and measures they consider could improve their
services.

2.

Background

In Sweden, the public funded municipality energy advice service was introduced in the
1970s, discontinued in 1986 in the majority of municipalities when central government
funding was no longer available, and reintroduced in 1998 when funding became available
again. All 290 municipalities currently have energy and climate advisers (henceforth “energy
advisers”), who are mandated to provide cost-free, non-commercial, independent advice on
energy and climate issues to the general public, local companies and local organisations.
Owners of single-family houses are the main target group [10]. The Swedish Energy Agency
(STEM) outlines the role and responsibilities of energy advisers as that of “convey[ing]

locally and regionally adapted knowledge of energy efficiency, energy use and climate
impact and the potential to transform energy use in buildings and homes” [11]. Energy
advisers are not allowed to conduct individual house inspections or to participate in building
energy declaration [12].
The central government grant for energy advice services covers at least half-time
employment for energy advisers. STEM manages the fund and provides training materials.
Regional energy agencies coordinate the activities of the energy advisers in their respective
regions. The municipalities are responsible for organising the activities of the energy
advisers. About 45% of the municipalities have their own energy advice service, whereas
31% municipalities have a cooperative relationship with other municipalities, 8% have
agreements with consultants/energy companies and 16% use another form of arrangement
[13]. The municipalities are also responsible for ensuring that the service is offered
impartially and is not influenced by commercial interests. This means, for example, that the
consultants and energy companies entrusted with offering energy advice must not
sell/promote their own products or services [11].
There are large differences between different municipalities’ attitude towards energy advice,
whilst some take it very seriously, others consider it just to avail some extra monetary gain
from the centre [10]. They employ or hire energy advisers as full time/part time workers.
Their financial contribution to the energy advice service in 2008 varied from 10000 euro/year
by 11% of the municipalities to 2000 euro/year by 48% of the municipalities [13].

3.

Methodology

3.1 Survey of owners of single-family houses
We used a mail-in questionnaire survey to learn about Swedish homeowners’ perception of
energy advice services. Several questions on this aspect were part of a comprehensive
questionnaire to gather information about homeowners’ attitudes towards implementation of
energy measures. Stratified random sampling method was used and the survey was
conducted through Statistics Sweden during May – July 2008. Sweden is divided into 8
Nomenclature of Territorial Units for Statistics (NUTS) regions. The questionnaire was sent
to a sample of owners of detached houses in each of these NUTS regions. The total number
of questionnaire sent out was 3059 and after two reminders the response rate was about
36%.

3.2 Survey of energy advisers
In 2009 we conducted a mail-in questionnaire survey of municipality energy advisers
employed in all municipalities in Sweden. The addresses were retrieved from the Swedish
Energy Agency website. Questionnaires were sent to 232 energy advisers in April, and a
reminder was sent after three weeks in May. Some energy advisers are employed in more
than one municipality and we avoided sending the questionnaire to the same adviser
multiple times. About 66% of the energy advisers responded to the survey, but the response
rates for specific questions were lower. Hence, we report the effective number of
respondents (N) in reporting the results.

4.

Homeowners perception about energy advice service

4.1 Awareness
Homeowners were asked if there exists any energy adviser in their locality. About 50% of
respondents mentioned “yes”, 7% indicated “no” and the rest 43% “did not know” about the

existence of such services in their locality. There was a significant relationship between
respondents’ gender, age and geographical location and their awareness of energy advice
service in their locality. Homeowners, who were male, aged more than 65 years, or lived in
Central Norrland or North-Central NUTs regions were most likely to be aware of energy
advice service in their locality, while homeowners who were female, aged less than 36 years
and lived in Stockholm county were least likely to be aware of such service. However, most
respondents seem to be aware about the term “energy adviser” as 936 out of about 1100
respondents answered to a question on their perceived importance of energy advisers as a
source of information on energy measures (see Table 1).
4.2 Perceived importance
Homeowners may consult various sources for collecting information prior to the
implementation of energy measures. The extent to which a particular source will be
consulted will depend on the perceived importance of such a source. Our survey (Table 1)
showed that about 48% of homeowners considered energy advisers as an important source
of information on energy efficient building envelope measures.
Table 1: Homeowners’ perceived level of importance of various sources of information on
energy efficient building envelope measures
Sources of information

% of survey respondents1
Moderately important Not important
28
14
25
22

N
Important
Mean
940
58
Interpersonal sources
3.58
Construction
916
53
3.45
companies/material suppliers
936
48
24
28
Energy adviser
3.25
903
40
31
29
Installers/vendors
3.13
887
40
27
33
Internet
3.04
902
35
32
33
Energy supplier
2.98
924
29
38
33
Vi i Villa magazine
2.86
Visiting a house to see the 916
36
22
42
2.83
installation
900
29
30
41
Swedish Energy Agency
2.73
907
24
31
45
Exhibitions
2.57
901
8
27
65
Advertisement in TV
2.09
888
7
23
70
Home delivered leaflets
1.98
N = Number of respondents
1
Mean values are based on homeowners’ ratings using an ordinal scale of 1 = Not important, 5 =
Very important.

4.3 Consultation and implementation of suggestions
Homeowners may be aware of a specific source of information, to which they may also
accord higher importance, but still they may not actually consult that source. We found that
only 25% of those who were aware of an energy advice service in their locality had
consulted an energy adviser. Similarly, though 48% of the survey respondents considered
that energy advisers were important source of information on energy measures, but about
14% of the respondents had ever contacted an energy adviser. The respondents consulted
energy advisers for advice to reduce heat use (57%), reduce electricity use (44%), to know
about subsidies (23%), least cost electricity supplier (13%), and for other issues (16%).
About 53% of who consulted energy advisers thought that the suggestions from energy
advisers were of good quality. A greater proportion of respondents in Upper Norrland (69%),
who consulted an energy adviser, thought that the energy adviser’s suggestions were of
good quality, while it was 62% in North-Central and 44% in Central Norrland regions.

About 57% of respondents who consulted the energy advisers, especially those who thought
that the suggestions were of good quality (69%), had implemented the energy adviser’s
suggestion. Those who did not implement the suggestions thought that the suggestions were
not specific (21%) or already implemented (24%) or expensive to implement (33%).

5.

Energy advisers’ perception about their service

The majority of the respondents were more than 40 years old, male, university educated,
and employed part-time as energy advisers. About 46% of the respondents had less than 5
years of experience as energy advisers at the time of the survey, but about 70% of the
respondents had past experience in the field of energy and environment. About 80% of the
responding energy advisers were satisfied with their jobs, and approximately 83% of
respondents consider that energy advice service effectively contribute to the sustainable
development of the society. 52% of the responding energy advisers agreed/fully agreed with
the statement “I am able to fulfil homeowners’ expectations”.
5.1 Homeowners consultation with energy advisers
Approximately 43% of energy advisers thought that fewer than 50% of homeowners in their
municipalities were aware of their services, whereas 11% of energy advisers thought that
more than 75% of homeowners in their municipality knew about the service. Almost all
energy advisers used some sort of mass media outlet to publicise the availability of their
services. About 78% of the respondents had their own website, whereas 47% advertised
through the local media, and 19% used direct mailings such as home-delivered leaflets.
Usually it is the homeowners who contact the energy advisers, and information provision
over the telephone is the most common activity. The majority of the responding energy
advisers agreed that homeowners usually consult them to obtain information about heating
systems (92%), how to reduce household energy costs (68%) and government subsidies
(63%), to obtain assurance about measures that they had already planned to undertake
(63%). Separately, about 76% and 70% of the respondents (N=151) reported that
homeowners often enquire about investment cost and energy cost savings, respectively.
Questions about technical details (38%) and environmental benefits (13%) were infrequently
asked.
5.2 Factors related to organisational and job characteristics
Table 2 depicts energy advisers’ perception regarding various factors that could potentially
affect the quality of their service. Energy advisers are employed by the municipalities, but
STEM is the major financier. It also provides training and information materials to energy
advisers. Hence, the perceived support of both organisations may influence energy advisers’
job performance. About 86% of the respondents agreed that they received full support from
STEM, whereas 66% expressed similar views regarding the municipality employing them.
Table 2: Respondent energy advisers’ level of agreement with statements regarding factors
related to organisational and job characteristics
Energy advisers’ responses to statements regarding…..
I get full support from regional energy agency
I get full support from STEM
I have functional freedom
Energy advice is important in my municipalities energy
strategies
I have good up-to-date information to perform the job
I get full support from my municipality

Agree
84
86
87
73
74
66

% of respondents
Neither nor Disagree
9
7
11
3
9
4
20
7
22
19

4
15

My workload is high
I have a clear job description
I have sufficient financial resources to effectively perform my
duties
Number of respondents = 151

56
49
54

32
33
18

12
18
28

5.3 Measures to improve awareness about energy advice service
The highest percentage of responding energy advisers agreed that increased
advertisements in mass media outlets should increase homeowners’ awareness of energy
advice services (Table 3). Energy advisers did not have a strong inclination to increase
interaction with installation companies, manufacturers, or builders.
Table 3: Percentage of energy advisers who agreed that various measures could improve
homeowners’ awareness of their services
Possible ways of improving homeowners’ awareness of energy
advice service

% of respondents who
agreed1

Increase advertisements in mass media outlets (N=147)
74
Presentations to employees in various organisations (N=149)
71
Internet-based advertisements (N=137)
67
More open house meetings (N=149)
64
Increased co-operation with energy supplier (N=144)
40
Increased cooperation with installation company (N=145)
37
Involvement in subsidy processing (N=147)
35
More association with manufacturers (N=140)
32
Increased cooperation with builders (N=142)
30
N = Number of respondents
1
The rest of the respondents either disagreed or had a neutral opinion regarding the statement.

5.4 Measures that energy advisers suggested would improve their performance
Even though 74% of the energy advisers reported that they had good, up-to-date knowledge
as required for them to perform their duties, an equal proportion of the respondents agreed
that they needed more education and training on technical aspects of energy measures as
necessary to improve their performance (Table 4). Especially respondents with a
background in the natural sciences agreed that they needed more education and training on
technical aspects of energy measures as necessary to improve their performance (not
shown in the table).
Table 4: Percentage of energy advisers who agreed that various measures would help to
improve their performance
Measures that might improve energy advisers’ performance

% of respondents who agreed1

More technical education and training (N=150)
More economic support (N=152)
Standardised selection process for energy advisers (N=148)

75
70
63

More training in communication (N=152)
57
Contacting homeowners for follow-ups (N=150)
53
More house visits (N=149)
50
Feedback from homeowners (N=149)
48
Performance-based incentives (N=150)
38
1
The rest of the respondents either disagreed or had a neutral opinion regarding the statement.
N = Number of respondents

6.

Discussion and conclusions

Though energy advisers were considered as an important source for information pertaining
to energy efficiency, a significant percentage of homeowners did not consult them. One of
the reasons for this is because of low awareness about the energy adviser service. About
50% respondents were aware of the existence of such a service in their locality. Similarly,
approximately 43% of energy advisers thought that fewer than 50% of homeowners in their
municipalities knew about their service. Hence, it may be worthwhile to initiate steps to
increase the awareness of energy adviser service among the target group of such service.
Mass media advertisement is the most preferred option by energy advisers to improve the
awareness about their service. The second most recommended strategy was for energy
advisers to give presentations about energy issues to employees at various organisations.
Environmental issues are increasingly receiving attention in Swedish organisations, and
therefore, employees may be interested in listening to energy advisers. Energy adviser may
convince organisations to arrange this type of presentation and it would be cost-effective for
an adviser to talk to a number of people at the same time. Open house meetings were also
recommended by 64% of the respondents. However, advertisements in mass media outlets
may be necessary to inform the public about such meetings. About 67% of the respondents
thought that the Internet, which is increasingly used to disseminate information widely, could
be used to inform people about energy advice service. A well-designed, up-to-date, and
easily accessible website may attract visitors, who in turn may inform others about the
existence of the energy advice service. Though builders, equipment suppliers and installers
were important source of information for homeowners [14, 15, 16], only few energy advisers
preferred to have increased co-operation with such private actors. This may be because
such associations could dilute the perceived neutrality and credibility of energy advisers in
the eyes of homeowners. Whether an adviser’s input is accepted may depend on his or her
credibility as perceived by the individual requesting the advice [17]. However, frequent local
exhibitions/workshops organised by energy advisers, in which builders, installation
companies, manufacturers are invited to talk and demonstrate their products, may facilitate
useful interactions between the energy advisers and such private actors. To avoid the
perception of bias, energy advisers might try to involve as many different manufacturers and
vendors as possible. Additional resources might help energy advisers to organise such
events more regularly.
About half of the responding energy advisers did not perceive that they had fulfilled
homeowner expectations. This result roughly corresponds to the perception of homeowners;
50% of the homeowners who contacted energy advisers were not satisfied with the
suggestions received. At the same time, about 57% of respondents who consulted the
energy advisers, especially those who thought that the suggestions were of good quality
(69%), had implemented the energy adviser’s suggestion. These findings suggest that it is
beneficial to continue the energy advice service, but more efforts are needed to improve the
quality of energy advice service which will increase homeowners’ satisfaction with such
services.
Majority of energy advisers reported that they needed more education and training on
technical aspects of energy measures to improve their performance. Further technical
education and training might improve the confidence of energy advisers to answer specific
questions or suggest specific solutions to homeowners. A confident adviser could more
easily encourage a client to implement his or her suggestions [18, 19] because individuals
consider the perceived expertise of an information source in implementing suggestions [17].
In addition to their level of competency, service providers’ responsiveness, courtesy, and
communication skills could influence clients’ acceptance of advice [20, 21]. Extra
behavioural efforts on the part of service providers may make a client perceive the service
as high-quality [22, 23]. Hence, improved communication skills may help energy advisers to

fulfil homeowners’ expectations. About 57% of energy advisers agreed that more training in
communication skills would improve their performance. Improved communication skills and
training in specific energy technologies may help energy advisers “sell” energy efficiency
measures more effectively.
At present there are no general selection criteria for the employment of the energy advisers.
The advisers recruited have different educational backgrounds and varying years of
experience. About 63% of the energy advisers were of the view that a selection process
based on some standard criteria could improve the service. It might also be easier to
prepare information materials and provide training for energy advisers with similar
backgrounds.
A large number of energy advisers reported that they did not have sufficient financial support
to execute their job. Greater financial resources may help energy advisers to participate in
skill enhancement programs, improve networking and interaction with other actors, and
promote their services which all may increase energy advisers’ ability to satisfy their
customers. Furthermore, increased economic support may allow more energy advisers to be
employed full-time if financial constraints are a factor in the predominance of part-time
employment in the majority of municipalities.
The services currently provided by energy advisers are mainly offered over telephone,
providing a remote personal encounter [21]. Customers may not prefer this approach over
face-to-face interaction [24, 25], and face-to-face interaction also reduces the potential for
misunderstandings [26]. The majority of energy advisers (91%) also agreed that face-to-face
interaction is an effective way to provide advice. 50% of the responding energy advisers
agreed that their service performance would improve if they visited the homeowners.
Through home visits, they would be able assess each house and make suggestions specific
to the homeowners’ situation. Palm [27] reports that homeowners prefer energy advisers’
suggestions based on home visits. However, 45% of energy advisers never made home
visits, although the rest make home visits at least once per year. To improve the energy
advice service, energy advisers may be encouraged to make home visits. The existing
regulations prohibiting them from making building inspections might also be amended.
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Summary
The sustainability assessment of a building must represent a part of an integrated evaluation of the
building performance. The envelope is one of the main parts of the buildings and external walls
directly influence its thermal and environmental performance because of their considerable weight
in the initial embodied energy, life-cycle energy consumption and whole-life cost. Therefore, this
paper proposes an approach to provide the environmental, energetic and economic life-cycle
assessment from “cradle to cradle” (3E-C2C) of building assemblies and exemplifies its application
in the process of selection of the external wall of a building.
The 3E-C2C approach was developed following the guidelines already included in European draft
standards for the sustainability assessment of buildings and construction products that will be in
their final version by the beginning of 2012. The environmental performance of the external wall
solutions were compared from “cradle to cradle” following a “Life-cycle Assessment” methodology.
The energetic performance considered in the 3E-C2C approach corresponds to the estimation of
consumption of energy for heating and cooling during a building’s operation and the economic
module is based on the “Whole-Life Cost” methodology.
The 3E cost-C2C approach complements 3E-C2C and provides a common subjectivity-free unit to
compare different alternatives in the design of a building by using an “Environmental Impact
Assessment Method” with a weighting step (that converts the results of all impact categories in an
economic unit). This procedure allows for the addition of the cost associated with the
environmental impacts on the economic and energetic whole-life cost and allows selecting
alternatives (even if they are not functionally equivalent) by considering all the relevant
performance indicators in all the key life-cycle stages.
Keywords: building, cradle-to-cradle, eco-costs, energetic performance, envelope, European
standards, external walls, Life-cycle assessment, whole-life cost.

1. Introduction
In Europe, the “Energetic certification of buildings” [1] has already had positive consequences, not
only in terms of the thermal performance of the buildings. In Portugal, for example, it is already
possible to establish a direct relationship between the energy class and the quality of construction.
With the minimization of carbon emissions resulting from the exploitation of buildings, the
measures to control and reduce the environmental impacts of the entire production chain of
construction have become a priority. For this reason, it is time to begin determining the “carbon

invoice” of the production of construction materials and construction of buildings [2]. As soon as
this determination has credible and statistically significant data, the theoretical “carbon invoice” can
become a real environmental tax to be applied to new constructions (and may be an incentive for
rehabilitation works). Even though the European building industry has energy efficiency as its most
recent priority, in a desirable future it will be possible to evaluate a building, and make its energetic
certification via a balance of the environmental impacts of its materials in its whole life cycle. To
fulfil the ISO 15392 general principle "holistic approach” [3], the sustainability assessment of a
building must represent a part of an assessment of integrated building performance [4, 5]. In
Spain, for example, a simplified “Life-Cycle Assessment” (LCA) methodology to be included in the
process of energetic certification of buildings has already been proposed. This method uses the
“Environmental Product Declarations” of construction materials that are already available [6]. In
Italy, the need to integrate life cycle assessment quantitative indicators in the process of energy
certification has also been identified [7].
The envelope is one of the main parts of the buildings. One of its parts, the external walls, directly
influence the thermal and environmental performance of the building envelope because of their
considerable weight in the envelope’s initial embodied energy, life-cycle energy consumption,
whole-life cost and users comfort. They can represent up to 15 % of the overall environmental
impacts of a building over a 60-year life-cycle [8] cited by [9]. The environmental impacts of each
external wall solution result directly from the attributes of the materials used, such as its initial
embodied energy and thermal properties and the way the solution is designed and built. A detailed
review of LCA results of more than 10 years of international research studies on the environmental
impact of a building’s external walls has shown that all the studies include the production of the
construction materials and the majority (63%) evaluate the embodied energy of each external wall,
but just a third include the end-of-life of the building assembly and no more than 42% include the
construction, operation and maintenance stages [10]. Therefore, this paper proposes an approach
to provide the environmental, energetic and economic life-cycle assessment from “cradle to cradle”
(3E-C2C) of building assemblies and exemplifies its application in the process of selection of the
external wall of a building.

2. Proposed environmental, energetic and economic
assessment from “cradle to cradle” (3E-C2C) approach

life-cycle

A methodology to identify optimal levels of performance of building elements that only include
construction and energy costs optimization is proposed in the Recast of the “Energy Performance
of Buildings Directive” of 2010 [11]. This approach is insufficient since it disregards environmental
aspects of the building element in the life-cycle analysis that leads to a “cost-optimal level”.
Therefore, this paper proposes an approach to provide the 3E-C2C of building assemblies along
the guidelines included in European draft standards under development by Technical Committee
(TC) 350 of the “European Committee for Standardization” (CEN/TC 350 - “Sustainability of
Construction Works”). These standards for the sustainability assessment of buildings and
construction products, which have been structured into three horizontal levels (framework, building
and product) and into three vertical columns (environmental, social and economic) while always
taking into account technical and functional performance characteristics, will be in their final
version by the beginning of 2012. This harmonized European system will allow the assessment of
the environmental, social and economic performance of buildings based on a life-cycle approach.
The application of the 3E-C2C approach allows for the evaluation and comparison of building
assemblies by: Considering their whole life-cycle (C2C); Assessing the 3E-C2C impacts and taking
into account all the factors that could affect them (e.g. the performance of the assembly in the use
phase of the building, service life and recycling potential).
The experimental application of the 3E-C2C approach to the process of selection of the external
wall solution for a new (model) building in Portugal allowed the improvement and refinement of
each of its modules and steps. Each part of the 3E-C2C of these assemblies was based on and/or
compared with data included in other studies already finished in Portugal concerning the energetic,
economic and/or environmental performance of solutions for the building envelope.

2.1

Scope of the study

The 3E-C2C approach was applied to a process of selection of the external walls of a model
building called HEXA (developed within the LiderA, the Portuguese building environmental
certification system), which has five residential floors (the ground floor is to be used for commerce)
[12], represents the most common constructive and architectural practices in Portugal but has not
been built yet [13]. The HEXA design drawing can be seen in Figure 1 (the building faces South),
and the object of the study is the apartment on the left located on a middle floor without an
adjacent building on the East façade. The location chosen for HEXA in this study was Lisbon.

Figure 1 - HEXA design drawing of a middle floor: the object of the study is the apartment on the
left, without an adjacent building on the East façade [13]
The external walls under analysis are located in the North and South façades of the flat and the
functional unit is a square meter of external wall (the East façade is considered to be wall W1 - see
Table 1 - for all alternatives). The reference study period was defined as 50 years [12]. For the wall
structure, only masonry solutions were considered (the most common solution in Portugal) and for
insulation, the materials studied were Extruded Polystyrene (XPS) (inside a cavity wall) and
Expanded Polystyrene (EPS) and Agglomerate of Expanded Cork (ICB) within an “External
Thermal Insulation Composite System” (ETICS) (Table 1) [12].
The data of life-cycle stages of the external walls included in each module of 3E-C2C approach in
the present case study are summarized in Table 2 and described in detail in sections 2.2 and 2.3.
Table 1 - Characteristics of each external wall solution (North and South façades), including
maintenance actions
External wall U-value
External
EC
Wall
solution (W/m2.K) cladding (EC) maintenance structure
Cavity
Painted
Total
W1
0.47
wall:
cement plaster cleaning and
15+11 cm
repainting
Brick wall:
W2
0.45 ETICS system every 5 years
22 cm
and repair of
Brick wall:
W3
0.48 ETICS system 35% of the
22 cm
area at 25
Brick wall:
years
W4
0.4 ETICS system
22 cm

Wall insulation

Internal
IC
coating (IC) maintenance

4 cm of XPS in
the air gap
6 cm of EPS in
ETICS
6 cm of ICB in
ETICS
8 cm of ICB in
ETICS

Painted
cement
plaster

Total
cleaning and
repainting
every 5
years; repair
of 5% of the
area each 10
years

Table 2 - Data of life-cycle stages of the external walls included in each module of 3E-C2C
approach in the present case study
Use stage - energy
End-of-life stage
Transport
Use stage Production
use for heating
- transport and
to site
maintenance
and cooling
deposition
Environmental performance
x
x
x
Economic performance
x
x
x
x
Energetic performance
x
3E-C2C module

2.2

Environmental performance

The environmental performance of the external wall solutions were compared from “cradle to
cradle” following “Life-cycle Assessment” methodology (LCA) (based on ISO 14040:2006 and ISO
14044:2006 international standards [14, 15]). This procedure allows LCA results from different
studies to be compared and to be used to make meaningful choices [16, 17].
The environmental module of the 3E-C2C approach also followed most of the principles already
included in the draft standards FprEN 15643-2:2010: “Sustainability of construction works Assessment of buildings - Part 2: Framework for the assessment of environmental performance”
and prEN 15978:2010: “Sustainability of construction works - Assessment of environmental
performance of buildings - Calculation methods”, as the following ones:
The assessment of the environmental performance shall apply the LCA approach in accordance
with the guidelines and requirements of ISO 14040:2006 [15];
The results of the assessments shall be organized in three main groups: impacts specific to
building fabric and site (results from the product stage and from the construction process stage),
impacts and aspects specific to building in operation (maintenance, repair, replacement, water
and energy use and all activities with an environmental impact) and results from the end of life
stage of the building;
The quantification of the impacts of operational energy is a direct result of the calculation of the
energy used during the use stage of the building according to the “Energy Performance Building
Directive” (EPBD) [1] and shall be derived from different energy carriers or LCA databases;
The impacts and aspects related with benefits and loads beyond the building life cycle, e.g.
those that result from further reuse, recycling potential and energy recovery and other recovery
operations, may be included as supplementary information. They are essential to promote and
allow a C2C approach in the life-cycle of the buildings and corresponding assemblies;
The default value for the reference study period shall be the required service life of the building
and the estimated service life of the assemblies shall take into account rules and guidance
included in the standards ISO 15686-1,-2,-7 and -8 [18-21].
2.2.1 Product stage
The LCA from the production of each construction material (“cradle to gate” approach) was
calculated using “SimaPro” software and available “Life cycle Inventory” (LCI) databases adapted
to the Portuguese reality when adequate. The LCI data used was:
Mainly “ecoinvent database system processes”, with a modification in the energy source to
represent the Portuguese reality (“electricity, medium voltage, at grid PT/U”);
The “ecoinvent system process” that corresponds to the production of ICB contains data from
one major producer in Portugal;
“CO2 sequestration” of cork oak tree (which benefits ICB) was estimated in a “conservative"
way, by simulating the incineration with energy recovering at the end of life stage and
considering the corresponding negative environmental impact right in the production phase [22];
The environmental impacts of the production of 1 ton of brick were based on the “Environmental
Product Declaration” (EPD) of masonry units with vertical hollows developed in 2009 by the
“Technological Centre for Ceramic and Glass”, in collaboration with the “Portuguese Association
of the Ceramic Industry” (APICER), based on data collected from 11 sites and on international
databases [23, 24].
2.2.2 Construction process stage
At this stage, only the environmental impacts of the transportation from factory gate to construction
site were considered (brick and mortars from Leiria area - about 150 km from building site - and
insulation materials from the corresponding factories - XPS from 273 km, EPS from 30 km and ICB
from 85 km away).

2.2.3 Use stage - energetic performance
The energetic performance considered in the 3E-C2C approach corresponds to the estimation of
consumption of energy for heating and cooling during a building’s operation, because these are the
only operational costs that the façade influences (ventilation, hot water and lighting uses are
similar between the external wall solutions being evaluated). These energetic needs were
calculated following the national regulation related with the “Energetic and interior air quality
certification in buildings” [25], which transposes the EPBD. This certification system forces the
construction, sale or rental of a building or house to be followed by the corresponding certification
of its energetic performance. For residential buildings, this regulation stipulates a maximum
consumption of heating (winter) and cooling energy (summer), and also limits the energy for
heating sanitary waters and the primary energy consumption [13].
To estimate the environmental impacts of the consumption of energy for heating and cooling, the
energetic needs of the apartment (in kWh) in the study period were divided by the total area of the
external wall being evaluated (40.27 m2) in order to achieve a value related with the functional unit
of the study. This value (in kWh) was introduced in “SimaPro” software and the corresponding
environmental impacts were calculated considering the process which represents the Portuguese
electricity supply (“electricity, medium voltage, at grid PT/U”).
2.2.4 End of life stage
At this stage selective demolition (or deconstruction) was considered to estimate environmental
and economic impacts of transport and disposal of “Construction and Demolition Waste” (CDW) in
adequate plants. This technique is increasingly being used in Portugal for environmental (allowing
the maximization of CDW reuse/recycling potential) and economic reasons [26]. However, for
ETICS solutions, it was considered that the finishing plaster and the insulation material are mixed
after demolition and therefore have to be considered as undifferentiated CDW (waste code 17 09
04 - mixed construction and demolition wastes [27]) and sent to landfill. The environmental and
economic costs of demolition works were not considered in this approach as they are similar for all
the alternatives being evaluated.
The cost and the environmental impacts of the transport and disposal of the CDW generated by
each external wall solution were based on Portuguese case studies which used data from waste
operators and market values. Therefore, the most probable disposal place (CDW management
and recycling plants of the Lisbon area) and final destiny (ex.: landfill, reuse or recycling) were
considered for each type of CDW [26]. For example, to estimate the environmental performance,
an operation of “rock crushing” and an avoidance of the product “crushed stone” with an output of
80% was considered for the mixture of brick and concrete from mortars (waste code 17 01 07 mixtures of concrete, bricks, tiles and ceramics [27]) that results from the demolition. However,
more studies are necessary in Portugal to evaluate the potential for improving the recycling and
reuse of CDW, namely via industrial symbioses, because the end-of-life phase can have a positive
contribution to the environmental performance of construction materials [28].
2.2.5 Environmental performance assessment
The LCA results C2C (without weighting or aggregation) for the external wall solutions being
evaluated are presented in section 3. Single score should never be used in public comparisons of
LCA results [14] and the interpretation and valuation of the results of the assessment are not within
the scope of LCA international standards [14, 15]. However, in order to allow for the application of
a 3E cost-C2C approach, an “Environmental Impact Assessment Method” (EIAM) with a weighting
step (that converts the results of all impact categories into an economic unit) was used to allow the
addition of the cost associated with the environmental impacts to the economic and energetic
whole-life cost. 3E cost-C2C may become universal, when the financial implications of each
environmental impact have been sufficiently assessed (ex.: the carbon market related with the cost
of CO2 emissions of the production of products). There are already examples of quantification of
“natural capital”, as the “Canadian Boreal Initiative” that calculated the value of the ecological
services of a valley in order to “tax” industries that destroy it [29]. The invisibility of many of

nature’s services to the economy results in widespread neglect of natural capital, leading to
decisions that degrade ecosystem services and biodiversity [30]. Only the definition of a universal
economic value of natural elements and services can avoid the excessive consumption of natural
resources. Nevertheless, as the value of nature starts being recognized, a global market for
services from ecosystems - the natural capital - emerges at the global level [31].
Concerning the EIAM, most of the academic LCA studies use a "single indicator" which weights the
results of each impact category to express them in the same unit: a "damage based" indicator (ex.:
Ecoindicator 99 whose unit is “Points”); a single issue indicator (ex.: global warming potential,
corresponding to the carbon footprint with “kg CO2 eq.” as its reference unit); a "prevention based"
indicator (ex.: eco-costs 2007, with an economic unit, the euro). All of them are suitable for
different types of analysis, but for C2C calculations eco-costs give the most satisfactory results.
Eco-costs defines a prevention based "single indicator" for environmental burdens which is based
on the concept of "marginal prevention costs" (e.g. costs required to bring the environmental
burden to a sustainable level, by either “end-of-pipe” measures or by “process integrated”
solutions). “Marginal prevention costs” include the eco-costs of toxic emissions, material depletion
and energy. One substance can cause damage in different impact categories but it has only one
prevention cost, so should be counted only in one impact category and eco-costs model considers
it only in the most relevant (most expensive) impact category. This EIAM was built based on the
Dutch reality by the “Delft University of Technology” but can be applied to other western European
countries [22]. The weighted results of the environmental performance based on the eco-costs
model are presented in section 4.
2.3

Economic performance

Whole-life cost (WLC) is defined as the “all significant and relevant initial and future costs and
benefits of and asset, throughout its life cycle, while fulfilling the performance requirements” [32].
The economic module of 3E-C2C approach is based on the WLC methodology [32] and followed
most of the principles already included in the draft standard prEN 15643-4:2010: “Sustainability of
construction works - Sustainability assessment of buildings - Part 4: Framework for the
assessment of economic performance”, as the following ones:
Only the cost value was considered to express the economic performance over the life cycle,
which means that the “lowest life cycle cost” building is the most economic one;
To link the results from environmental, economic and energetic performance assessments
requires that the functional equivalent is one and the same for all assessments.
The WLC from “cradle to cradle” of the solutions under analysis was estimated taking into account
these principles and considering current Portuguese practices. In order to facilitate the choice
between the competing alternatives, the “Net Present Value” (NPV) method was chosen. The NPV
of an alternative is the summation of all costs that occur during the period of study of the life cycle
of the solution under analysis, converted to their present value (using a discount rate) in order to
make the NPV of all solutions comparable in year 0 - the present moment which corresponds to
the design phase [12]. The NPV of the functional unit of each alternative was calculated for the
study period using equation (1) considering constant prices [32] and is presented in sections 3.
(economic - Cec - and energetic - Ceg - costs) and 4. (environmental cost - Cev):

NPV

Cn
(€/m2)
n
d)
0 (1

50
n

(1)

Where
Cn
cost in year n (€/m2);
d
real discount rate (without considering risk) applied (3%).
2.3.1 Product and construction process stages
Economic cost in year n per square meter of external wall - Cecn - includes, before use stage, the
market acquisition cost in year 0 (which aggregates the cost of products manufacture and transport
to site and the costs from the construction process), the maintenance, repair and replacement

costs in the study period. These costs were mainly obtained through market surveys, contacting
construction entities, as well as construction material suppliers [12].
2.3.2 Use stage - energetic cost
The energetic cost in the year n per square meter of external wall - Cegn - corresponds to the
expense in energy use for heating and cooling calculated following the methodology described in
the national regulation [25, 33]:

Ceg n

0.1 T (

Nic

Nvc

i

v

)

Aap
(€/year*m2 of external wall)
Aew

(2)

Where
T
cost of 1 kWh of electricity in Portugal for household consumers, with VAT but without fixed
taxes (€/kWh) (0.163 €/kWh considering an installation with more than 2.3 kVA [34]);
Nic
nominal annual heating needs per square meter of net floor area of the flat (kWh/m2*year);
nominal efficiency of the heating equipment (1, considering the reference value [25]);
i
Nvc
nominal annual cooling needs per square meter of net floor area of the flat (kWh/m2*year);
nominal efficiency of the cooling equipment (3, considering the reference value [25]);
v
Aap net floor area of the apartment being evaluated (129.96 m2);
Aew total area of the external wall being evaluated (40.27 m2).
2.3.3 Use stage - maintenance cost
Economic cost in year n per square meter of external wall - Cecn - includes the corresponding
maintenance, repair and replacement operation costs that occur in that year. However, the
environmental impacts of these operations are not considered in the environmental performance
module of 3E-C2C due to their variable and unpredictable nature.
The maintenance, repair and replacement operations defined in the study for each element of the
external wall are described in Table 1.
2.3.4 End-of-life stage
The economic costs in year 50, corresponding to end-of-life costs, only include those associated
with transport and disposal (gate cost or tipping fee) of the building assemblies and costs and/or
revenues from reuse, recycling, and energy recovery ([26]), using the approach described in
section 2.2.4.

3. 3E-C2C results
Here the LCA results in five environmental categories (using an EIAM with a mid-point approach CML 2 baseline method 2000) (Table 3) are presented along with the economic and energetic ones
(Figure 2). The environmental performance results are expressed in an economic single indicator,
and their combination with economic and energetic performance results, are presented in section 4.
Table 3 - LCA results - C2C of each alternative, without energy use
Environmental category

W1

Results for W2 / %
W3
W4
of difference for W1
-9% 5.61E+01 -18% 5.71E+01 -16%
1.1. Global Warming potential (kg CO2 eq.) 6.64E+01 6.10E+01
1.2. Ozone layer depletion (kg CFC-11 eq.) 2.03E-04 4.97E-06 -3985% 4.67E-06-4252%4.63E-06-4282%
1.78E-02 2.84E-02
37% 1.74E-02 -2% 1.80E-02 1%
1.3.Photochemical oxidation (kg C2H4)
2.40E-01 2.29E-01
-5% 2.15E-01 -11% 2.22E-01 -8%
1.4.Acidification (kg SO2 eq.)
3.91E-02 8.05E-02
51% 9.28E-02 58% 1.01E-01 61%
1.5.Eutrophication (kg PO4-3 eq.)

Concerning the environmental performance (LCA without energy use), W1 has a better result only
in terms of “Eutrophication”, mainly due to the effects of components of ETICS solutions that are
sent to landfill in the other alternatives. The worst performance of W2 in the “Photochemical
oxidation” category results directly from the environmental impact of EPS production. The

production of XPS results in “Ozone layer depletion", making this environmental category
significant only for W1. The effect on “Global Warming” of W3 and W4 is mitigated by the
consideration of “CO2 sequestration” of cork oak trees that benefit ICB.
The LCA results of the energy use of each solution do not differ more than 2% from each other and
are not significant to help in the choice of the one with the best environmental performance.
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Figure 2 - NPV of the economic (Cec - 2.1, 2.2, 2.3) and energetic (Ceg - 3.) costs of each option
Concerning the economic and energetic performance (Figure 2), different conclusions can be
drawn. The acquisition costs increase from W1 to W4 and this factor really influences the final
result, making W1 the best solution in this module of 3E-C2C. However, if the building is not
demolished after 50 years, the insulation material starts losing its characteristics and should be
replaced. Then, W1 will be the solution for which this operation will be more complicated and
expensive because of the location of XPS. W4 has the best energetic performance, which results
directly from the lower U-value of this solution.

4. 3E cost-C2C results
Section 3. shows that it is important to analyze the results of each module of 3E-C2C separately,
but if it were necessary to make a sound choice of the alternatives with a justifiable criterion, what
should be the weights that have to be applied for environmental, economic and energetic results?
3E cost-C2C provides a common subjectivity-free unit to compare different alternatives in the
design of a building. For each alternative, the cost in year n per square meter of external wall is the
sum of the environmental (Cev), economic (Cec) and energetic (Ceg) cost:
C n Cev n Cec n Ceg n (€/m2 of external wall)
(3)
The NPV of each alternative is achieved by applying equation (1). Cev corresponds to the
application of the EIAM eco-costs to the LCA results already shown in section 3.
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Figure 3 - NPV of the environmental (Cev - 1.1 to 1.4) cost

Looking at Figure 3, W3 and W4 show the lowest environmental cost in the production stage,
mainly due to the consideration of “CO2 sequestration” during cork oak tree grown. W1 has the
greater environmental cost in the transport to site stage because XPS is produced in the more
distant plant between the materials used. Costs of end-of-life environmental impacts are negative
for all the alternatives because it avoids “crushed stone” due to the recycling (crushing operation)
and reuse of the mixture of brick and concrete from mortars that results from the demolition of the
walls and that is more significant for W1 (because it includes a higher quantity of brick and
masonry mortar and is the only one that includes exterior render).

5. Discussion
3E cost-C2C results (Figure 4) show the importance of economic cost, which represent more than
55% of the total cost for all four alternatives. This fact, along with the small difference in the total
cost between the alternatives (4% between the most and the least expensive), makes the result of
this study highly dependent on the uncertainty inherent to market prices for acquisition and
maintenance operations (the former are more important because they occur in year 0).
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Figure 4 - NPV of the total environmental, economic and energetic cost of each alternative
Concerning the environmental costs, they decrease from W1 to W4 and are inversely proportional
to the acquisition cost. Therefore, it is not clear which solution can create a maximum value to the
end-user with minimum environmental burden, namely the one with the greater environmental
efficiency. However, if the increase of use of ICB results in a decrease of its cost and
environmental taxes in products acquisition become a reality, W3 and W4 have a high potential to
become the alternatives with the best performance from a 3E cost-C2C point of view. The use of
ICB also improves the acoustic performance of walls, but it is not ye possible to economically
evaluate this positive “social impact”.
Concerning the discount rate used for the calculations, a change of more or less 2% does not
significantly affect the final result. However, a value higher than 5% affects mostly W3 and W4,
because of their higher acquisition cost.

6. Conclusion
This paper proposes an approach which was developed following the guidelines already included
in European draft standards, 3E-C2C, and that allows the comparison of two or more assemblies
and to select the best alternative (even between solutions that are not functionally equivalent
because of the C2C approach that also considers the use and end of life stages and the reference
service life) via a multi-criteria analysis if weights are defined for environmental, economic and
energetic results. This subjectivity can be eliminated with the use of 3E cost-C2C, which expresses
all the results in the same unit and therefore allows choosing alternatives (even if they are not
functionally equivalent) by considering all the relevant performance indicators in all the important
life-cycle stages.
The 3E-C2C data could be also used in the management of the building to allow a permanent
monitoring and update of the 3E impacts of each assembly, namely after each maintenance or

refurbishment activity. In the future, this feature can be important to allow the renewal of the
energetic and/or environmental efficiency certificates.
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Summary
PERFECTION is a European FP7 Coordination Action for Comfort, Health and Safety of the Indoor
Environment which started in 2009 and lasts for 3 years. It was presented as a project for the first
time in the SB08 Conference in Melbourne, right before the real start of the project. At the time of
the SB11 Helsinki conference the project is in its end phase, a good point to present the most
important achievements of the project.
The PERFECTION KIPI Framework presented more in detail in [1-9] forms the basis of an
indicator toolbox and a software tool to evaluate the indoor performance of buildings during design
or in use. The framework, toolbox and software also allow communicating on the performance of
individual building products or services and of buildings itself with reference to the PERFECTION
KIPI Framework. Within the project a series of projects have been evaluated in the context of case
study work and a lot of attention was given to the interaction with the user community, i.e. the
industry and the building users, in order to create awareness and verify market demands.
Based upon the indicator related work the project consortium also undertook policy-oriented work
and prepared recommendations and policy papers on indoor environmental technologies,
standards and regulations, the use of indicators and RTD needs related to the indoor environment.
The project considered not only the evident themes such as comfort, health and safety, but also
aspects such as accessibility, adaptability, flexibility and positive stimulation.
Keywords: performance indicator, indoor environment, indoor performance, health, comfort, safety,
security, usability, positive stimulation, adaptability, serviceability, decision support

1. The PERFECTION KIPI Framework
The Key Indoor Performance Indicator (KIPI) framework in PERFECTION contains 4 main categories, each composed of 2 subcategories, and 31 performance indicators. The KIPI Framework is
presented in detail in Fig 1 and in [1]. The four main categories of the KIPI Framework are:
Health and Comfort, dealing with items such as mould growth risk, ventilation/CO 2, combustion sources/infiltration, particulate matter, drinking water quality, operative temperature/PPD, illuminance, daylight factor, background noise level and reverberation time.
Safety and Security, covering safety in use, feeling of safety, meeting current regulation,
Building type specific safety issues, personal and material security, security of information
and reliability in exceptional cases.

Usability and Positive Stimulation, with as indicators access to and in the building, wayfinding, adjustability, view to outside, privacy, feelings and sensations and availability and quality of recreational spaces.
Adaptability and Serviceability, in which versatility and protection, technical service life,
adaptability to climate change, branding and cultural heritage, availability of services in the
building, cleanliness and maintainability are considered.
From the 4 categories, health and comfort is clearly the one which is most covered by research,
technological development and indicators. From the European point of view, health and safety are
areas which are well subjected to regulations and standards, both existing and under development.
Comfort seems to be less covered by regulations, but is clearly well addressed in standards. The
other 5 sub-categories seem to draw in general less attention from policy makers, industry or the
public. In the future this may however change, certainly if the indoor performance becomes a well
known concept for which business opportunities are demonstrated.

Fig 1. The final Perfection KIPI Framework

2. The PERFECTION Products and Technologies Database
The PERFECTION (products and technologies) service aims to provide a commercial platform, a
search engine for locating all sorts of manufacturers, distributors, resellers of products that are, in
some way, affecting positively a subset of the PERFECTION KIPI Framework and are, in this way,
contributing to a better indoor environmental quality. The PERFECTION products platform directly
brings into contact indoor environmental quality product providers and potential product buyers.

The web site dedicated to the promotional tool is available since September 2010. It is on line at
http://products.indoorperformance.net, but currently protected with a username and password. A
screenshot is taken up in figure 2.

Fig. 2. A screenshot of the PERFECTION Products and Technologies Promotional Service.
The tool should be publicly available around June 2011. Indeed, the consortium has been filling the
database of this tool with technologies and products identified by the consortium and the CES
members. A letter has been prepared and sent to the manufacturers and companies involved requesting editing and approval of information.
The aim is to develop based upon the feedback a business case for this promotional service for
indoor environment products, tools and technologies, which is now only available in a kind of prototype version. If necessary, the tool will be adapted in order to allow products.indoorperformance.net developing a transparent, long-term relationship with its users, which
are on the one hand product and technology providers and on the other hand users and potential
clients.
•
indoor environmental quality product providers will be able to access the service in order to add information about their products and their contact data while potential buyers
can search or express their interest for a related product.
•

Visitors to the service will be able:
o To freely browse through all the service content; this includes all the product information published as well as all its provider related information.
o To search and find products that are impacting upon a given KIPI indicator, that the
visitor will select upon his interests.

3. The PERFECTION Toolbox and Case Studies
The PERFECTION case studies and toolbox form a significant element of the project and were
used in the first phase of the project to provide input to the development and understanding of the
KIPI indicators and how they can be used in practice.

3.1

The toolbox

The first step consisted in the development of a model and an experimental testing toolbox. The
tool served for the evaluation of the case studies based upon the performance indicators listed in
the KIPI Framework. The indicators list that was initially included in the toolbox was derived from
the first version of the indicator framework but, during the project, the tool followed the evolution of
the KIPI framework.
The indicators used in the toolbox (see figure 3) can be assessed into two different phases of the
building life. They can be assessed
during normal operations that are
performed inside the building (assessment in operation), or they can
be assessed during the design
phase (assessment in design),
when a new building is being built or
is undergoing a renovation process.
The indicators can be assessed in a
simple way, by means of site visits,
user surveys or reviews of design
plans (simple assessment). However, for some indicators it can also
be useful to perform a more detailed
assessment (detailed assessment),
provided that additional information
is available. Whatever assessment
method is selected, the indicators
are evaluated against five performance level (from A to E, where A is
the highest and E the lowest).
Some indicators defined in the
framework cannot be applied or are
simply not relevant to all the building types. In order to deal with this a
first estimation of the indicator impact on different building types was
provided.
The first version of the toolbox that
was created is based on an Excel
sheet. It is composed of two main sections:
Fig. 3. Excel tool screenshot
General Information, containing
some general information in order to provide a synthetic description of the building under analysis.
Indicator Evaluation, with a separation regarding the assessment during the design phase
and the assessment in operation.
The Excel sheet also contains a column for comments related to each indicator and a weighting
cell. However, with the evolution of the project, it was decided to include in the last version of the
Excel, a new section with a weighting system. The user has now the choice to select the default
weighting system applicable to the kind of studied building and proposed by the PERFECTION
consortium, or to use a personal weighting system (according to his own agenda and priorities).

3.2

The Case Studies (T2.4)

The case studies have been set up in two phases. In the first phase, a number of buildings have
been evaluated in a kind of iterative process during the development work associated with the
framework and toolbox:
• A housing renovation project in Belgium
• A new build hospital and an existing hospital in Finland
• An office building in France
• A redeveloped historic building in Italy
• A university office and teaching building in the Netherlands.
Further case studies have been addressed in the second phase. This phase has been undertaken
over the period June 2010 to May 2011. The case studies include shopping centers, further offices
and domestic premises. The Phase 2 case studies have been analyzed using the toolbox described before.
Both Phase 1 and Phase 2 case studies will be evaluated again once the PERFECTION DSS
software is finalized and up and running (see §4). The full findings from Phases 1 and 2 will then
be taken together in order to produce the final summary report.

4. The PERFECTION Decision Support System (DSS) for Buildings
The framework and evaluation methods form the basic elements of the PERFECTION DSS. The
target groups for this tool will be end users (individuals, builders, designers, etc.), whose design
decisions will be supported. It is in this sense that we refer to the tool as a decision support tool.
The DSS has been developed as an online tool based upon the KIPI framework and the KIPI toolbox. It can be accessed at http://www.indoorperformance.net.
This web site hosts the KIPI based building evaluation tool, a help section, a FAQ, a contact and a
showcase section where some evaluated cases are presented in order to illustrate the scoring
method (see Fig 2.). The tool is operational, but the software is still being adapted. The aim is to
finalize the work in June 2011.

Fig 4. The Perfection Decision Support System (Evaluation Tool)
The evaluation tool gives to registered users the possibility to execute an evaluation of their buildings. The evaluation process is currently as follows:

The user has to input generic data such as the project name, the city, the type of building,
the life cycle stage, the gross area, the height, etc...
Then he has to select the indicators that have to be evaluated and to determine the importance of the categories (for instance the Health and comfort could be a critical category and
the Adaptability and Servicability could be of marginal importance).
The third step in the evaluation process is to give to every selected indicator a rating. This
rating has to be determined in accordance with the methods developed in
parallel with the framework.
The user is also asked to indicate the
relative importance of the evaluated
indicator (Critical, Important, Standard,
Marginal). If the user needs it, it is also
possible to add comments to the chosen rating.
Finally, based on these elements the
system will produce a report in which
the indicator coverage, the scores and
the weights are clearly written.
This report may be exported as a pdf document and can be edited later if needed. A
screenshot of such a report is shown on Fig 4.
In the final version of the tool, the user of the
Fig 5. A screenshot of the report generated by the
tool will have to make a choice. Either he will
perfection DSS
evaluate the project according to a fixed
PERFECTION procedure (including all indicators and pre-set weights for instance) or he will do it according to his personal or organisational
preferences. In the latter case the user will not be able to claim conformity with PERFECTION
standards.

5. The PERFECTION Policy Paper and Roadmap
5.1

The Context

One of the work packages defined in the PERFECTION work program is devoted to the formulation of policy recommendations. At the time of writing this paper the work is still in progress, and as
such, the results presented here only give a preliminary view. As the PERFECTION project is a
EU-funded project, the aim was to make reference to European regulations and initiatives, such as
the Energy Performance of Buildings Directive (or EPBD Recast), the Construction Products Directive (in the near future Construction Products Regulation, CPD or CPR), the European Environment & Health Action Plan (EEHAP) and the Green Public Procurement Policy.
Having a look to the 8 sub-categories of the PERFECTION KIPI Framework it seems logic to make
a distinction between those categories which have to be addressed by regulations and/or policies
because they refer to the physical integrity of the users and occupants of the building and those
categories which have more to do with the quality of the building in terms of well-being, impact on
sustainability and design. Health and Safety clearly belong to the first group, while the other subcategories are part of the second group. The difference between both groups is that they are
treated differently in policy matters. Chances are big that this will remain so in the future.

5.2

The PERFECTION KIPI Sub-Categories in Policy and Regulations

The Health category refers clearly to 2 regulatory frameworks, the first one linked to the CPD, and
more specifically the third essential requirement hygiene, health and the environment, the second
one being the Drinking Water Directive (98/83/EC). As the protection of the consumer or user
stands central in these directives, it seems logic that most indicators falling under this sub-category
are regulated, either on the European or at the Member State level.
The Safety sub-category has a similar aim. Demanding safety in indoor environments has everything to do with the protection of the user of the building (and the objects which are present in the
building). As such, it is logic that regulations and standards address safety of buildings and indoor
environments in all its aspects. The CPD addresses safety through at least 3 of the essential requirements, i.e. mechanical resistance and stability, safety in case of fire and safety (and accessibility) in use. The safety of the indoor environment is also addressed by other regulatory frameworks, such as those addressing the single markets for goods and the safety of consumer products (such as the Machinery directive for instance).
Security seems to be different as a sub-category compared to Health and Safety. Indeed,
whereas health and safety clearly focus on the physical integrity of the users themselves, the security sub-category refers to a series of other aspects. Personal security is for instance only in a
number of buildings (such as public or defence related buildings) really relevant. The importance
given to material security and security of information will highly depend on the type of building. As
such, it seems logic that the security sub-category is less covered by regulatory requirements. The
initiative to put requirements for a particular building and/or indoor environment is left to the market.
The Comfort sub-category is from the viewpoint of the user a very relevant one as it directly affects well being. As such, the relevance of the performance indicators addressed in this subcategory will be quite apparent to most users. From the regulatory point of view, comfort-related
issues may be addressed, but much will depend on the type of building or the comfort issue under
consideration. Lighting requirements are for instance to be found in regulations affecting the quality
of the working environment. On the other hand, acoustical requirements are considered in the CPD
through the essential requirement protection against noise, and are sometimes integrated in member states’ building regulations. The EPBD itself deals partly with the comfort issue through its article 1, in which it is stated that the directive is promoting the improvement of the energy performance of buildings while taking into account indoor climate requirements. As the term ‘requirements’
is used, the focus is probably more on health-related issues than on comfort. Indeed, for the regulator protecting health is a major and priority issue whereas comfort is more situated in the market
play: comfortable buildings will have a higher market value.
With regard to the Usability sub-category most of the elements covered are not integrated in regulations, but are considered in voluntary initiatives and standards. The topic of adjustability is for
instance quite interesting when you are discussing sustainability aspects of indoor environments
and buildings. The exception is of course the access performance indicator, which addresses
amongst others the level of accessibility towards people with disabilities or ageing. This particular
indicator is covered by regulation, as both the CPR and the EPBD address accessibility as an important topic and most member states have defined specific regulations addressing the built environment and the buildings accessible to the public. From the societal point of view usability seems
to be an important topic for future policy work. First of all, the general objectives defined in European directives and regulations need to be translated in practical requirements and standards.
Secondly, as buildings and built environments have a long life and a slow replacement frequency,
addressing usability in regulatory frameworks and initiatives may have important consequences in
the long run on all dimensions of sustainability.
Together with adjustability,Adaptability of indoor environments is clearly an important performance indicator category if you think about the long term existence and use of buildings. Buildings

and indoor environments (can) become part of the cultural heritage of the future, and need to be
designed and built with an adequate technical service life. Moreover, they have to be robust
enough in order to be resistant and adapted to the effects of climate change. Most of these concerns are not dealt with in current regulatory frameworks.
The same holds for the sub-categories positive stimulation and serviceability. Both aspects
offer clear advantages for owners and/or users of buildings and indoor environments, but are not
addressed in regulations. The economic value of buildings with indoor environments having a good
performance should however be positively influenced. As such, improving serviceability and positive stimulation in buildings is mainly a market concern, and less a policy objective. Although it
must not be neglected that in specific building types, such as hospitals and rest homes, there are
also clear benefits for society with for instance a better and faster revalidation and/or integration.
5.3

Recommendations to Improve Indoor Performance in the Future

If one aims to improve the indoor performance of buildings through developing or improving policy
and regulations, one has to take into account the multiple dimensions of the indoor environment,
which are themselves only a part of the many dimensions determining the sustainability of the
building or built environment under consideration. Improving the indoor performance therefore demands a policy approach dealing on the one hand with the overall concept and on the other hand
with the individual sub-categories and performance indicators.
A project as PERFECTION does help to put forward and increase the visibility of the indoor environment quality concept. It is not the first and probably not the last time that we have to clarify that
PERFECTION aims the quality of the indoor environment, which is more than the quality of the
indoor air. Promoting the indoor performance concept remains therefore an important action point
for the future. It can be realised amongst others:
By stimulating indoor environment research and development of appropriate technologies.
By promoting standardisation and developing assessment methodologies for individual performances and for global evaluations (being part of overall sustainability evaluations for instance).
By issuing guidelines and codes of good practice.
By integrating indoor environment quality in technical specification for public buildings and
works, such as for instance schools, hospitals, etc.
By developing educational programs and courses on indoor performance for specific target
groups such as architects and designers, building professionals and students for the different building professions.
Besides the overall concept, policy initiatives can also address the individual sub-categories and
performance indicators of the KIPI framework. As illustrated in the former paragraph health and
safety are already well integrated in the existing regulatory framework, but this does not mean that
further work is not necessary. Research and technological development remains important in both
of these areas. With regard to health a lot of work remains for instance to be done to better understand the effects of the different contaminants present in the indoor environment. Translating the
safety requirements in practical guidelines and standards and in economic feasible designs stays
an important challenge for the future.
Most of the other sub-categories can only be partially addressed by regulations. Setting minimal
requirements for comfort, security, usability, positive stimulation, adaptability or serviceability is
less evident for a regulator than for the health and safety sub-categories, where the risk for human
beings is far more important. However, depending on the categories of buildings and the specific
performance considered, the legislator may take particular initiatives. Examples are the accessibility requirement for public buildings which is present in most regulations of member states or the
acoustical comfort and noise protection addressed sometimes in building regulations. Next to addressing and completing the regulatory framework, policy makers may stimulate the market to de-

velop and use new technologies and designs in order to improve the quality level of the built environment by stimulating and financing RTD-work and voluntary initiatives, for instance through financial support or tax deductions.

6. Conclusion
The PERFECTION project enabled the consortium to put indoor performance as a concept on the
forefront. The project resulted in a number of deliverables which have been presented here shortly.
The PERFECTION KIPI Framework, the toolbox and DSS software and the promotional tool for
products and technologies have been applied in a series of case studies with positive results from
the point of view of assessment and monitoring. The policy work of PERFECTION will help to include indoor performance in future regulatory work or policy initiatives. The work with regard to the
indoor performance is certainly not yet finished. Rather we are at the start of a new evolution.
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Summary
The user centric approach for buildings in use has been the interest in variety of research projects,
which have been concluded in 2010 in Finland. The rich data and significant research results are
not only interest of academic discussion but also a relevant set of recommendations for different
stakeholders connected with workplace industry and markets in practice. The synthesis of the research projects will provide guidelines how to develop the quality of workplaces for the future as
part of society´s well-being. The identification of several user profiles as well as four workplace
management orientations included with identification of indicators for building performance and
user performance in these projects.. Both the measureable and descriptive factors are relevant for
identification the user experience and different processes, which effect to user experiences.
The intention of this paper is to summarise the multidisciplinary approach, methods and overview
from the usable buildings and their management by synthesising the conclusions of workplace
research projects concluded within 2010. This enlarged perspective provides the possibility to
learn from different approaches. It also provides a complementary set of tools and methods to investigate asses and develop future workplaces. The methods used for making this synthesis are
document analysis and participatory workshops. The results include recommendations and implementation of the summarised results for different stakeholders who are interested in identification
of value adding elements of workplaces.
Keywords: workplace research, synthesis, well-being, responsible development

1. Introduction
The Real Estate business is an aggregate of a multitude of groups of key actors. Among the most
important group, is the one composed by the occupiers and users of the office buildings. Buildings
and their occupiers are complex systems and for any intended outcome there can be many unintended ones. At present the industry often seems to regard occupant interaction as meddling, but
appropriately designed interfaces can be an effective way of matching system operation to actual

needs, and achieving the desired outcomes of occupant satisfaction (and productivity); energy
efficiency (and lower emissions); and improved sustainability and cost effectiveness. [1] Even
though technical perspective to offices and human perceptions of the facilities are two different
areas of study it is suggested that in buildings, physical design issues and human and management issues, are inextricably linked - complete separation of influencing factors is not possible [2].
The building can be seen, felt and heard by the user - collectively known as artifacts. Artifacts
comprise the physical components of the organization that relay cultural meaning artifacts as the
tangible aspects of culture shared by members of an organization. [3] Artifacts are e.g. the facilities, offices, furnishings, technology, visible awards and recognition, company slogans, mission
statements and other operational creeds. [4] Additionally building is a technical entity and from the
perspective of asset management it is also an investment. Real Estate, also referred to as ‘the fifth
resource for production’ due to its primary goal to support the core business is a broad and generic terminology which may entice its users to forget that behind this very term, a there is a building
‘hiding’. For all building constructed, an occupancy purpose is fulfilled, with more or less success.
The level of services and resulting satisfaction from the office users constitute a primary focus of
corporate real estate. It therefore matters to understand to what extend the users of these facilities
are satisfied, but also whether or not the building observed serves its primary intended purpose
and maximizes the efficiency and effectiveness of its users and occupiers. [5]
The synthesis of the research projects, which aimed to investigate user-orientated workplaces, is
summarized in this paper. The first project focused on the office user preferences. The second
project focused on workplace management processes. The third research project focused on identification of indicators for building performance, while the fourth project aimed to understand the
feedback systematic in the maintaining phase of office buildings. This enlarged perspective provides the possibility to learn from different approaches. It also provides a complementary set of
tools and methods to investigate asses and develop future workplaces.
The structure of the paper is following. After the introduction the summary of the research projects
is presented. Chapter three focuses on the comparison of research methods and research processes in the projects. The final chapter draws the conclusions and presents the recommendations
both for the multidisciplinary research approach and the development of user centric workplaces.

2. User centric approach in the research projects
2.1

User profiles of offices occupiers based on preferences

Office occupiers’ preferences and needs in a changing business environment –project (PREFE,
2008-2011) aimed to understand the physical, social and virtual space attributes the office occupiers prefer in terms of location, buildings, workplaces and services. The study focused both on the
individual level and organization level needs and preferences.
The main data collection method was Preferences –surveys, which identified the the office users’
needs and preferences concerning the office location, building and workplace. Preferences –
surveys included:
Occupier survey in Finland: Survey for occupying organizations (decision makers)
User survey in Finland: Survey for office space users (individual employees)
International occupier survey: Global survey for corporate real estate mangers
Based on the survey results the analysis of organizations´ and employees´ preferences from multiple aspects was conducted. Survey results were also used for creating the preference profiles.

The employee level survey with over 1100 responses provided some really interesting findings.
After statistical analysis (Principal Component Analysis, Regression analysis and Cluster analysis)
the identification of three different preference profiles was possible.
The first profile consists of the group of employees who are in general more demanding
than the others. In general they value services and attributes that affect the environmental
impact of the work environment more than the other two profiles.
The second profile consists of employees who are more individually driven. These employees prefer to commute by (private) car and they want their own private room at the office.
The third profile consists of employees that are more collaboration driven and who actually
value public transport much more than the others.
The profiles indicate that one can in fact identify groups of people who share the same preferences,
but who do not share the same demographic background. All groups consist of young and old,
male and female respondents. This means that we should not without further case specific investigation assume that e.g. all young employees share the same preferences, all women prefer a certain kind of work environment and so on. Instead, we should in the future put effort in user driven,
participatory workplace development. [6]
2.2

Workplace management processes supporting users, who are knowledge workers

The ProWork project (2006-2009) aimed to understand the requirements of productive knowledge
work in physical, virtual, and social work settings towards developing workplace resource management. The case studies in organizations were performed to identify enablers and hindrances of
productivity in knowledge work and to enhance workplace change processes. A variety of methods
were used in the case studies, such as interviews, surveys, and shadowing. Additionally the development of workplace resource management tools was enhanced by organizing future workshops,
task groups, user journey observations and interviews.
Productivity of knowledge work varies a lot, therefore it was important to identify and understand
factors influencing knowledge work productivity. The productive knowledge work is a function of
task factors, contextual factors and process factors at individual, team and organizational levels.
The more complex tasks are, the more is required from built environment, supporting information
and communication technologies and social support from colleagues and managers. Physical
workplace provides a proximity to the knowledge work and networks, which people can easily
access. People mainly come to the workplace to meet and socialize although they often are geographically distributed and collaborate from afar. Workplaces should thus be transparent and provide a choice of diverse spaces to support solo activities and collaborative interaction experiences.
Virtual workplaces provide connectivity through small, medium and large devices (e.g., smart
phones, laptops, tablet pc, SmartBoard, HDTV) in a mobile and distributed knowledge work environment. That should be supported to ensure reliable, robust, accessible, affordable and available
infrastructure anywhere, anytime. Choice and use of diverse multi-modal and multimedia communication channels is important. Physical and virtual workplaces provide platforms for a variety of
social interactions. Social places can create of sense of belonging of individuals, and interactions
in teams and organizations. It is important to increase visibility of roles and activities; to create formal and informal interaction experiences; to facilitate serendipity and make emergent work practices and processes determined by project teams visible to everyone. Speech and dialogue are characteristics of interactions in the social space: how do we talk about work in physical and virtual
workplace. Discourse analysis indicated e.g. that people tend to frame the change in space based
on relationships, territory, systems, or objects.
In all, there are not only hindrances in work spaces and places but also enabling resources to
work, manage and lead. The workplace resource management includes processes where different

stakeholders strive towards the same direction: workplace supporting productive knowledge work.
There are four workplace resource management orientations and agendas:
Service management providing the hospitality flow, collaboration flow and concentration
flow for knowledge workers.
Change management providing the enablers of identifying the goals, drivers and processes
of change and supporting knowledge workers in their mind shift from one-choice to multichoice workplaces.
Network management providing the collaboration among the physical, virtual and social resources and their stakeholders.
Experience management providing the memorable experiences for knowledge workers to
charge their mental batteries constantly in collaborative context.
The workplace resource management orientations indicate that the workplace management is
connected to user experience, processes and network among different stakeholders. Workplace is
not only tangible asset but it is a platform for different processes. [7]
2.3

Performance indicators providing success for owners and users

The Nordic Baltic research project CREDIT (Construction and Real Estate – Developing Indicators
for Transparency 2007-2010) has worked with the aim to improve transparency of value creation in
building and real estate. One of the central deliverables of the CREDIT project was a framework of
indicators relevant in building and real estate and applicable in the Nordic and Baltic countries as
well as a proposal for a set of key indicators. [8]
The study resulting in CREDIT Performance Indicator Framework has been based on 29 case
studies of evaluation practices in the building and real estate sector each addressing three
interlinked levels: building/ projects level, company or enterprise level and benchmarking system
level. [9]
The Performance Indicator Framework encompassed 188 indicators organized in 7 main
categories of indicators and 42 subgroups. Based on the CREDIT case studies it was concluded
that there neither is link between certain indicators and specific building types, nor a set of
indicators relevant for all building projects. Only few indicators were applied in all evaluations
studied. Rather the case studies showed that the indicators applied in evaluations reflect the needs
of the recipients/users of the evaluation or benchmarking and their purpose with the evaluation. A
set of ten core indicators reflecting the needs of a building administrator and facility manager was
selected for cross border benchmarking. [10]
The work on performance indicators has continued after CREDIT in FP7 Perfection [11] with indoor
indicators on health and comfort, safety and security, usability and positive stimulation and
adaptability and serviceability. Linking performance with sustainability is developed further in FP7
SuperBuildings [12]. These three projects cover well the performance and sustainability of
buildings whereas the relations with qualitative user experience and quantitative performance
measures need still further research.
2.4

Feedback systematic providing communication channels between different stakeholders

The Propal research project (2007-2009) aimed to develop a feedback systematic for indicating the
key points of usability in the feedback flow in different phases of user processes connected to the
building and between the different stakeholders . The main interest was in the using and maintaining phase of the building. The focus of customer-orientated construction and real estate industry
should lay on recognizing and fulfilling the users’ needs. This demands more systematic approach

for collecting and using feedback of the user for development of the design and construction processes, for provision of services and for supporting the user’s business. This transfers the feedback
more towards feed-forward. To achieve the fluent feedback-feed forward process, it is important to
identify the different stakeholders as well as the processes, which are connected to the creation of
built interfaces for usability experiences. The most challenging task is to identify the relevant issues to be presented in order to collect feedback which is connected to usability.
The variety of user groups is a challenge: how and what should be asked from them in order to get
feedback of the usability. On one hand the usability feedback can be understood as information
which can be transferred into knowledge. The usability assessment is not only about gathering the
feedback but it is also a process of developing usability. The essential perspective is what the consequences of gathered information are: how the information is used and what other methods are
used in order to internalize the information.
The framework for the feedback systematic was created firstly by analysing the existing methods
which are interested in user-satisfaction and customer as well as building performance evaluation
methods and tools [13]. Additionally the participatory workshops, user panels and interviews were
conducted with organisations participating to the project
The development of the framework consist on following phases:
1. Identification of stakeholders connected to the user experience in office facilities and identification of feedback flows between them
a. To whom feedback should be given?
b. What is the role of the stakeholder in connection with the user?
By identifying the participants it is possible to determine the feedback flows amongst participants in
the feedback system. Essential for the relevant feedback is to ensure that the right stakeholders
receive the feedback information directed to them. The feedback providers can be divided into
various levels: company/organization, facility management, and staff. All of them have different
roles in assessing and evaluating facilities and services in the main phases of the building lifecycle.
The organization and facilities management produce input to the usage phase of the space influencing the usability. The user organisations utilize the feedback by developing facilities as an active resource and in order to support organisations’ core activities.
2. Determining systematic of collecting feedback
a. Which are the main processes affecting to the development of office facilities?
b. How is the flow of collecting feedback functioning?
The identification of processes both from the client organisation´s perspective in demand side included the processes like comparison of alternatives in the phase of making decision about the
office location, buying/lease process of facilities, commissioning of the facilities, using the facilities
and developing the facilities e.g. based on changing use. On the supply side similar processes
were identified. Each process phase is basis for formulating one specific questionnaire to the feedback systematic.
3. Exploring the content and structure of feedback surveys
a. What is the content of each feedback survey?
b. Which factors affect to the usability of the facility?
c. How to use the user-journey logic in the structure of the surveys?
After mapping the main processes and identifying the entities involved in feedback, the content of
each survey was outlined. The usability attributes were defined and the important topics under
them were modified and validated based on literature and other similar research processes.

The developed feedback system was piloted and tested in 2009. The case study focused on office
users in the Department of Engineering and Building Technology at the Helsinki University of
Technology. By the objectives of this study the using-the-facilities -questionnaire was used. The
questionnaire contained 93 questions and some background information about the respondents. In
the survey, questions were classified according to accessibility, navigation, sservices, use of ooffice areas, functionality, ssuitability and comfort. The questions were formed as statements and
connected to a scale in which answer (1) describes the operations very inaccurately and, correspondingly, (5) very accurately. No opinion (N/A) could also be chosen as an answer. The sample
of the surveys was 80 and the response rate was 71 %. In general, results indicated relatively poor
or acceptable level of usability. There were differences between user groups, which indicate the
versatile needs and experiences which are important to investigate with other methods.
Based on the results, the survey was easy to conduct. Standardized survey, which produces indicative information, is an efficient method to investigate user’s experiences and it provides a starting
point for qualitative methods to be used.
Figure 1 illustrates usability evaluation process, which emphasize usage of both qualitative and
quantitative methods. It also presents different perspectives how usability data can be utilized.

PROPAL
perspective

GOALS
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FEEDBACK
SURVEYS
database

Present state of the USAB
Organise, structure,
And classify information
FEEDFORWARD
LEARNING
LOOPS
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LOOPS
USER JOURNEY
USABILITY WALKTHROUGH

Figure 1. Systematics of the usability process

PROPAL is a web-based application, in which different parties can get real time and reliable information about user experiences in their improvement efforts. It contains 16 questionnaires and it
enables multipurpose benchmark comparisons with the users own interface. This feedback system
provides a workable and resource-saving means of collecting user feedback. As mentioned earlier,
nature of this information is quantitative. The information can indicate some development targets
and it can identify also blind areas in the processes. In general, it presents the current state of the
usability as perceived by users and this information can be organized, structured and classified
further.

Generally in the real estate business, user feedback information serves as a tool for improving the
attractiveness and productivity of the spaces in the market. The developed system and constantly
gathered user information enable construction industry to learn from the projects. It can also help
in improving the product qualities to better meet the objectives of client organisation. In addition, it
can produce information for programming the project, for briefing and for the design. [14]
2.5

Summary of the four approaches to workplaces

Each of the research projects has designed from the user centric perspective. The preference perspective is approaching user needs and preferences. The process perspective focuses on the
ways how users can be supported. The indicator perspective aims to understand what are the significant elements in the physical environment for different stakeholders in order to serve the user.
Finally the feedback perspective identifies the elements and feedback systematic between different
stakeholders.
The next chapter will analyse more in details the research projects. The projects are referred as
PREFE, PROWORK, CREDIT and PROPAL. The analysis is made in terms of framework, methods and processes.

3. Comparisons of four approaches
When analysing these four perspectives in the framework of building as symbol, metaphor, physical platform and investment one can present the following Table 1
Table 1 Analysis of the content approach of the projects
Framework
Building
PREFE

PROWORK

CREDIT

PROPAL

Building
as a
symbol

Building
as a
metaphor

Building
as a
physical platform

Building
as an
investment

Symbolic value of
building as it is
preferred
The brand perspective

Not emphasised

Not emphasised

Indicators for
transparency in
construction and
real estate
Entrance to the
building as a
starting point for
user journey

Not emphasised

Building attributes and service
attributes
The quality and
variety of workplaces for different user processes
Performance
indicators

The tool for development

Not emphasised

Usability attributes

Effective or multiuse
of
workplaces
Value measures
to developers
and owners
Not emphasised

This analysis indicates the different approach for the user and the workplace. The significant differences will occur also when considering the stakeholders who will benefit about the research results:
are they more in the demand or supply side of the workplaces.
Secondly one can compare the different research methods used in the projects (Table 2).
Table 2 Analysis of the methods used in the projects

Quantitative

Qualitative

Mixed

PREFE
PROWORK

Survey
Surveys

Observations

Case studies

Interviews
Discourse analysis
CREDIT
PROPAL

Surveys, benchmarking
Surveys

Case studies
Workshops

Thirdly one can compare the surveys. What was the scope in them and what other characteristics
one can identify in the structure and design of the surveys. This is illustrated in Table 3.
Table 3 Analysis of the surveys in the projects

PREFE

PROWORK

CREDIT
PROPAL

Focus on survey
Structure of survey
The survey focused on user The structure was from larger environment
preferences
not
for
the to smaller particles – from location to
evaluation of existing facilities.
workstation.
There were different surveys for users and
office occupiers (real estate managers
The survey focused on the work The survey began from the work
processes and the hindrances processes.
and enablers in physical, social The surveys were for knowledge worker
and virtual workplace
team members.
The surveys focused primarily The structure covers three layers: project
on performance evaluation of level, the building stock level and national
level.
existing facilities
The survey focused on the The structure followed the user journey
evaluation of existing facilities
logic from the perspective of office user.
There
are
surveys
for
different
stakeholders and for different phases of
building lifecycle

The analysis indicated that the research projects have one common factor which is the userorientation. Methodologically there is one method used in all the projects, namely the surveys. The
data gathered with survey is either focusing on existing facilities, existing processes or non-existing
facilities from the perspective of preferences.

Figure 2 An example of different indicators and approaches in Propal and Credit research projects[15]

The user-orientation varies from the individual user to the organisational and/or project level.
Additionally the similar issues can be used in the surveys, but the significant finding is that they
can have different meaning both for the different processes and the different stakeholders and user
groups.

4. Recommendations
A multidisciplinary approach to problem solving involves drawing appropriately from multiple disciplines to redefine problems outside of normal boundaries and reach solutions based on a new understanding of complex situations. When summarizing the results of the following research projects
one can provide following recommendations for developing future workplaces and their sustainability:
The user
The needs of the users of the workplace vary based on their preferences and user experiences.
The user experience may be influenced by factors beyond building boundaries, e.g. organization of work
There is a user profile, which is more environmentally conscious and rates the attributes
that affect the environmental impact of the building higher than the others. They are all described as demanding users.
The workplace management and different stakeholders providing workplaces
The workplace management is more experience management than stabile place management. The workplace management requires collaboration between stakeholders of physical,
social and virtual workplaces.
Proper metrics and tools should support successful workplace management.
The new ways of work is not only about mobility but also about decrease of carbon footprint,
this should be supported by workplace management.
The evaluation of workplaces
The relevant set of indicators for evaluating the performance of physical platform has to be
specified in the context of the measured case. The usability experience can be approached
by quantitative and diagnostic data in order to apply more qualitative and descriptive methods.
The lifecycle approach is important to combine the different stakeholders, the user experience approach is important to not only to have the user in the focus but also in having the
user as a co-actor in the processes.

5. Conclusions and discussion
User centric approach is typical in ICT-industry. It is a design philosophy and a process in which
the needs, wants, and limitations of end users of a product are given extensive attention at each
stage of the design process. In these research projects the aim to understand the user needs and
wants occurred.
Additionally user-centered design can be characterized as a multi-stage problem solving process
that not only requires designers to analyze and foresee how users are likely to use a product, but
also to test the validity of their assumptions with regards to user behavior in real world tests with
actual users. The workplace related research projects managed to capture the user perspectives in
variety of ways. The user perspective is valid, but most of the projects are gathering the data from
the past. The challenge is to shift the user orientation more towards to the user experience and
processes how to use that experience as a driver in value chains in workplace development. This
needs still improvement and more emphasize. In the ICT-design such testing is necessary as it is
often very difficult for the designers of a product to understand intuitively what a first-time user of
their design experiences, and what each user's learning curve may look like. The user centric
workplace research should pay more attention to user testing and feed-forward.
[1]

Leaman, A. (2000) Usability of buildings: the Cinderella subject. In Building Research and
Management”, December 2004
[2] Leaman, A. and Bordass, B. (2001), Assessing building performance in use 4: the Probe

[3]
[4]
[5]
[6]
[7]
[8]

[9]
[10]

[11]

[12]

[13]
[14]
[15]

occupant surveys and their implications. Vol. 29 (2), pp. 129-143
Denison, D.R., & Mishra, A.K. (1995). Toward a theory of organizational culture and
effectiveness. Organizational Science, 6(2), 204-223
Schein, E. H. (1965, Reprinted 1980). Organizational psychology. New Jersey:
Englewood Cliffs.
Joroff, M., Louargand, M. and Lambert, S. (1993), Strategic Management of The Fifth
Resource. Corporate Real Estate, Industrial Development Research Council
Rothe, P., Lindholm, A-L, Hyvönen, A. & Nenonen, S., 2010. Profiling office end-users
based on work environment preferences. In EFMC 2010, June 1-2 2010, Madrid, Spain.
Nenonen, S, Bosch, P., Gersberg, N., Airo, K., Ruohomäki, V. and Vartiainen, M. 2009.
ProWork project final report on www.proworkproject.com.
Bertelsen N. H., Frandsen, A. K., Kjærsgaard, F., Haugbølle, K, Hansson, B., Huovila, P.
and Karud, O. J. (2010) CREDIT Report 3. CREDIT Performance Indicator Framework. A
proposal based on studies of building cases, regulations, standard and research in seven
Nordic and Baltic countries. SBi 2010:16, ISBN 978-87-563-1426-8. 120 p.
Porkka, J., Huovila, P., Bertelsen, N. H., Hansson, B., Haugbølle, K., Hietanen, P., Karud, O.
J. and Widén, K. (2010) CREDIT Report 2. Nordic and Baltic Case Studies and
Assessments in Enterprises. SBi 2010:15, ISBN 978-87-563-1425-1. 83 p.
Bertelsen N. H., Hansson, B., Huovila, P; Haugbølle, K., Karud, O. J., Porkka, J. and Widén,
K. (2010) CREDIT Report 6. CREDIT Summary and National Recommendations. Indicators
and benchmarking framework for transparency in construction and real estate in the Nordic
and Baltic countries. SBi 2010:19, ISBN 978-87-563-1429-9. 80 p.
Porkka, J., Huovila, A., Huovila, P. & Stirano, F. (2010) Tool for assessing Indoor
Performance. Case Study Examples from Perfection project. In: Huovila, P., Karvonen, A. &
Raasakka, V. (eds.) 2010. SB10 Finland, Sustainable Community - building SMART.
Conference Proceedings. Espoo September 22-24, 2010. Finnish Association of Civil
Engineers RIL and VTT Technical Research Centre of Finland. ISBN 978-951-758-506-4,
pp. 204-205
Häkkinen, T., Delem, L. & Nibel, S. (2010) Sustainability and Performance assessment of
Buildings – SuPerBuildings In: Huovila, P., Karvonen, A. & Raasakka, V. (eds.) 2010. SB10
Finland, Sustainable Community - building SMART. Conference Proceedings. Espoo
September 22-24, 2010. Finnish Association of Civil Engineers RIL and VTT Technical
Research Centre of Finland. ISBN 978-951-758-506-4, pp. 16-17.
Leaman, A. and Bordass, B. (2001), Assessing building performance in use 4: the Probe
occupant surveys and their implications. Vol. 29 (2), pp. 129-143
Kärnä, S., Nenonen, S. & Junnonen, J.M. 2010. Feedback system for developing the
usability of workplaces. CIB W111: Usability of Workplaces – Phase 3. CIB Publication 330,
ed. Alexander, K. ISBN: 978-90-6363-061-4.
Kärnä, S., Huovila, P. and Nenonen, S. 2010. The lifecycle process-defining indicators for
stakeholders of the building. Proceedings of CIB World Congress May 10th - 13th, The
Lowry, Salford Quays, United Kingdom.

Key Performance Indicators for the Indoor Environment
Marcel Loomans

Aapo Huovila

Eindhoven University
of Technology

VTT Technical
Research Centre of
Finland
Finland

The Netherlands
M.G.L.C.Loomans@
tue.nl

Aapo.Huovila@vtt.fi

Pierre-Henri Lefèbvre, BBRI, Belgium, pierre-henri.lefebvre@bbri.be
Janne Porkka, VTT, Finland, Janne.Porkka@vtt.fi
Pekka Huovila, VTT, Finland, Pekka.Huovila@vtt.fi
Jan Desmyter, BBRI, Belgium, jan.desmyter@bbri.be
Asher Vaturi, ICTAF, Israel, asherv@eng.tau.ac.il

Summary
The overall quality of the indoor environment in which people live, work and spend their time and
artefacts remain, is the result from a complex integration of a large number of physical attributes.
These attributes result from an integration of a large number of building components. Assessing
the individual components and assessing attributes individually is important, but does not
guarantee unambiguously a healthy, comfortable and safe indoor environment. Prescriptive
solutions may support in arriving at the desired result, however, for innovation the performance
based approach should be the point of departure and this starts with performance indicators to
assess this performance.
Within the ongoing EU FP7 Coordination Action PERFECTION a set of performance indicators has
been developed to assess the overall quality of the indoor environment in buildings. The main
focus is on issues such as comfort, health and safety, but also accessibility, positive stimulation of
people and, more generally, sustainability have been covered.
This paper describes the constraints that relate to the development of such a framework and the
changes proposed resulting from the expert assessment. An example of an indicator description
and evaluation procedure is provided. From a long list of indicators identified a first proposal for a
list of so-called Key Indoor Performance Indicators (KIPI’s) and their evaluation procedure has
been derived. This list has been assessed by different experts in different settings through various
data collection methods, such as interviews, workshops,and survey. The development work has
been carried out through iterations
The long-term aim of the project is to help enabling the application of new building design and
technologies that improve the impact of the indoor built environment on the human well-being. The
presented KIPI-list is an important starting point for that.
Keywords: Indoor Environment, Performance Indicators, Perfection, Health, Comfort, Safety,
Accessibility, Functionality, Positive Stimulation

1. Introduction
The overall quality of the indoor environment in which people live, work and spend their time and
artefacts remain, is the result from a complex integration of a large number of physical attributes.
These attributes result from an integration of a large number of building components. Assessing
the individual components and assessing attributes individually is important, but does not

guarantee unambiguously a healthy, comfortable and safe indoor environment. Prescriptive
solutions may support in arriving at the desired result, however, for innovation the performance
based approach [1] should be the point of departure and this starts with performance indicators to
assess this performance.
One of the objectives of the ongoing EU FP7 Coordination Action PERFECTION is to draw up an
inventory of current performance indicators, standards, regulations, guidelines, research activities
and policies used in design and construction of the built environment, focusing on the indoor
environment [2]. The result of that is a framework of performance indicators that together allow for
a concise assessment of the indoor environment in the design and use phase of a building. A
framework with so-called Key Indoor Performance Indicators (KIPI’s) has been developed [3] (see
Figure 1).
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Figure 1. D1.5 initial KIPI Framework [3].
The objectives of the research described in this paper were (a) to provide an updated and optimal
version of the framework as shown in Figure 1 by adding and removing indicators to and from the
initial framework; (b) to identify missing indicators; and (c) to develop/improve assessment
methods for the performance indicators.
These results follow from the consultation of experts within and outside the core consortium and
committee of experts and stakeholders (so-called CES-members). Before providing the detailed
methods applied and the obtained result, i.e. the updated version of the framework, the paper will
discuss several assumptions and constraints with respect to the performance indicators chosen as
part of the KIPI framework and with respect to the assessment procedures developed. This is
deemed relevant to position the result developed.
1.1

Point of departure and constraints

Though not explicitly mentioned, the point-of-departure for the assessment of the indoor
environment within PERFECTION is to arrive at a healthy indoor environment according to the

definition as provided by the World Health Organization (WHO): “Health is a state of complete
physical, mental and social well-being and not merely the absence of disease or infirmity.” [4]. As
such the development of the KIPI framework provides a wider range of indicators than if only
physiological health would have been included. The main performance category ‘Health’ as
displayed in Figure 1 relates to the physiological part. Although more focused on social well-being,
the other proposed main categories (Comfort, Feeling of safety, Positive stimulation, Accessibility
and Functionality) may also include indicators that directly link to the physiological part of the
definition of health. The improved framework will follow this point-of-departure as well.
The KIPI Framework as shown in Figure 1 is the resultant of an optimization that includes earlier
work performed (see e.g. [5], [6], [7]). This earlier work consisted of an extensive review and
overview of performance indicators covering the mentioned categories. As a result a long listing of
more than 100 performance indicators has become available. Though many more indicators may
be found in literature, these indicators were assumed to have general applicability with respect to a
number of building types (office, school, housing, hospital and exhibition).
Within the PERFECTION project the intention is to arrive at an assessment procedure to qualify
the performance of the indoor environment that can be applied in practice. This means that
constraints such as time and economy should be taken into account, though they have not been
quantified. Therefore, the available long list has been reduced to a selection of 34 so-called Key
Indoor Performance Indicators (KIPI’s). As such this KIPI-list is a balance between being as
complete as possible and arriving at a framework that can be applied in practice. Furthermore, it is
important to avoid overlap between categories. With these constraints in mind, and based on the
expertise within the consortium and literature review, the KIPI Framework in Figure 1 has been
developed. In a second step, a wider expert consultation was performed. It allowed for assessment
of the obtained balance, and corrections where found necessary. In this analysis the option is also
open to identify missing indicators, i.e. not on the long list. Furthermore, input is obtained from
case studies as performed within the project.
For the selected performance indicators that are part of the KIPI framework short descriptions and
assessment procedures have been developed. A uniform indicator template was applied and
summarizes the information as shown in Table 1. An example is presented in the Annex.
Table 1. Uniform indicator template summarizing information needed in assessment.
Name
Description
Framework position
Indicator name
Indicator unit
Indicator description
Applied in building
types
Impacts of indicator

Assessment

Example
References
Comments

Indicates the main category to which the performance indicator belongs
Performance indicator name
Qualitative or unit of measurement
Short explanation of the indicator and if required intention of assessing this performance
indicator
Identifies for which building types the performance indicator should be assessed (more than one
building type possible) (office, school, housing, hospital, exhibition)
Identifies in which area the indicator has impact [social and cultural/environmental/economical]
(more than one impact category possible)
Consists of (1) information on the type of assessment (expert review, survey, selection from list,
measurement, calculation, simulation) and (2) information on the assessment and related
assessment levels [distinction of 5 levels A (best) – E (lowest); D (current national regulation)].
This information is provided for a simple assessment and for a detailed assessment, both in the
design phase and the operation phase.
If found sensible, an example is provided to clarify the performance indicator and/or assessment
further.
Any references mentioned are included. For the main categories Health and Comfort an annex
is provided with a more detailed description of the assessment procedures.
Additional information and/or constraints to the indicator or assessment can be provided.

The selected indicators for the KIPI framework are meant to be used for the general assessment of
the performance of the indoor environment of a building. It should be possible to assess the

indicators in the design as well as at the operation phase of the building. Though it was strived for
to develop an assessment procedure with a low threshold level, at least for the simple assessment,
assessment of the KIPI indicators still requires specific expertise and therefore is meant for
building and real estate professionals. Nevertheless, other stakeholder groups, such as end users
of indoor spaces are considered as an essential source of information in the assessment.
With respect to the assessment methods defined, the intention has been to provide an assessment
method that relates as much as possible directly to the performance indicator. Indirect
assessments via prescriptive requirements or assumptions for technological solutions that have
been applied in the design/construction are avoided as much as possible. As a result, assessment
sometimes is not straightforward and expert review and/or complex measurements or simulations
are required to obtain the result. This certainly holds for the detailed assessment procedures.
As the KIPI-list is a balance, care should be taken not to widen assessment procedures for a
performance indicator as to implicitly include information on performance indicators that are not on
the list and add further weight to an indicator. Within the context of the project, indicator weighting
is discussed.
Furthermore, it is important to note that the KIPI-list and assessment of the indicators on the list
reflect sustainability in the broad sense of its definition. For example, energy use as such is not
regarded as an indicator related to the indoor environment within the context of the KIPI-framework.
Of course the design of the indoor environment in the end will find an optimization between
performance of the indoor environment and other performance reflecting for example energy and
material use.
The number of assessment levels has been limited to five levels (A [best] to E [lowest], with D
assuming adherence to current national regulations). This still assumes quite a detailed level of
assessment which may not be applicable to every indicator as for example physiological health
related indicators. Therefore, in exceptional cases a performance indicator may not be assessed to
these five levels. Furthermore, for some indicators different target values may be proposed to
differentiate between the levels. Example target values are provided in the project, certainly for the
detailed assessment. These values however should be regarded as informative. They should be
agreed upon by the client and the design team, and may find national or cultural considerations.
The same accounts for qualitative terms that have been applied in the performance level
assessment. National and cultural considerations could also be reflected in the weight that is given
to the specific indicators in the framework.
Summarizing the above, several constraints are linked to the KIPI-framework as is developed
within the PERFECTION project. Within this context, assessment and improvement of the initial
version of the KIPI-framework was sought for.
1.2

Methodology

In order to obtain the objectives posed the following methodology was assumed:
1.
A survey and discussion with members of the committee of experts and stakeholders of
PERFECTION in different settings. A structured questionnaire was used for that.
2.
Face-to-face and telephone interviews with experts not involved in the project in order
to get feedback about the initial framework. The same structured questionnaire was
used to drive these interviews and to collect the opinions.
3.
A brainstorming session with experts in Israel.
4.
A survey through a wide network of people (to be performed).
The KIPI indicator framework has been developed through multiple steps. First, a committee of
experts and stakeholders (indicated as CES members; in total 32 members) reviews and
discusses the results obtained. The proposed framework as shown in Figure 1 was surveyed
through a structured questionnaire. The questionnaire requested input on the importance ([5]-high
to [1]-very low; [0] not relevant) of the individual indicators selected within the framework.
Furthermore, applicability in practice was assessed, as was agreement with national strategies

with respect to the indoor environment. Finally, for each of the three main categories identified the
three most and least important indicators were asked for as well as potentially missing indicators.
The CES members were provided with all the descriptions of the indicators as summarized in
Table 1 in order to better perceive the indicator names as included in the framework. The survey
was carried out in two workshop sessions; Paris in November 2010 and Prague in March 2011.
Then, the interviews with external experts not participating to PERFECTION project were applied.
In total 22 experts were surveyed from five different countries. These interviews served as an input
for a brainstorming session. The brainstorming session with 20 external experts from relevant
areas (e.g. architects and safety experts) took place at Tel Aviv University in October 2010.
Finally, focussing on the assessment descriptions, results from application of the initial framework
in 17 case studies (different building types; simple assessment) were used to improve these
descriptions.
Based on the input as described above, an improved version of the KIPI-Framework has been
proposed. As a last step, an internet survey will be performed to reach a wider audience. This
survey will not assess the individual indicators but will ask for the selection of the most important
ones, the least important ones and missing indicators. As the project also wants to identify
potential and barriers with respect to innovation and development of regulations and standards,
this will be part of the survey as well. The results from this survey are not yet available. The
improved version of the KIPI-framework that has resulted from the input described and shown in
the results section will be the point-of-departure for this survey.

2. Results
Based on the point-of-departure and the results from the survey, interviews, workshop sessions
and case studies, an improved framework has been developed, and updated versions of the performance indicator descriptions and assessment procedures have been defined. The improved
KIPI-framework is shown in Figure 2. An example of a description for a performance indicator and
the related assessment procedure is provided in the Annex.
Compared to the original framework as shown in Figure 1, the improved version has the following
changes:
- Instead of three main categories, four categories have been defined. The main category
‘Health and Comfort’ has been kept. The other main categories have been specified further
to reflect the indicators related to each category better.
- In accordance with the change in main categories, the subcategories have been repositioned to reflect identified agreement between subcategories. The subcategories for Health
and Comfort have been grouped under the specified name. In order to allow for a visual
distinction of the original categories, the detailed view of the framework will remain to include the original distinction with respect to air quality, water quality, etc. (see Figure 3)
- At performance indicator level, the number of indicators was reduced from 34 to 31. The
performance indicators ‘Odour acceptance’, ‘Rain/re-use water quality’, ‘Architectural design’ and ‘Visual stimulation’ were removed from the list. In the subcategory ‘Positive stimulation’ the performance indicator ‘Privacy’ was added.
- Several performance indicators were renamed or redefined to better reflect the content of
the performance indicator and avoid confusion. Table 2 summarizes the main changes
made and gives a short explanation for that.
- Besides the changes in the definition of the indicators, many definitions and assessment
procedures for the individual indicators were improved to account for remarks made in the
survey, interviews, workshops and case studies.
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Figure 2. Improved KIPI-framework.
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Figure 3. Detail view of the Health and Comfort main category with the original distinction included.
The results obtained from the survey, interviews and workshops did not result in the identification
of important missing indicators. Identified missing indicators by the participants in the different consultation settings generally were linked to performance indicators that were already identified in the
long list of performance indicators but not found fit to be included in the KIPI list. Other indicators
identified as missing were out of the scope of the KIPI framework because, for example, related
directly to technological solutions or to energy use.

Table 2. Overview of changed performance indicator names with short explanation.
Original name

Improved name/redefinition

Effective temperature

Mould growth risk

Effective ventilation/CO2

Ventilation/ CO2

Operative temperature

Operative temperature/PPD

Cultural heritage protection

Building type specific

Protection against terrorism

Reliability in exceptional cases

Quality of support places

Availability and quality of recreational spaces

Access to the building

Access to and in the building

Orientation

Wayfinding

Image, branding and cultural
heritage

Branding and cultural heritage

Explanation
Indicator name was not understood, scope of
this indicator was reduced.
The term ‘effectiveness’ was less well understood and not really assessed
For consistency with the assessment procedure
Original indicator addressed only the suitability
of the indoor environment (indoor conditions) to
host artworks and other cultural heritage objects,
and thus was aimed for a very restricted group
of buildings. The improved version allows assessment of performance for building specific
requirements that e.g. in case of hospitals consists of hygiene.
Allows for a broader assessment than terrorism
alone (e.g. natural disasters)
The meaning of “support places” was not well
understood. Their availability was added because otherwise there is no sense in evaluation
of quality either.
In some cases this indicator was understood to
contain accessibility in a broader sense (outdoors, public transport etc.)
Orientation was understood to include also outdoors of buildings. Wayfinding is used in ASTM
standards.
Too many aspects were combined into one
indicator. Their interrelation was not well understood.

3. Discussion
The results from the work performed confirmed the difficulty in arriving at a framework with a
limited number of indicators for assessing the broad area of indoor environment. As such the
improved KIPI-framework can be regarded as a compromise (or better balance) between the
limitations set for practical application and limitations set for covering the indoor environment to a
sufficient detail.
The input from the CES members and external experts was valuable to indicate the weak points in
the initial version of the framework. Several misconceptions about indicator names, such as
‘Effective temperature’, clearly showed the need for a redefinition. Other indicators, such as ‘Odour
acceptance’, were rated differently by different experts. Argumentation for removing this specific
indicator from the list was found in the difficulty of assessing the indicator in the design phase. As
such the performance indicator did not agree to the performance based building requirement:
assessment in the design and operation phase is required to verify if performance in the design is
met in the operation phase. Several indicators were found to have different importance based on
national or cultural reference. An example of such an indicator is ‘Drinking water quality’. This
indicator nevertheless remained in the improved framework to cover the width of the indoor
environment assessment. If an indicator is regarded less important, this may be reflected by
incorporating a lower weight to such an indicator. Since the importance of the indicators also highly
depends on the building type, different weightings for the KIPI framework have been discussed for
the five main building types (office, school, housing, hospital and exhibition).
Assessment procedures were updated to correct inconsistencies reported and to include changes
proposed to the indicator name. As an example, the original indicator ‘Effective temperature’ was
renamed ‘Mould growth risk’. In the assessment of the original indicator also the perceived indoor
air quality was reflected. With the change in name the assessment procedure was changed
accordingly. A different example is given by the performance indicator ‘Particulate matter’. In order
to adhere to some of the comments made with respect to odour, the indicator description has been
extended to include a simple check on the building materials applied. This is an exception and can

be regarded as a compromise.
Clearly missing indicators within the context of the KIPI framework were not identified or, if
mentioned, already available in the long list of indicators. Subcategories such as ‘Positive
Stimulation’ however seem to be open for further development. An identified problem, also from the
input received by the experts, is the generally qualitative basis for assessing indicators in this area.
The extension of performance of the indoor environment in terms of psychological positive results
however indicates the added value that the indoor environment can provide and which has not
very often been underlined so much in indicator systems until now.
Interdependencies between individual indicators have been investigated to avoid duplication in
weight of design parameters. The interdependency however was found to be limited and if present
was minimized in the updated assessment procedures in the best possible way. As an example
artificial lighting was presented as a topic that has relevance in different indicators, e.g.
‘Illuminance’, ‘Feeling of safety’, ‘Wayfinding’ and ‘Feelings and sensations’. Though artificial
lighting indeed is valued in these separate indicators, assessment is based on different parameters
and target values. ‘Illuminance’ reflects the amount of light available to perform, e.g. reading work.
Generally this amount of light is not required and designed differently when the lighting is related to
‘Wayfinding’. ‘Feelings and sensation’ may reflect again other parts of the artificial lighting such as
colour.

4. Conclusion
An updated and improved version of the KIPI-framework is presented as a result of the work
performed within the EU FP7-CA PERFECTION. This improvement includes definitions of the Key
Indoor Performance Indicators for indoor environment quality and related assessment procedures.
The KIPI-framework is the result of a balance between being complete and practically applicable.
As such no areas were identified for which indicators were (obviously) missing. The KIPIframework however has the flexibility to incorporate such indicators if found and deemed important.
Later in the project the here shown improved KIPI-framework will form the reference for the
development of an internet-based tool aimed for product developers and end-users
(www.indoorperformance.net). It will remain in use after the project’s lifetime and will hopefully
guarantee the continuous use of the assessment methodology developed in this project.
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7. Annex
Example of a performance indicator description and assessment procedure.

1. Framework position:
Security

2. Indicator name:
Personal and material security

3. Indicator unit:
Qualitative

4. Indicator description:
This indicator checks if adequate protection measures are taken against criminality.

5. Applied in building types: (select)

6. Impacts of indicator: (select)

Offices

Social and cultural impacts

Schools

Environmental impacts

Housing

Economic impacts

Hospitals
Exhibition
Other

7a. Simple assessment in design:

8a. Simple assessment in operation:

Expert review (subjective specialist judgement)

Expert review (subjective specialist judgement)

Survey (asked from e.g. user such as POE)

Survey (asked from e.g. user such as POE)

Select from the list

Select from the list

Assessment description in design:

Assessment description in operation:

A: Entrance doors and windows are burglar-proof.
There are an alarm and a monitoring system linked to a
police office or security firm.
B: Entrance doors and windows are burglar-proof.
Presence of an alarm system.
C: Entrance doors and windows are burglar-proof.
D: Entrance doors are burglar-proof.
E: Nothing done for security.
Not selected.

7b. Detailed assessment in design:

A: Entrance doors and windows are burglar-proof.
There are an alarm and a monitoring system linked to a
police office or security firm.
B: Entrance doors and windows are burglar-proof.
Presence of an alarm system.
C: Entrance doors and windows are burglar-proof.
D: Entrance doors are burglar-proof.
E: Nothing done for security.
Not selected.

8b. Detailed assessment in operation:

Measurement (quantitative value)

Measurement (quantitative value)

Calculated or simulated value

Calculated or simulated value

Select from the list

Select from the list

Assessment description in design:

Assessment description in operation:

A: Risk analysis has been realised and the security
measures taken are higher than what is required by the
risk analysis.
B: Risk analysis has been realised and the security
measures taken are adequate for the estimated risk.
C: Risk analysis has been realised and some security
measures are taken.
D: Some security measures taken.
E: No security risk report or measures taken.
Not selected.

A: Risk analysis has been realised and the security
measures taken are higher than what is required by the
risk analysis.
B: Risk analysis has been realised and the security
measures taken are adequate for the estimated risk.
C: Risk analysis has been realised and some security
measures are taken.
D: Some security measures taken.
E: No security risk report or measures taken.
Not selected.

9. Example:
10. References:
CEN TS 14383-3: Prevention of crime - Urban planning and building design - Part 3 : Dwellings.
CEN TS 14383-4: Prevention of crime - Urban planning and building design - Part 4 : Shops and offices

Comments:
Concerning the simple assessment method, in a quick evaluation the expert only has to check if measures
and/or risk analysis has been done, in accord with what is described in the A to E levels.
In the detailed thorough assessment for dwellings, offices and shops, the assessment should be done following
the CEN TS 14383: Prevention of crime - Urban planning and building design - part 3 and part 4. For the other
kind of buildings, this has to be realised by an expert (risk analysis and measures to take).
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Summary
Historical buildings can host different activities. A typical example is represented by cultural
activities like art exhibitions, museums,  libraries  and  so  on,  but  they  could  also  host  Public  bodies’  
offices, hospitals or the headquarters of insurance companies or bank foundations. The Italian
territory shows a significant number of historical buildings.
A  “performance” evaluation of the building indoor environment is very important because it allows
to verify whether the building meets the requirements for the intended use or further actions have
to be planned (refurbishment, new systems installation, etc.). This is particularly true for cultural
heritage buildings, as they have strict requirements in terms of conservation of the original
structure as well as of the objects stored inside enabling at the same time the use by workers and
visitors.
This paper describes the application of the Key Indoor Performance Indicator (KIPI) framework
developed in the European project PERFECTION (www.ca-perfection.eu) to the first floor of the
South Wing of Villa Reale of Monza. The South Wing will host a permanent museum and
temporary art exhibitions, thus it is necessary to consider the connections between building,
people and artworks stored inside.
The KIPI framework evaluates the performance through several indicators that take into account
various aspects related to indoor environment quality. These indicators are divided in the following
main categories: health and comfort, assessing how the indoor environment is healthy and
comfortable for people inside the building; safety and security, assessing how the building
guarantees safety and security for people and objects; usability and positive stimulation, assessing
the easiness of use of the building and positive feelings by the people; and adaptability and
serviceability, assessing if the building guarantees adaptability to different activities and good
maintenance.
This paper also includes comments on the impact on the social, environmental and economical
sustainability.
Keywords: Indoor environment quality, historical buildings, sustainability, performance indicators,
cultural heritage, art exhibitions, PERFECTION

1. Introduction
Italy owns a large number of valuable sites that date back to centuries. From the Roman Empire to
the current days, passing through Middle Age, the Renaissance and the other artistic movements
characterizing the last centuries, a lot of constructions survived and offer a visible evidence of

cultural heritage.
Nowadays, historical buildings host different activities. Some of them are related to cultural issues,
like museums, art exhibitions, libraries and so on, but often these buildings are used for Public
bodies’   offices,   hospitals   or   as headquarters of insurance companies or financial Institutions. In
many cases, it is possible to locate more activities in the same building, and consequently different
performance requirements for the quality of the indoor environment. Regardless of the activities
performed, historical buildings often host artworks inside them (wall paintings, statues, ancient
objects, etc.) and it is necessary to guarantee their proper conservation, following the requirements
described in [1]. Moreover, these constructions were built in historical periods when the concept of
quality of indoor environment for people was quite different from the current perspective.
Thus, there is the necessity to plan adequate refurbishment works in order to improve the existing
indoor environment quality while guaranteeing the proper conservation of the cultural and artistic
value of both the building and the artworks stored inside. The first action to carry out is, therefore,
an assessment of the current building status in order to define which are the priorities of
intervention both for refurbishment and management.
This paper describes the assessment of the indoor quality of the Villa Reale di Monza, an historical
site in Northern Italy, aiming at identifying the possible actions for the improvement of the current
status. The assessment is based on the Key Indoor Performance Indicator (KIPI) framework
developed  in  the  EU  project  “PERFECTION” [3]. Section 2 describes the Villa Reale, explaining its
historical context and the requirements that have to be fulfilled to guarantee a high indoor quality,
while Section 3 briefly introduces the framework adopted for the analysis. Section 4 is the core of
the discussion, and contains the evaluation of Villa Reale with regards to the different categories in
the KIPI framework: Health and Comfort, Safety and Security, Usability and Positive Stimulation,
and Adaptability and Serviceability. Section 5 contains the final comments and conclusions, with
possible suggestions on the measure to be taken to improve the current status.

2. Villa Reale of Monza
2.1

Historical Background

Villa Reale (Fig. 1) was built in Monza between
1777 and 1780 by the architect Giuseppe
Piermarini on behalf of the Austrian Empress
Maria Theresa, in order to be the residence of
her son Ferdinand, Duke of Breisgau, who was
appointed Governor of Lombardy. The choice
of Monza was due to the healthiness of the
surrounding area, and to its strategic position
on the connection between Wien and Milan,
that, at the times, was one of the main cities of
the Austrian Empire. The architect designed a
Fig. 1 Villa Reale of Monza
“U”   shaped   building,   following   the   neoclassical  
style, trying to create a mix between the
sobriety of traditional houses in Lombardy and the majesty of the Reggia in Caserta. The main
body was extended with two wings dedicated to the residence of the Duke, his family and their
guests, with near seven hundred rooms.
During the reign of Napoleon, the Villa was the residence of the son of his first wife, Eugene de
Beauharnais, who was crowned Viceroy of Italy in 1805. Eugene added the Park to the property of
the Villa, with the construction of the fence, that helped in preserving the Park from massive
construction works. After   the   fall   of   Napoleon’s   Empire,   the   Villa   returned   to   the   Austrian   till   the  
Second  Independence  War  in  1859,  when  it  became  part  of  the  Savoia’s  property.  King  Umberto  I  
of Italy spent a lot of time in the Villa, also making some adjustments to the original structure. After
his murder in 1900, the new king, Vittorio Emanuele III, decided to close the Villa and transferred
all the furniture to Rome. In 1934, he decided to donate the building to the Town Councils of Monza
and Milan, but he kept the southern wing under control of the central state, with the private
apartments where the body of his father (King Umberto I) was kept after being shot by an anarchist.
During and after the World War II, the Villa was practically abandoned, also because of a lack of
coordination between the different bodies responsible for its management. In 2003, the Italian

Ministry of Cultural Heritage started a great renovation work, mainly focused on the areas under its
direct control. In 2009, a Consortium [2] has been created between the various Bodies interested
in the management of the Villa: Italian Minister of Cultural Heritage, Lombardy Region, Town
Council of Monza, Town Council of Milan, Province of Monza Brianza and the Chamber of
Commerce of Monza Brianza. The aim of the Consortium is to promote an integrated management
and the definition of proper renovation activities for the other areas.
2.2

South Wing

Together with the main body, the first floor of
the South Wing of Villa Reale of Monza, shown
in the aerial view in Fig. 2, is the first area of
the building to be renovated. But, while the
main body will be dedicated to hosting
conferences and other events, the South Wing
will host a permanent museum by recovering
the original content (furniture, books, paintings,
and other valuable artworks) and temporary
exhibitions.
As this area was selected for artwork
exhibitions, the indoor environment must
respect strict requirements in terms of
microclimatic performances (temperature and Fig. 2 Aerial view of the South Wing of Villa
relative humidity must be maintained within Reale of Monza
pre-determined thresholds depending on the
conservation requirements of the artworks), illuminance and presence of noxious gases.
Furthermore, the area should be accessible to people, taking into account the regulatory
requirements in terms of accessibility and safety (fire, electrical, etc.). Last but not least, the
exposed objects have a relevant cultural, artistic and economic value and must be protected
against theft and vandalism, making the security of the area one of the main issue to be addressed.
For these reasons, the assessment of the indoor environment quality of the Villa was limited to the
first floor of the South Wing of Villa Reale.

3. KIPI Framework
3.1

Performance Indicators

The PERFECTION project [3] developed a set of performance indicators, the Key Indoor
Performance Indicator (KIPI) framework ([4], [5], [6], [7], [8] and [9]), helping the assessment of the
quality of the indoor environment. Among the building typologies that were considered during the
development phase there are offices, hospitals, residential, education and places dedicated to
exhibitions, with a particular focus on historical buildings.
The KIPI framework is divided into four main categories, each one addressing specific issue
related to the quality of the indoor environment. The four categories are:
Health and Comfort. The first category considers all the issues related to the indoor air
quality and to the comfort of people inside the building, analyzing the environmental
parameters that have an impact on the well-being of persons, like temperature, relative
humidity, presence of gases, amount of light or noises. When dealing with building hosting
artworks, it is necessary to take into account the requirements for a proper conservation of
the objects, to avoid their physical degradation.
Safety & Security. This category aims at assessing the solutions adopted to guarantee a
safe environment, also with reference to national requirements, and the protection against
possible crime actions that could be done inside the building. Regarding the historical
buildings and exhibition places, it is important to evaluate the indicator in this category not
only from the point of view of people (workers, visitors, etc.) but also from the point of view
of the objects.
Usability and Positive Stimulation. The “Usability and Positive Stimulation” category is
dedicated to the assessment of the parameters related to the easiness of use by people

living, working or simply visiting the building (with the main focus on accessibility and wayfinding) and to the analysis of possible elements able to become a stimulus for a better
productivity or quality of life inside the building (view to outside, presence of recreational
spaces, etc.).
Adaptability and Serviceability. The last category is related to the capacity of building to
adapt to different typologies of activities that could be performed in the building without the
necessity of substantial modification to the structure. The evaluation also considers other
parameters related to building maintenance.
Table 1 KIPI Framework and related weights
Main Category

Sub-Category

KIPI

Health and
Comfort

Health

Mould growth risk
Ventilation / CO2
Combustion sources / Infiltration
Particulate matter
Drinking water quality
Operative temperature / PPD
Illuminance
Daylight factor
Background noise level
Reverberation time
Safety in use
Feeling of safety
Meeting current regulation
Cultural heritage protection
Personal and Material Security
Security of Information
Reliability in exceptional cases
Access to and in the building
Way finding
Adjustability
View to outside
Privacy
Feelings and sensations
Availability and quality of recreational spaces
Versatility and protection
Technical service life
Adaptability to climate changes
Branding and cultural heritage
Availability of services in the building
Cleanliness
Maintainability

Comfort

Safety and
Security

Safety

Security

Usability and
Positive
Stimulation

Usability

Positive
Stimulation

Adaptability and
Serviceability

Adaptability

Serviceability

Weight
5.4 %
3.6 %
3.6 %
3.6 %
1.8 %
2.4 %
3.6 %
1.2 %
3.6 %
1.2 %
3.0 %
1.5 %
4.5 %
6.0 %
6.0 %
3.0 %
6.0 %
4.8 %
3.6 %
3.6 %
0.8 %
0.8 %
3.2 %
3.2 %
4.0 %
1.6 %
2.4 %
4.8 %
3.0 %
3.0 %
1.2 %

These four categories provide a comprehensive assessment of the quality of the indoor
environment addressing all the relevant aspects that could have an influence on the well being of
people and the conservation of objects inside a building. They are further divided into two levels of
technical indicators to enable a more detailed analysis of the indoor environment. Table 1 shows
the full list of indicators.
3.2

Assessment Tool and Indicator Weights

In order to better help designers and building managers in rating their building, PERFECTION
project also developed an assessment tool, able to calculate a final score of the quality of the
indoor environment ([10] and [11] show a comprehensive description of the developed tool).
However, to obtain a valid score, it is necessary to define a proper set of indicator weights that
takes into account the specific requirements of the building with reference to the activities

performed. For example, the requirements for a building dedicated to office activities are different
to the ones for exhibition places.
During the assessment, each indicator is evaluated on a five level scale and a grade ranging from
“A” to “E”, with the following meaning: “A” represents the optimum, “B”  a  good  performance  level,  
“C”  the  minimum  level  to  meet  the  use  requirements,  “D”  a  scarce  level  where  some  improvements  
are necessary and “E” is related to the lowest performances requiring major improvements. Based
on this performance levels and the defined weights, the tool will then compute three different
values:
The KIPI score. It is the indication of the quality of the indoor environment of the building
with respect to the indicator assessed. It is expressed as a percentage value, where the
maximum  (100%)  could  be  reached  if  all  indicators  reached  the  “A”  level.
The Indoor Sustainability rating. It is the evaluation of the properties of the indoor
environment along the three different sustainability dimensions (social, economic and
environmental). It is represented through a three level scale (from one to three stars, with
three the highest).
The KIPI coverage index. It provides an indication of how many indicators has been
assessed on the total of the indicators in the KIPI framework.
Table 1 shows the relative weights associated to each KIPI indicator considering an indoor
environment that will be dedicated to exhibitions. They were chosen through an iterative process
involving experts and it was adapted to the Italian context. Table 1 clearly shows how the major
issues that have to be considered when dealing with a high quality environment for exhibition
places are the security of people and objects against natural and human hazards and the
identification of proper micro-climatic conditions to avoid the degradation of artworks and other
objects inside the building. A great importance is also given to the accessibility of the building, in
order to increase the number of people attending cultural events and the capability of the building
to host different kinds of artworks, proving in any case a suitable environment for their conservation
(different kinds of artworks have different conservation requirements).

4. Indicator Assessment
The analysis was carried out considering only the assessment in operation and not in the design
phase, as the southern wing of Villa has already been renovated and some relevant cultural
exhibitions are planned in the next months. The assessment in design phase could be very useful
in a future stage when the refurbishment works for the other areas of the Villa will be prepared. All
indicators in the KIPI framework were assessed, allowing a complete overview of the indoor
environment performances and the identification of the possible areas needing further
improvement actions.
The assessment was conducted through a series of site visits and a strong interaction with the
Consortium. The following sections presents the results obtained during the evaluation.
4.1

Health and Comfort

4.1.1 Health
All the rooms in the South Wing are equipped with a fan coil under each window, controlled
through thermal probes, but only some of them are also able to measure the relative humidity. In
the controlled area the humidity levels are quite good. There is still a slight risk of moulds growth,
due to the absence of a constant check of the humidity level in some rooms. A possible
improvement is the installation of de-humidifiers during exhibitions, depending on the specific
requirements of the objects showcased. Moreover, the rooms are characterized by the presence of
big windows, allowing the possibility to have a natural ventilation. The fan coils help in integrating
the air change rate when the windows must be closed. A filter-based system guarantees the quality
of the air reducing the presence of noxious gases for people and artworks.
Nevertheless, as the window frames are part of historical heritage of the building and thus have
never been changed, infiltrations from the outside are quite likely. The building is placed near a big
natural park that helps in guaranteeing a good air quality also for the outside environment, but the
entire region is strongly industrialized and the city of Monza is very near to Milan, this increases

pollution risks in particular concerning the concentration of particulate matter.
The drinking water directly comes from the town aqueduct, and the local utility is responsible for its
quality. Furthermore, there are strict law requirements on management protocols and the presence
of substances in the water, that is continuously monitored and controlled, thus the quality level at
the source is high. Villa Reale Consortium is responsible for the internal pipes, that are quite old
and need to be renovated, reducing the overall drinking water quality available in the building.
Table 2 “Health”  Indicators  assessment
Category

KIPI

Health

Mould growth risk
Ventilation / CO2
Combustion sources / Infiltration
Particulate matter
Drinking water quality

Performance
Level
C
C
B
C
C

Table  2  summarizes  the  performance  levels  assessed  for  the  “Health”  sub-category.
4.1.2 Comfort
The thermal comfort could be analyzed through the evaluation of the operative temperature, that is
assessed considering both the nominal value (measure in Celsius or Fahrenheit degrees) and the
activities that are performed. In the building there is a heating system that, during the winters,
maintains the temperature at about 16° C, making the indoor environment comfortable for
exhibition visitors while they wear  a  coat.  During  summers,  there  isn’t  a  cooling  system  active,  but  
the thickness of the walls helps in having a temperature of about 20° C, that is very comfortable
during the hot months in the year. The range is not very optimal for artworks, as the temperature
are a bit too low for their proper conservation, but the limited variations (about 4° C) help in
reducing possible consequences.
The visual comfort is can be improved because the amount of light in some rooms is too high: this
can create discomfort for people, due to the presence of glaring phenomena. Furthermore, the
solutions adopted are not suitable for the exhibitions of artworks, as the great presence of UltraViolet rays could damage the objects. As already said before, each room have a great window
surface allowing the presence of natural light in the indoor environment, but the blinds often have
to remain closed for security reasons and also to limit the quantity of light in the rooms when there
are light-sensitive artworks.
Villa Reale is surrounded by a large park, thus the place is normally very silent. However, in the
park there is a Race Track where international events take place, like for example Formula 1 Gran
Prix of Italy and Superbike World Championship. During such events the noise level is very
annoying and can disturb the visitors of exhibitions. At indoor level, the fan coils are the only
possible noise sources, but the sound is normally too low to affect the comfort of people.
Furthermore, the speech intelligibility is quite good due to the limited size of rooms. Only a couple
of them are wide enough to have a significant reverberation effect, but the possible presence of
furniture or any other objects will limit such effect.
Table 3 “Comfort”  Indicators  assessment
Category

KIPI

Comfort

Operative Temperature / PPD
Illuminance
Daylight Factor
Background Noise Level
Reverberation Time

Performance
Level
C
D
B
B
B

Table 3 summarizes the performance levels assessed for  the  “Comfort”  sub-category.

4.2

Safety and Security

4.2.1 Safety
“Safety”  indicators  play  a  relevant  role  in  the  evaluation  of  an  indoor  environment  aiming  at  hosting  
artworks without compromising their conservation or integrity. At the same time, guaranteeing a
safe environment for people visiting an exhibition should be a priority for organizers, in
collaboration with building managers.
The South Wing has been recently restored, removing all the possible risks for object or plastering
falls. Moreover, the floor is smooth but not slippery, preventing people from trips or accidental falls.
The stairs accessible to the people were also renovated with works aiming at improving their
structural integrity. The final result is a place that provides a good feeling of safety to external
visitors.
During the renovation works, all the systems were checked and, where needed, updated to meet
the current national regulations. Particular attention was dedicated to the fire protection systems, in
compliance with the Italian national law. Even if the solutions adopted to extinguish fire are based
on state of the art technologies there is some space for improvements, for example through the
design of solutions with limited impact on the artworks (e.g. fire extinguisher based on water should
not be used where there are paintings). As requested by regulations, alarm and prevention
systems are constantly checked and maintained with a strict schedule.
The last parameter that needs to be taken into account during the assessment of safety is the
protection of the cultural heritage inside the building. This parameter refers to the micro-climatic
properties of the environment, already addressed by other indicators, in conjunction with the
analysis of the protection level against other possible threats like accidental damages from visitors.
As previously analyzed, the micro-climatic environment is quite good (temperature is stable in the
range between 16 °C and 20 °C), while the protection against accidental damages is guaranteed
by proper measures that are chosen upon the specific requirements of the objects exposed.
Vibrations are not a relevant issue as there aren’t   any external sources nearby: the race track is
quite distant and affects the indoor environment only by the acoustic point of view, while the boiler
room is located on the other side of the Villa.
Table 4 “Safety”  Indicators  assessment
Category

KIPI

Safety

Safety in Use
Feeling of Safety
Meeting Current Regulation
Cultural Heritage Protection

Performance
Level
B
B
B
B

Table  4  summarizes  the  performance  levels  assessed  for  the  “Safety”  sub-category.
4.2.2 Security
The physical security is guaranteed by controlling the external perimeter of the whole building with
a video surveillance system. In the indoor environment, the video surveillance system is integrated
with volumetric sensors, able to detect the presence of moving bodies in the rooms. Both systems
are connected with a remote control centre, where operators are able to quickly react if a criminal
action is being performed, and with the local police department, improving the response capability
in case of necessity. In addition, depending on the value of the objects that will be exposed, a more
sophisticated alarm system is available. Therefore, the global level of personal and material
security of the South Wing is quite good.
In the building there   aren’t   many   sensitive   information   to   be   protected. The control centre
managing the micro-climatic and the alarm systems are password protected and not directly
accessible from the outside.
Villa Reale doesn’t  present  any  particular  risk  against  natural  events  not  related  to  climate  changes,  

like earthquakes, as it is locate in an area with a very low seismic level. Considering terrorism risks,
the building itself could be considered a sensitive target, particularly when persons of recognized
authority are invited for special occasions (workshops, thematic exhibitions, etc.). In such cases,
the security have to be enforced through the adoption of specific security measures (i.e. special
procedures).
Table 5 “Security”  Indicators assessment
Category

KIPI

Security

Personal and Material Security
Security of Information
Reliability in Exceptional Cases

Performance
Level
B
B
C

Table 5 shows the performance levels assessed for security indicators.
4.3

Usability and Positive Stimulation

4.3.1 Usability
The South Wing can be easily accessed from the outside, as there is a paved path directly
connecting the building with the main town road, that ends in a wide court used as a parking place.
The entrance of the building is characterized by the presence of stairs, and a portable lift can be
installed in case of necessity. This approach requires people needing assistance to ask Villa Reale
personnel for the installation of the lift in advance. In the future, the installation of a permanent lift
will make the access easier. Once on the first floor, there are not obstacles anymore to accessibility,
as all rooms are at the same level and the doors are large enough to allow the passage of
wheelchairs and buggies.
The way finding inside the building is not easy as it is not present a permanent indication of the
different rooms and the activities performed. Only the emergency exits are clearly indicated.
However, during the exhibitions, portable signals and other devices are installed to mark the
visiting path as well as the additional services in the building and the forbidden areas.
The systems installed in the building are quite difficult to be managed, as any fan coil or other
device is only equipped with controls for shutting down when not necessary, while the temperature
control is automatic and based on sensors placed in the room, with a remote control centre able to
take decisions. Moreover only few persons are allowed to modify the system configuration, but this
is a valuable approach to preserve indoor environment safety during exhibitions.
Table 6 “Usability”  Indicators  assessment
Category

KIPI

Usability

Access to and in the building
Way finding
Adjustability

Performance
Level
B
C
B

Table 6 summarizes the performance levels identified in the analysis.
4.3.2 Positive Stimulation
The Villa is located inside a big park, and the South Wing, in particular, has some windows
overlooking  directly  the  park  behind,  while  from  the  other  windows  it’s  possible to see the internal
court and the northern wing. Therefore, the view to outside is very pleasant.
Regarding the other parameters of this category, the assessment is quite negative as the use of
some solutions for giving good sensations to visitors is highly dependent on the particular
exhibition organized: the choice of light systems or particular scents have to be inserted in an
artistic context and some combination could not obtain a positive effect on visitors. Furthermore,
currently there  aren’t recreational spaces for the visitors, and their creation is not still planned.

The privacy, as defined in KIPI framework, is not relevant for an exhibition place, as typically there
aren’t   particular   needs   associated   to   it,   thus   no   specific   solutions   have been adopted. Moreover,
the images and videos recorded through the video surveillance systems are kept only for the time
allowed by the national law and could be accessed only by the local Police Department or by a
strict number of authorized users.
Table 7 “Positive Stimulation”  Indicators  assessment
Category

KIPI

Positive
Stimulation

View to outside
Privacy
Feelings and Sensations
Availability and Quality of Recreational Spaces

Performance
Level
A
C
D
E

Table  7  contains  the  results  of  the  assessment  on  “Positive  Stimulation”  indicators.
4.4

Adaptability and Serviceability

4.4.1 Adaptability
Originally Villa Reale was built for a residential use, as described before, based on the style and
requirements of nobility in the 18th and 19th centuries. The recent renovation works on the South
Wing aimed at adapting this area for reconstructing the environment of the Italian Monarchy and
hosting temporary art exhibitions. However, the rooms are structured in a way that future
adaptations to other uses (e.g. educational or office) will be possible without involving structural or
architectural changes. This is a relevant issue, as such   changes   wouldn’t   be   permitted   by   the  
Italian Ministry of Cultural Heritage in order to preserve the historical and cultural value of the
original building.
The major systems of the building, such as electric and heating systems, have been recently
replaced during the renovation works. As they are basically new, the expected service life is very
long, with a constant and continuous ordinary maintenance. Only the water system could need
major works in a near future as pipes and other devices are quite old.
The building is located in a geographical area where the consequences of climate changes does
nott represent a great risk. There is a small river crossing the surrounding park, but it is quite
distant from the building and,  in  case  of  floods,  it’s  very  difficult  for  water  to  reach  the  building  and  
cause damages.
Table 8 “Adaptability”  Indicators  assessment
Category

KIPI

Adaptability

Versatility and Protection
Technical Service Life
Adaptability to climate changes

Performance
Level
C
B
B

The performance level assessed for the  “Adaptability”  indicators  are  shown  in  Table  8.
4.4.2 Serviceability
Villa Reale has a relevant value from historical, cultural, and aesthetical point of view. Furthermore,
the presence of the original furniture and various artworks will help increasing its artistic value and
becoming one of the most known monument in Northern Italy.
The growing importance of Villa Reale as a place for exhibitions and a cultural reference point will
require new services to be provided, like a cafeteria or a bookshop. Currently these services are
not present: even if a dedicated area for the cafeteria in the South Wing has been already
identified, this area still have to be fully renovated.
The old age of the building, its size and the fragility of its materials make the environment very
restricting in terms of cleaning and maintenance issues. The type of cleaning products to be used

must preserve the conservation status of the pavements and of any other valuable objects that is
present in the building. In addition, they must be selected in order not to cause any risk of further
degradations through volatile vapours, or any other chemical reaction with a negative effect on
artworks.
Table 9 “Serviceability”  Indicators  assessment
Performance
Level

Category

KIPI

Serviceability

Branding and Cultural Heritage
Availability of Services in the Building
Cleanliness
Maintainability

A
E
E
E

Table  9  contains  the  result  of  the  assessment  of  “Serviceability”  indicators
4.5

Global score

With the values assessed in the previous sections the global score of the South Wing of Villa Reale
can be calculated. In addition to the global score, Figure 3 also shows the final results for each
category and the sustainability impact.
Fig. 3 Global results of the KIPI framework assessment
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5. Comments and Conclusions
The assessment was performed only on the first floor of the South Wing of the Villa Reale of
Monza, where the major part of the renovation works was completed and rooms are ready to host
art exhibitions. All the indicators were evaluated providing a comprehensive analysis of the quality
of the indoor environment (KIPI coverage in operation: 100%). The assessment during the design
phase was not considered.
From the data shown in Figure 3, it emerges an overall score of 57 over a maximum value of 100,
that means that the indoor environment has a sufficient quality to host artworks guaranteeing their
conservation, but there are still some improvements that can be done to obtain a higher quality.
The best score was obtained by the  “Safety  and  Security” category, with a final grade of 70/100.
The results show that the major priority of building owners and managers when they started the
renovation process was to guarantee a safe and secure environment for both artworks exposed
and visitors against accidental or voluntary threats. Some issues have still to be better addressed,
like the reliability in exceptional cases that is mainly managed only on a case-by-case approach,
but the major priority targets seem to be achieved.   The   score   of   “Health   and   Comfort”   category  
also enforces this concept, as the final grade (55/100) is due only to the low performances related

to the illuminance and the micro-climatic environment issues (temperature, relative humidity and
presence of noxious gases) in all the rooms dedicated to exhibitions.
Major improvements are possible in the   other   two   categories   “Usability   and   Positive   Stimulation”  
and  “Adaptability  and  Serviceability”,  due to the chance to create additional services in the building,
to optimize the costs for maintenance and to restrict the selection criteria for cleaning products that
may be used without damaging artworks. The score of these two categories is increased by the
high level of usability (with particular reference to accessibility) and branding, related to the
importance of Villa Reale from the artistic point of view in the Italian context.
Figure 3 also shows some indications on the sustainability impact of the indoor environment of the
South Wing of Villa Reale. The main impact is on the social perception, due to the great
importance of the building itself in keeping alive the historical memory and culture and its capability
in hosting exhibitions. From the economical and environmental impacts, the average performances
are mainly due to the trade-off between the necessity of providing a comfortable environment for
people and artworks, and the already high maintenance costs associated to the standard
management of the Villa.
5.1

Future works

An important follow-up of this research is the analysis of the remaining areas that have still to be
renovated. The aim is to compare the results between the restored area and the other ones, in
order to define adequate intervention measures. The priorities for other areas may differ from the
ones defined for the renovation works on the first floor of South Wing. Another follow-up can be the
replication of the analysis described in this paper after a period of time (basically after some
improvements already planned will be completed): the comparison of results obtained at different
times will help in identify the real performance gain obtained.
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Summary
Healthcare systems in various countries are under substantial pressure to reduce costs.
Performance assessments and evaluations are an opportunity for facility management to improve
spaces systematically. Many studies indicate that an improved indoor environment quality
contributes positively to both the user and the economic value of the building. When workers are
satisfied they usually work more effectively, increasing productivity.
In this paper, we describe results from indoor environment assessments at the South Ostrobothnia
central hospital. A current main building is compared to its extension ‘Y-house’, which will after
opening in 2012 nearly double the hospital capacity. The overall indoor environment in the
extension is nearly by a third (+27%) better than in the old main building. The greatest increase in
performance is related to health and comfort (+42%), mainly because of improved technical
systems and guidelines. The focus in Seinäjoki towards end-user interaction has amended
usability and positive stimulation (+33%). Nursing work has now better, adjustable systems
supporting various nursing situations, but on the other hand, patients and personnel also visually
enjoy decorative elements and colours. Safety and security are on a high level In Finland, and
therefore old hospital improvements are marginal (+6%). Standard spaces enable better versatility
and maintenance in ‘Y-House’ and upgrade adaptability and serviceability (+23%).
A transparent indicator system to monitor the indoor conditions is an interesting opportunity to
monitor the quality of spaces. The framework mobilised in this research is a path opener, and
should be enhanced in the future. A structured approach to evaluate indoor environment through
indicators helps the owner to track differences between facilities and demonstrates to the
management of facility how well they are performing.

Keywords: PERFECTION project, Seinäjoki,
indicators, Performance assessment
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1. Introduction
At a time when the world economy is stuttering, healthcare systems in various countries are under
substantial pressure to reduce costs. The effects of these reductions are not just restricted to
nursing work in hospitals, but also it is evident that the annual real estate budgets are cut.

Therefore, the facility management personnel are forced to carefully consider their investments. It
is important to notice that if the value of a building declines, renovation or new construction is
required to maintain the required level of nursing quality in the hospital.
Performance assessments and evaluations are an opportunity for the facility management to
improve spaces systematically. Many indicator-based approaches have been developed in the
construction industry to benchmark building performance against defined criteria. The criteria are
often economical, but recently the industry has started to put more value on end-users. Present
and future needs of end-users have to be understood if supportive environments are to be created
for them [1]. Understanding such needs leads to more satisfied and less critical end-users [1, 2],
simultaneously improving the hospital outcomes. The performance of indoor environments is
important for end-users, especially in relation to their own objectives [3]. It should be recognised
that improving these objectives, worker satisfaction and productivity by providing well-performing
spaces, is much more important than saving money in the design and construction phase [4].
The remainder of this paper is structured as follows. First, we explain our indicator-based approach
to benchmark indoor environment quality at the South Ostrobothnia central hospital. Then, we give
the results from a current main building and an on-going hospital extension, the latter of which was
estimated during the design phase, and describe their differences. Finally, we present findings on
how accumulated user-involvement in the design process effects design outcomes and we draw
concluding remarks for the indicator-based approach.

2. Building performance evaluation
The value of buildings has been framed in a number of ways. Buildings are both functional (value
in use) and economic (value for money) resources [5]. The functional value usually reflects
essential attributes to facility end-users, while the economic value comprises traditional business
measures. To capture the value in relation to a building performance, many indicator-based
systems have been developed. One of the first industry-wide classification attempts was the CIB
master list in 1964 [6]. Subsequently, several public and regulatory efforts, many times with political
aims, have been established to polish the tarnish reputation of the construction industry. A fine
example is the British ‘Rethinking Construction’ program that launched ‘Key Performance
Indicators’ (KPIs) in the late 1990s to benchmark industry performance [7]. Later, as an extension,
the same program launched ‘Design Quality Indicators’ (DQI) to capture value creation in design in
relation to different user needs [7]. In 2002, after only a few years, a modified version of DQIs were
utilised in healthcare buildings [8]. The public and regulatory frameworks have traditionally
captured the economic value of buildings. Recent technological advancement has allowed for
considerable tool development and knowledge extension, enhancing the sustainability of the built
environment [9].
Rating systems are prevalent in the industry today. These systems are voluntary-based and focus
on high-performance, energy-efficient, economical and environment-friendly buildings [10]. Even
though numerous rating systems market themselves as ‘green building’, BREEAM and LEED for
instance, they do not attempt to capture the value for users.
User satisfaction in the existing facilities is many times tracked with performance evaluations. A
popular method for these evaluations is Post-Occupancy Evaluation (POE), which consists from
systematic data collection, analysis, and comparison to occupied built environments [11]. The
method has progressed from a one dimensional feedback process to a multidimensional process,
considering also non-technical factors [12]. For building use the added value stems from facilitated
activities and contributed organisational outcomes.
An improved indoor environment quality contributes positively to both the user and the economic
value of the building. However, the evaluation of indoor environment is complicated. Many
characteristics related to indoor conditions, for instance productivity, worker satisfaction, and
wellbeing, correlate strongly with each other [13, 14]. Thus, when workers are satisfied they usually
work more effectively, increasing productivity. Results from construction projects where user-

contribution is strengthened are promising. When users can participate in the design, worker
productivity may increase by 6% through impacts on health, comfort and work task performance
[15]. One such method is ‘participatory design’, giving the people who are affected by a change in
the workplace a chance to influence the design process [16]. Furthermore, end-users appreciate
an opportunity to regulate indoor conditions: adjust lighting, heating and cooling; opt for
personalised aesthetic appearance, prefer natural lighting in the workplace, and enjoy a view to the
outside [14]. The published results reveal that an increase of 1% in productivity may already cover
the additional capital expenditure made for user involvement [17, 18]. To sum, it appears that
building performance is important and building owners should add user involvement to indoor
environment development, especially in workspaces such as hospital.
Different categories have been used to illustrate building performance. Although buildings have
become more sophisticated over the years, they may be in some ways less robust and dependent
on specialised technologies [9]. Depending on the scope of evaluation, a number of categories
may be used to define performance. Lützkendorf et al. (2005) identified functional, technical,
environmental, economic, social, and process categories [19]. In recent years, many EU projects
have developed the assessment of indoor environment, sustainability and the establishment of
respective indicators [20]. These EU projects usually propose fresh categories for building
performance assessment, which may provide fruitful extensions to the prevailing indicator systems
in the future. One of such efforts in indoor environment quality is the PERFECTION project [21,
22].
2.1

Key performance indicators for indoor environment quality

The PERFECTION methodology describes ‘KIPI framework’ (Key Indoor Performance Indicators),
which is a result from an inventory of current performance indicators, standards, regulations,
guidelines, research activities and policies used in the design and construction of the built
environment. The ‘KIPI framework’ consists of 31 indicators composed of four categories.
Health and Comfort (10 indicators)
Safety and Security (7 indicators)
Usability and Positive Stimulation (7 indicators)
Adaptability and Serviceability (7 indicators)
These four categories give a holistic view to the performance of indoor environment. In the first
category, Health and Comfort, the ten indicators describe measurable air quality and issues of
comfort, necessary for the wellbeing of end-users. The Safety and Security category draws from
the seven indicators for the building structures and equipment for people, materials and
knowledge. Then, the third category ‘Usability and Positive Stimulation’ assesses the ease of
building use and its adjustability to various situations. In fact, the third category differentiates the
framework from the other indicator frameworks. Many studies [14] have underlined the impacts of
soft issues, often related to productivity, worker satisfaction and wellbeing, but usually indicators
related to these issues are not included to the indicator frameworks. The final category
(Adaptability and Serviceability) completes the framework with adaptability to prevailing settings
and maintenance.
How is the indoor environment performance evaluated? Each indicator in the framework has a
rigorous description in the PERFECTION methodology and separate assessment rules are
described for design and operation phases. The indicators are applied to various building types
through a weighting system, which specifies the importance of each indicator. The framework
specifies weights for offices, schools, hospitals, residential buildings and exhibition places [22].
When assessing indicators, a grade is given to each indicator from a five-level analogy that ranges
from the lowest class E to the highest class A [23]. After each of the framework indicators is
assessed, the quality of indoor environment is presented as a ‘KIPI score’. The ‘KIPI score’
summarises the indoor performance in respect of the framework [24, 25] with a number from zero
to a hundred. The values near hundred indicate a high-performing indoor environment.

3. Results from indicator assessment at the South Ostrobothnia central
hospital
Every fifth health care building in Finland is currently a central hospital. When compared to other
building types, such as offices and schools, central hospitals are composed of many demandintensive spaces in terms of indoor environment. For example in laboratories and surgical wards,
the indoor conditions must remain stabile over long period of a time. The hospital operates aroundthe-clock seven days a week, and therefore, a well-performing indoor environment is critical for
providing care services. Diverse trends affect healthcare organisations and facilities. Much effort
has been put to care quality and safety, which are monitored with many criteria such as efficiency
of work, number of accidents, medication errors and care mistakes [26]. The design of healthcare
facilities is also changing. A traditional architectural design is challenged with ‘evidence-based
design’ (EBD) - a new practice - directed to improving outcomes. The EBD ranges from clinical or
medical outcomes (pain or length of stay), to patient and staff wellbeing (satisfaction, waiting times,
and safety) and to economic outcomes [27, 28].
The South Ostrobothnia central hospital (Figure 1) is a secondary health care unit located to
Seinäjoki in Western Finland, serving a population of 200,000 inhabitants [29]. We consider in this
paper indoor environment quality in two sections of the central hospital, an existing main building is
compared to its on-going ‘Y-house’ extension building.

Figure 1. The South Ostrobothnia central hospital, current main building on left and its extension
‘Y-house’ on right (Courtesy of the South Ostrobothnia Hospital District).
3.1

Current main hospital building

The main building of South Ostrobothnia central hospital was built in two stages between 1977 and
1983. A layout in seven floors provides spaces for nearly 2500 employees. Patient modules with
398 beds consist from two-handed multi-patient rooms. The current hospital carries out annually
over 22 000 surgeries and 180 000 outpatient visits. Interestingly, the number of outpatient visits
has grown by 60% since the hospital opening, and units need more spaces. The central hospital is
managed by the South Ostrobothnia Hospital District. They collect annual data from the building

automation system and make surveys of user satisfaction to personnel yearly, to amend the quality
of care. A small number of operational units have been renovated according to current regulations.
The existing central hospital building is set to grow by a third in 2012 when the extension ‘Y-house’
opens.
3.2

On-going extension project ‘Y-house’

The extension of the central hospital (Figure 2), with gross floor area of 33 870 m2 and 1309
rooms, is one of the biggest hospital projects in Finland. This 58 million euro project is due to be
completed in September 2012, and will increase the central hospital’s bed capacity by a third
simultaneously doubling the number of annual patient visits. The extension will employ about 450
people in 20 operational units of the central hospital. In addition, half of the ‘Y-house’ building is
determined for the use of primary health care services and Seinäjoki polytechnic. Architectural
designer UKI Architects Oy has provided a unique plan in five floors, connected to the current main
hospital building through a corridor. The new section includes better access for ambulances, and a
helipad for urgent patient moves to other hospitals. The layout builds on four functional modules
that have common elements, for example colours as a signage to ease in navigation. The inpatient
wards have two-handed double-patient rooms. Each of the patient rooms has a bathroom, and the
manager of the central hospital has added few spacious single-patient rooms, for testing purposes,
in the layout. The focal point of design solution is a four-floor-high atrium with large windows. The
atrium
has
cafeteria
services that nurture the
wellbeing of occupants of
the central hospital.
The Hospital District invests
greatly to develop health
care. In the future, they aim
to provide a more pleasant,
care
environment
to
patients and personnel and
optimise the consumption of
energy in their facilities [30].
The District is an active
client,
determined
to
increase interaction during
the architectural design. In
the ‘Y-house’ project they
utilise virtual reality [29, 31,
32] to cross a bridge in
interaction between experts
and non-experts. Yet, 250
end-users have given 4600
observations about the
usability of spaces.
Figure 2. Web-camera picture from the South Ostrobothnia central hospital extension ‘Y-house’ on
15th of April 2011 (Courtesy of the South Ostrobothnia Hospital District).
3.3

Results from indoor environment quality assessment

The assessment of indoor environment quality at the South Ostrobothnia central hospital is
performed according to the PERFECTION methodology. The current main central hospital building
is compared to its extension ‘Y-house’, which is evaluated at design phase. The data for evaluation
was collected from documents and client interviews. Besides, user satisfaction survey results are
used in the current central hospital building. Results indicate strengths in ‘Y-house’ design, but on
the other hand, point out defective areas in the current main building. Since the user satisfaction

surveys were available only for the current hospital building, the results are indicative. These
indicative results are thoroughly explained in this chapter, with graphs from the assessments in
Figures 3 and 4.
The ten indicators in Health and comfort draw attention to indoor condition differences between the
existing buildings. The current hospital building with old technical systems scored 53 points, while
the extension, equipped with the latest HVAC solutions meeting the national FiSIAQ guidelines for
air quality and materials [33], performs 93 points. The management of hospital has service manual
for their facilities. In the renovated wings old technical systems are changed to forced ventilation
with presence sensors controlling the amount of air taken in. However, since a majority of units in
the old building has not been renovated, air quality is adequate (class C). Accordingly, in ‘Y-house’
air quality is excellent (class A) and the building automation system controls air supplies to all
rooms. When spaces are utilised, the supply of air is increased. The forced ventilation removes
gases, such as carbon dioxide, and odour, efficiently. Surface materials in the extension are userfriendly and do not emit harmful components: M1 class for materials from the Finnish classification
of indoor environment [33]. All central hospital buildings in Seinäjoki are non-smoking. The client
develops technical solutions together with suppliers. For instance, better lighting in ‘Y-house’ helps
the elderly and lighting switch locations have been discussed with the personnel. On the other
hand, lighting in the old building is acceptable, but small windows reduce daylight and make rooms
dark. Thus, for the extension, the client has selected extended windows to fasten the recovery of
patients [27]. Acoustics in ‘Y-house’ is improved with a better noise reduction in suspended
ceilings. The supplier of suspended ceilings provided two options to select from. Drinking water
quality in all facilities of the central hospital is excellent.
Both buildings have a high rating in Safety and Security. The score for current main building is 93
points, while the extension ‘Y-house’ has 99 points. Security systems in both buildings have alarm
switches and the personnel are trained for various emergency situations. In addition, the extension
building has a block with cells. A part of surface materials were changed to not slippery and easyto-clean in ‘Y-house’. Furthermore, information safety has been thoroughly considered. The central
hospital has electronic customer service system for patient records and care planning. For the
safety perspective, the double-patient room units in ‘Y-house’ are safer option than multi-patient
rooms at the old central hospital building. The multi-patient rooms have higher space utilisation,
but may jeopardize the wellbeing of personnel and patients with a high bacteria infections risk.
The strength of ‘Y-house’ is the ease of building use and a good adjustability to various situations.
92 points of the extension in the seven indicators in usability and positive stimulation are well
ahead of 62 points in the current main building. During the architectural design process, userfriendliness has been acknowledged. Even though the old building has accessible main entrances,
all entrances in ‘Y-house’ are accessible-for-all. Besides, a patient entrance is separated from an
emergency entrance with helipad. The spaces in ‘Y-house’ are more attractive to end-users and
there are functional improvements, such as therapy garden for patients. Windows, which were
mentioned in health and comfort category to bring more daylight into patient rooms, bring
additionally an outstanding view to nature or a lake. In the old section, the patients are able to see
sky when lying in the bed, but the extended windows enable the great view in ‘Y-house’ from the
bed. Artworks have been used everywhere, and there are spaces for social enhancement and
physical exercises. The Hospital Districts supports local culture, for example, artworks are usually
ordered from the local artists. Colours are used in signage and surfaces of the extension building.
An old navigation system, floor stripes to different units, will be updated. Corridors and units are
colourful; theme colours nurture patient recovery and atmosphere in patient room wards is relaxed
and healing. Changes in layout contribute to physical activities. Walking of personnel during their
work shift is reduced. Standardisation in ‘Y-house’ has halved the amount of different room types
from the number of different room types in the old main building.
The extension of the central hospital adapts to the prevailing settings. The scores for Adaptability
and serviceability are 69 points in the main building and 90 points for the ‘Y-house’ extension.
Services are excellent in the area and at both buildings. The central hospital is located on a hill
next to the lake Kyrkösjärvi, a reservoir equipped with water power station. The water power
station is able to serve the whole area if disasters occur. The area has a historical value in the

region, and has great recreational routes around the lake. Cleaning of the current central hospital
has been awarded and is rated very good. However, part of the surface materials in the old main
building are not optimal for cleaning causing additional work.

Figure 3. Indoor environment quality assessment at the South Ostrobothnia central hospital’s
current main building (during operation stage).

Figure 4. Indoor environment quality assessment at the South Ostrobothnia central hospital
extension building ‘Y-house’ (indicative results from design phase).

4. Discussion
The results of the assessment give an extensive overview of the indoor environment in the South
Ostrobothnia central hospital. The greatest performance increase is detected in health and comfort

(+42%). The rise in this category is primarily caused by improved technical systems and
guidelines. The annual energy use and water consumption are fairly high in the current main
building. The estimates for electricity use and water consumption in ‘Y-house’ per square meter are
remarkably smaller. On the other hand, the unique architecture and an atrium raise the
consumption of heating energy. When the extension building is opened, nursing work has better,
adjustable systems for various use situations, but on the other hand, patients and personnel have
more motivating indoor environment. Soft issues like decorative elements and colours are revered
by end-users. As an outcome, usability and positive stimulation is amplified by a third (+33%). In
Finland, safety and security indicators are typically on a high level, and therefore, the difference
between the buildings was marginal (+6%). The new extension building has been designed to be
adaptable to prevailing settings and versatile decreasing maintenance needs. Thus, adaptability
and serviceability is amended by a fourth (+23%).
In the healthcare environment a number of bacteria infections are growing rapidly. How many
patients should be placed to a patient room? Recent evidence-based design studies [27, 28]
indicate that we should go from double-patient rooms further to single patient rooms. In singlepatient rooms the average patient staying time is shorter, patients need less medication and they
have a feeling of health care quality [28]. Unfortunately, due to economic reasons, hospital patient
rooms are designed for multiple patients.

5. Conclusion
This paper has described positive experiences from the performance assessments in Seinäjoki
central hospital. A structured, indicator-based approach to evaluate indoor environment helps the
owner to track differences between facilities and demonstrates to the management of facility how
well they are performing. Hence, it is important that indicators are evaluated coherently.
Since the extension is yet under construction, the indicative results elucidate differences between
the buildings. Based on findings, the indoor environment quality is improved in ‘Y-house’ by nearly
a third (+27%) from the current main building. The results corroborate that old buildings are facing
a challenge to meet today’s requirements. The objective in the ‘Y-house’ extension project has
been to create a healthcare environment that improves outcomes. Therefore, the South
Ostrobothnia hospital District has promoted user-contribution in architectural design phase by
increasing interaction between the design professionals and end-users. As a outcome, usability
and positive stimulation is improved by a third (+33%). However, new technical systems and
improved requirements in HVAC guidelines augment health and comfort by 42%.
A transparent indicator system to monitor the indoor conditions is an interesting opportunity to
monitor the quality of spaces. The framework mobilised in this research is a path opener, and
should be enhanced in the future. If the indicators are addressed annually, the outcomes enable
picking up trends from the building stock.
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Summary
Usual decision tools in the Commercial Real Estate Industry can lead to decisions that are
environmentally –and even economically- not sustainable. Indeed, neither the impacts on
environment nor the economic consequences of climate change are fully integrated in usual
methods such as Discounted Cash Flow, sales Comparison approaches, or in the balance sheets,
(...). This paper discusses methods to integrate sustainability in usual decision tools, based on a
real investment case study. It aims to illustrate the advantages of the use of LCC tools to increase
transparency in the integration of green value in valuation processes.
This case relies on an office building located in Berlin, Germany for which different refurbishment
and rental scenarios were analysed. Value is assessed through reasonable assumptions on rental
scenarios and additional methods (Life-Cycle Assessment, Life-Cycle Costs) and is used to
discuss refurbishment decision accounting for long term and environmental considerations.
Generalizing this process could help bring together environmental interests and return on
investment requirements.
Keywords: energy efficiency, renovation, existing building, Life cycle assessment (LCA), life
cycle costs (LCC), Discounted cash flow (DCF), green value

1. Introduction
Green building standards for new constructions spread in past years with the increasing global
warming concern. However, existing buildings –buildings already built represent 80% of all
buildings in 2050 –are challenging both financially and technically. In particular, potential interest
conflicts between investors and tenants can lead to “non-green” decision-making. Best practice in
decision-making shall therefore consider these aspects and underline the added value of green
refurbishment.
Different approved methods assess and appraise commercial real asset value: Discounted Cash
Flow (DCF), sale comparison, risk assessment, ... Three main dimensions influence the financial
performance of assets: market issues (transaction volumes...) and economic performance (lease,
rent...) but also the environmental characteristics of the building (quality, energy efficiency...)
through Green Value. Thus, these intertwined dimensions should be integrated in the valuation
parameters (rents, Capex, yield) through clear guidance,.
Whereas most studies evaluate Green Value by asserting differences in asset values between
“green” and “non-green” buildings [1], academic research has also investigated pathways for its
integration in valuation in particular the use of life cycle costing (LCC) [2]. This study questions
through a business case the relevance of calculating an intrinsic “Green Value” by comparing
scenarios using DCF as valuation method and LCC to generate input data.

2. Deciding Green: evaluating green added value in a refurbishment
business case
2.1

Presentation of the case study

The case at stake considers two listed historical monument office
buildings (total 22.000 m²), built in the 1930s in Berlin, Germany.
Those buildings are owned by ICADE.
Different renovation scenarios were taken into account for the
windows that are an historical part of the building, thus undergoing
stringent rules regarding their replacement, but with low insulation
levels and bad conditions (leakage, broken mechanisms, …). In
addition to the induced higher energy and maintenance costs, this
results in comfort losses which compromise the marketability of the
lease areas.
Therefore multiple renovation scenarios were numerically
considered, differing in their investment volume and timeframe. An
engineering study was made to evaluate maintenance and energy
cost for these scenarios. Data were also available from an existing
Fig. 1: the historical monument office
professional valuation.
building in Berlin, view from the vegetables garden
Table 1: description of the different renovation scenarios

Begin of works
Type of renovation

2010

2020

Progressive obsolescence of the asset (steady-state scenario)
no investment costs
no energy savings

Scenario NP

Cosmetic repair with no improvement of physical properties
150€ repairs per window every ten years, repairs spread on 3years
 no savings

Scenario 0

Windows replacement improving energy efficiency from U= 3 to 1,1 W/m²K), made
on-site with tenant staying in the rental area, hardened FSC certified wood.
 1250€/unit, realization spread over 4 years
Savings: -25% of final energy consumption (100 → 75 kWh/m²)

Scenario 1

Scenario
1-2

High-performance replacement (made on-site as in scenario above )
2000€/unit in current prices but with sinking investment costs (1800€ in 2020)
savings: -31% of final energy consumption (100 → 69 kWh/m²)

Scenario 2

Scenario
2-2

(non plausible)

For clarity purposes this paper focuses on 2 equally possible scenarios (sc0 and sc1). Sc1
was chosen and is today under realization.
2.2

Numerical methods and tools

The environmental and financial impact of these scenarios were tested with the following tools
2.2.1 Life-cycle assessment of costs (i.e. LCC) and environmental impacts (i.e. LCA)
A life cycle assessment is a technique to assess environmental impacts associated with all the
stages of a product's life from-cradle-to-grave (i.e., from raw material extraction through materials
processing, manufacture, distribution, use, repair and maintenance, and disposal or recycling).
Associated life cycle costs evaluate related discounted costs (investments, energy costs,
maintenance, cleaning …) independently of the payer. The analysis was based on the
methodology defined by the DGNB ( German Sustainable Building Council ) and the ISO 14040[3]

2.2.2 Discounted cash flow
Discounted cash flow analysis is a common valuation method for investors and surveyors. All
future cash flows are estimated, discounted and added up to obtain the net present value. This
final figure informs on the global financial performance of the building over time.
Positive cash flows correspond to rents, ancillary costs (recovered from the tenant),and exit values.
Negative cash flows correspond to acquisition, repairs, energy costsand more generally all non
recoverable ancillary costs (for instance ancillary costs for vacant space). Tax issues were not
taken into account.
Table 2: Parameters used in the DCF analysis
Economic parameters
Financial parameters
Inflation rate
2%
discount rate*
7,75 %
Rent increase rate (based on inflation)
2%
Revenue growth rate**
2%
Energy price increase rate
4%
cap rate**
7,75% - 2 % = 5,75%
Energy price 2010 district
0,058€/kWh
exit year
2025
* obtained from the existing valuation report
**The residual value at the exit year (or terminal value) is obtained through the usual Gordon Growth Model. It is
calculated by dividing the projected cash-flow in the following year through the capitalization rate,which is the discount
rate minus an estimated long-term cash flows growth rate. Vn = CFn+1 / (discount - growth)

2.3

Assumptions

Life cycle costs: costs and savings were based on the engineering study assessing all
refurbishment scenarios.
Life Cycle Costs of the refurbishment are only relevant as negative cash flows for the DCF when
the owner of the building is also the user. Otherwise, maintenance and energy savings benefit the
user and therefore cannot compensate cash-flow imbalances from the owner’s point of view.
Therefore, green investment can have a positive influence on value only through an improvement
of the positive cash flows: the rents, which evolution from the current rental situation was forecast
until the exit year.
Two main influencing factors on rents were considered to take into account on-going market trends:
rent levels and vacancy rate. Longer terms lease agreements were also experimented. Hypothesis
on those parameters were taken in accordance with the main results of econometric literature on
green value (increased occupational rate, increased lease duration, impact on rents evolution). [4]
2.3.1 Rent evolution scenarios
The mechanism used to model refurbishment
impact on rents consists in applying a
constant growth rate to the overall rent (rent
+ ancillary costs).
sc0: Future energy expenses and rents are
extrapolated from the current ones with
consideration inflation and rising energy
costs.
sc1: The tenant in place by the time of the
renovation benefits from 100% of the energy
savings and comfort gains. The landlord
doesn’t re-invoice any of its investment costs.
When a new tenant arrives or in case of
lease renewal, the landlord increases the
rent by a percentage (default: 100%) of the Fig. 2 Impact of the renovation on current and future rents.
savings.

2.3.2 Vacancy rate

30%
scenario 0

25%

sc0: Average vacancy between leases as well
scenario 1
as rent-free periods (inclusive brokerage fees) 20%
between lease renewals is set to 6 months. 9% 15%
of the surfaces stay vacant. This leads to a
maximum occupancy rate of 91 % (average = 10%
85 %)
5%
sc1: This vacancy period is reduced to 3
months in average. Furthermore, additional 0%
surfaces are rented compared to scenario 0.
This leads to a maximum occupancy rate of 94%
Fig. 3: Vacancy rate for scenario 0 (blue) and scenario 1 (red)
and to an average of 90%.
2.3.3 Lease duration
sc0: Existing leases expire in conformity to reality, new leases or lease renewal duration is set to 7
years by default.
sc1: Existing leases expire in conformity to reality, new leases or lease renewal duration is set to 8
years on average.
2.4

Results: Environmental life cycle approach (LCA, LCC)

LCA: In terms of greenhouse gas emissions,
the built-in carbon in new materials in
scenario 1 (sc1) is inferior than the annual
energy savings over a year.. Thus, from a
primary energy and greenhouse gas
perspective, the sooner the investment is
made, the better for the LCA on the overall
period. Moreover, choosing a low- grey
energy material saves CO2 emissions today
and not delayed in the future, which is
important because of the acuteness of the
climate change issue.
LCC: In terms of life-cycle costs, the
investment scenario sc1is only profitable
after 42 years compared to sc0. This time
frame is evidently too long for normal
investors. However, considering the age of
the current windows (80 years) and the
controlled scenario on energy price inflation,
it leads to a return on investment after only
half of their lifecycle, what represents a
reasonable and sustainable investment.

12
tCO2-eq

heating 2020-2059

10

heating 2010-2019
8

grey energy (fabrication,repairs)

6
4
2
0
Scenario Scenario Scenario scenario scenario Scenario Scenario
0
1
1-2
2
2-2
1 PVC 1 -Alu

Fig. 4 Life Cycle Analysis – CO2 emissions (in tCO2-eq) linked
to a window over 50 years for the different scenarios. Wood
frames were preferred to PVC and aluminium because of the
lower grey energy consumption.
Fig. 5 Life Cycle Costing. Cumulative discounted investment
and energy expenses linked to a window over 50 years (in €)
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2.5

Results: Discounted cash flow, green value

The assumptions presented in 2-3 result in the undiscounted cash flows shown in Table 3.
Table 3 Undiscounted cash flows (in T€) for scenarios 0 and 1. Assumptions on the rental scenarios are set at their mean value
Scenario 0
Cashflows
Rents
Windows repair
Non recoverable exp.
Expenses (vacant areas)
Heating (vacant areas)
Residual value
Total scenario 0

2010
1.488
-75
-110
-185
-52

2011
1.771
-77
-112
-128
-38

2012
1.694
-76
-115
-160
-46

2013
2.189

2014
2.246

2015
2.238

2016
2.286

2017
2.176

2018
2.269

2019
2.011

2021
2.579
-93
-137
-59
-18

2022
2.571
-93
-140
-74
-23

2023
2.626

2024
2.456

2025
2.607

-132
-169
-49

2020
2.452
-91
-134
-76
-23

-117
-53
-17

-119
-51
-16

-122
-64
-20

-124
-66
-20

-127
-107
-32

-129
-95
-29

-143
-75
-23

-145
-133
-40

2.016

1.661

2.127

2.272

2.241

2.385

2.137

-148
-109
-33
36.621
38.937

1.066

1.416

1.297

2.002

2.059

2.032

2.076

1.910

2010
1.488
-463
-110
-185
-22

2011
1.796
-464
-112
-122
-14

2012
1.915
-461
-115
-110
-13

2013
2.226
-518
-117
-50
-6

2014
2.320

2015
2.357

2016
2.406

2017
2.390

2018
2.500

2019
2.586

2020
2.395

2021
2.708

2022
2.755

2023
2.798

2024
2.833

2025
2.827

-119
-37
-4

-122
-40
-5

-124
-42
-5

-127
-62
-8

-129
-49
-6

-132
-42
-5

-134
-101
-13

-137
-40
-5

-140
-44
-6

-143
-47
-6

-145
-54
-8

2.235

2.194

2.316

2.407

2.146

2.526

2.566

2.602

2.626

-148
-72
-10
42.968
45.564

707

1.084

1.217

1.535

2.159

2.190

Scenario 1
Cashflows
Rents
Windows repair
Non recoverable exp.
Expenses (vacant areas)
Heating (vacant areas)
Residual value
Total scenario 1
3.000.000

14,00

2.500.000

12,00

2.000.000

10,00

1.500.000
1.000.000
500.000
-

Fig. 6 yearly cash flows for scenario 0 (blue) and scenario 1 (red)

8,00
6,00
4,00
2,00
0,00

Fig. 7 average rent (€/m² monthly). sc0: blue, sc1: red

All future cash flows are discounted and summed up to obtain the Present Value of the asset, the
premium of scenario 1 compared to scenario 0 is calculated.
Instead of considering averages values for
lease duration
maximal occupancy rate
vacancy between
the parameters, probability laws are used
(years)
leases (months)
through a Montecarlo simulation in order
to obtain a statistical distribution of the
result accounting for the uncertainty on the
91%
94%
97% 0
7
8
9
main parameters[5]:
4
6
- The vacancy between two leases is set
as a normal distribution centred on 3
Premium scenario 1
months with a standard deviation of one
month.
- The maximal occupation rate also according a normal distribution with 95% of its value between 91% (value of the scenario 0)
and 97%.
- The lease duration is defined by a discrete
distribution: 8-years leases represent 50%
of the lease agreements, 7 and 9-years
leases reach 25% each.
3,0%
5,6%
8,2%
10,9%
13,5%
The distribution of the premium is given on
Fig. 8.The mean of this premium is 8,4%. Fig. 8: Premium (in %) on the present value of scenario 1 comAlmost75% of the results are in the range pared to scenario 0 (statistical distribution after 10.000 trials).
Above: distribution of the 3 parameters.
[6,4% ; 10,4%].

Sensitivity of the premium to different parameters.
How much the premium on the present value depends on each parameter appears through a sensitivity analysis.
- Graph 9a shows the sensitivity to the vacancy period between two leases for different lease
durations. It appears that a reduction in the vacancy period of one month increases the premium by approximately 200 basis points (bp). On the other hand, increasing the mean duration
of the lease has little impact.
- Graph 9b shows the sensitivity to maximal occupancy rate. An extra occupancy rate of 1%
(220m²) of the total rental surface increases the premium by 110bp. The average value in sc1
was set at 94% (91% in sc0).
- In the scenario 1, it was assumed that 100% of the energy savings benefits to the landlord
through an increase in rent. However graph9c illustrates the impact of another repartition. Giving up entirely this mechanism would decrease the premium by 350 bp.

Fig. 9 Variations of the premium of scenario 1 (in basis points) due to
a) vacancy duration between leases and lease duration - b) maximal occupancy rate - c) share of energy savings for the landlord

It appears clearly that the direct benefit of the energy savings only accounts for a limited part of the
premium of the scenario 1 compared to scenario 0. The higher commercialization plays a role even
more significant.
2.6

Results of the different scenarios

The results for all scenarios listed in 2.1 are summarized in table 4 and Fig. 10
Table 4: Results of the numerical modelling for the six scenarios
LCA:
Total CO2
emissions for 1
window (tCO2/a)

LCC:
Total expense for 1
window(distinctioninvest
or / tenant)

DCF:
premium on the
present value
compared to sc0

DCFi– DCF0
/
Investi – Invest0

Scenario NP
(obsolescence)

0%

1.530 €( 0/1530)

-5,4 %

Not relevant

Scenario 0
(cosmetic repairs)

6.1 t

1.864 €(334/1530)

30.158.880 €

-

Sc1 Realization by 2010

-63 %

1774 € (1250/524)

+8,5%

188%

Sc1-2 idem 1 – realization
2020

- 51 %

1.678 €(982/786)

+6,0%

90%

Sc2 higher energy savings
Realization by 2010

-77%

2322 € (2000/322)

+ 5,05%

52%

Sc2-2 idem 2 – realization
2020

-60%

1954€ (1317/ 637)

+6,3%

79%

3.000.000

scenario NP
scenario 1-2

scenario 0
scenario 2

scenario 1
scenario 2-2

2.500.000

2.000.000

1.500.000

1.000.000

investment
for sc1 and sc2

500.000

investment for
sc1-2 and sc2-2

0
2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

Fig. 10: cash flows (future values) for the six scenarios

The analysis of the table and graph below leads to the following conclusions:
Doing nothing against the building obsolescence leads logically to loss of value (5.4%) since
renting the building would be more difficult (this is modelled by a decrease in the occupational rate).
The short term gains obtained would lead to a destruction of value in the long term. Hence, the key
issue is to optimise the refurbishment level and its schedule.
A decision based on LCC considerations would be misleading since it does not account for
financial benefits linked to improvements in the occupational patterns as opposed to the DCF
result.
Simple repairs with no energy efficiency improvements (sc0) would ensure the lowest investment
costs (469.000€). Yet, windows replacement improving energy efficiency (sc1 and sc2) would
increase financial value which accounts for the global financial performance of the asset (positive
premiums).
According to this last indicator, the best solution was to refurbish with good energy efficiency
windows (sc1). Even though the life cycle costs would be higher than for a scenario with delayed
refurbishment (sc1.2), those costs would be offset by the financial benefits due to the improvement
in occupational context. Indeed, a additional investment of 1 236 000€ in 2010 in sc 1 would
increase value by 2 563 505 € and would lead to higher cash-flows as soon as 2014.
Using even higher and costlier energy efficiency standards for the renovation (sc 2) would not be
as favourable since the value premium and environmental gains don’t offset the very high
investment costs. However, this scenario still remains profitable in term of financial value
compared to simple repairs and presents the best results in terms of LCA.

3. Discussion
3.1 Main interests of the case study
The presented case study illustrates how life cycle and green value considerations could be used
in valuation to:
- clarify hypothesis on residual values and capex to obtain the valuation results through a
DCF methodology
- establish the economic relevance of refurbishment operations taking into consideration the
financial benefits of energy performance emerging in the market (higher occupation rate,
longer leases, potential for higher rents described in the literature on green value).
- determine the best timeframe for those refurbishment operations in order to maximise value
under occupational constraints.

Any asset manager wondering about the economical rationality of a refurbishment operation could
use the same approach. The standard tools (“traditional” DCF or LCC) could a energy-performance
oriented refurbishment to be non-profitable operation, as:
- a normal investor using standard financial indicators would not account for any benefits since
the investor supports the investments but the tenant benefits from the savings. Thus, a DCF
appears not favourable for the most extensive refurbishments.
- an investor with a SRI strategy would tend to invest in energy-saving renovations due to its
favourable LCA indicator but he would see this investment as a loss (or as a donation).
By combining the indicators (costs analysis and impacts on value), the methodology proposed in
this article enables the investors to gain broader insight on the financial consequences of the
refurbishment decision and their long term developments.
This issue of financial consequences of refurbishments is particularly relevant in a context of
potential future regulatory standards on existing buildings (see the EPBD European directive). The
potential refurbishment obligations would translate into investment costs. The question of how this
cost would be shared between owners and tenants is yet to be solved.
In this paper, the tenants bear part of the investment through a capped rent. This solution is
acceptable since it does not result in a rise of global rental costs (the rent increase is offset by the
decrease in energy costs). Furthermore, this study shows that even if the rent was not modified,
the investment could still be financially interesting for the investor. The premium would be lower but
would still exist due to the positive impact of refurbishment on the occupational scenarios.
3.2 Limitations of the presented method
Two types of limitations prevent from extrapolating the presented method:
- Project specific limitations: The multi-tenant and partially unoccupied characteristic of the
asset results in a high sensitivity to market trends. The hypothesis on vacancy rate and
duration lease may not be duplicable to less conventional assets. Moreover the investment
considered could be carried out at any moment of the building life-cycle (both in occupied and
unoccupied environment), which is also unusual.
- General limitations: Buildings characteristics are not the only components that affect real
estate asset values. Financial and economic context (financial crisis, Real Estate bubbles,
legislation changes ...) are paramount as regards investors‘ behaviour. For each case, the
assumptions on occupational scenarios would need to be documented further both as regards
its link to macroeconomic context and sustainability specific features.
Although the method is incomplete, using LCC to integrate green value in valuation process
increases transparency on the quality of the asset. This leads to increased expertise for assets
management.
3.3 Prospects and proposition of further investigation
Different pathways could be investigated to carry this subject further:
- deeper econometric study on the impact of sustainable criteria on financial performance, in
particular lease duration and occupational rate since this case study illustrated how those data
could be used in a DCF.
- accounting for other sustainability criteria: this methodology does not solve the issue on how to
integrate immaterial aspects of green value and risks uncertainty linked to the environmental
framework development.
In particular, this case study could be used to model the impact of regulation threat on financial
value. This could be accomplished through an approach derived from the economics of uncertainty.
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Summary
Studies have estimated that residential energy consumption can be reduced by up to 30% if minor
changes are made to our daily lives. In our study we aim to support positive behavior change by
enabling energy users to benchmark their consumption level and to compare energy consumption
with their peers. We shall propose that consumption should be related to people and not
exclusively to area and that by providing a new metric we shall empower people with the ability to
claim and prove that they are living a low energy or low carbon lifestyle. We shall highlight the
importance of understanding the dynamics of occupation when measuring the consumption of a
building to ensure that people are not penalised for occupying their space efficiently, as is the case
when only energy per unit area is considered. This paper proposes the new metric, Wh/m 2h, in
which the conventional annual energy consumption metric, kWh/m2, is divided by total person
hours. Total person hours is the total number of hours that all people have spent in the building
during the year in question. The close relationship between measuring occupancy and controlling
energy consuming systems is also examined. The benefits of this new metric are demonstrated by
displaying the energy consumption results of a simulated case study building, which have been
calculated for alternative population densities and alternative working hours per day. We also show
that if occupancy is measured in order to understand our energy consumption then we can also
use this knowledge to automatically turn on or off the energy consuming systems that are directly
related to people. Finally, additional items to be developed in order to further support behavior
change are highlighted.
Keywords: Wh/m2h, occupancy measurement, peer comparison, low energy lifestyle, behaviour
change

1. Introduction
1.1

Supporting behaviour change

The European Union has legally committed to reduce greenhouse gas emissions by 20% by the
year 2020 and Finland has targeted a reduction of at least 80% by 2050, these figures are both
with reference to the 1990 level of emissions [1]. So how do we motivate the public to play their
part in these reductions? The traditional method has been to offer financial incentives to
encourage actions that reduce energy consumption such as installing energy efficient or renewable
equipment. However, these incentives fail to establish a long term demand or interest in energy
efficiency, as once the scheme comes to an end there is no longer any motivation to improve
energy using components. Also, these schemes only reward discrete actions and fail to encourage
small daily improvements in how we consume energy. Another drawback is that these programs do
not appeal to all sections of society evenly, as the more affluent may be less motivated.

Behavioural scientists in the United States have estimated that domestic energy consumption
can be reduced by up to 30% if minor changes are made to our daily lives. [2,3] These changes
relate to household energy consumption and personal transportation. They are not expected to
affect our standard of living and they include actions such as using low energy light bulbs, washing
clothing at a lower temperature and having the correct tyre pressure in our cars. Our study focuses
on supporting behavior change by enabling energy users to benchmark their consumption level
and to compare energy consumption with their peers. If the public are encouraged to reduce
energy consumption but they cannot compare behavior with their peers then how else can people
evaluate success? Also if we are to create a society that values low energy living or low carbon
living then this will become a precious social commodity. It will facilitate positive change to
empower people with the ability to claim and prove that they are living a low energy lifestyle.
1.2

Current reward schemes

At present people receive prizes for living low energy lifestyles through reward schemes such as
Earth Aid and My Emissions Exchange. When home owners first join the scheme, Earth Aid
(www.earthaid.net) requests them to publically declare their energy and water bills for 1 year. This
first   year’s   energy   consumption,   derived   from   the   bills,   becomes   the   baseline consumption level
that all future years are compared to. If the building users reduce consumption relative to this first
year then they receive rewards. These rewards are generally vouchers offering free consumer
products and the value of these rewards increases relative to how much consumption has been
reduced. The scheme is a powerful way to reward members of the public who have actively sought
to reduce their consumption by actions such as turning unnecessary energy consuming items off,
installing higher efficiency equipment or by installing renewable energy generation systems. My
Emissions Exchange (www.myemissionsexchange.com) works in a similar way. A carbon footprint
is  calculated  for  each  participant  based  on  their  first  year’s  energy  billing  and  rewards  are  assigned  
by turning energy savings into carbon credits. These carbon credits are then sold to a third party
on behalf of the homeowner.
If  these  schemes  have  a  flaw,  it  is  that  rewards  are  allocated  relative  to  each  person’s  own  energy  
consumption history. If person A was once a high energy consumer and person B has
consistantly lived energy efficiently, then it is possible that person A will receive more rewards than
person B even if person A consumes dramatically more energy per household. In other words
those with a low consumption level are at a disadvantage as they can only improve their lifestyle
by a smaller margin. In   order   to   provide   an   understanding   of   how   appropriate   a   household’s  
consumption level is, we require a format that justly compares energy consumption with that
household’s neighbours regardless of the type of home, number of occupants or history of
consumption.

2. Residential Buildings
2.1

Relating consumption to people

Through this study we aim to create a metric that facilitates domestic energy users to evaluate their
consumption. We aim to empower and motivate people by enabling the following questions to be
answered: am I living a low energy lifestyle? and how does my consumption compare relative to
my peers?
When we consider the current methods of evaluating and rewarding residential energy
consumption, such as energy performance certificates or rebates for reducing energy consumption,
these methods focus on the amount of energy consumed relative to the area of the household.
They do not relate energy consumption to the amount of people who are responsible for the
consumption. Energy metrics that relate energy to area, such as kWh/m2, are extremely useful
when considering the physical properties of a building that influence energy consumption such as
wall and window u-values, building air tightness or the efficiencies of the heating and lighting
systems. However, these metrics do not provide an understanding as to how effectively a
household is being utilised once it is occupied, or in other words during the operations phase.

If we consider a simple scenario of a residential reward scheme in an apartment complex where all
apartments are the same size and have two bedrooms. If the management company of the
apartment complex were to offer a reward for the apartment that consumes the lowest amount of
energy in a six month period who would win? Would it be an apartment occupied by a person living
alone or an apartment that is occupied by a family of four people? If we evaluate energy
consumption via the traditional method, by measuring it relative to area, then the apartment with
only one occupant has a much greater chance of winning this competition due to the fact that one
person can be expected to consume less energy than four people. Therefore, if we do not consider
the dynamics of occupation of the spaces, the family of four are being punished for occupying
their space more efficiently.
It stands to reason that the greater the number of people that occupy the fixed area of a residential
household, the more efficient that household will be. This is due to the fact that many energy using
systems consume a similar amount of energy regardless of how many people they serve. This
concept of overlapping energy consumption applies to heating, lighting and appliances such as
television. The energy consumption of other devices such as cooking appliance may increase
marginally when serving more people but the energy consumption when cooking for two is not
double that of when cooking for one person. There are also energy consumptions that relate
directly to the number of people such as domestic hot water demand. This paper is not arguing that
households should be occupied as densely as is practical but rather that residential energy
consumptions could be evaluated in a fairer manner by considering occupancy. If we do not
consider the number of building users when measuring residential energy consumption then we
cannot compare our energy consumption with our friends, neighbours, or our fellow inhabitants of
the city or country we live in. It is this social pressure that shall bring about the most effective
change and shall engage the majority of citizens, not just those who are interested in sustainability
or those who understand the opportunities for saving money.
The development of smart grid technologies (such as smart meters and smart systems) shall
enable easier ways of sharing energy consumption data and controlling our energy consumption.
Also, it is in the interest of environmental ministries around the world to promote the next
generation of online social networking websites similar to Carbon Rally (www.carbonrally.com),
Carbon Diet (www.carbondiet.org) or Step Green (www.stepgreen.org) which encourage the public
to declare their carbon footprint and to compete with their friends to actively try to reduce it.
2.2

Measuring occupancy

Unlike commercial buildings, where time clocks are used to measure the movement of staff,
occupancy is not readily measured in residential buildings. The closest example maybe modern
hotel key cards that provide power when the hotel key is in the correct location. These key cards
are used to evaluate if the room is occupied but they do not measure how many people are
occupying the room. It must also be noted that the data required to fully understand the dynamics
of residential occupancy can lead to fears of privacy invasion and security risks. For the purpose of
this paper we shall assume that any data recorded shall be sufficiently encrypted as to dispel these
fears.
Existing residential consumption comparison techniques compare household consumption with
similar households. Similar households are generally considered as similar sized homes with the
same number of people. The British Columbia Hydro power company enables their customers to
compare their energy consumption through a program called Team Power Smart [4]. Customers
can select type of building, home size (a range of areas is offered), home and water heating type
and number of occupants. The scheme is optional and data is inputted by the customer to provide
feedback as to how they are performing. Other companies provide their customers with bills that
compare   a   household’s   consumption with the average consumption of households that have the
same number of people over the billing period.

Fig. 1 Comparative billing example (Source: Opower.com)
If we are to empower people with the ability to claim and prove that they are living a low energy
lifestyle we require a measurement that can be compared to all our peers and not just those who
have similar sized families and homes. In the future this may be done through technologies similar
to hotel key cards or by weighting our energy consumption by using an occupancy conversion
factor. An occupancy conversion factor may be a simple method of relating energy to people. A list
of indicative occupancy conversion factors may be seen in table 1. The estimated annual energy
consumption ratios shown in this table are not based on empirical data and have been chosen only
to illustrate the benefit of such a factor.
Table 1 Annual energy consumption conversion factors for residential buildings relative to
number of occupants (indicative only)
Case
Number of adults

A
1

B
2

C
3

D
4

E
2

F
2

Number of children under 14 years of age

0

0

0

0

1

2

260%

320%

220%

250%

0.38

0.31

0.45

0.40

Estimated annual energy consumption in kWh rela- 100% 180%
tive to an adult living alone
1
0.56
Proposed conversion factor (1 / relative energy % )

3. Non-residential Buildings
3.1

Relating consumption to people

Non-residential buildings also suffer when performance is measured relative to area. In this section
we shall consider energy consumption, however the methodology shall also apply to other
environmental impact factors such as carbon generation, water consumption and waste generation.
When analysing the energy use of non-residential buildings with a view to reducing building
operating costs and reducing energy consumption the most common metric is kWh/m2. As
discussed earlier, this metric is extremely useful when considering the steady state properties of a
building design but it does not provide an understanding as to how effectively a building is utilised
during the operations phase. When considering how effectively and efficiently a building is being
used we must consider (a) the number of hours per day the building is occupied and (b) how
densely the space is populated.
If kWh/m2 are  used  to  assess  an  office  building’s  performance,  then  a  building  that  has  a  shorter  
work day than is normal and provides a large area per person is perceived as being more energy
efficient than a building that operates longer hours and has a more efficient floor plate. Therefore
buildings that operate more efficiently are punished when we measure energy efficiency through a
metric that does not relate energy to people. This shall be demonstrated in the case study
described in section 3.5.

3.2

Occupied hours per day

When the number of hours a building is occupied per day is considered from the viewpoint of
sustainability, it is highlighted that buildings contain significant amounts of embodied carbon
emissions, they are associated with light and noise pollution and they are located on a plot that
once was a greenfield site. It is clear that encouraging companies to combine departments with
different working hours together to use the same space shall have a positive effect. Increasing the
number of hours a building is used per day also has a positive effect from an energy efficiency
point of view, as even when buildings are not occupied they consume energy in the form of
systems such as: background heating, lighting (security, car park, corridor), exhaust ventilation
(toilets, waste areas, staircases, technical spaces), reserve power systems such as UPS, servers
and other communication equipment. It stands to reason once again that using buildings for as
many hours as is possible shall have a positive effect and that we must begin to relate building
performance to the number of hours per day, per month or per year it is occupied. Thus it is
important to reward those who are using their buildings more efficiently. For example the total
annual energy consumption of hospitals that operate for 24 hours a day should not be compared to
similar hospitals that operate for 12 hours a day without some allowance being made for hours of
operation.
3.3

Population density

Similarily to residential buildings, the energy consumption of commercial buildings consists of
portions that are related to size of the building (heating, lighting), elements that are related to
people (equipment energy such as computers, ventilation) and elements that are related to both of
these (cooling). Buildings that have an efficient internal plan and hence have a low amount of floor
area per person are also punished without considering people in the performance metric. If people
are not considered then excessively large buildings shall continue to appear more energy efficient
as energy consumption is divided by area. Therefore the larger the building, the lower the amount
of kWh/m2 shall be, as the energy related to the building population is spread over a wider area.
3.4

An alternative to kWh/m2

We require a metric that relates energy to density of population so that those who are utilising their
buildings more efficiently are rewarded and not punished as is the current situation. This paper
proposes the metric, Wh/m2h, where the conventional annual energy consumption metric, kWh/m2,
is divided by total person hours as shown in equation 1 below:

(1)
where kWh1 is the annual energy consumption, m2 is the area of the building that is being measured, and where h2, known as total person hours, is the total number of hours that all people have
spent in the building during the year in question, h2 is calculated as shown in equation 2 below:
(2)
where t is the number of hours that a person spends in the building during the year and n is the
total number of people that visit the building during the year.
3.5

Case study: office building in Helsinki

By applying this metric to a conventional office building located in Helsinki, Finland, we can
demonstrate the benefit of the new metric relative to kWh/m2. Using dynamic thermal simulation
software the annual energy consumption of an office building, whose geometry is shown in figure 2
below, has been calculated for alternative population densities and alternative working hours per

day. The results of the 9 comparison cases which were calculated may be seen in table 2 below.
Table 2 Simulated energy consumption results of an office building showing kWh/m2,
kWh/person and Wh/m2h
Case

1

2

3

4

5

6

7

8

9

Population density (m2/person)
Working hours per day (h)

8

8

8

10

10

10

12

12

12

6

9

12

6

9

12

6

9

12

Energy consumption (kWh/m2)
Energy consumption kWh/person)

86

102

120

84

99

115

83

98

112

799

951

1114

981

1150

1330

1166

1368

1569

0.077 0.135 0.105 0.091

0.16

0.125 0.108

Energy consumption (Wh/m2h)

0.110 0.087

If we consider cases 1, 4 and 7, which have similar working hours per day, the results show that
when kWh/m2 is used for the evaluation the building seems 3.1% more efficient when the building
layout provides more area per person (12 m2/person compared to 8 m2/person). However, when
kWh/person is considered the 12 m2/person configuration consumes 45% more energy than the
when the population density is 8 m2/person. Wh/m2h provides a similar result as the 12 m2/person
configuration consumes 45% more energy.
If cases 1 – 3 are considered, which have a similar population density, the results indicate that
when kWh/m2 is used for the evaluation the building seems 28% more efficient when the working
day is shorter (6 hours compared to 12 hours).
If Wh/m2h is used then the opposite is true
and the working day of 12 hours is calculated
as using 30% less energy when compared to
a working day of 6 hours. Thus, the area only
related metric is rewarding a shorter working
day eventhough a longer working day is
considered more efficient.

Fig. 2 The geometry of the building used in
the thermal simulation
3.6

In order to promote a reduction in greenhouse
gas emissions an alternative energy efficiency
metric to kWh/m2 is required that does not
penalise buildings for incorporting a dense
floor layout or a longer working day. It is
important to note that the simulated energy
results are based on the same building and
only the population densities and hours of
occupation are altered.

Controls

There is a close relationship between measuring occupancy and controlling energy consuming
systems. If we measure occupancy in order to understand our energy consumption then we can
also use this knowledge to automatically turn on or off the energy consuming systems that are
directly related to people, similar to the hotel key card mentioned earlier.
For example if a company requires employees to register their arrival and departure from an office
building via an electronic time clock system then this data can be used to calculate occupied hours
per year and also to control energy consuming equipment. If an employee arrives at the office at
09.00 and leaves at 17.00 on a particular day then the occupancy data software can record 8
occupied hours for that person on that day. In addition the occupancy data can also be used to turn
off equipment dedicated to that person before 09.00 and after 17.00. When that employee is not on
the   premises   then   the   lighting   over   that   person’s   desk   and   the   power   to   their   computer   can   be  
automatically turned off. If that person had a single person office room then the ventilation and
heating could be turned down to a minimum level or if that person was the last person to leave

their particular floor or wing of the building then all
systems could be automatically set to the nighttime mode.
Understanding occupancy data such as when and where
a person is on the premises does not only provide
transparent energy consumption data but this data can be
actively used to reduce energy consumption.

Fig. 3 RTLS employee security card
example (Source: 9solutions.com)

Technology such as real time location systems (RTLS)
can also be used to measure occupied hours while
providing the additional benefit of presence detection and
increased levels of security. Electronic tags can be added
to employee security access cards and a dedicated
wireless network within the building can track the realtime location of each employee. This enables energy
consuming items dedicated to each employee to be
turned off based on location. For example if an employee
is more than 10 meters away from their desk for more
than 15 minutes then their desk could go to sleep mode
by turning off lighting and other energy consuming
systems associated with that person.

4. Discussion
In this paper we have highlighted the potential flaws of relating energy consumption exclusively to
area and we have proposed a new metric, Wh/m2h, that does not penalise buildings for incorporating a dense floor layout or a longer working day. However, there are many areas of the subject
matter discussed in this paper that must be developed further such as: (a) deciding upon a method
of measuring residential occupancy, (b) encouraging the public to openly declare their carbon footprint and to compete with their friends to actively try to reduce it and (c) to develop integrated occupancy measurement and control technologies for commercial buildings.
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Abstract
This paper presents a study on the potential use of sustainable design strategies in the
refurbishment of industrial buildings in Portugal. A representative case study in Lisbon was
analysed through field work, using monitoring and questionnaires, as well as through software
simulation.
An overview on the role of architects on industrial buildings' refurbishment is presented. The issue
of thermal comfort criteria is also discussed, in the context of passive design application. Various
design solutions are proposed, applicable to a number of similar existing situations in Portugal and
elsewhere in Southern Europe.
Keywords: Industrial Buildings, Refurbishment, Sustainable Architectural Design, Natural Lighting

3. Introduction: Previous considerations
The most part of the existing industrial buildings were designed and constructed when technology,
materials and climate were substantially different to today’s environment. This is one of the main
reasons that made them thermally less efficient than conceiving a new structure.
In terms of environmental impact, this paper refers to Industrial buildings in terms of:
a) its Architecture and consequent indoor environmental performance, i.e. the workers’ comfort
conditions, as well as the best design strategies to provide satisfactory comfort conditionings, and
reduce energy consumption.
b) its impact at the Urban level, from the initial location in city centres to the subsequent migration
to the urban outskirts.
The subject of the environmental impact of the industrial processes, i.e. pollution, depletion of
natural resources is outside the scope of this study.

4. Industrial Building’s Refurbishment and Sustainable Development
4.1

Conceptual parameters

A significant percentage of the population spends most time of their lives working in Industrial
Buildings. In historical terms this reality is, for example, illustrated in figure 1, showing the

distribution of the world-wide manufacturing production between 1750 and 1900 (Bairoch, 1981).
A recent analysis of lighting energy use showed that commercial and industrial building types, due
to great depths, use a majority of the artificial indoor lighting, usually with old and inefficient
devices that lead to a great waste of energy.
However, perhaps because this is an exceptional type of buildings, or because they are perceived
as being “lost causes” in terms of green refurbishment, or perhaps Architects had, in most cases, a
minor role (if none at all) in their conception, the fact is that this building type is very rarely a
subject of study in terms of sustainable refurbishment, or re-use.
This approach must, like in any other
cases,
integrate
ecological,
economical, social and cultural
considerations, aiming at providing
satisfactory working environments
and reduce negative impacts on the
physical ecosystems.
This theme, namely the evaluation of
the life cycle of industrial buildings
(LCA), was object of a recent study
prepared in the Institut für Industrielle,
revealing the increasing importance of
Fig. 1 Relative Share of World manufacturing output between
pré-existing buildings, refurbishment of
1750-1900, Bairoch,
materials and minimizing energy and
emissions in this processes.
This evaluation must be carried out when analysing sustainable refurbishment strategies, involving
all life cycle phases of the building, from the extraction of raw materials, their production, transport,
the building construction and maintenance, and the possibilities of recycling. These strategies,
combined with the simulations of the positive contribution of insulation in buildings is very important
4.2

Industrial buildings: the Portuguese case
An important study was published by
INETI (Institute of Industrial Technologies, in 1999, called “Industrial
Buildings in Portugal”. The study
involved a large number of buildings,
considering
factors
such
as
constructive characteristics, building
typologies, year of construction and
energy consumption. An example of
one of the cases included in the
referred studies is the Textile Factory
of Vale do Ave, shown in Fig. 2.

In the studied examples, it is noticed
that the roof areas of these buildings
have no thermal insulation, with
significant impact in terms of thermal losses in winter and overheating in summer. In terms of
natural lighting (visual comfort), the situation is, on the contrary, satisfactory in most cases. Most
buildings use zenithal lighting (facing North) allowing a natural uniform lighting of the inner spaces.

Fig. 2 Textile Factory of Vale do Ave, Portugal. INETI

In terms of the question of the roof
areas in industrial buildings in Europe,
Brunelli and Simmos Yannas point out
that the form of the roof assumes particular importance in the case of single
floor buildings, fact that influences
both the thermal performance of the
building and the penetration and the
distribution of natural lighting (Brunelli,
2005).
A good example of rehabilitation is the
“Union Factory” (Fábrica União), in
Lisbon, which was converted to housing and commerce. The renovation
project preserved the South façade,
Fig. 3 Refurbishment of the “Union” Factory, into housing and bringing benefits from the external
wall’s high thermal inertia, and
commerce, in Alcântara, Lisbon, Portugal
integrating the ovens and industrial
chimneys in the urban set. It also converted the whole inner space of the block in a garden opened
to the general public (vd. fig. 3).
4.3

Energy consumption and GHG emissions

In Portugal, primary energy consumption of buildings is, on average, about 25% of the total energy
consumption of the country, representing a total consumption of 3,5 Mtep (million equivalent tons
of oil). However, this value tends to increase in time, and already reaches more than 40% in the
case of the major cities (Gonçalves,1999). In terms of global consumption, the Industrial sector is
responsible for around 32 % of the primary energy and of 40 % of the electric energy consumed.
In agreement with the scenery defined by the European Union, CO2 emissions must be reduced
by 8 % of the levels of 1990 until 2012.
4.4

Thermal comfort in Industrial Buildings

Fig. 4 “The adaptative model”, Auliciems, 1981

In 1981, Auliciems formulate an adaptive
model of thermoregulation within which
thermal preference is seen as the result of
both
physiological
responses
to
immediate indoor parameters (i.e. those
measured
by
the
indices)
and
expectations based on “climato-cultural”
determinants (vd fig. 4), in order to
accomplish comfort.
His work was developed to solve apparent
inconsistencies with thermophysiological
predictions, carried out in the 1970’s by
Fanger, that categorically stated that his
comfort equation and PMV index are valid
for all humans and that thermal
preferences of humans are the same
regardless of geographical location or
climate.

Fig. 5 Common rating scales used in comfort research in the
field to develop statistical models of thermal comfort

Fig. 6 ASHRAE RP 884 correlations, showing the acceptance
limits up to 80% (De Dear, Brager and Cooper, 1987)

Almost invariably, the indices of
warmth
were
established from
controlled chamber studies with fit
young Americans and Europeans.
These boundaries (vd fig 5) were
selected on the assumption that the
normal
distribution
of
thermal
sensations, recorded within each
building, resembled that of Fanger’s
PPD function (1970). So a mean vote
of 0.85 was assumed to correspond
with 80% general acceptability (20%
dissatisfaction,
excluding
local
discomfort), ie. 80% of votes falling
inside the central three categories. A
mean vote of 0.5 was assumed to
correspond
with
90%
general
acceptability (10% dissatisfaction).
These works contributed to the
formulation of the “Adaptive Theory”
by Humphreys and Nicol, which
resulted from the observations
gathered in hundreds of field works
carried out in different climatic
contexts, and different building types.
Within the adaptive hypothesis, such
buildings would be expected by their
occupants to provide variable indoor
temperatures, and therefore be
judged less critically than centrally airconditioned buildings. The Ashrae RP884 data analysis pay careful
attention to the distinction between
thermal perception in air-conditioned
vs. naturally ventilated buildings (vd
fig 6).

5. Design Strategies
Some examples of good design strategies can be found in Europe, namely the positive effect of
natural vegetation and green roofs, in terms of avoinding high heat loads in summer in the roof
area. In the case study, parte of the roof is mettalic but another part is 3m under the floor, that
gives the possibility to apply the green roof strategie, along with zenital windows to provide natural
lighting.
Also the benefits of natural ventilation were analised, along with the evaporation processes. Other
intersecting examples were studied, articulating several strategies, from the application buried
pipes for cooling and fresh air, the use of shading for exposed glazed areas, the use of stack effect
for ventilation, etc.
Naturally ventilated buildings typically consist of small offices with single occupants or small groups
of who are usually within reach of an operable window.

This is clearly not the case in most
commercial and industrial buildings,
which are characterized by deepspace or open-plan floor layouts with
dozens if not hundreds of employees
being required to share the same
space.
Most of the manufacturing interiors
are destined to be occupied by
persons who have specific needs, in
terms of visual accuracy to safely
operate machines and equipments.

Fig. 7 Zenital Lighting in shed (Nave 1 - Miraflores)
Nevertheless, the study of Day-Light
Factor (FLD) revealed to be quite low
in the inner spaces of the existing
building, due to the fact of having just
a single south glazed window with 1m
high, located 4m above the work
plane.
In order to reduce the amount of
electric lighting, several solutions
were studied and monitoring.

Fig. 8 Daylight Factor of the four solutions

The studied solutions, varying the
type of roof in terms of color and
insulation were also tested using
Ecotect simulation of natural lighting
conditions.
Measurements were made both in
maquete and in the industrial space
using a luximeter, in order to establish
a common pattern FLD relating both
(vd figure 9).
The study pointed a total reduction of
lighting energy used by 44% over the
ASHRAE
90.1-1999
standard,
representing a 14%reduction in total
electrical energy use.
.

Fig. 9 Scale model with four roof solutions

6.

A CASE STUDY IN LISBON

6.1

Objectives

An industrial building was studied in Lisbon (in the context of an M.Sc. dissertation), aiming at:
1) Analise its environmental characteristics;
2) Identify present comfort and natural lighting conditions;
3) Produce design recommendations.

Fig. 10 Case study: the Miraflores Complex – Carris, Nave 1
6.2

An environmental monitoring was carried out, measuring temperature and
Relative Humidity in the occupied
zones of the building (working areas).
Simultaneously, weekly questionnaires
were made to the workers during the
hottest and coldest period of the year
(August and beginning of Dezember).
These results were analysed through
the statistical program SPSS.
A software model was also made,
using ECOTECT, in order to compare
results to those found in the field, and
to analyse the efficiency of different
design strategies to improve existing
conditions.

Monitoring and questionnaires

The Complex of Miraflores is located in the district of Oeiras and the climatic data was gathered in
the Institute of Meteorology.
About 30 workers completed the questionnaires, during eight weeks. The number of workers varied between 29 (in August) and 33 (in Dezember). The clothing was defined for the summer period,
in wich workers basically used the same pattern of clothing: a T-Shirt and cream-coloured cotton
trousers, and the same for winter, a sweat-Shirt, a pullover and blue dark-coloured trousers. The
results showed a significant number of daily actions, performed by the workers, in order to improve
comfort, thus avoid discomfort, involving changing place in order to benefy from more natural light
conditions, more ventilation, moving themselves faster in winter, and fewer drafts.
A simulation on the estimated PPD percentage was also performed using ECOTECT (vd.figure 11),
which showed a PPD of nearly 50% in winter (December, January and February).
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These internal heat gains, as well as solar
gains benefits the heating loads were
incorporated in a software model, using
ECOTECT in order to compare results to
those found in the field, and to analyse the
efficiency of different design strategies,
aiming to improve existing conditions.

Various sceneries were simulated using ECOTECT, of which 3 were chosen to be the most realistic:
Scenery A: Improvement of the thermal and natural lighting caracteristics of the uninsulated roof,
by projecting 10 cm of a celulous acoustic product, light coloured (vd fig 12);
Scenery B: Create a double wall (with cavity insulation) on the South façade (vd fig 13);
Scenery C: Use external insulation on the existing South façade.
PLASTER BOARD (1cm)

IN SID E

O U T SID E

Densidade = 1250 Kg/m3
2
Condutância Térmica = 0.43 W/m ºC
BRICK MASONRY MEDIUM
(11cm)
Densidade = 2000 Kg/m3
Condutância Térmica = 0.71 W/m2 ºC

PLASTER BOARD (1cm)
AIR GAP (5cm)
Densidade = 1.3 Kg/m3
Condutância Térmica = 0.025 W/m2 ºC

Densidade = 1250 Kg/m3
Condutância Térmica = 0.43 W/m2 ºC

POLYSTYRENE EXTRUDED (5cm)

Fig. 12 Scenery A.
The U-value for scenery A, obtained through reference values of the ITE50 (LNEC), was of U=0,41
W/m2 ºC, making a big difference relatively to the
value obtained for the existent situation, U=7,12
W/m2 ºC (the covering without any type of insulation, and dark coloured).

Densidade = 35 Kg/m3
Condutância Térmica = 0.027 W/m2 ºC

CONCRETE CINDER (22cm)
Densidade = 1600 Kg/m3
Condutância Térmica = 0.33 W/m2 ºC

Fig.13 Constructive system of scenery B.

For the scenery B, results improved for the winter months, relatively to the present situation. The
cavity insulation was constituted by 5 cm of air and 5 cm of extruded polystyrene (XPS), with an Uvalue of 0,025 W/m2 ºC and finally the external brick wall made of perfurated 11cm-thick bricks. A
global reduction of the inicial period of discomfort (PPD= 50%) was achieved – though the PPD is
still high (38 %).
For the scenery C, the U-value was of 0,51W/m2 ºC. As for the PPD decreased significantly, being
situated between 12 to 18%. So, from the thermal point of vue, this simple proposal contributes to
give better work conditions in terms of improving comfort and avoid heat losses (vd fig 14).

Fig.14 Scenery C.

Finally the study simulated the A+C
sceneries, with a combined U-value =
0,15 W/m2.ºC. The results showed
that the combined solution is the one
that provides better working comfort
and acoustic conditions, in the winter
perio, as well as assuring the increase
level of natural light conditions, thus
responding to the main problem. This
results allowed the definition of a
model in which it’s possible to
combine all the potentialities of the
working place with the contribution of
the worker’s actions, in order to
achieve comfort.

6.4

Design Recomendations

In order to provide satisfactory comfort conditions, the following aspects must be considered:
•

The importance of the roofs in industrial buildings is fundamental, and it should be taken in
consideration since the beginning of the refurbishment project. Insulation measures should be
studied, integrating winter heating requirements with solar protection in summer and, also
providing solutions to improve the use of daylight.

•

External walls should be insulated, preferably using external insulation.The roof area shoud be
also insulated with a cellulous product that provides extra accoustic and thermic comfort
conditions, and also a better distibution of daylighting into inner spaces.
•
Roof glazed areas should be
well dimensioned – integrating winter
requirements with the need for natural
light. Windows should, if possible, face
north, in order to provide a cool, uniform daylight and simultaneously protect from summer overheating.
•
The existence of thermal
inertia associated to a correct system
of ventilation (e.g. night ventilation),
can avoid situations of overheating in
the Cooling season.
•
Part, or even the totality of the
energy needs can be fulfilled through
the use of renewable energy systems,
namely through the application of photovoltaic panels in the roof.

Fig. 15 Sunpath, Ecotect Model of Nave 1.

For the case of Lisbon it is expectable that the system could produce around 1400 kwh for each
installed kWp. Though, if one considers that the efficiency of the modules is of 14 %, one could
obtain about 0,140 kWhp for m ² of roof area, with a total area coverage of 60 % (the total roof area
is of 5400 m ²). The installed capacity (Pnominal) would be of 453,60 kWp and the produced
energy 635.040 MWh.
Payback solutions:
The EPS proposal - amount of annual energy savings: 28%
In 20 Years the energy savings will be = 125.000,00€
CO2 emissions avoided = 45 500 kWh x 0,44 kg/CO2/kWh = 20.000.00 kg/year
Improvement of daylighting along with the change of electric light devices with photoelectric
sensors turn lights on, is expected to save 10,000 € per year in energy costs
A+C Scenery = 8,5 years
YEARS
Annual Savings (€)
Cumulative (€)

1

2

4921,2 5.044,2

3

4

5.170,3

5.299,6

5
5.432,1

6
5.567,9

7

8

9

5.707,1

5.849,8

5.996,0

4.921,2 9.965,4 15.135,8 20.435,4 25.867,4 31.435,3 37.142,4

42.992,2

48.988,2

7.

Conclusions

1. Refurbishment and re-use of industrial buildings is, and must be, gradually becoming a reality.
The adaptive approach to modeling thermal comfort acknowledges that thermal perception in ‘real
world’ settings is influenced by the complexities of past thermal history and cultural and technical
practices.
2. The Architect’s knowledge of design strategies is still quite limited, due to the very few existing
cases in which these strategies have been successfully applied, using scientific methods.
3. The use of these buildings is changing with time. This is a gradual process depending on market
demands. The refurbishment of these buildings, often obsolete, is not only needed but can also be
a very interesting challenge and a source of renewed creativity for Architects.
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Summary
This paper sets the scene for a three year research project, which is investigating and evaluating
the improvements being undertaken to existing deprived dwellings as part of a Welsh Assembly
Government funded scheme in Swansea, Wales (UK). It seeks to determine how effective the
improvements are at making energy and carbon emission reductions, whilst improving occupant
comfort, health and wellbeing in the deprived dwelling. The research methodology includes
thermography and occupant interview surveys. The expected outcomes of the research include
guidance for owners of existing deprived dwellings by taking an ecological approach to
improvements and also methods to monitor and evaluate reductions in energy use and carbon
emissions and obtain occupant feedback.
Keywords: existing dwellings, energy use, carbon emissions, fuel poverty, occupant attitudes and
behaviour, Wales

1. Introduction
This paper is focused upon a research project entitled ‘A study to investigate and test traditional
and ecological strategies to mitigate and adapt existing deprived dwellings for climate change in
the UK’. The aim of the research is to investigate and develop a best practice approach for
technical and social improvements to deprived dwellings in Wales, taking an ecological focus to
reduce energy use, carbon emissions and fuel poverty and increase occupant quality of life. The
paper commences by discussing the rationale for improving some of the most deprived dwellings
in the UK. It goes on to explore the environmental performance of existing dwellings and occupant
behaviour in relation to energy use. This is followed by an examination of UK drivers and
incentives for the adaptation of existing dwellings. In 2009 the Welsh Assembly Government
(WAG) introduced and funded the “Arbed” scheme, which is a Strategic Energy Performance
Funding Programme. The scheme aims to improve the worst 15% of deprived dwellings in Wales,
UK across both public and private ownership and forms the basis of the research project. The next
section explains the research methodology for undertaking a monitoring programme, which include
thermography and occupant interview surveys to investigate fabric heat loss and energy use
before and after improvement measures. The paper concludes by discussing some of the current
and expected outcomes of the research project, which after only eleven months (July 2011) have
started to occur and include an in-construction quality check for retrofitted external wall insulation.

2. Background and context
2.1

Rationale for improving existing dwellings

The requirement to improve existing dwellings is driven by three overarching objectives: mitigating
and adapting to climate change, maintaining energy security and eradicating fuel poverty. Each
objective poses specific challenges, yet there are possible synergies to be obtained from a unified
approach to improvements.
2.1.1 Climate change
The climate change projections for the UK include hotter and drier summers, wetter winters and
more extreme weather events. There is thus an urgent need to adapt existing dwellings for both
the future climate and to reduce carbon emissions resulting from energy use [1, 2]. It has long
been known that carbon dioxide (CO2) is classified as the ‘greenhouse gas’ which has the largest
volume and therefore contributes significantly to climate change [3]. In response to this, the UK
government has set out legally binding targets within the Climate Change Act 2008 for a reduction
in carbon emissions of 26% by 2020 and 80% by 2050 [4]. UK carbon emissions resulting from
energy use in buildings account for approximately 45% of total emissions, with domestic buildings
accounting for 27% [3]. Despite a UK reduction in total energy use between 2008 and 2009,
claimed to be a result of the economic recession, the International Energy Agency (IEA) forecast a
global increase of primary energy demand to the year 2035. This will inevitably continue the
increase in carbon emissions and pose risks in terms of energy security [5, 6].
2.1.2 Energy security
The main source of primary energy is fossil fuels, which are a finite resource that will eventually
peak. The IEA present two scenarios in the World Energy Outlook 2010, the first is the ‘New
Policies Scenario’, where existing policy commitments to reduce greenhouse gas emissions are
taken into account. The other is the ‘450 Scenario’, where energy use is reduced to coincide with
the capping of greenhouse gas emissions at 450 parts per million of CO2 equivalent (ppm CO2 eq), which is the recommended goal for keeping global temperature increases to 2ºC. In the New
Policies Scenario global production will peak by approximately 2035 following a continuous
increase in demand, cost and supply disruptions. Conversely, in the 450 Scenario global
production will peak in 2020. This will be due to weaker demand rather than diminishing reserves,
resulting in lower costs and less risks. However, with increasing demand from developing countries
such as India and China this best case scenario is unlikely to happen [6]. In the UK, oil and natural
gas has already peaked [5]. Since 2004 the UK has been a net importer of these primary fuels,
resulting in increasing reliance on less stable countries for supplies, which could have an impact on
both energy security and costs [5, 7].
2.1.3 Fuel poverty
Increasing energy use and costs, along with inadequate efficiency performance of dwelling and low
household income are all contributory factors to rising levels of fuel poverty [8]. The definition of
fuel poverty is where more than 10% of household income is spent on energy use in the home.
Where energy costs increase to more than 20%, then the household are classified as being in
severe fuel poverty [9]. Between 2005 and 2006, the number of fuel poor households increased by
one million across the UK, to approximately 3.5 million out of approximately 26 million homes [10,
11]. In 2008, the number of fuel poor households in Wales was estimated to be 332,000, which is
just over 25% of all households in Wales and just under double that of the UK average,
demonstrating the magnitude and additional urgency of the situation in Wales [12].
The UK Government has set a target for eradicating fuel poverty in England by 2016, whilst the
WAG has set a target of 2018 for Wales. As with carbon emission reduction targets, meeting these
targets to eradicate fuel poverty will require a reduction in domestic energy use [9]. Domestic
energy use accounts for 30% of all energy consumed in the UK, with over 75% of this energy used
for space and water heating [5, 13]. Space heating requirements are linked to the amount of heat

loss through the building fabric. Higher levels of heat loss and inadequate environmental
performance result in greater energy use, costs and likelihood of occupants being in fuel poverty
[14]. In particular, older and detached dwellings have a higher number of households who are fuel
poor due to their pronounced inefficient environmental performance [12, 14].
2.2

Environmental performance of existing dwellings

In the UK, the environmental performance of dwellings is audited by calculating energy use and
costs for space and water heating, ventilation and lighting, minus savings made from technologies
which generate energy. Auditing energy use in buildings is a European requirement stipulated in
the Energy Performance in Buildings Directive (201/31/EU) (EPBD). The EPBD requires member
states to set out a methodology for calculating energy use and to produce Energy Performance
Certificates (EPCs) for buildings [15]. In the UK, the methodology used for calculating the energy
performance of new dwellings is the Standard Assessment Procedure (SAP), which provides a
rating ranging from one to 100 [16]. The best performance is where a rating of 100 is achieved,
representing the highest levels of heating system and building fabric efficiency. In addition, the
calculation includes other factors such as type of construction, the building shape, size and
orientation and window size and distribution [11]. SAP calculations are used for assessing
compliance with Schedule 1, Part L of the Building Regulations and for producing EPCs [17,18].
For existing dwellings EPCs are produced using a reduced data version of SAP (rdSAP). EPCs are
required for all dwellings at the point of sale or let to provide potential occupants with an energy
efficiency rating to indicate energy use and costs and a list of improvements which could be made
to reduce these [11]. The energy efficiency rating has a scale from A to G, with A being the most
efficient and G being the least, similar to that used for appliances to allow for ease of
understanding [19]. However, the accuracy of the information they contain is questionable. Unlike
SAP, rdSAP does not take into consideration details such as building orientation and thickness of
insulation in inaccessible areas. The surveyor, who collects the data, is not allowed to disturb or
damage the building fabric and therefore cannot accurately measure items such as cavity wall
insulation. In this situation, the option of ‘no access’ is selected when inputting the data into the
software and as a result, the minimum standard for the age of construction is then assumed [20]. In
terms of energy use in a building, the orientation can make a significant difference. This is
demonstrated with the principles behind Passive Solar Design, which are a tried and tested
method of designing low-energy buildings by utilising solar energy as the main form of heating [21].
The majority of UK dwellings have a SAP rating between 41 and 70 [14], which correlate to E and
D ratings on an EPC [19]. However, there are around 3,000,000 existing dwellings which have a
rating of F or G, representing the poorest performance in the UK [22]. Many of these are pre-1920
solid wall dwellings, along with other classified hard-to-treat dwellings, which includes those: not on
the mains gas network; without a loft space; part of a high-rise block; or where standard efficiency
measures cannot be implemented for technical reasons [14]. These dwellings, having a SAP rating
of 30 or below, qualify as a Category 1 Hazard for Excess Cold under the Housing, Health and
Safety Rating System (HHSRS) [22]. The purpose of the HHSRS is to ensure the health and safety
of occupants and visitors of a dwelling by providing a hazard severity rating for identified risks [23].
In Wales, 11% of dwellings qualify as a Category 1 Hazard for Excess cold (and just fewer than
two per cent for Damp and mould growth) [24]. Category 1 Hazards are the most severe with
increased risks to the health of occupants and chances of being in fuel poverty [22]. There is a
great urgency for addressing these hazards and to improve the environmental and physical
performance of existing dwellings. However, there is the additional issue of how dwellings are used
by occupants, as this also influences energy use and resulting carbon emissions [25].
2.3

Occupant behaviour

EPCs and more technical solutions alone are not enough to make the necessary reductions in
energy use and resulting carbon emissions from dwellings. Changes in occupant lifestyles and
behaviour have an important role to play in reaching the required targets to mitigate climate
change, maintain energy security and reduce fuel poverty. Energy consumption can vary by up
300% as a result of differences in occupant behaviour [26]. In turn this means that changing

occupant behaviour can have immediate and positive results for reducing energy use and
subsequent costs [27]. However, knowing what these changes should be is not always obvious. As
a means of addressing this issue, the UK Government created the Energy Saving Trust and
Energy Advice Centres to provide free advice to households on how to increase energy efficiency
through practical measures, which include occupant behaviour changes [28].
Energy efficiency advice is provided on the basis of theoretical assumptions made about how
homes are used by individuals; these are primarily based on a deficit of information which could
have a positive influence on energy use. Other assumptions include social and cultural influences;
however these are complex issues which cannot easily be taken into account. The focus for
overcoming the deficit of information is raising awareness through education and providing
feedback on energy use, either directly or indirectly. Direct feedback, for example in the form of
real-time monitors, has the greatest influence, evidenced with savings of between five and 15%.
This is compared to indirect feedback, for example in the form of a periodic bill, which only
provides savings up to a maximum of 10% [26]. Where households are planning refurbishment
works, a real-time energy monitor installed beforehand would provide instant feedback on the
effects the improvements have made, hopefully further incentivising efficient use of energy within
the dwelling.

3. Drivers and incentives for adaptation of existing dwellings
To ensure the carbon emission reduction targets are achieved, the existing housing stock will have
to make its contribution with equal reductions, which is a formidable challenge. “Setting targets is
the easy part; how to roll out an effective upgrading programme to this standard across the nation
will require government intervention at a level normally confined to war time” [29]. In the UK, the
main legislative driver for improving existing dwellings is the Building Regulations. Existing
dwellings are covered by Schedule 1, Part L1(b) of the Building Regulations (Conservation of fuel
and power in existing dwellings). These make requirements for improvements to be made where
there is work carried out that will affect the efficiency of either energy related services or thermal
elements (floors, walls, roofs, etc.). Guidance for complying with these Building Regulations is
covered by Approved Document L1B (ADL1B). Within ADL1B minimum standards of heat loss
(measured as U-Values) from thermal elements are recommended where there is work carried out
that involves more than 50% of the external element or more than 25% of the entire external
envelope [18]. Compliance with the Building Regulations is a legal requirement. Local Authority
Building Control Officer’s duties are to ensure compliance with Building Regulations. However,
enforcement and even prosecutions for non-compliance are few and far between; this is mainly
due to Part L not being considered a priority by Building Control Officers [30].
Whilst the provision of EPCs is mandatory as a driver for behaviour change, following the
recommendations for the improvements is not. It has been argued by Brenda Boardman of the
Environmental Change Institute at Oxford Brookes University (UK) that EPCs could have a further
role to play in implementing strategies to improve existing dwellings [22]. Boardman sets out a
strategy which could utilise EPCs to drive up standards and improve the efficiency of the housing
stock. Firstly, the accuracy of EPCs should be increased. Secondly, occupants need to be
educated about the meaning of the ratings on an EPC, i.e. that F and G ratings mean that much
higher costs are being incurred for energy. Thirdly, the ratings should be on full display in estate
agents and there should be an internet database providing details about each property’s rating.
Fourthly, there should be an online calculator to allow occupants to obtain provisional ratings
without having to pay out for a full survey. Finally and foremost, from 2010 no dwelling, starting at a
G rating, can be sold twice. It has to be improved by at least two bands (an E rating) before it can
be sold again. The rating for dwellings to be sold then moves up to an F rating from 2013 and an E
rating from 2016. The costs of the works should be clearly set out on the EPC at the point of sale
and the price should be reduced to reflect this, allowing a margin for increased value for the new
owner. The results would go a long way towards meeting the targets of reducing emissions by 80%
from the existing housing stock by 2050 [ibid].
Other drivers for improving existing dwellings have been implemented by the UK Government
through energy supplier obligations under the Carbon Emissions Reduction Target (CERT) and the

Community Energy Saving Programme (CESP). CERT requires energy suppliers to invest in
energy efficiency measures across the housing sector to achieve overall reductions of 185 MtCO2
(Million tonnes of Carbon Dioxide) [31]. At least 40% of funding has to be directed at low income
and elderly households, classified as priority groups. The types of measures include loft, cavity and
solid wall insulation, low-energy lighting and appliances, heating system upgrades and microgeneration technologies, such as solar thermal and photovoltaic panels [32]. CESP requires
energy suppliers to provide similar measures to households; however, it is only designed for
certain areas of low income, which are determined using the Income Domain of the Indices of
Multiple Deprivation. The programme supports a ‘whole-house’ approach to encourage multiple
measures to be implemented in a single dwelling [33]. Although each of these schemes have the
potential to make a substantial contribution to reducing energy use from existing dwellings, the
choice of measures to be implemented are decided by the energy suppliers, unless other
organisations are involved, such as Housing Associations. The results have been primarily the
provision of the easiest and cheapest options, such as loft and cavity wall insulation and lowenergy light bulbs [34].
There are limited financial incentives to encourage home-owners and private landlords to improve
existing dwellings. The main method is a reduced rate of Value Added Tax at five per cent on
certain professionally installed materials aimed at saving energy. These include insulation and
draught-proofing, hot water and space heating systems and controls and micro-generation
technologies [35]. A further incentive for installing micro-generation technologies, which generate
electricity, is the Feed-in-Tariff. Implemented through powers made under the Energy Act 2008,
energy suppliers have to pay a fixed tariff for small scale (under 5 kilowatt) generation of electricity.
There are two elements to the tariff; a generation tariff, paid for each unit generated, regardless of
whether it is used or not, and an export tariff, paid for each unit exported to the National Grid. To
further encourage installations in existing buildings, the generation tariff for these is slightly higher
than for new build installations [36].
Collectively these drivers and incentives have the potential for going some way to making a
contribution to reducing energy use, carbon emissions and fuel poverty in the context of existing
dwellings. However, without any monitoring and evaluation of the results, the outcomes of these
are effectively just estimates. Related to this is the need for research on how effective the
improvement measures are in relation to the techniques used and how occupant behaviour affects
the results in terms of the expected savings made [37]. Moving in this direction, the WAG, with
support from European Structural Funds, have implemented the Arbed scheme, which has the aim
of delivering mass adaptation to existing dwellings in deprived areas of Wales. The scheme is to
be run over two phases, with the first to be completed by 31st March 2011. Arbed is primarily being
delivered by Housing Associations and has the following characteristics [9]:
•
•
•
•
•

Driving economies of scale and economic benefits through focusing improvements on
whole streets or communities;
Focusing on communities with high levels of fuel poverty;
Taking a whole-house approach to the assessment for improvements required;
Using local suppliers and installers wherever possible; and
Maximising utilisation of other funding opportunities, such as CESP.

Part of the Arbed scheme is to monitor and evaluate how effective the scheme and measures have
been in terms of reducing levels of energy use, carbon emissions and fuel poverty [9]. However,
there is no methodology or funding within the first phase of Arbed for this assessment.

4.

Adaptation of existing dwellings in deprived areas of Wales

This section of the paper introduces the aim, objectives and research methodology of the three
year research project being undertaken by the first author of this paper, within the Ecological Built
Environment Research and Enterprise (EBERE) group at the University of Wales Institute Cardiff.
Commencing in August 2010, the project is investigating and developing an approach for technical
and social improvements to deprived dwellings in Wales, taking an ecological focus to reduce
energy use, carbon emissions and fuel poverty and increase occupant quality of life. The research

involves monitoring and evaluating a mixed tenure of existing dwellings, which are receiving
improvement measures in Swansea, UK, through the Arbed scheme. The monitoring is being
undertaken at critical stages to allow for an accurate evaluation of the improvements and
dissemination of the results, which can be referenced for future adaptation programmes. The
improvements are being managed by Coastal Housing Group, the industrial partner to the research
project, and Family Housing Association, both Housing Associations are based in Swansea. The
types of measures being undertaken, as part of the Arbed scheme, include installation of external
wall insulation, replacement heating systems, real-time energy displays and micro-technologies,
such as solar hot water and photovoltaic panels.
4.1

Research methodology

In order to establish how effective the measures are at improving the environmental performance
of the deprived dwellings and occupant comfort levels, a monitoring programme is to be
undertaken. In addition, the technical solutions being implemented are to be recorded to illustrate
and evaluate the methods undertaken. The purpose of the monitoring and evaluation is to
determine how effective the adaptation measures are, in terms of: thermal performance; occupant
comfort; sustainability (from an ecological perspective); buildability and maintainability; and
lifecycle costs. As part of the process the most appropriate methods for assessing the
effectiveness of the improvements is being explored.
The literature review for this research project has identified gaps in existing literature in terms of:
knowledge about occupant perceptions, behaviour and lifestyles in relation to domestic energy
use; decisive strategies for mass adaptation and improvements for existing dwellings in the UK;
methods of monitoring and evaluating how effective improvement measures are at reducing energy
use, carbon emissions and fuel poverty in existing dwellings; and results of monitoring and
evaluating improvement measures to existing dwellings, particularly in deprived areas of Wales. To
address some of the gaps identified, a methodology is being developed; partly in collaboration with
John Littlewood and Tim Taylor [38, 39, 40, 41], fellow researchers within the EBERE group.
Littlewood and Taylor [38 to 41] are working on research projects investigating and testing
monitoring strategies for low carbon dwellings, also in collaboration with Coastal Housing Group. In
developing a strategy for undertaking the monitoring programme for this research project, the
research questions, described in Table 1 below, are to be addressed.
The monitoring programme includes the following methods of data collection and analysis from
across a sample group of dwellings receiving improvement measures through the Arbed scheme:
•

•
•

•

Occupant interview surveys using questionnaires developed to establish:
o Occupant profiles;
o Energy use;
o Types of appliances, lighting and space and water heating systems and controls
and ease of use by occupants; and
o Perceived occupant comfort levels.
Thermography surveys: using infra-red camera technology to observe heat loss/gains
through the fabric.
Studies of internal and external environmental conditions: using sensors installed in
dwellings to record internal environmental conditions (for example temperature and
humidity) over a period of at least one year and data on climatic conditions for Swansea will
be obtained from a local weather station, installed as part the projects discussed in [38 to
40].
Recording of methods undertaken to evaluate technical solutions, lifecycle costs, ease and
duration of installations and ecological ratings of materials.

The methods of data collection and analysis will be conducted for each phase of the Arbed
scheme. Occupant interview surveys and thermography surveys are being undertaken before and
after installation of improvement measures for each phase. In the first phase of the Arbed scheme,
typical approaches to the fabric upgrades, which use materials with high embodied energy, are
being utilised. It is anticipated that the first author will be able to advise on more ecological

materials to be used in the second phase to allow a comparison to be made between the two
approaches.
Table 1: Project work plan
Work
Packages
WP 1

Description

Research Questions

Identify methods of
refurbishment and
monitoring through
extensive literature
review

•

WP 2

Phase 1 – recording
and monitoring

•

How effective are the improvement measures being
undertaken as part of Arbed phase 1?

WP 3

Phase 1 – Analysis

•
•

What methods were used to improve the existing
dwellings as part of Arbed phase 1?
What alternative methods could be used, which take an
ecological approach, to improve the existing dwellings
as part of Arbed phase 2?

•

What are the typical approaches to adaptation of
existing dwellings according to location, dwelling and
construction type, orientation and occupancy?
What are the methods of monitoring and evaluating the
effectiveness of adaptations to existing dwellings?

WP 4

Phase 2 – recording
and monitoring

•

How effective are the improvement measures being
undertaken as part of Arbed phase 2?

WP 5

Phase 2 – Analysis

•

What methods were used to improve the existing
dwellings as part of Arbed phase 2?

WP 6

Overall findings

•

How do the two approaches compare, in terms of
overall effectiveness?

The expected outcomes of the research include guidance for Housing Association staff to deliver
ecological adaptation and the process for evaluating, planning and implementing a monitoring
strategy to record environmental performance and occupant attitude and behaviour data for
existing deprived dwellings. To accompany this, there will be empirical information illustrating
technical details utilising ecological materials for building fabric upgrades, and data illustrating
environmental performance and occupant behaviour data for adapted deprived dwellings as part of
an ecological and ‘whole-street’, ‘whole-community’ approach.

5.

Discussion

The major findings of the research thus far has identified that adapting the worst performing
existing dwellings in terms of energy use and carbon emissions is a priority. This is evidenced by
the strategies which have been implemented at both a European and UK national level. However,
it can be argued that if overall targets are to be met then the scale of adaptation needs to extend
far beyond what current measures address.
It can be argued that unless adapted existing deprived dwellings are monitored, methods
evaluated and results published, the lessons learnt cannot be implemented in further projects and
any mistakes may be repeated. Such knowledge is necessary for achieving the overall aims of
reducing energy use, carbon emissions and fuel poverty and meet imperative targets to mitigate
climate change and maintain energy security. Further still, knowledge is required to avoid adverse
implications for the health and wellbeing of occupants from instances of induced deterioration of
physical performance within dwellings, as a result of inappropriate methods of adaptation. Coupled
with this is the need for greater knowledge about occupant attitudes and behaviour in terms of
energy use in existing deprived dwellings and perceptions on comfort and control of internal
environments.

The study thus far has reviewed existing literature as a means of assessing the requirements,
drivers and incentives for mass adaptation of existing dwellings. In addition, it has provided
grounds for monitoring and evaluation to determine if the improvements have the desired results
and how these are affected by occupant behaviour patterns. To date (April 2011) the research has
included the commencement of data collection in the form occupant interviews and thermography
surveys prior to installation of improvement measures as part of the first phase of the Arbed
scheme. The next stage of the research is to record the technical solutions undertaken, make
recommendations for an ecological approach to the second phase of Arbed and conduct follow up
surveys to obtain results for analysis. The survey process will then be repeated for the second
phase of Arbed. Following analysis of the results, guidance for future adaptation projects can be
produced, based on the findings. This can be disseminated in the form of technical solutions and a
monitoring strategy which can be implemented by Housing Associations across Wales and the UK.

6.

Conclusions

This paper has set out the background and context to a three-year research project entitled ‘A
study to investigate and test traditional and ecological strategies to mitigate and adapt existing
deprived dwellings for climate change in the UK’. The context includes the rationale for improving
the thermal performance of some of the most deprived existing dwellings in Wales (UK), which
correlates with the requirement to meet legally binding targets for reducing carbon emissions,
overcome challenges to ensure energy security and eradicate fuel poverty. In relation to these are
the inadequate environmental performance of existing dwellings and the impact of occupant
behaviour patterns in respect of energy use in households. The research project literature review
discusses the limited UK drivers and incentives for the adaptation of existing dwellings, which
revealed a requirement for the monitoring and evaluation of the improvements to determine their
effectiveness.
The paper has also introduced the reader to the Welsh Assembly Government funded Arbed
phase one scheme, which has set out to improve the thermal performance of some of the worst
15% deprived private and publically owned dwellings in Wales by the end of March 2011; managed
through Housing Associations. The authors have identified a key weakness in the Arbed phase
one scheme and that is the lack of funding for a detailed monitoring protocol, to assess the
effectiveness of each Arbed funded project in Wales. The paper has set out the aim and objectives
for the research project, which includes the development of a monitoring protocol to assess any
reductions in energy use and carbon emissions and changes in occupant attitudes and behaviour
following the improvement measures. The improvements are being managed by Coastal Housing
Group and Family Housing Association. The outcomes of the research are expected to address
gaps in existing knowledge through dissemination of practical guidance for Housing Associations
on ecological solutions to adapt dwellings for increased environmental performance and occupant
satisfaction.
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Summary
According to the OECD investigated the current situations of the buildings in the member countries,
the statistical data indicate that the ratios of new buildings in many advanced countries are almost
below 2%. Relevantly, the ratio of new buildings licensed from 1990 to 2008 in Taiwan has reduced
to 3% and ratio of the existing buildings is up to 97% with the increase of building duration.
Consequently, it is more important to promote the existing buildings towards the goals of
sustainability. Recently, the policy of sustainable assessment is focused on the "newly built", the
existing buildings taken 97% of building ratio, however, are lack of a comprehensive tool for the
systemic assessment, for instance, the assessment with local orientation. This study adopts
“Eco-efficiency” and takes “Quality” and “Loading” as the basis of assessment categories to
conduct the calculation of life cycle cost (LCC) and takes existing buildings with a service life
between 13 and 24 years as empirical cases for the quantified research. It seeks to revise weight
values of cluster items in the assessment categories drawn up by experts in Taiwan. Furthermore,
it seeks to explore the efficiency of parameter setting and to structure a preliminary model of
building environment efficiency (BEE) of existing buildings for the quality of Indoor environment
health (IEH) in Taiwan.
Keywords: Eco-Efficiency; Building Environment Efficiency (BEE); Existing Buildings; Life Cycle
Cost (LCC) ; Indoor Environment Health(IEH)

1. Introduction
Sustainability is critical to the survival of the Earth, and health is fundamental to the extension of
life. Eco-efficiency is an ideal point for the pursuit of sustainability and health. Therefore, WBCSD
proposed the concept of “Eco-efficiency” and developed a simple formula and indexical framework
as an approach to sustainability in 1992. The purpose is to reduce the consumptions of resources
and impacts to the environment that is to maximize product added-values or profits to achieve a
win-win situation in which both the “health” of mankind and the “sustainability” of the Earth are
considered. Organization for Economic Co-operation and Development (OECD) has also
mentioned in its publication “Eco-Efficiency” that eco-efficiency is to utilize environmental
resources in an efficient manner to satisfy human needs. That can be integrated as a ratio of inputs
and outputs. In line with this trend, Comprehensive Assessment System for Building Environmental
Efficiency (CASBEE) applies the integrated concept of Eco-efficiency to the field of built
environment and develops an assessment system for built environment efficiency. Since 2006, ISO

has taken the concept of “building life cycle cost” as the core for ISO 14040 (renewable material
life cycle), ISO 15686 (building life cycle), ISO 21930 (sustainability in building construction), and
ISO 14025 (environmental sustainability). The series of aforementioned ISO standard are to
regulate the environmental aspect of buildings and related products in an attempt to establish a
comprehensive and systematic assessment for the life cycles of buildings from their starts to the
ends so as to increase eco-efficiency.
Simultaneously, OECD surveyed the current status of buildings in its member states and
discovered the percentage of new buildings in many advanced countries was mostly below 2%.
Therefore, OECD has been devoted in the improvement and reuse of existing buildings. In Taiwan,
the percentages of newly and existing buildings are 3% and 97% respectively. (Construction and
Planning Agency, Ministry of the Interior, Taiwan, 2009). Most of these existing buildings were not
“sustainably designed” at the stage of design in the overall life cycle, which have led to high energy
consumptions, high pollutions, and unsustainable use at the stages of construction, operation and
maintenance, and demolition. Resulting in living quality has then been compromised and burdens
have also been increased to the environment. Therefore, if cyclical improvement can be carried out
at the stage of operation and maintenance which takes up more than 90% of the time in the overall
life cycle, the functionality of buildings will not deteriorate, the environmental loading will not
increase, and the goal of extending building service life can be achieved (Shear, 1983). Yukio
Komatsu et al (1992) indicated that the average building service life in Japan ranged between 30
and 40 year.Zhang You-sheng (2002) conducted a research on building demolition licenses in
Taiwan between 1981 and 2001 and compared the results with the year counts of demolished
buildings in Japan. Then, he proposed that the average building service life in Taiwan was around
40 years. Flangan and Marsh’s research (1995) about building life cycle cost in the 40 years of
service life showed that operation and maintenance took up 70% of the total cost, and initial
investment cost took up 30%. In his book Facility Management, Ishizuka Yoshitaka from the
Ministry of Construction of Japan mentioned that maintenance and management costs of general
buildings in Japan took up about half of their total costs, which was about 3 to 4 times that of
construction and design costs. Regarding this, it is clear that maintaining and increasing building
performance and efficiency has become an important issue in terms of environmental sustainability
and indoor health.

2. Methodology
2.1

Building Environment Efficiency

To establish adjustable and reliable assessment framework and comply with the international trend
of sustainability, this study adopts sustainable assessment systems of various nations as the basis
of its model and also applies the “comprehensive assessment index of building environment” of
CASBEE as the basic structure of the model. With the goal of reducing environmental impacts, this
Model is based on the concept of WBCSD and the assessment of CASBEE (Formula 1).
(WBCSD) Eco-Efficiency

=

Values of product or services
Environmental load

Modeled definition

=

Beneficial output

(1)

Input +Non- beneficial output
Definition of BEE in CASBEE

=

Building Environment Quality & Performance
Building Environment Loadings

2.2

Life Cycle Cost Assessment

The cost in building life cycle includes the stages of building planning, design, construction,
operation, maintenance, repair and dismantles (Chen Yan-Jing, 1997). The calculation of life cycle
cost is an important indicator for building economical life, and its purpose is to obtain the most
favorable economic status with the most suitable investments for the buildings.
Griffin (1993) proposed a diagram of building life cycle costs at various stages. He stated that

although the initial cost was high, the accumulated cost at the stage of operation and maintenance
could take up 50% to 80% of the total life cycle cost.
In terms of building maintenance and management stage, ISO 15686 defined that a period after
the completion and use of buildings, a relatively fewer costs should be spent in the maintenance
and renovation of the buildings in order to prolong their service lives (Figure 1). Throughout the
building life cycle, the planning and construction of buildings take up merely 3 to 5 years, while the
daily operation, maintenance, and management take up over 90% of the time in the cycle. Hence,
maintenance and management is critical to long-term quality of buildings.
The above-mentioned literatures show that the cost of building operation, maintenance, and
management is higher than that of initial investment, and such a cost is mostly used in maintaining,
repairing, managing and replacing equipments or facilities.
1. Expected Value/
Completed Value
2. Building Deterioration
3.Public/Market/Business Demands.
4. Development Upgrade
5. Cyclical Maintenance
6. Limitation
7. Repair
8. Restoration
9. Renovation
10. No Precaution Measures
11. Rebuild
12. Initial Status

Fig. 1 ISO15686 Construction Life Cycle

3. Research Method
3.1

Improvement of Cluster Items of two categories for Existing Buildings

For the applications in Taiwan, this study takes the factors in the project named “Demonstration
Plan of Green Design and Improvement for Existing Buildings” which has been promoted by the
government in Taiwan for 6 years as basic cluster items. Furthermore, this study includes related
assessment items of sustainable buildings proposed by the past researches and extend into its
localized comprehensive assessment. The assessment adopts the two categories, environment
“Quality” and environment “Load”, proposed by CASBEE and further divides them into four
assessment factors, which are ecology (E), energy (E), waste reduction (W), and health (H). Each
assessment item (Table1 and 2) is then quantified and compared with one another with analytic
hierarchy process in order to obtain a comprehensive evaluation.
Table1 Cluster Items of “Environment Quality”
Aspects Evaluation Items
Aspects
E-a Greening Measures
E-b Building Lot Ecology
E-c Water Retention Measures
Ecology
Health
E-d Endemic Plants
E-e Natural Environment
Correspondence
E-b Building Insulation
Energy

E-c Building Sun-shading
E-d Building Greening

Energy

Evaluation Items
H-s Noise and acoustics
H-l Lighting and illumination
H-t Thermal comfort
H-a Air quality
H-w Water for quality
E-e Use of High Efficient
Equipment
E-f Management of Water
Resource
E-g Energy Management
System

Table2 Cluster Items of “Environment Load”
Aspects Evaluation Items
Aspects
Ecology

Energy

E-f Impacts of Premises
E-g Pollutants in Premises
E-a Renewable Alternative
Energy
E-h Energy Consumption
H-m Use of Sustainable
Materials
H-v Control of Harmful
Emission

Health

3.2

Evaluation Items

W-a Management of Recycles
W-b Waste reduction
Waste
W-c Design and Management of
Reduction Materials
W-d Sustainable Resources and
Materials
This study categories four major evaluation aspects.
“Environment Quality” covers 16 evaluation indicators,
and “Environment Load” covers 10 evaluation
indicators.

Analytic Hierarchy Process (AHP)

AHP provides a hierarchical framework to systematically relate and hierarchically analyze complex
relations among factors. Later, the results are integrated mathematically with expert opinions and
then quantified and compared for a comprehensive evaluation. AHP is widely applied in
decision-makings, guidance, or as an assessment tool. M. Glaumann (1999) proposed the use of
AHP in determining weight values for the influential factors of eco-effect. Raymond J. Cole applied
AHP to calculate weight values for the assessment items of GB Tool. Georgios E Pavlikakis.et al.
(2003) utilized AHP in the management of ecosystem and the decision of priority of various
clusters. In Taiwan, Lai Chi-Ming (1999) used AHP to analyze urban and indoor physical
environments and calculate indexical weight values. Chang Kuei-Feng (2005) used in AHP to
select appropriate items for assessing the sustainability of buildings in Taiwan. This study makes
the application of quantitative determination to the comparison of AHP results modifies and
integrates the results of expert questionnaire to obtain weight values of assessment items for
the existing buildings.
3.3

Life Cycle Cost

Life cycle cost stands for the sum of all fees generated during the service life of a product. ASTM
(American Society for Testing and Materials) E833 defines the method of life cycle cost as an
investment strategy which covers the sum of initial investment, replacement cost, operation cost
(including energy cost), and maintenance and repair cost.
The calculation of life cycle cost is an important indicator for building economical life. The purpose
of the calculation is to have buildings obtain the most favorable economic status with the most
suitable investments. James (1998) used the model of life cycle cost to analyze a geothermal
piping system and proposed the basic formula for calculating life cycle cost (Formula 2).

n = 25
LCC=Co+

∑

n =1

Mt + Rt + Ot
(1 + f )(1 + i )

(2)

Co: initial construction costs; Mt: maintenance cost; Rt: replacement and repair cost; Ot: operation
cost; n: number of life cycle year count; i: discount rate; f: inflation rate
Taking residential air conditioning and thermal pumping system as the background for their
research of life cycle cost impact, James and Robert (2002) extended the use of Formula 3 to
assess overall or partial life cycle cost of an entire office building.
n

LCC=

∑
t =1



 IC + ∑ OCi
 (1 + r )t









(3)

IC: installation cost; OC: operation cost; r: discount rate; t: operation life; i: serial numbers of
equipments or facilities, 1 ~ n

The life cycle cost formula (Formula 4) proposed by Huang Kuo-Gong (1998) and Wong et al
(2003) covers initial construction capital, maintenance and management cost, fuel cost,
replacement and repair cost, and salvage.
LCC = C + M + F + R + S
(4)
C: initial construction cost; M: maintenance cost: F: fuel cost; R: replacement and repair cost; S:
salvage
In addition to inflation and interest rates, the formula proposed by Huang Kuo-Ting (2005) gives
consideration to transaction dates and payment amounts of various equipments or facilities
throughout the long-term life cycle. This formula can also calculate future expenses in the life cycle
(Formula 5).
N

LCC = C +

∑
n =0

(M + R + F )
+S
(1 + i ) n (1 − j ) n

(5)

C: initial construction cost; M: maintenance cost; R: replacement and repair cost; F: fuel cost; S:
salvage cost; n: number of life cycle year; i: discount rate; j: inflation rate
In addition to initial construction cost, maintenance cost, fuel cost and replacement and repair cost,
this study also adds life cycle year, future maintenance and management costs, and changes in
inflation and interest rates into its calculation of life cycle cost. The life cycle year in Formula 2 is 25
years, which does not comply with the 40 years of life cycle of this study. Formulas 3 and 4 do not
give consideration to inflation and interest rates. The parameter setting in Formula 5 is consistent
with that of this study. Therefore, this study refers to Formula 5 proposed by Huang Kuo-Ting (2005)
and shows its parameter setting in Table 3.
Table 3 Calculation Parameter Setting for Life Cycle Cost
Initial Parameter Setting
The Explanations of Parameter Setting of this Study
C
Initial Construction Cost
Initial cost calculation for improvement items
M
Maintenance and
10% of the initial cost
Management Cost
R
Replacement and Repair
The depreciation rate is 7 % of the initial cost as
Cost
decided by Public Construction Commission
F
Fuel Cost
Fuel cost generated by the operation of equipment for
improvement
S
Salvage
It is hypothesized that the improvement items are not
reusable facilities; therefore, the salvage is not
considered.
N
Year Count of Life Cycle
40 years
i
Inflation Rate
According to Directorate-General of Budget,
Accounting and Statistics of the Executive Yuan, the
inflation rate from 1982 to 2008 was 0.027
j
Interest Rate
According to the Central Bank, the interest rate from
1982 to 2008 was 0.0413.
3.4

Case Selection

This study sets the building life cycle at 40 years. It follows the practice of National Institute for
Land and Infrastructure Management, Ministry of Land Infrastructure, Transport and Tourism of
Japan (2008), in adopting ISO 15686 and divides the life cycle into 3 stages. The performance of
the buildings deteriorates for about every 12 years in the life cycle. Therefore, this study sets every
12 years as a cycle for maintenance and repair in an attempt to increase the overall functionality of
the buildings. The 3 stages in the 40 years of life cycle are 1 to 12 years, 13 to 24 years, and 25 to
40 years respectively.
According to the statistics Construction and Planning Agency of the Ministry of the Interior
indicates that the percentage of new buildings is declining in an annual basis. Between 1984 and

1996, the percentage of new buildings was significantly higher than other stages, revealing that the
percentage of existing buildings in Taiwan is higher at the second stage (13 to 24 years)counted by
the year of 2009. Therefore, this study selects buildings at the stage between 13 and 24 years for
empirical assessment.

4. Research Results
4.1

AHP Expert Questionnaire

Respondents of the AHP questionnaires are experts in the fields related to architecture and
environment. A total of 40 questionnaires were dispatched with 32 was collected (80% recovery
rate). 31 AHP questionnaires complied with consistency index, which was consistent with reliability
and validity analyses. The results were also analyzed with “the principle of experience” for weight
values and to determine the consistency or the discreteness of these experts’ opinions.
The analytic results of the weight values of the four major factors indicate that “Health”, with a
value of 0.439, weighs the most, meaning that the experts regard it as the top priority. This factor is
f ollowed by “ Ecology” ( 0. 294) , “ Energ y” ( 0. 165), and “W aste r educt ion” ( 0.102).
It is consistent to the result of AHP expert questionnaires of this study. As building materials,
equipment performance, and indoor environmental quality deteriorate over building service life,
human health can be affected significantly, which reveals the importance of the factor of “health” is
quite apparent. Based on the results of weight values of all items, this study structures a
preliminary assessment model based on the formula(1) for the factor of health as a feasible
approach to assessing the existing buildings between 13 and 24 years. The formula 6 is as follows:
TBEE

=

13 − 24

∑

0.075Hs!0.167Hl!0.206Ht!0.444Ha!0.108Hw

EB − H
0.617Hm! ! 0.383Hv!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
(6)

The qualities in the formula are as follows:
Hs!Noise and acoustics
Hl!Lighting and illumination
Ht!Thermal comfort
Ha!Air quality
Hw!Water for quality
The loads in the formula are as follows:
Hm-!Sustainable material for loading
Hv-!Harmful emission for loading
4.2 Empirical Study
4.2.1 Operation Target
This study analyzes assessment items of the factor of “Health” under the categories of
Environment Quality and Environment Load for buildings between 13 and 24 year. The life cycle
cost calculation is included to calculate the cost (dollar/ m2. year) of each item after improvement,
and the calculation results and the improvement areas are analyzed with the regression analysis to
predict the influence quantity of life cycle cost(LCC).
4.2.2 Operation Method
Using Formula 5 calculates the life cycle costs in the factor of health between 13 and 24 years. It
also uses regression analysis to predict the life cycle costs of the improvement items over the 40
years to revise the weight values obtained from expert questionnaire. The results can serve as
reference for decision-makings.

4.2.3 Results of Life Cycle Cost
The results of life cycle cost are indicated in Table 4.
Table 4 Life Cycle Cost for Each Improvement Item between 13 and 24 Years
Builing
Total Life
Improvement
Area
Service Cluster Items
Cases
Cycle Cost
2
Items
"m #
Life
(Dollars)
Noise and
CASE1
253
234,527
acoustics
CASE2
71
39,069
CASE3
460.8
583,791
CASE4
420
510,817
CASE5
82.5
57,727
CASE6
157.8
180,498
CASE7
71
55,353
CASE8
70
35,925
Lighting and CASE1
63
37,638
illumination
CASE2
576
820,914
CASE3
253
305,490
CASE4
122
125,326
CASE5
70
46,654
CASE6
837
1,257,562
CASE7
710
1,049,516
CASE8
71
43,360
CASE9
535
653,599
CASE10
81.9
63,113
CASE11
111
85,841
CASE12
388.7
419,695
Environment
CASE13
467.6
656,938
Quality
CASE14
324.9
438,166
Thermal
CASE1
70
426,616
comfort
CASE2
71
343,576
13~24
CASE3
620
656,649
Years
CASE4
710
699,723
CASE5
81.9
336,802
CASE6
388.7
724,126
CASE7
253
408,597
CASE8
402
401,188
Air quality
CASE1
710
699,723
CASE2
71
343,576
CASE3
81.9
336,802
CASE4
70
426,616
CASE5
388.7
724,126
CASE6
402
401,188
CASE7
404.9
419,880
CASE8
63
561,338
CASE9
320
505,196
CASE10
253
408,597
CASE11
620
656,649
CASE1
45
19,646
Use of
CASE2
58
28,380
Sustainable CASE3
79
36,486
Environment
Materials
CASE4
98
53,439
Load
CASE5
622
403,242
CASE6
72.5
38,451
CASE7
82.5
42,605
CASE8
253
142,018

Dlar/m2.Year
57.94
34.39
79.18
76.01
43.73
71.49
48.73
32.08
37.34
89.07
75.47
64.20
41.66
93.90
92.39
38.17
76.36
48.16
48.33
67.48
87.81
84.29
380.91
302.44
66.19
61.60
257.02
116.43
100.94
62.37
61.60
302.44
257.02
380.91
116.43
62.37
64.81
387.40
98.67
100.94
66.19
27.29
30.58
28.87
34.08
40.52
33.15
32.28
35.08

4.2.4 Results of Regression Analyses of Each Assessment Item
Generally, after the regression analysis is used for the prediction of life cycle cost among
assessment items between 13 and 24 years, the P values are all less than 0.05 (as shown on
Table 5), which indicates the close relation between dependent and independent variables. In
terms of goodness of fit test, coefficients of determination R2 all reach 70 to 80 % of explanation
ability for prediction.
In the above analysis, thermal comfort and air quality show negative relation. Therefore, their
threshold limits should be considered. The limitation of improvement area for thermal comfort has
to less than 719 m2, and the other, air quality, has to 653 m2.
Table 5 Results of Regression Analysis of Assessment Items between 13 and 24 Years
H-l Lighting and illumination
100

80

80

60
40

R2 = 0.8101

20

H-t Thermal comfort
400

300

60

!/m2."

!/m2."

!/m2."

H-s Noise and acoustics
100

40

R2 = 0.9115

20

200

100

R2 = 0.8922

0

0
0

100

200

300

400

m2
500

0

200

400

600

800

2

2

R Value

P Value

0.737

0.006

Sample
Count
8

2

R Value

P Value

0.794

0.00

0

2

m
1000

0

2

Sample
Count
14

2

200

400

R Value

P Value

0.721

0.008

600

2
m
800
2

Sample
Count
8

H-m Use of Sustainable
Materials

H-a Air quality
60

400

300

40
200

20
100

R2 = 0.9056

R2 = 0.8352

0

0
0

2

200

400

R Value

P Value

0.717

0.001

600

800

Sample
Count
11

0

2

200

400

R Value

P Value

0.754

0.00

600

800

Sample
Count
8

5. Discussions
5.1

Comprehensive Analysis for Each Item of Indoor Environment Health

5.1.1 The Prediction of Life Cycle Cost
To obtain the life cycle cost (dollar/ m2. year) of each assessment item, this study uses the results
of regression equation and respectively predicts the value of each item with the hypothesis of X
(area) = 1. The life cycle cost of each assessment item (dollar/ m2. year) is indicated in Table6.

Table 6 Life Cycle Cost for Each Improvement Item between 13 and 24 Years of Building Service
Life (Dollar/m2. Year)
Building
Service Life

13~24
Years

X(m2)

Y(Dollar/m2)

Noise and acoustics

Regression Equation
X$0 ( X≠0 )
Y%35.973&0.098'X

1

36.07

Lighting and illumination

Y%43.77&0.072 'X

1

43.84

Thermal comfort

Y%307.22&(-0.427 )'X

1

306.80

Air quality
Use of Sustainable
Materials

Y%324.83&(-0.496)'X

1

324.33

Y%39.76&0.018 'X

1

39.78

Evaluation Item

5.1.2 Sequential Relation for the Prediction of LCC
In terms of the sequential relation of life cycle cost (dollar/ m2. year) of assessment items between
13 and 24 years, the life cycle cost (dollar/ m2. year) of “noise and acoustics” is the lowest, which is
36.07 dollars. “Use of sustainable materials” is ranked the second, and “lighting and illumination” is
ranked the third. Generally, the life cycle cost of each item increases over time throughout the
service life. The increase of life cycle costs of “thermal comfort” and “air quality” is much more
than that of other items. Their improvements require facilities such as air conditioners. Therefore,
they need more expenses for renovation and repair, which leads to higher life cycle costs.
5.2

Analysis for Revision of Weight Values

After the above-mentioned calculation and prediction of each assessment item, this study
integrates the analyses of the assessment items to discuss the influence quantity of life cycle cost
(dollar/ m2. year) on these items. The results are used to revise the weight values obtained from
the AHP expert questionnaires to reach a balance between the empirical operation of life cycle
cost and expert questionnaires.
5.2.1 Result of Regression Analysis
Regression analysis is used to comprehensively analyze the assessment items of indoor health
environment after improvement. The purpose is to predict the respective influence quantity of
improvement items on life cycle cost (dollar/ m2. year). The significance indicates P=0.00(0.05,
meaning that the dependent variables are related to the independent variables. In terms of
goodness of fit test, coefficients of determination R2 is 0.754, which indicates an influence of 75.4%.
The regression analysis of influence quantity is shown in Formula 7.
Y%(-1.01) X1 (HS)&(-1.25)X2 (HL)&0.84X3 (HT)&0.130X4 (HA)
(7)
Y: life cycle cost (dollar/ m2. year); X1: improvement area of noise and acoustics; X2: improvement
area of lighting and illumination; X3: improvement area of thermal comfort; X4: improvement area of
air quality
Based on the influence quantity generated by the regression analysis, this study revises the weight
values for the model of BEE for indoor environment health of existing buildings in Taiwan.
5.2.2 Method of Revision of Weight Values
The sum of the weight values of all AHP assessment indicators is 0.892. To strike a balance
between the AHP weight values and LCC influence quantities and make assessment under the
same standard, this study takes the following three steps to revise the weight values. The first step
is to revise LCC influence quantities and make the quantities reach the same standard of AHP
weight value sum. The second step is to use LCC influence quantities to revise the relevance of
the original AHP weight values. Positive values indicate larger influence quantities while negative
values stand for smaller influence quantities. After the second step, the sum of the revised values

does not reach 0.892. Therefore, the third step is taken based on the results of the second step to
revise the revise the parameter influences between the weight value sums of 0.825 and 0.892. In
terms of the relation of influence quantity.
5.2.3 Revision of Weight Value Result
After the revision of weight values of life cycle costs of the assessment items , both the weight
values of “noise and acoustics” and “lighting and illumination” increase. The weight values of
“thermal comfort” and “air quality”, on the other hand, show decreases. In terms of sequences, “air
quality” is still ranked the firs that is because the weight value of “lighting and illumination”
increases after the revision ranking advances from the third to the second place, and it is
followed by “thermal comfort” and then “noise and acoustics”. The government has been promoting
the reduction of carbon dioxide emission, and the item of “lighting and illumination” is easier and
more efficient for improvement. Regarding this, most residents apply for the improvement of indoor
illumination. The weight value of “indoor thermal for improvement” decreases after the revision,
making it to retreat from the second to the third place. The main reason is that the improvement for
“thermal comfort” requires the replacement of air conditioners. To achieve a certain level of
efficiency, the cost will be higher comparing with that of other items. Therefore, fewer residents are
willing to apply for its improvement. The weight value of “air quality” is still ranked the first after the
revision, indicating that the actual result is consistent with the experts’ viewpoints. The importance
of “air quality” is therefore apparent.
“The model for existing buildings with the service life between 13 and 24 years in Taiwan” is shown
in Formula 8.
13 − 24 0.116Hs!0.208Hl!0.130Ht!0.437Ha!0.108Hw
TBEE
=
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
(8)
0.617Hm! ! 0.383Hv!
EB − H

∑

6. Conclusion
This study applies the system of CASBEE as the basic structure and categorizes the improvement
items for existing buildings of Taiwan into “Environment Quality” and “Environment Loading”. The
two categories are further divided into four assessment aspects and several cluster items.
“Environment Quality” contains 16 assessment items, and “Environment Load” contains 10
assessment items. After using analytic hierarchy process for weight values and comparing it with
the viewpoints of experts on each assessment item. The influence quantities of life cycle costs on
the assessment items are applied to revise the weight values of the experts so as to obtain a
balance between the two. After the weight value revision, the concept of “Eo-efficiency” is used to
establish “the model of building environment efficiency(BEE) for indoor environment health(IEH) of
existing buildings in Taiwan”.
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Summary
The purpose of this research was to design and analyse sustainable and affordable house
concepts suitable for the Netherlands, focusing on single family houses in terraced house typology.
Sustainability is defined based on 6 value domains and an assessment method is used which is
able to combine all topics of interest. In this research ‘affordable’ is defined as the average cost of
a new house within the Dutch context. Each topic is analysed based on the description of the
assessment method, the performance of the current housing stock and the possibilities for
improving the performance of the house for that topic. All outcomes of the preliminary study,
interviews with experts and topic analysis resulted in two conceptual design directions, the
‘passive’ and the ‘active’ concept. The passive concept is designed mainly with measures which do
not consume energy to perform and the active one is designed mainly with energy systems
(technology, hardware) based solutions. These concepts are assessed and compared in order to
estimate the performance and robustness of the solutions. The recommendations for improvement
that are concluded from this analysis are implemented in a ‘hybrid’ concept. The conclusions of the
study include recommendations for solutions for sustainable and affordable house concepts in the
Netherlands. It is shown that ‘passive’ means, as defined in this study, are more favourable than
(small scale) technology based solutions in achieving the sustainability goals within affordable
constraints for an individual dwelling. Sustainable energy technologies become more
advantageous both economically and environmentally in large scale applications.
Keywords: Sustainability, affordability, Netherlands, active, passive, BREEAM-NL, eQUEST, single
family terraced house

1. Introduction
Growing concerns about impending global warming and scarcity of energy sources lead to efforts
to use different energy sources and use sources more efficiently. Since the energy consumption of
the building sector constitutes about 40% of the fossil fuel primary energy demand [1], buildings
have become one of the focus points for these efforts. Introduction of sustainable energy
technologies and reducing energy demands are at the heart of the endeavour to improve the
environmental performance of the buildings.
Although the view on sustainable development has become broader in some fields, the regulations

in the Netherlands still focus on energy reduction in buildings, by use of an energy performance
coefficient (EPC).
To describe the significance of broadening the perspective of sustainability in the Netherlands, the
Dutch governmental policy and its studied basis have been taken as a starting point. Sustainability
policies are constructed from the National Environmental Policy Plans [2] (in Dutch: Nationaal
Milieubeleid Plan = NMP), of which the latest version is NEPP 4, dated 2001, which considers a
strategy until 2030. This report gives an overview of the governmental policies to mitigate the
environmental burdens on future generations. The plan concludes with the positive effect of
environmental policy, because it resulted in the dissolving or manageability of environmental
problems. It discusses 7 environmental problems which show that energy reduction is not the only
topic to which attention should be given. It also considers the depletion of resources, general
health, safety and quality of life.
Since the amount of energy, water and materials which is used by residential buildings is
significant, it is important to improve the performance of new build houses in this sector in order to
reach the goals which were set in NEPP 4. The research objective of this study is therefore to
develop an appropriate example for the design of a new-build house for the Netherlands, which
can be affordable for the target group, which will be specified below, and complies with the
governmental aims to reduce the impact of the discussed environmental problems.

2. Preliminary study and methodology
2.1

Preliminary study

A preliminary study [3] addressed the assessment of sustainable housing in 6 case studies. The
number and type of case studies found showed a narrow approach to sustainable building design:
solutions are mainly found for experimental projects instead of general concepts which are
applicable at a large scale. The six value domains which are used to define sustainability as
described by Rutten [4] were not addressed or were addressed with a limited perspective. For the
basic value, which is determined from a building’s relationship with individual occupants’ well-being,
the attention was given low for acoustics, spatial design and internal air quality. The economic
value of the case studies was almost ignored, except for benefits from energy consumption
reduction. The latter is the most addressed topic in the case studies. Other aspects of the
ecological value, which considers the relationship of the building with the global environment, were
given medium or very low attention (building materials, land use and flora/fauna). Strategies to
improve the future performance (strategic value) of the case studies were hardly found.
Manageability and ease of operation and maintenance were sometimes enhanced by user guides,
but extra focus could be given to the design of simple systems with low maintenance to increase
functional value. Local values, which are based on special conditions that are unique to a particular
place, were generally included in the designs. Therefore the focus on sustainability lacked attention
towards the applicability and feasibility of the projects thereby not giving accessibility to a large
share of the population.
2.2

Methodology of the study

The main challenge of this study was to find a solution for the design of an affordable and
sustainable house for the Netherlands, which is defined in the main research question as:
What is the optimum combination of design strategies and measures to achieve high basic,
environmental and economic value in the design of a ‘sustainable’ and ‘affordable’ single family
house in the Netherlands?
The main research question is broad and directs the answer of it into design decisions based on
reasoned arguments. The conclusions from the preliminary study are used as inputs for specific
points of interest which are defined according to the framework of BREEAM-NL [5].
Due to the large number of parameters to be included in the study, the number of concepts is kept

to a limited number. The concepts are based on two themes:
• Passive design, where the (investment) focus is predominantly on passive systems: they are
characterised by their direct interaction between the building fabric and the environment. They do
not produce energy and do not need any mechanical devices or significant mechanical energy in
order to operate.
• Active design, where the (investment) focus is predominantly on active systems: they are
designed to utilise the environment to avoid or meet a significant proportion of the demand. These
systems either produce energy, or they operate in conjunction with some mechanical devices to
utilise renewable energy to provide heating/cooling.
The concepts are compared to a reference house that represents the current Dutch building
practice. The comparison is based on the BREEAM-NL framework. From the conclusions of the
comparison, an optimised version, which integrates both design strategies, is designed and
assessed according to all topics of interest.
2.2.1 Boundary conditions
The Netherlands has been chosen as the location for the design. Though acknowledging current
local differences, the boundary conditions are defined for the Netherlands as a whole, thereby
accounting for the climate, the national building regulations and selling price.
The demand for houses in the Netherlands is projected to increase over the coming years (with
about 50,000 houses to be built each year between 2006 and 2020). This demand could be fulfilled
by new build homes or renovations; the research focus is on the former. The highest demand is for
single family houses and owner-occupied property in the low-price cost range. Following Socrates
2006 [6], the specifications for the applied reference house are summarized in Table 1. A reference
row-house from SenterNovem [7] (with balanced ventilation and heat recovery; EPC 0.74) was
chosen to represent the current stock and building practice.
Table 1: Specifications of the reference house type for this research. Source: summary of details
from the Socrates 2006 research by Poulus and Heida [6].
Topic
Specification
Ownership
Owner-occupied property
House type
Single family house
Building type
Terraced house
Price range (selling price)
Low-price:
Below 200,000 euro (2006)
Below 215,000 euro (current level 2010)
Living environment
Rural: Villages Centre
Amount of rooms
4
Surface area of house
126 m2
Surface area of living room
35 m2
2
Price per m
1,540 euro
% of homes accepted in terraced configuration
59%
2.2.2 Topics of interest
The studied topics of interest are derived from the preliminary study [3], the requirements as found
in the Dutch policy program and the definition of sustainability as given by the six value domains.
The topics and the level of depth in this study are presented in Table 2.

Table 2: Specifications of aimed house type and defined topics of interest for this study
Overall objectives
Sustainable design
Affordable design
Boundary conditions (SenterNovem reference house)
Region:
House type: single family row-house,
the Netherlands
balanced ventilation with heat
recovery, 130 m2 user area
Specific points of interest
General topic
Specific topic
Thermal comfort
Indoor air quality
High basic value:
Visual comfort
Health, comfort, ease of use
Acoustic comfort
and safety.
Domotica*
Safety - accessibility
CO2 emission during use
High ecological value:
Embodied energy
CO2 emission by use or
Carbon footprint of residents
construction, water
Water consumption
consumption, waste
Water recycling
management.
Household waste
Building costs
High economic value:
Affordability
Return of investment
Technical flexibility
High strategic value:
Flexibility
Useability of different users
Use of proven technologies
High functional value:
Operation, maintenance
Choice of low maintenance solutions
Use of local know-how
High local value:
Applicability
Compatibility with local regulation

Integral design
Price range: Low selling price
(< €219,400), owner
occupied property
Level of depth for this study
High
High
High
High
Medium
Low
High
Medium
Medium
Medium
Medium
Low
Medium
Medium
Medium
Medium
Low
Low
Low
Medium

* Dutch term for home automation

2.2.3 BREEAM-NL v1.2 (Residential)
Two studies by DHV [8] and by Dobbelsteen [9] conclude with a positive result for the use of
BREEAM in the Netherlands, if a broad spectrum of topics needs to be handled. In 2008, the
Dutch Green Building Council (DGBC) started translation of BREEAM to BREEAM-NL. Since
March 2010, a beta version for residential buildings is published [5]. When ‘BREEAM-NL’ is
mentioned, it refers to this residential version. The assessment of a building is based on a list of
credits which complies with the Dutch law and regulation, practice guidelines and building practice.
All credits are divided into the following categories, which are weighted by pre-determined
importance: management, health and comfort, energy, transport, water, materials, waste, land use
& ecology and pollution.
One of the reasons to choose BREEAM-NL as an assessment method is its clear categorisation of
topics and criteria. From this assessment method, applicable topics for the project have been
chosen. Topics are left out for different reasons: the phase of design; (conceptual, not being built)
the lack of exact location details; the scope in objectives; and expertise of the design team. The
total amount of criteria reduces therefore from 39 to 13 and the number of maximum achievable
credits reduces from 89 to 37. Not all topics of interest could be expressed in BREEAM-NL credits.
Some of them are implicitly taken into account through the use of BREEAM-NL as a guideline
(functional value and applicability); for others a specific assessment method was developed (with
economic value expressed in payback time and investment per BREEAM-NL credit). For the
assessment of performance criteria within the framework of BREEAM-NL separate tools have been
applied for energy demand and thermal performance (eQUEST), daylight (ADF), materials
(Greencalc), costs (annuity model), and specifications from drawings or product suppliers.

3. Results
3.1

Topic analysis and design

A short description of the results of the analysis for each topic identified is provided below.
3.1.1 Thermal comfort
Thermal comfort is assessed according to BREEAM-NL (HEA10) by calculating the amount of
overheating hours (max. 300) over the Predicted Mean Vote (PMV) value of +0.5. This value indicates for example a living room with a temperature of 26.5 °C in summer, which could be worked
out on an hourly basis by using dynamic building simulation. Assuming current outdoor temperatures, for about 93% of the year heating would be necessary and around 3% of hours would result
in overheating. The passive means of satisfying the heating demands include enhancement of
building skin properties in terms of insulation and air tightness values, but could also include the
positioning of thermal zones. Prevention of overheating could be achieved by changing window
types and solar shading. The choices to be made with this are numerous and are partly based on
the economic analysis of several measures under the categories of ‘economic value’ and ‘spatial
comfort’ and by the definition of the passive and active concept.
Active systems which could assist in achieving these demands were studied. The most advantageous type is the floor heating option, which has a lower energy consumption, high thermal comfort and indoor air quality when compared to high temperature heating. The disadvantage of slow
response could be solved by reducing the dynamics of the external loads for example by high insulation values or outside shading devices.
3.1.2 Indoor air quality
The quality of indoor air is assessed by BREEAM-NL (HEA8) which defines the demands according to a maximum level of CO2 concentration. The minimum ventilation flows for houses which
comply with this can be found in the Dutch Building Decree (e.g. 0.9 dm3/s/m2 for user areas). The
flows should be assured with the help of mechanical exhaust. The limits for infiltration are prescribed in the Building Decree and are applied for the active concept. For the passive concept air
tightness is improved in order to limit uncontrolled losses. To comply with the regulations and the
description of passive design, natural inlet and mechanical exhaust is applied for the passive concept and a balanced ventilation system with heat recovery is applied in the active concept.
3.1.3 Visual comfort
Visual comfort is assessed based on the amount of available daylight in BREEAM-NL (HEA1) using the BRE Average Daylight Formula. This takes into account window area, partitions area, window transmission, the visible sky angle and the average reflection factor. The demanded daylight
factor of 2% in at least 80% of all user areas should give the house a day lit appearance and a low
amount of supplementary electric lighting would be needed. Fixed assumptions were made for
distance of obstructions and reflection factors.
In order to improve the house energy performance, improvements were assumed in artificial lighting types for both the active and passive concepts. Since the reference house does not comply
with the 80% area with 2% ADF demand (results in 71%), both the passive and active concept
were given increased (or different placed) window sizes.
3.1.4 Acoustic comfort
Demands for acoustic comfort are given in BREEAM-NL (HEA13), which include the noise insulation values of external, internal and adjacent skin partitions. The characteristic services sound level
is for example limited to 30 dB(A). A short description of building parts showed the achievement of
noise insulation characteristics for the building skin. Details of connections were deducted from the

design guide in NPR 5070 and 5086 for all concepts. Assessment on this topic was based on this
general description, combined with the specifications from product suppliers for the noise production by building services.
3.1.5 Spatial comfort
The analysis of spatial comfort combines the assessment of three BREEAM-NL topics (HEA14,
HEA15 and HEA16): private outdoor space, flexibility and accessibility. The demands are given by
means of minimum areas, widths and specifications of expandability or changeability of structure.
The accessibility of the reference house was assessed and concluded not to be accessible for disabled people. A suggestion of changed spatial planning for the ground floor was made in order to
improve the future use by elderly or disabled: a ground floor toilet plus storage room can be combined into a bathroom. Expandability of the reference house was concluded to be possible in the
vertical direction, with a light-weight structure on top. The adapted spatial planning for accessibility
was applied in both the passive and active concepts.
3.1.6 CO2 emissions
Since this topic is weighted highly in BREEAM-NL (ENE1: 19%) this was given a high level of attention. eQUEST was used to simulate the reference house and several concepts to assess the
energy performance of the chosen measures.
The assessment of CO2 emissions is based on fossil fuel primary energy use during the operation
period. The amount of reduction compared to the regulated value is expressed in credit points. The
analysis of CO2 emissions focused on the available sources in the Netherlands and the possible
systems that may be applied. It resulted in advice to use solar energy for both heat and electricity
generation (with a roof inclination of between 30 and 40°). The small scale wind turbines are not
recommended due to their poor performance resulting from the large variation in available wind
resource. Ground source technologies are advised, since the ground typology in most parts of the
Netherlands has a reasonable thermal capacity. Biomass based energy generation is not recommended due to the reason that the supply and storage of wood pellets, which is the only feasible
source for small scale applications, is inefficient for a single family house.
Conclusions from the system analysis are to use a high efficiency boiler (as with the reference
house) for the passive concept and a ground source (water-water) heat pump for the active concept. Solar thermal panels are advised for supply of domestic hot water (DHW) and are combined
with the boiler for the passive concept and the heat pump for the active concept.
3.1.7 User behaviour
Although user behaviour is not explicitly specified by the BREEAM-NL assessment, the result of
changes in the concept on this topic will be expressed in end energy use and are therefore taken
into account under CO2 emissions. Based on literature research from ECN and TNO [10], it could
be concluded that feedback can have a positive effect on reduction of energy consumption. Combined with the assumed energy pattern for a large group of households, for the concepts some
assumptions could be made. These include analogue thermostats, room temperatures of 20°C,
windows closed while heating, stand-by killers on electrical equipment and energy-efficient appliances. Hot water schedules are assumed not to be influenced.
3.1.8 Building materials
The effect of building materials on the environment is assessed in BREEAM-NL (MAT1) by use of
the shadow price. This price is calculated from the impact of nine environmental aspects of the
building materials (greenhouse effect, damage to ozone layer, humane-, aquatic-, and terrestrial
toxicity, photochemical oxidants, acidification and eutrophication).

The tool GreenCalc (version 2.2) was used to calculate the impact of these environmental aspects.
Analysis of the reference house showed large impact of the floors, facades and internal walls.
Changes in design could reduce this price (by use of wood or mechanical instead of balanced ventilation) but also could increase it (with a concrete structure or use of ground source heat pump).
The passive design will be based on a heavy-weight structure, and the active house will be based
on a wooden structure to compensate for the negative effect of the ground source heat pump as
was recommended for CO2 emission reduction.
3.1.9 Water use
Water use is assessed in BREEAM-NL (WAT1 and WAT5) in a prescriptive way by giving the
types of water saving measures and the options for water recycling. The toilet, shower and use of
the washing machine make up the biggest share of all household water use. The total use is about
93 m3 per year as derived from yearly averages per household. Several systems were assessed
that either reduce water consumption or recycle the rain water. Based on possible savings and
required investment, for the new concepts only water saving taps, 6 litre toilets and low flow
shower heads were applied. For reduction of heat demand, shower heat recovery systems were
applied. The assessment was based on the inclusion of these water saving measures and has
been expressed in terms of BREEAM-NL credit points.
3.1.10 Waste
Waste production is divided in BREEAM-NL (WST3, WST5) into construction- and household
waste. Only the latter is assessed, since the conceptual phase of this project made the former unpractical. Household waste is produced as 79 kg/yr/inhabitant of organic types and as 26
kg/yr/inhabitant of green waste. The required size of space in a house would be 40 litres for paper,
0.4 x 0.6 metres for recyclable waste and 140 litres for compost in the garden. These measures
are applied in all concepts.
3.1.11 Economic value
The economic value of a house is highly dependent on a list of assumptions. The land prices, energy prices, additional costs or selling prices depend on time and market situations. Also the economic value of a design is not assessed in any topic of BREEAM-NL. Therefore a method based
on an annuity mortgage over 30 years is applied for comparison of the concepts. The selling price
is calculated by use of a fixed 30,000 euro ground price, building costs estimations and assumptions on additional costs per concept [11]. Assessment occurs on the basis of payback time compared to the reference house, the selling price (maximum 219,400 euro), and the selling price per
achieved BREEAM-NL credit.
The building costs of the reference house are mainly due to structural works (63%) of which more
than half is in building structure and facades. Therefore possible reductions could be found in reducing the façade area and decreasing window sizes. In the payback calculations energy price
development as interpreted from ECN [12] and CPB [13] predictions was used (about 0.5% increase per year) but sensitivity of different energy price scenarios was also presented.
A sensitivity analysis of the influence of passive measures resulted in a recommendation for insulation measures and an increased roof size, resulting in lower façade costs and lower heating demand. Triple glazing options were found not to be feasible due to the low energy consumption reduction per euro invested. Using Net Present Value analysis some active systems were assessed
and all of these were found not to be feasible for the assumed development in terms of resulting
energy prices. They were found not to pay back the investments within their technical life time.

3.2

Concepts and comparison

The results from the analyses of the topics have been compiled and translated into the two design
concepts. The main line of the concepts was defined by the passive/active definitions and the
recommendations from each topic analysis. These two concepts and the reference house are
presented in Table 3.
Table 3: Reference house and the two developed concepts.
Reference house
Passive concept

Rc values skin: 3-4 m2K/W
Uwindow: 1.8 W/m2K
Air tightness: 0.62 dm3/s/m2
Balanced ventilation
Heat recovery on vent. air
Gas fired boiler, combi
High temp. radiators
No water saving options
Artificial lighting 50 lm/W

Rc values skin: 7-8 m2K/W
Uwindow: 1.3 W/m2K
Air tightness: 0.15 dm3/s/m2
Mechanical exhaust vent.
Solar thermal collectors 6 m2
Gas fired boiler, combi
Low temp. floor heating
Low flow tap, toilet, shower
Artificial lighting 25 lm/W

Active concept

Rc values skin: 3-4 m2K/W
Uwindow: 1.8 W/m2K
Air tightness: 0.62 dm3/s/m2
Balanced vent. + heat
recovery
Solar thermal collectors 6 m2
Vertical ground source heat
pump
Low temp. floor heating
Low flow tap, toilet, shower
Artificial lighting 25 lm/W

Thermal comfort was assured in all concepts, as well as indoor air quality (although assured by
different systems). The difference could mainly be found in annual energy use for heating and
electricity demands. The heat demand did not differ much between the concepts, since the gain
from increased insulation values of the passive concept was lost through the ventilation principle
(natural ventilation). The ground source heat pump affected significantly the fossil fuel primary
energy use for space heating, but the investment costs could not be paid back by this reduction
due to the low energy prices assumed. By means of the solar thermal panels, fossil fuel primary
energy use for domestic hot water could be reduced by 10-12 GJ/year. These comparisons are
illustrated in Figure 1.
Daylight design was improved for both concepts, and the demand is now met. Combined with
energy efficient lighting, this resulted in up to 47% reduction in electricity consumption for artificial
lighting. Acoustic comfort was assured by using the building details as prescribed, combined with
well designed ventilation systems. Accessibility was assured by the adapted space plan, which
also resulted in a storage space for household waste. The water use of the concepts was reduced
to 62 m3 per year by the presented measures.
As shown in Figure 1, both the passive and active concepts appeared to be more expensive than
the reference, and both of the concepts were found to have a higher selling price than the
predetermined affordability limit of € 219,400. The passive concept was found to be 10% more
expensive than the reference and, despite the achieved energy reduction, is not cost-effective
within 30 years of mortgage, with the assumed energy prices [12][13]. A sensitivity analysis of the
energy price showed that feasibility for the passive concept would be attained if the energy price

increase per year were to exceed 7.8%. By the same analysis it is shown that the active concept
would only be feasible if it were designed with PV cells to cover electricity consumption in a year
and the annual energy price increase were to exceed 10%. Both results are illustrated in Figure 2.

Fig. 1 Fossil fuel primary energy consumption and estimated costs for the two concepts and the
reference house.

Fig. 2 Sensitivity of the two concepts, as is and with additional design options (passive + heat
recovery; active + PV), on energy price change, data points indicate feasibility of passive resp.
active concept at certain energy price increase.

The small difference as a result of difference in building materials and the difference in use of fossil
fuel primary energy was reflected in the BREEAM-NL weighted percentage of credit points. The
selling price per percentage was lower for the active (3713€) and the passive (3733€) concepts
than for the reference house (6203€). On the other hand, the additional investment cost for fossil
fuel primary energy reduction compared to the reference house is lower for the passive concept
(569.8€/GJ) than the active concept (908 €/GJ).
3.3

Hybrid Concept

Since the passive concept was favourable in terms of the sustainability versus affordability criterion,
this concept was chosen for further improvement. In order to achieve a lower heating energy
demand than the passive concept, balanced ventilation with heat recovery is implemented. To keep
the investment costs low, the gas fired boiler is retained in the design. This results in higher
investment costs (exceeding boundaries) due to the ventilation system, but a reduction in heating
energy. The annual energy costs increased compared to the passive concept, due to a different
mix of electricity (increased for fans) and natural gas (reduction). Therefore, the fossil fuel primary
energy use could be lowered to the active concept levels while keeping the investment costs close
to the passive concept. As a result of this, the selling price per BREEAM-NL weighted percentage
of credit points criterion is the lowest for the hybrid concept (€3482) as compared to the two
concepts individually. The investment cost per decreased GJ of fossil fuel primary energy is close
to the passive concept levels. However, the selling price is still higher than the predetermined
affordability limit and the investment is not paid back with the estimated energy price increase
[12][13].
Figure 3 illustrates the fossil fuel primary energy reduction and the slight increase in selling price
compared to the passive concept. Further reductions for the fossil fuel primary energy use can be
achieved by replacing the gas fired boiler with sustainable energy technologies. For example,
geothermal energy might be a promising replacement for the fossil fuel sources.

Fig. 3 Fossil fuel primary energy consumption and estimated costs for the three concepts and
the reference house

Although district heating is claimed to be a cost effective alternative to a gas fired boiler that
decreases the fossil fuel primary energy consumption significantly, investigation with current prices
shows the economically favourable position of the gas fired boiler as shown in Figure 4. As can be
seen, the hybrid concept with gas fired boiler and the passive concept have similar sensitivity to
energy price changes, although the break-even point for the hybrid concept is higher due to the
investment in mechanical ventilation with heat recovery. The extra investment for the ventilation
system is compensated for if the annual energy price change increases to 8.8%.

Fig. 4 Sensitivity of concepts on energy price change, Data points indicate feasibility of passive
resp. active concepts at certain energy price increase

4. Discussion and Conclusions
‘Integral design’ is a complex process and difficult to prescribe in a stepwise approach. In order to
answer the main research question an approach which starts with a detailed analysis of both
demand and supply aspects of the focus areas was implemented. The outcomes of the analysis
have been evaluated to make design decisions, in terms of both ‘passive’ and ‘active’ measures as
defined previously. The design decisions were made to propose two concepts, the ‘active’ and
‘passive’ concept, in order to find the optimum combination of measures. The resulting concepts
are assessed in terms of their environmental performance and financial consequences.
From the two concepts, the best in terms of basic, environmental and economic values was
chosen to be the baseline for the hybrid design which is intended to be the optimum concept.
Although both concepts achieved around 30 GJ per year fossil fuel primary energy saving, the
detailed calculations and dynamic simulations showed that the passive concept performed the best
in terms of energy consumption and financial measures. The calculated selling price of the passive
concept exceeds the predetermined affordability limit but it is more favourable than the active
concept in terms of investment cost per fossil fuel primary energy saving figure. This shows that
the passive measures are more viable than the active measures in small scale applications. The
hybrid concept is designed based on the passive concept with the addition of the balanced
ventilation with heat recovery.
The resulting hybrid design exceeds the selling price boundary, but requires a much lower heating
power demand and reduces the fossil fuel primary energy use and CO2 emissions. Due to a

different mixture of gas- and electricity use, the annual expenditure on energy appeared to be
higher than with the passive concept. It should be noted that the use of electricity instead of natural
gas could be more favourable in the sense that the electricity could be generated both on-site and
at large scale in a sustainable way while natural gas is one of the fossil fuels which have limited
availability. Also the selling price per weighted BREEAM-NL percentage is lower than the other
concepts, although the difference is not significant.
The economically unfeasible position of the ‘active’ solutions at small scale, based on the energy
price predictions in this study, demonstrate the requirement for large scale solutions for both
financial and environmental benefits. Depending on the type of generation, heat energy generation
at large scale promises high fossil fuel primary energy and CO2 emissions savings of up to 80%.
Therefore, energy can be supplied to the households in a more sustainable way while keeping the
financial conditions at comparable levels to conventional systems. However, the economic
feasibility of large scale systems for end-users is highly dependent on the yearly costs reflected on
their yearly bills and investment costs. Considering current price levels these systems are more
costly than gas fired heating systems per house (taken into account both investment and
operational costs).
As a result of all analysis, it became evident that the measures to achieve a higher level of
sustainability are more costly than with current practice. This results either from the larger quantity
of materials used, the complexity of the systems or the higher attention for detail which demands
more labour during construction. Therefore end-users can achieve reduction in energy demand but
the Government and the local authorities should take measures to meet the remainder in a more
sustainable and economically feasible way.
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Summary
The aim of this paper is to illustrate how a holistic approach to the window as a design element can
be used as a poetic device and technical tool to improve quality of life in energy positive homes.
-

Through a case study of the residential building Home for Life, built in accordance with the
Active House vision, ’fictive   user   statements’   from   the   design   phase   and   the   end   users’  
experience of living in the house form the primary source to define and evaluate the
potentials of the window. We explore the interaction between the window used as a
technical tool to optimise indoor climate through fresh air, comfortable temperature and
functional daylight and provide the house with solar heat and the window used as a poetic
device to create living environments where expression of space and materials are evoked
through daylight and where indoor and outdoor relations are essential elements for the
quality of the life in the building.

The analyses are based on the definition of four window design elements used in the house: the
south facing active window façade, the east and west facing square windows, the north facing roof
windows and the light cross. The window design elements are analysed and their potentials as a
poetic device and a technical tool to improve life are accentuated.
The paper concludes that all four analyzed window design elements have potentials to provide the
people living in the house with poetic qualities such as expression of space and material evoked
through daylight and indoor and outdoor relations. Not all window design elements are contributing
with technical values in all aspects. Three of the four window elements have a neutral or negative
energy balance and two window elements will have a negative effect on comfortable temperatures
if they are not regulated by external sunscreens and natural ventilation. The hypothesis; ‘a holistic
approach to the window as a design element can be used both as a poetic device and a technical
tool to improve quality of life in energy positive homes’ can be verified. lt is clear that the poetic
aspects have an important role in the design. The paper points out that these aspects do not
always correspond to the technical needs.
The paper explore the challenge to develop tools, design strategies and legislation where the
valuable synergy between technical needs and human needs for the poetic aspects can be united
by the window as a central design parameter.
Keywords: Window, Poetic Device, Technical Tool, Energy Positive Building, Active House, User

1. Introduction
The window is essential for the quality of life. Windows affects our senses and perception of
surrounding environments to a great extent. In Northern Europe people spend up to 90% of their
time indoors; often in poorly designed buildings shutting out daylight and creating artificial
environments [1]. Restricting windows as a tool for solar heat gain rather than utilising its qualities
is an increasing tendency in new buildings as a result of the narrow demand for saving energy for
heating. Focus on the possibilities of harvesting energy directly from sunlight by energy optimised
holistic design and development of new technologies offers unique challenges and opportunities
for designing buildings with the best possible natural environments for people. This paper,
therefore, addresses the interaction between daylight in technical terms and daylight in poetic,
architectural terms.
1.1

Active House vision and seven experiments

Improving quality of life in future buildings is an ambition pursued by Active House which
represents a vision of buildings that  ‘give  more  than  they  take’,  a  vision  of  designing  a  house  that  
has low energy consumption, produces energy, has a healthy and comfortable indoor climate and
is carbon neutral. At the same time the house is to be designed with respect for the local and
global environment and optimised to utilise natural resources such as daylight to improve technical
as well as poetic and aesthetic aspects. [2]
As a case study lab for exploring the potentials of the Active House vision in a full scale context,
seven single family houses are currently being designed, constructed and tested in five European
countries. A test family moves into each house to live in and with the house. Thereby, it will be
possible to explore and learn from the relations between objectives, design strategies, animations,
and calculations on one side, and reality on the other, when real people play, sleep, eat, relax in
and enjoy their homes. [3] [4]. This paper focuses on a single case study, the first experiment and
house built in accordance with the Active House vision, Home for Life near Aarhus in Denmark.

2. Home for Life – design process
The development of Home for Life was an interdisciplinary design process through workshops with
participation from architects (AART Architects), engineers (Esbensen Engineers), window industry
specialists (VELFAC and VELUX Group), daylight specialists, anthropologists and a philosopher.
This team developed and defined the design principles and vision of the building through ten
workshops. The description here is based on the authors of this article as Ellen Kathrine Hansen
was the project manager of the process.
2.1

2020 statements, objectives and parameters

To define a set of parameters in support of the life in the house, the objectives were built on a scenario of a family living comfortably in the house after a 10-year period – not on the parameters of
the physical properties of the house at the time when it was constructed. Therefore, the overall
objectives define qualitative parameters with focus on how a family will experience the house after
10 years (in 2020) of living in it. For this purpose a fictional interview was set up, placing the design
team   in  the   occupants’  position   in   year   2020   which led to  the   definition   of  the  following   ‘Fictional  
interview  statements  from  ‘users’  year  2020.  Based  on  this  we  define  following  parameters  to  analyse the window as a poetic devise and technical tool.
The fictitious future year 2020 is employed in continuation of the current discussions going on related to the future aims of sustainable architecture. The year 2020 in many regulative formulations
and tool appears to represent a common milestone in the development [14].

Table 1 User statements, objectives and parameters identified through the design process.
Users statements
year 2020

Objectives and approaches
referring to Active House parameters

“Our  home  has  an  
atmosphere that makes
us feel at home, we enjoy
the seasons of the year
and the rhythm of the
days, the house has a
close relation to nature
and the surroundings,
which gives us endless
variations  and  narratives.”

Has a positive impact on the environment
- Modifying the house to suit local housing
estates.
- Designing a house of high architectural
merit based on space and indoor/outdoor
relations.
- Choosing materials that have minimum impact
on the environment.
- The atmosphere allows the expression of
material and space (through daylight).

- Expression of space and
materials evoked through
daylight
- Indoor and outdoor
relations

“In  our  home  we  have  
plenty of fresh air and
daylight, which we enjoy,
and  we  are  hardly  ever  ill.”

Creates a healthier and more comfortable life
- Optimised daylight conditions with a large
window area (40% of the floor area)
distributed round all four façades and the
roof, with most of the glass facing south.
- Fresh air with hybrid ventilation, in which
automatic natural ventilation is supplemented
by mechanical ventilation in the heating
season.
- A comfortable temperature automatically
controlled by sun screening products,
ventilation and heating systems.
- Maximised poetic potential of daylight in the
main spaces of the house.

- Functional daylight
conditions
- Fresh air and comfortable
temperature

“Living  here  provides  us  
and our children with a
sound understanding of
the balance with nature
and a good feeling
that we give back more
than we take – in our
house we produce more
energy than we
consume.”

Contributes positively to the energy balance
of the building
- Meeting the energy demands of 2020 building
regulations.
- Minimising energy consumption to building
regulations Energy Class 1 via energyoptimised design by making use of passive
solar thermal energy through the windows.
- Producing CO2 neutral energy with a
combination of solar heating, solar-driven heat
pumps and solar arrays.

- Solar heat gain

2.2

Parameters for
analysing the window

An interdisciplinary design process

With offset in the ‘users’’ 2020 statements, objectives and parameters defined in Table 1 the team
designed Home for Life. Various methods were used to communicate the poetic and technical
elements, often with the window as a central element - from traditional architectural drawings,
paintings, renderings and models, to studies of scale models in light laboratories to 3D animations
in VELUX Daylight Visualizer2 [5]. Estimated energy consumption and production as well as indoor
climate values were continuously calculated in the Danish programs BSim [6] and Be06 [7]. These
calculations were used at all workshops to identify relationships between technical elements in the
different design strategies to be able to communicate across disciplinary boundaries.

Fig. 1 Energy concept section through Home for Life.

Fig. 2 Principle of intelligent window
elements.

The house is located in Lystrup in Denmark. It is orientated to the south, which also gives a view of
the landscape and the bay. The geometry originates from a traditional Danish single family house
of 1.5 storeys. The roof pitch is moved north to establish a larger south facing roof slope to harness
the energy directly from the sunlight for hot water and electricity. The house is simulated to
produce more energy than needed for its operation. [7] [15]
2.3

The window as design element

Throughout the design of the house window elements and daylight have played a central role. The
window area is 70 m2 corresponding to 40% of the floor area. The window area of the four façades
is distributed as follows: 70% south, 5% north, 11.5% east and 11.5% west. During the heating
season, automatic natural ventilation from the window openings is supplied by mechanical
ventilation by heat recovery. The energy frame simulation program BE06 estimates that 50% of the
energy needed for heating is covered through passive heating through the windows [7].
The house can be defined and analysed by the four window design elements outlined below.

Table 1 Window design elements.
South facing active façade
- Constitute all south facing façades of the
kitchen, the living room and the south facing
room on the first floor.
- Vertical fixed windows and doors, over which
are installed a number of horizontal windows
for automatic natural ventilation.
- External automatic sunscreen and internal
roller blinds adjust the heat gain and light.

East and west facing windows
-

- The three windows are placed parallel to
each other in the kitchen and in the living
room in the north-west corner.
- The windows are fixed parts with no pane
sections.
- Internal roller blinds and external manually
operable shutters adjusts light inlet.

North facing roof windows
-

- Two bedrooms and the bathroom on the first
floor are supported with light from six north
facing roof windows.
- The pivot windows have automatic window
operators, external awning blinds, and
internal blackout blinds.

Light cross
- Four doors giving view and access to the
north, south, east and west are visually
connected in a cross at ground level.
- The concept is repeated on the first floor with
openings facing east and west.
- The door facing north serves as main
entrance. A ventilation window is placed over
each of the three remaining doors.

3. Analysis
3.1

The hypothesis

The hypothesis is that a holistic approach to the window as a design element can be used both as
a poetic device and a technical tool to improve quality of life in energy positive homes.
Through this paper the hypothesis is tested via exploring how the window (defined as four window
design elements) can be used as a poetic device (expression of space and materials evoked
through daylight and Indoor and outdoor relations) and technical tool (functional daylight conditions,
fresh air and comfortable temperature and solar heat gain)
To explore whether the stated hypothesis can be verified or not the case study house Home for
Life is analysed. There are three main data sets used: the technical performance measures; the
experiences of occupants; and the phenomena of light as captured through photography and
daylight modelling. The analyses put forward here not only focus on user perspectives and

experiences from living in the house but sets these within wider cultural contexts. Methods and
data are part of an ongoing research project called MIMA [8]. The analyses in this paper has its
focus on the user perspective reflected in the quote ‘Just  imagine  if  the  quality  of  our  buildings  was  
measured  by  their  ability  to  improve  life’  [8].
3.2

Methods for data registration and analyses

“For the purposes of this kind of research the only reliable instruments of observation are the
human senses.”  – Dean Hawkes [9]
A wide range of data registration has been made in relation to the case study. Concerning
qualitative registration the triangulation of methods has been a key approach in order to create as
colourful an illustration of the house as possible. Methods for qualitative registration include semistructured interviews [10] [Kvale], participants observations [11], cultural probes such as monthly
diaries and photos [4] [17], observations of the house by architects [4] [12] [11]. Methods for
quantitative registration are from the natural scientific and engineering fields and include energy
simulation with solar heat gain and losses in BE06 and Bsim [BE06 and Bsim], Simulation of
indoor climate conditions in Bsim [Bsim], simulation of natural ventilation, simulation of daylight,
measurements of daylight, Luminance mapping [4],
Together the quantitative and qualitative methods will attempt to measure, register and capture the
poetic and technical aspects of the house [4].
3.3

Analysing window performance through poetic and technical means

The following analysis focus on analysing the qualitative and poetic aspects of the window design
elements in the case study house Home for Life [15].
3.3.1 Expression of space and materials evoked through daylight

Fig. 3 Daylight variations in the kitchen/dining area in strong midday light, with sun screens
and in the afternoon sun. Photos by Adam Mørk.
The kitchen/dining space is the central and most expressive room in the house as all of the four
window design elements are represented in this space. The room is characterised by the sloping
ceiling, which is a result of the extended south facing roof optimised for generating energy. This
effect is strengthened by internal windows to the middle bedroom and toilet plus the south facing
bedroom. The sky is visible through the north facing roof windows in this south facing room. In the
kitchen/dining space the light comes from five directions. In May 2011 the female occupant of the
house family 2 female (F2F) writes in her diary: “We still notice the many beautiful details of the
house, including both the slated façades  and  the  changing  light  in  the  house.  We  don’t  have  to  get  
up from the chair and walk to the window to look out. The big windows provide a view, whether we
are cooking, sitting in the living room or in our rooms”   [17]. There is constantly sunlight in the
kitchen/dining space throughout the year from sun rise till sunset. The entering sunlight adds
varying and dynamic markings in the space which can be adjusted by pulling the external and/or
internal blinds.

The modernistic motif of the south facing active glass façade creates a contrast to the east and
west facing windows which appear as classic holes in the façade, through which the hot and low
sunlight is transmitted in the morning and evening hours. The thick well insulated walls and the
insulating qualities of the glass make space for creating a window recess with a place to sit. In her
diary in March F2F writes: “The window sill in the east facing window is quite naturally used as a
seat several times a day. It is a good place  to  get  lost  in  one’s  own  thoughts  with  a  cup  of  tea  after  
work, or a good place for a break”  [17].

Fig. 4 One photo and two simulations of the luminance distribution made in VELUX Daylight
Visualizer [5]. Photo by Gitte Gylling.
Daylight also enters the kitchen dining space from the North facing roof windows in the upstairs
bathroom. A glassed wall between the bathroom and hall area provides for this diffuse light from to
access from above resulting in a very comfortable daylight environment in the space. Fig. 4 shows
both in simulation and registration that the space has a very well distributed daylight environment,
through the four window elements and the roof top windows in the roof.
3.3.2 Indoor and outdoor relations
The two east/west facing windows and the south facing glass façade create a strong connection to
the outside via its transparency. The light cross also contributes to opening the house and creating
relations to the west through the living room and to the north through the hall. In the participant
observation the Anthropologist writes:   “Sitting in the kitchen/family room you easily let your eyes
wander to follow life outside the house. The 6-year old boy of the family tells how the family from
the dining table can watch the sun rise and the mother of the family fancies looking out of the
windows and compares the windows to pictures. One window represents one picture; another
window is a new picture, etc. And they are always different. Actually they enjoy the view so much
that they like to let in more light and heat than permitted by the system. Then they override the
system and roll up the awning blinds when the system tries to control the heat”. [19]
The south facing active façade opens the room to the south accentuating the slated floor and walls
continuing out onto the terrace. Family 2 (F2) are especially satisfied with the windows to the floor
and in their diary express the joy in seeing snow right on the other side of the window, in
December: "It feels like sitting right in the drift, without being cold. The snow provides additional
light – white in white. The frosty sky looks extraordinarily beautiful from the house, because from
there we have a view of the entire horizon and its cool pastel shades”  [17]. This is an interesting
observation pointing to a new potential made possible by the new energy optimised windows with
very low heat transmittance. In March F2F writes: “The snow around the house has disappeared,
and the terrace in front of the kitchen is visible again. It suits the kitchen with the slate tiles that
continue out on the terrace, one of the details we have fallen in love with…”  [17].
The south facing window façade is facing the road in front of the house causing inconvenient
insight resulting in the occupants pulling down the sun screen to have privacy [Werner]. This
interferes with the expected amount of energy gained through the façade. The Anthropologist
points to: “At the beginning the family asked for blinds on the first floor, in the living room and in the
kitchen/family room. They are much used, and at the same time the family is excited about the
great view from the house, which is considered a great asset to the house. So in general, there is a

Fig. 5 View from the house over the city- and landscape. Photos by Gitte Gylling.
conflict between the need for screening as a means of controlling the temperature on the one hand,
and the view and the daylight admittance on the other hand” [18].
On the direct access to outdoor spaces from inside in March F2F  writes:  “On really good days in
March it has been possible to enjoy the sun on the south facing balcony above the sitting room. It
has been comfortable – just what we had been waiting for. We look forward to enjoying life
outdoors during the summer half-year. There is ample opportunity for living around the house
throughout the year. If we need shelter, the covered terrace at the living room is a suitable place’’
[17].
3.3.3 Functional daylight conditions
The two large square windows facing east and west, the south facing active window façade and
roof windows in each side of the south facing roof slope result in a daylight factor average in the
kitchen/dining room around 10% with large areas of the space exceeding daylight factors of 20%.

Fig. 6 Plan 1 and 2 of Home for Life with Daylight Factor (DF) curves.
Glare might occur. [11]. Family 1 (F1) pulled down the internal and external blinds to dim the light
level and create privacy, which has resulted in reduction of possible solar heat gains [20].
The South facing active façade is critical in the South West facing room on first floor. F2F writes:
“’It is nice to have so much light in the house. The character of the light changes with the weather.
However, my husband has to pull down the external sunscreen at the balcony in the office during
the day. The internal blinds are not enough. Too much reflection in the computer screens makes
work impossible”.   She   adds:   “Awning blinds and sun screening have started to go down later,
meaning that we can enjoy the days getting longer. The timing is perfect”. This accentuates the
experience of the house following the rhythm of day and year.

As a contrast to the dynamic daylight in the kitchen/dining space, the bathroom on the first floor
appears to have the most even daylight distribution at an appropriate high level of illumination with
an average daylight factor at 4.3% and daylight factor at wash basin height around 5% [12]. This is
due to the high placement of the north facing roof windows in the room which allow the daylight
from the northern sky to be brought down softly to the level of the wash basin via reflections in the
room.
F1 experience using very little electrical light due to level of daylight and the Anthropologist notice:
“The family has the experience that they use less electrical light than in their old house and they
mention the great amount of daylight intake as one of the things they will miss the most, when they
move back to their old house from the 1970s”.
3.3.4 Fresh air and comfortable temperature
The top windows in the south facing façade and in the doors in the light cross are together with the
roof windows programmed for automatic natural ventilation cultivated via the design of the spaces.
In March F2F   writes:   “In March we experienced that the house changed from winter to summer.
The first time the house went into summer state took us by surprise. It acted differently than we
were used to. The windows and roller and awning blinds went down. The air felt and smelled
fresher – real outdoor air”  [17].
The house is designed with eaves to the south to provide shade for the high warm summer sun.
The south facing windows are supported with external automatic sun screening and internal blinds.
Temperature during the first test year was measured to be below the criteria of class 2 in EN15251
in more than 95% of the year and thereby fulfilled the active house criteria. However, the
measurements and the observations indicate that there are periods especially during spring and
fall and shorter periods during summer, when overheating occurs [20].

Fig. 7 EN 15251 comfort graphs created from values
measured in Home for Life through first test year.

Fig. 8 Inside the kitchen/living
room space. Photo: Gitte Gylling.

F2 experienced overheating primarily during winter clearly stated in the diary by F2F from
December:  “A Sunday with plenty of sun and more than 27 degrees in the living room we had to
have the automatic control ventilate a couple of times, but we felt more like opening all doors to
outside, to the 2 degrees below freezing point.  We  didn’t,  but  sat  for  a  while  on  the  terrace  by the
living  room…  The  house  keeps  the  warmth,  which  we  could  benefit  from  later  that  evening  and  that  
night. It is still winter, you know”. A couple of months later in February F2F continue:  “We had the
pleasure of the sun in February. We came home late on a Saturday afternoon. It was probably 29
degrees in the living room and 27 in the kitchen. When we entered the house, we were cold, so
feeling the warmth was actually very pleasant. The sun was also strong the following day. We
pulled down the awning blinds in the kitchen, which instantaneously gave us a pleasant feeling,
and the temperature stayed at an acceptable level around 24-25 degrees”. The following month,
March:  “The sun is higher in the sky, which we can tell by the living room temperature, which has

not been quite so high as in January and February when the sunlight came more directly into the
house”.  Finally, in May F2F  writes:  “When we experienced in January how the low sun could heat
the house up to 28-29 degrees by frosty weather, we feared extensive heat in the summer halfyear. However, we manage to keep a pleasant temperature. On hot days, the house feels cooler
than the temperature outside. It does not take much sun to activate the sun screening and
ventilation. Usually the house is prepared to provide heating, and the air in the house is always
fresh”. [17]
3.3.5 Solar heat gain
According to calculations the south facing window supports the house with solar heat during the
heating season, the east and west facing windows are neutral, and the north facing windows are
energy minus [7]. During the design of the house it was simulated that half the required energy
need for heating could be covered by solar heat gain through the windows. [16]
After one and a half test year it has become clear that the actual amount of solar heat gain to
support the heating of the house is not equivalent to the simulations. The difference is due to
different user behaviour than expected in the simulation and that the calculation programs are not
adjusted to inflexibly. Another factor is the small energy demand as the house is very well insulated.

Fig. 9 Energy balance through the different windows.
F2 shows interest in the fact that the sun supports the house with energy. In November F2F writes:
“We   hope   for   a   very   sunny   winter   to   support   the   balance   of   energy.   ’Good   weather’   has   a  
completely new meaning to us now”  [17.]

4. Results
The results from the analysis are presented in Table 2.

Table 2 Results: Window design elements related to poetic and technical parameters

P
O
E
T
I
C

T
E
C
H
N
I
C
A
L

South facing active
façade

East and west
facing windows

North facing roof
windows

Light cross

Expression of
space and
material

- Modernistic motif.
- Big variation of
direction, reflections
and shadows from
daylight throughout day
and year.
- Light inlet moderated
and equalised by
external sun screening.
- Black slate floor
moderates reflections.

- Classic window: the
view as a picture on the
wall.
- The window recess
creates a space.
- The low morning and
evening light creates
characteristic
formations.
- Screening adjusts the
expression in the room.

- Studio window.
- Diffuse and cool
daylight inlet.
- The light has sufficient
direction to make
outlines and colours
distinct.
- The characteristic
shape of space is
accentuated and
opened to the north.

- Classic axis.
- Enlargement of
spatiality across the
house.
- View at entry.
- Transparency in
house layout.

Indoor and
outdoor
relations

- Free view of sky,
terrace, garden,
landscape and bay.
- Floor and walls
continuing outside and
direct access through
doors accentuates
indoor/outdoor
relations.
- Large glazed area
makes look in, interior
blinds required.

- Visual contact with
east and west facing
terraces and context.
- Provides the
possibility of looking
through the house from
east to west.

- Opens the room to the
sky in north, which is
often illuminated directly
by the sun and creates
big contrasts throughout
day and year.
- Privacy due to no
peak in possibilities.

- Strong effect caused
by opening the house to
all four corners of the
world.
- Exit to terraces in all
four directions.

Functional
daylight
conditions

- Direct high (summer)
and low (winter)
sunlight.
- Need glare screening
- Daylight inlet from
other directions
required to prevent
glare.
- Daylight level high.

-Big pane with large
light inlet.
- Direct low sunlight in
the morning and
evening.
- Manual screening to
control light inlet.
- Fine reflection of light
in recesses.

- Well distributed light
from the sky.
- High DF via relatively
small window areas.
- Good light in shower
by mirror in the
bathroom.
- Fine function as light
source in bedrooms.
- Night screening
required.

- Contribute by
distributing daylight inlet
from east, west and in
particular from north at
the entrance.

Fresh air and
comfortable
temperature

- Good position for fresh
air = natural ventilation.
- Eaves prevent direct
sunlight during summer.
- Automatic external
sun screening and
natural vent. to avoid
overheating.
- 100% glass not
optimal for stable indoor
climate.

- The window has no
openings = no
ventilation.
- Risk of temporary
overheating in the
morning or evening.

- Good opening solution
for natural ventilation.
- No risk of overheating.

- Ventilation openings
(east, west, south)
create natural
ventilation.
- Relatively small glass
areas with no
contribution to
overheating.
- Screening in rooms on
first floor
recommended.

Solar heat
gain

- Energy plus despite
reduction of heat
contribution due to sun
screening.
- In practice, the glass
area is not utilised
100% for solar heat
gain and could be
reduced.

- Energy neutral.
- The large pane has a
relatively high U-value.

- Energy minus due to
small solar heat gain,
but small window area
relative to DF means
only little importance for
total energy
contribution.
- Energy loss equalised
by energy plus windows
in south facing roof.

- Together the four
doors are energy
neutral.

5. Discussion and Conclusion
It is now widely accepted that in the future we have to consider different climatic and cultural
responses to the problems of global warming. This will help us develop different regional typologies
which respond to specific rather than universal conditions. Hence the drive towards EU
standardised specifications/legislations for energy efficiency need to be tempered by regional and
humanistic understandings such as the Nordic tradition [14]. This development cannot solely rely
on standardised specifications/legislations but  as  Gylling  et  al  state:  “The holistic approach calls for
new ways to assess and evaluate our buildings, not solely based on quantitative means but
particularly also based on qualitative means, so we can determine qualities and life improving
factors  in  sustainable  architecture”  [4].
With the offset aim to illustrate how a holistic approach to the window as a design element can be
used as a poetic device and technical tool to improve quality of life in energy positive homes this
paper treats a key subject within the ongoing issues of sustainable architecture. The case study
used throughout the paper presents a realised real scale project with real occupants and
professionals involved. This provides a unique opportunity to get under the skin of the occupants
and their experiences to collect data and knowledge which cannot be simulated, calculated or
corrected for. The collected data, obviously, contain a lot of information when considering the
poetic and the technical data and their interplay, a quantity much larger than a single paper can
treat. However, the focus on the window as a design element is found to strongly illustrate that this
approach to researching sustainable architecture is definitely legitimate and carries strong
information and important evidence.
There are obvious technical disadvantages to designing energy positive houses with extensive
glassed areas if aiming for establishing good and healthy indoor climate conditions as defined by
standards such as the European EN15251 ore energy performance defined in the Passive House
Standard. However, the occupants’ experiences from present case study that has followed two
families through one and a half year of testing point to the importance of experience of the
differentiated day lit spaces, fresh air, relation to the site specific surroundings via physical and
visual access and views to the surrounding land- and cityscape as life improving factors in future
sustainable housing. Thereby it is evident that poetic as well and technical potentials are enhanced
by integrating windows as holistic key design elements in energy positive buildings. Integration of
the poetic and technical aspects related to windows can support and counterbalance each other in
the design. Therefore a holistic approach to the design is central to create environments that can
improve life in energy positive homes.
The analyses also illustrate that it is central to take an appreciative approach to window principles
that represent different values and in the design process can be combined to one composition. Not
least the differentiated daylight inlet from all directions and the differentiated use of the indoor and
outdoor relations are important. These are important quality issues which are often overlooked in
purely technical analysis. An occupant oriented approach to both programming and analysis of
finished houses is valuable to ensure a holistic approach and optimum use of daylight potential in
energy optimised houses. Focus on life in the house helps us use common sense and
understanding of working with nature instead of fighting it. It also helps us understand how new
products and technology can meet traditional and future requirements.
The key finding in this paper is that an energy efficient design with focus on utilising the window as
design element brings possibilities of daylight maximisation (less electricity for electrical lightning)
and solar heat gain (less energy for heating). This strongly supports the ideals behind the Active
House vision of creating sustainable architecture  focusing  on  occupants’  needs  and  quality  of  life.
The conclusion of this paper is presented in Table 3, summarising the main points to illustrate
whether the hypothesis that a holistic approach to the window as a design element can be used
both as a poetic device and a technical tool to improve quality of life in energy positive homes can
be verified or not.

Table 3 Conclusions presented in table form. The table present where the window is used
as a poetic device and a technical tool.
South facing
active façade
P
O
E
T
I
C

T
E
C
H
N
I
C
A
L

East and west
facing windows

North facing roof
windows

Light cross

Expression of space
and material

+

++

++

+

Indoor and outdoor
relations

++

++

+

+

Functional daylight
conditions

+

+

++

+

Fresh air and
comfortable
temperature

+
-

+/-

++
++

+
+/-

+

+/-

-

+/-

Solar heat gain

All four analyzed window design elements have potentials to provide the people living in the house
with poetic qualities such as expression of space and material evoked through daylight and indoor
and outdoor relations. Not all window elements are contributing with technical values in all aspects.
The table illustrate the importance in illuminating the window as an intelligent and holistic design
parameter since three of the four window elements have a neutral or negative energy balance and
two window elements will have a negative effect on comfortable temperatures if they are not
regulated by external sunscreens and natural ventilation. In this paper it is verified that the
windows support the building with qualities that are basic elements in creating sustainable living
environments. The hypothesis that a holistic approach to the window as a design element can be
used both as a poetic device and a technical tool to improve quality of life in energy positive homes
can be verified and it is clear that the poetic values have an important role in the design. These
parameters do not always correspond to the technical needs.
The challenge is to develop tools, design strategies and legislation where the complex synergy
between technical needs and human needs for the poetic aspects can be united by the window.
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Summary
All buildings impact the environment and human health therefore an attentive evaluation of its
sustainable performance in the design phase. The difficulty in identifying the best design process,
one that resolves all conflicting factors, particularly economic and environmental performance, is
the reason for this research.
The quality of built housing is intimately connected with the quality of its Project. The project phase
is the determining phase in any kind of construction.
In the design phase decisions are made, objectives are drawn (future fate and performance of the
building) and solutions to reach those objectives are adopted, reconciling the needs of future
occupants with the objectives of the developer and the legal, urban and environmental restrictions
imposed.
Today, beyond the factors already mentioned, the need to ensure the balance between human
necessities (both comfort levels and economic security) and the environment shows the need to
promote a design process that considers, not only the construction, utilization, maintenance and
decommission costs, but also the environmental impacts during the entire lifecycle of the building,
in a way that does not diminish the comfort its inhabitants yearn.
However, this will make the design phase more complex, given the need to reconcile the various
factors and reach equilibrium between all the various dimensions. As so, it is indispensable, to
reach maximum project quality, that this phase is done through the work of a multidisciplinary team
and with the assistance of various decision-helping tools. Only in this way it is possible to
guarantee that all factors that influence the quality and sustainability of a project are taken into
consideration.
Thus in order to achieve a sustainable building process it must be an integrated one, this is the
main difference between a sustainable building and a conventional one.

The need for a new design process, more integrated and complete has arisen. This process will
use the latest computer tools designed for project analysis making decision-making more robust,
knowledgeable, conscious and sustainable
Several tools are available for project/product analysis, their purpose is to aid the decision making
process and evaluate the projects performance relative to any factor. Some of the tools developed
are ECOTECT (software developed by Autodesk), Life-Cycle-Analysis (LCA) and Life-Cycle-Costs
(LCC)
However, these tools, when used separately, do not contribute to a balanced project as they focus
on a specific dimension. The LCC tools focus on costs while LCA is mainly focused on
environmental cost, ECOTEC is directed toward building comfort. If all tools are applied
simultaneously and in an integrated fashion they become very important in the quest for a more
sustainable building.
It is considered that, in order to optimize the project, it is important to go through a primary phase
of pre-design. This stage is characterized by the use of tools to simulate and iterate pre-selected
solutions until an optimum solution is found. This optimal solution is the one that offers the best
balance between the social, economic and environmental dimensions.

Keywords: Green Building; Design Process; Predesign; Life Cycle Assessment; Life Cycle Cost;
Autodesk Ecotect Analysis

1. Introduction
The design of green buildings is one of the possible means to contribute to sustainable
development.
Sustainable buildings, with the advantages they achieve in terms of energy efficiency, water
consumption and overall reduction of resources, constitute themselves as a central and determent
element in the daily life of man.
Today, one of the greater concerns of mankind is the issue of sustainability. That future
generations should not be impaired in any way, whether it be regarding clean air, water, soil or
lifestyle.
The construction sector alone consumes about 30% of all natural resources. Therefore it has
enormous responsibilities in the dissipations of these resources and in environmental degradation
(through CO2 emissions and other waste production) [1].
According to WorldWatch Institute data the construction of building consumes about 40% of all
stone, sand, and gravel, 25% of all wood and 16% of all water used annually throughout the world.
[2].
One of the main objectives of construction industry today is the creation of a product that not only
satisfies all needs of functionality, comfort, security, durability, aesthetics but also economy and the
environment throughout its entire lifecycle.
In this sense sustainable construction arises as a way to create and manage responsibly the built
environment, based on sound ecological principles and, through consideration of all aspects of a
buildings lifecycle, managing resources efficiently.
The present urgency of assuring the balance between human needs (both comfort and economic)
and the environment, shows the need for a design process that considers, not only the
construction, utilization, maintenance and decommission costs, but also the environmental impacts
during the entire lifecycle of the building, in a way that does not diminish the comfort its inhabitants
yearn [3].
Several tools are available for project/product analysis, their purpose is to aid the decision making
process and evaluate the projects performance relative to any factor. Some of the tools developed
are ECOTECT (software developed by Autodesk), Life-Cycle-Analysis (LCA) and Life-Cycle-Costs
(LCC).
Lifecycle analysis was developed to analyze the environmental impacts cause by the construction
sector. This tool was developed for the purpose of environmental analysis and in this scope has
become a very important tool as it is applied from cradle-to grave and it has become paramount in
pollution prevention [4].
However, LCC is a methodology inclined to the economic dimension. ISO 15686-5 (2006) defines
LCC as a methodology that allows comparison between different cost evaluations in a specific,
albeit short, timeframe, considering all the relevant economic factors, both initial and future
operational costs [5]. This tool analyzes all costs related to a product, process or activity during its
whole lifecycle aiming to optimize them.
The software ECOTECT, by Autodesk is a tool that analyzes the performance of a building. It
integrates several concepts of sustainability for a construction project although it is more directed
to interior comfort and energy efficiency.

However, these tools used individually do not benefit the project in an integrated manner as they
only highlight a specific dimension of sustainability.
In order to achieve sustainability in the construction sector the whole design process must become
an integrated approach. This is the main difference between a green building and a conventional
one. The need to create a more robust, knowledgeable and conscious decision making process
requires that all the tools aforementioned be used in an integrated manner, hopefully this will bring
about a more integrated, complete and sustainable design process.

2. Green Building Design Process
The quality of the built environment is closely related to the quality of projects. The most important
project phase in any construction project is the design phase. About 80 to 90% of all operational
and maintenance cost are decided in this phase [6].
In the design phase decisions are made, objectives are drawn (future fate and performance of the
building) and solutions to reach those objectives are adopted, reconciling the needs of future
occupants with the objectives of the developer and the legal, urban and environmental restrictions
imposed.
However, this will make the design phase more complex, given the need to reconcile the various
factors and reach equilibrium between all the various dimensions. As so, it is indispensable, to
reach maximum project quality, that this phase is done through the work of a multidisciplinary team
and with the assistance of various decision-helping tools. Only in this way it is possible to
guarantee that all factors that influence the quality and sustainability of a project are taken into
consideration.
As sustainability in construction is based on the idea that the whole process of construction should
be seen as an holistic one, that takes into consideration all stages that comprise the lifecycle of a
building [7], then, in its design phase, all actions that will be undertaken in latter stages must be
thought and planned (utilization, maintenance, decommissioning).
Thus, and given the complexity towards which the design phase is evolving and the fact that much
more parameters need to be taken in to consideration in a sustainable building than in a traditional
one it is necessary to use tools that aid the design team in their decision-making process in all
three dimensions of sustainability (social, economic, environment). Moreover it is indispensable
that the design team is a multidisciplinary one so that the entire lifecycle of the building is thought
through.
To reach this level of quality and balance between the dimensions of sustainability i tis
fundamental to implement, in the design phase, a new process of design.
Therefore, to optimize the project it is necessary and important to pass through a stage of predesign which will be mostly a process of simulations and iterations of solutions pre-selected
through the use of decision-making support tools (Fig.1).

Pre-Design

Deconstruction

Utilization /
Mantenance

Decision-making
Support tools

Project

Construction

Fig. 1 – Model of Building Construction Process

Several tools are available for project/product analysis, their purpose is to aid the decision making
process and evaluate the projects performance relative to any factor. Some of the tools developed
are ECOTECT (software developed by Autodesk), Life-Cycle-Analysis (LCA) and Life-Cycle-Costs
(LCC)
However, these tools, when used separately, do not contribute to a balanced project as they focus
on a specific dimension. The LCC tools focus on costs while LCA is mainly focused on
environmental cost, ECOTEC is directed toward building comfort. If all tools are applied
simultaneously and in an integrated fashion they become very important in the quest for a more
sustainable building.
The use of these tools in an early phase will surely benefit the projects quality and improve it
globally as all aspects of the building will be considered during its entire lifecycle. The project will
therefore be fully complete with all actions taken into consideration from the early stages to its
decommission.
So, the new design process will be constituted by the following stages (Fig. 2). Pre-Design –
idealization and realization of the design (dimension and shape) of the building and its
components; Pre-Selection of materials and constructive solutions and the definition of life-cycle
actions; Simulation and iteration of possible constructive solutions (use of all adequate tools) to
ensure the aim of sustainability in all dimensions and the final execution of the project (all drawings
and reports).

Pre-Design
Idealization and Realization of the design
(dimension and shape) of the building and
its components

Pre-Selection of materials and
constructive solutions and the
definition of life-cycle actions

SIMULATION

LCC

LCA

ECOTECT ANALYSIS

Economics

Environment

Social (comfort)

ITERATION

OPTIMAL Construction Solutions

Final Project
Fig. 2 – Green Building Structure Process Design

2.1. Pre-design, decision making support tools
The adoption of these three tools is due to their ability and quality of successfully assessing all
three dimensions associated with the sustainability of a project. Moreover these tools are based
mostly in comparison and simulation. In this process it is very important that these tools are
implemented in this pre-design phase.
A brief description of the three tools enumerated follows, describing how they work, the information
they require and the possible outcomes of their use.
2.1.1. LCA – Life cycle evaluation
LCA is a analytical method used to quantify and interpret the flows of energy and materials that are
used and then released to the environment as pollution, during the buildings entire lifecycle [8].
The process of LCA is iterative and dynamic and is illustrated in the following picture (Fig.3).

Goal and Scope
Definition

Direct Applications:
Product
development and
improvement;

Inventory
Analysis

Impact
Assessments

Interpretation

Strategic planning;
Public policy
making;
Marketing;
Others.

Fig. 3 - Stages of an LCA as per ISO 14044:2006 [9]

LCA studies began as comparisons between different packages made of different materials but
with the same purpose [7]. These comparisons between what is ecological and what is economical
open up the possibility of determining, based on solid and objective arguments, which are the most
suitable materials for a given product.
In the civil construction marked LCA analysis material-by-material may become an inexact
evaluation. The ideal and more precise method is an evaluation by constructive solutions, only in
this way can one compare and balance the different choices on costs, energy, comfort, etc. For
this reason the idealized process chooses to analyze pre-selected solutions and the accounting by
material should only be done when it is applied in an isolated manner.
Through this type of tool (ie: EcoCalculator-Athena) the projects team must define and “feed” the
program with the inputs of construction solutions so they can then receive the outputs that will help
them in their decision-making process.
2.1.2. LCC – Life cycle cost
This tool consists of an analysis of all costs of a product, process or activity in order to optimize its
total costs. This will contribute to the selection of the most efficient option (construction, operation,
maintenance and other costs) from a number of other previously studied options.
For this analysis it is required [10]:
•

Information data (acquiring cost, capital costs, taxes, inflation, discount rates, construction
cost, operation, maintenance, cleaning, rehabilitation, demolition and insurance.

•

Quality data (piping conditions, etc.)

•

Performance data (maintenance cycles, cleaning cycles, occupation time, electricity and
gas)

•

Physical data (superficial floor area, type of boiling/heating systems, windows area,
functional area, number of occupants, walls and ceilings, number of sanitary fittings)

•

Occupant data (occupant profile, functionality, hours of using, particular features)

Therefore, to make this analysis the multidisciplinary team must, in the pré-design phase define the
maintenance cycles and cleaning cycles, as well ass other actions to be made in the future.
2.1.3. Autodesk Ecotect Analysis
Ecotect analysis by Autodesk is a software tool that analyzed the overall performance of a building.
It can also function as a verification tool but its greatest potential lies in helping the decision making
process towards energy efficiency. It also allows the analysis of other factors as carbon emissions,
lighting comfort levels, acoustics, climate, shadows etc. With this information the design team can
make conscious decisions towards an efficient and sustainable building [11]

Fig. 4 – Comparing Daylight Factor distributions for different skylight configurations

3. Green Building design process phases
In an initial pre-design phase all the design of the building will be idealized and the shape and
dimension of its components will be defined.
In the pre-selection phase constructive solutions and materials will be selected by a
multidisciplinary team. In this phase all actions to be made in latter phases must be planned and
defined.
Taking into account the typology, occupancy profile, and form of the building, initially defined, the
following factors must be defined:
•
•
•
•

Building life-cycle: useful life time of the design building;
Life-cycle of its compounds: useful life time of its compounds with maintenance (ISO
15686-5);
Maintenance cycles – Temporality of maintenance actions during the building life cycle
and witch materials/products should be applied or replace;
Cleaning Cycles – Temporality of cleanup actions and what products to apply.

After the pre-conception of the building, pre-selection of constructive solutions and the definition of
its necessities the simulation phase can begin.
The simulation phase is characterized by the use of various tools and methods of evaluating the
project. In this stage the project and its solutions are “tested”. Taking into account the various
options taken in the early stages the process the evaluating the life-cycle cost can being. This
process will comprise of an evaluation of the environmental impacts and a simulation of the interior
comfort of the building (through ECOTECT).
After the first simulation we would obtain the results of:

Life-Cycle Cost
Thought life-cycle analysis will be obtaining the cost in Euros of:
•

Construction Cost (initial cost of building construction, including labor costs and
percentage of risk/profit by the contractor)

•

Using Costs (cost value of the energy requirements and water needs of the building)

•

Maintenance Cost (appliance of materials/products for maintenance and cleanup cost
and replace materials in the end of life including labor cost)

•

Deconstruction Cost

Life-Cycle Assessment
Through Athena ECOCalculater software it’s possible obtain, having in consideration the adopted
constructive solutions, the following values:
•

Fossil Fuels Consumption (MJ)

•

Global warming potential (ton.CO2eq)

•

Weighted of used resources (ton)

•

Acidification potential (moles of H+ eq)

•

Human health respiratory effects potential (KgPM2.5eq)

•

Aquatic eutrophication potential (g N eq)

•

Ozone depletion potential (mg CFC-11 eq)

•

Smog potential (kg NOx eq)

Autodesk Ecotect Analysis
Through this software will be possible making the following analysis and simulations.
•

Thermal performance analysis – Check if it’s met the comfort temperature for every day of
the year to understand which are the most and less hot/cold zones of the building and
which are the loads of heating and cooling that the building has to possess to achieve
comfort temperatures;

•

Ventilation and air fluxes analysis;

•

Acoustic analysis;

•

Natural light analysis

•

View analysis

After the conclusion of the first simulation (using the three tools mentioned) an analysis and
interpretation of the results must be made. In this phase the most attention should be directed to
the results that have a bigger digression from the parameters of sustainability in its three
dimensions.

However for this phase to be of consequence and improve the project the team of designers must
be a multidisciplinary one, able to visualize the project in an integrated fashion, understanding the
relations between the various options chosen. Through critical analysis of the design this team can
then detect, through quantifiable data, what are the constructive solutions that are harming the
overall sustainability of the design.
After this stage of simulation and analysis is completed it is possible to consciously alter the design
of any constructive solution repeating the simulation entering into an iterative process.
This iterative phase is summarized in the experimentation of new constructive solutions and
comparisons with earlier results. This phase will last as long as the team of designers feel they
have not found the optimal solution both environmentally, economically and socially. Only then will
the project and all its element be materialized.
It is important to note that the project, especially its drawings, will have to be more complete and
exhaustive, in this way the projected features and characteristics will better match the reality of the
building during its entire lifecycle.
Written elements, which should include quantity reports, utilization manuals and maintenance
manuals, should contain all the information that was created during the pre-design phase. Only
thus can it be possible to guarantee that all actions considered during the initial phase will be
executed, or at the very least augment the likelihood of such occurrence.
It is important to stress that, although there is an error factor associated with the evaluation of LCC
(due to the variations in materials costs and other charges) and LCA the precision in these analysis
is not fundamental because these are decision-making support tools and not calculators of final
construction costs and environmental impacts.

4. Conclusions
It is expected, through this method, that the design process becomes more efficient and the quality
and sustainability of its projects increases.
Through the stage of pre-design, and especially through the integrated use of the analysis tools it
is expected that the project will be optimized and an environmentally, economically and socially
balanced solution can be found.
The most important aspect of this process is that the adopted solution was tried, tested, and
compared with other solutions and was chosen consciously. Thus the decisions will be made on a
knowledgeable and quantitative basis rather than a casuistic one.
We conclude that all phases: construction, utilization, maintenance and decommissioning will have
been totally thought through and planned due to the fact that this information is required as input to
the analysis tools. Consequently, quantity maps and manuals can be made much more complete
and useful as all measures considered would be specified.
These measures should be followed in the future so that construction, utilization, maintenance and
decommissioning of the real building should be as closely related as possible to the predictions
made in the design phase.
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Summary
The paper reports competition model developed and the results of an international design
competition hold in Finland. This competition was one stage completion where six qualified teams
prepared comprehensive design of about 20 000 m2 office and laboratory building. The competition
entries required were relatively detailed for such competition, including energy simulations and
embodied carbon analyses.
The competition brief used well specified assessment criteria, from which roughly 50% was
quantitative (measurable with performance indicators as tons of CO2 or Euros) and another 50%
qualitative ones related to architectural components. In Viikki Synergy, four main categories with
roughly equal importance were:
•
Ecological sustainability including energy performance and material efficiency
•
Urban and architectural quality
•
Usability (functionality/quality of working environment)
•
Feasibility (economic efficiency and quality of technical solutions)
These categories had to sum up with sound overall solution and had to have good development
potential. Ecological sustainability was measured with energy performance and material efficiency.
Energy performance followed the target of EPBD recast for 2019-2021, nearly zero energy
buildings, which was the basis for energy performance target value of 80 kWh/(m2 a) primary
energy.
Material efficiency was measured in kgCO2/m2 floor area and teams competed to achieve as low
value as possible without compromising with other criteria.
The innovation of the competition was to sum the energy performance and material efficiency data
in kgCO2/m2 units in the assessment process. Such assessment resulted in life cycle CO2
emissions, as well as LCC in the economic efficiency assessment, therefore the proposals were
compared in the life cycle carbon (tons of CO2) and cost (M€) scale.
Competition results showed that the inclusion of quantitative energy performance, material
efficiency and economic efficiency targets will direct the design and selected concepts from very
first steps of design teams. Design teams have shortly noticed that integrated design was needed
to meet the performance criteria. The criteria used, did not limited architectural quality, that was
demonstrated by various massing alternatives proposed. Best proposals were able to sum up high
architectural quality, good functionality, energy and material efficiency as well as cost efficiency. It
can be concluded that for the jury, there was no need to select between ecologically efficient and
cost efficient entries, but selection was made within the group of entries being both ecologically
and cost efficient.
Keywords: sustainability, energy performance, material efficiency, design competition

1. Introduction
It is probably a global trend to include sustainability issues into traditional architectural competitions.
In Finland, recently two such international competitions were hold. Actually, these competitions
were not called as “architectural competitions” but as sustainable development design competitions
to make a clear distinction with traditional competitions. This article discusses the assessment
criteria for sustainability from quantitative measuring point of view.
Viikki Synergy competition was one stage competition where six qualified teams prepared
comprehensive design of about 20 000 m2 office and laboratory building. The competition entries
required were relatively detailed for such competition, including energy simulations and embodied
carbon analyses.
The innovation of the competition was the assessment criteria for sustainability, summing up the
energy performance and material efficiency data in kgCO2/m2 units in the assessment process.
This criteria and lessons learnt from the competition can be utilized in future competitions in order
to design and built sustainable buildings.

Fig. 1 1st Prize awarded entry Apila of the competition (a low-rise large building in front right).

2. Method – assessment criteria of the brief
The competition brief used well specified assessment criteria, from which roughly 50% was
quantitative (measurable with performance indicators as tons of CO2 or Euros) and another 50%
qualitative ones related to architectural components. In Viikki Synergy, four main categories with
roughly equal importance were:
•
Ecological sustainability including energy performance and material efficiency
•
Urban and architectural quality
•
Usability (functionality/quality of working environment)
•
Feasibility (economic efficiency and quality of technical solutions)
These categories had to sum up with sound overall solution and had to have good development
potential. Referring to good architecture, reasonable cost and sustainable use of energy and
material resources, the categories were supported by transparent assessment framework well
described in the brief.
Ecological sustainability was measured with energy performance and material efficiency. Energy

performance followed the target of EPBD recast for 2019-2021, nearly zero energy buildings,
which was the basis for energy performance target value of 80 kWh/(m2 a) primary energy without
tenants electricity (all other energy flows included according to EN 15603). It was assessed that 80
kWh/(m2 a) per program area will correspond roughly to 70 kWh/(m2 a) per net area (the difference
is caused by corridors not included in the room program). Energy carrier factors to calculate the
target of 80 kWh/(m2 a) were 2.0 for electricity, 0.7 for district heat and 0.5 for renewable fuels. For
the energy supply systems, it was specified to use on-site solar electricity production
corresponding to 15% of total electricity use (facility + tenant electricity). This fixed amount was
justified with high cost of PV-panels, and making it easier to compare the proposals. All other
solutions for energy performance were let open.
Comprehensive energy performance calculation guidance was provided as the appendix of the
competition brief. This was necessary, because the primary energy calculation frame provided in
the Finnish building code D3 2012 was not available. In future competition briefs, this part can be
simple replaced by the reference to relevant calculation frame, such is the building code in the
Finnish case.
Material efficiency was measured in kgCO2/m2 floor area and teams competed to achieve as low
value as possible without compromising with other criteria. The assessment was limited to the
main structure’s carbon footprint that was derived from the carbon dioxide emissions resulting from
the building materials’ manufacture and the materials’ possible carbon dioxide storage. For the
material emission calculation, the specific emission values very provided in the brief, Table 1.

Table 1 Specific emission factors for the material emission calculation. Due to somewhat local
origin, the values have mainly Finnish references and apply in Finnish conditions.

In the assessment, the energy performance and material efficiency data was summed in kgCO2/m2
units by the use of specific emission factors for energy carriers instead of primary energy factors.
Such assessment resulted in life cycle CO2 emissions, as well as LCC in the economic efficiency
assessment. For the LCC, the jury ordered construction cost calculations from the consultant not
being involved in the completion (i.e. cost calculation were not included in the brief). The same
consultant provided cost calculations for the all six proposals.
Energy performance was also recalculated by another consultant for two proposals. As the results
were very close to those provided by the competition teams, the energy calculation of the rest of
proposals were not recalculated to save time and money.
Relatively easy and fast cost and energy calculations as a part of the assessment procedure were
possible, thanks for the building information models required in the brief. These BIM models made
it possible to analyse the proposals with the software tools used for cost and energy calculations.
As a result of assessment, the proposals were be compared in the life cycle carbon (tons of CO2)
and life cycle cost (M€) scale, Figure 2.

tCO2

Meur
Fig. 2 Ecological and economic performance map used in the assessment of proposals in Viikki
Synergy competition. All dots (six proposals) are fictive examples, representing the jury
expectations about less ecological proposals with lower cost (dots in the left) and more ecological
proposals with higher cost (dots in the right). See the real results reported in next section.

3. Results
The key figures for the competition entries’ energy and materials efficiencies are shown in Table 2.
The energy values describing total energy use calculated with energy carrier factors (2.0 for
electricity and 0.7 for district heating) are first presented in MWh/a units for a reference building
solution complying with currently valid minimum code requirements, and for the design solution
with conventional energy supply solutions as specified in the competition programme. The energy
value for the actual design solution is then presented in MWh/a and kWh/(m2,a) units, of which the
latter reflects the programme floor area, and does not include user electricity according to the
competition programme’s definition. The energy use of the actual design solution has been
calculated as the CO2-e emissions caused by 30 years of energy use, with an approximate specific
emissions factor of 150 kgCO2-e/MWh for next 30 years. This specific emissions value has used
both for electricity and district heating.
The main structure’s carbon footprint is derived from the carbon dioxide emissions resulting from

the building materials’ manufacture and the materials’ possible carbon dioxide storage. Solaris has
functioned as a carbon sink because its carbon dioxide storage has been larger than the emission
caused by the manufacture of its building materials. The breakdown of the carbon footprint is
shown in Table 3.
The table’s bottom line shows the sum of 30-year energy use and the main construction’s carbon
dioxide emissions. This key figure serves as the estimate for the property’s 30-year carbon
footprint.
The results show that the leaders are Apila in energy performance and Solaris in material efficiency.
The results for energy performance are fairly even, with Pastorale, however, somewhat separated
from the rest. In terms of material efficiency, 191910 and Pastorale are clearly weaker than the
other entries.
When assessing the 30-year total emissions, Apila’s 6,500-tonne emissions are the lowest. Next
are Solaris and Valaistus at 7,100 and 7,300 tonnes respectively. Pikkukampus is situated midway
on the scale at 8,500 tonnes, and the two remaining competition entries 191910 and Pastorale are
clearly weaker than the others, exceeding the 10,000-tonne limit.
Table 2. Key figures for competition entries’ scope and costs, as well as energy and materials
efficiencies; the three best results are shown in boldface. The key figures for energy use have
been checked so that energy use categories reported are identical in all entries. Additionally, to
check the results, energy simulations were carried out for two entries, whose results were very
close to the figures provided.
Competition entry

1
Solaris

2

2

Rentable area, m (programme area 12855 m )

2
3
4
Valaistus Pikkukampus
Pastorale

5
Apila

6
191910

14000

13100

14600

15800

12700

14800

18300

18800

18200

21500

19800

20400

20600
54,9

20300
54,6

20100
58,5

23600
57,7

21800
54,1

23800
61,1

5104

4513

4575

4272

4523

4053

3576

3517

3502

3631

3508

3281

2851

2765

2830

2985

2674

2780

99

92

97

109

85

93

30-year carbon dioxide emissions of energy use, tCO2-e/a

7589

7146

6904

7726

6005

6102

Carbon footprint of main structure, tCO2-e

-470

147

1600

3269

481

4013

Carbon footprint of main structure, kgCO2-e/m

-37

11

124

254

37

312

Total carbon footprint of 30-year energy use and main
structure, tCO2-e

7119

7293

8504

10995

6486

10115

2

Net floor area,m

2

Gross floor area, m
Construction cost estimate, M€
E-value, reference building solution complying to
minimum code requirements, MWh/a
E-value, design solution with conventional energy supply
solutions, MWh/a
E-value, actual design solution, MWh/a
E-value, actual design solution, kWh/(m2,a) without user
electricity

2

In the main structure’s carbon footprint calculation both material emissions and carbon storage
was taken into account. Full inclusion of the carbon storage is a simplification that affects remarkable results and means the assumption that materials will stay forever in the building structures.
Another and more accurate possibility will be to include the carbon storage only for materials reused or recycled after demolishing of the building. The effect of carbon storage is shown in Table 3.
Pastorale had mainly concrete structures and the carbon footprint is much higher compared to

mainly wooden entries Solaris, Valaistus and Apila. In material emissions, the difference is less
significant, showing the meaning of the carbon storage treatment in the calculations.
Table 3. Material emissions and carbon storage of competition entries’. Carbon footprint used in
the assessment was calculated as a sum of material emissions and carbon storage.
Competition entry

1
Solaris
2

Material emissions of main structure, kgCO2-e/m
2

Carbon storage of main structure, kgCO2-e/m

2

Carbon footprint of main structure, kgCO2-e/m

2
3
4
Valaistus Pikkukampus
Pastorale

5
Apila

6
191910

179

151

n.a.

256

260

646

-215

-140

n.a.

-2

-222

-335

-37

11

124

254

37

312

The results of the competition works’ ecological sustainability were compared to life cycle costs as
certain competition entries have required more substantial actions to achieve good energy performance, which for their part affects construction costs. An extreme example of this was 191910,
in which the building’s uneconomical shape (a remarkably larger external surface area than the
other entries) has been compensated with a clearly enhanced level of thermal insulation, as well
as with a low-pressure ventilation system integrated with a structures. Thirty-year life cycle costs
(calculated as the sum of estimated construction costs and estimated 30-year energy expenses)
are compared to 30-year total emissions in Figure 3.

Fig. 3. Placement of competition entries on scale of 30-year life cycle costs and carbon footprint of
main construction’s and 30-year energy use. The competition entries form two fairly distinct groups;
the group formed by Apila, Solaris, and Valaistus simultaneously have clearly lower emissions and
costs.

From the standpoint of ecological sustainability, a cost comparison of the three best competition
works (Apila, Solaris and Valaistus) demonstrated, within the framework of calculation accuracy,
virtually identical construction costs, the cost difference for these three entries falling within a range
of 1.5%. The values of the estimated construction costs for Pastorale, Pikkukampus and 191910
were significantly larger(+7-13% compared to the most economic one). Thus the best in terms of
energy performance, Apila, was also the best in terms of life cycle costs, with Valaistus and Solaris
following close behind.

4. Conclusions
Competition entries have shown that there are not necessarily conflicts between sustainability and
architectural categories, as in many cases these different categories can support each other and
lead to proposals with different and rich architecture.
Inclusion of quantitative energy performance, material efficiency and economic efficiency targets
will direct the design and selected concepts from very first steps of design teams. Design teams
have shortly noticed that integrated design is needed to meet the performance criteria. However,
bearing these criteria in mind, there is still a lot of room for functionality and architectural components. The criteria used, did not limited architectural quality that was demonstrated by various
massing alternatives proposed.
It may be seen also so, that if all teams meet exactly the specified quantitative performance targets
(kWh/m2, kgCO2/m2 at roughly the same cost), the winner will be selected very much based on
functionality and architectural components, which is not different from traditional architectural competitions. In such a case, quantitative performance targets just have assured the technical quality
of the proposals, i.e. being energy, material and cost efficient. In reality, there are usually differences between the proposals, i.e. how well they meet energy and material targets and quite often
in the economic efficiency, and these differences may serve as decision bases between proposals
with roughly equal architectural quality.
Best proposals of Viikki Synergy competition were able to sum up high architectural quality, good
functionality, energy and material efficiency as well as cost efficiency. It can be concluded that for
the jury, there was no need to select between ecologically efficient and cost efficient entries, but
selection was made within the group of entries being both ecologically and cost efficient.
For the future sustainable design competitions, there are some issues in the competition program
to be further developed. Primary energy calculation can be done according to new building regulation, Finnish building code, Part D3 2012, which was not available during this competition. D3 2012
specifies similar calculation framework as was in the annex of the completion program, therefore
this annex can be just replaced by the reference to the building code. Carbon footprint calculation
is not yet fully standardized and will still need detailed guidelines in order to achieve meaningful
comparable results. Inclusion of the carbon storage needs to be more accurate, to be defined
through calculation rules for materials reuse and recycling. Another detail in carbon calculations
were the foundations causing some confusion. In order to keep reasonable accuracy it can be
suggested to provide model solutions for foundations in the completion programme so that reasonable alternatives for lightweight and heavyweight structures and construction frame types are
available with load bearing capacity and carbon footprint data. This will avoid the unnecessary effort of foundation sizing as well as possible under or over sizing of foundations what was suspected in this competition in couple of cases.

5. Reference (all documentation of competitions available in English)
[1]
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Summary
In the process of designing buildings, there are various players associated including the clients,
engineers/designers, consultants. And the requirements of these players go wide in range. For this
reason, large volume and many types of information complicate the designing process and is
becoming a factor in interfering with its productivity and quality. Therefore the some kind of method
which achieves the balance between the liability relief and improvement of the quality of design are
needed. Under these circumstances, through the actual design works, much technical know-how
seemed  to  be  found,  but  those  information  were  closed  within  the  designer’s  head  and  those  were  
not so often that these information were documented and shared.
First, we investigated four buildings design process by interviewing the designers, collecting the
minutes, and drawings. Those buildings were evaluated by CASBEE, Japanese building evaluation
method, and ranked more than B+ to S class. And these design processes were analysed by the
method of Design Structure Matrix (DSM). And second, we interviewed the designer to collect the
insights which could improve the efficiency and the quality of design.
Keywords: Design Process, Efficiency, Environment Friendly Building, Insight

1. Introduction
In the process of designing buildings, there are various players associated including the clients,
engineers/designers, consultants. And the requirements of these players go wide in range. For this
reason, large volume and many types of information complicate the designing process and is
becoming a factor in interfering with its productivity and quality. Therefore the some kind of method
which achieves the balance between the liability relief and improvement of the quality of design are
needed. Under these circumstances, through the actual design works, many technical know-hows
seemed  to  be  found,  but  those  information  were  closed  within  the  designer’s  head  and  those  were  
not so often that these information were documented and shared. The purpose of this research is
to develop a kind of management method that makes the design process more efficient and the
quality of building better at the same time.
In this research, we would like to share the information about the current design process of
Japanese design offices and construction companies, and further note of insights which could
improve the efficiency and the quality of design.

2. Case study on design process of environmentally friendly building
2.1

Objective and overview of the investigation

The objective of the investigation was to
Table 1. Overview of the subject case studies
understand
the
design
process
of
Case
Case1
Case2
Case3
Case4
environmentally friendly buildings (office
2009
2009
2008
2010
buildings
that
attained
environment- Completion
friendliness).
The
investigation
was Gross floor
3000 ㎡
3500 ㎡
2000 ㎡
27000 ㎡
area
conducted mainly through
interviews Structure
Steel
Steel
Steel
S+SR+
towards main designers, perusal of type
structure structure structure
SRC
conference minutes and drawing plans to Stories
8 stories 5 stories 4 stories 8 stories
understand what kind and how information
Compan
Rental
Rental
Rental
was shared among stakeholders. Table 1 Ownership
y owned
office
office
office
office
shows the overview of the subject case CASBEE
A
B+
A
S
studies. Cases 1~3 were CASBEE, a rank
Japanese
environmental
performance
evaluation tool, B+~A rank equivalent environmentally friendly buildings, and case 4 was CASBEE
S equivalent pioneering environmentally friendly building. The term equivalent is used because
some evaluations were done by the company itself. The investigation was conducted from June,
2009 to January, 2010.
2.2

Conversion of design process to common design work item

Based on the results of the interviews and perusals, design processes were arranged for analysis
and comparison. However, due to the difference in format of the conference minutes and terms by
each case, fair analysis of each design process could not be conducted. In this research, terms of
each case study were converted to a common design language called the common design work
item.
Table 2 shows 68 design work items of an office building design created in this research. Design
work items are items to be conducted (or considered) when designing an office building. The items
and its definition were abstracted and organized from written materials and interviews to
practitioners. Work descriptions of design process in each case were compared with the definitions
of design work items and converted to the most applicable item.
Table 2. 68 Design work items of an office building design
1 Dealing with owner’s firm requirements

24 Elevator plan

47 Layout of stairs

2 Investigation of various circumstances

25 Lighting fixture,motion snsor, daylight sensor

48 layout of toilets

3 Understanding form of ownership

26 Blind

49 Design of spaces shared or not for business use

4 Understanding regulations

27 Exterior design, elevation design

50 Layout of various management rooms

5 Understanding form of business

28 Greening

51 Design of dump room

6 Process and schedule

29 Materials of exterior walls

52 Disposition of routes

7 Investigation of volume

30 Rooftop greening

53 Design of innerpackaging of exclusively-owned area

8 Building plot plan

31 Wall greening

54 Floor loading

9 Set performance level

32 Method of construction for exterior walls

55 Design of performance plan for outer windows and walls

10 Configuring the plan

33 Entrance and lobby design

56 Design of perimeter

11 Configuring the section

34 Layout of elevator hall (std floor)

57 Layout of spaces for plumbing and the like

12 Estimated cost of construction and initial cost

35 Parking provision

58 Illumination program

13 Plan environmental conservation

36 Mail, courier, etc delivery system

59 Design for earthquake‐proof

14 Existing building usage, relocation usage

37 Ventilation system

60 Plan flexibility of office layout

15 Core type, core layout

38 Inwall・partition and gateway

61 Energy plan

16 Plan the structure

39 Calculate number of plumbing fixtures

62 Method and zones of air conditioning

17 Basic plan for environment and equipment

40 Network,wiring, mobile aerial and correspond to a carrier

63 Fire fighting and disaster prevention system

18 Ratio of rentable area

41 Layout of rooftop stories

64 Security system、zoning

19 General plan for disaster and crime prevention

42 Reused wastewater, sewage, gray water

65 Layout of equipment spaces

20 Air conditioning heat source method

43 Plumbing fixture unit systems

66 Operations and maintenance schedule

21 Central surveillance system

44 Design of water system installation

67 Rough estimate document

22 Design of section

45 Layout of air conditioning equipment room

68 Adjusted cost estimate

23 Span, depth of standard-floor office

46 Design of smoking ,refreshment, public rooms

2.3

Arrangement of design work items

A list of design work items were created after every
interview and analysis were conducted on appearing
order and frequency. Table 3 shows the summary of the
design work items for each case.

Cumulative ratio
0
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40
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80

100
％

6
41
46
65
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27
31
35

Table 3. Summary of the design work items
Design period
Meeting frequency
Number of types of
design work item
Total number of
design work items
Design work items
per meeting

30

Case1
6
months
41

Case2
6
months
68

Case3
5
months
85

Case4
8
months
121

66

63

64

67

290

260

397

861

7.07

3.77

4.67

7.12

Case 1

Rank

Design work item

Frequency

1
2
2

Process and schedule
Layout of rooftop stories
Design of smoking ,refreshment,
public rooms
Layout of equipment spaces
Wall greening
Exterior design, elevation design

12
12
12

Fire fighting and disaster
prevention system
Understanding form of business
Inwall partition and gateway
Design of performance plan for
outer windows and walls
layout of toilets
Materials of exterior walls

21

34
20
19

5
6

Understanding form of business
Process and schedule
Design of innerpackaging of
exclusively-owned area
Operations and maintenance
schedule
Parking provision
Design of section

1

Elevator plan

34

2

Entrance and lobby design

32

2

Energy plan

32

4

Configuring the plan

30

4

Plan environmental conservation

30

6

Exterior design, elevation design

28

2
5
5
1

Case 2

2
3
3
5
6

Case 3

1
2
3
4

64
5
12
22
57
10
38
48
51
53
26
33
39
55

Table 4. Important design issues of the cases
Case

34

58
61

Design work item（No.）

Case

23

29
47
52
62
63
66
11
13
18
32
50
54
56
67
1
4
16
17
24
44
49
59
68
3

12
10
10

7
8
9
15
19
20
21
25
36
37
40
42
43

17
16
16
12
11

17
16
13

45
60
14
28
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Fig. 1 Meeting frequency and total
composition rate of each design
work
item
打合せ回数

Case 4

Fig. 1 shows meeting frequency and
total composition rate of each design
work items of Case 1. Total
composition rate is a rate achieved by
dividing the meeting frequency of a
design work item with the total meeting
frequency. In case 1, top 15 of the work
items exceeds 50% cumulative rate,
which shows that certain work items
have been concentrated discussed.
Table 4 shows the top 6 design work
items for each case. Though all the
cases are office buildings, there are no
coherence in important design issues.

In   case   1,   “design   of   smoking,  
refreshment, public rooms”   and   “layout   of   equipment   spaces” were frequently changed as to
alteration   in   design   of   “layout   of   rooftop   stories”   took   place,   thus   leading   to   increase   in   meeting  
frequency.  Similarly,  “Exterior  design,  elevation  design”  corresponded  to  “Wall  greening”. As seen
above, number of design work items whose decisions and alteration caused increase in meeting

回

frequency of important design issues that could be verified were 3 items in case 1, 5 items in case
2, 3 items in case 3, and 3 items in case 4. These chains of design alteration is called “rework”  in  
Japan, which is considered inevitable extra work to improve design quality, however, there are
unnecessary  extra  work  due  to  “necessary  items  from  other  work  are  not  prepared  before  starting  
a  new  work”. To reduce the above extra work that do not play a role in increasing the design quality,
it is important to reduce unnecessary tasks and to divert the energy to improve quality of design.

3.

Analysis of design work procedures of environmentally friendly
buildings

3.1

Overview of DSM

In order to present proposals and improve design work procedures of environmentally friendly
buildings, analysis using Design Structure Matrix (hereafter referred to as DSM) were conducted.
DSM is an analytical method developed by Donald Steward in 1968 which is used to express and
improve development process with numerous iterations and feedbacks. Today, most usages are for
analysis of product development process. Two characteristics of DSM are shown in Fig. 2, and
further explanations are as follows.
① Shows relativity and dependency between items
Rows in the DSM shows the necessary information when starting a specific work (input information)
and the column shows the destination of generated information; in brief, it shows other works that
uses the generated information (output information) of a specific work. As an example, work D in
Fig. 2 requires work A, C, L as input information and provides information for Work E, I, K.
Furthermore works that are higher than the diagonal line, such as work L in relation to work D,
show that information needed for a specific work are generated in works that come later; reworks.
However, works that are higher than the diagonal line but has mutual relativity, such as work F, G
and H, are concurrent recurring works.
②
Shows exemplary work procedures
The order of the works in DSM shows work procedure. By transferring items higher than the
diagonal line to lower than the line and by transferring items left above the line to as close to the
line as possible, an exemplary work procedure (with few reworks as possible) can be derived.
In order to generate a DSM for design work procedures of each case, relativity and dependency of
68 design work items must be clarified. Thus, relativity and dependency of 68 design work items
were designated through interviews towards practitioners and reference 1)~5).
3.2

DSM analysis result of the case study

A matrix was formed using the relativity and dependency of 68 design work items clarified in 3.1,
and steps shown in 3.1-② were taken to organize the design work procedure. From this, a DSM
which represents an exemplary design work procedure of office buildings were achieved. This
material which shows the relativity and dependency between design work items is an effective
material for design practice. Using this exemplary DSM, DSM of each case was generated.
Here, numbers of reworks are used as an indicator of inefficient design process. Especially,
calculation of reworks that occurs because of insufficient input information (rework rate) was
conducted. Formula for rework rate computation is shown in Fig. 3, which is the division of total
number of design works with reworks by total number of design works. Design works which was
reworks are those that require input information that have not yet been generated. For example,
design work items which require 6 input information, but only 1 input information has been
generated will have reworks, and even in such case that 5 input information has been generated,
there will still be reworks.
Fig. 4 shows DSM (case 1) of all design work procedures in order of design start to finish.
Necessary input information are marked; black mark shows input information that have not yet

been generated and grey mark shows more than one meeting has taken place. Design works with
black mark represents design works with reworks. Results of the work rate calculation are shown in
Table 5. In cases with general environmentally friendly buildings (case 1~3), there work rate was
52.8%~57.7%, however, case 4 with pioneering environmentally friendly building which achieved
CASBEE S rank had a rework rate of 23.3%, an extremely low score. Due to the lack of cases,
statistical meaning is weak; however, it can be assumed that setting a pioneering environmentally
friendly building as a goal and confirming the necessary design contents before beginning design
contributed to the result of low rework rate.

Work procedures
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Fig. 2 Characteristics of the DSM

Rework
Rate

Total of design work
items with rework

＝ Total of design work items ×100

Fig. 3 Calculation formula for rework rate

Table 5. Rework rate
Case
Design
work with
reworks
Total
design
work
Rework
rate
CASBEE
Rank

Case1

Case2

Case3

Case4

Avg.

153

150

221

201

181.3

290

260

397

861

452

52.8%

57.7 %

55.7 %

23.3 %

47.4 %

A

B+

A

S

-

Fig. 4 DSM of all design work procedure
(Case 1)

4. Collecting the insights in design process
4.1

Definition of Insight

In this study, we defined know-how and knowledge, a tool contributing to quality and efficiency
improvement of a design provided through a actual design act as “Insight”. For example, it can ①
shorten the design period and construction schedule, ② increase adoption technologies, ③
enhance knowledge sharing, ④ make consensus easier, and the like.
We carried out interviews to collect insights in design offices and general construction companies.
Investigation was carried out between June to October of 2010.
4.2

Outline of the interviews

We chose offices which have an
experience in designing office buildings
that were completed after 2006, and
have more than 9,900 ㎡, and certified
more than B+ rank by CASBEE (Table 5).

Table 5. Condition for case study selection
Location
Usage
Size (Gross floor area)
Completion
CASBEE rank

Metropolitan Region (Tokyo, Kanagawa, Saitama, Chiba)
Office
within 9,900m2
Later than January, 2006
Above B+

Table 6. List of question items
No.
1
2
3
4
5
6

Items
Existing standardized design process
Company's effort on environment
Building summary
Site information
Related laws and ordinances
Building usage

No.
7
8
9
10
11
12

Items
Area ratio by usage
Overview of the project
Structure of the design team
Important consideration of design
Generated issues of design
Designers impression of the project

No.
13
14
15
16
17
18

Items
Risk management
Installed environmental friendly items
Capital recovery of environmental friendly items
Design process
Construction cost
Energy consumption

Table 7. Overview of the case study buildings
Case Study
Case 1
Case 2
Case 3
Case 4
Case 5
Case 6
Case 7
Case 8
Case 9
Case 10
Case 11

Design
General construction
General construction
General construction
General construction
Design firm 1
Design firm 2
Design firm 3
Design firm 4
Design firm 5
Design firm 6
Design firm 7

firm
firm
firm
firm

1
2
3
4

Completion year
2006
2008
2009
2008
2010
2009
2010
2010
2010
2007
2010

Gross floor area Structure
Steel
4,000m2
RC
7,900m2
Steel
9,200m2
Steel
5,200m2
Steel
4,400m2
Steel
9,100m2
2
Steel
6,100m
2
Steel
3,000m
2
Steel
3,700m
2
SRC
2200m
2
Steel
7,600m

Stories
2F
3F, 1B
5F
8F, 1B
9F, 1B
7F, 1B
10F
3F, 1B
5F
6F, 1B
9F, 2B

Usage
Company owned office
Company owned office
Rental office
Rental office
Rental office
Company owned office
Rental office
Company owned office
Company owned office
Rental office
Company owned office

CASBEE rank
Main environmentally friendly technology
S
Natural energy and daylight usage
A
Daylight usage, Low-E double glass
A
Roof greening, Low-E double glass
B+
Efficient use of existing building, double glass
A
Roof greening, Low-E double glass
B+
Double skin, site greening
B+
LED installation, solar panels
A
Roof greening, wall greening
B+
Roof greening, Low-E double glass
B+
Roof greening, wall greening
S
Double skin, roof greening

Table 8. Overview of the case study buildings
Case Study
Case 1
Case 2
Case 3
Case 4
Case 5
Case 6
Case 7
Case 8
Case 9
Case 10
Case 11

Design
General construction
General construction
General construction
General construction
Design firm 1
Design firm 2
Design firm 3
Design firm 4
Design firm 5
Design firm 6
Design firm 7

Environmental
friendliness
administrator
Designer
No
Designer or sales division Person in charge
Designer
Post
Designer, construction manager
Post
Project manager
No
Designer
Person in charge
Designer
Person in charge
Designer
No
Designer
No
Project manager
No
Designer
No
Design coodinator

firm
firm
firm
firm

1
2
3
4

Proposal for environmental
friendliness/ Consideration
period of installation
Project draft
Project draft
Confirmation of requests
Confirmation of requests
No proposal from designer
Confirmation of requests
No proposal from designer
Project draft
Confirmation of requests
Basic design
Basic design

Environmental friendly
measure check-list
Company's own check-list
Company's own check-list
CASBEE
Create based on ISO14000
No
Company's own check-list
No
CASBEE
No
CASBEE
Company's own check-list

CASBEE rank evaluation

Numeric goal of environmental
friendliness

Decide at project meeting
Decide at project meeting
Necessary
B-, PAL value is 10% less than restricted
Necessary
No
Decide at project meeting
Decide at project meeting
No
No
Decide at project meeting
Decide with owner
No
No
Necessary
B+
No
No
Necessary
A
Decide at project meeting
Decide at project meeting

The interview questions are shown in Table 6. The interview questions can be divided in three
categories which are the general environmental consideration as a company, adopting energy and
resource saving technologies and designer’s   subjective   look   back. We tried to keep in mind to
finish the interview for designers in around 90 minutes. General overview of the case study
buildings are shown in Table 7.

4.3

Results of hearing investigation

4.3.1 General environmental consideration as a company
General environmental consideration as a company is shown in Table 8. We arranged the results in
6 categories as below:
1) Who was the collecting mediator of design
2) Presence of the person who is in charge of the environmental consideration
3) Timing of proposing and consideration of environmentally friendly technologies
4) Presence of a check list of environmentally friendly technologies
5) The enforcement of the CASBEE evaluation
6) Presence of numerical target about the environmental consideration
It is thought that the adjustment of design contents is very important when designing an
environmentally friendly building, but only 2 out of 11 companies have an independent post as a
project manager, and in others the designers gather information as before. And 5 out of 11
companies have independent posts, who consider environmental technologies professionally, and
2 of the 5 are executive officers, and the rest are assistant managers. 8 out of 11 companies have
a check list, and 3 of them use CASBEE as a check list.
These results show that there is a gradual movement towards developing a check list, because of
necessity, however, companies with a responsible independent post is still a minority.
4.3.2 Examples of Insight from the interview
1) Method of trimming items for environmentally friendly
In certain case study, the building owner held a design competition of his building. He requested
designers to consider the environmental aspect as much as possible with no financial limitation.
After the building owner decided the designer, he asked the designer to change the plan to fit the
budget. This was very successful because many challenging designs were adopted such as the
passive design, several technologies that have synergy effect and the like within the budget. They
could achieve a high level of quality in design.
The way of piling technology on top of technology seems difficult to generate a creative design, but
this trimming way remains more creative design. But on the other hand, the technologies that
cannot be possibly be adopted might be considered, however, there is no denial that the load of
the designer may increase in this method.
2) High frequency of meeting and deadline
It is very important to keep the deadline of assignment, but with the environmentally friendly
building with many examination items, the design team shortened intervals of the deadline, so as
to have more frequent meetings to confirm design contents mutually. Further, they made the
characteristics of each meeting clear so that the meeting where all the members gather would be a
decision make meeting, not discussing the detail of the technologies.
3) Changing the explanation contents depending on a partner
Even in the same technology, a point to evaluate is different by positions and viewpoints. In a
certain case study, the designer explained the effect of installation of PV panels by transferring its
value in advertising to the building owner. From the viewpoint of electricity generation, it seems
unprofitable. But to mix the profit together and emphasize the value from the viewpoint of building
owner’s  interest,  it  becomes  very  likely  that  the  designer  can  realize  a  higher  quality  building.
4) Having a reference building
By having a reference building whose condition is similar, it allows an easy share of a concrete
image with the building owner. In certain case study, the designer brought the owner to the
reference building. And also it can raise the quality of design more easily by designing the
improvement of the reference building as a starting point.

Though we omitted to write here, we collected more insights, of which were related to information
sharing.

5. Discussion
It   has   been   seemed   that   the   “rework”   of   architectural   design   was   indispensable   to   polish   it   and  
raise the quality of design, like the sanctuary of the design. However, the circumstance around the
design has been changing rapidly and dealing with the environmentally friendly has made the
number of items to be considered and the burdens of designer to increase. If we permit the rework
without aim, the burdens of designer will continue to become heavy. On the other hand, by working
with the environmentally friendly building that enormous items should be considered, there is a
possibility to advance the improvement of the efficiency of design with the rework review. The
result of DSM analysis shows that the quantity of rework does not necessarily agree with the
quality of design.
However, the designer continues to bring various insights even in the face of burden increase.
Some of those are gathered up in companies and may be arranged as property, but most are not
shared with other designers, and are often hoarded up without being arranged. The cultural
background of design might affect to this circumstance, but we believe that collecting the
information of insight from the case studies and sharing knowledge can make the quality of design
better. We hope to continue collecting insights and arranging it for the future.
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Summary
The building envelope’s significance to building performance, whether within the context of low
energy usage or low exergy application paradigms, is increasingly central. The goal of systemsintegrated building envelopes is indicative of this development. Simultaneously, the constraints and
trade-offs considered by the architect in the context of building envelope detailing are sufficiently
complex to warrant the implementation of evaluative software, which would in turn create a shared
knowledge base for the effective interdisciplinary collaboration upon which integrated building
envelope advancement depends. Considerable recent effort has been made to design easy-to-use
energy assessment software for built environment applications intended for use in all phases of
design. However, these tools have not yet fully been harnessed in addressing architectural work
at the detail scale. The primary focus of architectural detailing on the exceptional moments in an
exterior wall section -- those of aperture and juncture -- corresponds directly to the technical focus
on moments of infiltration, insolation and climate control. Using the case study of a parapet detail
in low-rise timber construction, typical in the US, this paper will propose a reconsideration of the
way both evaluative software and architects operate relative to envelope detailing. A parametric
approach aligned to the construction detailing process allows improved evaluative response that
augments pre-existing ‘good practice’ using available computational tools, support better
knowledge sharing and foster innovation in integrated envelope development.
Keywords: energy assessment, building envelope, parametric model, systems-integration,
architectural detailing

1. Introduction
As new concepts in appropriate energy usage for human comfort emphasize both thermal
performance and localized interior climate control, the building envelope gains importance as the
site for innovation in eco-efficient technologies. Integrated thermal, lighting, air quality and energy
harvesting measures promise quick response to human comfort needs without recourse to the
wasteful just-in-time delivery systems for thermal comfort used in traditional buildings.
It is an additional, largely untapped advantage that the portions of the building envelope at which
these measures are best considered correspond directly to those portions on which architects are
also focused because of their significance for a building’s expression: apertures and junctures.
This confluence of technical and cultural significance at the exceptional moments in the building
envelope, where the relation between interior and exterior or horizontal and vertical is established,
has prompted our consideration of how trade-offs in performance and expression are evaluated
during the design process. We assert that greater access to responsive performance evaluation of

different options during the construction detailing process can facilitate systems integration by
providing better and more timely knowledge at the early stages of design.

2. A Parametric Approach to the Detailing Process
2.1 Empirical approaches to architectural detailing
Architects invest considerable effort and ingenuity in calibrating the relationship between
architectural expression and construction-based dictates in the building envelope. They do so
largely within the standards defined by good practice developed over years or borrowed from
precedent case studies. Precedent and good practice are deployed as benchmarks for presuming
ease of installation, availability of materials and durability over the course of years. Both take an
empirical approach to detailing.
An illustrative example is the diagram in
Fig.1 describing the relationship between
roof slope and appropriate roofing
material. The grey scale denotes
different materials and the radial vectors
chart the steepness of the roof. Norms
and empirical standards are typically
used as bases or benchmarks in
architectural construction detailing.

Fig. 1: Relationships between roof pitch and roof covering material [1].
The focus of the detailing process is largely on the juncture of two otherwise standard elements
(wall construction and prefabricated window or door), or on the juncture of horizontal (floor, roof, or
ground plane) and vertical (exterior or interior wall) elements. Although construction type and
overall distribution of interior spaces and their fenestration is determined quite early in the design
process, the particulars of how the parts of the building go together is considered later. For
example, although an architect might decide on concrete construction and steel casement
windows, it is in the act of completing a construction document at full or large scale that the precise
installation and finish methods of inserting the window into the standard wall construction is
determined. This decision occurs later, but follows the dictates of the architectural idea [1, 2].
The architect’s considerations in the process of design may range fluidly from order of construction
to structural capacity, building physical performance, demands on construction worker skill,
material tolerances, and a host of other considerations. It is only very rarely the case that the
detailing architect tracks consistently the operative criteria at any one moment, or identifies within
the decision making process a key set of variables.
Relying solely on empirical approaches has proven increasingly inadequate to meet the current
need for innovation in building envelope detailing. There are numerous reasons for this, the most
important ones for the topic of this paper being the dearth of accrued knowledge of and experience
with new techniques and materials, the labor and time-intensity that is typical of envelope
performance and technology transfer, and the inability for good practice and precedent study to
reveal to the architect the impact that design decisions that depart from known cases can have on
energy performance early in the design process.

2.2 The role of computational analysis tools in the building envelope detailing process
The increased focus on energy efficiency and human comfort has driven the development of many
off-the-shelf building envelope assessment software tools. Many of these – THERM/WINDOW,
EnergyPlus, WUFI, NIST– are now widely available and accessible to the practitioner who may
have a good grasp of the fundamental principles underlying the modeled process (e.g. heat
transfer and water flow) but has limited to no understanding of numerical modeling. All of these
tools face the challenge of balancing accuracy and ease of use. Despite considerable effort to
make these tools easy to use for a large target audience at all stages of design, architects who do
use these tools most often do so to evaluate a design at late stages in the design process, by
which time most design decisions have already been made.
The largely untapped role that these tools can play for design purposes is in support of decisionmaking at the early stages of the design process. The introduction of these computational analysis
tools earlier in the decision-making process can inspire innovation in assemblies, material
applications and incremental changes in otherwise normative detailing practices: for example, the
revelation early on of the efficacy of separation between materials by means of undercuts, gaps or
reveals can suggest new ways of conceiving millwork details at a window embrasure to limit
thermal transmission. Early, high quality feedback can also provoke a line of questioning that
deviates from standard practice and gives impetus to the inclusion of other specialized knowledge
(building systems, material science, manufacturing, etc) during, rather than after, the desired
details are laid out. At an early stage, a primary role is to distinguish competing alternatives, rather
than to quantify absolute performance.
The approach that we describe below facilitates early decision-making support of existing
computational analysis tools for the architectural detailing process at the building envelope.
2.3 Thinking parametrically about the architectural detailing problem
Both awareness of criteria hierarchies and identification of primary variables are necessary for an
appropriate interface between detailing designer and energy assessment tools which can
complement good practice and precedent study by providing fast-paced analytical feedback during
the detailing process. An awareness of the parameters within which discretionary architectural
detailing operates, and the way it transforms construction standards can provide insights for
thermal performance and material-based software development. For the architect, it offers a more
fluid way of organizing precedents and construction typologies, which constitute good practice, and
adds to them a repertoire of sophisticated performance assessment tools.
Many instances of architectural detailing at the building envelope can be understood not as
singular, one-off instances but rather, as belonging to a spectrum within which many solutions can
be located. For example, depending on the desired effect, the window can be located anywhere in
the depth of the wall between interior flush and exterior flush, and is essential in determining the
architectural expression of a building [3]. The diagrams below depict abstractly the scope of
variations as the single parameter of the location of a steel casement within a rain screen/exterior
insulated concrete building envelope varies. The interdependency of changes in the various
constitutive elements to one another is highlighted by the simplified graphics. This detailing
problem involves decisions about the installation bracket location and orientation, flashing, sill and
casing. Recognizing that the same fundamental elements are being varied only in shape and
position, a parametric model can capture this continuum of solutions. Good practice and precedent
study can confirm and are confirmed by singular instances along this continuum. Thinking about
the detailing problem as a continuum, however, requires an awareness of the governing rules and
relationships, a marked departure from the largely empirical practice that characterizes the current
detailing process.

Fig. 2: Parametric variations of construction detail at the window-wall connection as the parameter
of window axis position in the depth of the wall varies.
Parametric design applied to design detailing provides an excellent basis to study variation in
energy performance. Neither good practice nor precedent study has the capacity to reveal to the
architect the significant and surprising effects on energy performance that shifts in shape and
position might incur [2,4]. Establishing an interface with THERM/WINDOW or EnergyPlus, for
instance, allows the architect to see how thermal behavioral changes. Combined with material
databases such as Granta which permits embodied energy calculations, the architect can verify
trade-offs in thermal performance and material intensity. The capacity to incorporate this kind of
analysis in the detailing process increases in value tremendously as non-traditional building
envelope solutions such as integrated ventilation, heat exchange, heating, lighting and shading are
deployed.
2.4

An approach to promote architectural detailing innovation

A parametric approach to design detailing at the building envelope, designed to bridge the gap
between current off-the-shelf computational analysis tools and the process involved in architectural
design innovation, consists of the following steps:
1.

Benchmarking: In this initial step, typical cases of assemblies are identified as cases from
which other versions can be derived. The criteria for benchmarking should consider best
practice for thermal and building physical performance while architectural expression may be
neutral or conventional.

2.

Formulating the problem parametrically to facilitate subsequent iterations: Rules that govern
the detailing decisions for these benchmark cases are extracted to create a framework for
systematic variation. Positioning benchmarks as a part of a continuum typically requires a
clear articulation of desired architectural expression, but also lightens the iterative process
since considerable investment at this stage is placed on understanding relationships and
anticipating potential trade-offs as a parameter is varied.

3.

Establishing a dynamic link to existing computational tools: The analytical software
appropriate to the particular focus of study is sought, its efficacy tested and recommendations
for more interactive modes of operation shared. Applied to the parametric model, these
computational tools are used to compare energy performance as parameters vary. An
analysis at each iteration is used to refine the rules that govern the parametric formulation and
as a basis to propose changes in detail strategy.

3. A Case Study: Parapet Detailing and Energy Analysis
3.1 Significance and challenges of the building parapet
The detailing of a parapet is particularly relevant to building energy consumption because of its
impact on whole building thermal performance and the beneficial effects of shading on heat gain
when the parapet incorporates an overhang. Depth of overhang can also positively influence
façade weathering.
The desire to outfit a building with an overhang immediately implicates several problems for the
detailing of the building envelope. Because it is a cantilever, it is structurally dependent upon the
back span of the building which it shades, meaning that some continuity with the part of the
building that shelters the interior, climate-controlled space is inevitable. The depth of the overhang
impacts its capacity to resist gravity loads and uplift; moreover, the deeper the overhang, the more
likely that achieving structural continuity will incur a penalty of thermal bridging. An additional
difficulty derives from the architectural ambition to create a strong, clean finish to the building by
making the visible edge as thin as possible.
3.2 Parametric formulation of a parapet detailing problem
A parametric model of a parapet detailing problem needs to capture the relationship between the
key players of depth of overhang, capacity to resist relevant loads, and edge configuration. In the
model depicted by the series of details in Fig. 3, the depth of the overhang is the variable
parameter and the construction detailing changes to best satisfy the requirements of structural
capacity, minimization of thermal bridging and the appearance of a thin visible edge. This model
holds constant the presumptions of lightweight framed timber construction with a rainscreen
façade. The vertical insulating layer is located within the depth of the wall, as is common for
framed construction. In all cases, a flat roof is also presumed, as are partially or fully exposed
rafters in the space below the roof.

Figure 3: Continuum of construction detail configurations as the depth of the overhang changes. In
all cases: 1. Flashing 2. Roof membrane 3. ¾” plywood 4. Roof insulation. A. no roof overhang; B.
thin, shallow overhang; C. deeper overhang with slightly thicker edge; D. deepest overhang
(Drawings: L. Widder, developed from benchmark precedent case studies [5].)
The set of rules that determine this continuum are extracted from an analysis of the drivers
underlying detailing decisions in benchmark precedent case studies. The key rules can be
articulated as follows:
• When there is no roof overhang, a short parapet wall is configured to keep sheeting rain from
coming off the roof; otherwise, the concluding edge of the building is the straight top edge of
the wood clad rainscreen façade. The roof has exterior insulation; the parapet wall is
configured by continuing the vertical-framing members above the level of the roof. Avoid
horizontal members that provide thermal continuity between interior and exterior.

•

•
•

As a shallow, thin overhang is integrated, exterior roof insulation is maintained by extending a
portion of a ¾” plywood roof sheathing beyond the line of the exterior wall with an appropriate
backspan to support this cantilever. The overhang with this configuration can extend as long
as it can resist bending due to gravity and such live loads as snow, rain or wind.
When the depth of overhang exceeds the structural limits allowable in the previous
configuration, a doubled layer of plywood sheathing is applied on the roof. The insulating layer
remains exterior to the roof structure.
For very deep overhangs, the overhang is no longer structured by the plywood roof sheathing,
which floats above the overhang structure, but rather supported by interior rafters that protrude
beyond the exterior wall to create the cantilever. In this case, the location of the insulation
migrates to within the roof structure rather than above it.

Despite their substantial differences in appearance, this series of details represents a continuum
as the parameter of depth of overhang varies. This initial model is regulated by the desire for thin
roof edge, and good practice considerations for structural capacity and the very basic thermal
consideration of minimizing the presence of thermal bridges. More high quality feedback that go
beyond empirical approaches and rules of thumb, such as the thermal performance of configuring
an insulating layer in a specific location are typically not accounted for. In most cases, the architect
would be asked to navigate this continuum without high quality feedback on the comparative
effects of building physical and thermal performance between variants.
3.3 A comparative study on thermal performance
The thermal performance to evaluate cases within the continuum was studied using THERM, a
two-dimensional steady-state heat flow modeler. This thermal analysis was focused on the two
dimensional vertical sections shown in Fig. 3 which capture the rules that govern this continuum.
Additionally, since there is little thermal mass outside the insulation layer, a steady-state analysis
was considered sufficient to capture comparative features between variants.
The results for these variants in the continuum are shown in Fig. 4. The infrared color maps are
particularly useful in describing the kind of information appropriate to early evaluative response in
the detailing process, and in depicting some of the unexpected results that can inform incremental
changes in detailing strategy to provide better thermal performance.

Figure 4: Color infrared map output as the parameter of the depth of the overhang varies. A: no
roof overhang; B. thin, shallow overhang; C. deeper overhang with slightly thicker edge; D.
deepest overhang.
Some results verify expected behavior. In case D, in which structural members are continuous
between interior and exterior and roof insulating material located in the plane of the bearing
structure demonstrates a rapid and even rate of heat loss along horizontal and vertical surfaces.
The isobars, bands of similarly colored isocurves, are evenly striated and largely free of deflections
caused by any member which would cause the rate of thermal transmission to vary. In case C,
dimples in the along the horizontal isobars correspond to the location of joists above the primary
rafter, each of which acts as a thermal bridge to compromise the exterior insulating layer.

It is the less predictable outcomes which highlight the value of this approach, as they challenge
good practice and may suggest hybrids or intermediary solutions. One instance of a less
predictable outcome relates to the large variation in the maximum angle of the warm isobars (red
and white) as they transition from vertical to horizontal in cases A-C, although equally dimensioned
exterior insulation has been specified for each of the three roof constructions. If one interprets a
smaller maximum angle at this transition with a greater presumed rate of thermal transmission
created by the overhang or parapet detail, it is then surprising that case A, with an insulated
parapet wall, has a poorer performance than case C, in which the roof diaphragm of two sheets of
plywood forms an overhang. It is useful to describe two possible outcomes of this observation. This
might suggest a transposition of the strategy used for the overhang of C and the parapet wall in A:
rather than framing, insulating and cladding the parapet in plywood, resulting in an ineffectual
attempt to mitigate the thermal bridge caused by the protruding framing, one might create a
shorter, less transmissive parapet using a double layer of plywood protruding from the exterior
wall. Another outcome is related to the deflection in transmission rate: presuming that deflection is
caused in case C by the cantilevering plywood, a strategy could be developed to separate the
cantilevering plywood from the roof diaphragm. If the transmissivity depicted by the sloped corner
is relatively localized, then an alternate detail in which the protruding plywood is separated by a
gap and/or insulation from the plywood diaphragm of the roof could conceivably attenuate the
transmission. Given the relatively poor performance of case D, one might also pursue solutions
which would elongate the cantilever in case C: surface mounted brackets on the exterior of the
building, for example, could not equal the structural capacity of the protruding rafter in D, but could
allow for a somewhat deeper cantilever than C alone without adversely affecting thermal
transmission at the juncture of vertical and horizontal.
3.4. Potentials of ongoing study of the interface between a parametric approach to the
detailing process and available computational tools
The larger goal of re-conceiving construction detailing problems as a parametric model and then
subjecting it to early-stage, responsive computational analysis is to foster better conditions for
interdisciplinary communication and to reveal opportunities for systems integration. These two
capacities are the drivers of innovation in the built environment.
Most exciting is the prospect of better identifying synergies among the different demands placed
on the building envelope, including thermal, aesthetic, structural, construction-based and others. A
parametric model keyed to the architectural process can be the common link between the array of
available computational analysis tools for building envelope energy assessment. A judicious
deployment of these tools can complement current empirical approaches with the ability to
navigate effects and tradeoffs in the various demands early in the design process.

4. Conclusion
A parametric approach aligned with the architectural detailing process focuses on the careful
analysis of parameters governing the building envelope detailing process. This analysis is then
used to create dynamic models integrated with selected energy modeling software. The case study
of the roof parapet or eave detail exhibits the use of such models to the architect as she negotiates
the trade-offs in expression, energy efficiency and building physics. The goal is a holistic approach
to envelope design, which leverages the power of current assessment tools but positions them as
positive contributors to the calibration of expression and good practice. What we stand to gain is a
better platform for communication and knowledge sharing which in turn can accelerate innovation
and industry uptake of new approaches to the building envelope.
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Summary
Building Environmental Modeling (BEM) is an essential tool for integrating the many sub-disciplines
of environmental design (sky-views, solar design, ventilation, energy-use etc). Over the last few
years, we have witnessed a dramatic increase in demand for high performance building design
that require this integrated approach, even seemingly simple questions “if we provide shade from
the sun, will we block out the wind?”, or “if we change the aspect ratio of a building, will it reduce
energy consumption?” require the designer to manage multiple environmental parameters. The
idea is to provide a flexible interface to allow designers to combine results from a range of
specialized environmental modeling software and present the results graphically to facilitate an
iterative design process between the various streams of designers (architects, engineers, planners
etc.).
We introduce an example in which a closed-loop feedback between parametric architectural design
and BEM is established: output from BEM (lighting, thermal comfort, energy-use) are used as
direct input to a parametric code that generates the architectural form; the architectural form is
used in-turn as the input to the BEM platform. The form evolves in this iterative design process and
the final convergent product represents an optimized form that reflects the needs of the local
microclimate.
Keywords: Building Environmental Modeling, optimised environmental design, architects &
engineers

1. Introduction
Along with the recent increase in attention on building energy consumption and environmental
quality, there has been a corresponding increase in demand for computational techniques that
models the environmental characteristic (thermal comfort, lighting, views etc) and impact (energy
consumption, carbon emissions etc) –it is common to refer to these techniques collectively as
Building Environmental Modeling. In this section, we perform a review of various BEM software
and attempt to define the characteristics of the technique.
There is a trend that the demand of the BEM will increase gradually; the architects and engineers
will want to know more environmental performances of the built environment in order to have the
most comfortable and energy efficient design. Therefore, there is a need to have BEM software or
interface which allows the users to have comprehensive environmental modelling, and provides the
flexibility of results’ integration in the post-processing stage.

In this article we suggest two other defining characteristics of the Building Environmental Modeling
and demonstrate its usefulness in driving design decisions towards improving environmental
quality and energy performance.
Firstly, it is an extension of the now common Building Information Modeling – it utilizes the threedimensional data from Building Information Modeling to infer the environmental performance
Secondly, it is an integrated technique – for decades, individual parameters (such as wind
modelling, or solar modelling) has been studied on a piece-meal basis, the recent availability in
computational power and three-dimensional graphical techniques has allowed users to integrate
this information to generate design-oriented data.
The second point is particularly important in this age of functional, rational, information driven
design. The design of a complex system such, such as a building is consists of a series of design
decisions, where the benefits of individual strategies are traded off against one another. The vast
range of environmental parameters become truly useful when they can be combined and viewed in
relation to each other.
A simple example is thermal comfort. While the air temperature might be a good indication of
thermal sensation experienced by a user of a building, there are also a number of other factors that
affect the actual experience, namely – solar radiation, air movement, mean radiant temperature,
humidity, clothing etc. Empirical and physiological frameworks (Givoni’s thermal sensation,
Physiological Equivalent Temperature etc) are methods for combining these parameters to
describe the actual thermal environment. By using BEM techniques, we can perform detailed
analyses on individual environmental parameters, and combine them through the thermal
sensation frameworks, and generate a detailed map of the actual thermal sensation around the
different location of a building. This increase in resolution on our understanding of environmental
performance greatly enhances designers’ ability to fine-tune particular building components to
achieve a specific level of performance.
This brings us to another powerful aspect of BEM is its graphical capabilities. The design of
modern high performance buildings often call for integrated design teams, in which architects,
engineers, sustainability specialists, lighting designers etc, are often involved in early conceptual
stages of the projects. Spatial representation of the results greatly enhances the design team to
exchange ideas and optimize the design.

2. BEM Technique
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Fig.1 General Description of BEM Work
The BEM techniques described here can provide a comprehensive environmental analysis to be
used widely by many disciplines in built environment. In addition to the conventional analysis
function, the effectiveness of the BEM technique is further enhanced as it can integrate and
incorporate various environmental data to optimize the design solution.
The information required for the BEM study is marked in yellow boxes in Fig. 1. These three types
of data include that of building design itself, surrounding built and natural physical environment as
well as microclimate of the site. The Building Information Model (BIM), which is combination of 3D
geometry of the design and the mechanical services information, provides full set of information on
the building design, configuration, massing and others while other information such as site
condition, surrounding buildings and terrain will morph the microclimatic, climate-responsive design.
The local climate data including solar intensity and wind conditions can be input into the BEM for
the modeling.
The BEM analysis will provide outputs in three main areas, namely city scale modeling,

microclimate design and building energy performance.
City scale modeling will address the impact of the proposed design on its immediate surroundings
to enhance district air ventilation, overall carbon reduction strategies and improving water and
waste management of the area. This can be used to ensure no adverse effects are introduced as
a result of the proposed design, improving the urban environment for the neighbors and building
users.
The microclimate design area of the BEM uses local or microclimatic data to inform and simulate
the daylight access, summer sun shading strategies, space air temperature, air movement
enhancement and rain protection devices to improve the user comfort of the proposed design.
Along with system and material information, the BEM can help calculate the proposed design’s
lighting and cooling energy use/demand. This can also be used to assess and provide comparison
between different system and material selection such as building envelope materials, especially
glass and air conditioning system.
The interface between these three types of information – building design, surroundings and the
microclimate – together can assist designers and engineers alike in realizing optimal design in user
comfort and energy performance, which are essential criteria for increasing urbanizing and dense
cities of today. This can also provide an opportunity to achieve the closed-loop feedback process
to optimize the current project as well as to be used in future projects.
2.1

Example in Microclimate Design

As previously stated Building Environmental Modelling provides a flexible interface to combine
parametric design data sets. These data sets arise from a range of specialized environmental
modelling techniques. To add greatest value to the design results are presented graphically;
facilitating an iterative design process which typically occurs between architects and engineers.
A large mixed use development in Singapore encompassed BEM principles to evolve an
"environmental filter". This took the form of a canopy covering public open spaces. In hot tropical
climates such as Singapore thermal comfort is frequently intolerable if persons are in direct contact
with the environment for prolonged periods of time. As such fully conditioned, energy intensive
spaces are favoured. We performed the BEM to address the issues of ventilation, sun protection,
daylight availability and rain protection, to moderate the environment and create comfortable semi
outdoor spaces. The output from BEM provides information for:
♦

♦

♦
♦

Air Ventilation – in tropical Singapore, heat accumulation and humidity are the primary
environmental concern, therefore air ventilation to remove heat and bring in fresh air is critical.
The canopy form is aerodynamically optimized to create wind pressure variations that
induce and accelerate air into the open space via the canopy openings.
The optimum canopy openings are included to maintain stack ventilation during windless
days.
Sun Shade and Daylight – the amount of solar heat received as pedestrian level has
significant impact on human thermal comfort. The Canopy panels provide shade and are
designed to give sun protection, whilst maintaining good daylight access.
Rain Protection –Typically Singapore experiences rain every 3-4 days, rain protection in the
sub canopy zone can increase the usable area.
Renewable Energy – the solar energy harvesting potential for different panel arrangements is
calculated. This optimises the energy generation potential and cost effectiveness.
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Fig.2 Building environmental modelling for the environmental moderator

The central main pedestrian is the key sub canopy zone requiring a high quality environment; rain
protection and good thermal comfort are essential. Main pedestrian routes are located below the
central spine of the canopy. Typically such spaces are subject to poor ventilation and heat
accumulation; hot air vents are provided along the canopy to exhaust heat. The canopy is
constructed from arrays of louvers to achieve this. The louvers have spacing and inclination
angles to block sunlight and rain, whilst facilitating air ventilation.
BEM was integral in this design iteration. Initial spatial requirements defined the required
environment and were provided with 3D architectural geometries, including the canopy, towers,
open space surface material, and greenery distribution and surrounding buildings. This design
data directly fed into the design to define the first stage openness requirements. This allowed us to
deploy computer simulation to assess environmental comfort. BEM enabled us to use a single
platform to perform the analysis and provide the results (Fig.2).
The results were feed into
architectural designs and iterated back into computer simulations several times. This resulted in
very specific and varying louver arrangements across the canopy. Such a level of detail is hard to
conceive without the use of BEM.
The results are presented in a single plane and format, this enabled complex design details to be
transferred efficiently and clearly between parties. The environmental results can be reviewed
factor by factor, or combined into a single metric. For example, solar heat gain, air velocity, air
temperature and mean radiant temperature can be meshed to produce a single measure of
thermal comfort.

Fig.3 BEM- Modeling of Annual Solar Radiation on the canopy
The calculation formulas applied in BEM are based on the fundamental principles and recognised
methodologies. For example, the thermal comfort formula is based on the findings from Givoni [1]
which includes the measurement and survey over 1 year.

3. Conclusions
A number of key characteristics of the Building Environmental Modeling techniques have been
outlined in this article. Its impact on design practice is briefly explored through an example of
canopy microclimate enhancement. The flexible nature of the BEM interface allows designers and
other professionals to integrate information to present graphic results with information on building’s
performance, in itself, to its immediate surroundings and to the greater urban scale, to facilitate an
iterative design process to achieve optimised design.
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Summary
In 2001, Hong Kong Housing Authority (HKHA) pioneered in the application of micro-climate studies
in site planning and design process of high-rise public housing (usually 40 domestic storeys) in order
to enhance the environmental performance of its housing developments. The outbreak of SARS, a
deadly virus, in 2003 has been a catalyst in arousing public concern towards healthy living. Riding on
this challenge and so from 2004 onwards, HKHA has taken bolder steps by conducting
micro-climate studies extensively, based on computer simulation with prior calibration of software in
accord with local climatic conditions, for all new projects at planning and design stage for the
sustainable living in Hong Kong, with topics covering wind environment, natural ventilation, pollutant
dispersion, daylight & sun-shading and thermal comfort of the living environment. The micro-climate
studies, with incorporation of validation process, cover the following four stages –
1) Calibration of Simulation Software
2) Computer simulation at planning and design stage
3) On-site measurement at post-occupancy stage
4) Resident survey one year after occupation
Keywords: Micro-climate, Healthy Living, Sustainable Community

1. Introduction
Global warming has become a long-term challenge to the whole world. Hong Kong is widely known
for her high density living due to scarcity of land resources. The total land area is about 1,108 km2
with population of about 7 million. Only about 4% is used for residential development, of which 25
km2 is for private housing and 12 km2 is for public rental use. Depending on districts, the planning
brief for land earmarked for public housing development typically dictates a plot ratio from 5 to 7.5.
When planned according to statistically predicted flat mix to meet housing demand, this density will
roughly translate into about 1,000 flats per hectare, or 2,800 persons per hectare. As a public sector
client, HKHA works with full integration of environmentally friendly, user friendly, functional and cost
effective considerations. We need to build high rise domestic blocks of 30 to 40 storeys in order to
accommodate the above density. HKHA has produced a stock slightly over 700,000 flats, while

about 100,000 units are at design and construction stage. Our primary role is to provide subsidized
public rental housing for low income families who cannot afford private rental accommodation.
In 1999, HKHA established its Environmental Policy, which “promotes healthy living, green
environment and sustainable development” in the provision of public housing and related services. In
2001, HKHA pioneered the application of micro-climate studies in site planning and design process
of high-rise public housing (usually 40 domestic storeys) in order to enhance the environmental
performance of its housing developments. The outbreak of SARS, a deadly virus, in 2003 has been
a catalyst in arousing public concern towards healthy living. Riding on this challenge and from 2004
onwards, HKHA has taken bolder steps by conducting micro-climate studies in all new public
housing projects, and by 2011, we have over 35 public housing projects adopting the studies to
enhance sustainability. Validation process runs in parallel with the micro-climate study process from
inception through design and construction to post-occupancy stage. Last year, we completed the
validation process of two pilot projects and 10 other projects are expected to be completed in 2012.

2. Micro-climate Studies
Micro-climate studies involve application of latest proven scientific technologies, including
computational fluid dynamics simulations, wind tunnel tests and daylight simulation tools, etc. We
compare different design options and fine-tune planning and architectural layout based on
quantitative and objective analyses. The topics mainly focus on and aim for enhancement in wind
environment, natural ventilation, daylight and sun-shading, and mitigation of solar heat gain.

3. Validation of Micro-climate Studies
3.1

Objectives

The objectives of the validation process are –
a) Verification of the design simulation parameters adopted
for the environmental design study
b) Identification of site specific areas requiring local
environmental enhancement based on actual site
condition
c) Generation of database for establishment of benchmark
reference for planning and design projects in the pipeline
3.2

Methodology

Validation of the Micro-climate studies involves the following
stages (Fig. 1) -

Fig. 1 Micro-climate Studies
with Validation Process

a)

Validation and Calibration of Simulation Software at
Planning and Design stages

b)

Validation of Simulation Design Parameters by On-site
measurement at Post Occupancy Stage

c)

Validation by
Occupancy

Resident

Survey

one year

after

3.2.1 Validation and Calibration of Simulation Software at Planning and Design stages
We apply computer simulation software used in meteorology, mechanical and aerospace
engineering, and urban planning and architectural design fields with proven accuracy in various
projects. To secure quality output in accord with local climatic condition, we conduct fine calibration
of the computer simulation software with the following calibration measures –
i)

Model calibration

Model calibration consists of changing values of model input parameters in an attempt to match field
conditions within the acceptable criteria. The model calibration is composed of two parts, namely
on-site measurement for actual field condition and model simulation for predicted field condition.
Both parts are vital for the validation exercise, especially the on-site measurement as lack of proper
site characterization may result in a model calibrated for a set of conditions which do not represent
the actual field conditions. In 2005, HKHA applied model calibration in two completed housing
projects in Hong Kong, namely Fortune Estate and Tung Tao Court to calibrate different simulation
softwares for ventilation, lighting and thermal modeling.
ii)

Wind tunnel modeling

Wind tunnel modeling serves as an alternative tool to validate the computer simulation results. At
inception stage, it is used to conduct site wind availability study to determine the prevailing wind
directions and magnitudes for sites with specific topography.
3.2.2 Validation of Simulation Design Parameters by On-site measurement at Post Occupancy
Stage
We compare the site measurements against the computer simulation design parameters adopted
during the project planning and design stages. The following parameters are measured –
Wind Environment





Natural Ventilation










Daylight
Indoor thermal condition

Outdoor air velocity
Air temperature and humidity
External wall facade surface
temperature
Indoor air velocity
Ventilation rate
Outdoor illuminance level
Indoor Lux Level
Daylight factor
Indoor air temperature
Indoor relative humidity
Internal wall surface temperature

Apart from validating the simulation tools, on-site measurement identifies specific areas for local
environmental improvement based on actual site condition, particularly for strong wind and stagnant
areas. Measurement is carried out by independent professional consultancy. The measuring
equipment is calibrated in laboratory beforehand and the measurement period is long enough to
capture the characteristics of its local environment and eliminate any unwanted variation and
disturbance.
3.2.3 Validation by Resident Survey one year after Occupancy
We collect feedback from occupants in newly completed estates about one year after occupation.
Survey data are collected through questionnaires by face-to-face interviews during household visits.
The resident survey results serve as environmental performance indicator corresponding to public
housing tenants’ life style. It helps to establish reference benchmark for ventilation, lighting and
thermal comfort for planning and design projects on the pipeline.

3.3

Findings

Hong Kong is situated in sub-tropical zone of humid monsoon climate. Spring and autumn are short
whereas summer is comparatively long. Summer is hot owing to warm and humid monsoon wind
with average temperature of 28oC. The maximum dry bulb temperature is about 33 oC. We use the
micro-climate studies as urban planning tool to optimize estate planning, disposition/orientation of
blocks and open spaces, and building permeability to enhance wind environment and natural
ventilation, sun-shading and daylight, and mitigation of solar heat gain for the public housing
development and as-built neighbourhood. Validation of micro-climate studies is essential to verify
the effectiveness of innovative environmental design measures 3.3.1

Wind Environment

a) Enhancing Wind Flow through the Site by Wind Corridors
To allow wind to flow through the site, we design “wind corridor” up to about 30m in width having
regard to the domestic block height (average up to 40 storeys) with appropriate individual block
spacing. Based on the design simulation parameters, we aim to achieve an average pedestrian wind
speed at main circulation and passive open space ranging from 0.8 m/s to 2 m/s and that for active
open space ranging from 1 m/s to 2 m/s. On-site measurement in the pilot validation projects at post
occupancy stage indicates the measured ventilation rates (average above 1.1m/s) are generally in
line with the simulation results at planning and design stage (Fig. 2), with over 97% satisfactory
rating based on resident survey results.
with
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Fig. 2 Correlation of the measurement data and simulation results of ventilation rates
b)

Enhancing Building Permeability by Ventilation Bays

To prevent eddies at ground level, we design ventilation bays on ground floor and/or integrated deck
garden at first floor level to enhance building permeability for covered sitting area, display corners
and fitness stations. Based on the design simulation parameters, we aim to achieve an average
ventilation rate from 1 m/s to 2 m/s. On-site measurement in one of the pilot validation projects
indicates the measured ventilation rates with average wind speed above 1.7m/s (Fig. 3). Satisfactory
rating reaches 91% based on resident survey results.

Fig. 3 Verification of Effectiveness of Wind Corridor and Ventilation bays
On-site measurement at post occupancy stage also identifies site specific areas requiring local
environmental enhancement based on actual site condition. In the pilot validation project, we identify
the comparatively high wind speed zones, particularly for winter times, and incorporate residents’
feedback to install wind screen as mitigation measures.
c)

Enhancing Air ventilation for Open Space by Wind Deflectors

To enhance the air ventilation for open spaces at down stream of the wind profile, we design
landscape features, including curvilinear tensile structure, as external wind deflector. Based on the
design simulation parameter in one of the redevelopment projects, we aim to achieve an average
ventilation rate of 1 m/s with a tensile cover designed to deflect the wind from upper platform to lower
level entrance plaza. On-site measurement indicates the measured ventilation rates with average
wind speed of 1.1m/s, corresponding to 10% enhancement (Fig. 4). Satisfactory rating reaches 96%
based on resident survey results.

Fig. 4 Verification of Effectiveness of External Wind Deflector

3.3.2

Sunlight and Shading

By applying simulation of annual 3-Dimensional sun path diagram specific to local context, we
identify the sunlight and shade pattern at external areas of the estate at different times of the day
and different seasons. We optimize the sunlight exposure to passive and active open spaces, and
green roofs for healthy plant growth with appropriate selection of plant species. Environmental
performance at post occupancy stage is in good agreement with the simulation results at design
stage (Fig. 5). Satisfactory rating reaches 96% based on resident survey results.

Fig. 5 Planning of Open Spaces according to Sun-shading Pattern

3.3.3

Natural Ventilation

a) Enhancing Natural Ventilation at Domestic Block Common Areas by Wind Catcher
To enhance air flow in stagnant zones, we add wing walls to buildings in selected locations to “catch
the wind”. We work out the optimized span length, 1 metre, of the wing wall based on computational
fluid dynamics (CFD) simulation results to enhance the ventilation of common areas at typical floors
of domestic blocks (i.e. increase the indoor ventilation rate from 0.47m/s to 1.3 m/s). On-site
measurement indicates the measured ventilation rates with average wind speed of 1.15 m/s (Fig. 6),
which is equivalent to about 10 to 20 air change per hour (ACH). Satisfactory rating reaches 92%
based on resident survey results.
Wind Catcher – Wing Wall

Design Simulation

On-site validation

Top View of Anemometer

Fig. 6 Design of Wing Wall as Wind Catcher to enhance Natural Ventilation
b) Enhancing Natural Ventilation of Domestic Flats by Cross-ventilation Design
We study various natural ventilation initiatives to facilitate cross-ventilation within each flat, also
having regard to site-specific conditions for each location and orientation. To enhance air flow, we
provide staggered facades within domestic flats and/or side windows to maintain cross ventilation
within the domestic unit. Based on the design simulation parameters, we aim to achieve the average
air change ranges from 10 to 20 ACH. On-site validation verifies this, with half-open windows, in one
of the pilot projects during the summer time and indicates the indoor air flow value increases from
0.59m/s to 1.58m/s when the windows are changed from half-open to full-open mode (Fig. 7).

Fig. 7 On-site Validation of Natural Ventilation inside Domestic Flat

3.3.4

Daylight

3030
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Simulation (VDF, %)

Design Simulation VDF (%)

Daylight supports human activities with energy savings and provides positive effects to human
health. We optimize the glazing area of windows to capture adequate daylight and yet minimize the
solar heat gain. Vertical Daylight Factors (VDF) are determined for the living spaces inside the
domestic flats and common areas, including lift lobbies and corridors. Based on the design
simulation parameters, we aim to achieve the range of VDF from 8% to 28%. On-site measurement
in one of the pilot validation projects indicates the measured VDF from 8.4% (Local Code of Practice
is no less than 8%) at low zone floors to 25.4% at high zone floors (Fig. 8). Satisfactory rating
reaches 88% based on resident survey results.

Corridor

2020

1515
1010
55
00

0

0

5

5

10
10

15
15

20
20

25

25

On-Site Measured VDF (%)

Fig. 8 On-site Validation of Daylight in Domestic Flat and Common Area
3.3.5

Mitigation of Solar Heat Gain

Since the façade features that affect cooling load and achievable ventilation rates and daylight
luminance include (but not limited to) wall to roof construction, window to wall area ratio, glazing type,
building orientation, configuration and separation, floor level, external wall finishes and colour,
shading device etc., we have applied environmental façade design aiming at reducing solar heat
gain both on the building façade and in individual flat to reduce the energy consumption on air
conditioning and/or mechanical ventilation. We also green up the surroundings, including slopes, low
level roofs etc. to reduce the solar and heat reflection. In one of the pilot validation projects, on-site
validation with Infra-red Camera Images of Surface Temperature indicates average 2oC drop in air
temperature at green slope/roof surfaces (Fig. 9). Satisfactory rating reaches 87% based on resident
survey results.

Fig. 9 On-site validation of Solar Heat Gain

4. Conclusion
In applying passive design approach adopting micro-climate studies, HKHA contributes to the
reduction of Ecological Footprint of Hong Kong and engage all stakeholders to put in place a road
map in driving sustainability initiatives. According to the validation results of the two pilot projects,
80% of the on-site measurement data fell within the 20% deviation of the design simulation
parameters. The micro-climate studies are instrumental to improving the environmental performance
for each new public housing development in Hong Kong, which has enabled residents to enjoy
healthy living with quality homes as a result of enhanced thermal and ventilation comfort plus
savings in energy bills, generally having achieved the following environmental targets for natural
ventilation and lighting in a high-rise high density urban living environment –
(a) Average pedestrian wind speed at main circulation and passive open space (2m above
ground) – 0.8m/s to 1.5m/s
(b) Average pedestrian wind speed at active open space – 1m/s to 2.5m/s
(c) Typical lift lobby and internal corridor average air change – 10 to 20 ACH
(d) Domestic units average air change – 10 to 20 ACH
(e) Domestic units average vertical daylight factor – 8% to 25%
With the above environmental performance, the overall satisfactory ratings based on resident survey
for the two pilot projects are 87% and 92% respectively. Throughout the validation process, we
identify local specific areas for environmental enhancement at post occupancy stage with
incorporation of residents’ feedback. We have ten other projects under validation process which will
be completed in 2012. In the long run, we shall establish benchmark for sustainable public housing
community in Hong Kong.
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Method to describe the technical characteristics of the existing
buildings. A Swedish survey of 1800 buildings.
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Summary

The objective of this project is to describe the technical characteristics of the existing buildings by
inspection of the building stock in a statistical survey, with regard to energy usages, indoor climate
and the condition of the materials and constructions of the buildings. The objective of the
survey was also to look at the Swedish national targets for indoor climate, noise, moisture, ventilation and radon for 2020 and for the years 2020 and 2050 regarding energy use in residential,
commercial and public buildings. This paper concentrates on the methodology of statistical surveys
for describing technical characteristics.
Keywords: Buildings, condition, energy, indoor climate, survey, statistical, sample, method,
moisture, noise

1. Introduction
Boverket (the Swedish National Board of Housing, Building and Planning) was in December 2006
commissioned by the Government to conduct a larger study of the building stock. In Sweden there
has been such studies in 1978, 1984 and 1992.
In Sweden, new ground was broken by the Building research institute when a statistical sample of
3000 buildings in 103 municipalities was inspected 1978, resulting in a description of the Swedish
housing stock from an energy viewpoint.
In 1984, a survey for describing energy conservation potential and repair needs in residential and
non-residential properties was made. The results were based on inspections of 1476 buildings in
62 municipalities.
The purpose of the survey 1994 was to describe technical properties of residential buildings, above
all from the viewpoint of electrical conservation. The field survey was made in 1100 buildings in 60
municipalities.
The method in all this studies has been improved from lessons learned in the past studies. In 1994
this method, inspection of buildings in a statistical sample with the purpose to describe a nations
building stock was presented (1)

2. Methods for statistical surveys
2.1

Optimal design

Optimal design of a survey requires consideration of several counteracting factors. At first you
have to minimize the errors in the survey findings and the other aspect to minimize is the costs of
the survey. With a given investigation cost, there is also the balance between a few detailed
inspections, which minimizes systematic errors and many less detailed, which minimizes the
random errors.
To reduce the sample size and the travel costs compared with the size in simple random sampling,
the sample can be stratified in terms of geographical location, type of building, building year etc. In
order to make the systematic errors small, should the inspections be carried out with the shortest
possible period of time and by as few inspectors as possible.

2.2

Inspection format is a crucial element

Certain things can emerge in the course of inspecting a building that are worth to be described in
greater detail than the inspector supposed, when scrutinising drawings and documents beforehand.
In a statistical sample the report form must be clear from the very beginning, with various
alternative responses to cover the cases emerging from inspections of the sample taken. Therefore
inspection report form design is one of the most crucial elements of the methodology.

2.3

Non-responses

In sample surveys it is important that non-response should be kept to a minium. It is also very
important that the inspectors have similar ways of looking at alternative responses and definitions,
especially important in visual assessments of the building condition.

2.4

The Betsi-survey

The Betsi-survey was made in 30 municipilites and in nearly 1800 buildings.
Table. 1 The size of the Betsi-survey for
residential buildings
Building year

Single family
buildings

Multi-family
buildings

Before 1960
1961-75
1976-85
1986-1995
1996-2005

168
175
166
155
162

112
161
98
99
90

Fig. 1 Municipalities in different
strata
for different
climate the
andenergy, technical status and indoor environment was given
The
assignment
of studying
size
of population
the
working
title BETSI. Boverket would by means of surveys and questionnaires develop an
updated description of the Swedish building stock. Particular focus has been on producing data of
damage to buildings and lack of maintenance, and data for development of environmental quality
objective A Good Built Environment.

Approximately 1800 surveys were carried out in the selected buildings. The 50 surveyors
underwent a two-day joint training in order to have the same starting points for surveys. A number
of verification inspections have been conducted to assess the quality of survey records,
instructions and how different surveyors had worked.
A series of measurements were carried out in connection with inspections. These measurements
included air circulation, radon, temperature, moisture and chemical substances in indoor air.
Questionnaires were sent to residents in surveyed buildings, but also to a larger number of people
living in private homes to get data from more dwellings.
.

2.5

Discussion, Conclusions and Acknowledgements

The inspection report form should be designed so as to facilitate computer input. This was made in
this survey. Fixed optional answers and logical structure are highly economical of processing time.
Routines are need for detecting errors in the data collected and checking their plausibility. In this
study we trusted the input programme to much. We had to correct a lot of data, which had been put
in by the inspectors, when we were analysing results.
The inspection report form was tested and improved with the aid of a series of test inspection. We
should, looking back, have done more tests and improvements. Definitions, logical structure and
teach the consultants how to use the report form is important.
We should have done more calibration of the consultants that were doing the inspections. The
control investigations made by staff from other companies in some 40 buildings showed a large
deviation between different surveyors.
The non-response was higher in this survey than in 1994. The reason was for security reason
Boverket could not get the names of the buildings in the sample if the owner did not answer the
Statistics Sweden. This could have been a problem if some of the bad maintained buildings was
not included.
The stratification and sampling groups, weighting and calculating of the sampling error did work
well even if the sample was very complicated and involved all different types of sampling. One
thing that went wrong was for building for sports. In lack of building area figures in the registers
chosen, we had a sample for this type where large property area was given a higher possibility to
get chosen. A lot of golf club buildings and buildings for undressing for playing soccer, was in the
sample. But for residential, offices etc. we had building areas in the register and sample had a
good function. Some buildings had very high weights, which gave large random errors, which
knowing this facts should had been avoided
Even if we can see a lot of things that should have been done in other ways, the results are useful
and fulfilled the purpose. We have done a database that can be used by other researchers and
had three seminars how it can be used for Swedish researchers at Chalmers, RIT and Lund
University
The results of the study will be used of the Swedish government and the Swedish National Board
of Housing, Building and Planning when analysing new laws and regulations. How many buildings
have this type of construction or this type of heating and how many have moisture problems and
which type of buildings have noise problems and when were they built.
Acknowledgement to the Swedish government (The Environmental Ministry now changed to Social
Ministry) for giving 5 million Euro for this study and all the people that has been involved in this,
some for more than three years.
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Summary
Buildings may be evaluated from multiple normative and contextual perspectives. This paper
considers two perspectives: that of policymakers in the context of the UK Government target for all
new dwellings to be zero carbon by 2016, and also that of a social housing developer in response
to this policy agenda. Common to both perspectives is a focus on the energy and carbon
performance of dwellings motivated by UK energy security and climate change policy. A matrix of
techniques that support building evaluation during the design, construction and use phases is
presented in the paper. Practical issues with monitoring and evaluating building performance are
explored through a case study of an apartment building located in Swansea (UK). Developed as
affordable housing by a Registered Social Landlord (RSL), the methods used to investigate the
performance of the case study development include an occupant questionnaire survey and
monitoring of energy use. Particular challenges reported in the case study include the recruitment
of households to participate in the research and faults in the commissioning of sub-meters for
measuring heating energy use. These findings reinforce the importance of integrating building
performance management systems into the development process at an early stage. This research
is being undertaken as part of a PhD project in the Ecological Built Environment (EBERE) group at
the University of Wales Institute Cardiff (UWIC) that is working in collaboration with Coastal
Housing Group (CHG); an RSL based in Swansea. An expected output of the PhD research will be
the development of a guide for RSLs that discusses how monitoring environmental performance
can add value to RSL development programmes by being included the briefing and development
process of low carbon dwellings. The paper will be of interest to researchers and housing
developers interested in methods of monitoring and evaluating the environmental performance of
low carbon dwellings.
Keywords: building evaluation, environmental performance, low carbon dwellings

1. Building evaluation
1.1

Introduction

The  practice  of  architecture  is  unique  in  that  it  “generates  products  of  great  utility  and artistic  value”  
[1]. It   follows   that   the   concept   of   “building   evaluation”, which implies some judgement of
architectural quality (or qualities), may be viewed from multiple perspectives concerning functional
and aesthetic merit. More generally, De Kay & Guzowski [2] argue that a truly holistic
understanding of architecture and the built environment must reflect individual, cultural and social
perspectives in addition to objective dimensions. Inevitably,  such  a  framework  is  “a  complex  reality  
that includes social, technological and aesthetic value spheres”,   and  furthermore “this complexity

cannot be reduced to any one of these spheres”   [2]. The authors introduce this idea at the
beginning of this paper on the subject of building evaluation to acknowledge the views of Leaman
et al. [3] that “questions  of  efficiency  and  productivity  are  the  usual  subtext  of  [building]  evaluation”  
but not necessarily its natural one.
This paper discusses two perspectives on building evaluation: that of policymakers in the context
of the UK Government target for all new dwellings to be zero carbon by 2016 [4], and also that of a
social housing developer in response to this policy agenda. In being explicit about the particular
viewpoints considered, the authors acknowledge that what  is  perceived  to  be  “of  value”  in  building  
evaluation is shaped by the preferences and priorities of the stakeholder groups involved. The first
section of the paper discusses the preferences and priorities of policymakers in the UK and social
housing developers for building evaluation, and practical challenges are then explored through a
case study.
1.2

UK policy target for zero carbon homes

In 2007, the UK Government signalled its intention for all new homes to be built to a zero carbon
standard from 2016 [4] in support of climate change mitigation targets subsequently mandated in
the Climate Change Act 2008 [5]. To prepare the UK construction industry for these changes, the
performance targets of the zero carbon standard are to be implemented through progressive
strengthening  of  the  requirements  of  Approved  Document  L1A  ‘Conservation  of  fuel  and  power  in  
new   dwellings’   (ADL1A)   of   Building   Regulations [6]. Lowe & Oreszczyn [7] argue that, from a
policymaker perspective, it will be essential to monitor and evaluate the energy and carbon
performance of new dwellings to appraise the impact and success of policy implementation.
Specific strategic aims for monitoring dwellings designed to these new standards are identified by
Lowe [8]:





1.3

Supporting an informed view on whether regulatory and policy targets for the domestic sector
are being met;
Supporting the evaluation of policy instruments;
Laying the foundation for a market in energy efficient new dwellings;
Supporting technical innovation and learning within the construction and upstream industries;
and
Supporting attempts to change occupant behaviour.
Social housing developers

Affordable housing (often referred to as social housing) in the UK is provided by Local Authorities,
or not-for-profit organisations such as Housing Associations, to low income households or people
who need extra support [9]. Rents in the social housing sector are kept below market rates through
state subsidy, and Registered Social Landlords (RSLs) are subject to a regulatory framework
overseen by the UK Government and Tenant Services Authority [9]. The development of new social
housing is administered through government-funded national housing programmes that aim to
deliver more affordable housing in the UK [10, 11].
In addition to carbon performance targets, social housing developers in the UK are subject to other
planning and development requirements. For example, since September 2010 all new dwellings in
Wales have been required to meet Level 3 of the Code for Sustainable Homes (CfSH) as a
condition of receiving planning permission [12, 13]. From the perspective of a social housing
developer, the strategic aims of building evaluation include:





Quality assurance of product when built, for example the dwelling will perform to Code for
Sustainable Homes Level 3 [13, 14];
Ensuring that higher performance standards are delivered cost-effectively;
Feedback to guide better subsequent design, construction and maintenance [3]; and
Feedback to inform and support residents [14]

2. Introduction to research programme
The first section of the paper has provided a brief overview of the strategic aims of building
evaluation in the context of UK Government targets for all new dwellings to be zero carbon by 2016.
This section introduces the aims and objectives of a three-year PhD research project being
undertaken by the lead author of the paper in the EBERE research group at UWIC. The project,
which commenced in February 2010, is working in collaboration with Coastal Housing Group
(CHG); an RSL based in Swansea. Central to the research programme are a series of studies to
investigate the environmental performance of four case study apartment buildings in Swansea to
determine if, in practice, low carbon design is translated into low carbon construction and
performance in-use [15, 16]. An expected output of the PhD research will be the development of a
guide for RSLs that discusses how monitoring environmental performance can add value to RSL
development programmes by being included the briefing and development process of low carbon
dwellings. This type of practical and non-technical guidance for an RSL audience is not currently
addressed by existing literature within the UK.
Table 1 below is a simplified matrix mapping the  “what,  when,  how  and  why”  of  building  evaluation  
for RSLs. It builds upon research work completed to date for the project, including interviews with
CHG staff to identify the requirements of RSLs for monitoring and evaluating building performance
and a literature review of best practice in this area [3, 17-20].
Table 1 The "what, when, how and why" of building evaluation
Development
milestones
RIBA plan of
work

Certification/
other
compliance
requirements

Performance
aspects

Preparation and design

Construction

Use

1 Business justification
2 Procurement strategy
3A Design brief and
concept approval
3B Detailed design
approval
 Planning permission
and statutory approvals
 Design stage SAP
calculations and
predicted energy
certificate
 Design stage CfSH
certificate

3C Investment decision
4 Readiness for Service

5 Benefits evaluation
(including defects liability
period, initial occupation,
aftercare and maintenance)



Design targets for
fabric energy efficiency
Design targets for
carbon emissions from
regulated energy use
Design targets for
water use
Design comfort
standards



Ensure quality and
accuracy of design
calculations
Effective
communication of
detailed design
information







Performance
objectives













Building Regulations
compliance testing
CfSH completion
certificate
As built SAP
calculations and
Energy Performance
Certificates
Practical completion
certificate
Building fabric
performance
(including air
permeability)
Commissioning of
building services and
systems
“Embodied”  
environmental
impacts
Demonstrate
compliance with
design objectives and
performance targets










Energy use and carbon
emissions
Water use
Occupant satisfaction
Occupant perception of
comfort and control

Effective handover
processes and guidance
Building supports activities
and aspirations of users
Environmental impacts of
building within acceptable
limits

Development
milestones
Assessment
methods

Preparation and design

Construction

Use





Physical monitoring/technical
evaluation:
 Utility metering (energy and
water)
 Environmental monitoring
(temperature, humidity, air
quality)
 Building services and
systems performance
Occupant evaluation:
 Interviews/focus groups
 Questionnaires
 Thermal comfort surveys
 Walk-through/observation
 Video/photographic analysis
 Energy/environmental
audits

Performance modelling
e.g. dynamic thermal
simulation







Construction quality
site inspection
Pressurisation testing
and leakage detection
Co-heating test
(whole house heat
loss parameter)
In-situ U-value
measurement
Thermography
Partial deconstruction
e.g. boroscope survey

The authors acknowledge that energy and carbon performance are the principal focus of Table 1.
However, this reflects the priority currently afforded to climate change and energy security policy in
the UK (see Section 1). The next section of the paper introduces the CHG case study apartment
building that has served as the pilot for building evaluation techniques in the ‘use’ phase for the
first author’s  PhD  research.

3. Case study
3.1

Introduction

The case study development consists of two blocks of apartments of timber-frame construction
(one three-storey, one five-storey) located in the SA1 Waterfront area of Swansea, UK [1]. The
design  of  the  apartments  was  assessed  against  EcoHomes  and  awarded  a  ‘Good’  environmental  
rating [22]. Completed in 2008, the development comprises a total of 80 apartment units (79 twobedroom flats and a single one-bedroom flat), and all occupied apartments are occupied by
residents aged over 55 years.
3.2

Research methods

The following building performance evaluation survey techniques have been completed or are ongoing at the case study development:
3.2.1 Resident satisfaction questionnaire survey
A bespoke questionnaire survey was developed by the authors of the paper to investigate
occupant perceptions and behaviour in the case study development. The questionnaire aimed to
seek the views of residents on a broad range of topics summarised in Table 2 below, and was
developed with reference to previous housing studies [23, 24] and in consultation with Coastal
Housing Group staff.
A paper copy of the questionnaire survey was delivered by post to all 44 households resident in the
case study development at the time of the survey (18 August 2010). A typical example of the
presentation of the questions is shown in Figure 1 below. The questionnaire design was approved
by the Cardiff School of Art & Design Research Ethics Committee at UWIC.

Table 2 Themes of questionnaire survey
Theme
 Household demographics
 Health, wellbeing and
satisfaction
 Energy and water use



Waste
Home management



Space standards



Security

Topics investigated
Age and gender of residents and occupancy patterns
Including satisfaction with temperature, air movement, air quality, lighting
and noise and perceived level of control over environment
Including ownership of electrical appliances, thermostat settings and
affordability of household bills
Recycling behaviour
Any history of reporting complaints about building performance and speed
and effectiveness of management response
Satisfaction with space provision and the design and layout of the
apartment
Perceived level of security in the home and surrounding area

Figure 1 Example question from the resident satisfaction questionnaire survey

3.2.2 Long-term energy and water use monitoring
A consent form was included with the questionnaire survey to request permission from residents of
the case study development to monitor their household energy and water use. Since December
2010, electricity use has been recorded at the participating households by monthly meter readings.
Heating to the apartments is supplied by a communal gas boiler and it was the original intention of
the research team to monitor heating energy use to individual households. However, an on-going
issue with the commissioning of heat meters to the apartments has prevented the acquisition of
reliable data.
3.2.3 Future monitoring activities
To further investigate the environmental performance of the case study development, future
monitoring and evaluation studies may include a second questionnaire survey (a condensed
version of the original questionnaire survey is currently under development by the authors),
physical testing of the thermal performance of the apartment units (including thermography) and
longitudinal studies of internal and external environmental conditions in a cross-section of
individual apartments.
3.3

Results

3.3.1 Questionnaire survey
After a period of four weeks, a total of 18 households returned the questionnaire survey forms,
representing a total of 29 individual residents. This is equivalent to a response rate of 41% for all
households resident at the time of the survey. Responses to a small cross section of the survey
questions are presented in Table 3 below. For these questions, individual residents were asked to
express their opinions about their home on a “Likert” response  scale  from  1  to  7  with  text  “anchors”  
at each end of the scale indicating a positive or negative rating as shown in Figure 1 above. In
Table 3, an indication of the overall satisfaction or dissatisfaction of residents with each aspect is
given by the total percentage of residents that marked a response in one of the outer two rating
scores (i.e. corresponding to either 1 and 2 or 6 and 7 as appropriate).

Table 3 Results of questionnaire survey: resident perceptions of comfort and control


How would you rate your overall level of comfort in your home?
% residents

Overall
comfort


Satisfactory

2

3

4

5

6

7

71

21

7

0

0

0

0

Unsatisfactory

Av.

%
S

%
DS

28

1.4

93

0

How would you describe the typical living conditions in your apartment this summer (i.e. in the
last month or two)?
% residents
%
%
n
Av.
S
DS
1
2
3
4
5
6
7

Temperature
Air quality
Light overall
Noise overall
Vibration in
the building
Comfort overall in summer


1

n

Comfortable
Satisfactory
Satisfactory
Satisfactory
Satisfactory
overall
Satisfactory
overall

38
44
43
39

23
22
14
29

0
11
14
0

12
15
18
21

12
4
7
0

8
0
4
4

8
4
0
7

41

26

0

11

7

4

11

56

26

4

4

4

0

7

Uncomfortable
Unsatisfactory
Unsatisfactory
Unsatisfactory
Unsatisfactory
overall
Unsatisfactory
overall

26
27
28
28

2.9
2.3
2.4
2.5

62
67
57
68

15
4
4
11

27

2.7

67

15

27

2.0

81

7

How much control do you feel that you have over the following aspects of your home
environment?
% residents

Temperature
Heating
Cooling
Ventilation
Natural light
Lighting
Noise

None at all
None at all
None at all
None at all
None at all
None at all
None at all

1
0
0
14
0
7
0
18

2
7
0
0
4
7
0
18

3
14
0
18
7
7
4
4

4
4
0
11
11
14
7
14

5
4
4
7
0
21
7
4

6
36
36
25
41
7
18
25

7
36
61
25
37
36
64
18

A lot
A lot
A lot
A lot
A lot
A lot
A lot

n

Av.

%
S

%
DS

28
28
28
27
28
28
28

5.5
6.6
4.7
5.8
5.0
6.3
4.1

71
96
50
78
43
82
43

7
0
14
4
14
0
36

Table Key
n = total number of respondents to question
Av. = average rating of question
%S = percentage satisfied with this aspect (sum of outer two rating scores for positive response)
%DS = percentage dissatisfied with this aspect (sum of outer two rating scores for negative response)

3.3.2 Energy use
A total of 18 households consented for the research team to monitor the energy use to their
individual apartments. Unfortunately, faulty commissioning of the heat meters to individual
apartments means that it is not possible to record heating energy use to these households.
Average electricity use over a seven month period for these households is shown in Table 4 below
(estimates of annual usage are presented using a conversion factor of 1.56 following the
methodology described in [25]). The electricity meter to one of the apartments developed a fault
during the monitoring period and has been excluded from the analysis.

Table 4 Electricity use during 7-month period for monitored households
Monitoring period: 09/12/2010 - 08/07/2011 (211 days, year fraction 0.581, n = 17 households)
Total electrity use
Normalised by floor area
7 month
Annual (projected)
7 month
Annual (projected)
2
2
(kWh)
(kWh/yr)
(kWh/m )
(kWh/ m /yr)
Average
1086
Average
1693
Average
17.7
Average
28
Min.
437
Min.
682
Min.
7.5
Min.
12
Max
1469
Max
2292
Max
25.3
Max
40
SD
291
SD
453
SD
4.7
SD
7

4. Discussion
For domestic occupant survey questionnaires, the Technology Strategy Board (TSB) [26] advises
that  “a  40%  response  rate  would  be  fairly  good  for  a  postal  survey  but  this  can  be  improved  upon  
significantly with a door to door approach to   conducting  the   survey”.   However,   no   references   are  
cited in the document to support this statement (i.e. sample size of surveys, details of the
questionnaire types used). The response rate of 41% achieved in the case study is comparable
with the guidance given by the TSB. This level of response would seem to indicate that the
residents of the development are interested in contributing their ideas, experiences and opinions
about their homes, particularly since the household section of the questionnaire was 7 pages in
length and the personal section, completed by each resident, was a further 7 pages. Some
households may have only recently moved into the apartments and therefore considered that it
was not appropriate or relevant to complete the questionnaire based upon their limited experience
of living there. In addition to the lengthy questionnaire, the residents in returning the survey
indicated their consent for the energy and water they use in their home to be monitored for the
duration of the research programme. Response levels may also have been influenced by the offer
of a prize (two vouchers each to the value of £20 randomly gifted to participating households).
Residents at the case study development reported high levels of overall comfort in their homes,
with none expressing dissatisfaction. This would appear to be a positive outcome that reflects well
on the design of the building. However, it is also worth considering the hypothesis that owners of
recently-bought properties may be less critical of their  homes  (the  “honeymoon  period” discussed
in [24]). A more mixed picture emerges with respect to specific comfort and control aspects. A small,
but significant, minority of respondents reported dissatisfaction with temperature, noise and
vibration. Other survey questions shed light on the nature of these issues. 23% of respondents
reported   that   the   development   was   ‘too   hot’   in   summer, with smaller numbers reporting that air
movement  was  ‘too  still’  and  air  quality  ‘too  stuffy’. Some residents also expressed dissatisfaction
with   noise   and   vibration,   with   18%   expressing   dissatisfaction   with   ‘noise   from   outside   or   from  
neighbours’.  These observations are supported by the low level of perceived control with cooling,
ventilation and noise reported by some respondents, and   also   written   comments:   “undue noise
from neighbour directly above. This is not music/TV but sounds like furniture or similar being
moved/dragged  onto  floor  on  a  regular  basis”,  “having problems with noisy neighbour living above”.
Given that many of the respondents have never previously lived in an apartment building (71%),
and would have downsized from their previous homes, it may have been tempting to explain
reported dissatisfaction with noise as unwillingness on their part to adjust to the communal aspects
of living in an apartment block.
However, as a concluding remark, the communal boiler system is currently under investigation
regarding the incorrect installation of some of the flow valves and this appears to be the cause of
some reported noise complaints. Interestingly, it seems the noise problems were misattributed to
neighbours rather than building systems by residents (only one individual respondent reported
dissatisfaction   with   ‘noise   from   building   systems’)   indicating   that   noise issues require careful
diagnosis. In balance to some of the negative aspects reported here, there were also very positive
comments from  residents  such  as  “very warm insulated building, peaceful area, good landscaping,
secure car park, efficient heating, fantastic/colourful building, lift access to all floors.”  And  “as I am
confined mainly to a wheelchair the building offers easy access to all parts and is also on flat

access  to  city  centre”.
The objective view of the authors regarding the performance of the building is similarly mixed. On
one hand the enthusiasm of the majority of residents for their new homes is encouraging,
particularly with respect to the reported satisfaction with ease of access to the building and city
centre; an important consideration for those with mobility constraints given the age demographic of
the residents. However, the problems identified with the installation and commissioning of the heat
meters and communal boiler systems, and other outstanding maintenance issues, are symptomatic
of a wider adversarial industry culture which fails to unite the development team around the longterm performance of the product. In this case, it has proved to be a barrier to obtaining meaningful
heating energy use data for the flats; a source of some frustration for the research team but also
residents that may wish to understand the environmental impact of their behaviour and lifestyles. It
serves to reinforce the observation that performance management systems need to be built into
design and development planning at an early stage. If the faults with the heat meter system are
rectified, the research team aims to benchmark energy use at the development and report on the
findings in a future publication.
The results also provide some basis for more general observations concerning building evaluation
techniques. There would appear to be a case for occupant satisfaction surveys during the initial
occupation phase of larger housing developments to help identify any early performance issues.
However, such studies imply a duty of care to residents that something that will be done if
conditions are below reasonable expectations [3]. Recalcitrance in this respect is often blamed for
low uptake of post-occupancy evaluation (POE), particularly in commercial office environments
where management may wish to deny knowledge of a particular problem (the   “bad   news” story
[17]). In addition to external industry barriers, there are arguably internal barriers to the practice of
building evaluation. In a previous paper, Taylor et al. [16] argued  that  “as long as POE is perceived
as costly and complicated, it is likely to remain confined to the margins of academic and technical
discourse”.   The   aim   of   the   research   project   introduced   in   this   paper   is   to   develop   a   monitoring  
approach that is cost-effective, transparent and accessible, and is complementary to the existing
practices of RSLs. The emergence of building evaluation as a distinct discipline has been spearheaded by the research community in the UK, but previous experience suggests it is unlikely to be
sustained by it [27].

5. Conclusions
The performance or quality of a building may be viewed from multiple perspectives. In the UK,
energy security and climate change policy has provided a particular focus on the energy and
carbon performance of dwellings, including a target for all new homes to be zero carbon by 2016. A
range of techniques exist for assessing building performance during the development process.
This paper has presented a matrix of assessment methods that may be undertaken during the
design, construction or use phases of a building. From the perspective of a Registered Social
Landlord housing developer, it is important that these techniques are cost-effective and
complementary to their existing practices. Some practical issues with performance assessment
have been explored through a case study reported in the paper, such as recruiting residents to
participate in building evaluation studies and the difficulties that can be encountered with data
collection where monitoring systems are not properly commissioned. The results reinforce the
need for performance management to be embedded in the process of developing low carbon
buildings at an early stage.
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Summary
Most sustainable building design research in Malaysia concentrates on technological issues for
high   performance   “green   buildings”   on   private   commercial   properties   and   single   residential units.
There is lack of research in environmental performance of public low-cost housing, and the impact
of energy-related greenhouse gas (GHG) emission through building operation in Malaysia. This
paper is part of a Doctoral research that aims to shed some light on the environmental performance of low-cost housing in Malaysia, using UNEP-SBCI’s   Common Carbon Metric to measure
energy-related GHG emissions from building operations of selected low-cost housing projects.
Keywords: energy-related GHG emission, low-cost housing, developing country.

1. Introduction
Malaysia rapidly transformed its economy from agricultural to industrialized in the last four decades,
which subsequently placed Malaysia as 26th largest emitter of GHG in the world [1]. Malaysia accounts  for  only  0.4%  of  the  world’s  population  but  emits  0.6%  of  the  total  global  emissions,  averaging 7.5 tonnes of carbon dioxide (CO2) per person [2]. By 2007, the national energy demand in
Malaysia increased by 54% from 1994, which subsequently accelerated growth in CO2 emissions
by 221% per head of population; considered highest in the world [1-3]. The alarming growth of
GHG emission is caused by the escalating number of automobiles, construction, industries and
power plants [2-3]. Electricity is the largest form of energy consumption in Malaysia, representing
90% of national energy consumption; and is the single largest CO2 emitting sector at 43.40% of
total emission [4-6].
In 2009, Malaysia announced a voluntary commitment to reduce 40% of its CO2 emissions by year
2020 at the United Nations Climate Change Conference in Copenhagen (COP-15) [7]. However,
no government agencies have indicated to taking a leadership role or providing any operational
framework that addresses the emissions reduction agenda [7]. Research using a long-range energy alternative planning system (LEAP) projected that without any mitigation measures, Malaysia’s   CO2 emission will grow to 285.73 million tonnes by 2020; a 68.86% increase compared to
year 2000 [5]. Without operational strategy of implementation, it is less likely that Malaysia will
know whether it is making any significant impact on its CO2 emissions reduction target.
Malaysia also ranked 66th in the 2009 Human Development Index (HDI) with an annual growth of
approximately 0.81% [6]. Malaysia ranked number 54th on the Environmental Performance Index
(EPI) in 2010, plummeting from number 27th in 2008 [8]. These instances indicate  that  Malaysia’s  
economy and quality of life is improving, but at the cost of the environment.

2. Global Environmental Impact of Buildings
2.1

Buildings and climate change

The building sector globally accounts for more than 40% of energy consumption, generates approximately 40% wastes, and consumes 16% of water for construction [9-11]. According to the
Asian Business Council, Asian cities account for majority of the   world’s   new   construction; more
than 50% of new buildings will be in China and India alone, with an expansion of 2 billion square
meters of buildings added each year [12-13]. India’s   gross   built-up area since the last decade is
expanding at a rate of 10% per annum [14]. The substantial amount of new construction will lead to
higher increase in energy demand, which subsequently increases GHG emissions.
Globally, the building sector also contributes approximately 8% of total anthropogenic GHG emissions (carbon dioxide equivalent-CO2e) [15]. The  building  sector’s  primary contribution to GHG is
emission associated to energy used in building operations [13, 16]. In northern part of the European Union, 41% of total energy consumption comes from buildings, 30% of which used in residential buildings [17]. In 2007, China alone accounted for 18.7% of total CO2 global emissions [18],
and the increasing trend is expected to continue with the construction of two new coal-fired plants
every week to meet high electricity demands [12]. The rising trend of CO2 emissions from Asia is
replicated from the striking rate of economic development and expansion of international market
forces [19].
This indicates the need to assess actual environmental performance of buildings from its operation,
particularly its energy-related GHG emission, regardless if there is a ‘green  label’  attached. Actual
building performance depends on the quality of construction, design, operation and maintenance
systems [20]. Unfortunately,   ‘green   label’   buildings   are   only   evaluated   on   design   features   and  
might not include operational impact. Measuring the operating performance of buildings will not
only identify unsustainable patterns of construction and consumption, but could also reveal emission mitigation options. Monitoring the operational performance of buildings also facilitate efficiency
in the long run [20], which could be more cost-effective.
2.2

Energy related impact

The World Resources Institute (2005) estimated that energy-related emission accounts for
approximately 60% of the world GHG total; with 24.6% of that total contributed by the electricity
and heat sector [21]. Buildings, at the end use level, emit approximately 16.9% of the total energy
related CO2 emissions associated to electricity, heat and other fuel combustion. Residential and
commercial buildings emit 10.2% and 6.3% respectively, increasing from 9.9% and 5.4% in 2000
[21-22].
The rising energy costs on the international energy market have a highly-topical impact on housing
and its operational running costs [23]. Low income earners are the most disadvantaged and most
affected by the increase of running costs, as  indicated  by  the  creation  of  the  term  ‘fuel  poverty’  by  
the United Kingdom in its policy [23]. It is also important to note that best standard of
environmental quality in new construction will not influence the needed level of sustainability and
savings to any sufficient extent [23]. In the European Union, the housing stock forms approximately
90% of existing building stock, therefore investments into regenerating and upgrading the existing
housing stock is crucial for adequate impact towards environmental sustainability [23].

3. Malaysian context
3.1

Energy consumption in buildings

Malaysia’s   average   building   energy   consumption is between 269 to 275 kWh/m2/year [24-25].
Malaysia’s   commercial   and   residential   sector consumes approximately 13% of national energy
demand, and 48% of electricity consumption [24, 26-27]. Its GHG emission accounted for
approximately 4% of national CO2 emission related to energy, at 3947 GgCO2 [28]. A research

conducted in Malaysia predicts energy consumption reduction potential of 40-50% in new buildings
and 15-25% in existing buildings through energy efficiency features [24]. The Malaysian Standard
Code of Practice on Energy Efficiency and Use of Renewable Energy for Non-residential Buildings
(MS 1525:2007) is used to guide effective use of energy (including renewable energy) in new and
existing non-residential buildings [24, 29]. At present, a similar energy efficiency guideline for the
residential sector does not exist. This exemplifies the gap between policy and development of
energy efficiency in the housing sector in Malaysia.
Most research regarding energy or environmental performance of buildings in Malaysia focuses on
energy  efficiency  and  concentrates  on  technological  issues  for  high  performance  “green”  buildings.
These include government office buildings and private commercial properties such are the Zero
Emission Office (ZEO) and the Low Energy Office (LEO) as governmental headquarters for the
Malaysian Energy Centre and Ministry of Energy, Water and Communication, respectively [4, 30].
Others include the Security Commission Headquarters, the Telekom Headquarters and the Energy
Commission   ‘diamond   building’   for   private   properties   [4, 30]. The LEO building was aimed at reducing the building energy index (BEI) of 100kWh/m2 per year and energy savings of more than
50% compared to conventional buildings [25, 31].Other environmental measures such as integrated photovoltaic building design is also picking up momentum in Malaysia [30, 32].
3.2

Lack of research

There is lack of research in energy-related GHG emissions from building operation in private and
public properties alike. Existing research regarding GHG emission within the Malaysian building
sector only address city level and urban planning emissions [33-34]; and emission of concrete
manufacturing [35]. Findings of emission trends research in Malaysia conclude that Malaysia lacks
a consistent CO2 database, with no sectoral emission database [33, 36]. The need for Malaysia to
develop baseline studies in setting a benchmark and monitoring its emission reduction is necessary. Additionally, since the building sector has been identified to have the biggest GHG emission
reduction potential [15], it is vitally important that Malaysia invest in mitigation strategies for the
existing building stock to achieve its 40% emission reductions target by year 2020.
The Green Building Index (GBI) that was introduced in 2009 by the Malaysian Architect Association (PAM) and the Association of Consulting Engineers Malaysia (ACEM), “measures the greenness”   of   a   building   [37-38]. The GBI assessment criteria is divided into six categories of energy
efficiency; indoor environmental quality; sustainable site planning and management; material and
resources; water efficiency; and innovation [37]. Currently there is no GHG emission reference in
the GBI assessment criteria, which reflects the lack of research and development into energyrelated emission from building operation in Malaysia. The GBI currently only caters for new and
existing non-residential properties, and only new residential buildings [39]. Together with examples
presented above, there is clearly a research gap in environmental performance of buildings between the residential and non-residential sectors. Therefore, this research is aimed to investigate
the environmental performance of the residential sector, specifically the low-cost housing typology.
3.3

Low-cost housing

Malaysia provides public low-cost housing with funding subsidies between 30% to 70% of total
construction costs for public housing projects [40]. According to City Hall Kuala Lumpur (CHKL),
26.1% of its housing stock in 2000 in Kuala Lumpur are of low-cost housing typology [41]. Lowcost housing in Malaysia represents 23.3% of housing targets for 2010, which presents low income
population affordable housing in urban areas [26]. Most low-cost housing projects in urban areas
are done in large scale (high-density and high-rise) and are constricted to the Construction Industry Standard (CIS) 1 and 2. Furthermore, all housing developers in Malaysia are obliged to allocate
30% of its housing development for low-cost housing, unless expressly permitted otherwise [26,
42-43]. The focus of low-cost housing is at a crucial point as the demand for urban and affordable
housing increases, and as Malaysia gears for status of developed country in Vision 2020. Low-cost
housing projects also present an opportunity for large scale of change in construction patterns and
reduction of energy consumption for the residential sector.

Past research on public low-cost housing has focused on resident satisfaction to the available
services and living environment [44-47]. Research by Kim (1998) investigated natural ventilation in
low-cost dwelling units and confirmed that the indoor thermal environment was uncomfortable,
even while complying to the Uniform Building By-Laws (UBBL) standard requirements [48]. This
reflects the need to investigate the environmental performance and indoor quality of contemporary
low-cost housing project. Therefore, the need to investigate how existing low-cost housing projects
are performing, in terms of its operational energy-related GHG emission is current and urgent.
The unparalleled carbon emission growth, coupled with business-as-usual practices will potentially
lock Malaysia in for an unsustainable path of development. Malaysia clearly has to make significant and urgent changes in its policy, economy, industries and lifestyle if it is to reduce its contribution to climate change. Therefore, in order to inform policy, GHG baseline data emission is needed
to track progress and identify mitigation strategies. The preceding arguments represent the rationale for this research and the next section will discuss the research methodology.

4. Research methodology
4.1

Pilot case study of low-cost housing projects in Kuala Lumpur using UNEP-SBCI’s  
CCM

This pilot study was conducted to test United Nations Environmental Programme-Sustainable
Building  and  Climate  Initiative’s  (UNEP-SBCI) Common Carbon (CCM) protocol within the Malaysian low-cost housing context, and determine its limitations. The case study investigation calculated operational energy-related GHG emission of three (3) low-cost housing projects in Kuala
Lumpur. This pilot study is also aimed to validate UNEP-SBCI’s hypothesis in utilizing the CCM to
influence policy development with the data produced to generate a baseline, even with limited data.
UNEP-SBCI together with the World Resource Institute (WRI) developed the CCM to produce a
system of measurable, reportable and verifiable indicators for measuring energy use and
consequent GHG emissions from building operations [13]. This Phase I CCM provides consistent
and comparable data of energy intensity (kWh/m2/year – kilo Watt hours per square meter per year)
and carbon intensity (kgCO2e/m2/year or kgCO2e /o/year– kilograms of carbon dioxide per square
meter or per occupant per year) [13].
The UNEP-SBCI CCM bottom-up approach measures the carbon emission from amount of purchase electricity, as an indirect GHG emission calculation because actual emissions from the generation of electricity occurs at the energy plant [13]. Nevertheless, the indirect emissions measured
from  electricity  bills  is  tabulated  as  emissions  from  the  building’s  activities  [13].  Malaysia’s  country
specific emission factor is at 0.326047 kg CO2/kWh, for electricity purchased from a grid [13]. The
carbon emissions from purchased electricity for a building, based on metered electricity, can be
calculated via the following calculation:

(50)
4.2

Findings: Indirect emission from electricity bills

Electricity bills for a duration of one (1) year were collected from a total sample of nine (9) units;
three (3) unit from each of the three (3) low-cost housing projects. Two of the low-cost housing
projects are public housing (PPR Intan Baiduri and PPR Beringin), and one private residential (Mutiara Fadason); all located in Kepong under the CHKL jurisdiction, in Kuala Lumpur. All of the lowcost housing units were selected at random, but according the lowest, middle and top levels of
each building. This level variable was to ensure that data could be tabulated in mean of the building height.
The electricity bills were collected from the national electricity utility company (Tenaga Nasional
Berhad-TNB), which provided bills for electricity that was consumed from November 2008 to Octo-

ber 2010. However, since the CCM requires a duration of one year minimum, the calculation only
included the electricity bills for year 2009. Electricity consumption of the nine (9) units of the lowcost housing projects were represented in an average (mean) for each of the three (3) low-cost
housing projects.
Individually, the public low-cost housing projects PPR Intan Baiduri  and  PPR  Berigin’s  energy  consumption and carbon equivalent emission were lower than the private low-cost housing-Mutiara
Fadason. PPR Intan Baiduri and PPR Berigin had a total energy consumption of 32.4 kWh/m2 and
37.8 kWh/m2 respectively; with its carbon equivalent emission of 10.6 kgCO2e./m2 and
12.3kgCO2e./m2 respectively. Mutiara Fadason’s   total   energy   consumption   was tabulated at 42.8
kWh/m2, and with emissions of 14.0 kgCO2e./m2. Overall, the average energy intensity of all three
(3) low-cost housing projects were at 37.7 kWh/m2/year; while its carbon intensity was an average
of 12.3 kgCO2e./m2/year.
4.3

Limitations and next steps

Limitations of specific information were encountered; total number of occupant, and total floor area
of the entire building. This resulted in the assumption of three (3) occupants per unit, reflecting the
three (3) number of bedrooms in each unit. This assumption is on the lower average of occupants
per unit. The assumption of total floor area was calculated by multiplying the floor area of each unit
with total number of units, with data gathered from CHKL and TNB. It is noted that the sampling
total of three (3) units are insufficient to calculate the precise and accurate energy consumption
and carbon intensity of a low-cost housing project. A larger sampling size will be carried out in the
next phase of field work.
The average estimation presented can be enhanced in accuracy by collecting the total number of
occupants (via registered list of public housing occupants from local authorities), total floor area
(via local authorities or developer), and utilized electricity bills for all of the units within the housing
typology (via electricity utility provider company). This research focuses on household consumption
of electricity; exploring the relationship between occupant patterns and behavior to energy consumption. Electricity consumption within the common and public areas were not included in the
calculation. Structured interviews or questionnaires will be employed in the next step of investigations to investigate the number of electrical appliances per household and its average daily usage.
Additionally, the CCM Phase I protocol does not consider a mix fuel option for electricity generation
in its spread sheet calculation. As Malaysia uses a mixture of fuel for electricity generation in its
national grid, the CCM was limited to give a precise energy-based emission. The calculations generated were based on natural gas, as it is the majority of fuel used for energy generation in Malaysia [49].

5. Discussion and conclusion
Calculating carbon equivalent emission through building operational, using UNEP-SBCI’s   CCM,  
presents clear indicators for assessment and provide contextualized insight to the contemporary
building stock’s   environmental   performance.   Furthermore,   measuring   emission   of   existing   public
low-cost housing stock produces an environmental baseline; and could be a potential benchmark
for future low-cost housing development. Public low-cost housing is the major low-cost housing
typology, therefore has the potential to affect policy and change construction guideline as it is
wholly regulated by the government.
This pilot study provided a basic estimation of energy consumption and CO2 emission even with
limitations encountered. Using UNEP-SBCI’s  Common  Carbon  Metric  in  a  case  study  of  three  (3)  
low-cost housing projects in Kuala Lumpur, calculated its energy intensity of an average of 37.7
kWh/m2/year, and its carbon emission average of 12.3 kgCO2e./m2/year. This validates UNEPSBCI’s   hypothesis   of   producing   data   that   generates   a   baseline   to   further   inform   policy   development in building energy efficiency and energy codes. A more comprehensive data collection and

adaptation to the CCM protocol is needed to fill in the gaps and overcome limitations encountered
from this pilot study, which will be further discussed and explored in the Doctoral dissertation.
Calculating energy consumption and carbon emission baseline of existing buildings, together with
occupant energy consumption patterns within a specific building typology will help identify mitigation strategies. In the context of residential energy consumption patterns, energy efficiency strategies and design could help reduce its energy-related GHG emissions from building operation.
Moreover, low-cost housing projects in Malaysia can potentially be attributed within the Clean Development Mechanism (CDM) proposed in the Kyoto Protocol, as it not only has social and economical benefits but could also be environmentally valuable. In adhering to each facet of social,
economical and environmental sustainability, low-cost housing contributes to sustainable development.
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Summary
One important aspect of more sustainable buildings is the quality of the internal environment. The
recommendation of the World Health Authority (WHO) is an indoor air temperature between 18 to
24 degrees Celsius. It is known that this is not being achieved in a vast number of New Zealand
homes.
The building envelope is the system controlling what enters and leaves the building but it is made
up of several different elements. Information on characteristics of a given material is readily
available but it is usually generated in laboratory conditions and does not take site-specific
characteristics into consideration. To do this requires the measurement of a whole building and not
just a part of the building envelope.
At Unitec Institute of Technology, a project to do this whole building monitoring has been initiated.
Two 3-bedroom houses are measured for temperature, humidity and dew point; one being a
control house and the other a modified house having a higher specified joinery and glazing system.
The houses are situated so that there is no shadowing effect on either, but they are in close
enough proximity to be on identical sites. Summertime monitoring under different configurations
has shown clear differences as a result of the higher quality glazing system.
Keywords:

glazing, thermal performance, monitoring, domestic buildings

1. Introduction
Using simple houses built by Unitec’s Applied Technology students, an ongoing programme of
monitoring and measurement seeks to identify performance issues around current practice in
house-building in New Zealand, and tests alternatives that may be used to improve their thermal
performance. With the use of standard houses, there is also an intention to explore variations that
may be applied to existing housing stock.
In considering their expected impact on the thermal performance of a building, elements and
materials are often considered independently of the context in which they are used. Elements or
construction systems are commonly tested as units, in isolation from the building as a whole, or
built up from knowledge of individual materials without testing them in combination. Studies of
thermal performance in hot box or test cell conditions are most useful where the material or
element properties are unknown. They use controlled conditions in a laboratory, and are limited to
specialised facilities with access to the necessary equipment. These laboratory conditions do not
always represent the complexities of real environmental cycles, or the interrelationship between
different aspects of a building’s design and location and the materials and elements from which it is
constructed. Full-scale monitoring or field tests tend to be used primarily in cases where the

building has unusual or unique characteristics. Alternatively full scale houses have been used to
help validate simulation software Clarke & Forrest (1978) [2].It is also seen in assessing retrofits to
existing buildings, to evaluate the impact of changes made. This latter situation is closest to the
intention of this project, where variations to materials or construction techniques are made to one
of two identical buildings. The monitoring of both buildings allows the ongoing differences dues to
the changes to be measured, under the same environmental conditions.

2. Methodology
2.1

Test houses

As part of the Applied Technology certificate and diploma programmes at Unitec, carpentry and
plumbing and gas fitting students work together building relocatable houses on the Unitec campus,
under the guidance of their tutors. Work is carried out to ensure the houses meet relevant building
codes and local authority requirements. Once completed, these houses are generally made
available for sale to the general public. The houses are completed by students to be relocated,
and they are undecorated and without floor coverings or wall finishes. Electrical and plumbing
fittings are installed but not connected. Twelve such houses are completed each year.
The houses are single storied with three bedrooms and two bathrooms. A standard floor plan (see
Figure 1), and standard construction materials and techniques are used. These houses are similar
in design and construction to thousands of houses found in suburban areas of New Zealand’s
towns and cities, and their form and design has evolved little since the 1960s. As a result, these
houses provide an ideal basis for examining the potential for improvements to a common housing
type. Table 1 summarises the materials used in the construction of these houses which exceeds
the current standards for insulation in NZ. Building Code minimums are noted in brackets.
Overhangs on the north side of the house provide complete shading from direct solar gain through
glazing during the hottest periods of summer months.
Table 1 Construction materials of standard houses
Construction

Timber Frame on pile foundation

Sub-Floor

open, 150x25 radiata pine boards with 20mm gap

Floor

particle board, foil insulation draped 100mm between joists ( R = 1.3 complies)

Walls

90x45 radiata pine framing
20mm cavity (treated pine battens)
Building wrap (stapled)
R2.6 polyester wall batts ( R = 1.9)
10mm plasterboard
cedar weatherboard cladding, natural finish

Ceiling

R3.6 polyester ceiling batts (R= 2.9)
10mm plasterboard

Roof

trussroof framing (radiata pine treated)
Coloursteel roofing on building paper (stapled)

Glazing
(Control )
(Test House)

R 0.34
R 0.55

Airtightness

No standard In NZ

(R= 0.26)
(R =0.26)

2.2

Site selection

The site is owned by Unitec Institute of Technology at the Wairaka campus in Mt Albert Auckland.
Auckland city is situated on a narrow isthmus between two harbours. The campus is approx two
kilometres from the Waitemata harbour and four kilometres from the Manukau harbour. There is
some influence from Marine weather conditions, as is the case for a large percentage of New
Zealands residential buildings.
The site is open with an open grassed area to the northwest, and an area of well-established trees
to the southwest. Surrounding buildings are reasonably distant to the south, north and east. Behind
the houses to the southeast is a hilly incline and the students’ building yard. The predominant
weather in winter is from the southwest, and in summer from the northeast. A site plan is shown in
Error! Reference source not found.. The top of the page is magnetic north for Auckland.
Magnetic North is 22 0 east of true north and the buildings face true north.
Weather
Station

Test House

Control house

Figure 1 Site showing location of test buildings and weather station.
The buildings are situated so as to be unaffected by shadowing from one another at any stage of
the test programme. This was achieved by computer modelling the site and ensuring they were
spaced far enough apart to be unaffected by one another, shown in Figure 2.

Figure 2 Shading simulations - early morning summer and late evening summer
2.3

Monitoring process

Within each of the houses, temperature sensors have been set up to sample the internal air
temperature at hourly intervals. Sensors used are Lascar EL-USB-2 Humidity & Temperature USB
data loggers. These can measure and store relative humidity and temperature readings over
0%RH to 100%RH and -35°C to +80°C measurement ranges.
Sensors have been located identically in the two houses. They have been suspended at a height
of 1500m above ground level suspended from the ceiling by builders twine. A diagram of the
sensor layout is given in Figure 3. Two sensors were placed in each major occupied space with the
exception of the hall, third bedroom and ceiling void. Initially a third sensor was located to check
initial operation and act as a control. Consideration to the location of sensors was given to align
with practice outlined by Barley et al (2005) [1], particularly the avoidance of direct solar radiation.
Calibration of the sensors indicated and accuracy of +/- 0.5°C compared to a mercury in glass
thermometer.

Sensor Locations

Figure 3 Floor plan showing sensor layout

2.4

Modifications

The fundamental aim of this project is to allow comparison testing of building materials and
niques that have the potential for improving the building performance of this standard New Zealand
house type. The first modification tested in the test facility was the installation of a high
ance glazing unit. This was a simple substitution of the standard double glazed units, installed in
the Control house, with higher specification double glazed units installed in the Test house. These
have low E glass on the inside and a tinted layer to the outside, with argon gas in between. Table 2
sets out the materials and characteristics of the two types of glazing units. In all other regards the
construction and materials of the two houses are the same.
Table 2 Configuration of glazing units
R value
m20C/W

Solar heat
gain coefficient

Shading coefficient

Visible
Transmittance
%

Standard glazing
unit
(Control house)

.34

.74

.86

80

High-spec glazing
unit
(Test house)

.55

.69

.81

74

2.5

Monitoring conditions

The buildings are unoccupied, and are monitored as passive systems; they are subject only to the
weather on the site with no other thermal input. Maintaining the passive relationship of the houses
to the environment allows the thermal reactivity of the buildings and spaces within them to be
tracked alongside the site weather conditions. It also simplifies the modelling process by removing
a range of variables that are introduced by simulating occupant behaviour (Clevenger & Hayward,
2006) [3].
Within this passive state, however, three separate conditions were monitored. The first involved all
internal doors being closed to maximise the independence of individual room responses. The
second involved all internal doors being opened to quantify the affect of various spaces interacting
with each other and to reflect more normal operating conditions. The third involved opening
windows and leaving them open for fixed periods of time from 08.00 to 17.00. Wooden stays
ensure openings were consistent, providing a gap of 100m at the bottom of the top hinged
windows. This further reflects likely operating conditions over a summer period. Studies of
occupant behaviour have shown that opening and closing of windows tends to occur as occupants
enter or leave a space, and unless windows are shut shortly after they are opened, they tend to
remain open over the course of the day (Herkel et al, 2008) [4]. For security reasons, windows
were closed overnight.
2.6

Airtightness

Because these houses were built by students as part of a pre-trade course, it was important to
determine that they met industry norms for air infiltration. Prior to the commencement of data
collection, a blower door test was performed on each house. This is a diagnostic tool to determine
the air leakage from the building envelope. It uses a calibrated fan for measuring airflow rate, and
the air pressure created is measured by a pressure sensing device. This combination is used to
determine air tightness of a building and the measurements are done in both a pressurised and a
depressurised state.

Table 3, and indicate that these houses are both of average airtightness, and perform very similarly
to one another. According to Leardini & Van Raamsdonk (2010) [5], between 5ac/hr and 10ac/hr
must be considered average for post-1960s New Zealand houses of simple design and airtight
joinery. Airtight houses are considered those with fewer than 5 ac/hr.
Table 3 Results of airtightness testing
Control house with standard
glazing

Modified house with high-spec
glazing

Depressurisation

6.58

6.48

Pressurisation

6.93

6.97

Average

6.75

6.73

3. Findings
Findings in this paper focus on occupied spaces that would experience the most different
conditions within the one building. The Living/Kitchen area for the house was chosen having north
easterly and highest glazed proportion of the external façade. Bedroom 3 was chosen as the other
space being diagonally opposite with a south westerly aspect with a lower glazing percentage.
Initial analysis of the results indicated that the differences between the three conditions monitored
namely internal doors closed, internal doors open, and internal doors and windows open did not
provide significantly different results. Therefore only the extreme conditions are reported.
Comparisons of the readings over a two week period from the two locations in the Lounge Kitchen
Dining space indicated an average variation between readings of -0.4oC. This was within the initial
calibration accuracy of the sensors it was deemed that the single sensor location was not subject
to localised effects and could represent the overall conditions in the space.

Figure 4. Lounge Kitchen in the Control House over the testing period

The lowest and highest temperatures reached in the Living Kitchen area over the summer period
are shown in Figure 4. The lowest temperature is 14oC at 08.00 on April 6th, when the outside
temperature is 15.5OC. The highest is 36OC between 16.00 and 19.00 on February 14th when the
outside temperature is 24.6OC.
Figure 5 shows results for January 27, producing the hottest internal temperatures of the month.
The lowest temperature occurs in the test house and is 20.5oC at 08.00, when the outside
temperature is 20OC. The control house is 1oC warmer. The highest temperature reached is in the
control house of 33.5oC at 2.00pm when the outside temperature is 24oC. The test house is cooler
by 4oC. On this day the peaks indicate almost no lag at the higher temperatures but a lag of 3hrs
for the lowest temperatures. The internal temperatures exhibit a much flatter peak that the outside
temperatures and global radiation. The outside temperature peaks 3hrs after the peak solar
radiation reading.

Figure 5 Lounge Kitchen, Sunny Day, January
In Figure 6 the lowest temperature occurs in the test house and is 16.5oC at 0800 on, when the
outside temperature is 17.5OC. The control house is 1.0oC warmer. The highest temperature
reached is in the control house is 32.5oC at 17.00 when the outside temperature is 19.2oC. The test
house is cooler by 4.5oC. On this day the peaks indicate a 3hr lag at the higher temperatures and
the lowest temperatures. Internal peaks are sharp, reflecting solar radiation profile.
In Figure 7 the lowest temperature occurs in the test house and is 21oC at 0800 on, when the
outside temperature is 22OC. The control house is 1.0oC warmer. The highest temperature reached
is in the control house is 25.5oC at 14.00 when the outside temperature is 20oC. The test house is
cooler by 1.5oC. On this day the peaks indicate a 4hr lag at the higher temperatures and a three
hour lag at the lowest temperatures. Internal peaks are flatter than the outside temperature and
solar radiation peaks.

Figure 6 Lounge Kitchen Sunny Day, April

Figure 7 Lounge Kitchen Overcast Day January
Figure 8 indicates output from Bedroom 3 with the diagonally opposite aspect to the Lounge
Kitchen. On January 27th the control house reaches an extreme peak of 40.5oC at 20.00 when the
outside temperature is 20oC. The test house temperature is 9.5oC lower. On the following overcast
day the peaks drop to 25.5oC and 24oC respectively occurring much earlier at 14.00. The very
sharp internal peak on January 27th closely reflects the solar gain peak 8hrs earlier.

Figure 8 Bedroom 3 Sunny Day followed by Overcast Day January

4. Conclusions
Whilst maximum and minimum conditions have been reported, the seasonal data for the
monitoring period for the Lounge Kitchen in Figure 4 shows that their relation to broad seasonal
trends.
The peak internal temperature of the houses has been 7-10°C higher than the peak outside
temperature. The average temperature of 28.2°C in the Control house on the hot sunny day of
January 27th exceeds the maximum average temperature of 27oC observed by French et al (2006)
[6], in their analysis of 397 randomly selected New Zealand houses. The temperature in the
Control house is consistently higher than in the Test house. The argon gas between glazing layers
and tinting lowers temperatures of the occupied space by reducing solar gain to the spaces. The
suppression is between 4.5 and 3.0oC degrees at the hottest periods. This is at a level that will
make a beneficial difference to human perceptions of comfort. The evening period of the sunny day
in bedroom three, shows the suppression peaks at 9.5oC. The suppression occurs to a lesser
degree at cooler times of the day when radiation levels are lower. This indicates that the argon gas
and tinting are also flattening the variations. Also in line with expectations the suppression reduces
to 1.5oC on days with lower overall levels of global radiation due to overcast skies. The beneficial
temperature suppression continues to occur even when the natural ventilation rate of the occupied
space is increased by leaving all windows in the house open during the hours of 08.00 to
17.00.This points to the temperatures in the spaces being dominated by solar gain compared to
infiltration effects.
Despite the lightweight timber construction of these houses, there is a time lag in the effect of
outside temperatures on internal temperature. The extent of the lag appears to vary across
different times and temperature ranges, but is consistently present. It is seen in both houses and at
both ends of the temperature range. The peak inside temperature has been occurring at least 3
hours later than the outside peak, at around 4.30-5.00pm. This phenomenon is also occurring at
the cooler times of the day, in particular the early morning. The coldest outside temperature is 3 hrs
before the coldest inside temperature. French et al (2007) [7] noted a similar temperature lag in
summer temperatures in an earlier New Zealand study. The duration of these lags are normally
associated with building of significantly higher mass constructions involving concrete block and

brickwork. Other days not included in this paper demonstrate lags of up to 9 hours at the coldest
periods and 6hrs at the hottest in conditions where doors and windows are closed.
The extreme peak of 40.5oC in bedroom 3 of the Control house is unusual but does occur on one
earlier occasion in that month. Three dimensional modelling of the house indicates that this is not
due to the sensor receiving direct solar gain, but nearby surfaces do, possibly creating localised
conditions. The Test house indicates a peak at the same time but 9.5oC lower.
Clearly conditions in the closed and even the passively ventilated houses exceed temperatures
that are conventionally considered comfortable. This is despite insulating the external envelope in
excess of the New Zealand Building Code requirements and providing high performance glazing.
Over the test period which includes the beginning of New Zealand’s autumn, sunny days exceed
the recommended maximums. Opening windows for long periods does not bring conditions back
into acceptable bands. Even on cloudy days the recommended maximum is exceeded for up to
four hours during the middle of the day.
Extending the monitoring into the winter season will provide data to facilitate analysis over the full
seasonal cycle and this is currently under way. This will allow analysis of the glazing performance
on the effect on internal temperatures in conditions with lower air temperatures and lower levels of
solar gain. It will also help establish the levels and durations of active heating that may be required
to achieve minimum WHO temperatures.
The uniqueness of the full-scale testing facility warrants further exploration. A test house fitted with
single glazing that reflects the vast majority of the existing building stock will establish foundational
data for a case to support retro fitting double glazing. Comparing the Control house to one
constructed with techniques outlined by Leardini & Van Raamsdonk (2010) [5] to minimise
undesirable air leakage will enable an evaluation its potential and add to the knowledge base of
which methods have significant benefits to internal environments.
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Summary
This research focuses on the evaluation of thermal energy efficiency in a building including thermal cascading systems such as
cogeneration, solar-thermal heat combined with final energy consumption for space heating and cooling, a dehumidifier, and a
water heater. In order to achieve the national target of GHG emission reduction in Japan, much grater use of renewable energy,
unused thermal energy is strongly required in the building sectors. The thermal energy efficiency of the whole system varies
depending on not only calorific balances but also on the temperature of heat conveying media and its flow-rate to each consumption unit. Based on the concept of the simulation tools, the major development work involves the modeling of cogeneration
units. As the first development phase, a sample system consisting of one unit of each form of equipment has been completed
adopting the forward method. This paper describes the development of the method and shows some results for a case study.

Keywords: Integrated energy simulation, Cogeneration, Forward method, Thermal energy balance,
Partial load performance

1. Introduction
Cogeneration systems (CGS) are, along with solar power generation, designated efficiency
improving technologies under the Japanese Energy Conservation Standards for Buildings. They
work by generating electricity onsite to power for machinery, lighting, and so on. They produce
heat which is used on-site for air conditioning and water heating, thus raising the efficiency of primary energy use. Unlike most high-efficiency equipment, the performance of cogeneration systems is affected by the balance of electricity demand and heating/cooling demand, as well as by
the timing of such demand. Assessing the effects quantitatively necessitates coupled calculation
with all heat and electricity demand, including buildings, air conditioning, electrical equipment, and
sanitation facilities.
One simulation program that enables such calculation to be made is the Building Energy
Simulation Tool (BEST) now under development in Japan, with the initiative of Ministry of Land,
Infrastructure, Transport and Tourism, which handles housing and facilities in an integrated manner
in order to assess the energy performance of buildings as a whole. [2] The BEST includes CGS as
one of the key modules.
In view of the above background, the purpose of this study is to show advantageous effect that
BEST simulation for an actual heat source system which couples cogeneration systems with solar
thermal systems in a building.

2. Target of the heat source system

2.1 Compendium
Figure 1 shows the overviews of the heat source system including a lot of equipment and parts.
Because the BEST program can be connected one by one module, it is possible to model the
system flexiblly. One of the fetured points is automatic control module, PID controllers[6] which
plays a role to stabilize the heating system. It can also be studied when varying the temperature
and flow rate is controlled. In this paper, a case study is conduted utilizing this feature.

Fig. 1 Heat source system and calculation condition
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Fig. 3 Comparison of the temperature of two days

It is described the common calculation conditions of the case study. Meteorological data for air
temperature and solar radiation is the standard weather data. The calculation period is in August.
Figure 2 shows the sample weather data of a sunny day and a cloudy day in summer. The
temperature of the sunny day exceeds 30 degrees. Figure 3 compares the results of the sunny day
and the cloudy day, temperature changes are shown in chronological order. Time schedule of solar
collector and gas engine are shown in Table 1, case 1-3. In the graph, the temperature has
changed greatly in the evening; this is a feature of the simulation program to stabilize the
cogeneration system. The graph shows three temperatures, hot well temp., input of hot water
driven absorption refrigerator temp., and output of heat exchanger (hot water supply) temp. Fine
day you can see the steady solar, about 8 degrees, cloudy days you cannot. But, not available
during periods of heat can be compensated by cogeneration heat.
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Fig. 4 Comparison of the total heat of two days
Figure 4 left shows the total heat of a day, it shows the use of the CGS waste heat by category.
The waste heat coming from CGS and its use is well balanced, but solar heat collector amount is
difference of 1450[MJ]. The heat went out the difference in space cooling. The reason is because
they decided where the first heat. Figure 4 right shows the heat-treated load of a day, it shows the
cooling load and hot water load. In fine weather, the 60 percent of cooling load can take advantage
of solar heat. In cloudiness, the only 20 percent of it can take advantage of solar heat. In addition,
compared to cloudiness, the heat of boiler is less.

3. Case study
3.1

Case study 1 : Differences in time schedule of heat source
Table 1 Time schedule of 3 cases

Solar heat supply

Cooling demand

Heating demand

CGS heat supply

hot-water demand

Cooling-tower use
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Heat Heat
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Heat Heat
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Heat Heat
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Fig. 5 Comparison of the total heat of August

Table 1 shows a comparison of case studies with different operating hours that solar only case1-1,
CGS only case1-2, case1-3 is driving the two systems. Figure 5 left shows the heat balance of total
waste heat of August in each equipment of each case. The total waste heat of case1-3 is the most
common in 3 cases. The reason is because the waste heat of cloudiness is complemented by
CGS.
3.2

Case study 2 : Differences in temperature of heat utilization system (Solar collector)
Table 2 the controlled temperature of 3 cases
case2-1 case2-2 case2-3
temperature of heat
utilization system
Solar heat supply

Cooling demand

hot-water demand

Cooling-tower use

80[deg]
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Heat Heat
supplydemand
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Heat Heat
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Heat Heat
supplydemand
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Total heat of August[MJ]
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Fig. 6 Comparison of the total heat due to differences in temperature of Heat utilization system

While cogeneration system has lower temperature of waste heat to protect the gas engine, for
solar system, the lower the water temperature through solar energy collector is preferred for
effective heat recovery. In order to estimate the effect, this study set three cases of different control
temperature set 80[deg], 70[deg], 60[deg]. Figure 6 shows the monthly accumulated weight. It
shows that lowering the temperature increase the amount of heat recovery. And it was found that
cooling demand increase. The most of cooling load from hot water fired absorption refrigerator is
60[deg].

4. Conclusion
This paper explains that the BEST program can calculate the CGS system coupled with solar
collectors. Using solar heat collection system, it revealed that lower controlling temperature
enables more heat to be obtained.
In the future research, optimal operation time and operation to vary boundary condition is
expected to be considered.
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Summary
This study combines interior acoustics and product design concepts, using sustainable and
healthful materials to develop functional wooden diffusers, i.e. sound scattering performance CD
equipment racks. The results of the listening room acoustic simulation show that the scattering
properties of the CD rack improves the uniform distribution of pressure in the listening room. The
positioning of the CD rack can be used to reduce reverberation time at mid-low frequencies,
resulting in improved uniformity in the listening experience at all frequencies.
Keywords:wooden multifunctional diffusers, scattering coefficient, sound field

1. Introduction
The sound scattering performance of the surface of materials used in furniture and indoor
decoration is a factor in sound field design. Good quality surface sound scattering performance
can help to maintain an optimally diffuse sound field. This study combines interior acoustics and
product design concepts, using sustainable and healthful materials to develop multifunctional
wooden diffusers, i.e. sound scattering performance CD equipment racks to improve the sound
environment in listening rooms.

2. Research Method
2.1

Measurement of sound scattering performance

2.1.1 Laboratory and measurement method
The measurement experiments performed in this study are based upon the ISO 17497-1 standard
he randomsample is placed on a turntable and impulse responses are obtained for different sample
orientations. The scattering coefficient is given by
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where
spec is the specular absorption coefficient and as is the random-incidence absorption
coefficient, V is the volume of the reverberation chamber, C1~C4 are the speeds of sound in air
during the measurement of T1~T4, S is the surface area of the test sample, T1 is the reverberation
time when the test sample is not present and the turntable is not rotating, and T2 is the
reverberation time when the test sample is present and the turntable is not rotating. Similarly T3 is
the reverberation time when the test sample is not present and the turntable is rotating, and T4 is
the reverberation time when the test sample is present and the turntable is rotating. Finally, m1~m4
are the energy attenuation coefficients of air calculated in accordance with ISO 9613-1 using the
prevailing temperature and relative humidity values when measuring T1~T4, respectively. Note that
in theory, the scattering coefficient obtained from Eq. (1) varies in the range 0~1.
In the present experiments, the reverberation room (volume= 171.6 m 3) in National Cheng Kung
University had a scale factor of N = 2. Thus, in accordance with the guidelines laid down in ISO
17497-1, the diameter (d) of the turntable was specified as 2.0 m. In the experiments, the impulse
responses were obtained for periodic deterministic signals. For each diffuser sample, six impulse
response signals were recorded (corresponding to two sources and three microphone positions).
For each combination of source and receiver positions, a multiple of a periodic pseudo-random
signal was continuously radiated and received while the turntable was rotating.

Fig.1 Test sample and turntable

reverberation room

microphone

turntable
sound source

Fig.2 Reverberation room and measurement equipments

2.1.2 Test objects
A CD rack was constructed of 18mm-thick plywood, with acrylic sheets used in place of CD boxes.
Sound scattering performance experiments were conducted to examine the influence of changes
in the sequence . The test sample selected for the experiment was a multiple-compartment scale
model CD rack, with specifications as shown in Table 1. Sequence changes are shown in Fig. 3,
and the test materials are shown in Fig. 4.
Table 1 Items and specifications of sound scattering performance for experiments
No.

study items and specifications

1

placement rate of CD

2

Sequence changes of CD

3

Comparison of the sound scattering coefficient and random incident sound absorption coefficient

Fig.3 Sequence changes

top view

Fig.4 Structures of test specimens

2.2

Simulation of effect of the CD rack on the sound field

To investigate the effect of the CD rack on the sound field, an actual interior space (volume 254.49
were covered by 18 mm-thick wood pulp cement boards fronting a 35 mm-deep space. The ceiling
was made of poured concrete. The study called for a listening room with an actual volume of 164
m³, length 7.86 m, width 7.53 m, and height 2.77 m. The original tile floor and concrete ceiling were
not altered. Gypsum board and wood pulp cement board were considered as materials for the
walls, to match the conditions of the CD rack in the simulation. Table 2 shows the sound sources
used in this study for field measurements of the characteristic similarities of non-directional
speakers. The sound absorption and sound scattering coefficient of the materials is the main
variable in the simulation. Table 3
modules from EASE AURA were used to modify the sound scattering coefficient of other materials
in the space and improve their accuracy.
Fig.5 illustrates the configuration of the listening room. Materials used include a combination of
gypsum board and wood pulp cement board. The simulation model is divided into A, B and C, and
then separately placed in the CD rack to verify the effect on various listening room acoustic metrics.
Table 2 Speaker properties of Atlas Sphere
Sensitivity (dB)

Impedance (ohm)

Efficiency (%)

Max Power (W)

90

8

1.26

100

Table 3 S
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Fig.5 Configuration of the listening room

3. Results and Discussions
3.1

Comparison of the sound scattering coefficient

Fig.6 shows different sound scattering coefficients associated with different percentages of CD
placement. As the rate of CD placement is reduced, the frequency range falls from 200 to 1k Hz,
with a very low sound scattering coefficient appearing only at 2k Hz or above. Obtaining a sound
scattering coefficient for a broader frequency range requires CD placement rates of 50 %, 80 % or
100 %.Given similar CD placement, the scattering effect of dispersion configuration and centralized
configuration will not change due to changes in arrangement. Taking a 20 % change in
arrangement as an example (Fig.7), a similar placement volume of 20 %, crossing the sound
scattering coefficient is greater than that obtained with a 20 % centralized configuration. But, with a
placement of 50 %, the centralized configuration obtains results than the dispersion configuration
(Fig. 8).
CD racks are used in daily life, and different usage configurations can result in different acoustic
performance. Changes and differences in the scattering and random incident sound absorption
coefficients represent the different interior sound field conditions resulting from different
configurations in the CD rack. Figure 9 shows that, given a 0 % placement in the CD rack, the
sound scattering coefficient is below 0.5, while the random incident sound absorption coefficient
showed a reverse trend. Given 100 % CD placement, the sound scattering coefficient improved
significantly for all frequency bands and, given a 100 % random incident sound absorption
coefficient, the placement configuration is below 0.3.
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Fig.6 Different sound scattering coefficients with different percentages of CD placement

Fig.7 Similar CD placement with different Sequence
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Fig.9 Differences between sound scattering coefficient and sound absorption coefficient
3.2

Effect of CD rack placement on listening room sound field

This research is based on the ISO 3382 method for measuring reverberation in rooms to measure
reverberation time using non-directional speakers as the sound source, and background noise
(Table 4). A simulation model is constructed from parameters based on-site room materials, for use
in comparing the reverberation time value (T30), with the differences verified by T-test, and a P
value greater than 0.05(Table 5). The results show that the computer simulation is effective and
this research thus uses this model for follow-up investigation.
Settings for Model A have four poured concrete walls, with a tile floor and a concrete ceiling,
conditions which reflect the original state of the room materials. Fig.
total sound pressure level (T-SPL). Following CD positioning, the sound field rises from 250 Hz to a
maximum attenuation of 7 dB, and 1k Hz gives rise to around 3 dB of attenuation, confirming that
control characteristics of the sound field.
The material of the CD rack is a combination of plywood and acrylic, and the acoustic properties of
the empty rack are lower than that of a wood-structure diffuser. When filled with CDs, the smooth
acrylic of the CD boxes results in an acoustic scattering effect greater than their absorption effect.

Settings for Model B have four walls of wood pulp cement board, with a tile floor and a concrete
ceiling. We investigated the effect of combining a single CD rack and wood pulp concrete walls on
.
Fig.11 shows T-SPL for the Model B listening area. The wood pulp concrete boards are highly
absorbent at high frequencies. When the total wall area configuration exceeds 10 m 2, a rise in
sound energy results in significant attenuation of high frequencies, with attenuation from 90 dB to
below 80 dB for frequencies ranging from 500 Hz to 4k Hz. After the CD rack is positioned, the
generated sound field absorbs and consumes part of the sound energy. Therefore high frequencies
(4k Hz) attenuate to 75 dB, similar to the greatest difference between 250 Hz and 1k Hz. In the T30
listening area for Model B, given 100 % CD rack positioning and the use of wood pulp cement
boards, at mid-to-low frequencies (100~250 Hz), the reverberation time drops from 2 seconds to
below 1.5 seconds, and at 500 Hz with wood pulp concrete boards, the T30 of sound absorption
attenuation drops below 0.5. Post-placement, the scattering characteristics may improve
and 1 second, thus improving the dry sensation produced by the excessive absorption of the wood
pulp cement boards.
Settings for Model C have four walls made of plaster, along with a tile floor and a concrete ceiling.
These conditions compare the differences between plaster, concrete and wood pulp cement
boards in terms of the effect of combination of the CD rack and plaster on the sound field.
Fig.12 shows the T-SPL for the Model C listening area. Plaster boards are relatively smooth and,
without the CD rack, sound energy reflection from a frequency field of 500~2k Hz results in a
higher SPL than for other frequency fields. Once the CD rack is in position, 250 Hz and 1k Hz can
correct the excessive SPL but, due to the limitations the structural design places on its scattering
properties, no significant effect was observed at 100 Hz, 500 Hz and 2k Hz.
Settings for Model D has the CD rack configured with the front and back walls made of wood pulp
cement, with the other walls made up concrete. As shown in Without the CD rack, as shown in Fig.
-SPL at 1k Hz divided into eight blocks of
different energy distribution, with interior sound pressure reaching a high of 81 dB and a low of 73
dB, with perceived sound pressure falling as one approaches the rear wall. Once the CD rack is in
of 74 dB, and perceived in different positions within the listening area presenting are lower than
without the CD rack.
Table 4 background noise in the listening room
Frequency, Hz
Background noise, dB
Temperature: 29

125

250

500

1000

2000

4000

50.55

40.95

42.48

31.80

19.15

16.08

Humidity: 89

Table 5 comparison of the reverberation time value with field measurement and simulation
Frequency, Hz
125
250
500
1000
2000
1.50
0.48
0.57
0.54
0.50
Measuring, RT, S
1.68
0.77
0.47
0.41
0.49
Simulation, RT, S
0.13
0.21
0.07
0.09
0.01
STDEVA

4000

0.47
0.35
0.08

100

4.50
4.00

95

3.50
3.00

T 30 , S

T-S PL, dB

90

85

2.50
2.00
1.50

80

1.00
75
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100
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Fig.10 Effect of CD rack placement on listening room sound field (Model A)
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Fig.12 Effect of CD rack placement on listening room sound field (ModelC)

Fig.10 Effect of CD rack placement on listening room sound field (Model D)

4. Conclusion
This study developed wooden multifunctional diffusers with sound scattering performance. The
effect of completely inserting the CD in the 400~1.25k Hz frequency range has an obvious change
exceeding the sound scattering coefficient of 0.6, of which the sound scattering coefficient for 400
and 500 Hz (0.88 and 0.85 respectively) are peaks.
The results of the listening room acoustic simulation show that the scattering properties of the CD
rack improves the uniform distribution of pressure in the listening room. The positioning of the CD
rack can be used to reduce reverberation time at mid-low frequencies, resulting in improved
uniformity in the listening experience at all frequencies, and thus improving the overall quality of
the sound environment.
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1.

Summary

In recent years under the tide of seeking sustaining development and energy saving & carbon
reduction, how to create healthful and comfortable indoor living space has become what the
general public focus on. While the existence of indoor lighting as taken for granted, but the
influence of lighting condition to the health of the man who live there is often to be neglected.
More and more clinics started to use "Wrist-type Physiological Monitoring System" in measuring
Wrist radial artery blood pressure wave, further to quantize and classify the complicated artery
waves into pulse, blood pressure, heart rate and ECG etc. various human physiological
parameters, which have been commonly applied on the measurement or the assessment of
curative effect of human basic physiological parameters. Thus, this study plans to probe into the
application of "Wrist Physiological Monitoring System" on the assessment of the influence of indoor
lighting condition to the physiological reaction in the laboratory. Meanwhile, to analyze the
influence of various lighting sources to the physiological reaction so as to provide designer
foundation in creating healthful and comfortable indoor living environment based on different
demand and purpose in selection.
Keywords: White-light LED illumination
system

2.

Human responses

wrist-type physiological monitoring

Introduction

White-light LED (light-emitting diode) illumination has been used in various places, such as street
lighting, car lighting, emergency lighting, etc. However, it has not been used as a major lighting
source for the office, class rooms, and many other places. Mainly because the white LED lighting
on the human body react in adverse effects, has not been tested. The previous studies are only
models or computer simulations to explore the issues related to LED lighting design, not the actual
space of the applicability of research. Therefore, this study simulated office environment in the
laboratory, in different lighting environments under physiological measurement instruments and the
use of psychological questionnaires to assess subjective evaluation of subjects were physical and
psychological reactions to examine the response of different lighting effect of Environment on
Human extent to can grasp the characteristics of white LED lighting, white LED lighting used for
the interior space of things rely.

2.1 The assessing method of human physiological reaction
In order to realize the influence of different manipulated indoor lighting source and its condition to
human physiological parameters, as well as in review of the physiological parameters in measuring
in the existing related experiment are mostly a single physiological reaction in measuring which
can not reveal the overall physiological function status in integrity, thus the measuring equipment
ad as adopted in this study was determined to be the common "Wrist Physiological Monitoring
System" clinically, which can quantize overall human physiological reaction in assessing the
influence of different lighting source to the human physiological reaction. Where, the "overall
physiological reaction" indicates various human physiological parameters shall be obtained by
measuring and analyzing the wrist artery blood pressure in variation that derived into the blood
pressure, heart beating, automatic nervous activity index etc. as its feature.
2.2 The measurement and physiological reaction of light condition in stimulation
In evaluating the influence of indoor condition to the physiology, biofeedback technique has been
commonly used, i.e. utilizing monitoring tool in detecting and extend the internal physiological
information via physiological reaction index to represent the body condition.
When external
environmental stimulation transmits to the central nerve system of brain or spine and generate
memory, emotion, recognition etc. consciousness via human sense organs would reflect through
nerve ending and endocrine system in transmitting to each organ with responses. Thus, by
measuring the response of each organ could realize the influence of external environmental
stimulation to the human body as shown in Figure 1 as attached.
The human organ in response is usually revealed on some certain physiological symptoms, such
as pulse, blood pressure and brain waves etc., thus via the measurement and analysis the
variation of these physiological symptoms and transformed them into a readable information (i.e.
"physiological index") , the human organ in response can then be realized. Therefore, the
physiological index like ECG, EMG, EEG and blood pressure has been developed and become the
efficient instrument in monitoring the human physiological condition.
The variation of different lighting source, luminance and color temperature is closely related to the
human activity, sensing pressure, psychological (working) loading, degree of fatigue etc., thus the
various physiological index like ECG, pulse, blood pressure, EEG, CNV, EMG, dermal potential
activity, body temperature, facial skin temperature distribution and amount of sweat etc. are
applicable in measuring the influence of lighting condition in variation to partial human
physiological reaction.

Fig. 1 External stimulation on the relationship between psychological and physiological effects
The human organ in response is usually revealed on some certain physiological symptoms, such
as pulse, blood pressure and brain waves etc., thus via the measurement and analysis the
variation of these physiological symptoms and transformed them into a readable information (i.e.
"physiological index") , the human organ in response can then be realized. Therefore, the
physiological index like ECG, EMG, EEG and blood pressure has been developed and become the
efficient instrument in monitoring the human physiological condition.

The variation of different lighting source, luminance and color temperature is closely related to the
human activity, sensing pressure, psychological (working) loading, degree of fatigue etc., thus the
various physiological index like ECG, pulse, blood pressure, EEG, CNV, EMG, dermal potential
activity, body temperature, facial skin temperature distribution and amount of sweat etc. are
applicable in measuring the influence of lighting condition in variation to partial human
physiological reaction.
2.2.1 The related studies of lighting condition in variation
In 1977, [Michikatsu Masahiro] and his team used AAC Alpha Attenuation Coefficient) and LF/HF
(Sympathetic/ parasympathetic balance indicators) in analyzing the influence of different luminance
to the sympathetic nerve. Where they took 5 grades of luminance, i.e. 0 Lux 500 Lux 1000
Lux 5000Lux and 10000Lux, in full lighting condition as the basic condition, compared the activity
of variation of brain waves and sympathetic nerves. From the experiment, it is indicated the
activity variation of brain waves and sympathetic nerves would be more active along with the
increase of luminance that it is certain different luminance would definitely influence the response
of sympathetic nerves.
2.2.2 The meaning and feature of parameters obtaining from the "Wrist Physiological Monitoring System"
The "Wrist Physiological Monitoring System" as adopted in this study was a product of a
Taiwanese manufacturer, modeled TS-0411, a non-invasive blood pressure measurement device
which has been quarantined applicable on the study of human physiological reaction. The "Wrist
Physiological Monitoring System" is to measure the Wrist radial artery blood pressure wave forms
via pressure and transformed into voltage by biological inducer, further to be filtered, amplified and
analyzed in algorithm, which can accurately measure blood pressure, heart beat and heart rate in
variation (HRV) as well as activity index of automatic sympathetic nerves.
Where,
the
electronic wave signals (i.e. heart pumping signals) as measured on ECG physiologically is the
source index; while the blood pressure signals as measured by the "Wrist Physiological Monitoring
System" is the target signals. The heart rate in variation (HRV) of both measurements is coming
from the heart rate modulization of automatic sympathetic nerves system. According to the
parameters as measured by "Wrist Physiological Monitoring System", the physiological definition is
shown in the following table.
Table 1 Parameters as measured the physiological definition
Parameters
Normal range
Warning range
HR(1/min)
lower than 60 or higher than 100
60 100( Average 72)
90 140( Average 110)
SYS(mmHg)
higher than 140
60 90( Average 70)
DIA(mmHg)
higher than 90
25 100( Average 66)
HRV(ms)
lower than 15
40 70( Average 60)
LF(%)
higher than 80
25 40( Average 33)
HF(%)
lower than 20
0.5 2.5( Average 2.0)
LF/HF
higher than 3 or lower than 0.3

3.

Experiment in design

The space of experiment is in dimension of 3.15 m×5.15 m×2.6 m with black opaque clothes
curtain around the tables and chairs put at the center of lab by leaving proper spaces between
them, which to reduce the compression to human body. Where, tables and chairs are
ergonomically designed that the different tester can keep the same height of their eyes with the
table at about 45cm up from the ground. The layout of experiment site of computer VDT reading
space and traditional reading space is as shown in the figure respectively. As to the measuring
equipment of physiological reaction, set the "Wrist Physiological Monitoring System" at the left
behind the test accepter, from which the data will be transmitted to the computer in analysis.

Fig. 2 The space of experiment
3.1 Category of experimental lighting source
This study has selected fluorescent light
series and LED lighting source as the
lighting factors; where, fluorescent light
was determined to use common 3-wave
length (TLD) light tube; and LED light
sources are currently broadly used 2wave length white LED which divided
into two modules and one light tube in
category as well as a set of 3-wave
length (TLD) light tube, in total 4 sets of
different lighting source for the purpose
of making comparison among each
white LED modules.
The basic
information of lighting sources is as
shown in table as follows.
3.2

Experimental
description

procedure

(1)Experimental procedures

and

Table 2 Category of experimental lighting source
3-wave length fluorescent lighting
Color temperature(°K)
6500
Type
Develops the color (Ra)
85
luminous flux(lm)
1350
Efficiency(lm/w)
75
Voltage V
65
Wattage(W)
18
size mm
589.8×28
White LED light tube
Color temperature(°K)
6500
Type
75
Color rendering (Ra)
luminous flux(lm)
700
Efficiency(lm/w)
70
Voltage V
110
Wattage(W)
10
size mm
588.8×29
White LED area module
Color temperature(°K)
6500
Type
75
Color rendering(Ra)
luminous flux (lm)
3300
Efficiency (lm/w)
70
Voltage V
220
Wattage (W)
48W
size mm
600×600×64
White LED stripe module
Color temperature(°K)
6500
Type
75
Color rendering (Ra)
luminous flux(lm)
3080
Efficiency(lm/w)
70
Voltage V
220
Wattage(W)
44W
size mm
600×600×65

Photo

Photo

Photo

Different lighting modules have been
adopted in surveying the experiment of
VDT computer reading and traditional
document reading to probe in the
Photo
influence of different lighting condition
to the human physiological reaction.
The operating procedure settings were
the same either in VDT computer
reading or traditional document reading;
where, set 15 min. as shut-off period
before starting experiment, and set 60
min. as the turn-on state in experiment. Each experimental unit time was set at 75 min., then rest
15 min. for interval to do the next unit. Repeat the cycle to complete the experiment as shown in
the following figure.
(2) Experiment in description
It is going to proceed the experiment of probing in the influence of different lighting modules source
to the human physiological reaction; where it is divided into VDT computer reading mode and
traditional document reading mode with the same operating settings. The acceptors were

requested to sit at the specific space in lab, filling up the data (gender, age, visibility and disease
history), then checked if conducted color-blindness, if carried pacemaker or being poor body
circulation. The overall experiment program then was explained to the acceptor after being totally
inspected.
When it started, the acceptor was requested to take rest for 15 min. with light shut off without
external interference to the accuracy of the experiment. Then, measured the human physiological
parameter at light shut-off condition for records. Measured the 2nd physiological parameter
promptly upon turning on the light. Repeat the measuring every 30 min... The total time elapsed
for experiment is 75 min... The acceptor would be requested to take 10min. rest after experiment
completed then repeat to start another experiment again. The experiment planning is as shown in
the following table.
Table 3 The experiment planning
Experimental purpose
Experimental objects
Experimental
environment
Variables in operating
Experimen
t in design

Receptor's behavior

Variables in control

Experimental type

4.

Probe in the influence of different lighting condition to the human physiological
reaction.
Students aged between 23-30.
Traditional T8 light tube lighting condition
White LED lighting condition (light tube, modules)
Different operating type: VDT computer reading, traditional document reading
Reading e-Book while sitting on the chair
Reading paper Book while sitting on the chair
Indoor temperature in summer 28.5
Ave. relative humidity 70
Wind speed under 0.09m/s
Background noise 50±1 dB A
Luminance on the operating surface 500 Lux
Physiological measurement (Wrist Physiological Monitoring System)

The influence of white LED lighting condition to human physiological reaction

This study is to probe in the relationship and influence of different lighting condition to the human
physiological reaction as well as how the human physiological parameters being affected. Thus,
we utilize common wrist Physiological Monitoring System clinically in observing various
physiological index in changing so as to analyze the influential level of different lighting condition to
the human physiological reaction.
Where, the individual difference and other factors of the acceptors were eliminated when in
comparing the data as measured from the promptly turning on light and extending 60 min.
afterwards, in probing in the influence of different lighting condition to the human physiological
reaction.
From the table 4, under the condition of computer VDT reading mode and traditional document
reading mode, the average values are located within normal range of 90-140 mmHg, indicated
SYS (Human Systolic Blood Pressure) parameter would not be affected.
From the table 4, under the condition of computer VDT reading mode and traditional document
reading mode, the average values are located within normal range of 60-90 mmHg, indicated DIA
(Human DBP) parameter would not be affected.
From the table 4, under the condition of computer VDT reading mode and traditional document
reading mode, the average values are located within normal range of 60-100 mmHg, indicated HR
(Heart Rate) parameter would not be affected.
From the table 4, under the condition of computer VDT reading mode and traditional document
reading mode, the average values are located within normal range of 25-100 mmHg, indicated
HRV (Human Heart Rate Variation) parameter would not be affected.

From the table 4, under the condition of computer VDT reading mode and traditional document
reading mode, the average values are located within normal range of 40-100%, indicated LF%
(Sympathetic activity indices of the human body) parameter would not be affected.
From the table 4, under the condition of computer VDT reading mode and traditional document
reading mode, the average values for most lighting condition are exceeding the normal range of
25-40%, which indicated HF% (Para-Sympathetic activity indices of the human body) would affect
to human body was primarily due to its increase caused by the higher color temperature and
higher luminance lighting condition that easily to result in human fatigue.
From the table 4, under different lighting condition in computer VDT reading mode and traditional
reading mode, white LED stripe module lights are always located within 0.5-2.5 in each time period,
which performed better than that of the other lighting source, which result in the increase of (LF/HF)
was primarily due to its higher excited level that resulted in unbalance state and caused
dysautonomia.
Table 4 The influence of white LED lighting condition to human physiological reaction
VDT computer reading mode
Traditional document reading mode
Systolic blood pressure

Diastolic blood pressure(DIA)
White LED light tube
White LED area module
White LED stripe module
3-wave length fluorescent lighting

White LED light tube
White LED area module
White LED stripe module
3-wave length fluorescent lighting

Heartbeat(HR)
White LED light tube
White LED area module
White LED stripe module
3-wave length fluorescent lighting

White LED light tube
White LED area module
White LED stripe module
3-wave length fluorescent lighting

HRV
White LED light tube
White LED area module
White LED stripe module
3-wave length fluorescent lighting

LF%
White LED light tube
White LED area module
White LED stripe module
3-wave length fluorescent lighting

HF%

White LED light tube
White LED area module
White LED stripe module
3-wave length fluorescent lighting

LF/HF
White LED light tube
White LED area module
White LED stripe module
3-wave length fluorescent lighting

(4) The influence of different lighting condition to various physiological parameters
Four lighting condition and two reading modes were shown in the table; where, the various
physiological parameters in variation were included. The description of modes is as follows:
According to the table, the influence by 3-wave length fluorescent lighting condition is the least, i.e.
this lighting condition has least influence to the human physiological parameters in computer VDT
reading mode. The white LED stripe module is less influence; while, the white LED light tube is the
most affected, which 3 physiological parameters has been affected promptly the light turning on,
then kept 2 parameters affected afterwards.
The table has shown the influence level of different lighting condition to the traditional document
reading mode. According to the table, the influence by 3-wave length fluorescent lighting condition
is the least, i.e. this lighting condition has least influence to the human physiological parameters in
computer VDT reading mode. The large white LED area module is less influence; while, the white
LED light tube is the most affected, which 2 physiological parameters has been affected promptly
the light turning on, then kept influenced afterwards.
Table 5 The influence of different lighting condition to various physiological parameters
VDT computer reading mode
Environment
model

White LED
light tube

White LED
area module

White LED
stripe
module

traditional document reading mode
3-wave
White LED
length
White LED
White LED
stripe
fluorescent
light tube
area module
module
lighting
60min

30min

0min

60min

30min

0min

60min

30min

0min

60min

30min

0min

60min

30min

0min

60min

30min

0min

60min

30min

0min

60min

30min

parameters

0min

Time

3-wave
length
fluorescent
lighting

SYS
DIA
HR
HRV
LF%
HF%
LF/HF
P<0.05

0

1

1

3

2

2

2

2

1

2

1

1

1

2

0

2

1

3

2

0

2

3

1

1

scale (%)

0

14

14

43

29

29

29

29

14

29

14

14

14

29

0

29

14

43

29

0

29

49

14

14

5.

Conclusion

A common visible 3-wave length fluorescent light tube was adopted in this experiment to screen

out several typical white LED, OA lighting fixture and that color temperature set at 6500°K; where,
the indoor temperature was set at 28.5 with relative humidity of 70% that simulated to the
summer season in Taiwan in probing the influence of 4 lighting sources, i.e. 3-wave length
fluorescent light tube, white LED rube, large white LED module and white LED stripe module, to
the human physiological reaction in assessment as the foundation of developing white LED lighting
fixture in applying in the indoor space.
This study is to probe in the influence of white LED lighting condition to the human physiological
reaction, parameter and duration based on medical concept of human physiological parameters
under the computer VDT reading mode and traditional document reading mode by changing the
lighting condition. Hence to compare the result with that of the 3-wave length fluorescent light tube
so as to obtain the visual effect and characteristics of white LED lighting. From the experiment, we
can conclude:
In the measurement of computer VDT reading mode, every time-consuming performance of the 3wave length fluorescent light tube demonstrated the best; while in considering the white LED
lighting condition, the white LED stripe light performed the better, then the large white LED module,
and the white LED light tube came the worst.
In the measuring physiological reaction under the traditional document reading mode, 3-wave
length fluorescent light tube came with the best performance in each time-consuming variation;
while in considering based on white LED lighting, the white LED lighting conditions are all inferior;
where, the large white LED performed better.
5.1 The suggestion to the lighting condition of different mode in application:
(1) Suggestion to computer VDT reading mode
In human reaction, in comparison with the 3-wave length fluorescent light tube lighting condition,
most white LED lighting module performed inferior in each assessment; however, in considering
the white LED stripe module, its physiological parameters are located within the normal range, but
having differences among 4 parameters statistically. In considering physiological reaction, suggest
using white LED stripe light module.
(2) Suggestion to traditional document reading mode
When in the traditional document reading mode, suggest using large white LED area module
would demonstrate better performance than that of others.
In summary, when in considering the physiological condition, both 3-wave length fluorescent light
tube and white LED light tube perform better lighting environment; but still requires selecting
different white LED lighting condition as the lighting source in office per users' demand so that the
optimal utilization of environment can be achieved.
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Summary
This study targeted on the indoor environment quality of the public nursery schools in Taiwan to
conduct a detection. Most of the pre-school children are taken care of by nursery schools or
kindergartens. The evaluation factors were divided into the “natural ventilation” and “mechanical
ventilation” and two region: (1) Urban area. (2) Suburban area. The most significant issues of the
sample nursery schools are related to the Acoustics environment, Illumination environment and
Indoor air environments.
Keywords:

Healthy indoor environment, nursery schools, Region type, ventilation models

1. Introduction
In recent years, more than 5000 chemical compounds were produced. Among these chemicals,
many of them have spread within our living environment and become a threat to our daily life
especially to children who have weak resistance against diseases (USA, EPA). Unlike adults, the
bodies of children are still in a growing stage. They can’t effectively egest the irritable or
deleterious substances because their metabolism and purifying systems are still immature. In
addition, the children are more sensitive and have stronger reaction to chemicals. It is very
necessary to ensure children’s quality of living and health with more aggressive attitude. In Taiwan,
most of the pre-school children are taken care of by nursery schools or kindergartens. Indeed,
people must pay attention to the quality of all kinds of the environment factors of these child care
centers.

2. Research Method
2.1

Research Target

The climate type in Taiwan is subtropics. The northern part of Taiwan has the subtropical monsoon
climate and southern part of Taiwan has tropical monsoon climate. Climate of Taiwan Island is
influenced by warm humid air current and ocean current. Therefore, the island also possesses
maritime climate. However, being adjacent to the Mainland China where the weather system
usually shifting from the west to the east, the island is inevitably influenced by the continental
climate.
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Fig. 1 Taiwan’s location in the world & the diagnosed cases in Taiwan
This study targeted on the indoor environment quality of the public nursery schools in Taiwan to
conduct a test. The evaluation factors were divided into the “natural ventilation” and “mechanical
ventilation” and three levels: (1) steps of action in chief and self examination. (2) Building doctor’s
initial on-site investigation. (3) steps of the advanced health examination. From the self
examination to initial investigation and detailed indoor environment health examination, this study
attempted to actively find the issues of the indoor environment and proposed an application of the
indoor environment examination. After the architecture doctor’s initial investigation, the test project
was planned to conduct a detailed investigation. Finally, the diagnosis results were addressed to
formulate the objectives for improvement. (as in Fig 2).
SelfSelf-Examination (problem discovered)
1st time examination
Finding the pollution source

Professional Building doctor

Building Health Examination

Objective
Measurement

PostPost-Occupancy
Evaluating Method (POEM)

Construction Examination

Integrate indoor
Environment

Subjective Measurement

Facility system examination

Analysis of Integrate indoor
Environment factor

Questionnaire Analysis from the Occupants

Integrate Assessment

Basic measurement
Occupants investigation
Set the goal & strategy
for Improvement

Healthy Indoor Environment . (IEH)

Fig. 2 Indoor Environment Examination Process
2.2

Indoor Environment Factors

The indoor environment factors can be summarized into four major fields including sound, light,
temperature and air. The table 1 describes the indoor physical environment factors and the

evaluation values including 1 sound environment item “average noise degree (Leq(24h) unit:
dB(A)), 2 items of light environment brightness (unit: Lx) and uniformity, 3 items of temperature
environment temperature (unit:
), relative humidity (unit: %) and current and wind
velocity (unit:m/sec), and 4 items of air environment “CO intensity” (unit:ppm), CO2 intensity”
(unit: ppm) and “intensity of PM10 and PM2.5” (unit: mg/m3). Since children have very quick
physiology reaction, the recommended evaluation values should be primarily taken into
consideration and the regulation standards should be secondly taken into account in order to meet
the health requirements.
2.3

Determination of Survey Methods

Based on the viewpoint of health, the improvement of indoor environment should ensure the users’
health. Therefore, the users’ feedback and complaints and the symptoms caused by the indoor
environment should all be taken into account. This survey-questionnaire was made before the
initial investigation. It focused on four key points including the basic characteristics of users,
uncomfortable symptoms, causes of symptoms and the weight of the indoor environment factors.
Meanwhile, this study also conducted an “equipment test” and a “survey-questionnaire” to
effectively control the changes over times. Regarding to the equipment test, This study used the
Automatic Sampling Method (ASM) as shown in Fig 3 to measure the physics value of 8 factors in
24 consecutive hours. The sample rate is 0.2Hz which can effectively control the movement of the
targets. The selection of the testing environment is based on the principle of not affecting the elder
people’s daily life and supervising the change of the outdoor environment background. The
measurement of height is up to the respiratory belt of a sitting posture (FL +90 120 cm).

Fig. 3 Schematic diagram of the field-measurement apparatus

3. Analysis of experimental results
3.1

Survey of the Users’ Uncomfortable Symptoms

This study distributed 100 questionnaires, collected 86 questionnaires and obtained 76 valid
questionnaires. The results of the survey on users’ discomfort symptoms indicated that the “dry
eyes, eye itching and fatigue” accounts for 38.1%, the “shoulder pain” accounts for 31.0%, and the
“headache, itching and fatigue” accounts for 23.8% among the samples in northern region. In
central region, the “sneezing” accounts for 33.3%, the “dry eyes and eye itching or fatigue” and the
“respiratory system diseases” accounts for 22.2%, and the “cough” and the “dry or pain throat”
accounts for 11.1% which has shown a high proportion of discomfort symptoms among the
samples. In southern region, the “nervous” accounts for 21.1%, the “dry eyes, eye itching and
fatigue” and “dry or pain throat” accounts for 15.8% and the “disability of metabolism system”
accounts for 10.5% among the samples. In the eastern region, the “headache” accounts for 27.8%,
the “dry eyes ad eye itching or fatigue” and the “disability of metabolism system” accounts for
11.1% among the samples.

No

Symptoms

Increased cancer risk
Cardiovascular disease
Nervous system diseases
Auditory organ damage
Digestive Disease
Respiratory system diseases
Tension or nervousness
Poor memory or concentration

Neck, shoulder, back pain or stiffness
Dry or itchy skin
Sneeze
Dry or sore throat
Nasal congestion, runny nose or sinus congestion
Cough
Breath
Chest tightness
Dizziness
Unusual headache, fatigue or lethargy
Dry itchy eyes, or fatigue

Fig. 4 Indoor personnel's discomfort symptom
3.2

Analysis of Measurement on the Indoor Environment Factors

The evaluation standard of the sound environment is below 56dB(A). According to this diagnosis,
the values of most of the sample environments are greater than standard due to the teaching
activities, non sound insulation materials and reflective materials. The evaluation standard of the
light environment is above 500Lux. According to this diagnosis, most of the cases are below the
evaluation standard mainly due to the quantity of lamps, old facilities and uneven distribution of the
lamp heights and placement. Referring to the air environment, the CO2 standard is 600ppm
because of lack of the fresh air and inferior ventilation system. The evaluation standard of HCHO is
0.1ppm due to the inferior ventilation system, incapable discharge of dirt and building materials.
The evaluation standard of TVOC is 3ppm mainly due to the building materials and agglutinant.
Indoor

Outdoor
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Indoor

Outdoor

(2) Average Illumination environment (Lux)
Indoor

Outdoor
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5.50
5.00
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4.00
3.50
3.00
2.50
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1.50
1.00
0.50
0.00
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00

(3) Indoor Illumination distribute (Lux)

Fig 5 N3

(4) Average Acoustics environment (dB(A))

Construction and Planning Agency a model for improvement cases

4. Conclusion
The most significant issues of the sample nursery schools are related to the sound, light and air
environments. The values of sound environment are all greater than the evaluation standard 56dB
mainly due to the teaching activities, non sound insulation materials and too many reflective
materials. The non sound insulation materials can create uneven distribution of sound pressure
and extend the echo of sound to further reduce the quality of the indoor sound environment.
Regarding to the light environment, most of the values of sample environment are below the
evaluation standard 500Lux mainly due to the old lanterns facilities, insufficient lamps, uneven use
of lamps, lamp height, and lack of light resistance lanterns. As a result, it is recommended that the
following renovation should meet the requirement of high efficiency and light source. Regarding to
the air environment, the accumulated indoor chemical contamination is the main issue. Taking CO2
as example, the indoor air environment was evaluated according to the standard 600ppm
recommend by the Environmental Protection Administration. Among 15 samples, about 40% are
qualified and 60% are not qualified. The main problem is the fresh air was not able to deliver to the
room. This is because the doors and windows must close as the air conditioning is turned on
during lecture. Referring to HCHO and TVOC, the evaluation standard is HCHO: 0.1ppm and
TVOC: 3ppm which is recommended by the Environmental Protection Administration for indoor air
quality. Among 15 samples, about 20% are qualified and 80% are not qualified. The main issues
are related to the wood building materials (agglutinant), wood floor, plastic furniture, plastic floors
and painted walls.
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Summary
Arguably, behaviour adaptation and psychological factors are the main explanations for incorrect
predictions of thermal sensation in naturally ventilated indoor environments. While these factors
are seemingly difficult to estimate or prevent, how can this argument be validated? An ongoing
PhD research project has defined a unique setting which includes a special building typology with
unique context, which provides real life field study that could minimize these factors.
The studies that provided the basis for the conclusion that Fanger PMV model is not applicable to
naturally ventilated interiors are reviewed, and compared to a similar field study, for general benefit
to research in this domain. On the other hand, a successful field study that could minimize the
adaptation factors in the first place can validate the PMV model, which would be an important
additional finding of this research. In this paper, the unique parameters of the case study are
highlighted, and research methods, instrumentation and survey components of the research are
explained. The details of the winter field study are addressed, including the application of the PMV
model, reporting the actual mean vote of thermal comfort sensation of the subjects and analyzing
the collected data. Finally the next steps in the research are explained, including the summer field
study.
Keywords: Thermal comfort, field study, PMV, validation, mosques, monitoring.

1. Introduction
It is observed by several researchers that the correlation between the predicted mean vote (PMV)
and the actual mean vote (AMV) of thermal sensation in air-conditioned buildings, differ from the
same correlation in the case of naturally ventilated buildings [1]. Considerably, this is the most
important argument that provided the basis for questioning the aplicability of the Fanger PMV
model in naturally ventilated buildings, eventually strengthens the adaptive model [2]. There are
different factors that are suggested to be the possible explanation for this observation; examples of
such are behavior adjustments and psychological expectation. However, these suggested
explanations have never been validated nor proven [3]. The research hypothesis is, as the
behavior adjustments and psychological expectations are the only explanation for the clear
difference between the correlation of predicted mean vote PMV and actual mean vote AMV in air-

conditioned and the correlation of PMV and AMV in naturally ventilated buildings, if by any means,
the behavior adjustments and psychological expectation were minimized or eliminated, then the
correlation between PMV and AMV should be similar in both air-conditioned and naturally
ventilated buildings.
The unique setting for the real world field study is a Mosque in Riyadh Saudi Arabia. The
methodology of the research is to conduct a thermal comfort study in a Mosque in Riyadh, Saudi
Mean Vote of the occupants by conducting a thermal sensation survey. This comparison would be
done in two modes: While the Mosque is naturally ventilated in the winter, and while the Mosque is
air- conditioned in the summer. After that, comparing the correlation between the two modes.
Finally, with the responsible factors for the difference of the correlation between air-conditioned
and naturally ventilated mode being minimized in this case study, the correlations of the airconditioned mode and the naturally ventilated mode should be noticeably similar, that would then
provide real study validation for the factors that arguably responsible for the difference in
correlation between air-conditioned and naturally ventilated buildings in the meta studies in the
field of thermal comfort.

2. The case study
2.1

Context

The context of this particular field study is the main criterion that makes it unique real-field thermal
comfort study.
2.1.1 Overall context
Mosque in Riyadh, Saudi Arabia is the real field that is proposed as the idealised vehicle to
validate the adaptive theory. As it has single large occupied space in several intermittent durations
of around 15 minutes each, and the functional area is easily addressed, which make it very steady
state condition environment. Also, the personal variables of the occupants are very consistant, as
the users are all males practicing similar activity level in considerably similar clothing ensamples
with no furniture factor to be added to the clo value. Most importantly, when dealing with mosques,
the adaptive oppurtunity is minimized, because any intentional movement departing from the
actual performance of the prayer is not allowed, therefore, during the prayer, there is no
modification to the personal environment nor the space environment by any means. Finally, the
expectation factor is also minimized, as in the context of Riyadh, Saudi Arabia, all buildings are airconditioned in the summer and naturally ventilated in the winter [4] The mosque is occupied five
times aday for the compulsory daily prayers,
Maghrib
.
2.1.2 Outdoor conditions
Riyadh city has hot-arid climate with hot-dry
summer and considerably cold winter. In
summer the temperature ranges from
maximum of 45 degrees Celsius and minimum
of 24 degrees Celsius on average. While in
winter, the average ranges from 28 degrees as
Max. and only 3 degrees as Min. It is obvious
that there is a large range in outdoor
temperature that could be covered if a thermal
comfort study is applied in both winter and
summer.
2.2

The selected Mosque
Fig. 1 The floor plan of the selected mosque

2.2.1 Description of selection criteria
The main criteria for selecting the most appropriate mosque for this particular field study are as
follow: It should be occupied in regular basis, i.e. occupied in all the five daily prayers, the
occupants preferably should be highly educated, to make sure that an instrumentation gear in the
middle of the mosque for a scientific study is acceptable. Finally, the selected mosque should have
minimum number of exits, to make it more manageable in terms of collecting questionnaires.
2.2.2 Description of the selected mosque
After reviewing some nominated mosques in Riyadh, the selected building was the mosque of a
residential compound for university professors. It has only two accessible thresholds, which make
it easy to manage. The praying hall is 29m by 19.2m with 5.2m height. It has window openings
only on the north and south sides. The interior finishing is white painted walls and carpet floors.
The average occupancy is 3.5 rows, approximately 250 persons. Fig (1) shows the selected
mosque, it should be clear that the word mosque from here onwards refers to the prayer hall only.

3.

Methodology

3.1

Instrumentation

Outdoor climatic data is to be collected to reveal the exact outdoor
climatic variables at the time of each prayer under investigation.
Indoor environmental inputs for PMV model are to be collected as
well.
3.1.1 Outdoor monitoring
Maxkon weather station thermometer WSAC003, was used to
record outdoor variables with 30 minutes interval. It has a
resolution of 0.2°C and 1% RH. The weather station was installed
over a roof of a neighbouring house to the mosque to monitor the Fig. 2 Outdoor weather station
outdoor temperature, relative humidity and wind velocity. Fig.(2)
shows the outdoor equipment.
3.1.2 Indoor physical variables
The Fanger PMV model requires four indoor environmental variables as inputs: air temperature,
mean radiant temperature, wind velocity and relative humidity [5]. To approximate the MRT, globe
temperature data is recorded, which then is used to calculate the MRT. According to Humphreys [6],
when the air-movement is slight, around 40mm diameter thermometer is theoretically preferable for

Fig. 3 HOBO logger, Kimo velocity sensor attached to the cable adapter, TMC1-HD thermo
sensor and the thermo sensor attached to black 40mm ping pong ball
measuring indoor globe temperature.
According to de Dear [7], thermal comfort field studies is categorised into three classes. In class I
category, all the variables should be collected at three heights, 1.2m, 0.6m and 0.1m. Therefore, to

record indoor environmental variables, three of each of the followings were used. TMC1-HD
Temperature sensor attached to black 4cm diameter ping pong ball, Kimo directional duct air
velocity sensor, ADAP-10 cable and HOBO U12-13 data logger, see fig.(3). All the instruments
were attached to a medical drip pole at three heights, 1.2m, 0.6m and 0.1m. Fig.(4) shows the
equipments that were used to assemble the instrumentation with the final look for monitoring pole.
It should be stated that for budget limitations, the air velocity sensor used in this study is directional
hot-wire sensor and not an omni-directional sensor as recommended for a Class I field experiment
for thermal comfort [7]. Therefore, a small experiment
was conducted in the mosque to determine the best
orientation for positioning the air velocity sensors. After
assembling the sensor on the pole at the three heights,
three orientations were tested during regular prayers,
east-west direction (x), north-south direction (y) and
vertical direction (z). As clarified earlier, only north and
south walls of the mosque have windows, so the wind
movement was noticeably on the (y) direction. However,
the experiment confirmed that observation, with
noticeably less active air movement at the (z) direction,
the (x) direction was affected by the movement of the
worshippers, and the (y) was the best direction to
represent the general air movement in the mosque.
The mosque was investigated for the best place to
position the monitoring pole. As it has a symmetrical
rectangular shape, and the middle of the mosque is the
least point affected by the air movement, it was decided
that the middle of one identical half of the mosque is
the most representative position for the environment of
the mosque. The average number of rows occupied by
the worshipers was also considered, based on that, the
pole was positioned between the third and the fourth
row. Fig.(1) shows the assigned position of the pole in
the mosque.

Fig. 4 The assembled monitoring pole

Fig. 5 The pole and the cards placement inside the mosque

3.2

Questionnaire

After praying for around 15 minutes, the occupants reach appropriate steady state [8]. In order to
maintain this steady state metabolic rate of the worshippers, the questionnaire was designed to be
filled within 30 seconds [4], with only six multiple choice questions, and it was purposely printed on
A6 size card. Also, a collecting box was placed at each exit with a poster explaining the purpose of
the study.
Before each prayer, couples of cards with pencils were placed in each couple of meters along each
row. After each prayer, some of the interested worshipers fill the cards as soon as they finished

the prayer, they have the option of putting the filled card in the collecting box or the easy option of
leaving the card wherever it was. However, all the cards are collected after each prayer by the
researcher. Basic information are also recorded for each prayer, such as date, prayer name,
starting time, ending time, occupancy by row counting and recording whither the windows were
open or closed during the prayer. Fig.(5) illustrates a sample of the placement of the questionnaire
cards around the mosque.
3.2.1 Subjective measurement
thermal sensation during the prayer and after the prayer, on a seven point ASHRAE scale, and
whether he would prefer any change in temperature during the prayer. Three further questions
address what is considered the minimum necessary personal variables:
Clothing: whether the worshiper is wearing Saudi national costume, and if head cover is
included in the costume;
To test if there may be an effect from the immediately preceding environmental experience
on the thermal sensation (especially in summer), by the mode of transport to the mosque;
Age (group) of the respondent.
Fig. 6 illustrates a sample of the questionnaire in English translation.
3.3

Personal variables

To complete the PMV inputs, the personal variables of clo
value and metabolic rate should be addressed. With
referring to the questionnaire outcome, it should be revealed
if the respondent is wearing the Saudi costume with or
without head cover, or if he is wearing casual clothes. By
reviewing the literature, the clo value of the Arabian Gulf
[9]. The summer traditional costume is different according to
the season, in terms of the thickness of the fabric and the
colours, in summer the clothing is made from fine layer of
cotton blend fabric in white color, while in winter, the fabric is
thicker and with a variety of dark colours, it is common to
add a jacket on top of the ensemble when extreme cold
weather is experienced. The headdress is optional and it is
the same in summer and winter. The clo value of the body
dress in summer is 1.05 without headdress and 1.13 if
headdress is worn, in winter the clo value reaches 1.17 and
1.25 with or without headdress respectively, it should be
notice that if jacket is worn, a clo value of 0.45 should be
added to the total clo value. [9,10].

Fig. 6 The questionnaire

For this study, as the questionnaire filling time was minimized intentionally, there was no detailed
question about the clothing ensemble. It was just a simple question if a national dress is worn or
not, and whither headdress is worn with. After close observations on the common trend for the
occupants of the mosque in winter, it was noticed that with extreme outdoor conditions, i.e. under
10 Co, a Jacket was worn by around 50% of the arriving occupants, therefore, a clo value of 0.45
was added to the total clo value of 50% of the total number of respondents, representing the jacket
clo value. It should be noticed that only two Fajr prayer were affected with this adjustment.
The other personal variable is the metabolic rate, as described in the context part; all the
worshippers perform precisely the same movements and activity level, which make it very safe to
estimate the metabolic rate and generalize it to represent all the occupants of the mosque [4]. The
prayer consists of some bodily postures and light relaxed activity, including sitting, kneeling,
bowing, prostrating and standing. It is clearly a low activity and after reviewing the literature [11,12],
the metabolic rate was estimated to be 1.3 met.

4.

Data collection

The study consists of two stages of field data collection, the first stage is conducted during the
winter month of January 2011, and the second stage is to be conducted in the summer month of
July 2011. It should be mentioned that because the prayer times are governed by the solar
calendar, it is more accurate for the study not to spread to cover all the season, because of that,
one week in any month of the middle of the season is focussed on. Furthermore, to ensure the
consistency of the nature of the occupancies, the weekends were excluded, and only weekdays
were investigated.
4.1
The first stage of the field study monitored the outdoor temperature for the month of Jan11, and
monitored the indoor environment of the mosque during the occupancy periods, i.e. prayers,
between 5-12Jan 2011. The study collected indoor variables for 28 prayers, 4 Fajr prayers and 6
for each of Duhr, Asr, Maghrib and Isha prayer. During these investigated prayers, questionnaire
survey was also conducted, the total number of responses reached 534 with an average of 19
responses for each prayer. Each prayer time had different responding ratio reflecting the
occupancy of that prayer time. For example, during Fajr, the total was 51 with an average of 12.75
per each Fajr prayer, Dhuhr reflected a total of 66 with only 13 per each Dhuhr prayer. It is
considered good response because the occupancy of Fajr and Dhuhr prayers are lower than the
other prayer times. Arguably, that is because many regular occupants are at work during the
midday time. On the other hand, during Asr, Maghrib and Isha prayer times, the totals were
135,123 and 159 respectively, and the average was 25,22 and 26 for each prayer time respectively.
4.1.1 Basic results
From the total number of questionnaire
respondents, 33% are under 25 years of
age and 34% are over 45 years, while 19%
and 12% represent the category of 26 to 35
years and 36 to 45 respectively. Moreover,
the questionnaire revealed that 74% of the
occupants travel to and from the mosque by
walking, 20% use car without turning on
-condition, and only 4% use airconditioning facility in the car. This means
that the factor of thermal perception and
previous thermal experience is minimised,
notice that this results are for the winter
stage. For the clothing ensemble, around
60% of the occupants wear the national
costume. For the thermal sensation section,
Fig. 7 Comparison of ASH vote
by comparing the thermal sensation vote for
the sensation during the prayer and the
sensation after the prayer, it was observed that there is a slightly decrease in the score of thermal
sensation vote. Fig.(7) shows a graph that compare the vote for thermal sensation before and after
the prayer is finished. However, the thermal sensation vote during the prayer is the vote that would
be used in the further analysis.
Table 1 Statistical summary
Fajr
Air temperature °C
Mean
STD

21.41
0.39

Dhuhr
22.37
0.63

Asr
22.44
0.69

Maghrib
22.15
0.46

Isha

All

22.43
0.41

22.26
0.6

21.76
Max
Min
20.87
Air velocity m/s
0.044
Mean
STD
0.01
Max
0.055
0.034
Min
Relative Humidity %
Mean
35.03
STD
6.62
40.97
Max
Min
27.37
Operative temperature °C
21.40
Mean
0.45
STD
Max
21.80
Min
20.83
Actual Mean Vote AMV
Mean
-0.31
STD
0.91
1.00
Max
-3.00
Min
Predicted Mean Vote PMV
Mean
0.40
0.13
STD
Max
0.57
Min
0.14
Outdoor temperature °C
11.45
Mean
STD
2.00
Max
13.40
9.20
Min

23.20
21.60

23.06
21.17

22.83
21.50

23.08
21.93

23.2
20.87

0.067
0.07
0.196
0.026

0.08
0.06
0.17
0.02

0.062
0.02
0.092
0.036

0.033
0.01
0.058
0.023

0.056
0.04
0.196
0.023

32.79
4.71
42.02
28.99

31.39
4.91
39.47
25.94

31.63
4.41
36.73
24.61

33.06
4.53
39.86
28.78

32.46
4.96
42.02
24.61

22.25
0.52
23.05
21.68

22.44
0.65
23.01
21.15

22.14
0.46
22.82
21.52

22.56
0.41
23.15
22.01

22.28
0.6
23.15
20.83

0.02
0.79
3.00
-2.00

-0.08
1.10
3.00
-3.00

-0.09
1.23
3.00
-3.00

0.30
1.21
3.00
-3.00

0.02
1.05
3
-3

0.41
0.10
0.59
0.27

0.43
0.14
0.57
0.13

0.42
0.08
0.53
0.24

0.48
0.08
0.61
0.33

0.43
0.11
0.61
0.13

21.31
3.37
25.40
16.70

21.71
2.25
24.70
17.90

19.78
2.67
23.40
16.20

18.27
2.55
22.40
15.70

19.21
2.57
25.40
9.20

Table 1 provides a statistical summary of thermal environment, thermal indices and the outdoor
temperature. The average of the total prayers for each prayer time is presented. From the table, it
is clear that PMV model over estimate the thermal
sensation by 0.4 on ASHRAE scale, further analysis
is needed to investigate this result. On the other
hand, there was a variety of outdoor temperature
recorded during prayer times, ranging from 25.4 °C
to 9.2 °C with a mean of 19.2°C, while the operative
temperature was moving around 20.8 °C and 23.1°C,
apparently this limited range of operative
temperature is caused by the characteristic of the
building, as a heavy concrete structure on naturally
ventilated mode.
4.1.2 Analysis
To compare the AMV and the PMV of the occupants
of the mosque, a liner regression is generated, the
correlation between them is revealed in fig. 8.
However, it is statistically insignificant, so other
methods of comparing AMV and PMV would be
addressed.

Fig. 8 AMV-PMV correlation

It is essential to test if the thermal neutrality
is the same as thermal preference.
Thermal neutrality is the value of any
particular thermal environmental index that
represent a mean thermal sensation vote
of zero on ASHRAE scale or 4 on seven
points scale, while thermal preference is
the temperature that the subject prefer, and
it is not always the same as the neutral
temperature. In this study, thermal
neutrality on the index of operative
temperature, new effective temperature
and standard effective temperature are
revealed.
Every index was binned into 0.5K, then
analysed to
thermal sensation. The fitting a linear
regression model for each index, with
every point is weighted according to the
sample size that it represents. Fig. 9
illustrates the neutral temperature for each
thermal index. The results show that the
neutral operative temperature is 22.2 °C
according to the AMV, while the PMV
predicts that it is 19.3°C. The neutral
effective temperature is 21.6°C and
18.45°C based on the AMV and PMV
respectively. Finally, the standard effective
temperature is 27.3°C for the AMV but
24.84 for the PMV.
To reveal if the neutral temperature is the
comfort
temperature,
the
preferred
temperature analysis should be addressed.
According to the questionnaire, the
answers to the thermal preference
question were binned into 0.5K of
operative temperature. The sample size
that represents each bin used to assign a
weight every point, also, the votes for, no
change were excluded. For operative
temperature of 21°C, 29% of the occupants
that want a change want cooler
temperature, and 71% want warmer. The

Fig.9 Thermal neutrality in TOP, ET and SET

operative temperature increases. Fig. (10)
shows a chart that demonstrate the
preferred temperature that represents 50%
As revealed, the neutral operative
temperature is 22.2°C, while the preferred
operative temperature is 22.24°C. This
applies to the winter season of this
particular context; results may differ
according to season.

Fig. 10 Preferred temperature

4.2

-

The second stage of the data collection is to take place in the same mosque in the summer season,
when the mosque, as well as every other building in Riyadh, operates in air-conditioned mode. It
would be interesting to compare the two sets of data to investigate if the unique context of the field
study affected the final result. It also completes the data, to compare the if the correlation between
the AMV and the PMV is the same in both modes. As this is an ongoing research, the second
stage is proposed to be conducted in the month of July 2011, and it is not ready by the time that
this paper is submitted for review.

5.

Discussion

Thermal comfort in mosques in hot-arid climate is addressed several times in the literature
[12,13,14]. However, it is always conducted in the summer period, because the obvious objective
of them is usually to save cooling energy. Therefore, the results of this part of the study have a big
contribution to the body of knowledge.
here is a decrease in the thermal sensation mean
vote, this is a significant result, because the possible reason for this is that the adaptive opportunity
is no longer minimized after the prayer is finish, and the worshiper is free to adjust.
The fact that the indoor operative temperature range is limited to 2.3Kalven has affected the
analysed data, arguably, the fact that the characteristic of the building, as a heavy concrete
thermally insulated structure operated in naturally ventilated mode, has minimized the reflection of
the outdoor temperature on the indoor operative temperature. Although the correlation between
AMV and PMV was statistically insignificant, by binning the vote on a 0.5K interval of operative
temperature, effective temperature and standard effective temperature, the correlation was
significant. On the other hand, the fact that the neutral temperature is comparable to the preferred
temperature indicates that with the occupants of this particular context, the vote Zero represents
the comfortable sensation as well as the neutral.
However, for the main objective of this research, the next stage should be conducted and the result
should be analysed before any final discussion is addressed.

6.

Conclusion

In the first part of the research, a particular mosque in Riyadh, Saudi Arabia, was investigated in
the winter season, while it is naturally ventilated. All the methodology issues and the basic results
were presented. Correlation between the AMV and PMV was analysed while governed by
operative temperature, effective temperature and standard effective temperature. Moreover, the
results revealed that the occupants are comfortable with the neutral sensation. However, the
second part of the study needs to be investigated before the final conclusion is revealed.

7.
[1]
[2]
[3]
[4]

References
ASHRAE Transactions, Vol. 104, 1998, pp. 145-167.
Vol. 24, No.10, 2000, pp. 21-28.

ASHRAE Journal,

Thermal Adaptation in the Built Environment: A
Energy and Buildings, Vol. 27 NO.1, 1998, pp. 83-96.

Windsor, UK, 9-11 April 2010.

[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

FANGER, P., Thermal comfort , Danish Technical Press, Copenhagen, Denmark, 1970.
Annals Occupational Hygiene, Vol. 20, 1977, pp. 135-140.
DE
ASHRAE
Transactions, Vol. 104 No. 1B, 1998, pp. 1141-1152.
GOTO, T., TOFTUM, J., DE DEAR, R. and FANGER, P., Thermal Sensation and
Thermophysiological Responses to Metabolic Step-Changes , International Journal of
Biometeorology, Vol. 50, 2006, pp. 323-332.
AL-AJMI, F. F.
Therma
ASHRAE Transactions, Vol. 112, No. 2, 2006, pp. 240-244.
of the thermal environment Estimation of thermal insulation and
water resistance of a clothing ensemble
Standardisation, 2007.
Ergonomics of the thermal environment
Geneva, Switzerland: International Organization for Standardization, 2004.
AL-AJMI, F. F.,
Building and Environment, Vol. 45, 2010, pp. 2407-2413.
S
egions with special reference to
Riyadh Part2: For Friday Prayer International Journal of Ambient Energy, Vol. 17 No. 1,
1996, pp. 17-21.
Al-HOMOUD, M., ABDOU, A. and BUDAIWI, I.,
nergy Use and
Thermal Comfort Conditions in Mosques in Hot-Humid Climates Energy and Buildings, Vol.
41, 2009, pp. 607-614.

Selection of construction solutions and materials to improve Indoor
Environmental Quality of buildings
Sandra Monteiro da
Silva
Assistant Professor
University of Minho
Portugal
sms@civil.uminho.pt

Manuela Guedes de
Almeida
Associate Professor
University of Minho
Portugal
malmeida@civil.uminho.pt

Summary
The energy efficiency of buildings is nowadays one of the main concerns of the construction
market. But, Indoor Environmental Quality of Buildings (IEQ) should not be disregarded.
To achieve an adequate quality of buildings it is necessary to consider a set of aspects that are
interconnected and influence each other, not always in a favourable way. The selection of the most
suitable construction solution and materials for the building elements must consider its contribution
for the IEQ (thermal and acoustic comfort, daylight conditions and the indoor air quality) inside the
buildings, its energy efficiency and its environmental impact (considering the embodied energy, for
example), but also the weight of the solution and its effect on the structural project of the building.
The solutions adopted in buildings, usually, only optimize no more than one of the necessary
comfort requirements. In many cases, the best solutions to accomplish different comfort
requirements are not compatible, especially in what concerns natural ventilation and lighting
strategies and the acoustic and thermal performance.
So, it is necessary to have an integrated approach to ensure the best overall behaviour taking into
account all of the, sometimes incompatible, comfort and energy efficiency requirements.
In this work the use of a multi-criteria analysis, to balance all these aspects on the design phase, in
order to assist the designer in the selection of construction solutions and materials will be
presented. The selection of the most adequate construction solutions will increase the buildings
IEQ, energy performance and also its environmental impact.
Keywords: Thermal behaviour, Acoustic performance, Energy efficiency, Multi-criteria analysis.

4. Introduction
Energy efficiency and indoor environmental quality of buildings are nowadays major concerns as
European Union (EU) buildings account for 40% of the total energy consumption and Men spend
about 90% of their time inside closed spaces [1]. Thus, it is mandatory to control the energy
consumption in the building sector, while maintaining, or even improving, the indoor environmental
quality (IEQ), to reduce these needs and, consequently, reduce the EU energy dependency as well
as the greenhouse gas emissions, in accordance with what is prescribed in the Energy Efficiency
in Buildings Directive (EPBD) and reinforced with the "EPBD-recast" [1, 2].
But, as buildings are complex systems, where all aspects are interconnected and influence each
other, an integrated and comprehensive approach to the buildings’ design that enhance indoor
health and comfort besides the energy efficiency should be followed. However, these goals are
often in conflict and there is not a unique criterion that describes the consequences of each

alternative solution adequately and there is not a single solution that optimizes all criteria.
Therefore, thermal quality, acoustic behaviour and energy reduction strategies, that are mandatory,
should be meshed at an early stage with the other requirements to ensure the buildings overall
comfort conditions and energy efficiency. To do so, it is necessary to select the correct materials,
and construction solutions, among a large number of options, on the design phase, to improve the
occupants overall comfort and, at the same time, reduce the energy costs. Furthermore, to make a
conscious selection of the possible alternatives, it is necessary to balance the positive and
negative aspects of each solution into the global behaviour of the building trough a multi-objective
optimization. The number of solutions is also increasing rapidly and a correct comparison becomes
a challenging and difficult assignment as the behaviour of some are affected by imprecision and it
is also necessary to take into account the constraints of the project and the decision maker point of
view.
Multi-criteria decision analysis (MCDA) is, in this way, an important tool in such problems, since it
can be used in any location and employs mathematical models that evaluate alternative scenarios,
taking into account both their objective characteristics (acoustic insulation, U-Value, embodied
energy, etc.) and the preferences of the decision makers regarding the objectives and constraints
of each project.
The aim of this study was to investigate the viability of the use of a MCDA method to assist the
designer in the selection of construction solutions and materials in an early stage of design phase.
A simple case study was studied to demonstrate the feasibility of the approach using the MCDA
method Electre III [3].
This method allows, in an easy and quick way, to outrank construction solutions options according
to a set of criteria pre-established and based on criteria weights and thresholds assigned to each
one. The criteria, criteria weights and thresholds are selected by the design team according to the
objectives and constraints of each project which enable the use of this methodology to a vast set of
possibilities (selection of materials, construction solutions, design alternatives, rehabilitation
scenarios, etc.), based on different criteria, (U-value, acoustic insulation, embodied energy, glazing
area, heating and cooling needs, etc.). This methodology is not specific to a country and can be
used in an early stage of the design phase, when not all the building characteristics are defined.
The case study presented aims to select materials and construction solutions, for façade walls and
floors, based on criteria that are mandatory (U-value and acoustic insulation) and the designer
must conciliate. The embodied energy, weight and thickness of the construction solutions were
also considered as they are a designer concern, affecting the environmental impact of the building,
the structural design and the useful area.

5. Metodology
To achieve an adequate behaviour of the buildings it is necessary to consider either the indoor
environmental quality as well as energy efficiency. It is then essential to optimize the building
envelope, by improving construction solutions and insulation levels, glazing type, optimizing the
thermal and acoustic behaviour, the natural ventilation and daylighting techniques through an
appropriate design and selecting materials with low environmental impact. But the solutions
adopted in buildings, usually, only optimize no more than one of the necessary comfort
requirements. In many cases, the best solutions to accomplish different comfort requirements are
not compatible, especially in what concerns natural ventilation and daylighting strategies and the
acoustic and thermal performance. For instance, the type of window used can have a strong and
opposite influence on the thermal and acoustic performance of the building, just not to mention its
interference with the indoor air quality (IAQ).
The design phase is the ideal moment to mesh and implement all these principals as it is still
possible to implement modifications on the project. So, it is during the design phase that the
energy efficient and comfortable building concepts should be applied, by a judicious selection of
materials, technologies and construction methods to be used.

To test this integrated approach, several construction solutions for the façade walls and for the
floors were studied.
The criteria selected are related to the most important characteristics of the IEQ and the minimum
thermal and acoustic insulation values are also defined in the Portuguese thermal and acoustic
regulations and are mandatory [4, 5]. The U-value and the acoustic insulation of the building
elements influence the energy efficiency and the thermal and acoustic comfort conditions in
buildings, must be conciliated by the designer and they are the issues that are also the most
valued by the users of the buildings.
The embodied energy, the weight and the thickness of the construction solution were also selected.
The embodied energy is considered to account the environmental impact of the construction
solution, as this is nowadays a concern of the building sector.
The weight and thickness of the solutions were selected as they are also relevant to the building
design. These criteria influence the structural design (and the thermal inertia) of the building and its
useful area and are important factors, valued by the designer.
Reduce the building weight is a request of the structure design (to reduce the structure requisites),
but will have a negative influence in the building thermal inertia and also in its acoustic insulation.
The thickness of the solution is also important as the thinner they are more useful area is available.
This criterion cannot be considered on the weight as several solutions with the same thickness
have different weights.
The analysis considered the factors that have influence on the behaviour of the buildings, must be
selected in an early stage of the design phase and are under the designer scope, such as
construction solutions and materials, weight (associated with thermal inertia, acoustic insulation
and to the building structure) and embodied energy.
5.1

Prediction Tools

The prediction of the building thermal behaviour, related to thermal comfort and energy efficiency,
was done using the U-value, determined using the publication ITE50 – U-Values of Building
Envelope Elements [6]. All the solutions selected respect the minimum requirements defined in the
Portuguese Thermal Regulation [4].
The acoustic performance of the building elements the weighted standardized level difference of
the façade (D2m, nT, W), the weighted standardized level difference (DnT, W) and the weighted
standardized impact sound pressure level (L’nT, W) of the floors was estimated using the Acoubat
Sound Program [5, 7, 8]. All the solutions selected respect the requirements defined in the
Portuguese Acoustic Regulation [5].
The embodied energy was assessed using the Cumulative Energy Demand 1.04 method from the
Life Cycle Assessment (LCA) software, SimaPro 7.1.8 [9, 10, 11].
5.2

Room Characteristics

To perform the analysis of the construction solutions for the façade walls and floors a simple
geometry with two floors and two rooms, with, 3m x 4m x 2.5m each, in each floor was defined.
The façade walls have a window with 1.2m x 1.2m.  The  windows’  area  was maintained constant.
The area of the windows was defined to optimize the daylight availability and the solar gains during
winter and minimize the unwanted solar gains during summer, according to the Illuminating
Engineering Society of North America (IESNA) recommendations, corresponding to a Window Wall Ratio of about 20% (percentage that results from dividing the glazed area of the wall by the total
wall area) [12, 13].

5.3

Construction Solutions Characteristics

The construction solutions analyzed for the façade walls and floors are shown in Fig. 1. The
construction solutions selected, single and double pane walls (hollow concrete blocks, brick and
hollow brick), cover a wide range of situations. The study was done for two insulation materials
(expanded extruded polystyrene, XPS, and mineral wool, MW). The insulation could be placed in
the exterior or in the interior of the single pane walls and in the air cavity of the double pane walls.
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Fig. 1 Vertical cross-section of the construction solutions of the walls and floors
Different glazing types and frames were selected for the windows considering the existence of
PVC roller shutters or air inlets in the windows frames. The air inlets were introduced to improve
the air change rate and the indoor air quality. The roller shutters were selected as they are the
most used shading devices in Portugal and they also allow controlling daylight. Roller shutters are
also the most penalizing systems in what concerns thermal and acoustic behaviour of the façade
(when comparing with the venetian blinds and shutters, for example) due to the existence of the
roller shutters boxes.
5.4

Multi-criteria analysis

The multi-criteria decision analysis (MCDA) defines flexible approach models to help the decision
maker, and/or the design team, perform a multi-objective optimization to select the most adequate
solutions to optimize the building IEQ and energy efficiency among a large number of options and
possibilities. The MCDA methods can be applied when there are several decision agents, each one
with different objectives and criteria, sometimes with opposite visions. The problem of the decision
makers is a multi-objective optimization problem [14] characterized by the existence of multiple,
and in several cases competitive, objectives that should be optimized, taking into account a set of
parameters (criteria) and constraints.
This kind of analysis is able to reflect the objectives and limitations of each one of the alternatives
to be studied, but it is necessary to be thorough on selecting the criteria that should be exhaustive
but not redundant (it is recommended to use no more than 12, which represents an acceptable
compromise between feasibility and detailed description) and must be coherent (which are the
criteria to be maximized and to be minimized) [15, 16].
The multi-criteria methodology selected in this work to help the decision maker selecting the most
adequate solutions to optimize the building indoor environmental quality, was the Electre III model
as it may be considered as a decision-aid technique suited to the appraisal of complex civil
engineering projects [17].
5.4.1 The Electre III method
Electre III is a multi-criteria decision analysis method [3] that takes into account the uncertainty and
imprecision, which are usually inherent in data produced by predictions and estimations. The
construction of an outranking relation amounts at validating or invalidating, for any pair of

alternatives (a, b), the assertion "a is at least as good as b". This comparison is grounded on the
evaluation vectors of both alternatives and on additional information concerning the decision
maker's preferences, accounting for two conditions: concordance and non-discordance.
The Electre III method is based on the axiom of partial comparability according to which
preferences are simulated with the use of four binary relations: I, indifference; P, heavy preference;
Q, light preference and R, non-comparability. Furthermore, the thresholds of preference (p),
indifference (q) and veto (v) have been introduced, so that relations are not expressed mistakenly
due to differences that are less important [3].
The indifference threshold (q) defines the value beneath which the decision maker is indifferent to
two option valuations, the preference threshold (p) defines the value above which the decision
maker shows a clear strict preference of one option over the other, and the veto threshold (v)
where a ‘discordant’   difference   in   favour   of   one   option   greater   than   this   value   will   require   the  
decision maker to negate any possible outranking relationship indicated by the other criteria. The
indifference (q) and preference (p) thresholds of any criterion can also be interpreted as the
minimum imprecision and the maximum margin of error respectively [18].
The Electre III method does not allow for compensation, which may occur when using
methodologies based on performance indexes, due to the use of the veto threshold. Using this
method, an option which shows too poor results in one criterion cannot be ranked in a higher
position [19]. The model permits a general ordering of alternatives, even when individual pairs of
options remain incomparable or when there is insufficient information to distinguish between them
[20]. Also, the technique is capable of dealing with the use of different units, the mix of both
quantitative   and   qualitative   information   and   when   some   aspects   are   “the   higher   the   better”   and  
others are  “the  lower  the  better”.

6. Results
In the study performed, the Electre III method was applied to the evaluation of several alternative
solutions for the façade walls and for the floors on the basis of five criteria: thermal and acoustic
insulation, embodied energy, weight and thickness. Table 1 lists the different criteria, thresholds
and criteria weights that were considered in the use of Electre III method for this case-study. The
criteria weights and thresholds presented here are just an example and should be defined by the
design team according to the objectives and constraints of the project.
Table 1 Criteria, criteria weighting and thresholds (criteria to:  - minimize;  - maximize).
Category
(Criteria)
Thermal Insulation (U-Value)
Acoustic Insulation (D2m, nT, W , DnT,
L´nT, W)
Embodied Energy (EE)
Weight
Thickness

Units
2

W/(m ºC)
W

or

dB
2

MJ/m
2
kg/m
cm








Criteria
Weight
25

Threshold
Preference Indifference
0.25
0.10

Veto
0.50

25

5

2

10

20
15
15

220
80
7

80
30
3

460
160
15

The U-Value is a criterion that should be minimized. The D 2m, nT, W and the D nT, W are criteria that
should be maximized. The L´nT, W is a criterion that should be minimized. The weight and the
thickness of the construction solution are criteria to be minimized to reduce the weight of the
building and to increase the useful area available.
The criteria selected are related to the most important characteristics of the IEQ, the thermal and
acoustic comfort. These criteria were also selected because it is possible to define them in a non
subjective way, it is possible to predict them in an early stage of the design phase, they are under
the designer scope and they are the issues that are also the most valued by the users of the
buildings. The minimum thermal and acoustic insulation values are also defined in the Portuguese

thermal and acoustic regulations and are mandatory. The weight and the thickness of the solutions
are also relevant as they affect the structural design (and the thermal inertia) of the building and its
useful area.
The definition of criteria weights and thresholds must take into account the objectives and
constraints of the project and capture the points of view of the decision makers. Thus, to select
them, a sensitivity analysis was performed and the visualization of the outcome impacts was
assessed. The criteria weights were defined taking into account the relative importance of each
one of the criteria. The criteria weighting established for the thermal and acoustic insulation criteria,
associated to the thermal and acoustic comfort, was defined according to the relative importance
of each one to the occupants based on studies performed in Portugal and according to literature
[21, 22, 23]. These studies showed that the thermal comfort and acoustic comfort are the most
valued criteria, as they are linked to thermal and acoustic comfort inside the buildings. The
embodied energy, the weight and thickness of the solutions are essentially a concern of the
designer.
The thresholds were defined according to the criteria characteristics, for example a 2 dB difference
is the threshold at which human beings can perceive differences in noise levels and 5 dB is the
noise difference at which clear preference can be expressed for one option over another [24].
Several alternatives were selected for the façade walls and for the floors, based on different
construction solutions (single and double pane walls) and materials (concrete, brick, mineral wool
(MW) and expanded extruded polystyrene (XPS)). All the options fulfil the Portuguese Thermal and
Acoustic regulations.
6.1

3.1 Façade Walls

The construction solutions analyzed for the façade walls are shown in Fig. 1 and listed in Table 2
(F - façade wall, S - single wall with insulation on the outside and D - double pane wall with
insulation placed in the air cavity). Several options were defined for the opaque part of the façades
walls and for the windows (frame and glazing type) and the existence, or not, of roller shutter
boxes and air inlets. The glazings selected are double pane ones with several air gap and glass
pane thicknesses, as shown in Table 2.
Table 2 Construction solutions studied for the façade (as represented in Figure 1).
Option Wall
Frame
FS1
Single pane concrete wall with 20cm with 4cm of XPS Aluminium
FS2
Single pane hollow concrete block wall, 20cm, with
wood
4cm of XPS
FS3
Single pane hollow brick wall with 22cm with 4cm of
Aluminium
XPS
FD4
Double pane wall, concrete wall with 20cm and
PVC
plasterboard wall with 1.3cm with 6cm of MW
FD5
Double pane wall, hollow brick (11cm) and hollow
Wood
concrete block (12cm) with 5cm of MW
FD6
Double pane wall, hollow brick with 15cm and hollow
PVC
brick with 11cm with 6cm of MW
FD7
Double pane wall, hollow brick with 11cm and hollow
Wood
brick with 11cm with 6cm of MW
FD8
Double pane wall, brick with 15cm and hollow brick
Aluminium
with 15cm with 6cm of MW
FD9
Double pane wall, brick with 11cm and hollow brick
PVC
with 15cm with 6cm of MW
FD10 Ventilated wall, stone with 5cm and concrete wall with
Aluminium
22cm with 6cm of MW
* The first and third value represents the thickness of the glass panes and
thickness, all values in millimetres.

Glazing* Roller box Air inlets
6+12+4 No
Yes
4+12+4

No

No

4+12+6

Yes

Yes

4+12+6

No

Yes

6+8+6

No

Yes

4+8+6

Yes

Yes

6+12+6

Yes

No

4+12+4

Yes

No

4+12+4

No

No

4+12+6

No

Yes

the second value is the air gap

Table 3 lists the results of the prediction of the façade walls behaviour according to the five criteria
selected to outrank the design alternatives. The U-Value, embodied energy and the weight of the
solution are weighted averaged values taking into account the opaque, the glazing part of the
façade and the roller shutter box.
Table 3 Criteria for the different design alternatives studied for the façade.
Options
FS1
FS2
FS3
FD4
FD5
FD6
FD7
FD8
FD9
FD10

U-Value (weighted averaged values)
2
[W/(m ºC)]
1.21
1.02
1.11
1.07
0.96
0.78
0.82
0.84
0.86
1.24

D 2m, nT, W
[dB]
39
42
34
34
34
34
40
44
42
41

EE
2
[MJ/m ]
1768
699
1864
1378
907
1534
1004
2850
2162
3360

Weight
2
[kg/m ]
464
265
208
395
355
227
226
268
296
489

Thickness
[cm]
27.5
27.5
29.5
29.3
32.5
35.5
31.5
33.5
37.5
38.5

The credibility degree matrix and the results of the outranking using Electre III method are
presented in Table 4. The Credibility Matrix gives a quantitative measure to the force of the
statement  “a outranks b”  or  “a is at least as good as b”. Number 1 indicates the full truthfulness of
the assertion and 0 indicates that the assertion is false. The ranking of the alternatives can then be
determined based on the Credibility Matrix through a distillation procedure, where the alternatives
are located firstly following their qualification going from the best to the worse one and then
inversely, from the worse to the best one, defining two pre-ranks. Finally, the final ranking is
achieved by using the results of these two pre-ranks.
Table 4 shows that option FS2 (single pane hollow concrete block wall) is ranked as the best action
and  is  “at  least  as  good  as”  options  FD8  and  FD9 in all criteria, as the number 1 in columns 9 and
10 indicates. This solution has the lower embodied energy and the second higher acoustic
insulation. The double wall with an 11cm hollow brick pane and 12cm hollow concrete block pane
(FD5) was ranked second. The best ranked options are the ones with lower embodied energy.
Table 4 Credibility degrees matrix for the alternative solutions selected for the façade walls.
Non-Dom
Options FS1 FS2 FS3 FD4 FD5 FD6 FD7 FD8 FD9 FD10
A
(A)
FS1
- 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 1.00
FS1
0.02
FS2 0.77
0.67 0.75 0.75 0.73 0.97 1.00 1.00 0.8
FS2
1.16
FS3 0.98 0.00
- 0.00 0.00 0.80 1.00 1.00 1.00 0.95
FS3
0.33
FD4 0.93 0.00 0.00
0.00 0.00 0.00 0.85 0.85 0.88
FD4
0.02
FD5 0.68 0.59 0.53 0.98
- 0.85 0.85 0.85 0.91 0.75
FD5
0.84
FD6 0.42 0.00 0.64 0.52 0.00
0.96 1.00 1.00 0.48
FD6
0.15
FD7 0.00 0.00 0.00 0.00 0.00 0.00
- 0.00 0.00 0.00
FD7
0
FD8 0.00 0.00 0.00 0.00 0.00 0.00 0.80 0.00 0.67
FD8
0
FD9 0.13 0.00 0.00 0.00 0.00 0.00 0.77 0.96
0.75
FD9
0
FD10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FD10
0

6.2

Ranking
Options
FS2
FD5
FS3
FD6
FD4
FS1
FD10, FD9, FD8, FD7

Floors

The solutions studied for the floors and other data obtained for the different criteria are listed in
Table 5, where F stands for floor. As, in general, the floors have the worst performance related to
the impact insulation, this index was selected to represent the acoustic insulation. All the floors
have 0.8cm of wood as top surface finishing, and 1.5cm of plaster as inferior surface finishing,
except floor F2 that have a suspended ceiling with a plasterboard.

All the floors respect the thermal and acoustic requirements for an element separating dwellings,
but some do not fulfil the thermal requirements for envelope elements.
Table 5 Criteria for the different design alternatives for the floors.
Options Floor
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10

Concrete with 15cm, 0.5cm of polyethylene foam
Concrete with 15cm, 0.5cm of polyethylene foam
and a suspended ceiling with 5cm of mineral wool,
1.3cm plasterboard
Concrete with 15cm, 2.5cm of cork, 4cm concrete
Concrete with 20cm, 0.5cm of polyethylene foam
Concrete with 20cm, 2.5cm of cork, 4cm concrete
Pre-stressed   concrete   “T”   beams,   25cm   hollow  
brick pots, 5cm regularization layer, 0.5cm of
polyethylene foam
Pre-stressed   concrete   “T”   beams,   25cm   hollow  
brick pots, 5cm regularization layer, 2.5cm of cork
Pre-stressed   concrete   “T”   beams,   25cm   hollow  
concrete pots, 5cm regularization layer, 0.5cm of
polyethylene foam
Pre-stressed   concrete   “T”   beams,   25cm   hollow  
concrete pots, 5cm regularization layer, 2.5cm of
cork
Hollow core concrete slab with 20 cm, 4cm regularization layer, 0.5cm of polyethylene foam

DnT, W /
U-Value
L’nT, W
[W/m2ºC]
[dB]
2.10
50 / 60

EE
Weight Thickness
2
2
[MJ/m ] [kg/m ] [cm]
1325

390

17.8

0.64

55 / 51

1430

410

34.1

1.00
1.90
0.94

53 / 58
55 / 55
57 / 56

1526
1480
1680

470
555
596

23.8
22.8
28.8

1.43

50 / 60

1089

320

32.8

0.62

53 / 56

1290

415

38.8

1.52

53 / 58

1505

346

32.8

0.65

54 / 57

1706

440

38.8

1.46

53 / 55

1182

430

25.3

The results of the outranking of the floor solutions using Electre III method are presented in Table 6.
The concrete floor with 15cm and with polyethylene foam as resilient layer, option F1, was the
solution best ranked, and none of the option are “at  least  as  good”  as  F1, as the 0 in the second
column of Table 6 asserting that the option listed on the line “is   at   least   as   good   as”   the   option  
listed on the column is false shows. This option is the lighter and the thinner and also one of the
solutions with less embodied energy, but has the worst performance in what concerns thermal and
acoustic insulation and cannot be used as an envelope solution since it does not comply with the
regulations requirements for this kind of pavements.
Table 6 Credibility degrees matrix for the different design alternatives for the floors.
Options
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10

F1
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

F2
0.60
0.64
0.40
0.00
0.60
0.69
0.75
0.49
0.83

F3
1.00
0.60
0.85
0.67
0.85
0.00
0.85
0.00
1.00

F4
0.75
0.00
0.00
0.00
0.06
0.00
0.51
0.00
0.72

F5
0.83
0.66
1.00
1.00
0.80
0.60
0.96
0.60
1.00

F6
0.68
0.00
0.06
0.00
0.00
0.00
0.73
0.00
0.83

F7
0.83
0.91
0.72
0.56
0.00
0.83
0.81
0.73
1.00

F8
0.96
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.85

F9
0.92
1.00
1.00
0.85
0.28
0.92
1.00
1.00
1.00

F10
0.66
0.00
0.12
0.65
0.00
0.60
0.00
0.57
0.00
-

Non-Dom
Ranking
A
Options

F1
F1 1.60
F10
F2 0.17
F6
F3 0.00
F4
F4 0.25
0.00
F2
F5
F8
F6 0.32
F7 0.00 F3, F5,F7,F9
F8 0.04
F9 0.00
F10 0.34

The hollow core concrete slab (F10) that is one of the floors with best acoustic performance was
ranked second. The slabs with floating layer of concrete, F3, F5, F7 and F9, that are the thicker
and have the higher embodied energy are the worst ranked.

The best ranked options for the floors were not the ones that had the best performance in the
criteria with highest weights. This example shows that applying this methodology, due to the use of
weights and thresholds, the best action is not the one associated to the highest weight, even if it is
the one that has the best performance in that criterion.

7. Conclusion
This methodology allows, in an easy and quick way, to outrank construction solutions options
according to a set of criteria pre-established and based on criteria weights and thresholds assigned
to each one. The design team has the possibility to change the criteria, criteria weights and
thresholds according to the objectives and constraints of the project which enable the use of this
methodology to a vast set of possibilities (selection of materials, construction solutions, design
alternatives, rehabilitation scenarios, etc.), based on different criteria, (U-value, acoustic insulation,
embodied energy, useful area, glazing area, heating and cooling needs, etc.). This methodology is
not specific to a country and can be used in an early stage of the design phase, when not all the
building characteristics are defined.
This method does not allow for compensation, allows a general ordering of alternatives (even if
individual pairs of options are incomparable or when there is insufficient information to distinguish
between them), is able to deal with the use of different units, quantitative and qualitative
information and aspects that must be maximized with others that should be minimized.
The disadvantages of the methodology are the need to compare a large set of alternatives, to be
able to select the best one, because it is difficult to select a representative set of alternatives and if
a limited number of such solutions have been defined, there is no guarantee that the solution
finally reached is the optimal, the necessity to determine the different solutions characteristics
(thermal and acoustic insulation, embodied energy, etc.) and also the time needed to perform this
detailed analysis.
The need to define criteria weights and thresholds that must consider the objectives and constrains
of the project and also take into account the points of view of the decision makers in the selection
process, is a strength and also a weakness as may introduce some subjective inputs but allows
the method to be easily adapted to each situation and location.
The example here presented allows a robust analysis of the building elements as it comprises a
broad study of each alternative through a detailed analysis of the main factors that affect the IEQ,
based on the thermal and acoustic insulation levels and the embodied energy of the construction
solutions.
Throughout the multi-criteria analysis performed, it was possible to verify that there are a large
number of construction solutions that, when adequately used, will assure all the needs, being only
necessary to integrate the exigencies of all the different requirements.
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Summary
Authors already presented the effectiveness of energy monitoring for reduction of energy use and
CO2 emission by optimization of MEP equipment operation.
However, so far, the following methods depend on tacit empirical knowledge of well experienced
engineers;
-method to identify what data should be collected for optimization of MEP equipment operation
-method of optimization, especially in cases on the huge building with enormous amount of
monitoring data
-method to deal with inconsistency of collected data because of variety in granularity, limited
numbers of measured points as well as data missing.
Respecting on immaturity of theoretical basis for the methods above, through case study, this
paper aims to construct theoretical basis for heuristic methods for large-scale complex building by
utilization of energy monitoring system developed by the authors.
Case study building has more than 200,000m2 in total floor area and is composed of high class
hotel, national theater, international conference center, and exhibition hall. In order to utilize the
data available by already installed BEMS (Building Energy Management System), the author
connected BEMS to internet. Consequently, some 1400 measurement points of BEMS are
involved on energy monitoring system where data are collected in every minute from all measuring
points.
The developed theory is based on heuristic process. The theory is applied and verified in case
study building. The theory includes tacit empirical knowledge of well experienced engineers. The
developed theory can investigate the possibility of the inefficient MEP operation by analyzing few
fundamental monitoring data, such as outside air temperature, electricity demand, and cooling and
heating load. After this fundamental analysis, the theory can point out which measurement points
are important for optimization of MEP equipment operation.
Keywords: Energy management system, Energy monitoring, Energy conservation, Heuristic
optimization, CO2 emission

1. Introduction
! Authors already presented the effectiveness of energy monitoring for reduction of energy use
and CO2 emission by optimization of MEP equipment operation.
However, so far, the following methods depend on tacit empirical knowledge of well experienced
engineers;
-method to identify what data should be collected for optimization of MEP equipment operation
-method of optimization, especially in cases on the huge building with enormous amount of
monitoring data
-method to deal with inconsistency of collected data because of variety in granularity, limited
numbers of measured points as well as data missing.
Respecting on immaturity of theoretical basis for the methods above, through case study, this
paper aims to construct theoretical basis for heuristic methods for large-scale complex building by
utilization of energy monitoring system developed by the authors.

!" Case study building#
#
!"#

Outline of building$
$
$
Case study building is large-scale complex facilities composed of high class hotel(71,277m2),
national theater(16,723m2), international conference center(31,224m2) and exhibition
hall(51,990m2), which has more than 200,000m2 in total floor area. Each building is connected by
pedestrian deck(70,847m2) and basement car park(47,207m2). The facilities are used 24/7. One
line of utility power is led to the building site, and electricity is distributed to substations in each
building. In addition, the facilities are equipped with a generator of 3,800kW, which can combine
with utility power for peak demand hours. As heat source for air conditioning and domestic hot
water, cold water and steam are supplied from district heating and cooling(DHC) plant, and
distributed to each building. Fig.1 is the externals of the building.

!

!

Fig.1 Externals of large-scale complex facilities!!
!

!"! Energy use$
$
$
! Fig.2 shows the variation of electric power consumption per hour for the buildings over a
year(November 1, 2009 – October 31, 2010). Zero expresses lack of data. The lowest is approx
2,000kW, and the highest is approx 7,000kW. Fig.3 indicates the variation in outside air
temperature at hourly intervals for the same period, and the highest cooling and heating load,
approx 45,000MJ and 26,000MJ respectively.
!
kW

Fig.2 Variation in electricity consumption(November 1, 2009 – October 31, 2010)!!

!

!

Fig.3 Variation in outside air temperature(November 1, 2009 – October 31, 2010)!

!

!

$" Heuristic energy use analysis and optimization methodology of
energy consumption characteristics#
#
%"#

Grasp of electricity and heat demand characteristics to investigate the possibility of
the inefficient MEP operation$
$
$
First of all, authors tried to grasp the tendency of variation in outside air temperature, electric
power consumption and cooling heat. Fig.4 and Fig.5 are scatter charts, indicate the relations
between outside air temperature and electric power or cooling heat consumption. Each chart has
8,760 points representing every hour data over a year. Light blue dots represent daytime in
summer(April 1 – November 14, 8:00-20:00), green is night-time in summer(April 1 – November 14,
20:00-8:00), pink is daytime in winter(November 15 – March 31, 8:00-20:00), blue is night-time in
winter(November 15 – March 31, 20:00-8:00).
!

Fig.4 shows that outside air temperature and erectric enegy consumption are incorrelated, which
is caused by utilizing cold water and steam from DHC plant, and not having individual heat source
in the building.
On the other hand, Fig.5 shows that outside air temperature and cooling heat demand are
correlated in the daytime of summer. However, in the night-time of summer, correlation between
outside air temperature and cooling heat demand is less remarkable than daytime. From Fig.5, it
turned out that cooling heat consumption is extremely little during both of day and night when
outside air temperature is below 15 degrees in spring, autumn and winter. For a further
investigation, authors summarise the data on Fig.6 in view of incidence of each amount of cooling
heat consumption. The circle on Fig.6 markes small cooling heat demand of 5,000MJ or less under
the outside air temperature of 15 degrees, and it reaches 71% of the hours a year. This small
cooling heat demand is seen when outside air temperature is 15 degrees or less,which can be
used for out outside air cooling. 5,000MJ is 11% of the highest cooling heat demand of the
building ; 45,000MJ, however the capacity of cold water pump is too large to correspond to the
small amount of cooling heat demand. As a result, temperature difference between supply and
return cold water becomes small. Accordingly, power for transport and heat loss from pipes causes
the efficiency decrease in energy consumption.
Furthermore, authors interviewed system operator in order to specify 24-hour cooling area, and
found out cold water is suppplied to some FCUs in small rooms for 24 hours. Therefore, some air!
conditioning units are tuned off, or individual
heat source introduction
plan
is advanced.
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!
! Fig.4 Correlation in outside air temperature! ! ! ! ! Fig.5 Correlation in outside air temperature
and electric power consumption
and cooling heat consumption!
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3.2

Grasp of demand characteristics of each facilities and peak demand management
$
Author tried to grasp the characteristics of electric power consumption in each facilities in order
to manage electricity and cooling peak demand in the buildings. Fig.7 is annual data at hourly
intervals, which shows the relations of electric power consumption between each building and total
amount of electricity used for all facilities on site. For the national theater and the international
conference center, plots are scattered inside of rectangle frame on the chart. That indicates
electricity demand of each facilities hardly influences the electricity demand of the entire facilities.
In spite of lack of data about the hotel, it turns out that electricity demand of the hotel and that of
the entire facilities are slightly correlated. On the other hand, electricity demand of the exhibition
hall and that of the entire facilities are considerably correlated, and the tendency is obviously
different from other facilities. Therefore, electricity demand control of the exhibition hall leads to
effective electricity demand management of the entire facilities.
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Fig.7 Correlation of electricity demand between each facilities and entire facilities 7!!
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Fig.8 is annual data at hourly intervals,which shows the relations of cooling demand between
each building and all facilities on site. Cooling demand of the national theater and the international
conference center hardly influences the cooling demand of the entire facilities. On the other hand,
cooling demand of the exhibition hall and that of the entire facilities are considerably correlated,

and the tendency is obviously different from other facilities. Therefore, cooling demand control of
the exhibition hall leads to effective cooling demand management of the entire facilities in a similar
way of electricity.
National theater

Exhibition hall

International conference center

Area
Mcal/h

Total
Mcal/h

Fig.8 Correlation of cold heat demand between each facilities and entire facilities
!
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! To verify the possibility of cold heat demand management, author examined the hourly data of

September 2,2010. Energy consumption on this day is close to peak demand for both of electricity
and cold heat.
Electric power consumption reached the highest level: 6,740kW at noon.(Fig.9) Electric power
consumption data at hourly intervals like Fig.9 indicates the tendency of daily electricity
consumption and the ratio of consumption of each building, however it can not be of help to verify
the optimization of energy use. Therefore, author made the same trend chart of each building with
data of electric power consumption per minute: Fig.10. The amount of electric power consumption
such as 200kW, 300kW, 500kW per minute is recorded on the figure. When the highest amount of
consumption per hour: 6,740kW is used constantly in every minute, the electricity consumption per
minute can be 112kW. However, actual consumption varied from 100kW to 500kW. As the
measurement granularity on existing BEMS is 100kW per pulse, detailed tendency of electric
power consumption could not grasped.
The highest amount of cold heat consumption is 10,800Mcal/h (45,200MJ) on the same day.
Fig.11 made of hourly data, indicates cold heat consumption per hour; the same as electricity data.
Therefore, we made the same trend chart of each building with data of cold heat consumption per
minute: Fig.12. Cold heat demand for the national theater and the international conference center
during daytime is stable. On the other hand, cold heat demand of the exhibition hall widely varied
from 150 to 250 Mcal per minute This data shows that cold heat is not controlled properly; cold
heat is supplied excessively. With further analysis and implovement of this control system, cold
heat demand in the exhibition hall is to be controlled, and that leads to proper demand
management of entire facilities.
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"Left : Every hour data of the entire facilities Right : Every minute data of the exhibition hall#!
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"Left : Every minute data of the national theater Right : Every minute data of International conferendce center!!
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%" Discussion about data missing and variety in granularity#
##
&"#

Discussion about data missing$
$$
$
Consideration of data missing in energy monitoring is an issue, which is not discussed enough.
In this chapter, author would like to discuss how lack of data influences the analysis of this study
case.
For the trend chart of electricity demand: Fig.2, and the correlation chart of electricity demand
between the entire facilities and the hotel: Fig.7, Approximately 1,200 data is lacked, which is
14.7% of annual data: 8,760 data. However, heuristic optimization process is not influenced by
that.
!

!

!
Fig.2 Variation in electricity consumption!!
!

About Fig.2, the key to evaluate data is investigating the variation from the lowest point to the
highest point with the annual data. In this case, the lowest point keeps constant during night-time
and the highest point does not change by the season. Therefore, the lack of data does not influence the assessment. About Fig.7: electricity demand of the entire facilities and the hotel, the correlation is investigated by plot distribution area. The plots on Fig.7 are in the area where correlation
is not seen. Therefore, evaluation is not influenced by lack of data.
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Fig.7 Correlation of electricity demand between each facilities and entire facilities!
!
! Although the samples to discuss this issue are not many, it can be said that the lack of date does

not considerably influence the evaluation results.
!

4.2

Discussion about variety in granularity

! In many cases of energy monitoring, existing BEMS data is utilized for analysis. For this case
study also existing BEMS data is utilized. And in some cases, data granularity is not suitable for
the analysis. To grasp the variation of electricity demand with every hour data on Fig.9, the data
granularity of 100kW is appropriate, however, to do the same investigation with every minute data,
it is difficult to analyze by the same granularity of data. For the analog data such as calorie, which
is appeared in the cold heat peak demand graph of Fig.11, the same data granularity can be
utilized for both of every hour data and every minute data. For energy monitoring, especially
collecting degital data such as electricity, data granularity need to be sufficiently considered.
!

5. Conclusion

!

Inductive optimization of enegy use is examined by energy monioring data of a large-scale
complex building, and the following were verified.
!
$The factors to optimize energy use can be specified by 10 point of monitoring data: outside air

temperature, electric power consumption of the entire facilities and each area and heat
consumption of the entire facilies and each area.
!In the case of utilizing data mentioned above, the optimization process is hardly under the
influence of lack of data.
!Granularity of monitoring data need to be determind depend on type of data: analog data or
degital data. In some cases, there is a possibility that degital data can not be analysed due to data
granularity.!
!
!

Acknowledgement
This study was executed as energy conservation WG of Pacifico Yokohama. I would like to
express my gratitude to Mr. Wada ,Mr. Izawa and the member of WG.

Sustainable refurbishment of existing buildings
Matthias Haase
Research
Scientist
SINTEF Building and
Infrastructure
Norway
Matthias.haase@sintef
.no

Summary
The largest potential for decreasing green house gas emissions, and therewith mitigating the
effects of global climate change, comes from improving energy efficiency. Once this is done an
efficient way of renewable energy supply with low related CO2 emissions is needed. However, in
Norway the potential for building integrated solar applications has long been underestimated. New
building codes demand a fraction of between 40% and 60% which shall be covered by renewable
energy sources.
This paper investigates the potential of different renewable energy application (solar thermal, PV,
and wind) in a commercial building refurbishment project in rural Norway. Different construction
levels with different levels of energy efficiency and different levels of heating demand were
assumed. A cost effectiveness analysis was done comparing refurbishment costs with renewable
energy supply system applications. In addition, CO2 emissions from operation phase were
compared and evaluated.
The results show that some renewable energy supply applications are more cost effective than
‘energetic’ refurbishment. It also turned out that the level of local community integration (and
commitment) is of special importance (with regard to size of wind turbine, CHP system size and
local district heating distribution). Furthermore, the integration of solar applications into facade and
roof refurbishment can help to find cost effective solutions that minimize total CO2 emissions of the
built environment.
Keywords: Include list of keywords (maximum of ten keywords)

1. Introduction
Energetic refurbishment of the Norwegian building stock has been pointed out as a major strategy
in cutting greenhouse gas (GHG) emissions according to the Kyoto-protocol [1]. The largest
potential for decreasing green house gas emissions, and therewith mitigating the effects of global
climate change, comes from improving energy efficiency. Once this is done an efficient way of
renewable energy supply with low related CO2 emissions is needed.
Utilizing solar power in buildings is a topic which received much attention in the past twenty years.
In Norway, the potential for building integrated solar applications have long been underestimated.
New building codes that will be published later this year (2010) will demand a fraction of between
50% and 60% which shall be covered by renewable energy sources. During the same period
Norway is planning to tighten the building regulations with regard to heating losses, net energy
demand, delivered energy, and share of renewable energy sources [2].

2. Purpose of this study
Fig. 1 Plans of the project

The Linesøy project aims at
renovating an existing building
structure towards a minimized energy
use in the operation of the building.
The project is now under development
with a passive house concept that
minimizes energy use. The building
owners asked to find possibilities for
up to 100% renewable energy supply
on the site. Here, it was assumed that
the building provides the same
amount of energy produced on-site
from renewable sources (sun and
wind) as it consumes over the whole
year.
The project owners wants to develop
a multipurpose building with different
areas and use of the building, see
Figure 1 and 2. Around half part of the
ground floor is a residential unit
(140m2) whiles the rest of the ground
floor and the basement are divided
into multifunctional spaces and a
small café (220m2). The total area of
the building is estimated to be
approximately 360m2.

3. Methodology
Fist,
an
energy
budget
was
determined. Here, an estimate of
areas use and installed power
(according to NS3700) was made [3].
Assumptions about operation time for
different parts of the building were
determined which led to a calculation
of energy demand (specific and total) with a division of energy need into heat and electricity. Then,
a model of the building has been set up and validated with measured data. Cost effectiveness
analysis has been applied in order to determine measures to reduce delivered energy (as required
in energy labeling scheme) in order to comply with technical requirements and/or ‘energy labeling’.
A dynamic building simulation program (Simien) was used and validated with measured data. [4]. A
detailed description of the building simulation model can be found [5]. Here, first net energy
demand of the building was simulated with Orland weather data (Meteonorm) based on average
measured weather data from the period 1961-1990. This model (MOD1) was validated by
comparing results with measurements.
TEK07 requires further normalized user profiles to be used. Operation times of ventilation system
and lighting are pre-set together with airflow rates of the ventilation system during operation as well
as outside operation. These user specific figures were different in the validation model described
above. Thus a second model (MOD2) was necessary which gave total simulated and normalized
delivered energy. Results were used together with recommended energy supply system

efficiencies from NS3031 in order to determine delivered energy. This was done by running the
normalized model (MOD2).
Then, the energy savings of three different refurbishment strategies were estimated.
The first strategy applies several measures in order to reduce heat losses of the building
envelope. Here, changing windows, walls, and roof was considered together with air
tightness strategies.
The second strategy applies further measures to enhance energy efficiency and passive
solar heat by introducing ventilation components (heat recovery system and ducts), by
energy efficient lighting and equipment and by adding a shading system.
The third strategy identifies measures regarding the energy supply system, applying not
only solar thermal and PV systems but also looking at other systems with very low
operational CO2 emissions (wood boiler, heat pump).
With the help of potential energy savings and projected energy costs the maximum investment
costs were estimated that result in cost effective refurbishment. Here, an interest rate of 4%, a
building life time of 20 and 50 years were taken as basis according to the technical requirements
[6].
The equation used for determining cost effectiveness was derived from TEK07 and is based on net
present values (NPV) calculations:
Net present value = savings – investment + increased value
=
with
I
R
B
r
n

B

×

(

)

+

(1)

= investment costs (in NOK)
= residual of increased value of building due to investment
= annual energy costs savings (in NOK/a)
= interest rate of 4%
= lifetime of building (50 years) or system (20 years)

E C

(2)

with
E = annual energy savings (in kWh/a)
C = annual energy costs (NOK/kWh) for all delivered energy (heating, cooling, electricity), here
assumed to be between 0.60 and 1.0 NOK/kWh

4. Results
4.1

Facade refurbishment

As shown in Table 1 the residential area requires appr. 72 kWh/(m2a) total. Here, it was assumed
constructing the building according to passive house standard [3], with minimum heating need
(only 1500h per year operation which leads to 15kWh/(m2a)) but with an additional heater for 420h
of extra cold periods (as a safety measure). This is in total 25 kWh/(m2a) for heating purposes
which is also discussed as a value in the passive house research community teo be allowed in
refurbishment projects.
The multifunctional part of the building (220m2) is assumed not to be operated in the winter. Thus,
there is no energy budget for heating. The operation of the multifunctional part is limited to 900h
per year reflecting the plan that it is used for events on weekends only. These assumptions lead to
minimal energy budget of 22 kWh/(m2a).

Tab. 1 Energy budget for MOD1
heat
kWh/a
space heating
1400
ventilation heating
2100
domestic hot water (DHW) 3089
fans and pumps
lighting
technical equipment
cooling
cooling coil
Sum
6589
2
2
kWh/(m a) (360m )
18.3

electricity total
kWh/a
kWh/a

1279
2050
2819
2200
0
8348
23.2

14937
42

Tab. 2 Energy budget for MOD2
heat
kWh/a
space heating
3600
ventilation heating
5400
domestic hot water (DHW) 7129
fans and pumps
lighting
technical equipment
cooling
cooling coil
Sum
16129
kWh/(m2a) (360m2)
44,8

electricity total
kWh/a
kWh/a

2830
2726
4193
0
0
9749
27,1

25878
71,9

Total energy budget was calculated
with the specific data and area data
and divided into need for heat and
electricity. Table 2 gives the sum for
heating and electricity. Here, space
and ventilation heating and warm
water was assumed to be heat while
electricity use was assumed for fans
and
pumps,
lighting,
technical
equipment and cooling (assuming a
heating system that is not based on
electricity). With the assumptions
described above the Linesøya project
has an annual energy budget of 14937
kWh. This can be divided into 6589
kWh heat and 8348 kWh electricity.
With these energy budget figures it is
possible to estimate renewable
energy supply systems.
For code compliance calculation, the
model was run with standardized data
(MOD2). The whole building was
simulated as residential with 8732
hours of operation. Table shows the
energy budget data. The project has
an annual energy budget of 25878
kWh. This can be divided into 16129
kWh heat and 9749 kWh electricity.
It can be seen that MOD1 and MOD2
have a complete different energy
budget.

4.2
Renewable energy supply
In order to estimate the electricity that can be produced with a PV system the losses were
estimated:
Nominal power of the PV system: 10.0 kW (crystalline silicon)
Estimated losses due to temperature: 7.7% (using local ambient temperature)
Estimated loss due to angular reflectance effects: 3.0%
Other losses (cables, inverter etc.): 14.0%
The combined PV system losses were thus estimated to 23.0%. In order to produce electricity to
match demand the installed PV area needed is 108 m2 (or 10.8 kWp installed power, assuming
10m2 per kWp).
Tab.3 Energy supply systems and their efficiencies
With estimated system costs of
between 3.5 and 5 €/Wp (installed
Heat
Eff.
Electricity
Eff.
1
electricity from grid 0.98
electricity from 0.98
grid
2 gas
0.73
electricity from 0.98
grid
3
oil
0.73
electricity from 0.98
grid
4
Heat pump
02.des electricity from 0.98
grid
5
50% supply of 4,64
electricity from 0.98
DHW from solar
grid

6

7

8

9
10

11

thermal
system,
rest from oil
50% supply of
DHW from solar
thermal
system,
rest from gas
50% supply of
DHW from solar
thermal
system,
rest el.
50% supply of
DHW from solar
thermal
system,
rest biofuel
biofuel boiler for
heating and DHW
biofuel
CHP
produces
100%
heat (heating and
DHW) with 30% el
output

4,64

electricity from 0.98
grid

4,765

electricity from 0.98
grid

4,695

electricity from 0.98
grid

0.84

electricity from 0.98
grid
electricity from 0.98
grid

0.84

0.84

12

biofuel boiler for 0.84
heating and DHW

13

PV
system 100
produces heat

14

biofuel boiler for 0.84
heating and hot
water

biofuel
CHP
produces
100%
electricity with
heat
production as
by-product
PV
system
produces
electricity
PV
system
produces
electricity
wind
turbine
system
produces
electricity
wind
turbine
system
produces
electricity

0.84

100
100

power) the PV system costs appear
to be between 301260 and 430371
NOK (assuming 8NOK/€) which will
give a simple payback period
between 45 and 65 years (assuming
constant saved energy costs of 0.8
NOK/kWh).
Costs should be calculated taking
integration effects into account (e.g.
integrating PV in solar shading
system and taking only extra costs
into account). Assuming a necessary
advanced shading system on the
south facing façade with appr.
3500NOK/m2 which will be integrated
with a PV system (at 500€/Wp =
4000NOK/m2) will lead to 500NOK/m2
extra costs for the PV system (with a
simple payback period of 7.5 years).
There
are
of
course
many
assumptions in this calculation.
The solar fraction of the solar
collector system for domestic hot
water (DHW) was assumed to 55%.
This is based on a plate collector
system with an inclination angle of 44 °
from the horizontal, oriented toward
the south. Solar thermal system
includes a storage tank of 200 liters.
The annual DHW demand is 3000
kWh which is typical for a family of 3
persons [7].

50

With a 7m2 solar collector and system
efficiency of 60% the heat supply was
estimated and is shown in Figure 6.
Here, different inclinations of the
15 Wind
turbine 50
50
collectors
were
taken
into
system produces
consideration, reflecting different
heat
approaches of integrating them into
the building. An inclination of 0°
means horizontal collectors integrated into a flat roof while 30° and 44° indicate different roof
angles or separate lifted installations. 90° inclination is relevant for integration in the vertical façade.
Additional costs for solar system relative to a conventional system based on only electricity will be
appr. 30,000 NOK, because a hot water tank is certainly needed (cost 10,000 NOK). Solar heating
plant is estimated to cover 60% of hot water needs, i.e. 2000 kWh / year. With an assumed
average price of electricity at 80 cents / kWh, the following annual savings can be reached by
replacing electric heating with solar heating:
results in a payback period of 19 years.
For a 15m high wind turbine the electricity output of wind turbines was calculated using the
formulas above. Calculations were done for two different capacity factors and different sizes of the
rotors. The results are shown in Figure 9 where it can be seen that an increase in rotor size
increases the electricity output (between 188 and 1176 kWh for 10% capacity factor) but the

capacity factor is influencing the output to a large extent (between 1176 and 3530 kWh for the 5m
radius wind turbine).
4.2

CO2 emission

Fig. 2 Results for MOD1

Fig. 3 Results for MOD2

In order to calculate delivered energy
and related CO2 emissions according
to the Norwegian building codes, calculation methods and CO2 factors of
different energy sources were used
[8]. There must be noted that there is
no national agreement on the CO2
factors and thus a great uncertainty in
these figures, especially the CO2 factors for electricity from the grid. Here,
NS-EN15603 proposes to use provided figures until national figures are
established. Table 3 gives an overview of different energy supply system options with its related efficiencies that were used to calculate delivered energy. Results of delivered
energy and related CO2 emissions
are shown in Figure 2 and 3.
The most important decision help are
related CO2 emissions. Here, all
options result in reduced CO2
emissions. Option 4 (heat pump)
results in lower CO2 emissions than
option 3 (natural gas). It can further
be seen that options 2 and 3 (gas and
oil boiler respectively) results in CO2
emissions reduction of 33% and 42%.
The use of minimum renewable
energy supply (50% of heating option
5) results in 13% CO2 reduction while
biofuel options 8 and 9 reduces CO2
emissions by 37% (40% respectively).
Option 6 and 7 help to reduce
delivered energy as well as CO2
emissions but the later will not be
feasible. Those options that use CHP
with biofuel (options 10 and 11) result
in a higher amount of delivered
energy. This could affect results in an
energy rating scheme (which relates
energy performance to delivered
energy) [9]. Note that option 11
deliverers more heat than needed in
the building which could be used
elsewhere.

Fig. 4 CO2 emissions for code calculation (MOD2) and
saved emissions (MOD1)

A supply system with PV as energy
supply (option 12 and 13) show
emissions
slightly
higher
CO2
compared to option 11 due to
relatively high emissions from PV. A
supply system with wind turbines as
energy supply (option 14 and 15) can
help to minimize CO2 emissions from
operation of the building with option
14 showing a minimum of 217 kg CO2
emissions per year. Again, there must
be noted that there is a great
uncertainty in these figures.
Figure 4 shows the total CO2
emissions for the different energy
supply systems. The total bars show
the results from MOD2 calculations
while the dark bars indicate the
potential CO2 savings. The light bars
then indicate the CO2 emissions
related to MOD1. It can be seen that
option 4 (heat pump) provides good
results. Options 10 to 15 are resulting
in even lower CO2 emissions. The
options with wind turbine result in the
lowest emissions.

5. Conclusions
The total energy consumption in the Linesøya project was assumed to be minimized with different
measures. First, the Norwegian passivhus standard (NS3700) was applied for the residential
building part. Then, temporary use of the rest of the multipurpose building was assumed. This
resulted in a total specific energy consumption of only 42 kWh/(m2a) with 44% heat and 56%
electricity need.
This minimized energy budget was then a starting point for the analysis of different renewable
energy supply systems. Costs should be calculated taking integration effects into account (e.g.
integrating PV in solar shading system and taking only extra costs into account). Assuming a
necessary advanced shading system on the south facing façade which will be integrated with a PV
system (additional costs of appr. 50000NOK) will lead to a simple payback period of 2 years (at
energy costs of 1.2NOK/kWh). There are of course many assumptions (not at least increased PV
costs) in this calculation but it illustrates a large potential for integrated and cost effective solutions.
It will not be feasible to have an autarkic system rather a net energy and net emissions balance
over the year. Here, a clear definition of the boundaries of the balance is needed in order to be
able to optimize buildings energy performance with energy supply system and political goals of
emission reduction. The size of the building is also an important factor for providing sufficient area
for PV installation.
Another decision help is related CO2 emissions, once national factors for electricity from the grid
have been established. Here, different options result in reduced CO2 emissions. A supply system of
biofuel and wind (option 13) shows a minimum of 217 kg CO2 emissions per year. It can be seen
from the results that none energy supply system can completely avoid CO2 emissions. Here, a
CHP system that produces its own electricity from biofuel (option 10) deliverers more heat than
needed in the building. If this heat could be used elsewhere, e.g. a neighboring building so could

this lead to a negative CO2 emission balance. It remains to be seen whether or not this option will
be allowed under new NZEB definitions that are under development.
When comparing delivered energy and CO2 emissions from the relatively low energy use of large
parts of the building due to the projected minimal use of the building during the winter period with
the code compliance calculations makes it difficult to draw too general conclusions. One the one
hand this case allows the use of renewable energy sources to meet the energy needs on an
annual balance. The sizing of the energy supply systems have to be adjusted to real energy
consumption. The standard calculation of delivered energy and CO2 emissions can rate the
building but mislead in balances. Ultimately, investment costs that are far below the live span of the
building indicate sustainable solutions but only for a building use that drastically reduces its use
and its energy consumption. Should net zero energy balance be allowed on the basis of real
energy use in the building? Does the building owner not get the choice between investing in
renewable energy supply systems or saving the energy by not using it?
In addition, the payback periods of all supply systems analyzed indicate that they are not
considered to be cost effective investments. Here, further research should investigate incentive
systems and develop economic models that take societal costs and benefits on a macroeconomic
level into account.
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Summary
The façade of a building has a significant impact on the operational energy consumption and the
materials used influence the embodied energy. Textile cushions have physical performance criteria
that allow them to replace glass as a cladding material in certain situations. A survey performed in
Australia revealed major ‘stepping stones’ in the market distribution of textile materials, especially
for ETFE cushions. Based upon this survey this paper fills existing gaps of knowledge to enable
increased application of textile materials by comparing two projects. One small size project in
Melbourne, Australia, and a large size ETFE roof in Beijing, China, was analysed. A glass solution
including the support structure and the embodied energy were calculated. The results show a
significant differences in the initial embodied energy and life cycle energy of the ETFE, making it
the better performing material holistically viewed.
Keywords: Textile materials, building envelopes, embodied energy, sustainable construction, life
cycle assessment, energy efficiency

1. Introduction
The façade can have a significant impact on the operational energy consumption of a building [1].
According to the materials used it also influences the embodied energy. It is therefore important to
compare different materials in regards to their environmental impact. Textile structures offer
various benefits in regards to sustainable design solutions when applied in a building envelope.
With the focus on comparing textiles to other transparent materials, such as glass, a survey of a
number of large architectural firms in Australia clearly indicated challenges for the materials’
implementation and the need for further clarification on material characteristics and its application.
Of particular concern was the lack of information on the life cycle environmental impacts of textile
materials, such as ETFE foil cushions in comparison to traditional glass. This paper helps to fill this
gap using two case studies; a small and large size project in Melbourne, Australia and Beijing,
China. The built ETFE structures are compared with a glass roof in regards to its initial embodied
energy as well as the energy requirements associated with its on-going maintenance.

2. Background
2.1

ETFE

Various types of textile materials exist on the market; one of the most common ones are ETFE
(ethylenetertafluoroethylene) and PTFE (polytetrafluoroethylene). Whereas ETFE materials are
predominantly applied as inflated cushions, PTFE is normally used for shading structures. ETFE is
the focus of this study due to the many advantages that stem from the material’s properties [2], [3],

[4], [5]:
- Light transmittance: The visible light transmittance can be as high as 90 per cent and is
therefore able to replace glass, which roughly has similar values.
- Embodied energy: ETFE cushions require up to 10 times less energy to produce than glass
as previous research indicates.
- Weight: Foils are lightweight structures (1-1.5 kg/m2) in comparison to a double-glazed unit
(approximately 30 kg/m2).
- Spans: ETFE cushions can span from 3 x 6 m up to 3.5 x 25 m and a single layer system
can be manufactured almost to any size. Regular sizes of glass can be approximately 1 x
4 m.
Furthermore, ETFE cushions can integrate frit patterning to provide shading qualities; in a threelayered system, this can even respond to changing sun angles. The heat transmission (u-value)
can be approximately 2 W/m2K for a triple layer cushion and its life span is estimated to be roughly
around 35-40 years [5]. Despite of these benefits, textile materials have been applied only to a few
projects. Reasons for this relatively slow uptake were identified through survey undertaken by Lau
[6] focusing on the comparison of ETFE (and PTFE) with glass in buildings.
2.2

ETFE – application challenges

The survey targeted major architectural firms with 10-20 years of experience in international and
national projects as well as a high expertise in energy efficient building and façade design. It
identified several issues that seem to hinder the application of textiles as a mainstream material in
buildings. Some of the main issues were:
- Embodied energy: 30 per cent of the interviewees were unsure if the embodied energy of
ETFE would be lower than glass; approximately 50 per cent of the architects thought that it
would.
- Cost: 25 per cent of the architects admitted to be unsure how to compare the costs for
textiles with a glass alternative; approximately 30 per cent of the interviewees even
believed that ETFE would be more expensive than glass as a whole façade system.
- Life cycle costing: 58 per cent of the interviewed architects did not know how the life cycle
cost of an ETFE roof solution would be compared with a glass roof alternative [6].
The survey also revealed other issues that hinder the wider application of textile roof constructions;
the ‘unclear’ view through the material as well as a ‘why change attitude’ in combination with the
country’s cultural conservatism seem to have an impact on the decision to apply textiles.
Furthermore, ETFE was regarded as having difficulties with structural integrity and resistance to
vandalism. The survey clearly indicates the need for additional information especially in regards to
the life cycle environmental performance of ETFE.
2.3

Previous studies

Previous studies comparing the environmental performance of ETFE cushions to glass
construction for building use have indicated that ETFE may require at least 10 times less
embodied energy to produce than glass [3]. The limited studies that consider the embodied energy
of ETFE materials rely on techniques for embodied energy assessment that are now considered
incomplete [7]. The truncation of the system boundary for the analysis of materials or products that
is necessary with traditional process-based embodied energy assessment techniques often leads
to results that are up to 90 per cent incomplete and in the worst case can lead to erroneous
outcomes. The arbitrary truncation of the system boundary also limits the comparability of results.
Hybrid analysis methods have been developed in an attempt to minimise the limitations and errors
of traditional embodied energy assessment methods. National average statistics that model the
financial flows between sectors of the economy, referred to as input-output (I-O) data, can be used
to fill the gaps that are caused by system boundary incompleteness [8], [9], [10], [11], [12]. The
input-output-based hybrid analysis model developed by Treloar [10] addresses these truncation
errors by using a disaggregated I-O model to which available process data is integrated. Never
before has a model such as this, utilising a systemically complete system boundary been used to
assess the embodied energy associated with an ETFE roof. Due mainly to the known deficiencies
in the methods of analysis used, the knowledge gained from previous studies thus provides little
support to industry in their need for building life cycle energy data to inform design decision-making.

2.4

Research questions

To fill this gap of knowledge the survey clearly indicated, the following research questions will be
addressed:
- How does ETFE compare to a traditional glass alternative for a small and large size project
in Australia and China from a life cycle energy perspective?
- Does the environmental performance of the ETFE structure encourage the use in other
buildings?

3. Research approach
Due to the lightweight characteristics of ETFE foils the support structure can differ significantly for
various project types and sizes. To derive figures that compare ETFE with glass in regards to life
cycle energy requirements, the ETFE roof of the Swinburne University in Melbourne, Australia is
compared with the climatic envelope of the Parkview Green Project in Beijing, China.
3.1

Case study building – Swinburne University, Melbourne, Australia

Fig. 1 ETFE roof of Swinburne University in Melbourne (left) and glass roof alternative (right)
The roof construction is situated between the existing business & arts building and the library
building creating an outdoor plaza for a multipurpose space at the Swinburne University Hawthorn
campus (Figure 1). The Melbourne-based architectural firm DesignInc chose ETFE cushions,
supported by girders attached to the adjacent buildings 7 m above ground. They span
approximately 22.30 m and have a distance to each other of approximately 3.8 m. The overall floor
area covered is roughly 1,060 m2 and the enclosed floor area is approximately 850 m2.
The structural requirements of the glass roof alternative were calculated by Lumantarna of the
Engineering Faculty of the University of Melbourne in Australia. As Figure 1 indicates, the support
structure for the glass alternative follows the same design of the erected ETFE solution. A
13.25 mm toughened laminated glass with a dimension of approximately 1.2 x 1.8 m was applied.
This higher load had to be supported differently with a small standard aluminum profile sitting on
additional steel cross beams (65 x 65 x 6 mm) that are directly attached to the steel girders.
3.2

Case study building – Parkview Green, Beijing, China

Designed by Integrated Design Architects in Beijing, China, the Parkview Green project comprises
a variety of buildings, all covered by a climatic envelope made of glass and ETFE cushions.
Whereas the vertical facades mainly consist of glass, the roof is made of ETFE pillows. Figure 2
also shows that the buildings inside the envelope are set back from the street by a 24 meter wide
and two storey deep ‘moat’ around the entire site providing security, daylight for the areas below
grade as well as filtering of the incoming air by the nearby gardens. The positioning of the building
masses creates a wedge like form with a tilted roof to one point. This allows requirement fulfilling
sunlight exposure of the neighbouring buildings.

Fig. 2 Elevation and section of the Parkview Green project in Beijing, China
The sloped roof comprises of three-layered ETFE cushions; they provide thermal insulation and
balance the need for daylight and shading for the comfort of occupants. The ‘soft’ structural
behaviour is very appropriate for the seismic zone and the harsh outside environment [13].
The roof consists of 114 nearly square shaped elements with a dimension of 12x13.5m (see figure
3). The structural support for the cushions requires only two beams with the dimensions of 30 x
30cm or 50 x 30cm. The gutter (480 x 780 cm) is designed to take away extreme rainfall and is
part of the supporting structure for the ETFE roof. This feature as well as the design of the overall
roof structure was ‘fixed’ when designing a glass roof alternative. The section in Figure 3 indicates
the gutter (‘1’), the supporting structure, consisting of a 35 x 35 cm steel beam (‘2’) holding 25 x 25
cm square hollow beams (‘3’) onto which 25 x 15 cm rectangular hollow stumps (‘4’) are located
that hold the aluminium framing (‘5’) supporting the 21mm laminated glass. The Faculty of
Engineering at the University of Melbourne calculated the structural support using the appropriate
live loads and snow loads for the Beijing area.
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Fig. 3 Roof segments for ETFE (left) and glass (middle) and section of glass roof (right)
To compare both alternatives with regard to their embodied energy all materials need to be taken
into consideration; both support structures as well as the top layer. It needs to be mentioned that
this investigation could not deal with the details to the edges of the roof connecting with the vertical
façades as well as design differences a glass solution might have raised, e.g. trusses as support
structure with spanning wider then ‘just’ 13,5m. For this comparison it is assumed that the brackets
and columns can dissipate the higher loads downwards. Even if the brackets would need to be
slightly stronger the impact on the embodied energy would be negligible due to the small
dimensions and quantities of the material.
Despite of the differences in the supporting structure the ETFE solution contains pipes for keeping
the pressure in the cushions as well as pumps. Due to the size and the high number of cushions
the following calculations are based on 3 x 1350 W inflation units.

3.3

Life cycle energy

The energy associated with the construction, maintenance and refurbishment of the two case
study building projects over a period of 50 years was determined for both the ETFE and glass
construction alternatives, and also included the energy required for operating the pumps used to
maintain the required air pressure in the ETFE cushions. This involved calculating the total energy
requirement for each of these stages of the building’s life in primary energy terms, to also account
for the energy needed to make this energy.
3.3.1 Initial embodied energy
The energy associated with the initial construction of both roof alternatives was calculated using an
innovative and comprehensive embodied energy assessment approach known as input-outputbased hybrid analysis [14]. This analysis included all energy requirements associated with the
actual construction process and all supporting processes and services upstream of this (such as,
but not limited to transportation and manufacturing of materials and the provision of capital
equipment).
Table 1: Embodied energy coefficients
Material
Aluminium

Unit
t

Energy coefficient (GJ/unit)
252.6

2

ETFE foil (1 mm)

m

Silicone sealant

t

156.9

Stainless steel

t

445.2

Structural steel

t

Toughened laminated glass (13.25 mm)
Toughened laminated glass (21 mm)
Water-based paint

3.34

85.45

m

2

7.5

m

2

12.3

m

2

0.096

Energy requirements for constructing both roof types were based on the energy required to
manufacture their individual constituent construction materials. A bill of quantities for the two roof
types for both buildings was compiled (based on architectural plans) itemising each material used
in their construction. Process data was sourced from the SimaPro Australian database for
materials [15], giving quantities of energy required per unit of common building materials.
Australian input-output data was then used to fill the upstream data gaps for these materials (those
energy inputs not able to be accounting for using a process analysis) to provide a range of material
energy coefficients (Table 1). The individual material quantities were multiplied by their respective
energy coefficient to determine the initial embodied energy of both roof types. Any further data
gaps (for capital equipment and minor goods and services needed to support the construction
process, for example) were identified and filled using input-output data (known as the remainder) in
accordance with the input-output-based hybrid approach [14]. Due to difficulties in quantifying the
materials used in the manufacture of the inflation units, input-output data was used to quantify the
energy needed for their manufacture, based on a cost of A$900 and A$3,000 for the Swinburne
University and Parkview Green projects respectively, and the total energy requirement of the Other
machinery and equipment sector (15.06 GJ/A$1,000).
3.3.2 Operational energy of inflation units
The energy required to operate the inflation units needed to maintain the required pressure in the
ETFE cushions was based on the continuous operation of one 50 W and three 1350 W rated units
for the Swinburne University and Parkview Green projects respectively. As the resultant figures
were in delivered energy terms, they were then converted to primary energy terms. A primary
energy factor of 3.4 for the brown-coal fired electricity assumed to be used to power the inflation
unit was used [16].

3.3.3 Maintenance and refurbishment
Whilst no data exists that confirms the potential service-life of the ETFE cushions, it was assumed
in this study that they would likely need to be replaced at least once within the 50-year life of the
roof structure. It was also assumed that the pumps within the inflation units would be replaced
once during this period. For the glass roof scenarios it was assumed that 2 per cent of the glass
would fail per year and would need to be replaced. Also, the silicone sealant would need replacing
every 15 years. The energy embodied in the replacement materials for both projects was
determined using the same approach as for the initial embodied energy. Periodic cleaning of the
ETFE and glass was assumed to be negligible and thus not included in the analysis.

4. Results
4.1

Life cycle energy of ETFE and glass roof types

4.1.1 Initial embodied energy
The total quantity of energy associated with the initial construction of the ETFE and glass roofs for
the Swinburne University and Parkview Green projects is shown in Figure 4.

Fig. 4: Life cycle energy of ETFE and glass roof types for the Swinburne University and Parkview
Green projects, over 50 years (per sqm)
The total initial embodied energy figures equate to 11.45 and 15.7 GJ/m2 of covered area for the
ETFE and glass roof types for the Swinburne University project and 12.7 and 32.8 GJ/m2 of
covered area for the ETFE and glass roof types for the Parkview Green project. In comparison, the
total embodied energy of a typical detached residential house ranges from 12-15 GJ/m2.
4.1.2 Operational energy of inflation units
Based on the continuous operation of the inflation units in order to maintain the pressure within the
ETFE cushions, the total annual delivered energy requirement was found to be 1.58 GJ and
63.9 GJ for the Swinburne University and Parkview Green projects respectively. Table 2 shows the
conversion of these figures to primary energy terms for the 50-year life of the two roofs.

Table 2: Delivered and primary operational energy requirements of ETFE roofs (GJ)
Swinburne University
Annual
Total delivered electricity consumption
Primary energy factor
Total primary energy consumption
Total primary energy consumption/m

2

Parkview Green

50 years

Annual

50 years

1.58

78.8

63.9

3,193

3.4

3.4

3.4

3.4

5.36

268.1

217.1

10856

0.005

0.24

0.012

0.59

4.1.3 Maintenance and refurbishment
The energy associated with the manufacture of replacement materials for both roof types for the
Swinburne University and Parkview Green projects over the 50-year period is shown in Table 3.
Table 3: Embodied energy of replacement materials for ETFE and glass roof types for the
Swinburne University and Parkview Green projects, over 50 years (GJ)
Swinburne University
ETFE
ETFE cushions (1 complete replacement)

Glass

Parkview Green
ETFE

Glass

2,122

-

26,062

-

21.9

-

135.6

-

Glass (2% of glass area per annum)

-

8,524

-

175,162

Silicone sealant (3 replacements)

-

75.2

-

4,808

2,144

8,599

26,190

179,970

1.89

7.58

1.42

9.74

Pumps (1 replacement)

Total
Total/m

2

The combination of the embodied energy figures for the initial roof construction and replacement
materials as well as the energy required for operating the inflation unit of the ETFE roof provides
an indication of the life cycle energy requirements of both roof types over 50 years (Figure 5).

Fig. 5: Life cycle energy of ETFE and glass roof types for the Swinburne University and Parkview
Green projects, over 50 years
The life cycle energy was analysed over a 50-year period and the outcome indicates that the ETFE
roof has an energy demand that is 42 per cent and 65 per cent lower compared to the glass roof,

for the Swinburne University and Parkview Green projects, respectively. The steel structure makes
up a much larger proportion of the total embodied energy of the ETFE roof than it does for the
glass roof, which means that the energy embodied in the replacement materials (i.e. glass and
silicone) is much larger for the glass roof.

5. Conclusion
This study has shown that textile materials are capable of contributing to improved environmental
performance when used as part of a building envelope. The ETFE roof analysed in this study
showed a 27 per cent reduction in the initial embodied energy requirements and a 42 per cent
reduction in life cycle energy demands compared to the more traditional glass alternative.
There are numerous forms of potential applications for ETFE cushions beyond the roof application
analysed in this study; including in vertical façades [17]. The outcome of a recent survey revealed
issues regarding the implementation of these materials into Australia’s architecture and the
insecurity and uncertainty that exists amongst designers and planners in terms of the life cycle
energy implications of these materials, especially compared to more traditional materials, such as
glass. This study has demonstrated how the complexities associated with analysing the life cycle
energy performance of different materials may be a major reason for the lack of confidence and
understanding associated with their use as an environmentally preferred material.
Whilst the findings of this study provide useful information for architects, builders and planners for
the design and specification of building envelopes, some aspects were identified that may have an
impact on the findings:
- Design: an alternative solution for the design of the main structural system of the roof may
be more appropriate for certain materials compared to others. Therefore the whole
supporting structure for glass could be very different in comparison to an ETFE solution.
- Material choice: Glass may add significant additional weight to a structure that it has
implications for the design of the building’s footing system.
- Material replacement rates: Despite the need to replace the entire roofing material within a
50-year life span due to normal deterioration of the materials, additional replacements may
be necessary due to unforeseen damage; such as puncturing or failure of the ETFE
cushions due to foreign objects or severe weather events. This, as well as possible
variations in the service-life and frequency of replacement of individual materials and
components may have an impact on life cycle energy requirements of alternative
construction types.
This study has also shown the importance of using a comprehensive approach for analysing the
embodied energy of building elements and materials, ensuring that the most holistic view of
possible design solutions is achievable.
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Summary
The paper describes surface treatments that can add new functions to the traditional materials for
helping to mitigate energy consumption, increasing comfort and de-pollution of cities. Cool
pigments and TiO2 nanoparticles are examples. High reflective “cool” coatings, with high solar
reflectance are effective, low-cost and easy to use technique. Their impact in thermal comfort
inside of a building during the hot season is already well established in the literature. However their
long term performance depends on repeated cleaning even for mild European and North American
climates. There are no comprehensive long term investigations for tropical climates but it is
possible to expect faster degradation due to microbial colonization. Treatment with TiO2
nanoparticles can make the surface self-cleaning, preventing biological colonization, dirt deposition
and capable to reduce urban pollution by its photo-catalyst action destroying organic pollutants
such as VOC and oxides NO, NO2 and SO2. The paper discusses the strategies possible to
improve thermal performance of cement based roofs by functionalizing the surface of traditional
mineral roofs, pointing out research and public policies to promote its use. An overview of the
international experience is presented and preliminary results of Brazilian studies with surface
treatments using nanoparticles.
Keywords: Surface reflectivity, albedo, energy consumption, thermal comfort, cement based roofs,
infrared reflective pigments, TiO2, anatase, self cleaning treatment.

1. Introduction
The surface reflectivity of roof components is relevant in building and urban scales, especially in
tropical regions. At urban scale, it controls the development of urban heat islands (UHI), which
reduces thermal comfort in outdoors and increases the energy demand to provide indoor comfort
during hot periods. In a single floor house, the traditional roofing is responsible for more than 50%
of the energy gain decreasing indoor comfort or increasing the energy demand for conditioning.
Cement based components, like concrete roof tiles and fiber cement sheets, and also ceramic roof
tiles are of high relevance in Brazil. However these components have reflectivity varying around
0.3 to 0.68, and therefore transfer a significant fraction of the radiation heat to indoors. The
addition of high reflective “cool” pigments to this kind of component increases their reflectivity
reducing the heat transmitted to within the building. In metropolitan areas in tropical climates, after
a short ageing period, dust particles and microbial cells are deposited resulting in darkening and
further reducing reflectivity Treatment with TiO2 nanoparticles can make the surface self-cleaning
and can reduce urban pollution by its photo-catalyst action.
This paper discusses the strategies possible to improve thermal performance of roofs by addition
of reflective pigments and functionalizing the roof surface, making it self-cleaning to maintain the
reflectivity over time.

2. Relevance of surface reflectivity on urban and building scales
The urban heat island phenomenon is caused by the replacement of green natural vegetation by
buildings and paved surfaces [1]. This effect is increasing in large cities like São Paulo City, Brazil,
and a raise in temperature greater than twelve degrees °C compared to surrounding areas [2].
The treatment of roof and facades of buildings using high reflective “cool” coatings can lower
exterior surface temperatures of these components increasing indoor thermal comfort and reducing
cooling energy during the hot season [1]. This treatment is an effective, low cost and easy-to-use
technique that contributes to the energy efficiency and thermal comfort of buildings and cities [3].
Simulations performed in several cities representing different climatic conditions showed that an
increase in roof reflectance from 0.2 to 0.85 reduces cooling loads by 8-48 kWh/m2, the hours of
discomfort by 9-100% and the maximum air temperature by 1.2°C to 3.3oC, in non air-conditioned
residential buildings depending of the climate conditions and roof insulation [4] .
This effect was also observed by Akbari (2003) [5] in a study in two small buildings for about 1½
months. The originally roof, painted with green, when painted with a white coating, was reduced
from 26% of reflectivities to 72%, resulting in cooling energy saving. Studies done by Akbari et al.
(2005) [6] showed that raising the solar reflectance of a roof from 0.1-0.2 to 0.6 can reduce
cooling-energy use in buildings by more than 20%.
However, white colour is not allways preferred by aesthetic solutions and and also for the glare
control to fight the “white blight” [7]. For this reason, new materials with darker colors but still
reflecting solar radiation and maintaining cooler indoors, are being developed using special
pigments [8].

3. Reflective Cool Pigments
The energy of the sunlight spectrum has 3 components: visible (VIS), more intense; invisible (UV),
less intense and near-infrared (NIR) (Figure 1). Half solar energy reaches the Earth as invisible
NIR. A cool colored pigment has to be highly reflective in NIR [1]. The ideal pigment for a given
color is the most reflective in the NIR.

Figure 1. Normalized solar spectral power—more than half of all solar power arrives as invisible,
"near-infrared" radiation (Source: Lawrence Berkeley National Laboratory)
There are basically two classes of conventional pigments: organic with rather limited durability
(lightfast) and opacity, and conventional inorganic ones, which generally have higher durability, are
less susceptible to photochemical degradation caused by the ultraviolet light present in solar
radiation, have higher temperature stability and are chemically inert to acids, alkalinity etc.
In addition there is another special class of non-conventional inorganic pigments [9] constituted by
complex inorganic colored pigments (CICPs) [10] or mixed metal oxide (MMO) pigments with much

higher durability to heat, solar radiation and chemicals [11]. These pigments are synthesized at
molten metal temperatures and were originally used in ceramic products. They present higher
visible opacity [12] and higher solar reflectance because they scatters strongly in NIR [6]. This
infrared (IR) reflective pigmentation allows the manufacturers to produce a specific color in the
visible light range and allow reflection of incident light in the near infrared (NIR).

4. Self-cleaning treatments & cool surfaces
The surfaces of the buildings should be aesthetically pleasing, easy to maintain, free from dirt,
water stains, etc. The vertical and horizontal surfaces of buildings, with traditional coating material,
often cannot resist the outdoor exposure. The presence of stains caused by dirt deposition and
biological colonization [13] [14] is well known and affects the aesthetic appearance of the façade;
in the presence of water this can also contribute to the physical degradation [15]. For cool reflective
paint, the change of surface colour caused by stains progressively reduces its reflectivity, which is
aggravated by the fact that most of stains are black. Controlling such degradation is therefore
crucial for the efficiency of cool painting system.
Nanotechnology is regarded as one of the more important technologies in recent advances and
has been used to add functional characteristics to building paints, including self-cleaning capacity.
There is more than one functional principle for self-cleaning, dirt and water-repellent coatings,
based on nanotechnology. One self-cleaning technique is the “lotus effect” based on chemicalphysical principles, and another is the photocatalytic nano-titanium dioxide [16].
4.1 Superhydrophobic and self-cleaning effect (“Lotus effect”)
The "Lotus effect” is based on a physical-chemical principle, discovered by Wilhelm Barthlot, a
botanist, in 1973. This effect is observed in leaves and is characterized by the existence of a
microscopic roughness with a very strong water repellent effect (hydrophobic).
Water repellency is a result of the presence of nano-crystals of wax in the form of threedimensional structures similar to the nipples, with dimensions of a few nanometers. These
structures are extremely non-wettable with characteristics of super-hydrophobicity. Dirty particles
only sit on the wax crystals, with a very small contact surface. Drops of water falls on the surface
and because of the low strength of attraction between these two surfaces and low contact area for
water, they coalesce and roll off the surface taking the dirt particles along. Not all dirt can be
removed in this way. In nature this super-hydrophobicity can be found in not only in the lotus plant,
but more than 300 other species.
This property generally does not serve to protect the plant from fungal spores and bacteria. In
porous surfaces, like cement based components, when exposed in aggressive environments with
high humidity, become biologically colonized by molds, mosses and algae etc on the surface,
changing the appearance of the buildings and lowering their reflectivity. Thus the “lotus effect”
alone does not contribute much because the action of rain drops is not sufficient to clean this type
of soiling. The dirt is so strongly attached that it must be removed with aggressive cleaning with
tensides such as detergents and soaps that are substances used to reduce the surface tension of
water by interrupting the formation of water droplets on the surfaces. The use of abrasives, which
might erode the engineered surface roughness, combined with or without aggressive agents such
as tensides to remove biological staining can reduce the durability of the surface.
The first roofing tile product using the “Lotus-effect” has been on the European market for several
years but it has been replaced by photocatalytic self-cleaning systems marketed under a slightly
modified name. This effect is better suited for surfaces regularly exposed to sufficient rainwater.
Small quantities of water often lead to water droplet forming stains which may leave the surface
looking dirtier rather cleaner as can be seen in Figure 2 [17].

Figure 2. Lotus showing the mechanism on leaves and
paint surfaces. (The lotus plant is Nelumbo nucifera) [17]
4.2 Self-cleaning- photocatalytic nanotitanium dioxide (TiO2)
This self-clean technology was discovered in 1967 by Akira Fujishima, from Tokyo University. The
use of photocatalysis has been studied in the last decades for water and air purification, self
cleaning, disinfecting effects (anti-bacterial) and air cleaning effects without harm to the
environment [18].
TiO2 oxide exists in three mineral structures (cristallografic forms): anatase, rutile and brookite.
Rutile is widely used as pigments in architectural paints because of its high refractive index
resulting in high opacity and whiteness in the paint film. Anatase is used for photocatalytic
applications because of its higher activity compared to other metal oxides, including rutile.
Anatase is a semiconductor catalyst relatively inexpensive, safe and chemically stable, when
exposed to UV light irradiation it can decompose organic materials like fats, oils, VOC, biological
microorganisms. This oxide is highly reactive in nanoform and is not deactivated during the
catalysis phenomenon so that the effect lasts for long time (Figure 3).
In self-cleaning applications the organic materials are dissolved in the film of water, decomposed
and the residue is removed later by the rain. In the case of polymeric surfaces, like coatings, the
TiO2 degrades them by oxidation (Figure 4). To prevent this effect it is necessary to apply an
inorganic barrier bellow the TiO2 nanoparticle layer to separate the surfaces [16].
The use of photo catalytic activity is based on two fundamental photochemical phenomena that
occur on surfaces exposed to UV irradiation: one is based on the photo-induced redox reaction of
adsorbed substances and the other is photo-induced super-hydrophilicity. The super-hydrophilicity
phenomenon occurs when the TiO2 film is submitted to UV irradiation and form a small water
contact angle similar to sweat. The synergy of these two properties is fundamental for applications
in building and construction materials [19].

Figure 3: Nano-sized TiO2 particle [20]

Figure 4: Destruction of a pollutant molecule by TiO2 [20]

The photocatalytic self-cleaning processes only work in the presence of UV light, and therefore,
only outdoors, but a second generation process is able to operate efficiently not only under UV
light but also under visible light and /or solar beam irradiation. This effect can be obtained by
doping with metal atoms such as chromium, vanadium, tungsten or carbon. This effect is obtained
by modifying the electronic property of the TiO2 to bombardment with high energy metal ions [21].

However, without the exposure to rain, the degraded substances will not leave the surfaces.
Therefore it can be effective only in degrading air pollution.
In outdoor application it is used in finishing coatings, paints, impermeabilization treatments, fiber
cement, concrete tiles, glass, plastic films and tiles, panels, concrete pavements, roads, tunnels
etc. Indoors it is used in wallpapers, paints and finishing coatings because of its self-cleaning
function [20].
4.2.1 Air depollution mechanisms
In addition to promoting self-cleaning capacity, semiconductors are characterized by a narrow band
gap energy between their valence and conduction bands; for TiO2 the gap is 3.2 eV. This oxide
absorbs energy from UV light, when the energy is equal to or greater than 3.2 eV, resulting in an
abrupt transfer of electrons from the valence to the conduction band, creating a hole in that band
and a electron moving freely in the conduction band. The hole can react with water, producing a
hydroxyl radical (OH·), which is strongly oxidant, and the electrons (e-) are strongly reductants, in
the conduction band (Figure 5) [18] [19].

Figure 5: Electronic structure of TiO2 characterized by its valence
band (VB) and conduction band (CB) energy positions [18]
The substances adsorbed onto the TiO2 surface can suffer oxidation by (OH·) or reduction by (e-)
according to their chemical characteristics [22]. This mechanism is similar to photosynthesis of
plants. Organic pollutants and oxides such as NO, NO2 and SO2 exposed to TiO2 under UV
irradiation are decomposed according to the following equations [19]:
TiO2 + hv→TiO2 + e- + h+
e- + O2 → O2·h+ + H2O→ (OH·)
OH- + organic matter → xCO2 + yH2O
NO + HO2·→NO2 + OH·
NO2 + OH· → HNO3

4.2.2 Applications of photocatalytic nanotitanium dioxide
One of the projects that impulse research and applications in this field is Picada Project. The main
applications of photocatalytic nanomaterials involve:
a)

b)

Air pollution reduction: studies realized by Anpo (2000) [21] show applications of TiO2 under
UV irradiation using special black lamp or UV light from solar beams, 3-4%, can be applied for
the reduction or elimination of polluting compounds in air such as NOx, cigarette smoke, VOC
from various construction materials. The reactivity is high enough to decompose bacteria on
cement based products containing TiO2.
Self-cleaning and biod eterioration prevention: study realized by Fonseca et al (2010) [18]
showed that the anatase can be an alternative for preventing biological decay of mortars,
caused by microorganisms such as algae and cyanobacteria which are the pioneering
colonizers of building facades. The study showed that anatase is a better agent to prevent
biodeterioration than conventional biocides (BiotinT and Anios).

c)

d)

Graffiti problems: Laboratory tests realized with fiber cement tiles and ceramic blocks treated
with TiO2 showed a high potential for removing stains resulting from the application of blue
colorants in the tiles and for removing marks resulted from the application of an alkyd finish
over ceramic blocks [23].
Siloxane - TiO2 hybrid nanocomposites: Milanesi, et al (2010) [24] showed that siloxanes, with
formula R- (CH2)n-Si- (OR’)3 form durable bonds with inorganic compounds, upon hydrolysis
of –OR’ groups and can be used to modify the surface energy of building components
changing their wettability and self lubricity characteristics. The composite siloxanenanoparticle films impart better protection than pure siloxane layers for protection of stone
surfaces of monuments. The study showed that siloxane groups covalently attached to the
TiO2 surface may serve as powerful linkers for different functionalities.

5 Studies realized at São Paulo University
5.1 Cool Pigments
A comparison was made of the thermal performance of cool acrylic colored paints, composed with
infrared reflective pigments (CICPs) and that of conventional acrylic colored paints of similar colors
(brown and yellow) applied over fiber cement corrugated roof sheets [25]. Two sets of equivalent
colored acrylic latex paints were used, one produced with conventional pigments and the other with
“cool” pigments (brown and yellow). The spectral reflectance was measured and the results are
shown on Table 1.
Table 1 Reflectance of specimens unpainted and painted with conventional and cool colored paint
and unpainted specimens
Specimens
Unpainted (STD)
Cool Brown
Conventional brown
Cool yellow
Conventional yellow

UV
32.0
8.0
5.7
5.8
5.8

Reflectance (%)
VIS
NIR
Total
48.5
50.4
47.3
26.4
72.9
61.9
24.4
32.8
30.2
46.3
76.2
67.9
44.4
44.4
42.8

According to Table 1, the replacement of conventional pigments with cool pigments allows the
production of paints with similar appearance and reflectance in the VIS range but with higher
reflectance of NIR radiation. These cool paints absorb less solar energy and can maintain the
exposed surfaces of buildings at lower temperatures, as a consequence of the substitution of
conventional pigments by reflective pigments (CICPs). The cool pigments studied have potential to
improve the thermal comfort inside building. Dark surface finishes of buildings will heat up much
more than products with IR reflecting pigments of the equivalent color. The addition of these
pigments to cement based components such as concrete roof tiles, fiber cement sheets and
ceramic tiles is part of a study that is going on in São Paulo University.
5.2 Photocatalysis study
Maranhão [2009] [26] aimed to create a new method to prevent soiling on porous siliceous building
materials through the modification of surface properties with a hydrophobic layer, composed of
alkoxy silane (octyl), under a TiO2 photocatalyst (WR+TiO2-sequencial). The study, based on SEM,
FTIR, contact angle measurement, accelerated mould growth and photocatalytical activity, showed
that this double treatment, plus UVA radiation, can reduce staining caused by non-polar agent
(methylene blue and aniline red).

6 Public policies
Because cool roofs potentially can reduce the energy consumption for cooling buildings and

improve thermal comfort in urban cities of the hot regions, public policies have been proposed to
promote them. The one example is the “cool roof labelling system” in the USA (www.coolroofs.org)
and Europe (http://www.coolroofs-eu.eu/). Cool Roof USA certification schemes demands natural
ageing tests at least three years long to prevent the use of short-living soiling prone solutions.
The promotion of cool roofs is now embeded in the USA Energy Star building labelling program as
well as in other green building certification schemes, such as Green Globes (Canada) and LEED
(USA).
In São Paulo has been a discussion in city council to pass a law making white roofs mandatory in
all roofs within six months (Law Project 615/2009, created by Councillor Goulart), as a part of the
“one degree less” promoted by the local NGO that promotes LEED certification scheme in the
Brazilian market, aiming to mitigate global warming.
However the initiative has serious problems and might be an environmental disaster because: (a)
as explained before, the white colour is not adequate for all buildings both due to aesthetics as well
visual comfort, because it might generate glare affecting neighbours comfort as well as flight
security; (b) there is no demand for proved service life of such products, and considering the
climate, most of the roofs will turn dark in few months time and therefore will loose its intended
function; (c) most of roofs are not designed to be easily accessed to allow cleaning nor is water
supply in the roofs.

7 Comments
The use of white roofs in combating global warming and increasing the life quality of residents of
urban areas is only a temporally solution. In a metropolis like São Paulo city, with high levels of
pollution and a sub-tropical climate with high humidity in the summer, the white roofs will rapidly
become discolored; black and green deposits from dirt and biological colonization by phototrophic
microorganisms and fungi are expected to appear within few years [13].
Photocatalysis has a great potential to contribute to the sustainability of the built environment; it
can reduce the frequency of cleaning and this will have a great impact on maintenance costs of
constructions. In cities, pollutants generally are present at very high concentrations, because of the
high number of vehicles and industrial emissions. Buildings, sidewalks and roads treated with TiO2
can contribute to the elimination of pollutants such as VOC, NOx, O3 etc.
The application of nano functional ingredients to cementitious components like concrete or fiber
cement tiles or coverings, such as cool pigments associated with anatase can reduce the surface
temperature of buildings and at same time reducing environmental pollution.
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Summary
In 2009 the Technology Strategy Board made a £17m UK government investment in the first
national retrofit scheme, aimed at demonstrating how UK targets for 80% reduction of CO2
emissions can be met. It is intended that the principles established by Retrofit for the Future
prototypes can be applied throughout the country.
Through the Retrofit for the Future programme, eighty seven social housing projects across the UK
were funded. Each of the projects, managed by housing associations, architects, construction
companies and local councils, retrofitted existing low-rise social housing to meet the UK
government’s  target for reducing greenhouse gas emissions of 80% by 2050.
Applicants  were  required  to  take  a  ‘whole  house’  approach  and  the  projects  typically  took  a  ‘fabric  
first’   approach   where   the   buildings   were   fully   insulated   and   usually   made   air-tight before the
addition of, for example, heat pumps, LED lighting, phase change materials and micro CHP. Each
project has been tested for energy performance.
This paper will present the programme, including the design, construction and monitoring
methodologies and the detail of a single case study where they were applied.
Keywords: Retrofit, Energy efficiency, Demand reduction, Social, Housing, Monitoring

1. Introduction
The UK is legally required to reduce Green House Gas emissions by 80% based on 1990 figures
by 2050 [1]. Energy consumed in buildings in the UK accounts for 45% of carbon emissions.
Housing alone accounts for 27% of UK carbon emissions [2]. More than 60% of the houses we will
be living in in 2050 have already been built [2]. For these reasons, if we are to meet  the  UK’s  target  
of an 80% reduction in carbon emissions by 2050, we must dramatically improve the performance
of our existing housing stock.
There are 25 million dwellings in the UK [3], built using a range of construction methods for
example solid brick, masonry cavity post 1980, no-fines concrete construction, concrete frame,
steel frame, timber frame and stone,. Housing is typically semi-detached, terraced with only 10%

detached [4]. At current rates of new build and demolition perhaps 60 - 80% of the  houses  we’ll  be  
living in by 2050 are already built [5].
Low carbon refurbishment presents a potentially enormous business opportunity, with an estimated
worth of around £3.5-£6.5bn   a   year,   and   the   creation   of   tens   of   thousands   of   new   ‘green   collar’  
jobs at a time when jobs in the construction sector and elsewhere are increasingly under pressure
[2].
There are 26 million households in the UK, 96.1% are occupied. Across the UK there is a marked
preference for housing, with 80% of households residing in houses, and only 20% occupying
apartments. In contrast to other European countries, in England, 68% are owner occupied (either
fully owned, or financed through a mortgage), 19% are rented from social landlords while 12% are
rented from private landlords [6]. As a result the social housing sector is a significant proportion of
the total.
The social housing sector includes over 4.5 million homes. There is a lot of interest from social
landlords and their government funder, Housing and Communities Agency (HCA), in refurbishing
the stock to a high standard of energy efficiency [7]. But, as a whole, the sector is not currently
able to easily procure innovative and proven solutions for high performance refurbishment.
The Decent Homes Programme and its devolved equivalents, together with the carbon emissions
reduction target (CERT) [8], have done a lot to improve energy efficiency of UK social housing.
Taken as a whole, the social housing sector is now more energy efficient than the rest of the
country’s  housing stock and it is increasing its energy performance more quickly [7]. Through the
Communities and Local Government Select Committee, the Government has committed itself to
consider how emissions from social housing stock can be reduced still further [5].
There has been considerable academic research on the causes of energy use in homes and the
best ways to tackle refurbishment through the EPSRC Carbon Vision programme 2004-2008 [9, 10]
but these have not been verified through large scale construction and retrofitting programmes until
now. We believe the Green Deal will help to identify some potential routes to finance large scale
retrofitting [11].
There is now an opportunity created by the Technology Strategy Board £17m Retrofit for the Future
social housing demonstrator programme to connect the future procurement needs of social
landlords, such as local councils and housing associations, with the capability of innovative
suppliers  to  develop  a  range  of  high  performance  and  cost  effective  ‘whole  house’ solutions.
Those departments and agencies that are responsible for delivering the Energy Bill [11] are
supporting the Retrofit for the Future programme, namely the Department of Communities and
Local Government, the Department of Energy and Climate Change and the Homes and
Communities Agency. This Retrofit for the Future competition is providing practical demonstration
of how cross-government working can ensure innovative technologies are pulled through to
government procurement for the benefit of both UK business and UK society.

2. Methodology of the programme
The programme has provided funding for the retrofitting of low rise social housing only. This will
ensure a comparable dataset for robust evaluation across the programme.
2.1

Energy targets for whole house solutions

The programme target was to fund more than 80 demonstrator refurbishments to develop and
demonstrate whole dwelling solutions for refurbishment that deliver deep cuts in energy use and
carbon emissions, high levels of comfort and attractive costs. Rather than focussing on individual
technologies, each retrofit design was  required  to  take  a  ‘whole  house’  approach, i.e. to consider a
household’s  energy  needs  and  carbon  dioxide  impacts as a whole, and establish a comprehensive
package of measures to address them. These measures included insulation, heating systems,

ventilation, control systems and appliances. Through this approach, rather than simply looking for
the cheapest individual options, such as loft insulation, all potential improvements to the energy
performance of a house are considered and planned at the same time.
Each home refurbishment was set stretching energy performance targets to aim for. A single target
was set for all projects, irrespective of the construction method or age of the home. This was
chosen to remove complexity in achievable energy reductions for homes and in the absence of
regional data on energy use by construction type, age and weather conditions across the UK. As a
result, projects were not penalised for failing to reach the targets providing that they achieved deep
cuts in carbon emissions appropriate for their building type.
Table 1 Energy Performance Targets
Primary Energy
Target ( kWh/m2.yr)

CO2 Target
(kg/m2.yr)

115

17 using SAP calculations
20 using PHPP calculations

Space Heating
(kWh/m2.yr)
No specific target but if the energy and CO2
targets are met, space heating requirements
should necessarily be low (i.e. below
40kWh/m2.yr)

These figures are based on an 80% reduction in CO2 from an average 1990 baseline for an 80m2
semi-detached house of 97 kg CO2/m2.yr (calculated for the retrofit for the future programme by
AECB – the Sustainable Buildings Association using five year averages). A primary energy target
was set to ensure a focus on energy efficiency as well as CO2 emissions, because a CO2-only
target could encourage excessive use of biofuel boilers, not taking into account that renewable
energy sources are limited. The targets include allowance for a full suite of highly energy-efficient
lights  and  appliances,  as  foreseen  by  the  2005  ‘40%  House  Project’  [12].
All design studies were required to model their proposed solution using the Standard Assessment
Procedure (SAP) software. This was to ensure that all schemes modelled their CO 2 final emissions
to a common format. SAP worksheets are the primary way of calculating energy labels and carbon
emissions  for  UK  homes,  however  they  don’t  allow  whole  house  assessment  and  so  an extension
spreadsheet was created for this programme. Applicants also had the choice to use PHPP
software for their whole house modelling. We prescribed a higher target for assessments based on
PHPP, because SAP 2005 used lower carbon intensities than PHPP (and SAP 2009).
2.2

Competition for Design stage funding

The programme began in March 2009 with the launch of a competition for funding to design a
retrofit approach for a single social dwelling. The competition was run through the Technology
Strategy   Board’s   SBRI   initiative.   This   is   a   way   for   government   departments   to   provide paid
contracts for the critical stage of product development for specific problems faced by government
procurers. It is a useful mechanism for providing vital funding for a critical stage of technology
development through demonstration and trial – especially for early-stage companies.
It was the responsibility of applicants to connect with suppliers and collaborators; this included
finding the house to retrofit. To help facilitate this and to help housing providers connect with
suppliers and vice-versa, there   were   a   number   of   ‘brokering’   events   held   in   May   2009 to bring
together registered social landlords/local authorities, contractors, designers, architects, and
suppliers etc. organised by the Modern Built Environment Knowledge Transfer Network.
349 applications were received by the 24th June deadline and 193 of these were selected for
funding based on their innovation, projected build cost and potential widespread applicability in low
rise, whole house solutions. The contracts for design work were up to £20,000 incl VAT and were
designed to cover the costs of retrofit work that tackles the reduction of CO 2 and energy use only.
Costs that would ordinarily be incurred as a result of standard refurbishment works such were not
covered.

2.3

Construction stage funded retrofit projects

Following completion of the design stage and submission of a design report by end November
2009, almost all, 189 of the 193 design stage projects, applied for a further £150,000 incl VAT to do
the construction stage of their retrofit designs. The application included upload of their design data
to a central database, submission of a SAP worksheet on designed-for energy usage and a
detailed application form.
Assessment for the design and construction phases was carried out through approximately 55
independent expert assessors drawn predominantly from industry with leading academics working
in the retrofit area. Each construction stage application was assessed by 5 assessors and a further
panel with 5 assessors present was carried out. In January 2010, 87 projects were approved for
the on-site retrofitting of the whole house designs.

Fig. 1 Spread of construction types included in
the programme

Fig. 2 House Types included in the programme

In figure 1 the spread of construction types is broadly consistent with the housing stock (excluding
blocks of flats) except that timber frame is under-represented. However timber frame tends to be
more recent and is usually better insulated to start with.
In figure 2 shows that in the range of house types,
there is good coverage in the programme for
terraced, end terraced and semi-detached homes.
Detached houses are under-represented but most
materials and processes applied to semi-detached
houses should be applicable to detached houses.
Figure 3 shows that good coverage was achieved
in most areas of the UK. Initial applications for the
programme were approximately in line with the
social housing distribution across the UK although
Scotland was slightly lower. Regional brokering
events were carried out in Wales, Northern Ireland,
Scotland, East Midlands and London. An additional
event took place in Yorkshire.
Fig. 3 Regional distribution and success There was a higher success rate in London and the
rates of houses included in the programme
south east which implies higher quality of London
and South East applications. This may be due in
part  to  the  significant  ‘retrofit  consciousness’  of  companies  in  this  region  and  the  high  proportion  of  
environmental architects based in London, e.g. ECD, ZED Factory, PRP etc. This presents an

important opportunity and need for disseminating the programme UK wide.

Fig. 4 Size of lead company funded through the
programme

Fig. 5 Main company expertise of those funded
through the programme

Figure 4 shows approximately 31% of the top 87 applications are micro or small (< 50 employees)
companies. Approximately 67% are medium or larger (>50 employees).
Figure 5 shows the breakdown of company type successful through the programme. Greater than
50% of the top 87 applicants may be described as social landlords
2.4

Monitoring methodology

Each house is being monitored following a consistent monitoring protocol by the UK Energy
Savings Trust for 24 months. Most previous performance monitoring projects have looked into the
effects   of   single   measures   installed   in   homes.   Energy   Saving   Trust’s   monitoring   system  
(Monitoring Protocol for New Homes) is aimed to have a holistic perspective and conduct a whole
house carbon and energy evaluation. We asked the Energy Saving Trust to extend it to cover
refurbished homes, and have based our monitoring scheme on this. It uses a combination of shortterm measurements and long-term evaluation.
Monitoring began by encouraging each project to conduct initial pre-retrofit tests and measurement
of the building performance. This included a walk through inspection and a thorough photographic
record of the dwelling before any building works began. In particular, any mould growth or
condensation was recorded.
During construction the applicants kept a photographic record of the build, particularly documenting
installations and alterations. These photographs will assist in evaluation of the refurbishment
process in the event of issues and failures arising.
Each house was measured post construction for mechanical ventilation system operation, fabric
insulation performance, envelope air tightness, thermal imaging and included a walk through
inspection.
This is now being followed by long term monitoring of utilities use and other indicators of the performance of the building. The energy consumption and carbon emissions of a dwelling can be
determined from gas, electricity and water meters. In addition, if ventilation proves inadequate,
occupants may be forced to open windows, increasing the building specific heat loss. The most
probable indicator of inadequate fresh air supply is likely to be excessive humidity level. Due to the
risk of interstitial condensation internal humidity measurement is required for these projects, we

have specified CO2 levels as another useful measure of indoor air quality. Automated sensor and
data collection systems are being used with measurements taken at 5 minute intervals.
The quantitative measurement is supplemented with soft data from interviews with tenants and
builders on the experience of the retrofit and home performance.
The  performance  assessment  process  will  include  both  ‘hard’  data   – physical measurements and
‘soft’  data  – interviews with occupants and subcontractors, photographic diaries etc. The soft data
is essential as it can triangulate the perceptions and actions of residents with physical monitoring,
identify the reasons for monitoring anomaly, help explain the mismatch between design intentions
and user actions and inform future design and maintenance strategies.
Table 2 Monitoring protocol developed by Energy Savings Trust for whole house evaluation
Short term, one-off tests
Airtightness tests (pre-and post-construction if appropriate);
Thermal imaging (pre-and post-construction if appropriate);
A walk-through inspection of condensation and mould growth
Long term monitoring
Metering for gas, electricity, water and oil (where necessary) with remote data collection;
Internal temperature and relative humidity in three locations – living room, hall, and principal
bedroom;
External temperature and relative humidity;
Indoor air quality: CO2 (as a proxy for overall air quality);
Any fuel or carbon saving technology (including solar water heating, Heat Recovery Ventilation
(HRV), heat pumps etc) installed as part of the strategy for the individual project have real world
performance monitored.
Other fuels - heat metering, supplemented by one-off  estimates  e.g.  for  biomass  where  the  fuel’s  
moisture content can vary significantly between loads.
Soft data
Post-occupancy research with tenants including interviews, questionnaires and user video as
appropriate;
Photographic record of building works, and building diary;
Interviews and lessons learned from team members and sub-contractors;
Thermal comfort surveys;
Field observations during walk- through visits;
Environmental audits (what is actually in the home)
Additional building fabric evaluation
The performance measurements listed above are the minimum required for all projects. Applicants
are free to carry out additional tests that they believe will improve understanding of the home
performance. For example:
• where internal insulation is installed, measurement of moisture in those joists and joist-ends
that are subject to colder temperatures because they are now outside the thermal envelope;
• moisture content in walls;
• additional fabric performance assessment techniques such as co-heating tests.
2.5

Dissemination of the programme

Dissemination is vital for the success of this programme.   In   order   to   achieve   the   vision   of   ‘kickstarting’   the   market   it   is   essential   to   communicate   the   results   to   all   stakeholders,   from   architects  
and contractors to social landlords and their tenants.
We have started some initial activity in this area through a database where Phase 2 applicants
were required to upload their design and energy strategies. The data is now kept in a specifically

designed database and will be made more widely accessible in non-attributable form via a web
portal to show the pre-retrofit information and the post-retrofit outcome as well as information on
the performance of the home in use (electricity, gas and water use, internal and external
temperature, internal humidity and internal air quality measured in CO2). This will provide an
almost  ‘live  view’  of  performance  of  the  dwellings  throughout  the  2  years  of  the  monitoring  period.
Live information on the projects is now available at www.retrofitdiaries.org.

3. Case study Brent Passive project by Green Structures
Green Structures is a CleanTech company working within
the 'Built Environment' to develop commercially attractive
low carbon building solutions. They provide sustainable
consultancy services focussed mainly on sustainable
architecture and retrofit.
The Brent Passive house was a typical 19th century
Victorian style mid-terrace with timber floors and traditional
9-inch single brick wall construction, shown in figure 6. One
of the “Hard  to  heat”  pre-1919 houses which comprise 36%
of all homes in the UK.
This property is part of the social housing stock managed by
L&Q Housing Association and was occupied by a family
throughout the retrofit.
3.1 Design stage
Prior to work commencing the existing house performance
was carbon emission of 173kg/sqm/year and primary energy
usage of 634kWh/sqm/year.
The design aimed to achieve a carbon emission of
Figure 6: The Brent Passive house 20kg/sqm/year
and
primary
energy
usage
of
before work commenced.
89kWh/sqm/year as modelled by both SAP and PHPP
software.
The fabric-first methodology proposed a whole house retrofit solution which addressed all aspects
of energy usage within the home, including heat loss through envelope, non-renewable energy
production (solar thermal), inefficient systems, energy intensive appliances and fittings, and user
wastage, altogether providing a CO2 emission reduction of 88% and specific energy demand
reduction of 86%.
The most important aspect of reducing energy usage and carbon emission is to create a superinsulated and air tight building envelope. The proposed approach involved no traditional central
heating system, instead super-insulation of the full house – front and rear external walls, underfloor,
loft and roof insulation as well as replacement of all windows with high performance triple-glazed
argon filled windows provides a passive environment. Ensuring airtight construction to minimise
any heat loss and thermal bridging was proposed to give a building envelope improvement of 90%.
Solar thermal was selected in favour of solar PV, as the thermal efficiency is in the order of 4 or
more times higher and the roof space was limited. One of the key issues in utilising solar thermal
power [and indeed most forms of renewables] is the variability of supply. A highly innovative
solution to space and water heating was the inclusion of 30kWh thermal storage designed by
Green Structures using phase change materials, as shown in figure 7, connected to roof mounted
solar thermal evacuated tubes. Once charged, this heat store is designed to hold in excess of 3
days requirement, thus buffering the supply against demand. Ventilation was planned by sealing
the house airtight, and controlling warm air circulation using a mechanical heat recovery ventilation
system.

The design also included a building monitoring and
maintenance system to manage energy usage and
equipment, new warm-toned LED lights throughout
house, A++ appliances in kitchen and energy
efficient computers and TVs.
The design proposed that following retrofit the
property could, with appropriate user behaviour
changes and lifestyle adjustments become an
energy self sufficient dwelling. Since this requires
inspired and environmentally educated inhabitants
this assumption was not taken into account when
Figure 7: 14kWh test prototype of the calculating potential CO savings.
2
Thermal Accumulator containing phase
change materials; Brent Passive received Architectural quality was achieved by retaining the
30kWh prototype
Victorian street elevations, careful mixture of

natural cladding elements, dark grey window
frames and white render, as well as a reintroduction of a slate roof, see figure 8. By designing the
insulation to minimise any loss of floor space, and designing all fittings and systems to limit
disruptions to the tenant during construction, the solution maximised comfort for the occupants.
The design was innovative and holistic in its approach while remaining cost-effective and has
potential for wide replication throughout the market.

3.2 Construction stage
The onsite construction began in May 2010. Roof tiles were removed and the loft condition was
inspected. The loft was cleared, a new access hatch was created and the water tank was
relocated. The ceiling joists were strengthened prior to adding the loft insulation. A  new  ‘warm’  roof  
was installed, incorporating an innovative combination of both rigid foam between the rafters, and
multi-foil insulation blanket on top. The multi-foil
was wrapped around the roof, to overlap behind
the top of the wall insulation below.
In weeks 6-9 the doors and windows were
replaced with triple glazed units and the heat
and recovery ventilation unit was installed.
Insulation was inserted below the damp proof
course. The stone mouldings were cut from the
external façade. Air ducting was added
throughout the house. Roof insulation was
added and the eaves were extended to allow for
the external wall insulation. Subsoil drainage
was installed. The building walls were insulated
externally with a total of 120mm of rigid
polyisocyanurate foam [PIR] finished with a
render system topcoat with a significant slippage
Figure 8: Brent Passive house performing in on the project plan timing.
cold conditions in December 2010.
The suspended timber floor at ground floor level was insulated with spray foam. Considerable
attention was paid to the detail installation of all these elements, to assure the insulation
effectiveness and achieve maximum air-tightness throughout the property. Construction was
completed after 6 months of work in December 2010.
3.2.1 Challenges faced in construction
Across all the projects in the programme, people management presented the greatest challenges
and this project was no exception. The tenant and her family were in situ throughout the

construction phase of the project and they resented the presence of contractors working on the
house, despite fully signing up to the retrofit work prior to commencement. This created a
significant challenge for the project manager as some contractors walked off site following heated
exchanges with the tenant. In hindsight it would have been better to relocate the tenants during the
work done inside the property.
Engaging and training occupants is also key to effective operation of highly insulated houses using
mechanical ventilation. Commissioning of the ventilation system was undermined by the behaviour
of the tenant, who regularly opened windows failing to understand the   principles  of  the   building’s  
insulated and air tight design with no heating system. She continues to turn off the ventilation
system, building management system and solar thermal circulation system by switching the circuit
breaker next to the front door which is causing the systems to underperform.
Innovation adds additional challenges. The mechanical ventilation heat recovery unit at the heart
of the system was imported from Germany and was not originally designed to work with thermal
storage.  In  consequence,  it  was  not  possible  to  ‘balance’  the  system  in  the  conventional  way,  and  
the technical support available from the manufacturer in the UK could not help. The team finally
located detailed product documentation on a European website, but only in German, which they
then translated. This difficulty cost valuable time on site and therefore incurred higher costs.
Project management was one of the most difficult and time consuming challenges. The programme
suffered a number of setbacks and delays, including the failure of the insulation contractor to
attend site as scheduled and agreed and incorrect installation of the insulation once they did arrive
on site, by failing to cross-lap the layers, as per their own specification. If retrofitting is to be scaled
up to improve the performance of millions of homes the process must be made more streamlined.
3.3

Monitoring process

In March 2011 the monitoring system, based on the requirements in table 2 was commissioned
and commissioning of the house began. On the first day with outside air temperatures of 10.9 °C
the house was fully warmed by solar gain with average room temperatures of 21°C. The solar
thermal panels were then commissioned and started to charge the thermal store. This house is not
yet achieving the predicted reductions in energy usage, although to date they are seeing
satisfactory 65% reductions and with further monitoring until March 2013 and fine-tuning expect to
reach 85% reductions.
3.4

Discussion of the case study results, potential for scaling up

There was significant learning by the technical partners, the landlord and the tenant on what is
involved in a whole house retrofit. It is in the nature of refurbishment work that unexpected
elements are thrown up once work begins and this has the potential to greatly increase costs in
comparison with the planned budget. Project plans and sequencing should allow for unexpected
delays where possible.
Over the course of this project, a great deal of time and effort was spent on tenant issues and
concerns. Retrofitting with the tenant in-situ is challenging. Whilst the tenant may have agreed to
the works in the first  instance,  it  was  not  their  idea;;  change  is  being  done  ‘to’  them,  rather  than  ‘by’  
them. This raises a raft of human factors issues in respect of the psychology of construction
management  as  a  process,  residents’ personal choice, and control of their own home.
One of the most important parts of a successful retrofit is ensuring that building contractors
observe air-tightness and correct construction methods. In order to scale up retrofit, field based
site and project management is essential, particularly where the works contain significant
innovation. Ideally, the same site team would be re-engaged, preserving the tacit knowledge
gained from previous experience.

4. Conclusions on the Retrofit for the Future programme

The programme was successful in capturing the imagination of a large number of skilled designers
to design whole house solutions for retrofitting of low rise housing.
Almost 200 potential design solutions have been worked up and evaluated using extended SAP
calculations. Construction on site has taken place for 87 housing projects, totalling 119 individual
houses retrofitted. This has created exemplar retrofitted properties for real people.
The programme is providing the following benefits to the UK retrofit sector:
Kick start the retrofit market and prepare UK business for the opportunity
Find innovative and cost effective solutions from UK business and evaluate them for future
procurement
Create exemplar retrofitted properties for real people
Develop an evidence database
Develop UK skills
Provide evidence of actual in-use performance benefits and costs
Monitoring and evaluation of the houses is ongoing and is providing a large amount of data for
future analysis.
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Summary
In architecture, shell construction is used for large spatial structures. These optimized load carrying
systems possess a very high efficiency in the consumption of energy and raw materials. Pollution
is reduced and the material consumption is minimized. Computer aided optimization and freeform
design give the opportunity of an exact material optimization in dependency on the expected load
and form. Concerning the operation, shells can be designed to be optimal in terms of energy
consumption respectively solar power generation.
Until now the use of wood rather played a marginal role, implementing those examples of
architecture, although this material offers manifold advantages, especially against the background
of accelerating shortage of resources and increasing requirements concerning the energy balance.
Until now, wood has been predominantly used as massive gluelam trusses, the possibilities for
lightweight constructions, appropriate for the material involved, are still limited.
Regarding the implementation of shells, nature offers a wide range of suggestions for efficient and
lightweight constructions. The focus of the examinations is on the shells of marine plankton,
especially of diatoms, whose richness in species promises the discovery of entirely new
construction principles. The project is targeting at transferring advantageous features of these
organisms on industrial produced, modular wood shell structures. The essential challenge is to
keep the complexity small in order to minimize efforts in production and assembling.
Currently a transfer of these structures in CAD – models is taking place, helping to perform stress
analysis by computational methods. Micro as well as macro structures are the subject of diverse
consideration allowing to draw the necessary conclusions for an architectural design. The insights
of these tests are the basis for the development of physical models on different scales, which are
used to verify the different approaches.
Keywords: architecture, biomimetics, bionics, wood, timber-construction, shell-construction,
diatoms, renewable, sustainability

1. Introduction
1.1

Starting point

The research project focuses on the development of transferable technical solutions for wood shell
constructions by applying biomimetic approaches. The economic implementation is an important
aspect, developing sustainable, flexible and removable lightweight solutions for shell and folded
plate constructions, using the renewable material wood. In this context, the engineering of suitable,
material efficient technologies for the assembly is highly important. A further focus is the
examination of life cycles in nature and the transfer of the resultant findings to the engineering.
Therefore, an important part is the use of findings of adjacent fields of knowledge, the transfer of
know-how to the formation of architects and engineers, the inclusion of biologists and the
integrative approach of biomimetics in favor of a decided innovation in the field of sustainable
timber construction.
The research will be completed with the construction of a prototype, that will prove the technical

transferability of biolocical principles and which will help to enter a new market with a sustainable
product.
1.2

Sustainability

Sustainable construction is recently gaining importance in the field of architecture and building
industry. The use of renewable and recyclable raw materials is the future basis for environmental
conscious construction against the background of increasing requirements concerning CO2- and
energy balance. However, the price of these limited available raw materials rises with the demand.
The availability is limited to the after-expansion. A wise and efficient use of those building materials
becomes more and more important.
Compared to conventional building with heavy and voluminous building elements, materialeconomic construction plays a rather marginal role. High production costs, caused by complex
design and development as well as additional cost of manufacture and expensive assembly still
prevent a large-scale application of sustainable and resource-efficient lightweight construction.
Particularly in the field of timber construction, shortness of resources enforces lightweight
construction. At this, especially shell and folded plate construction have proved to be adequate.
Contemporary architecture frequently orients on shell-like, biomorphic structures. The formal
vocabulary of today´s architecture, developed by using computer based, generative design
approaches is very expensive to implement, if traditional construction methods are used.
Actual construction systems can´t keep up with the modern design tools of the planners and don´t
cope with the resulting requirements. Beneath difficulties in the traceability of these shapes,
additional expenses in the production, for auxiliary constructions and the extensive assembly are
high and, compared with traditional constructions, exceed the potentials in material savings.
Considerations concerning the life-cycle play a rather marginal role.
Beneath its material properties, wood as building material possesses in these advisements, in
consideration of the possibilities of building double-curved shapes an interesting potential. The
increasing acceptance of renewable raw materials will augment the demand for wood, leading to
the concentration on the issue of the availability of the raw material.
The timber construction industry still hasn´t developed suitable construction methods for the
competitive implementation of contemporary formal vocabulary. Although problems with torsion
and usability could be resolved by technical innovations in the last years, an essential progress
could not be observed. Material efficiency and sustainability in the sense of life-cycleconsiderations don´t play a namable role. Steel joints and enormous formworks are required to a
high degree. In spite of the material economic advantages of shells and folded plate constructions,
high expenditures for production and assembly reduce their possible application. The technical
development requires new impulses, reducing the production costs, realizing multifunctional
exigencies and combining variable life-cycle requirements.
1.3

Biomimetics

In nature, material-efficiency means the effective exposure with precious metabolites. Nature has
generated extraordinary effective, light shells and folded plate structures, elements which are able
to grow yet stable and whose potential for the technical application has to be explored.
Natural constructions have developed material efficient methods of construction, both in plant and
in animal kingdom. On the one hand they employ the available raw materials efficient and
dimensionally stable, they are statically optimized and they are multifunctional in many ways, on
the other hand they can be built and enlarged in elementary growth processes. Examples are the
shell constructions of mussels, sea urchins, etc. but also the folded plate constructions of a
multitude of different leaves.
Last but not least, life-cycle plays an important role, for the grown structures are either occupied by
new life-forms or they decay to their base elements from which new life originates. Shells and
folded plate constructions in architecture, in contrast to natural constructions, have proved to be
niche products. The examination of natural constructions leads to a thrust of innovation and helps
to develop technical solutions that allow an efficient design of these surface structures. Until now,
the mere technical consideration could not initiate this thrust of innovation.

1.4

Summary of the targets

In the forefront of the project, the following theses have been built, that will be verified during the
research:
Until now, building technology is affected by the use of massive building materials.
In the light of increasing requirements concerning the CO2- and energy balance,
recyclability and resource-efficient construction methods, renewable construction materials
become more important.
The increasing demand of renewable construction materials leads to increasing prices, the
availability is limited to the after expansion.
In the future, life-cycle considerations will play a more important role, rating the construction
materials of sustainable buildings.
In this context, timber as a construction material possesses an interesting potential.
Innovative use of wood is limited. The construction industry uses wood mainly in massive
panels and voluminous gluelam trusses.
The efficient use of the limited available construction material becomes more and more
important, because the demand in other industries increases too.
Shell constructions are light and material-efficient.
Shell constructions can provide a high security stock for bearing loads.

2. Natural Examples
In the following some potential examples for a transfer to technical problems of the present task
are briefly introduced. For shells in general, manifold examples can be found:
Sea urchins: The periodic shells are supported by an inner circular hollow skeleton, which can be,
depending on the species, spherical or flattened. The shell is reinforced by radial stiffening ribs.
Sea urchins can serve as an example for the optimization of the shapes of shells. Findings of the
examination of sea urchin shells contributed to the design of the ice speed skating arena in Erfurt,
Germany.

Fig. 1 Ice speed skating arena Erfurt, Germany (©G. Pohl)
Mussels: They are often of helical shape, caused by growth along the rim. It is a construction of
natural massive shell, partially showing reinforcement elements, respectively varying thicknesses,
folding or ribs, leading to an increased moment of inertia.
Tortoise shells: The shells are freeform shaped and consist of an assemblage of irregular
hexagons. In this construction especially remarkable is the configuration of two layers, lying upon
another. The upper shell is called the carapace, the lower shell is called the plastron. The seams of
these layers are arranged in an offset pattern, which gives additional stability to the shell. A transfer
to technical applications, concerning the adaption of hexagonal structures to freeform surfaces is
possible. Additional, possibilities of the stabilization of joints with a low rigidity can be examined.
Beneath possible examples for the design of the shapes, the potentials for a transfer of biological
structures are of special interest.

Bones: The cancellous bone is made by structures consisting of branching with three or four arms.
The cancellous bone aligns alongside the distribution of forces. This leads to loadings of the
framework either as tractive forces or pressure forces. Bending stress can be avoided.
Opuntias: In these cactuses, the load bearing structure is built by a fibrous, cross-linked
sclerenchyma and the pressure-resistant parenchyma. This configuration can be called a natural
composite.

Fig. 2 Sclerenchyma of the opuntia (©G. Pohl)
Diatoms: Only because of the immense diversity of species, uncountable basic shapes can be
observed. Beside the shapes, the structures of diatoms feature a multitude of characteristics. The
shells generally consist of several structures on different scales, connected with each other. This
hierarchic organization leads to an increased moment of inertia as well as a reduction of material
at the same time, compared with massive constructions. Further aspects that will partially be
pointed out in the following are the configuration of regular patterns respectively structures on
double-curved surfaces, the use of reinforcement ribs or the form-locking joints, allowing these
organisms to ally in colonies.

3. Focus on joints of diatoms

Fig. 3 Different diatoms (©Alfred-Wegener-Institut für
Polar- und Meeresforschung Bremerhaven)

The countless shapes of the shells of
marine plankton point out, that efficient
building structures can be generated
with limited resources. From time
immemorial, these organisms depend
on the partly very low concentration of
building material in the seawater. For
diatoms the substance silicate plays a
major role, because it is the main
constituent of the shell of the cell. With
uncountable shapes and the high
diversity which the diatoms have
designed during the evolution, they
prove, how light, material-efficient and
still sturdy shell constructions can be
developed with a limited available
resource. The examination of the great
variety of shapes promises the
discovery of entirely new construction
principles.

In a concrete case study the potential contained in the structural solutions of diatoms becomes
apparent, which serves as an inspiration for the development of innovative joints in timber
construction. Until now, in wood shell constructions, heavy loaded regions have been fortified by
extraneous material, e.g. steel. Usually, these are regions, where two or more elements are
connected. For this purpose, very complex laborious steel elements are needed which are
expensive and prevent the potential of a better energy balance of the whole building. Last but not
least, aesthetic aspects of the construction are shortened. It is the aim to realize these joints only
by wooden elements, which are modular connectable. Furthermore sturdiness and long-life cycle
have to be provided. By concatenating multiple single diatoms to colonies, nature shows how
these joints can be realized. For diatoms, structural connections of cells play an important role.
E.g., colonies provide a better protection against predators; they facilitate the reproduction and
change the drift behavior, compared with solitary living cells. However the joints have to resist high
external forces caused by attacking copepods or the current. Strong connections between the cells
are necessary in order to absorb the distributed forces. They can be made of organic glue or by
structural shaping of the shells. Glue is a disadvantageous solution, because it has to be
substituted continuously, which means high energy expenditure for the cell. In contrast, structural
connections need no further energy after the formation. This becomes apparent by the examination
of fossil diatoms. After thousands of years, frequently the connections are still intact, although there
isn´t any organic material left.
The construction principles of several
species are very similar. Especially
centric
species
often
possess
intermeshing appendices at the rim of the
shell. Some species have developed very
complex and bizarre shapes that can be
only found at this single species.

Fig. 4 Different joints of diatoms (©Alfred-WegenerInstitut für Polar- und Meeresforschung Bremerhaven)
According to the construction, the different joints can be classified in three groups. Joints by tooth
systems are characterized by short appendices, interlocking like gear-wheels. The second group
features regions on the shell surfaces, which enable the contact with other cells. This purpose can
be reached by different means, for example small appendices or elevations. The entity of other
joints differs from these two general constructions and has been summarized in a third group. The
mostly detected joints can be assigned to the first group with joints by toothing and short
appendices. Seven, respectively eight species could be found, interlocking by this principle. The
proof of several other construction principles succeeded only in single cases. Probably the
distribution of these species is very limited. The summary of this analysis is that some of the
examined species feature innovative and unconventional solutions for the durable connection of
two cells that can outlast thousands of years in the sediment.

4. Examples for the transfer to technical applications
4.1

Opuntias / generative approach

The structure described in the following bases on the sclerenchyma of opuntias. In principle this
structure is built in a configuration in which parallel longitudinal beams are connected with beams

bent like sinus curves. In the model, these curved beams are designed as elastically deformed
components, made of flat material. Assembled with the longitudinal beams, dimensionally stable
freeform structures can be designed.

Fig. 5 Different models (©G. Pohl)
In order to automate the extremely laborious and complex construction, a parametric model was
generated, using the generative, algorithmic software “Grasshopper” for the CAD-Software
“Rhinoceros”. In contrast to scripting methods, the graphic user interface makes the creation of
programs easier and the handling is more intuitive. Designing with this software allows to visualize
the intermediary steps.

Fig. 6 Parametric construction (©G. Pohl)

Fig. 7 Variants (©G. Pohl)
In the present case, the shape of the shell, number and size of the constructive elements can be
controlled user-defined in the program. By changing shape and construction, the number of
versions is unlimited.
4.2

Puzzle joints

Several diatom species feature puzzle-like joints, allowing the generation of form-locking linkages
between two cells. Below, the idea is described how this construction principle can be transferred
to big gluelam trusses.

The production of gluelam requires a big effort, especially in the case of curved shapes and big
dimensions.
The
proposed
method allows the modular
assembly of big trusses to be
made of single milled out, flat
elements. These elements are
arranged in an offset pattern.
For the assembly, two principal
methods are possible. On the
one hand, the panels can be
glued in the factory, on the
other hand the single Elements
could be completely assembled
at the building site, which would
lead to dramatically reduced
transportation costs, however
Fig. 8 Variants of the basic construction of the puzzle-like joint questions of assembling still
and assembly of a truss (©G. Pohl)
have to be resolved.
The construction of the form closure is determined by the following considerations:
The area of contact should be as big as possible
The steeper the gradient of the chamfer, the better the form closure works
The teeth must not be too thin at the basis
The contour should be as easy as possible, in order to allow an easy production
Because of considerations concerning the production and in order to minimize stress
concentrations, sharp edges should be avoided.
In this context several, partly conflictive aspects have to be optimized, requiring extensive tests. At
the present stage a conclusion about the optimal shape cannot be drawn.
For the both ends of two elements are laterally pushed together, enough tolerance is indispensable.
If a higher expenditure in manufacturing is accepted, tapering of the notches could make the
assembly easier if applicable.

5. Application
As mentioned above, the insights of the research project shall end in the erection of a prototype
building. From the architect´s point of view, it is obligatory that the implementation does justice to
the criteria of design. The starting point is a utilization concept for a small pavilion, the dimensions
are given along general lines. The roofage shouldn´t exceed 100 m². Aspects of biomimetics
should be followed as far as possible.
The applicability of the construction principles worked out during the project has been examined.
Herefrom, the actual design was developed. The basic shape derives from the diatom species
asterionellopsis glacialis, the folded plate structure of the surface, also known as miura-ori pattern,
can be observed similarly in nature, for example in the foldings of the leaves of hornbeams.
By using a double axis-symmetric basic shape, the
number of different building elements can be
minimized, the applied structure is ideal,
concerning an economic and sustainable
implementation.
Improvements of the bearing strength can be
achieved by supporting the surface structure by
arches, which are arranged in cross direction.
Thereby the folded plate structure and the arches
relieve one another, allowing a material economic
design of the arches.
Concerning the function, exemplarily the drainage
Fig. 9 Construction principle of the prototype of the roof had to be checked. Simulations revealed
that water accumulated in several folds.
(©G. Pohl)

Fig. 10 Improved drainage (©G. Pohl)

Apertures for lightening can be
implemented as simple transparent
plates of the structure. This allows,
according to the location and
orientation of the building, a precise
control of the light incidence. Swiveling
plates provide for air ventilation and, in
combination with the apertures,
shadowing.
The single elements of the folded plate
structure and the arches are
completely made of wood and
assembled without additional metal
tangs. The surface coating is white
and sealing.

Fig. 12 Visualization (©G. Pohl)

Modifications of the geometry led to a
correct draining of the water and the
elimination of this initially existing
problem.
In connection with the optimization of
the geometry of the folded plate
structure, the load bearing capacity
was increased significantly.
Different variants of the entrance have
been developed and transferred to the
construction. One possibility is to
swing open several plates, connected
to a door around a pivot. An additional
counter weight reduces the effort when
opening and closing the door.

Fig. 11 Pivoted doors (©G. Pohl)

6. References
[1] Round, F. E., Crawford, R. M., Mann, D. G., “The Diatoms, Biology & Morphology of the
Genera”, Cambridge University Press, New York (1990).
[2] Jewson, D. H., Khondker, M., Rahman, M. H., Lowry, S., “Auxosporulation of the freshwater
diatom Aulacoseira herzogii in lake Banani, Bangladesh”, Diatom Research, Vol. 8 (2), 403-418
(1993).
[3] Houk, V., Klee, R., “Melosiraceae and Aulacosiraceae”, (Supplemant to Part I), Atlas of
freshwater centric diatoms with brief key and description: Part II, Fottea, Journal of the czech
phycological Society, Vol. 7, No. 2 (2007).
[4] Ross, R., Sims, P.A., “Some Genera of the Biddulphiaceae (diatoms) with interlocking linking
spines”, Bulletin of the British Museum (Natural History), Botany Series, Vol. 13, No. 3, 277-381
(1985).
[5] Ross, R., Sims, P. A., “Syringidium Ehrenb. , Dextradonator Ross & Sims, nov. gen. and Abas
Ross & Sims, nov. gen., Bacillaria”, International Journal for Diatom Research, Volume 3,
Verlag von J. Cramer (1980).
[6] Ross, R., Sims, P.A., “Further Genera of the Biddulphiaceae (diatoms) with interlocking linking
spines”, Bulletin of the British Museum (Natural History), Botany Series, Vol. 16, No. 4, 269-311
(1987).
[7] Cox, E. J., “Raphe loss and spine formation in Diadesmis gallica (Bacillariophyta) – an
Intriguing example of phenotypic polymorphism in a diatom”, Nova Hedwigia, Beiheft 130, 163176, J. Cramer Verlag, Stuttgart, Germany (2006).
[8] Sims, P. A., “Skeletonemopsis, a new genus based on the fossil species of the genus
Skeletonema Grev.”, Diatom Research, Vol. 9 (2), 387-410 (1994).
[9] Jordan, R. W., Logowski, R., “Observations on the auxospores, initial cells and vegetative cells
of Proboscia trunicata (Bacillariophyta)”, Nova Hedwigia, Beiheft 130, 201-212, J. Cramer
Verlag, Stuttgart, Germany.
[10]
Gebeshuber, I. C., Crawford, R. M., “Micromechanics in biogenic hydrated silica: hinges
and interlocking devices in diatoms”, Institution Mechanical Engineering, Vol. 220, Part J: J.
Engineering Tribology, 787-795 (2006).
[11]
Pohl, G., “Technology and Media Centre Erfurt, Tensile Architecture and Bionics” in: Vrije
Universideid Brussel (ed.) Designing Tensile Architecture. TENSINET- Symposium Brussels
(2003).
[12]
Pohl, G., “Sustainable Design”, in: Fabric Architecture. Design Solutions for the Future. IFI
Publications USA (2004).
[13]
Pohl, G., “Wo die Natur das Maß vorgibt – Architekten suchen ihre Vorbilder bei Tieren und
Pflanzen“, in: Blüchel, K.G. und Malik, F. (eds.) Faszination Bionik - Die Intelligenz der
Schöpfung, 208-219 (2006).
[14]
Pohl, G., “Konstruktive Architektur – Leicht und weit“, in: „Reichweiten – leichte
Konstruktionen“. Hrsg. Prof. Bernd Baier. Verlag der Universität Duisburg-Essen (2006).
[15]
Pohl, G., „ Gestaltung als kulturelle Errungenschaft - Von der Natur Lernen“, in: Blüchel,
K.G. und Malik, F. (eds.) Faszination Bionik - Die Intelligenz der Schöpfung, 374-379 (2007
[16]
Pohl, J.; Pohl G., “The role, properties and applications of textile materials in sustainable
buildings”. In: Textiles, Polymers and Composites for Buildings. Ed. by Goeran Pohl, Oxford,
Cambridge, Philadelphia, New Delhi: The Textile Institute, Woodhead Publishing, 229-255
(2010).
[17]
Pohl, G.; Speck, T.; Speck, O.; Pohl J., “The role of textiles in providing biomimetic solutions
for constructions”. In: Textiles, Polymers and Composites for Buildings. Ed. by Goeran Pohl,
Oxford, Cambridge, Philadelphia, New Delhi: The Textile Institute, Woodhead Publishing, 310327 (2010).
[18]
Pohl, G., “Innovative composite-fibre components in architecture. In: Textiles, Polymers and
Composites for Buildings. Ed. by Goeran Pohl, Oxford, Cambridge, Philadelphia, New Delhi:
The Textile Institute, Woodhead Publishing, 398-469 (2010).
[19]
Pohl, G., (ed.), Textile Institute, Woodhead Publishing: Textiles, Polymers and Composites
for Buildings, Oxford, Cambridge, Philadelphia, New Delhi (2010).

Identifying  parameters  of  the  buildings’  envelope  that  affect  the  heating  
energy demand in three cities in Greece
Georgia Safouri
PhD Student
Aristotle University of
Thessaloniki
Department of Civil
Engineering
Greece
gsafouri@hotmail.com

Summary
Heating energy consumption of buildings is a matter of great importance. Finding ways to minimize
this energy via altering parameters that are crucial for its thermal behavior affects its sustainability
and can improve its whole environmental profile. This paper examines the influence that various
parameters   of   the   buildings’   envelope  have   upon   the  annual  heating  energy   demand   of a typical
residential building. The parameters examined are the U-value of the opaque and the transparent
elements of the  building’s  envelope  and  the ratio of the windows to total area of the windows in the
south   façade.   For a total of 600 different combinations of these parameters, the annual heating
energy needs are calculated, using the monthly method described in the European Standard EN
13790. The calculation is conducted for three Greek cities; Athens, in central Greece, Thessaloniki
in northern Greece and Iraklion, in southern Greece. Results show how these parameters affect
the annual heating energy needs for the three cities. Finally, linear regression is conducted,
through which functions which relate the three parameters with the annual heating energy needs
are estimated, as well as the coefficient of determination of every estimated function. The use of
these functions can enhance decreasing of the annual heating energy needs, via proper selection
and combination of the values of these parameters.
Keywords: Heating energy demand, building envelope, quantitative analysis

4. Introduction
Heating requirements of buildings throughout their whole life cycle is a matter of great importance
due to their relatively large lifespan and the large amounts of heating energy that are usually
needed in conventional buildings. Besides, the heating energy demand is a crucial parameter that
affects  the  building’s   environmental   profile. In particular,  as  stated   in  Annex   31   project’s highlight
report [1], energy is the single most important parameter for consideration when assessing the
impacts of technical systems (such as buildings) on the environment. During the life cycle of a
building, the operation and use phase predominates, both in terms of time and energy use.
Heating energy is one of the basic components that form the total energy consumption of a
building. Minimizing this energy   is   a   first   step   towards   the   improvement   of   a   building’s  
environmental profile and its conversion to a more sustainable building.
This   paper   aims   to   examine   some   crucial   parameters   of   buildings’   envelope,   related mostly with
the solar heat gains, over  their  influence  on  the  buildings’  heating  energy  requirements.  In  order  to  
examine the influence of the climate on the way that these parameters affect the heating energy
needs, the analysis has been conducted for three cities in Greece, located in southern, central and
northern Greece respectively.

5. Reference building
2.1. Dimensions
In order to conduct the numeric analysis, a single-family single-floor residential building has been
selected as the reference building. The reference building has rectangular shape, with a length of
10 m, a width of 10 m and a height of 3 m.
2.2. Windows
The   area   of   the   openings   in   all   façades   - except for the south - is fixed, whilst the area of the
openings  in  the  south  façade  takes  various  values.  The  openings  in  the  north  façade  cover  the  5%  
of  the  total  area  of  the  façade,  while  the  openings  in  the  west  and  east  façade  cover  the  10%  of  the  
total  area  of  these  façades.  The  U-value of the windows is a variable of the parametric analysis.
2.3.

Other aspects

The set-point of the indoor air temperature is 20C. As of the ventilation, the building is assumed to
have natural ventilation with 0.7 air changes per hour.
As of the thermal inertia, the type of construction of the reference building is heavy, so, according
to EN ISO 13790 [2], its internal heat capacity Cm is derived by equation 6:

C  260000  A
m

(6)

where Cm = the internal heat capacity of the building in J/K; and A = the total floor area of the
building in m2.
Finally,  the  internal  heat  gains’  flow  Φint is assumed to be 4.0Wm-2.

6. Calculation method
In order to calculate the heating energy requirements, the monthly method described in the
European standard EN13790 has been selected [2]. This method is based on the thermal balance
of the building, taking into account both the heat losses and the heat gains. The calculation
procedure is briefly described in this article.
Firstly, the overall heat transfer coefficient by transmission H is calculated. Then the heat losses
and the internal heat gains for the particular month are calculated using equation 1 and equation 2
respectively:

Q  H  (
  )  t
l
int, set e

(1)

where Ql = total heat losses for the particular month in MJ; H = the overall heat transfer coefficient
in W/K; θint,set the set-point temperature for the particular month in C; θe the mean monthly
temperature of the air in C; and t = the duration of the month in sec.
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int
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(2)

where Qint = the internal heat gains for the particular month in MJ; A = the total floor area of the
building in m2; Φint =the  internal  heat  gains’  flow in Wm-2; and t = the duration of the month in sec.
The solar heat gains Qs are a function of the mean monthly solar irradiation and the total effective
area of the openings and vary between the different orientations of the openings. The European
Standard EN ISO 13790 provides all the parameters needed for the calculation of the solar heat

gains. After calculating the solar heat gains, the total heat gains are derived by equation 3:
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g
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s

(3)

where Qg = the total heat gains for the particular month in MJ; Qint = the internal heat gains for the
particular month in MJ; Qs = the solar heat gains for the particular month in MJ.
The next step is the calculation of the utilization factor, symbolized with n, which indicates the
fraction of the heat gains that have a positive contribution in the heating needs. The utilization
factor is a function of the heat gains to the heat losses ratio, the thermal capacity of the building
and the overall heat transfer coefficient. The heating needs for the particular month are derived by
the expression:

Q  Q  nQ
h
l
g

(4)

where Qh = the total heating needs for the particular month in MJ; Ql = the total heat losses in MJ;
Qg = the total heat gains in MJ; and n = the utilization factor, which is dimensionless.
Finally, the annual heating energy needs are the sum of the monthly heating requirements
calculated by equation 4. So, the annual heating energy needs are calculated by equation 5:
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where Qh,a = the total annual heating energy needs in MJ; and Qh = the total heating needs for the
particular month in MJ.

4.

Climate data

The quantitative analysis is conducted for three major Greek cities; Iraklion, located in southern
Greece; Athens, the capital, located in central Greece; and Thessaloniki located in northern
Greece. The mean monthly air temperature for the three cities, according to Hellenic National
Meteorological Service, which were used for the analysis, are shown in Table 1. Data for solar
irradiation have been derived from METEONORM. The data needed are the mean monthly solar
irradiation for a vertical surface in all orientations.

Table 1 Mean monthly air temperature for three Greek cities
Month
January
February
March
April
May
June
July
August
September
October
November
December

Mean monthly air temperature
(C)
Iraklion
Athens
Thessaloniki
12.1
10.3
5.2
12.2
10.6
6.7
9.7
13.5
12.3
14.2
16.5
15.9
20.3
20.7
19.6
24.4
25.2
24.4
26.1
28.0
26.6
26.0
27.8
26.0
23.5
24.2
21.8
20.0
19.5
16.2
16.6
15.4
11.0
13.7
12.0
6.9

5.
5.1

Results
Examined alternatives

In the quantitative analysis three different aspects that influence the annual heating energy needs
are examined. These are the U-value of the opaque building elements (symbolized as U op), the Uvalue of the transparent building elements (symbolized as U w) and the ratio of the area of the
windows  in  south  façade  to  the  total  area  of  this  façade  (symbolized  as  w.r.).  
Various values have been asserted to these parameters (U w, Uop, w.r.) in order to examine their
influence on the heating energy requirements. The values for Uop range from 0.1 Wm-2K-1 to 0.6
Wm-2K-1 with a step of 0.1 Wm-2K-1, the values for Uw range from 0.5 Wm-2K-1 to 5.0 Wm-2K-1
with a step of 0.5 Wm-2K-1, while the windows to total area ratio range from 0 to 0.9 with a step of
0.1.
A total of 600 different alternatives have been examined. Table 2 shows all the values given to
these parameters during the quantitative analysis.

Table 2 Values of the 3 parameters examined in the quantitative analysis
U-value of opaque elements
(Uop)
[Wm-2K-1]
0.1
0.2
0.3
0.4
0.5
0.6

5.2.

U-value of transparent
elements
(Uw)
[Wm-2K-1]
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Window to total area of
south  façade
(w.r.)
[-]
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Annual heating energy needs

The results show a great variance of the heating energy needs, not only among the three cities,
but also among the different alternatives in the same city. Table 3 shows the minimum, the
maximum and the mean value of the heating energy requirements for the three cities, expressed in
kWhm-2year-1, as well as the standard deviation of the heating energy needs.

Table 3 Minimum, maximum and average values of heating energy needs for the three Greek cities

City
Iraklion
Athens
Thessaloniki

Minimum heating
energy needs
[kWhm-2year-1]
0.09
0.33
4.26

Maximum heating
energy needs
[kWhm-2year-1]
49.04
67.07
126.33

Average heating
energy needs
[kWhm-2year-1]
17.29
28.09
63.85

Standard deviation
of the heating
energy needs
[kWhm-2year-1]
11.44
16.03
28.14

5.3

Selected figures

Annual energy needs
(Uop=0.2W/(m2K) & Uw=1.0W/(m2K))

Heating energy needs [kWh/(m2year)]

Heating energy needs [kWh/(m2year)]

Some specific results that where derived by the quantitative analysis are shown in figures 1 to 4.
These results presented in these figures refer to the average and the extreme values that are
given to the examined parameters.
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Fig. 1a, 1b Annual heating energy needs for the reference building, located in three cities of
Greece, with overall thermal transfer coefficient for the opaque elements Uop=0.2 W/(m2K) and for
the transparent elements a) Uw=1.0 W/(m2K) b) Uw=5.0 W/(m2K)
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Fig. 2a, 2b Annual heating energy needs for the reference building, located in three cities of
Greece, with overall thermal transfer coefficient for the opaque elements Uop=0.4 W/(m2K) and for
the transparent elements a) Uw=1.0 W/(m2K) b) Uw=5.0 W/(m2K)

Heating energy needs [kWh/(m2year)]

Heating energy needs [kWh/(m2year)]
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Fig. 3a, 3b Annual heating energy needs for the reference building, located in three cities of
Greece, with overall thermal transfer coefficient for the opaque elements Uop=0.6 W/(m2K) and for
the transparent elements a) Uw=1.0 W/(m2K) b) Uw=5.0 W/(m2K)

140
Iraklion
Athens
Thessaloniki

120
100
80
60
40
20
0
0

0.2

0.4

0.6

0.8

Window to total area [-]

1

Annual energy needs
(Uop=0.6W/m2K & Uw=2.5W/m2K)
140
Iraklion
Athens
Thessaloniki

120
100
80
60
40
20
0
0

0.2

0.4

0.6

0.8

1

Window to total area [-]

Fig. 4a, 4b Annual heating energy needs for the reference building, located in three cities of
Greece, with overall thermal transfer coefficient for the transparent elements Uw=2.5 W/(m2K)
and for opaque elements a) Uop=0.2 W/(m2K) b) Uop=0.6 W/(m2K)
5.4

Conclusions

Based on the results shown in figures 1 to 4, some interesting findings can be derived. First of all,
it  can  be  stated  that  the  area  of  the  windows  in  the  south  façade  plays an important role over the
annual heating energy demands in all cities, as generally the annual heating energy needs

decrease when the window to total ratio increases. This occurs in all cities, but the decrease is
greater in Thessaloniki (with the coldest climate) and less significant in Athens and Iraklion.
Thessaloniki is an exemption to the previous statement. As shown in figure 1b, 2b and 3b, for the
extreme value of Uw=5.0 Wm-2K-1, when the window to total area increases, the annual heating
energy demand increases rather than decreases. That means that placing large openings in south
façade combined with large U-value for the windows, can lead to an undesired increase of the
annual heating energy demand.
Besides, as shown in figure 1b and 2b, the annual heating energy needs for Athens and Iraklion
initially decreases, then reaches a minimum value and finally increases. The whole variation is
insignificant, so generally it can be considered that for these specific circumstances, the annual
heating energy needs are constant.

6.

Linear regression

At last, linear regression is conducted on the results of the quantitative analysis, in order to define
the correlation between the three examined parameters and the annual heating energy needs for
the three cities. Knowledge of the degree that every one parameter affects the annual heating
energy needs could be an important tool when trying to implement objectives towards its
minimization.
6.1

Examined models

For every city, 7 different models are examined. These models result from making all possible
linear combinations of the three parameters Uop, Uw and w.r., while exponential, polynomial,
logarithmic etc. models are not examined.
Conduction of linear regression leads to calculating a function that relates the independent
variables (in this case the Uop, Uw and w.r.) with the dependent variable (in this case the annual
heating energy needs).
6.2

Results

The results of the linear regression are shown in Tables 4 to 6. For every one of the 7 different
models, the estimated function between the independent and the dependent variables are given,
as well as the coefficient of determination R2, which in general is indicative of the accuracy of the
estimated model. R2 can take values between 0 and 1 (0≤R≤1).   The   closest   the   R2 to 1 is, the
better the model is.

Table 4 Estimated models and their coefficient of determination R 2 for the city of Iraklion
Coefficient of
determination
R2
0.625

Independent
variables
Uop

Qh,a=

-1.224

Estimated function
+ 52.903Uop

Uw

Qh,a=

8.020

+

3.372Uw

0.179

w.r.

Qh,a=

23.632

- 14.088w.r.

0.125

Uop,Uw

Qh,a=

-10.496 + 52.903Uop +

Uop,w.r.

Qh,a=

Uw,w.r.

Qh,a=

14.360 +

Uop,Uw,w.r.

Qh,a=

-4.156

5.116

3.372Uw

0.804

+ 52.903Uop - 14.088w.r.
3.372Uw

0.750

- 14.088w.r.

+ 52.903Uop +

3.372Uw

0.305
- 14.088w.r.

0.930

Table 5 Estimated models and their coefficient of determination R 2 for the city of Athens
Independent
variables

Estimated function

Uop

Qh,a=

1.433

Uw

Qh,a=

14.281 +

w.r.

Qh,a=

35.569

Uop,Uw

Qh,a=

-12.373 + 76.155Uop +

Uop,w.r.

Qh,a=

8.915

Uw,w.r.

Qh,a=

21.763 +

Uop,Uw,w.r.

Qh,a=

-4.891

Coefficient of
determination
R2
0.659

+ 76.155Uop
5.020Uw

0.202

- 16.627w.r.

0.089
5.020Uw

0.862

+ 76.155Uop - 16.627w.r.
5.020Uw

0.748

- 16.627w.r.

+ 76.155Uop +

5.020Uw

0.292
- 16.627w.r.

0.951

Table 6 Estimated models and their coefficient of determination R 2 for the city of Thessaloniki
Coefficient of
determination
R2
0.705

Independent
variables
Uop

Qh,a=

Estimated function
15.469 + 138.228Uop

Uw

Qh,a=

37.834 +

w.r.

Qh,a=

70.440

Uop,Uw

Qh,a=

-10.546 + 138.228Uop +

Uop,w.r.

Qh,a=

22.061 + 138.228Uop - 14.649w.r.

0.727

Uw,w.r.

Qh,a=

44.426 +

0.256

Uop,Uw,w.r.

Qh,a=

-3.953

6.3

9.460Uw

0.233

- 14.649w.r.

0.022

9.460Uw

9.460Uw

0.938

- 14.649w.r.

+ 138.228Uop +

9.460Uw

- 14.649w.r.

0.961

Conclusions

As shown in tables 4 to 6, there is a strong correlation between the U-value of the opaque
elements and the annual heating energy needs, for all 3 cities, while the correlation between the
other two parameters (i.e. the U-value of the windows and the window to total area of the south
façade) and the annual heating energy needs tends to zero. This means that Uop affects the annual
heating energy needs much more than the U w or the w.r.
When trying to combine the three parameters, in order to obtain better correlation, the estimated
models provide better correlation indeed. Especially in the model with Uop and Uw, the coefficient of
determination is over 0.8 for all cities. Furthermore, the other two models reach not so strong
correlation.
Finally, the model which combines all the three independent variables has a very strong correlation,
as the value of R2 is above 0.9 for all cities. Nevertheless, the increase in R 2 when adding the w.r.
variable in the model with Uop and Uw is rather small, indicating that the insertion of the w.r. variable
in the model with Uop and Uw does not contribute to the accuracy of the estimated function.

7.

Discussion

Combining the results which were previously shown in this paper, the basic conclusion is that the
three examined parameters affect the annual heating energy needs of the reference building. This
is explained primarily by the great variance of the results for all three cities. For instance, the
heating energy needs for the city of Iraklion vary from 0.09 kWhm-2year-1 to 49.04 kWhm-2year-1,
for the city of Athens from 0.33 kWhm-2year-1 to 67.07 kWhm-2year-1 and for the city of
Thessaloniki from 4.26 kWhm-2year-1 to 126.33 kWhm-2year-1. The lower obtained values
correspond to low energy building, which means that for the specific reference building,
appropriate selection of the values of these three crucial parameters can lead to low energy
building.
The way each of these parameters affects the heating energy needs depends on the climate of the
area in which the reference building is located. As it is shown in figures 1 to 4, the effect of the
window to total ratio in Thessaloniki (which has the most severe climate of the three cities) is more
significant.  Besides,  in  some  cases,  while  increasing  the  area  of  the  windows  in  the  south  façade  
leads to decrease of the annual heating energy needs for Iraklion and Athens, the same increase
leads to an increase of the annual heating energy needs for Thessaloniki.
Finally, linear regression can mathematically estimate the influence that these parameters have
upon the annual heating energy demand of the reference building in the three cities. Using a linear
regression method, several functions can be estimated. The results show that, in all cities, the Uvalue of the opaque elements has the strongest correlation to the annual heating energy demand.
The correlation of the U-value of the windows is less strong, while the correlation of the window to
total  area  of  the  south  façade  is  insignificant.
When the three parameters are combined in pairs, the pair with the U-value of the opaque and the
U-value of the transparent elements has the strongest correlation. Finally, the model which
combines all parameters has particular strong correlation, as the coefficient of determination R 2 is
estimated to be over 0.90.
The estimated functions, and especially the models which present strong correlation, can be used
in order to examine the influence of these parameters over the annual heating energy needs of the
reference building. They can enhance the mathematical handling of the problem of minimizing the
annual heating energy needs, with implementation for example of a method of mathematical
optimization. These functions can be combined with other aspects, such as economic or
environmental cost. This way, an optimal combination of the three parameters can be estimated
and implemented, leading to a more energy efficient and sustainable building.
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Summary
Natural Hydraulic Lime (NHL) is resource recycling-oriented natural fabric with both air-setting and
hydraulic character, and it has various environmental performances such as absorption and
desorption of moisture and water retentivity. Thus, it is intended for such as exterior, interior and
pavement materials. This paper presents evaluation of these environmental performances of
specimens for many purposes made of NHL. In the experiment of absorption and desorption of
moisture, it turned out that NHL specimens for interior materials have performances meet a
criterion for humidity conditioning building materials in Japan. Experiments of thermal performance
turned out NHL specimens were able to change thermal diffusivity by mixture ratio. NHL can be
used as insulation or heat storage material, because NHL can be impasted wall surface. NHL
specimen for exterior materials which includes only aggregate has the best performance in the
experiment of evaporative cooling effect. Moreover, the specimen increased in thickness has
persistence of the effect. Heat budget analysis of pavement experiment turned out latent heat
transfer had a profound effect on heat budget, and it held the peak surface temperature. These
results show that NHL has a great deal of possibility as environment controllable building materials.
Keywords: Natural Hydraulic Lime, Environment Control, Moisture Absorption and Release,
Thermal Performance, Water Retentivity

1. Purpose of Research
NHL is a traditional building material in Europe. It absorbs and release moisture, absorbs VOCs,
insulates, stores heat and retains water. This performance can be controlled by changing the NHL
mix. The strength of NHL is standardized in Europe, but data on its environmental performance are
lacking. In Japan, building materials for environmental control have garnered attention, but there is
little recognition of NHL. This study evaluated the environmental performance of building materials
made of NHL in order to encourage the development of those materials.

2. Overview of NHL
NHL is defined in European Norm EN459-1 ’Limes produced by burning of more or less
argillaceous or siliceous limestones with reduction to powder by slaking with or without grinding. All
NHL have the property of setting and hardening under water. Atmospheric carbon dioxide
contributes to the hardening process.’ Hydraulic setting of NHL is the result of clayey material
contained in limestone. This characteristic led to the invention of Portland cement. Use of NHL
declined with the widespread use of Portland cement, but NHL has recently been reconsidered
because of its durability and environmental performance.

3.

Aspects of Environmental
Performance Studied and
Overview of Specimens

3.1 Aspects of Environmental Performance Studied
Specimens of NHL for use as interior and
exterior
materials
were
compared,
depending on their composition, in terms of
thermal performance, absorption and
release of moisture, and water retention.
3.2 Overview of Specimen
In light of the aspects studied, specimens
were compared in terms of differences in
mixture and thickness. NHL is a plastering
material containing water, aggregate, and a
binder. It works well with natural materials,
this study mixed NHL2.0 with silica sand,
chaff, straw, white fiber, diatomite, white
sand, and glass fiber.

Table 1. Types of Specimens
Group-No.

A

M

G

O

R

A-1
A-2
A-3
A-4
A-5
A-6
M-1
M-2
M-3
M-4
M-5
M-6
G-1
O-1
O-2
O-3
O-4
O-5
O-6
O-7
O-8
R-1
R-2

* Aggregate
Silica Sand

Bond

Size-5
-

Size-7

Size-4
2.0
-

Chaff
Straw
White fiber
diatomite
White sand
Glass fiber

Ratio by Weight
Thickness
NHL Aggregate Bond
1
2
3
1
1
2
3
10 mm

1

2

0.05

1

-

0.03
-

-

Size-4

Straw

1

2

0.05

Chaff
0.10
Straw
Straw
1
0.02
Building Material with Reduced VOCs (Ready-made Product)
Humidity-controlling Building Material (Ready-made Product)

10
10
25
10
25

mm
mm
mm
mm
mm

10 mm
5 mm
3 mm

Table 2. Grain Size Distribution of Silica Sand

4. Investigation of Thermal Performance
4.1 Investigation Summary

NHL

* Silica Sand
Size-4
Size-5
Size-7

Size Distribution
Diameter (mm)
0.425-1.70
0.212-0.85
0.075-0.30

The thermal conductivity and volumetric specific heat of specimens were measured. A quick
thermal conductivity meter was used to measure the thermal conductivity of a 250-mm square
specimen. An adiabatic calorimeter was used to measure volumetric specific heat from a specimen
50 mm in diameter and 100 mm in length.
4.2 Investigation Results
The thermal performance of the specimen
was largely affected by the specific gravity
of the aggregate and binder. Types and
ratios of aggregate and binder led to a wide
range of thermal performance by the NHL.
Fig. 1 Thermal Conductivity

Fig. 2 Volumetric Specific Heat

Fig. 3 Diagram of the Correlation in
Thermal Performance

5. Investigation of Absorption and Release of Moisture
5.1 Investigation Summary
This investigation was based on intermediate moisture levels as indicated in Japanese Industrial
Standards (JIS) A1470-1 ‘Determination of water vapour adsorption/desorption properties for
building materials—Part 1: Response to humidity variation.’ A specimen at steady state was
subjected to moisture absorption (23ºC, 75%, 12 hours) and then moisture release (23ºC, 50%, 12
hours).
5.2 Investigation Results
There were few differences in performance due to the type of aggregate. A greater content of NHL
tended to result in greater absorption of moisture. Adding straw and white fiber increases
performance, but adding diatomite and white sand decreased performance. Some specimens of
NHL met certain standards of the Japan Testing Center for Construction Materials for moisture
absorption and release by building materials.

Fig. 4 Comparison of Performance in Terms of Moisture Absorption / Release

6. Experiment to Investigate Evaporative Cooling Associated with Water
Retention
6.1 Experimental Overview
This experiment determined the suppression of a rise in
surface temperature due to evaporative cooling from the
perspectives of specimen mixture and thickness. Air-dried
specimens were placed on electronic scales and covered with
insulating material and silver tape except on the surface.
Measurement time was from 10 AM to 12 AM (14 hours). One
hundred grams of water were added twice at 10 AM and 1:30 PM.
Figure 5 shows the measurement setup.

Fig. 5 Measurement Setup

6.2 Experimental Results
Comparison of specimen thicknesses revealed that evaporative
cooling was sustained proportional to the thickness of the
specimen. Comparison of mixes revealed that mixtures
containing chaff interfered with evaporative cooling. Specimens
of NHL + Aggregate and NHL +Aggregate + Straw had the
highest levels of cooling in this experiment.

Fig. 6 Measurement Environment

Fig. 7 Changes in Water Content from O-1 to 4

Fig. 8 Changes in Temperature from O-1 to 4

Fig. 9 Changes in Water Content from O-5 to 8

Fig. 10 Changes in Temperature from O-5 to 8

7. Heat Budget Measurement
7.1 Overview of Pavement Specimen
A pavement specimen containing NHL2.0 and decomposed granite soil at a ratio of 1:3 by volume
was investigated. Type sizes of specimen were used; one was 1,800-mm square and 50 mm thick
and the other was 250-mm square and 10 mm thick.
7.2.1 Overview of Outdoor Exposure Experiment
The heat budget of the pavement was calculated based on data from the earlier experimental
results. Four thousand eight hundred or 100 grams of water were added twice at 10 AM and 1:30
PM.
7.2.2 Experimental Result
Sensible heat transfer was calculated as the
residual. The maximum sensible heat transfer
during the day is 200 to 400 [W/m2] for
ordinary concrete while that for NHL was
around 160 [W/m] since the latter retained
water. Latent heat transfer has a profound
effect on the heat budget and it limits the peak
surface temperature.

Table 3. Formula of Heat Budget

Table 4. Aspects Measured

Fig.11 Measurement Environment

Fig. 13 Changes in Temperature

Fig.12 Measurement Setup

Fig. 14 Heat Budget of Pavement Specimen

8. Conclusion
Investigation of the thermal performance of NHL revealed that thermal diffusivity changed as a
result of mixing ratios in specimens. NHL can be used as insulation or a heat-storing material
because NHL can be coated on a wall surface. Investigation of moisture absorption and release
revealed that NHL specimens of interior materials have performance that meets the criterion for
humidity-controlling building materials in Japan. NHL specimens of exterior materials that included
aggregate and no binder had the best performance in the experiment investigating evaporative
cooling. Moreover, a thicker specimen had longer-lasting cooling. Heat budget analysis of
pavement revealed that latent heat transfer had a profound effect on the heat budget and limited
the peak in surface temperature. These results indicate that NHL has greater potential to serve as
building materials for environmental control.
Future plans are to use NHL materials in actual buildings and evaluate their performance while
continuing to develop NHL as an environmentally sound building material.
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Summary
Concrete is the most used man-made material worldwide. Due to the amount of yearly production,
concrete is responsible for approx. 7% of global CO2 emissions. Therefore optimization of concrete
structures can contribute to needed reduction of global environmental impacts. One possible way
is utilizing of high performance and ultra high performance concrete in optimized structural shapes.
Mechanical properties of these materials such as high compressive strength, durability, water
tightness etc. create conditions for designing subtle structures that leads to saving up to 70% of
material in comparison with ordinary concrete, and consequently to reduction of embodied CO2
emissions. A combination of subtle precast RC frame structure with wooden based envelope and
wooden internal structures represents one possible way to reduction of environmental impact associated to structural systems of buildings. The experimental investigation performed at CTU in
Prague verified the possibilities of using HPC and UHPC in waffle floor structures and in timberconcrete composites. Utilizing of these materials enabled minimization of upper deck of waffle floor
structure up to 25 - 30 mm while keeping mechanical performance on required high level. Timberconcrete composite floor structures benefit from lower weight of HPC or UHPC deck while improving acoustic parameters and fire safety of the structure. The high quality of mechanical and environmental performance creates the potential for wider application of HPC and/or UHPC in building
construction in the future.
Keywords: high performance concrete, environmental profile, LCA

4. Introduction
The production of concrete in the industrialized world annually amounts to 1.5-3 tonne per capita.
Concrete is used in construction of buildings, bridges, dams, roads, tunnels – basically every contemporary construction contains concrete. Nowadays, even every timber house has some concrete
elements (e.g. foundations). Concrete represents due to its mechanical properties, durability, and
availability of resources and ability of variable design the mostly widespread structural material for
construction of buildings.
On the other hand cement production is associated with large energy consumption and CO2
emissions. In consequence of a fact that world cement production has been 12 times increased in
the second half of the last century [1], the cement industry produces at present about 7% of global

man-made CO2 emissions. More over high amount of concrete use is associated with high
transport needs and demands on production and demolition processes within the entire life cycle.
This all has significant impact on the environment.
One of the basic sustainability targets specified already in Agenda 21 for Sustainable Construction
[2] is reduction of non-renewable raw material consumption. The reduction of concrete can be
achieved by the development and application of new types of high performance concrete (HPC) –
silicate composites with improved mechanical properties in combination with shape optimization.
A complex LCA analysis of two alternatives of RC floor structures (HPC105), one alternative of
timber-concrete (HPC140) composite floor structure and reference RC full slab (C30/37) is
presented and environmental impacts are compared and discussed.

5. LCA of concrete structures
5.1

Methodology

The LCA methods and models should consider the whole life (from "cradle to grave") of a concrete
product (element, structure, etc.) [3]. The typical life cycle of a concrete product should cover the
following stages: raw material acquisition, production of concrete and structural components,
design and construction, operation and maintenance, repair, renovation, demolition, recycling and
waste disposal. The characteristic life cycle of a concrete structure with its typical material and
energy flows and consequent environmental impacts is presented in Figure 1 [4].

Fig. 1 Life cycle of concrete structure – material and energy flows and consequent
environmental impacts
5.2

Regional specifics

In general, the process of design and construction of concrete structures varies in different countries and regions. They are more or less determined by regional specifics due to different material
bases (regionally available aggregates, type of steel, etc.), different climate conditions, different
technology (based on the local labour cost, tradition in organization of work and different climate
conditions) and differences in cultural traditions. Some country/regional specifics are implemented
in codes for structural design (e.g. National Application Documents - NAD in Eurocodes).

Regional specifics should be considered when collecting embodied environmental data of different
materials. The type of material sources, mining technology, transport means, transport distance,
technology of production have a significant influence on final unit environmental embodied values.
Relevant complex LCA of the product or entire structure should be based on local environmental
data collected within the inventory phase of the LCA procedure.
5.3

Environmental profiles of cement

Environmental profiles of cements were calculated for common cements available on the Czech
market. The whole production cycle was processed in the inventory analysis of cement modules –
from the extraction of primary sources to the cement expedition. Aggregation of cement data for
various types of cement are shown in following table (Tab 1.)
Table 1 Aggregated balanced data of cement production

The primary energy flow within the single process steps was monitored in the inventory analysis of
individual cement modules. The preparation process of raw materials comprises energy necessary
for extraction in quarries, crushing, grinding and transportation of components (energy plaster
stone, fly ash). Clinker production process covers coal grinding, clinker firing and transportation of
fuels. The cement production process covers slag and gypsum drying, cement milling and
transportation of cement components. Operating energy of the cement plant is divided into heating
and other operating overheads. Primary energy demands in absolute values are showed in Figure
2. !

Fig. 2 Embodied primary energy consumption for cement production
[MJ/t]
It is apparent that the most energy intensive process from the perspective of technology is the
formation of clinker.

6. Case study – LCA of environmentally optimized HPC floor structures
6.1

Description of floor structures variants

The analysis was performed for four various RC floor structures (three are from HPC), that were
designed for four-storey residential building with ground plan 14.2 x 22.3 m. This analysis focuses
primarily on floor structures and does not cover concrete beams and supporting structures. The
analysis covers all significant life cycle stages: transport of the raw material to the concrete plant,
concrete production, and transport to the building site, pumping of fresh concrete, formwork and
demolition of structures. All assessed variants V1-V4 were designed for following conditions:
theoretical span 4.4 m (simply supported), dead load (excluding self weight of the floor structure) gk
= 4.0 kN/m2 and live load qk = 2.0 kN/m2. Variants V1, V2 and V4 were designed as one way slab,
variant V3 as two way slab then. The variants considered in the study are shown in the Figure 3.
V1 full RC slab C30/37 – thickness 200
mm, main reinforcement R10 ā 110 mm at
the bottom surface, distributive reinforcement R8 ā 200 mm and reinforcing mesh
W8/150/150 at the upper surface, ring
beams reinforced by 4 R12 with stirrups
R6 ā 200 mm.
V2 prefab concrete panels HPC105 with
fillers from recycled laminated drink carFig. 3 Schematic sections of floor structures tons - thickness 200 mm, high performalternatives
ance fibre concrete with compressive
strength of 105MPa, upper and bottom
deck 30 mm without conventional reinforcement, reinforced only by fibres Fibrex A1 1% by volume,
width of ribs 50 mm, ribs spacing 500 mm, main reinforcement 2 R16 ā 500 mm, filigree shear reinforcement R5 ā 250 mm, ring beams from C30/37 on external walls reinforced by 4 R12 with stirrups R6 ā 200 mm, ring beams on inner walls reinforced by 2 R12 with stirrups R6 ā 200 mm.

V3 waffle floor structure HPC105 – thickness 160 mm, upper deck 30 mm, width of ribs in both
directions 50-70 mm, rib’s spacing 600 mm, rib’s reinforcement at the bottom surface R8 and R14
at upper surface in both directions, filigree shear reinforcement R5 ā 200 mm and R5 ā 180 mm,
ring beams from HPC105 on external walls reinforced by 4 R12 with stirrups R6 ā 200 mm, ring
beams on inner walls reinforced by 2 R12 with stirrups R6 ā 200 mm.
V4 timber-concrete composite floor structure - thickness 190 mm, upper deck 30 mm from
HPC140 reinforced by steel microfibers 13 mm long, timber beam 80/160, timber-concrete connection by gluing, ring beams from C30/37 on external walls reinforced by 4 R12 with stirrups R6 ā
200 mm, ring beams on inner walls were reinforced by 2 R12 with stirrups.
The four alternatives were designed from three different concrete mixtures – ordinary concrete
C30/37, high performance fibre concrete HPC105 and HPC140. The HPC105 mixture was fibre
concrete with 25 mm long steel fibres Fibrex A1. These fibres have tensile strength of only 350
MPa. The HPC140 mixture was designed as fine-grained with 13 mm long steel microfibres. The
tensile strength of these fibres is 2400 MPa. The amount of steel fibres in both mixtures was 1% by
volume. As suggested in designation, HPC105 has compressive strength of 105 MPa, HPC140
has 140 MPa then.
6.2

Input data for the analysis

A set of environmental information data on concrete components and related processes has been
collected and determined within the research performed at the CIDEAS centre of the Czech Technical University in Prague. These data are based on regionally available materials and on source
data provided by companies producing and/or selling their products mainly on the Czech market.
Energy and emission factors were taken from GEMIS [5].
Table 2 Balance of input data of construction life phase

In the following analysis the expected life span of concrete floor structures was considered for all
variants equally 100 years. Two major repairs of 10% of concrete surface were considered for reference alternative V1 from ordinary concrete C30/37. The two floor alternatives from HPC105 (V2,
V3) are planned to have a repair of 30% of balcony surfaces, one in a life span. No repair is considered in the case of the alternative V4 from HPC140, due to the significantly better surface quality and density of the concrete matrix.
The location of the analysed building is in the town Kladno, Czech Republic. The concrete mix will
be transported from a company 4 km away, concrete prefab panels from a precast concrete plant
23 km away and the demolition waste will be transported 26 km to the recycling plant. The balance
of input data of construction phase is in table (Table 2).
6.3

Analysis results and discussion

Three alternatives of floor structures from HPC V2, V3 and V4 were analyzed and compared with
reference solid RC slab from standard concrete C30/37 – V1. Graphs in Figures 4, 5 and 6 show
aggregated environmental data achieved by detailed LCA analysis of all four variants of floor structures.
Graph in the Figure 4 shows for all four alternatives detailed primary energy flows associated with
particular material components, transport and construction processes. It is evident that the highest
energy consumption is associated with cement production and steel use. The best results reaches
alternative V4 – composite timber- HPC floor structure, due to the use of timber beams with significantly lower primary energy demands. Top slab was made from very thin HPC140 slab precast
elements. Variants V2 and V3 from HPC105 show lower primary energy consumption in comparison with reference solid slab (V1) due to more effective optimized hollow core and ribbed shape of
floor cross section.

Fig. 4 Aggregated data – primary energy consumption in MJ
Graph in the Figure 5 shows similar results for global warming potential (GWP). Again variant V4 –
timber-HPC shows the lowest GWP environmental impact. Both HPC105 variants V2 and V3 are
again better than reference solid RC slab. The reason is same as stated for primary energy consumption – more structurally efficient cross section shapes in the case V2 – hollow core precast
pannel and in the case V3 – light ribbed structure.
Graph in the Figure 6 shows relative comparison of selected aggregated LCA data – GWP – global
warming potential, AP – acidification potential, POCP – photochemical ozone creation potential,
raw material consumption, water use and primary energy consumption. 100% represents solid RC

slab from ordinary concrete (variant V1). All optimized alternatives have lower environmental impacts in all assessed environmental criteria. The best one is variant V4 – timber-HPC composite
ribbed structure.

Fig. 5 Aggregated data – global warming potential (GWP) in kg CO2, equiv.

Fig. 6 Aggregated data of assessed variants for whole life cycle (GWP – global warming
potential, AP – acidification potential, POCP – photochemical ozone creation potential),
100% is represented by V1 – solid RC slab.

7.

Conclusion

The complex LCA and LCC of optimized HPC and UHPC structures would show not only environmental benefits, but also the cost efficiency - in spite of the fact that HPC is more expensive and
has higher values of unit embodied parameters. Moreover, high performance material properties
(higher ductility, fire safety, water tightness, frost resistance, etc.) make structures more durable
and more resistant against climatic effects and also safer in case of exceptional loads (climatic
disasters or terrorist attacks). There is a big potential for the use of high performance silicate materials (application of HPC, UHPC) to form thin shell (ribbed, waffle, etc.) structures with reduction of
the use of primary raw materials, and correspondent reduction of associated environmental impacts.

Increasing production of concrete is associated with increasing environmental impacts caused by
high energy consumption and high non-renewable material use. It has been already shown that
utilization of optimized light subtle concrete structures can result in reduction of concrete consumption up to 50 – 70%. This could be achieved e.g. by the use of high performance concrete with significantly better mechanical properties and higher durability in combination with shape optimization.
Application of this approach can lead to environmental savings and represents important contribution to sustainable building. Case study presented in the paper showed, that wider implementation
of these principles into construction practice is possible, applicable, feasible and sustainable.

8.

Acknowledgements

This outcome has been achieved with the financial support of the research project granted by
Czech Grant Agency GACR P104/10/2153. All support is gratefully acknowledged.

9.

References

[1]

Hájek, P. 2003. Integrated environmental design and optimization of concrete slabs. In proc.
Concrete in 3rd Millennium, Brisbane, 2003.
Agenda 21 on Sustainable Construction, CIB, Report Publication 237, Rotterdam. 1999
ISO 14040, ISO 14041, ISO 14042, ISO 14043 - Environmental management – Life cycle
assessment, 1997 – 2000.
fib bulletin 28. Environmental design, fib, 2004.
GEMIS (Global Emission Model for Integrated Systems) - version 4.6, database CZ, D 2010,
www.oeko.de/service/gemis/, 2010.

[2]
[3]
[4]
[5]

Novel Construction Materials for a Sustainable Future
D.M. Wang
NewEarth Singapore Pte Ltd
dmwang@newearth.com.sg
Sarah Chew
NewEarth Singapore Pte Ltd
sarahchew@newearth.com.sg
K.S. Ang
Building and Construction Authority of Singapore
ang_kian_seng@bca.gov.sg
G.L. Low
Building and Construction Authority of Singapore
low_giau_leong@bca.gov.sg

Summary
In Singapore every year, hundreds of thousands of tons of industrial wastes and dredged material
are being produced and disposed off. On the other hand Singapore has limited resources and
imports all the essential raw materials needed for building and construction purposes. Since
technologies are available to convert these wastes into potential materials applicable for the
industry, it is worthwhile for Singapore to explore this option.
The Center for Sustainable Buildings and Construction (CSBC) of Building and Construction
Authority (BCA) is working with NewEarth Pte Ltd, a local private enterprise to explore
technologies to convert wastes like dredged material and spent copper slag to produce synthetic or
engineered aggregates for building and construction applications. This is in line with the BCA’s
Sustainable Construction Masterplan (SCMP) to reduce and recycle wastes.
Under the SCMP, crushed concrete waste which is currently being used for lower value
applications like backfilling and construction of temporary site access roads, will be ‘up-cycled’ and
processed into recycled concrete aggregates used for structural applications. Alternative potential
waste materials like dredged material and spent copper slag would thus be explored for lowervalue usage or other civil engineering applications, which will in turn free up precious natural raw
materials like granite for structural building works.
CSBC collaborated with NewEarth to use Crystallisation Technology to transform the mixed wastes
of dredged material and spent copper slag into synthetic aggregates for this study. This is a
patented technology comprising three key processes- Stabilisation, Fixation and Encapsulation, as
well as Vitrification.
The study explores the use of these synthetic aggregates for replacement of coarse aggregates in
concrete. In the design optimisation stage, various proportions of dredged material were used to
produce the synthetic aggregates. They were sintered at various high temperatures and the
performance of the synthetic aggregates was studied. Eventually aggregates with 50% dredged
material sintered at 1000ºC were selected to produce the synthetic aggregate mix and used for
further tests. Laboratory results indicated that the selected aggregate mix gave an impact value of
51% and water absorption of 5.24%. They also had a bulk density of less than 1200kg/m3 and
were therefore classified as lightweight aggregates. When these aggregates were used for the
production of Grade 35 and Grade 40 concrete, results showed that the compressive strengths of
both grades of concrete were satisfactory. For the next phase of the study actual field tests on the
concrete produced with synthetic aggregates would be carried out.

In terms of environment impact, leaching test results showed that the concentration of toxic
elements (heavy metals) leaching out from the synthetic aggregates did not pose any hazards to
the environment and are therefore safe for building and construction applications.
The success of the project will go a long way towards contributing to Singapore’s vision of
achieving zero landfill. It will also help reduce our over-reliance of imported building and
construction materials.

1.

Introduction

Singapore is a resource-challenged country. All our essential raw materials needed for the
building and construction industry are imported. Because of our over-reliance on imported raw
materials, uncertainty in the supply of these materials and the influence of global market forces can
have a significant impact on our building and construction industry.
With advance in technology many types of wastes could be converted into useful products for the
building and construction industry. Since natural resources are depleting and more alternative
materials can be made available through technological means, it is timely and worthwhile to
explore the use of such materials in construction works.
In Singapore every year, hundreds of thousands of tons of industrial wastes and dredged material
are being produced. If these materials cannot be used in a meaningful way, they would have to be
disposed off at our only offshore landfill site at Pulau Semakau. This practice is not only
environmentally unfriendly; we are also shortening the lifespan of our remaining landfill site. On
the other hand if there are suitable technologies to convert these materials into novel building and
construction materials, the potential benefits and impact to the industry would be tremendous.
The Center for Sustainable Buildings and Construction (CSBC) of Building and Construction
Authority (BCA) partnered NewEarth Pte Ltd, a local private enterprise to explore technologies to
convert mixed waste of dredged material and spent copper slag to produce synthetic or engineered
aggregates for building and construction applications.
Dredged materials are generated mainly from the dredging and excavation activities related to the
construction and the maintenance of channels at the port terminals. They are sediments
excavated under water, composing of alluvial deposits i.e., boulder, sand and mud, of which may
contain toxic chemicals from land-based sources. Some level of contamination is inevitable and
may vary depending on the proximity of human activities to the proposed dredging works. The
commonly found contaminants include organic contaminants and heavy metals. The key
challenge for the use of dredged materials is to decontaminate or stabilise the chemical
contamination within the sediment matrix as well as to contain the toxic heavy metals present from
leaching out.
Spent copper slag is the by-product generated from grit blasting works at the shipyards. It is
basically inert with no apparent odour and irregularly shaped. Copper slag which itself is a byproduct formed from the copper smelting process, is imported by our shipyards for grit-blasting to
remove rust and marine deposits accumulated on the ships. Spent copper slag may be
contaminated with rust and paints and becomes a waste material, however the contaminants can
be easily removed.

2.

BCA’s Sustainable Construction Masterplan

Singapore realised that a whole-of-government approach is required to steer the whole country
towards environmental consciousness. For this reason an Inter-ministerial Committee on
Sustainable Development (IMCSD) was established and the Sustainable Blueprint was formulated.
In a nutshell, IMCSD’s goals are to improve resource efficiency and to achieve zero landfill.
In June 2009, BCA revised our Sustainable Construction Masterplan (SCMP) to be in line with
IMCSD’s goals. BCA champions the SC drive to lead the industry into the emerging paradigm of
“Sustainability Development”. SC is strategically critical to Singapore in 2 ways:
• Firstly, it mitigates impact on our limited landfill capacity and
• Secondly, it helps to reduce our dependence on imported construction materials and
enhance our supply resilience for these materials.

Under this Masterplan, BCA aims to reduce the use of natural aggregates in concreting works for
buildings through recycling and use of recycled materials, while at the same time advocating the
efficient use of natural materials, through for example design optimisation.
To achieve these goals require a mindset change to view every waste as a potential resource for
the next process in the construction value chain. Through the Masterplan, BCA will ‘up-cycle’ the
majority of the concrete waste for higher-value applications, namely processing it into recycled
concrete aggregates (RCA) for structural concrete in building works (Refer to Figure 1). Currently
the bulk of crushed concrete has been used for lower value applications such as backfilling or as
hardcore material for construction of temporary site access roads. At the same time BCA will also
explore the use of potential waste materials as alternatives for lower value usage or other civil
engineering
applications.
Dredged
material
and copper slag are
some
examples
because
of
the
substantial quantity
generated. Modified
dredged
materials
could also gradually
replace
traditional
imported materials
such as granite for
non-structural
concrete,
thus
freeing up more
granite for structural
building works.
Figure 1. Upcycling chart for building and construction materials

3.

Technology Developed to Treat Dredged Materials

Many studies have been carried out on the use of dredged materials for innovative construction
applications. The production of aggregates for concrete from wastes is being recognized as a
great potential for the utilization of large quantities of waste materials and this possibility has
received increasing attention in recent years.
CSBC collaborated with NewEarth Pte Ltd on a research project to explore the use of synthetic
aggregates converted from a mix of contaminated dredged material and spent copper slag for use
in concrete. The initial research focus was to look at processes to treat sediments in the dredged
material to render them suitable for varieties of beneficial uses. However it was found that very few
processes have been developed to reduce, separate, immobilize or detoxify contaminants in the
dredged materials.
By using intense heat to treat materials such as dredged material, high thermal ceramic
aggregates are formed. Bhatty et al. [1] reported that sludge ash pellets sintered at an elevated
temperature of 1050 deg C developed inert aggregate of reasonable strength, satisfactory for use
as regular coarse aggregates in concrete. Tay et al. [2] produced coarse and fine lightweight
aggregates from mixed waste of wastewater sludge and dredged material, fired within a
temperature range from 1050 to 1200 deg C and crushed to smaller-sized aggregates for use in
concrete. The aggregates were reported to exhibit high thermal insulation and fire resistance
properties, with the 28-day compressive strength comparable to commercial lightweight
aggregates.

With this as a basis, NewEarth (NE) developed a technology to transform the mixed waste of
dredged material and spent copper slag into an environmentally safe material which can be used
as value-added construction materials. The patented technology, also known as ‘Crystallisation
Technology’ (Singapore patent number: 123864 [WO 2005/097368]) involves chemical,
mechanical and vitrification techniques specially designed to process the mixed wastes. The
process is described as follows:
•

First the dredged material was air-dried in a holding tank for several weeks to achieve a
consistent dryness in order to batch accurately by dry mass before grinded to particle sizes
finer than 1mm to promote agglomeration for the ease of palletizing later on

•

Dredged material and spent copper slag were then crushed and grinded to finer size,
sieved to remove sand, sea shell, dried plants and others to obtain uniform and smooth
mixture before water was added

•

The mix was chemically treated by adding silica-based solution to it to stabilize the heavy
metals

•

The mix was further aged for at least 24 hours to enhance the stabilization effect and allow
the development of dredged material bonding

•

The mix was palletized to the desired sizes, then dried
at a temperature of 100ºC overnight to remove water
content

•

Finally the mix was transferred to a muffle furnace and
sintered at 1000ºC for about 600mins. During sintering
at high temperature the silica-based additive will
combine with the dredged material to form a ceramic
surface which will encapsulate heavy metals from
leaching out to its environment.
Figure 2. Synthetic Aggregates

The resulting synthetic aggregates produced are shown in Figure 2.

4.

Properties of Synthetic Aggregates

4.1.

Chemical Composition of Synthetic Aggregate

For the SEM-EDX test, the synthetic aggregate sample produced from a mix comprising 50%
dredged material and 50% spent copper slag, was dried at 105ºC and sieved before elemental
analysis. The normalized average element analysis results of the dried residue were obtained and
listed in Table 1. The dominant elements are Al 7.38%, Si 22.7% Fe 17.7% and O 43.4%, which
are common or ubiquitous elements found in dredged material and spent copper slag. After heat
treatment is applied at 1000°C, majority of the elements will be oxidized to metal oxides, which is
the reason for the high oxide, O content, 43.4% found in the sample. Metal oxides are very stable
compounds which will not dissociate or be affected by pH of its environment.
Table 1. SEM-EDX qualitative element analysis of Synthetic Aggregates
Element content, %
Sodium, Na
Magnesium, Mg
Aluminium, Al
Silicon, Si
Sulfur, S

Element Analysis result (Qualitatively), based on
average of 5 determinations
1.34
0.41
7.38
22.7
0.29

Element content, %

Element Analysis result (Qualitatively), based on
average of 5 determinations

Potassium, K
Calcium, Ca
Titanium, Ti
Manganese, Mn
Iron, Fe
Copper, Cu
Zinc, Zn
Oxygen, O

1.80
2.96
0.47
0.086
17.7
0.79
0.69
43.4

XRD was also carried out on the above sample and treated at temperature of 1000 deg C. Based
on the XRD pattern, the sample contains a mixture of 6 possible crystallization phases including
quartz (SiO2), Magnetite (Fe3O4), Haematite (Fe2O3), Halloysite -10A (Al2Si2O5(OH)4. 2H2O),
Andradite, syn (Ca3Fe2(SiO4)3), Hydrohematite (Fe2O3. xH2O) and Iron, syn (Fe). Quartz is the
main component which has the largest phase in the aggregate.
4.2.
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4.2.1. Water Absorption (WA)
WA
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The WA tests were conducted
according to BS EN 1097-3 for
the synthetic aggregates sintered
at different temperatures. The
WA performance is crucial
especially when aggregates were
to
be used for concrete
production. The amount of water
absorbed by the aggregates will
directly affect the concrete
workability.
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Figure 3. Effect of temperature on WA of Synthetic Aggregates
As shown in Figure 3, the WA data collected from our experiments ranged from 5% to 8%. Figure
3 also showed that generally as the sintering temperature increased, the WA rate of aggregates
decreased correspondingly. When aggregates with dredged material 50% were tested at different
temperatures it showed reduction in WA at 1000ºC and 1050ºC from 5.5% to 5.28%. This can be
explained that at a higher sintering temperature as the dredged material and spend copper slag
started to fuse, the micro-particles began to tightly bind together and developed a closed pore
structure. I-J. Chiou et al. [3] explained that a glassy or ceramic texture will begin to form on the
surface of the aggregates at high temperature, thus enhancing the WA performance of the
aggregate. The exception was the aggregate with 45% dredged material. It was likely that at that
proportion, insufficient bonding developed between the dredged material and copper slag resulting
in pores forming between the micro-particles. Thus the WA increased from 5.52% to 5.58% even
as the sintering temperature increased from 1000°C to 1050°C.
4.2.2. Aggregate Impact Value

AIV, %

Aggregate Impact Value (AIV) tests were carried out according to BS 812: Part 112. AIV is a test
of the aggregate strength. The AIV is expressed as a percentage of fines produced from the
aggregate sample after subjecting it
to impact from a standard plunger
57
for 15 times.
1000
56
55
1050
As shown in Figure 4, an increase in
54
dredged material content will reduce
53
the AIV value. This is because
52
dredged material helps to fuse and
51
bind the mix together to enhance the
50
strength of the resulting aggregate.
49
When the dredged material content
48
increased from 40% to 50% the AIV
value decreased approximately 3%
47
from 54% to 51%. Similarly a further
46
increase in dredged material content
40
45
50
55
60
65
70
to 65% will reduce the AIV value to
dredged m aterial, %
approximately 48%.
Figure 4. AIV value at different dredged material %
Interestingly, results also showed that an increase in sintering temperature significantly reduced
the AIV. When sintered at 900ºC, the AIV value was 50% but when the sintering temperature
increased to 1050ºC, the AIV value decreased to 47%. This can be explained that when the
sintering temperature increased to 1050ºC, the SiO in the dredged material will fuse and hold the
mix together to develop smaller pore size microstructure and form a ceramic outer layer which
showed ‘glassy’ surface.
4.2.3. Loose Bulk Density
Loose bulk density of the synthetic aggregates was determined based on BS EN 1097-3. Results
in Table 2 showed that the aggregates can be categorized as lightweight aggregates (below
1200kg/m3).
Table 2. Loose Bulk Density of Synthetic Aggregates
Test No.

Loose bulk density, kg/m

1
2
Average

1164
1127
1145.5

5.

3

Potential Applications of Synthetic Aggregates in Concrete

For concrete testing synthetic aggregates with 50% dredged material and 50% copper slag
sintered at 1000ºC was selected and sufficient quantity was produced for the casting of concrete
samples. Since the AIV values of the synthetic aggregates produced were relatively higher than
conventional granite aggregates used for concrete (Max specified under BS 812: Part 112 was
45%), the project team comprising CSBC and NewEarth personnel decided to explore the use of
these aggregates to replace granite aggregates for non-structural concrete applications for a start.
This is despite the fact that there is no conclusive evidence of a direct correlation between the AIV
and the compressive strength of concrete.

As the compressive strength of
concrete is the most common
performance parameter used by
the
engineers
in
designing
buildings and other structures, the
compressive strength tests of
concrete produced using synthetic
aggregates
was
conducted
according to BS 1881: Part 116.
Strength test results from cast
concrete specimens may be used
for quality control, acceptance of
concrete, or for estimating the
concrete strength of a structure for
the
purpose
of
scheduling
construction operations.
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Figure 5. Compressive strengths of Grade 35 concrete
The compressive strength is determined by crushing a concrete cylinder or cube specimen in a
compression testing machine according to the requirements of BS 1881”Part 116.
For the trial tests, the compressive strengths of 6-inch concrete cube specimens cast with 100%
replacement of granite aggregates with synthetic aggregates were evaluated.

Grade 40

KN/mm2

The two most common grades of
concrete used in the industry were
produced- Grade 35 and Grade 40. All
the industrial standard practice in
concrete mixing remains unchanged.
Workability of the concrete was not
compromised because of the low WA
characteristic of the aggregates. All the
concrete cubes were water-cured under
standard laboratory conditions until their
specified ages at 7, 14 or 28 days.
Results of the concrete compressive
strengths are as shown in Figures 5 &
figure 6. The 28-day strengths of both
grades of concrete were satisfactory.
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Figure 6. Compressive strengths of Grade 40 concrete
Due to certain constraints in this project, an actual field test could not be carried out using the
synthetic aggregate mix. For the next phase of the study field concrete produced using the
optimised synthetic aggregate mix would be subjected to various tests according to the existing
building codes and regulations.

1.

Environmental Impact of Synthetic Aggregates

To assess the environment impact due to leaching of heavy metals from the synthetic aggregates,
the Toxicity Characteristic Leaching Procedure (TCLP) test was carried out according to the US
EPA 1311 standard. Results are as shown in Table 3.

Table 3. 3rd Party Verification Test on Leachability of Heavy Metals

Element, mg/L

Arsenic, As
Barium, Ba
Cadmium, Cd
Chromium, Cr
Copper, Cu
Cyanide, CN
Fluorine, F
Iron, Fe
Lead, Pb
Manganese, Mn
Mercury, Hg
Phenolic
compounds
Selenium, Se
Silver, Ag
Zinc, Zn
Nickel, Ni

Synthetic Aggregate

Maximum allowable
Concentration

0.15
0.37
<0.0012
0.020
1.13
<0.06
3.26
1.02
0.099
0.028
<0.0001
<0.15

5
100
1
5
100
10
150
100
5
50
0.2
0.2

<0.045
<0.0015
0.35
<0.0045

1
5
100
5

It was observed that the highest concentration levels recorded were Cu (1.13mg/L), F (3.26mg/L)
and Fe (1.02mg/L). However, the concentration levels for the leached heavy metals were very low
or negligible. This means that the environmental impact of the synthetic aggregates is minimal and
affirmed NewEarth’s patented ‘Crystallization Technology’ is effective in encapsulating the heavy
metals from the dredged material and spent copper slag from leaching out. The use of high
temperatures to convert the structure of the industrial wastes into a ceramic matrix is an added
advantage. The resulting structure is very stable and would not pose any environmental problems
in the long term. The ceramic aggregates are therefore safe for reutilization and are suitable to be
used for value-added building and construction applications.

2.

Conclusion

This study showed that the production of synthetic aggregates using industrial wastes such as
dredged materials and spent copper slag for building and construction purposes is not only feasible
but sustainable. The aggregates had a bulk density of less than 1200kg/m3, therefore it is
classified as lightweight aggregates. Although the AIV is higher than conventional granite
aggregates, the aggregates are still suitable to be used for non-structural concrete. Workability of
the concrete was not compromised because of the low WA characteristic of the aggregates.
Achieving the designed strengths of Grade 35 or 40 concrete was not an issue. TCLP test also
showed that the synthetic aggregates did not pose any hazardous impact to the environment.
The success of the project offers an alternative to landfill and aids in prolonging the lifespan of
Singapore’s only offshore landfill site at Pulau Semakau. Most importantly the feasibility of using
synthetic aggregates also reduces Singapore’s reliance on imported construction materials. By
replacing natural aggregates with synthetic aggregates, valuable natural resources can thus be
freed up and utilized for higher- value applications.
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Summary
The potential uses of coarse recycled aggregates in the composition of SCC, increases the
ecological value and partly solve the issues of waste disposal sites generated by construction and
demolition of structures. Thus, this paper present an experimental study of SCC properties where
the normal coarse aggregates were replaced by different percentages of recycled aggregates, i.e.,
0% (SCC), 10% (SCCR10), 20% (SCCR20), 30% (SCCR30) and 40% (SCCR40).
The results from fresh concrete (rheological properties and self-compactability) as the hardened
concrete properties (compressive strength, density and dynamic modulus of elasticity), show only
minor discrepancies. From the standpoint of mechanical behaviour, the results confirm the viability
to incorporate coarse recycled aggregates in the SCC demonstrating the conservative character of
the currently recommended limits.
Keywords: self compacting concrete; recycled coarse aggregate, rheological properties,
sustainable concrete.

1. Introduction
The potential uses of recycled aggregates in the self compacting concrete composition increase
the ecological value and partly solve the issues of waste disposal sites generated by construction
and demolition of structures. In the last two decades, the properties of normal concrete with
recycled aggregates were extensively studied [1-6]. From these studies, it is known that comparing
with the natural aggregates, the recycled aggregates density is lower and the water absorption is
higher. These differences are due the incrustation of cement paste on the recycled aggregates
surfaces.
According Grdic et al [7], the total replacement of the natural coarse aggregates by recycled
aggregates from demolition of concrete structures reduce the compressive and tensile strength of
SCC in order of only 9% and 13% at 28 days, respectively. The authors also observed that the
water absorption of the self compacting concrete with recycled aggregates is inferior to 0.4%.
In Portugal, the most used demolition processes is based on the simultaneous destruction of the
entire building, which results in waste rather heterogeneous. Taking into account the construction
demolition wastes heterogeneity, the Portuguese recommendation E 471 [8] limit the incorporation

of recycled coarse aggregate in structural concrete production. The replacement of natural
aggregates by recycled aggregates is limited by this document in order to avoid large variations of
the elastic modulus, creep, shrinkage and durability. The limit is 25% of aggregates composed of
90% minimum of particles from concrete demolition (ARB1) that can be used up to concrete
strength class C40/50. When the recycled aggregates composition has a value between 90% and
70% of particles from concrete demolition (ARB2), this can be used up to concrete class C35/45.
Regarding that this recommendation was elaborated for normal concrete and there are few studies
about self compacting concrete with recycled aggregates incorporation, this study aim to observe
the mechanical SCC behaviour with partial natural coarse aggregates replacement by recycled
aggregates from local concrete structures demolition. The obtained results can be very significant
from the aspects of practical use.

2. Experiments details
2.1

Materials

A Portland cement type CEM I 42.5R with density of 3140 kg/m3 and limestone powder with
density 2720 kg/m3 were used as cementitious materials in the SCC mixtures.
Taking into account aggregates grading reference curves proposed by Nepomuceno [9], the fine
aggregates was composed of an optimized mixture of 83% natural sand (S1) with fineness module
1.96 and 17% of natural sand (S2) with 3.54 fineness module. The coarse aggregates were
composed of 57% (CA1) and 43% (CA2) of two granitic aggregates with 5.31 and 6.38 fineness
modules, respectively.
The coarse recycled aggregate sourced from a local Construction and Demolition waste recycling
facility was composed of the mixture of two recycled aggregates (RA1 and RA2) with 5.72, 6.86
fineness modules, respectively. These recycled aggregates can be classified according E471 as
ARB1 aggregates. A modified policarboxilates superplasticizer was used to attain self compacting
rheological desired characteristics. Table 1 shows the aggregates characteristics.
Table 1: Density and water absorption of aggregates
Notation

Density
(kg/m3)

S1
AS2
CA1
CA2
RA1
RA2

2570.0
2610.0
2710.0
2700.0
2509.0
2485.0

2.2

Water
absorption
(%)
0.3
0.4
0.15
0.14
4.10
4.05

Mixture design

In this study, five types of concrete were made: a reference mixture SCC produced only with
natural aggregates, SCCR10, SCCR20, SCCR30 and SCC40, i.e. self compacting concrete with
10%, 20%, 30% and 40% of natural coarse aggregates replaced by recycled aggregates. Table 2
shows the composition of self compacting concrete mixtures.

Table 2 – Mix proportion (kg/m3)
Mix
SCC
SCCR10
SCCR20
SCCR30
SCCR40
2.3

W/C
(kg/kg)
0.559
0.559
0.560
0.562
0.562

Water Cement Limestone
powder
159.3 284.9
370.2
159.3 284.9
370.2
159.5 284.9
370.2
160.1 284.9
370.2
160.1 284.9
370.2

S1

S2

604.9
604.9
604.9
604.9
604.9

125.8
125.8
125.8
125.8
125.8

CA1

CA2

RA1

RA2 SP
(l/m3)
461.0 346.5 3.12
414.9 311.9 71.2
3.7
3.12
368.8 277.2 142.3 7.5
3.12
322.7 242.5 213.4 11.2 3.12
276.6 207.9 284.6 14.8 3.12

Methods

In order to obtain the desired rheological properties in fresh concrete, the following methods were
used: slump flow test according EN 12350-8/2010 [10], V-funnel test according EN 12350-9/2010
[11] and L box test according EN 12350-10/2010 [12].
The self compactability properties were evaluated indirectly by means of slump flow test and Vfunnel test, respectively, expressed in the relative spread area (Gc) and in the relative flow velocity
(Rc). The value for (Gc) is obtained by Equation (1), whereas (Rc) is obtained by Equation (2). The
acronym (Dm) stands for the average spread diameter, in mm; the acronym (D0) stands for the
initial diameter at the base of the cone, in mm, whereas (t) stands for the time of flow, in seconds.
The variation interval admissible for Gm and Rm was defined by Gm values between 8.0 and 11.3
and Rm values between 0.5 and 1.0 s-1.

Gc
Rc

Dm
D0

2

1

(1)

10
t

(2)

The hardened concrete was evaluated by density, compressive strength and dynamic elastic
module measurements according the following standards: EN 12390-7/2003 [13], EN 123903/2003 [14] and BS 1881-203:1986 [15], respectively, at 7 e 28 days.

3. Results and discussion
3.1

Fresh self compacting concrete properties

The final mix proportions, shown in Table 2, met the limits imposed by Gc and Rc rheological
parameters, described in section 2.3. Overall, the adjustments in terms of superplasticizers were
constant in all concretes, but a slight amount of water was added to the mix from the 10%
incorporation of recycled aggregates. This water addition is due the recycled coarse aggregates
that show higher water absorption if compared with the natural coarse aggregates, as is shown in
Table 1. Table 3 display the results obtained by fresh concrete testing.
Table 3 - Fresh concrete test results
Mixture
SCC
SCCR10
SCCR20
SCCR30
SCCR40

Slump flow test
Dm (mm)
640
637
636
637
629

V-funnel test
Time (s)
14.3
14.1
15.2
14.7
15.8

L - box test
H1/H2
0.89
0.87
0.88
0.89
0.87

Gc
9.2
9.1
9.1
9.1
8.9

Rc
(s-1)
0.7
0.7
0.7
0.7
0.6

3.2

Hardened self compacting concrete properties

In Table 4, as well as presenting the average densities, is also presented the densities differences
related to SCC ( SCC, 28 days) and the loss of density between 7 and 28 days ( density).
Analyzing the results, it appears that the density of hardened concrete decreases as the rate of
natural coarse aggregates replacement by recycled coarse aggregates increases. This was
expected, since the recycled coarse aggregate present a lower density compared to the natural
coarse aggregates due to higher porosity and lower density of cement paste adhering to the
aggregates surface.
About the density loss between 7 and 28 days, it is clear that there is an insignificant effect of
recycled aggregates incorporation in the density loss of concrete with coarse recycled aggregate
(0.7% to 0.8%).The incorporation of 40% of recycled aggregates reduce only 1.1% of the SCC
density, it could means that is expected an irrelevant concrete porosity modifications with the
recycled aggregates additions.
Table 4 – Self-compacting concrete density
Mix
SCC
SCCR10
SCCR20
SCCR30
SCCR40

Density (kg/m3)

SCC, 28 days

density

7 days

28 days

(%)

(%)

2370.4
2363.3
2353.8
2352.6
2351.4

2359.9
2346.9
2333.9
2333.7
2335.0

0.6
1.1
1.1
1.1

0.4
0.7
0.8
0.8
0.7

Table 5, presents the average compressive strength results obtained with three cube specimens at
each age test. In this Table, is show the compressive strength at 7 and 28 days, the strengths
standard deviation, the strengths differences related to SCC mix results ( SCC, 28 days) and the
percentage of compressive strength obtained at 7 days compared with 28 days.
Taking into account the standards deviations results, it was observed that only significatively
strength reduction is done with 40% of recycled aggregate incorporation. It can still be argued that
the difference of 2.2% is relatively low as to be typical of laboratories experimental work, but in real
conditions of construction site is normal to tolerate strength variations up 10%. Thus, only from the
standpoint of compressive strength limits set by the Portuguese recommendation, these limits
could be seen as conservative considering the application of recycled aggregates from similar
sources to those here studied. Clearly, other assessments such as concern durability properties
need to be taken into account in decisions to exceed the limits indicated.
It was also found that the self-compacting concretes, here studied, achieve at 7 days 80% of
compressive strength developed up to 28 days. This strength relationship is consistent with the
estimate provided in EN 1992-1/2004 [16].

Table 5 – Compressive strength test results

SCC
SCCR10
SCCR20
SCCR30

Compressive strength
(MPa)
7 days
28 days
43.8
54.2
43.3
53.9
43.1
53.7
42.9
53.3

Standard
deviation (MPa)
7 days 28 days
0.5
0.4
0.6
0.6
0.5
0.4
0.3
0.3

SCCR40

42.5

0.5

Mix

53.0

(%)

R7/R28
(%)

0.5
1.0
1.6

80.8
80.3
80.3
80.5

2.2

80.1

SCC, 28 days

0.7

The average dynamic modulus of elasticity results are shown, in Table 6, together with the
modulus of elasticity differences ( SCC, 28 days) related to SCC mix and loss of dynamic modulus of
elasticity between 7 and 28 days ( modulus elasticity [%]).
Table 6 – Results of modulus of elasticity
Mix
SCC
SCCR10
SCCR20
SCCR30
SCCR40

Dynamic modulus of elasticity
(GPa)
7 days
28 days
32.0
39.5
32.0
39.0
30.2
38.8
30.5
38.6
30.6
38.3

SCC 28 days

modulus of elasticity

(%)

(%)

1.20
1.85
2.36
3.08

81.0
82.0
78.0
79.0
80.0

Analyzing the results presented in Table 6, it is conclude that the elastic modulus was little affected
by the incorporation of recycled coarse aggregates, registering a maximum reduction of 3.08% at
28 days for the concrete SCCR40. A relationship between the incorporation of recycled coarse
aggregates and the increase in dynamic modulus of elasticity between 7 and 28 days was unable
to establish since there is an uneven variation in the different concretes. But in general, after seven
days, the concrete results analysis showed a modulus of about 80% of the value measured at 28
days.

4. Conclusions
With respect to the fresh concrete, the particularity noted during the tests was the need to add
more water to mix the concrete with recycled aggregates, compared to concrete without recycled
aggregates. This water need can be explained from the high values of water absorption showed by
recycled aggregates if compared with the natural aggregates.
For the densities of the hardened concrete, there was a small weight loss by increasing the
incorporation of recycled aggregates. This loss can be explained from the low density values of the
recycled aggregates, when compared with natural aggregates.
Regarding the compressive strength, it was observed only 2% of strength loss with the maximum
recycled aggregate incorporation.
The incorporation of recycled aggregate reduced the concrete dynamic modulus of elasticity about
only 3% when compared with the natural coarse aggregate self compacting concrete.

Taking into account the research done and the type of recycled aggregate used, It is possible to
conclude that, in general, the self-compacting concrete incorporating local recycled coarse
aggregates is a viable material with good potential to be used in the construction industry.
Concerning coarse recycled aggregates from concrete demolition, it is also possible to double the
limited percentage incorporation imposed by the current recommendation.
Finally the possibility to increase the use of recycled aggregates volume in self compacting
concrete is a great environmental and economical benefit.
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Summary
The paper deals with some results obtained within a Life Cycle Assessment (LCA) study
concerning production and transportation in some EU Countries of wool building insulations. Some
important aspects concerning the lack of an appropriate combination among social, economic and
environmental aspects have been highlighted. Finally the research provides information about a
new methodological approach within green architecture called “Slow Tech”. Such approach takes
into account, on the one hand the environmental performances (i.e. LCA results), on the one other
the social and the economic cost in order to promote and improve local economy with a welfare
improvement.
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1. Introduction
Reduction of energy consumptions in the building sector is a strategic and priority policy in Europe.
Such importance is due to the awareness that 40% of annually energy needs are attributable to
residential building stock in most part of European Countries. Thanks to EU Directives new set of
laws have been passed. The consequences are considerable both in construction of new buildings
and rehabilitation of existing ones. The Insulation system can be assumed as one of the most
important aspect. Wool seems to be an “out of ordinary” building product but its technological
performances are remarkable. For instance, with wool is possible complying with U-Value limits.
The importance of assessing the environmental impact building has been pointed out by another
crucial directive: the 2009/125/EC. Such directive establishes framework for the setting of
ecodesign requirements for energy-related products.
The embodied energy of building materials can be assumed as the total energy required to win the
raw materials, process and manufacture them. The value can be included in the energy balance of
a building adding up the operating energy. Obviously it is necessary both to define the energy
analysis boundaries of the building materials and to adopt a proper and common unit in order to
make comparable the Primary Energy Content calculated in different stages of the building process.

Further the directive set some basic rules concerning the development of Ecological Profile. The
Ecological Profile means a description of the input and output flows (such as materials, emissions
and waste) associated with a product throughout its life cycle which are significant from the point of
view of its environmental impact and are expressed in physical quantities that can be measured.
Energy consumption and environmental releases are not the only aspects related to sustainability.
A life cycle approach in architecture means not only taking into account the operating energy of
building or the embodied energy of materials, as the paper proven; it means taking into account the
environmental effects due to transportation stage as well as social and economical effects on a
territory being aware that building products might come from different countries and might
significantly contribute to a regional or to a cross-border economy.

2. The wool based insulation system
2.1

The wool chain crisis

Sheep farming in Italy and other European Countries is becoming extremely expensive, both in
food producing chain and in wool shearing market. On the one hand sheep’s milk and meat are
badly paid reducing gradually the profit margin, consistent to a steady trend began in the late
nineties. On the one other wool is no longer sold in the furnishing sector. In past decades the
sheep-shearing took place twice in a year, in spring and autumn. Thus the wool quality was higher
and it was possible for the sheep farmer making a certain profit. Nowadays the wool is often
characterized as a special waste and only the landfill or the burying can be expected. The wool is
becomes an economic weakness in the production supply-chain due to a double cost: the final
disposal and the shearing reduced – obviously - only one time a year.
The supply chain, including the rear, the milking, the butchering and the sheep-shearing is
probably the main responsible of the recession. The production system concerning milk and meat
is too long and muddled, setting up a huge number of stages between half-finished and final
products. On the contrary for the wool a supply chain in substantially absent.
Sardinia is the Italian region where the effects of the recession are more intensive, due to the
higher number of sheep spread on its territory (about the 50% of the total amount of sheep reared
in Italy). Nevertheless troubles arose even in the alpine regions although characterized by a less
number of sheep, about 400.000 (Italian National Institute of Statistics, 2005). In such regions the
sheep’s rear is based on a traditional system: the transhumance. The mountain pasture for the
territory is an economic and structured model helpful for the maintenance and the preservation of
the alpine and pre-alpine landscape, with particular reference to the “seters”, mountain cabins
which were used as a summer residence. It is fact that a gradual rear renunciation entailing an
equivalent neglecting of seters and a slow - but inescapable - landscape abandon.
An organized system aimed at promoting the sheared wool into a secondary raw material is
needed especially at a regional and alpine scale (e.g.: Italy and France), bearing in mind the
opportunity for the building sector due to the excellent physical and technical characteristics of
wool itself.
2.2

Embodied energy and embodied carbon of wool panels

As mentioned, wool can be classified as a green building material. It is characterized by a low
environmental impact in its life cycle as described in Life Cycle Assessment study carried out by
the Politecnico di Torino’s research team of the Human Settlements Science and Technology
Department [1]. (See figure 1).
Italian wools have a low quality for being used in the textile industry; while they have the suitable
characteristics for producing felts and thermal insulation materials [2]. Nevertheless the production
of insulation material is often made with raw wool coming from Austria and New Zealand [3],
except for some enterprises committed in promoting insulation material “made in Italy”.

The imported wool accounts up to 50% in Primary Energy Content (PEC) per kilogram of final
product as it shown in table 1.
In addition the recycling of sheared
wool means a reduction of CO2
emissions due to the avoided disposal
or incineration of raw wool.
The comparison of Italian wool and
imported wool from New Zealand
shows clearly that a large amount of
Primary Energy Content is due to sea
transportation.
If the comparison - Italy vs. New
Zealand - was carried out only on the
embodied energy needed for the wool
production, New Zealand production
Fig. 1. Comparison among several insulation materials.
could be considered as more
Primary Energy Content (PEC) relates to insulation ecological for the smaller amount of
needed for fulfilling a specific value of thermal fossil fuel sources necessary. This is
transmittance [0,24 W/m2K] in a wall system.
due to its energy mix based on a larger
quantity of renewable resources than
the Italian one. Renewable Energy Sources (RES) index shows the ratio between the production
energy coming from renewable sources and the total Primary Energy Content. The two values (for
Italy and New Zealand) are almost equivalent. Such equivalence should be considerably different if
the material assessment was carried out for those countries based on an energy mix comparable
to Italian mix.
Summarizing, transportation becomes a relevant stage in terms of embodied energy as well as in
terms of embodied carbon. The highlighted outcomes are not negligible in assessing the
sustainability of a building product and ask the question mentioned in the title: “Natural is always
ecological?” Obviously purchasing a natural material is only a partial answer toward a sustainable
approach.
Table 1 Comparison between a wool insulation panel
manufactured in Italy and a wool insulation panel
imported from New Zealand.
MATERIALS ASSESSMENT
Legend

EMBODIED
ENERGY [MJ/kg]
Energy (fossil fuels, nuclear,
wind, etc) that was used in
the work to make any products, bring it to market, and
dispose of it.

EMBODIED
CARBON [kgC/kg]
CO2 that was produced in
the work to make any products, bring it to market, and
dispose of it.

RECYCLED (%)
Product Percentage FROM
recycle

RECYCLABILITY
Possibility of recycle

TOXICITY
Dangers to cause disturbances to organism

WOOL (IT)
From Renevable
source
(MJ/kg)

% from Renevable Energy
Sources

Total (MJ/kg)

(Efrom RES / Etot)
*100

Biomass
(kgCO2/kg)

% of Carbon
FeedStock

Total
(kgCO2/kg)

(CO2 bio / CO2tot)
*100

FR

5.21

%RES
44.76

TOT 16.85

Biomass 8.32
TOT

% CF
8.48

98.13

WOOL (NZ)

FR

13.65

TOT

31.83

%RES
42.88

Biomass 6.5
TOT

% CF
7.80

83.10

From 0 to 100%

100%

100%

UPcycle – DOWNcycle - Landfill

DOWNcycle

DOWNcycle

Absent – Low - High

Absent

Absent

3. The SLOW TECH approach
The use of sheep wool – a waste coming from sheep farming that should become an insulation
material - is an example of the new approach through which the building market might fulfilling the
ecological needs in architecture.
Today the demand for green products is satisfied in a "fast way”, an architectural metaphor of
eating a “fast food”. Transportation impact and other environmental impact are not taken into
account. Such approach could be contrasted with another approach: the "SLOW TECH approach"
for which market demand is satisfied thanks to a development of local, regional and cross-border
supply chains, managed by the local stakeholders, coming from business, research and local
institutions. The slow tech approach allows to developing synergies among stakeholders in order to
combine technological innovation with local development [4].
3.1.1 A research experience within the slow tech approach: CARTONLANA
Consistently with the above mentioned approach wool decline was faced from Italian Regions
through projects and proposals focused to several production sectors. An interesting example are
some Regional and Cross-border Rural Development Programme addressed to findings
opportunities for wool production in order to bring in a profit what is now an absolute cost.
Within such programme a proposal for an innovative and local production system is the
“CARTONLANA” project, coordinated by the Politecnico di Torino and incubated within the Polight’s
centre activities. Polight is a cluster aimed at promoting Green Building and Hydrogen
Technologies at a regional scale. Several research centres as well as small and medium
enterprises joint the cluster born in 2009.
Designing and manufacturing a selfbearing
thermo-acoustic
panel
obtained from recycling of national
sheared wool is the main objective of
the research project. CARTONLANA
keeps the main characteristics of a
wool panel (fire resistance, porosity,
conductivity and hygroscopicity) but
with an improved performance in term
of
mechanical
properties.
CARTONLANA becomes stiffer than a
usual
panel.
The
mentioned
improvement of mechanical properties
is an outcome of a thermal and
chemical process. The wool keratin
structure changes and the material
from soft becomes stiff and self-baring.
(See figure 3).
Fig. 3. Comparison between a usual insulation panel
made with wood and CARTONLANA (below, on the
right side). CARTONLANA is thinner and self-bearing.

First experiments carried out on test specimens manufactured by ISMAC (Institute for
Macromolecular Studies) partner in the research project are encouraging, as it shown on table 2.
The table compares some physical parameters for wool insulation rolls and CARTONLANA self
bearing panels. CARTONLANA can be assumed as an ecological building product, with particular
reference to durability and adaptability. A software simulation was carried out by Politecnico’s
research team in order to assess the durability and the adaptability of specimens provided by
ISMAC. Durability was measured in expected life time; adaptability was referred to suitability of
being integrated in several building systems, such as wet and dry assembled systems.

The thermal and chemical process to manufacturing CARTONLANA, compared to wool insulation
rolls, requires a further stage in the production system. Thus primary energy content is greater;
nevertheless the self bearing panel is addressed to reduce the energy losses as well as thermal
bridges.
Walls system built up with wool rolls often are characterized by thermal losses due to discontinuity
between wall itself and floor system, with CARTONLANA such discontinuity should be completely
absent or significantly reduced, with an expectation of an improved energy performance in the
whole building process.
Table 2 Main features of sheep's wool insulation
currently used and CARTONLANA panels (preliminary
estimated values). CARTONLANA has a bigger
Primary Energy Content (about 10%), but better
possibilities of integration in the building envelope.
Wool thermal insulations – main Physical parameters
Wool insulation - rolls
3

Density [kg/m ]
Specific heat capacity
kJ/kgK
Water vapour resistance
factor [ ]
Design thermal conductivity
[W/mK]
Fire rating classification
(italian standard)

15-20-25

40-50

1.3-1.7

1.3-1.7

1-5

5-6

0.037-0.040

0.040-0.045

I

I

Combination (dry system)
Durability [years]

50-69
Cavity wall, roofs

Primary Energy Content
[MJ/kg]

Cartonlana (estimated value)

16.8

Humid and dry system, combination,
50-70
Wall insulation (cavity wall or internal side), external wall insulation, roofs, floors.
21.18

Researches carried out by pre-existent test carried out emphasize an important supplementary
aspect related to wool capability to "catch" chemical pollutants such us Volatile Organic
Compounds (VOCs) [5].
In particular the experiments carried show the wool’s property to absorbing formaldehyde in an
indoor environment.
A wool specimen (25x25x2 cm) was placed in test cell afterwards filled of formaldehyde in
concentration equal to 300 ppm. Temperature (23°C) and relative humidity (45%) were set up for a
24 hour cycle while test was carried out taking samples of air every hour. After two hours wool
absorbed 80% of formaldehyde. The formaldehyde concentration after 24 hours standing at below
10% of value measured at the beginning of the test.
Finally a specific task of the research project is aimed at testing CARTONLANA in different building
systems. Several parts of building envelope will be tested in order to assess the CARTONLANA
behaviour and its full applicability in cavity walls as well as in external insulated walls.
The monitoring activities will be carried out for more than a year, thus it will be possible studying
the performance of building systems in different weather and climate conditions.

4. Discussion and conclusion
The development of panel based on a raw secondary material - such as wool - today regarded as
an economic cost where no gains are provided can be assumed like something more than one
environmental best practice.
Assessing the primary energy consumption introducing the transportation stage becomes
important in order to define the environmental sustainability of a building product. Nonetheless
sustainability should be assessed with a broader approach evaluation if the business model is able
to protect and preserve the local subsistence economy.
The main stakeholders involved in the wool chain are: farmers and enterprises. The formers could
sell the sheared wool cut the cost of due to disposal of the wool itself. The latter could reduce the
transportation costs from foreigner countries and proposing for the market a more competitive
building product.
In conclusion it is important taking into account the positive externalities concerning the community
and the management of the territory, proving an important fact: in several European countries
“earning” with wool is still possible.
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Summary
The European project clear-up develops sustainable approaches to management of the indoor
environment, optimised in terms of energy and usability. We present the holistic approach of clearup giving details on (1) the development and improvement of nanomaterials such as photocatalytic
material for air cleaning and vacuum insulation panels, (2) discuss the importance of sensor and
control with emphasis on demand-controlled ventilation strategies, and (3) explain the validation
procedure of new technologies in the laboratory environment as well as their integration in a real
building test site.
Keywords: nano-materials, energy efficiency, indoor environment, demand controlled ventilation

1. Introduction
We spend 90% of our lives indoors and providing the right environment takes energy and
resources. Energy demands related to buildings are rather high; they contribute to 40% of the total
European energy consumption and a third of CO2 emissions. Meeting the 20-20-20 target of the
EU (20% reduction of energy consumption, 20% cut in CO2 emissions, and 20% of the total energy
share with renewables by 2020) requires strong actions of the construction industry. Hence, new
materials and technologies capable of energy reduction are of great interest for the construction
industry. Technical solutions for new builds are becoming more and more feasible but the
retrofitting of the large building stock of Europe (60% of buildings in Europe are older than 25 years)
is still rather challenging.
The European project ‘clear-up’ is working on that. It presents a holistic approach to the reducing
operational energy use in buildings. By development and novel use of nano-materials it aims to
increase energy performance in heating, ventilation, air conditioning (HVAC) and lighting systems,
but also works on the improvement of the indoor environment. Clear-up’s solutions are designed
for retro-fitting existing buildings and new builds. In practical terms, clear-up develops and
integrates a range of nano and micro technology-enabled components as depicted in Figure 1.

Four key components of a building are addressed:
Windows. clear-up advances the practical use of shutters and electrochromic windows
which reduces the building cooling load and along with light-guide technology, reduces the
need for artificial lighting.
Walls. clear-up uses photocatalytic materials for air purification and micro-porous vacuum
insulation in combination with phase change materials to passively control temperature.
Air Conditioning. clear-up advances technologies for demand controlled ventilation and
improved air quality.
Sensors and control provide an underpinning technology for clear-up’s approach. New
sensors are in development, their use is optimised for the operation of smart windows;
demand controlled ventilation and catalytic purification.
We present details on the improvement of materials and components (section 2), emphasize the
importance of appropriate sensor and control technologies (section 3), illustrate the challenging
demands when integrating and testing materials and components on a real building test site
(section 4), and finally give an outlook on future work (section 5).
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Figure 1 Clear-up technologies for energy-optimised control of indoor environment.

2. Nanomaterials from the lab into real buildings
A major part of the work carried out in the European project clear-up deals with the improvement of
materials and components. In focus are technologies based on nano or micro-technologies
covering areas such as (1) Electrochromic glazing for variable light transmission, (2) Photocatalytic
materials for air cleaning, (3) Phase change materials for heat storage, (4) Vacuum insulation
panels (VIPs) for heat insulation, and (5) Gas sensing materials for CO2 and VOC detection.
Market opportunities of such materials depend not only on their functionality but also on usability,
cost and last but not least overall acceptance in the construction sector. The latter requires plenty
of tests in laboratory, test sites and real buildings as convincing the construction sector is – most
probable due to the long lifecycle of products – a challenge. We highlight important pathways
within the development and implementation into real buildings on the basis of two components: (1)
photoctalytic materials and (2) vacuum insulation panels.

2.1

Photocatalytic materials for air cleaning

The importance of good indoor air quality for health, productivity and comfort of the occupants is
well reported and several standards are dealing with this issue [1, 2]. Certainly, the best way to a
good indoor air quality is to eliminate the sources of pollutants (due to e.g. choice of building
materials, consumer products, user habits) and ventilate with clean outdoor air. However, the
habits of occupants and the building materials are –especially in existing buildings– difficult to
change. Ventilation can help in case that the outdoor level of the hazardous gases is low enough
but it will require additional energy. Hence, photocatalytic materials cleaning up the air can (1)
support actions towards a good indoor air quality, (2) have the potential to reduce the energy
consumption by reducing ventilation rate, (3) will work also at high outdoor levels of pollutants.
The working principle of photocatalytic materials is based on a chemical reaction stimulated by
light that helps to transform hazardous air pollutants like nitrous oxides, formaldehyde, benzene,
volatile organic compounds (VOCs) etc. into harmless compounds. Photocatalysis simply
accelerates the processes which occur in nature. It promotes decomposition of pollutants avoiding
accumulation in the air around us. State of the art photocatalytic materials and applications [3] work
best with ultraviolet light which is fine outdoors where they are exposed to sun, but less effective
inside with artificial lighting and windows filtering the UV light.
Within clear-up several research groups and companies act jointly to make photocatalytic materials
active with indoor light. Nanocrystalline materials like TiO2 and ZnO that show good photocatalytic
activities to UV light are doped with non-metals like C, S, N and B as well as with Mn and other
transition metals to make them work at visible light (wavelength>420 nm). Clear-up follows thereby
a bunch of different synthesis pathways like powder preparation of doped TiO2 or film deposition of
ZnO and Bi2O3. The lab results on the development of new materials are very promising. Tests on
Methylene Blue (MB), Volatile Organic Compounds (VOCs) and inorganic compounds like NOx
have shown acceptable degradation rates also under visible light.

a)

b)

Figure 2 a) Photocatalytic materials prepared at large scale panels (100 x 100 cm2) for b) test in
the Indoortron chamber (http://ihcp.jrc.ec.europa.eu/our_labs/indoortron). The Indoortron is a
30m3 walk-in environmental chamber permitting precise control of parameters such as temperature, relative humidity, air quality and exchange rate.
Besides material science studies in the laboratory the active photocatalysts need to be investigated
in combination with the applied lighting system, and, due to the kinetics of degradation, will also
depend on environmental conditions such as temperature, humidity and air flow. For the latter, the
type the integration of the nanomaterial in building material (cement, binder etc.) is also of
importance. Hence, before implementation in a real building, tests on a larger scale and under
well-defined test room conditions were carried out. Large scale panels were painted with selected
materials and tested at the simulated test-room facilities ‘Indoortron’ (Figure 2). Within the large
working space of the ‘Indoortron’ photocatalytic building materials are placed and characterized for
their efficiency towards depletion of air pollutants by monitoring over time the concentration of
target pollutants in the chamber (Figure 3). The on-going experiments will contribute to gather indepth knowledge on the mechanisms of photo-degradation of organic and inorganic compounds

and have been used to choose the optimum material for the implementation in the real building test
site (section 4).

Figure 3 Results obtained in the Indoortron monitoring NO degradation by material M1 and M2
under solar like irradiation at 20% and 50% relative humidity. The photocatalytic conversion of
NO increases while decreasing relative humidity from 50% (10.3 g m-3) to 20% (4.1 g m-3) at
23°C.
The final implementation and evaluation in a real test site and evaluation mostly come along with
sensors monitoring the illuminance level, and environmental conditions. Beyond that, the use of
gas sensors monitoring VOCs and NOx will be a prerequisite to monitor the air cleaning feasibility
and to develop intelligent control algorithms that take into account not only constant ventilations
rates but ventilation on demand. The photocatalytic materials are not expected to be a stand-alone
solution for achieving good indoor air quality but must be thought of as a sort of supporting
instrument that might e.g. keep levels of hazardous gases of internal sources low.
2.2

Vacuum insulation panels

Insulation of the building envelope is by far the most important action for reducing the energy
needs. The higher the desired heat resistance, the thicker the insulation layers gets. Traditional
insulation materials need 30 cm and more to meet the passive house or zero energy standards.
Especially for the post-insulation of walls and floors in existing buildings, this space is often not
available.
Vacuum insulation panels (VIPs) can solve these space problems. They have a rated thermal
conductivity of around 0.007 W/mK which allows to keep them 5 to 6 times thinner than traditional
insulation materials at the same thermal insulation performance[4]. The core material consists of
an open cell material (fumed silica, e.g.) and is covered with a multi-layered barrier film to prevent
gas and moisture permeation. VIPs are typically evacuated to an inside pressure below 5 mbar.
Heat transfer by conduction, convection and radiation is dramatically reduced due to the very small
pore sizes of the core material, the vacuum and added opacifiers. However, the very thin barrier
film is very sensitive and as a consequence, the VIP is quite fragile. For practical means, the VIP
material needs to be protected. To solve this problem the clear-up partner Saint-Gobain Weber
developed the so-called LockPlate system based on EPS plates (expanded polystyrene) with VIPs
embedded in its core. Thereby, the EPS panel serves as a mechanical protection for the VIP. To
reduce the thermal bridge effect of the edges of the VIP, the VIP’s are overlapping each other in a
double layer. Because of the EPS wrap, the panels can be fixed to the wall with fasteners without
perforating the VIP.

In comparison to photocatalytic materials the VIPs are ready-to-market and have already been
applied in different types of construction work. Nevertheless, work is ongoing and covers for
example the optimization of the core material with respect to functionality and costs. Possible gains
in energy savings are obvious but due to their good insulation properties these materials will also
lead to warmer inside surface temperatures during the heating period improving the comfort of the
building user.
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Figure 4 a) Equivalent thickness of insulation materials to achieve the same U-value. b) LockPlate System based on EPS plates with VIPs embedded in its core.
The resource aspect of the LockPlate system is also of interest and is approached via a life cycle
analysis which can give results not only on the possible energy savings during operation but
inspects a product along its whole life cycle from cradle to grave. Quantitative measure on the
energy gains of the vacuum insulations panels versus more traditional insulations alternatives
versus the intrinsic environmental impacts of the vacuum insulation are of great interest to rate
sustainability issues. Data collection for such a life cycle analysis is under way and first results are
expected within this year.

3. Sensors and Control
The combination of the different active and passive clear-up components for lighting, ventilation
and temperature requires sensors and control. The achievable energy-optimisation will strongly
depend on the chosen control strategies but will also require appropriate sensors delivering the
right information to the controlling system. Beyond that, the definition of the respective interfaces is
important for an appropriate interaction and energy efficient coordinated control at the building
management system (BMS). A first simplified set-up has been realized in the clear-up downscaled
‘dollhouse’ demonstrator.
Active components
• Electrochromic (EC) windows
• Fibre-based light guides
• Opening roof window
• Mechanical ventilation
• Sensors (T, VOC)
• Building management system (BMS)
Passive components
• PCM plaster
• Photocatalytic paint
• Vacuum insulation panel
Figure 5 Integration of clear-up components in a downscaled ‘dollhouse’ demonstrator. The BMS
controls self-opening roof window, 3-stage-ventilation and EC-windows based on an algorithm
incorporating measured air quality (VOC sensor) and temperature.

Owing to the high complexity of the clear-up approach (Figure 1) the actual clear-up work is broken
down into subsystems dealing with (1) air, (2) temperature and (3) light. We present exemplary
results on the subsystem air where sensors and control play a major role.
3.1

Subsystem air

Photocatalytic materials as well as sensors for the indoor air quality (IAQ) control are contributing
to the subsystem air. Based on the latter energy efficient demand-controlled ventilation (DCV)
strategies are developed and implemented in heating ventilation air conditioning (HVAC) systems
that are supposed to work in conjunction with natural ventilation.
Such work on intelligent ventilation strategies is getting more and more of interest as more strict
regulations on the air tightness of buildings led to an increased role of ventilation compared to
other elements of the heat balance of a building. However, sufficient ventilation in today’s airtight
buildings is necessary to remove or reduce indoor generated pollutants and humidity to acceptable
health and comfort levels and to maintain building integrity. Applying DCV in buildings, using
sensors for IAQ control that offer variable airflow rates adapted to the actual load conditions in
buildings, is one possibility to fulfil the requirements of adequate IAQ while reducing the energy
consumption at the same time [5].
3.1.1 Sensors for the indoor air quality (IAQ) control
State-of-the art ventilation strategies and standards work either on the basis of fixed duty cycles
(without sensors) or apply ventilation on demand based on CO2 as indicator for indoor air quality [1,
2]. Clear-up solutions go beyond this approach and apply gas sensors measuring volatile organic
compounds (VOCs). VOCs are – as metabolic products – present in the human breath but also e.g.
in cooking odors, human bio-effluents, outdoor pollutants, paints and cleaning supplies. Several
volatile organic compounds (VOCs) in indoor air are statistically confirmed to be significant for the
presence and activities of humans and are considered to contribute to the IAQ perception [6]
whereas the perception of IAQ is not directly influenced by the odorless CO2.
Gas sensors for VOC detection have been developed by the clear-up partner AppliedSensor. They
are based on a micromachined palladium doped SnO2 thick film sensor (Figure 6). Implementation
of an empirical algorithm on the microcontroller reversing proportionality of human CO2 production
rate and other bio-effluent (VOC) generation allows CO2 prediction based on VOC detection [7].
This way of VOC sensing can be linked to specific IAQ levels according to established ventilation
standards [1, 2] using CO2 as indicator gas.
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Figure 6: a) Metal Oxide Semiconductor (MOS) Gas Sensor Module iAQ-2000, b) Correlation of
CO2 concentration and measurement signal of the iAQ-2000. Deviations are due to body odors
that result in a VOC signal but not in a CO2 signal.

3.1.2 Energy demand and indoor air quality in an office controlled with VOC sensor
The performance and energy saving potential of demand controlled ventilation (DCV) based on
VOC sensors were tested in comparison with natural and time-scheduled ventilation. The test
procedure and results are given in Table 1 and Figure 7.
Table 1 Test Procedure for an 80 m3 sized office (at VERU, Fraunhofer IBP). Each ventilation strategy is carried out for one week and reiterated (test period Dec – April). Normal load: 1-2 people for
8 hours and 5 days per week, weekly 1 hour meeting of 6-8 people. Reference sensors for temperature, humidity and CO2 have been applied together with the VOC sensor module.
Ventilation Strategy

Description

Natural ventilation

Window opening is up to people working in the office, due to
logbook it took place only once or twice a day.

Time-controlled constant
ventilation

Ventilation according to EN 15251 (under the assumption of indoor
air quality category II, low polluting equipment, and 2 people)
125 m3/h for working hours (Mo-Fr 8 a.m. to 6 p.m.)
6 m3/h otherwise

Demand-controlled
ventilation, VOC sensor

Sensor output 0-5 V corresponding to 450-2000 ppm CO2
equivalents serves to trigger ventilation rate in linear scale from
6 m3/h to 125 m3/h

First of all, the result on the energy demand for natural ventilation is striking. At a first glimpse it
seems that energy saving is best done by natural ventilation. However, the achieved indoor air
quality is rather of poor quality. CO2 concentrations up to 1300 ppm for normal load condition
corresponding to IAQ level III (EN 15251) have been obtained for natural ventilation. Demand
controlled ventilation in comparison with time controlled-ventilation could save up to 60% supply air
rate resulting in a decrease of heating energy demand of about 15% and 70% less power
consumption for the fan. The indoor air quality (IAQ level II) was in overall not as good as for timecontrolled ventilation (IAQ level I) but still at an acceptable level. The latter indicates that there is
still space for improvement of the DCV strategy e.g. adaptation of chosen linear scale but –
especially when looking to time-resolved results in cases where the room occupancy did not match
the design occupancy of 2 people - the DCV strategy clearly outmatches the time-controlled
ventilation.
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Figure 7 Comparison of natural, demand-controlled and time-controlled ventilation a) Energy demand
during test period (Dec-April), b) Indoor air quality based on measured CO2 concentrations.

3.1.3 Conclusions
The results obtained support the need for demand controlled ventilation especially in cases of
varying room occupancy. The energy demand due to ventilation is reduced and a good overall
control of indoor air quality is achieved. The applied VOC sensors work very well and based on the
applied standardization of sensor signal to CO2 the results can also be linked to established
ventilation standards. Beyond that, the implementation of photocatalytic materials for air cleaning
will require VOC sensors to gain feedback on their action. Last but not least the price and reliability
of sensors will be a measure. State-of-the art CO2 sensors use mainly optical absorption
techniques. Such techniques are rather expensive compared to Metal Oxide Semiconductor (MOS)
gas sensors and in addition reliability issues are often not yet satisfying making it very interesting
to search for other solutions. Nevertheless, to convince the construction industry of such new
technologies further validation in real working buildings are required.

4. Integration on a real building test site
The validation of research results gained in material science laboratories and in ‘simulated room
type’ of laboratories need to be carried out in real, working buildings. The aims are to (1) measure
the efficiency of the components (separately and combined), (2) determine the interactions
between the different systems, e.g. HVAC and window shading, (3) test the durability over a year’s
operation, and (4) importantly, get feedback from the end users – buildings occupants and building
managers. A first and very important step of this work is the choice of a building test site. It must fit
to (1) requirements for installation (2) experimental constraints (e.g. similar rooms, control facility),
(3) easy access (location, cooperation of building occupants and managers), and last but not least
to a (4) widespread applicability (representative location, common building type).
Clear-up chose a building from one of the clear-up partners: The Engineering Faculty Building at
the Czech Technical University in Prague. This building is an example of 1970’s architecture. The
building has limited insulation and no ‘active’ systems such as centralised air conditioning or
building management. Refurbishment and tests with clear-up components are carried out at the 2nd
floor of the building in 6 nearly identical adjacent office rooms.

Figure 8 The Engineering Faculty Building at the Czech Technical University in Prague. Refurbishment and tests with clear-up components are carried out in 6 nearly identical adjacent office rooms
(marked in red). The room dimensions are 5m x 3m with a clearance height of 3.3m and a window
oriented toward the southwest.

4.1

Practical work

Installation of the different components has been carried out in a way that different subsystems can
be tested separately but also altogether. Installation includes – besides the clear-up components –
measurement and control equipment for recording energy consumption and indoor relevant
comfort parameters. First results are expected within 2011 and will be evaluated together with
simulation studies. An example for the simulation studies carried out in clear-up is given for the VIP
installation.
4.2

Case Study VIP installation

The simulations for the case study dealing with VIP installation were carried out with the dynamic
program ESP-r [8]. In order to show the impact of VIPs on energy demand and indoor environment
three different variants have been investigated for an office room of the test building (Table 2).
Insulation material is applied internally below the windows as a modification of the outer façade of
the building is not permitted. Space limitation for insulation thickness was given with 10cm.
Table 2 Simulation variants for insulation at the test site in Prague.
Variants
1
2
3

Description
Current state of the building without the use of thermal insulation
common EPS polystyrene foam, 9 cm thick, thermal conductivity
VIPs, 9 cm thick, thermal conductivity = 0.017 W/mK

= 0.039 W/mK

Yearly Need for Heating Energy
810

782,18

780

[kWh]

750
720

685,75

690

660,27

660
630
600
570
Without
isolation

Foam
polystyren EPS

VIP panels

b)
a)
Figure 9 a) VIP installation with LockPlate system at the inside of the office room. b) Energy performance of the simulated variants.
The energy performance of the variants is plotted in Figure 9. The type of selected insulation has a
strong impact on the heating demand; 93 KWh per year can be saved by application of common
polystyrene foam, and 122 kWh per year for VIP material. The thermal comfort of the user has
been simulated by means of the PMV index (predicted mean vote). Increase in thermal comfort is
only marginal. However, this result is not unexpected as the area covered by the LockPlates
compared to the window size is in a ration of approximately 1:3; and the window within the
simulation was the one of the old non-refurbished building with a U-value of 4.1 W/m2K.
This simulation example illustrates the importance of a holistic approach and good strategy of
refurbishment: Evaluation of each single clear-up component in a real building test site has to be
done with strong care on all the boundaries given by the construction (e.g. U-values, thermal
mass), installations (e.g. heating and control systems), climate conditions and last but not least by
the user interaction (e.g. window opening, use of lighting).

5. Outlook and Conclusions
First results of real-life measurements at the chosen office-type of building are expected within
2011. Important measures are the energy reduction potential and the impact on indoor
environmental quality but also economic and environmental aspects that are approached within
clear-up by Whole life Costing (WLC) and Life Cycle Analysis (LCA). These results will help within
clear-up to further improve materials and components to the practical needs in the construction
sector. Beyond that, together with simulation studies the measurement results will help identifying
in which kind of buildings what type of clear-up technologies may have the most impact. The within
clear-up planned second building test site and a demonstration building with a full system
approach (Figure 10) will give here additional input. The information will be published and hopefully
will (1) convince the construction sector to apply new materials, will (2) provide input to standards
and policy information, and overall will (3) help to make buildings more clean and resource efficient.

Steinhausen, Office Building
Cádiz, Hall of residence
Figure 10: Building test site at Siemens, Switzerland and demonstration building in Cádiz, Spain.
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Summary
In Malaysia, Industrialised Building Systems (IBS) are being promoted as a potential to enhance
sustainability by the building industry and government. Known elsewhere as prefabricated
construction, IBS employs a combination of ready-made components in the construction of
buildings that promote quality of production, enhance simplification of construction processes and
minimise on-site work. The components are manufactured in a factory either on or off site. They
are then positioned and assembled into building structures. The unique characteristic of IBS has
the potential to respond well to the sustainability challenge facing the construction industry.
Despite the promises however, IBS has yet to be effectively implemented in Malaysia. There are
often misconceptions among key stakeholders about IBS applications and some of the rating
schemes fail to assess IBS towards sustainability deliverables.
A holistic approach to improving IBS implementation is necessary to consider sustainability
perceptions on IBS among key stakeholders. As IBS design is one of the most important
development phases to incorporate sustainability requirements and expectations, a framework of
embedding sustainability factors into IBS design is being developed through research. This paper
presents an improved IBS design process focused on sustainability, showing where and how
sustainability should be assessed to improve IBS construction. The framework being developed
can provide guidance and decision making assistance to not only design consultants but all
relevant stakeholders by integrating sustainability concepts into IBS applications. Outcome of the
research will also provide a benchmark for developing countries in adopting prefabricated
construction systems.
Keywords: Sustainability, Design, Industrial Building System, Stakeholder

1. Introduction
The construction industry plays an important role to the developing countries. In Malaysia, the
industry contributes up to 5 per cent of Gross Domestic Product per annum and employs about 8%
of the workforce [1]. On top of that, this industry acts as a domestic demand multiplier effect by
working together with other industries, such as materials manufacturing and property services [2].
Despite the rapid advancement in the construction industry, most of the construction work in
Malaysia is still applying conventional methods which are often not sustainable.
Sustainable construction has become a growing concern throughout the world over the past year.
Kibert [3] highlighted that sustainable construction will result in the creation and responsible
maintenance of a healthy built environment and promote efficient use of resources. The

construction industry players need to have a broader perception in achieving their objectives. They
should not only focusing on economics, but also the benefits to the societies and the construction
workers [2]. To achieve this, entire activities in the construction value chain should be analysed to
determine their effects and contribution to sustainable development.
IBS is a construction system with a combination of components that promotes simplification and
minimise on-site work. The production in a controlled environment reduces the numbers of workers
involved, reduces construction time, increases quality of buildings, reduces cost and enhances
occupational health and safety [4-6]. More importantly, it reduces construction waste [7-8]. These
advantages provide opportunities for IBS to better contribute towards the agenda of sustainable
building projects.
However, according to previous reports, the usage level of IBS in the Malaysia construction
industry stands at 15 % in 2003 and only 10 % in 2006 [9]. Possible reasons include limited
understanding among stakeholders on the potential of IBS and its relevance to sustainability. Most
of the stakeholders have negative perceptions in IBS and are unable to foresee the benefits of this
innovative method. Therefore, feasibility for change is difficult due to insufficient information
regarding IBS [9]. Morever, decision making in the selection of IBS methods is not made
consistently due to the lack of decision tools that embrace the concept of sustainability.
In this context, there is a need for better understanding of the potential of IBS in enhancing
sustainability before its wider adoption. Specifically, an integrated assessment process and an
effective collaboration between key stakeholders on the key attributes and evaluation of
sustainability factors can work towards sustainable IBS delivery. Key stakeholders involvement is
imperative to ensure the success of the construction project by providing consensus input for the
decision making.
The purpose of this paper is twofold. First, to review and assess the conceptual framework that
can be adapted for sustainable deliverables in IBS. Second, it will discuss factors that have a
potential to facilitate sustainability integration in IBS application. This whole process is
encapsulated in a general sustainable framework for decision making of IBS implementation.

2. Sustainability and IBS
The Natural Step provides an intensive framework to visualise the importance of sustainability
consideration in a construction project [10]. A funnel is used as a metaphor to show an increasing
demand in contrast to declining available resources and ecosystem services (Figure 1). The space
available at the top of the funnel envisages option and constraint that are available in making a
decision for any solution. A proper path is required in order to shift toward sustainability and begin
to open up the walls of the funnel.
On the other hand, the injection of sustainability principles in the IBS can restore and maintain the
harmony between the environment and construction, improve human self-respect and encourage
economic development. The implementation of sustainable IBS can also ensure institutional
sustainability. This dimension of sustainability plays an important role in catalysing development
holistically especially for developing countries. With cooperation and understanding among
stakeholders, sustainability principles will integrate these efforts in each stage of IBS
implementation.

Figure 1: The Funnel [10]
Based on similar application by previous research studies, sustainable IBS construction can be
described as the projects which are economically, environmentally, socially and institutionally
sustainable [11-16]. Therefore, an integrated conceptual framework is proposed for this research
to improve sustainable deliveries for IBS construction. With reference to ‘The Funnel’ by Roberts
[10], the proposed framework is illustrated in Figure 2. There are four main elements involved in
this framework for ensuring sustainable deliverables in IBS: 1) Enablers, 2) Integrated decision
making guidelines, 3) Sustainable IBS design and 4) Sustainable deliverables in IBS.

Figure 2: Appropriateness of ‘The Funnel’ for Industrialised Building System (IBS)
For the first element, enablers are the factors that can influence the motivation for sustainable
deliverables for IBS construction. Seidel et al. [17] stated that enablers can be categorised into four
groups, namely: 1) strategy definition, 2) organisational support, 3) motivation, and 4) traceability.
The nature of the construction industry requires a high commitment from the project team in
ensuring the successful delivery of the projects. Each project participant should understand the
strategy and available support to achieve the project’s goals. Organisation should provide clear
instructions to their team members in incorporating sustainable principles in the IBS projects. Self
awareness and motivation among the personnel involved will encourage the sustainable
implementation in IBS. In addition, traceability in the sense of transparency and measurement are
also very important to manage the adoption of sustainable deliverables [17].

Secondly, integrated decision-making guidelines are required to assist decision-makers in
selecting appropriate construction methods in order to improve sustainable deliverables. Next few
sections will discuss the sustainability factors that can be integrated into IBS construction.
Thirdly, these proposed sustainable IBS design guidelines will be used to ensure sustainability in
construction projects. Even though the designer is the one who makes the ultimate decisions,
considerations of key stakeholders must be taken into account. These design guidelines can be
developed on the basis of consensus between key stakeholders, including manufacturers,
regulatory authorities and also contractors.
Finally, sustainable deliverables in IBS need to be linked to the ‘enablers’ to stimulate motivation
and inspiration so that better outcomes can be achieved. It needs to be monitored in order to
prevent failure due to the existing constraints. The outcome of sustainable deliverables in IBS
balances supply and demand without destroying our natural resources for the future generation.

3. Integrated sustainable IBS approach
Most of the IBS projects in Malaysia are still adopting the traditional approach that involve
separated design and construction stages (Figure 3) [18]. There are four main processes relating
to the design stage which is usually initiated with a client briefing. Here, an appointed designer will
be briefed by the client about the concept and requirement of the project. The architectural design
can then be developed and handed to engineer to develop the structural design. Finally, the
quantity surveyor will estimate the cost involved and get an approval from the client. The
construction stage involved two main processes, which are 1) production and 2) construction and
installation.

Figure 3: Traditional IBS Approach
This traditional approach restricted contractors and manufacturers to be involved in the design
stage. As a result, cooperation among key stakeholders is lacking. The lack of integration will
result in need for plan redesign and consequently, will increase the project cost [9]. Moreover,
most of the research studies agreed that sustainable deliverable initiatives require earlier
cooperation among the stakeholders [18-23]. This is important in allowing each player to define
issues and set sustainability goals prior to schematic design and continuing through construction,
operation and demolition of the building.
The improvement of sustainable design practice must be driven from two directions, firstly the
integration of stakeholders and secondly sustainability factors in IBS. The improved relationship is
illustrated in Figure 4 where more emphases are placed on the earlier stages to ensure a clear
project strategy in achieving sustainable objectives. This approach offers opportunities to learn
from each other based on previous experiences and incorporating improvements such as not
repeating mistakes, wasteful processes and fire-fighting management practices [24]. In addition,
segregation and isolation are removed from the different organisation, which provide them a space
to work together in an integrated approach. On-going research in Queensland University of

Technology (QUT) has identified six major factors to improve sustainable deliverables in IBS: 1)
Ecological performance, 2) Economic value, 3) Technical quality, 4) Sustainable awareness, 5)
Socio equity and culture and 6) Implementation and enforcement.

Figure 4: Integrated Sustainable IBS Design Consideration among Key Stakeholders

4. Review of related decision making tools
To develop a strategic framework linking different stakeholders’ decision, it is essential to identify
the potential factors that can enhance sustainable deliverables in IBS construction. Many research
projects have identified factors, indicators and attributes to improve sustainability in building
construction. These include PPMOF (Prefabrication, Preassembly, Modularization and Offsite
Fabrication), IMMPREST (Interactive Method for Measuring PRE-assembly and Standardisation),
PSSM (Prefabrication Strategy Selection Method), Structural Frame Selection (SFC) and CMCM
(Construction Method Selection Model).
PPMOF was developed to help stakeholders overcome project challenges and improve project
performance by using available opportunities in prefabrication [25]. However, this tool focuses
solely on the strategic level analysis and failed to weigh each factor objectively which will
consequently produced a biased decision [26]. The IMMPREST brings “softer issues” such as
health and safety, sustainability, and effects on management and process into the decision-making.
However, the limitation of this tool include inadequate information available at the early stage of a
project and many of the factors and consideration failed to represent the actual context of
sustainability [26].
Luo et al. [5] stated that selection of the best alternatives is important to enhance the sustainability
outcome for the construction project. By choosing the most efficient component in every stage,
effective prefabrication decision would be obtained after comparing different options available.
PSSM was developed to focus on curtain wall systems, mechanical systems, and wall frame
systems. For structural frame selection, Soetanto et al. [27] developed SFC, a simple framework in
evaluating performance of various options such as traditional structural technique, steel frame and
hybrid concrete, based on seven main criteria: 1) Physical form and space, 2) Construction

process, 3) Long-term sustainability, 4) Establishing confidence, 5) Building impact, 6) Physical
appearance and 7) Client satisfaction.
The latest tool, CMCM was divided into two sequential levels: strategic and tactical level [26].The
strategic level is initially used to evaluatethe potential of prefabrication method to be employ for the
construction project such as project characteristics, site conditions, market attributes and local
regulations. This is followed by evaluation at the tactical level, to examine the potential of
prefabrication in terms of economic, social and environmental. This tool enables the evaluation of
the construction method more objectively, and it is apparent in a sense that it considers project’s
characteristics and decision makers’ risk attitudes [26].
While these existing tools provide a benchmark in assessing the selection of IBS, they are limited
and inconsistant in evaluating this construction method, especially in embracing the concept of
sustainability. Existing tools and methodologies tend to omit institutional, socio-equity and culture
issues such as legislation, local economy and community disturbance. As such, most the tools
failed to understand the full benefits of IBS. Thus, these limitations reflect the significance and
necessity to incorporate sustainability principles into IBS so that it will restore and maintain the
harmonization between the environment and construction, especially for a developing country.

5. Potential sustainability factors
The authors have developed potential sustainability factors from an extensive review of past
research reported as shown in Figure 5. These factors contribute to economic, social,
environmental and institutional objectives [5, 21, 25, 28-32].

Figure 5: Factors Enhancing Sustainable Deliverables in IBS
Each factor contains attributes that can be designed and weighted differently depending on the
building profile over the entire lifecycle. Notwithstanding this progress, six major factors were
identified as having the potential to enhance sustainable deliverables in IBS. The factors are:

•

Ecological performance - defined as any attributes that will increase the possibility in IBS
construction to preserve natural resources and reduce negative impact to environment.
Jaillon and Poon [21] stated that IBS has major benefits in environmental, namely material
conservation and reduction in waste, air pollution and water consumption. For example,
factory productions have the potential to incorporate solar energy and reduce dependency
on fossil fuel. Improvements in IBS components quality are ensuring consistent standards
of insulation and service installation which reduced an operational energy [33].

•

Economic value - attributes that reduce not only tangible cost but also intangible cost for
the whole IBS building lifecycle. The economic consideration needs to be expanded
including in terms of flexibility, adaptability and local or domestic economic situation.
Traditional management parameters (time, cost and quality), is aiming for economic
objectives but it requires a further evaluation for economic value such as speed of return
investment, IBS components production and design stage adoption [25, 29-30, 34].

•

Technical quality - the factor that provides physically measurable attributes of procedures
in IBS construction to meet professional standards. It is mandatory in any engineering
works. Controlled production environment reduces defects and damages for IBS
components as well as improving durability of the buildings [29, 33-34]. Generally known,
the construction industry is unique and subject to constant change. However, adaptability
and flexibility features in IBS allow the system to fit in different building functions and
accommodate the future technical condition [11, 25, 34].

•

Sustainable awareness - the positive consciousness to provide a better future for next
generation. Valuable experiences, knowledge and skills by designers, construction
professionals and building owners can significantly improve the sense of responsibility to
consider sustainability features [11]. Public participation and awareness are vital to improve
willingness of stakeholders to invest for not only financial profit but also intangible benefits.

•

Sosio equity and culture - the factor that offers long-term opportunities for workers and
enhances the quality of life in the local community. It is vital in sustaining the well-being of
the people and communities in which the IBS construction is to be operated. The
appreciation of the significance of non-technical issues gives a recognition to this factor
equally important to economic sustainability [35]. Communal impacts such as local
disturbances, labour availabilities and economic developments have a direct impact to
those who resides in the surrounding area. The workforce for the IBS comes from the
surrounding locality, and their standard of living would be directly improved because of
these factories.

•

Implementation and enforcement – the factor that ensures any planning will be carried
out accordingly. Any good planning will be meaningless without proper implementation and
enforcement. Construction Industry Master Plan 2006-2015 illustrated the full commitment
of the Malaysian Government to implement IBS in minimising construction time and
reducing the number of foreign workers in the industry. The Government has put forward
regulatory requirements and incentives in order to promote IBS [1]. Standardisation and
regulation provide modular and standardised components to enhance buildability and
reduce waste generation [32].

The attributes from these six major factors are listed and put in a questionnaire to aid the industry
in identifying the crucial sustainability factors in IBS. Then, these factors will help the authors to
develop decision making guidelines for IBS implementation. The guidelines will be used in the design stage to integrate sustainable concepts into IBS applications. This will result to sustainability
in construction.

6. Conclusion
Industrialised Building Systems have the potential of enhancing sustainability in construction. To
fully capitalise on the potential of IBS to enhance sustainability, common understanding on key IBS

capabilities and collaboration among key stakeholders are necessary. Major development
processes, such as design, can benefit from an effective design making guidelines that involved
key stakeholders. This is to ensure that they have a unified views and follow commonly agreed
approaches to IBS implementation. In fact, this paradigm may be achieved by integrating key
stakeholders in the early stages. Owners, occupants, designers, manufacturers and builders need
to collaborate in the design process to minimise change orders, increase constructability, and
explore various dimensions and alternatives to enhance sustainability in the proposed project.
Based on “The Funnel” theory, this paper has developed a conceptual framework for sustainable
IBS delivery consisting of four major elements: 1) Enablers; 2) Integrated decision making
guidelines; 3) Sustainable IBS Design; and 4) Sustainable deliverables in IBS. Critical factors will
be incorporated into the framework during the next phase of research, eventually forming part of
the IBS decision making guidelines. It is expected that this framework can serve as a guide to
develop appropriate guidelines that will aid the designers making front end decisions during an IBS
project in favour of sustainability deliverables.
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Summary
According to the American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE), the building sector consumes more than 30% of the energy in the US. Major building
materials such as concrete, steel, and glass require significant amounts of energy for their
production. They are also responsible for the deterioration of the environment. Because of
relatively large areas and volumes of related building components, the building enclosure systems
such as sidings and curtain wall represent an opportunity for incorporating alternative materials.
Compacted earth-based enclosure systems may be a viable option because they are designed to
be portable, and particularly if developed and applied as a pre-manufactured modular system. This
study involved building renewable earth-based panels with cross-section of 1 ½”, to be used as a
supplement to existing structures such as sidings. The panels are built by combining naturally
based stabilizers such as starch, cement and locally available dirt. The panels had to undergo
stability test for stiffness, strength and erosion resistance. The outcome of the tests both positive
and negative stood out in the final product and is summarized. The results helped to gauge the
feasibility of applying compacted earth-based enclosure system in comparison to cement stabilized
earth systems for wide spread application in the building industry, as per hypothesis. The results
are summarized and potential research opportunities are suggested to eliminate the problems.
Keywords: rammed earth, panelized system, natural binding agent, moisture ingress, compression

1. Introduction
Industrialized building methods that depend on high-energy materials, such as aluminum, cement,
concrete and steel are responsible for high levels of CO2 emissions, widespread authorization of
new quarries, and extensive material extraction from riverbeds. To reduce the negative impact on
the environment, new directives demand introducing environmentally friendly materials for the
construction of buildings. Building materials such as concrete, steel, and glass have evolved over
time and are considered more advanced when compared to traditional materials such as earth [18]. Innovations and research to use these advanced materials more efficiently have increased their
use. Similar research and market expansion has not occurred with rammed earth systems [5].
Rammed earth has been defined in literature as a process of compressing a damp mixture that is
composed of suitable proportions of sand, gravel, silt and clay (sometimes with an added
stabilizer). Rammed earth structures are beneficial because they can utilize locally available
materials with little embodied energy and offer no harmful waste [9]. But silt and clay are not stable
under water, and may be affected by moisture ingress. Nevertheless, historically earthen buildings
have been shown to last very long when people follow proper construction techniques and when
they were properly maintained [10]. Cement is a commonly used stabilizer for rammed earth
construction; it improves the compressive strength, durability, and water resistance. However it
may not have significant embodied energy savings relative to other conventional construction

systems [11]. Stabilization modifies the properties of a soil to increase strength, decrease porosity
and reduce dry shrinkage [2]. Behavior of natural water-soluble synthetic polymers in the presence
of other composites like clay and earth is unpredictable. Because of the availability of earth and the
need to lower energy usage, it would be worth building naturally stabilized earth panels and testing
weatherability issues. Manufacturers are reinventing the process of building construction using
assembly line automation and prefabricated panels made from a wide variety of materials.
Traditional rammed earth wall construction systems have few drawbacks when compared to
panelized wall systems. If rammed earth panels can be installed so that they eliminate the need for
conventional framing, and can be assembled swiftly with lesser skilled laborers, the advantages
could spur production and introduce a new thermally efficient structural method of light
construction to a broad market [12]. Given the potential environmental benefits of earth
construction and the advantages of panelized systems, the intention of this research is to explore
the development and application of an earth-based wall panel system. The main objective of this
study was to test the performance of alternative earth-based wall panels to preliminarily determine
the feasibility of widespread application to the building construction industry.
1.1

Assumptions and Limitations

The incorporation of this panel within the existing building system is achieved by substituting
products. Following are the assumptions and limitations for this study:
! Processes involved in panelized system and installation will remain unaffected.
! Procedures were loosely based on quantitative American Society for Testing and Materials
(ASTM) standard; the test panels represent a typical panelized system.
! Panels were intended, for third world nations where labor is relatively unskilled and
affordable, and for area with favorable weather conditions such as hot and dry climate that
make the potential market large for these panels [11].
! Evaluation of the performance criteria of the panels were based on the load test, weight test
and water pressure test.
! Due to time restrictions and lack of mechanical compaction tools, only one sample
associated with each renewable panel was built and tested.
! Earth was gathered from a locally excavated construction site.
! Each piece was precisely engineered, with the same cross-sectional dimension and
thickness, similar in weight and easy to inspect for quality control as suitable for a
panelized system. The dimensions of the panels were 1foot x 1foot (300mmx300mm) since
most panelized systems are designed in modular increments of one foot.
! Unlike conventional rammed earth blocks which are usually 150mm to 200mm in thickness,
and used for carrying structural loads. The new panels were designed for a thickness of not
more than about 40mm to be used as supplement to existing structures such as siding and
suitable for easy handling.
! The panels were naturally air-dried to reduce the consumption of resources and with no
fixed controls to measure temperature difference or humidity levels of the air.
! The recommendation at the end of the study is based on the quantitative test procedures
and the expected result interpreted with the holistic qualitative approach.

2. Methodology
The initial research process involved gathering relevant information about materials, followed by
building the test panels, and finally applying the tests on the panels. With the help of available
information from previous studies, the research process was based on the following steps:
! Preliminary procedure:
1. Locating space for panel building, drying, storage and testing of the panel
2. Gathering material and tools
3. Preparing formwork, and equipment for measurement and tests
4. Conducting initial Jar test to find the proportion of clay content. The test showed that the
soil used for the study contained 60% sand, 15% gravel and 25% clay content
! Proportion of composition (soil, water, and stabilizer) in the 3 samples to be tested
1. (Panel-1) Earth + 6% Portland Cement + Water: was considered as the base case.
Cement is highly energy intensive. The production costs are 20 to 30% of the total

!

energy costs. Use of cement as a stabilizer has added advantages when used in a
sandy admixture, as it elevates the binding properties, and compressive strength of the
panel, and reduces moisture ingress. Cement can be recycled and reused but the
strength of the panel made from recycled cement cannot be compared to that of panels
made of fresh cement [13-15].
2. (Panel-2) Earth + Water: was considered as the design case. It doesn’t contain an
added stabilizer, and is expected to exhibit typical properties of rammed earth structure
such as high strength, unaffected by chemical reactions, and affordability [15]. But it
also exhibits disadvantages such as being bulky, cumbersome to handle, and has a
very high shrinkage to swelling ratio, resulting in major structural cracks when exposed
to changing weather conditions [11].
3. (Panel-3) Earth + 6% Cornstarch + Water: was the second design case using natural
stabilizer cornstarch. Cornstarch is a starch of maize grain (corn); extracted from the
white heart of the corn kernel. The composition of cornstarch has approximately 25%
amylose and 75% amylopectin. Cornstarch is used as binder for food [16-17]. Addition
of starch to the earth will make the sample workable, and ease the compaction process.
The panel was expected to perform comparatively better than un-stabilized panel.
Conduct panel production: Figure 1 shows snapshots of the procedure adapted for the
study. The steps involved are soil screening, pulverization, mixing contents, periodic drop
tests to check moisture content, layer-by-layer soil compaction in formwork, drying panels
to gain strength and finally storage of successful panels for testing.

Building Panel
Jar test
Mold

Figure1. Snapshots of research process

Drying

Test procedure

Experimental test procedure: The panels that survived the process of compaction were
subjected to stability tests that approximate the related ASTM procedures to determine
factors such as structural strength, mechanical stiffness, and resistance to erosion.
1. The load test followed the quantitative analytical approach to evaluate the maximum
load carrying capacity of a panel compared to its self-weight. The failed fragments were
inspected to determine the strength and failure patterns. Two large pieces of each
panel were retained for the weight and water
pressure test. Figure 2 shows the assembly for the
test. A dead load of 2 kg weight was kept on the
centre of the panel. Wooden board was kept on this
dead load to help distribute the load in the form of
cored bricks weighing approximately 1800g each.
The panels were loaded until they failed. The panel
with weaker cross-section could not withstand
Figure 2. Setup for Load test
heavier loads when compared to its self-weight.

!

2. The weight test followed a quantitative analytical approach to establish the
performance criteria for weather cycling and moisture ingress. The initial weight of
the panels was noted. Then each sample was immersed under water for a period of
half an hour or until it completely eroded, whichever occurred first. The rate of
disintegration was measured. If the final weight was more than 1.5 times the initial
weight, then it was be established that the panel had low wear and erosion
resistance, or internal condensation issues.

2.1

3. The water pressure test followed a quantitative analytical approach. The samples
were subject to high-pressure jet spray of water for approximately an hour or until
the specimen completely eroded, whichever occurs first. The spray nozzle was
located 150mm away from the sample. The water spray was stopped every 15 min
to allow measurements of the depth of erosion with a flat-ended rod. The maximum
depth is the rate of erosion for the panel. Durability of rammed earth panel is the
ability to withstand the destructive action of weathering without degradation to
expected service life. Rain and frost causes erosion and deterioration of earthen
elements [11]. If the final weight of the sample after applying the test weighed more
than 1.5 times the initial weight, then it was established that issues relating to water
ingress affected the panel.
Test Findings
Results of the load test:
The result for the load test is represented as
qualitative test analysis in terms of percent volume
of the maximum load carrying capacities
compared to the self-weight of the panel in
kilograms. This test was useful to determine if
geometric variables such as grain size and
specimen thickness are statistically significant on
the dynamic strain rate. Each test panel weighed
approximately 6 kg. Figure 3 shows that base
case panel with cement stabilizer carried higher
load. Table 1 compares the failure pattern and
Figure 3: Comparison of bearing capacity suggests solutions for each.

Table 1: Failure Pattern and Suggestion for Load Test with snapshots of the test
Panel type
Panel 1 Earth + Cement

Panel 2 Earth

Panel 3 Earth + Starch

Findings and Suggestions
Load bearing capacity was lower than expected. The failure
along the central axis indicated fracture; while the failure
between layers indicated that critical cracks preceded the
fracture failure, and edge failure indicated poor shear
strength and demands for better compaction. Curing the
panel for at-least 7 days would improve the strength.
Even without stabilization, the panel relatively carried more
load. The structure was consistent and homogeneous. The
brittleness and low tensile strength made the panel fail
instantaneously without warning. The edge failure
displayed poor shear strength, demanding better
compaction. To gain higher load capacities, one should
maintain optimum moisture content during compaction.
Controlling the proportion of gravel content may help
increase stability and decrease the risk of failure due to
poor bonding.

The panel demonstrated poor compression The panel
failed instantaneously along the central axis and shattered
into large pieces. The inner layers of the panel were moist.
The panel demonstrated high affinity for moisture; this may
be one of the major reasons that the panel could not
achieve full strength. However addition of starch improved
the consistency of the soil.
Results of weight test: Table 2 below is a comparative matrix representing the weight of the
panel during the experiment. The panel that fulfilled the performance criteria for the weight test
conformed to the comparative matrix and each panel was analyzed for failure assessment.

Table 2. Comparison of weight of panels during the experiment
Weight Test
(Panel-1) Earth + Cement
(Panel-2) Earth
(Panel-5) Earth + Cornstarch

Self weight (I) kg
0.4
0.84
0.45

Weight post-test (F) kg
0.6
Disintegrated
Disintegrated

Resultant (R) = I-F kg
-0.2

According to table 2 and table 3, the panel 1 with cement stabilizer survived the test. The other
panels completely disintegrated. Addition of water proofing stabilizer or waterproofing layer to the
surface could help resolve most of the issues related to moisture ingress
Table 3: Failure patterns of weight test with snapshots taken during experiment
Panel type
Panel 1 Earth + Cement

Panel 2 Earth

Panel 3 Earth + Starch

Findings and Suggestions
Issues related to moisture ingress did not affect the panel and the
panel was capable of retaining original properties even in extremely
moist conditions. It was important to Achieve the complete curing
period. This replenishes the panel helping it to achieve full strength
and survive in excessively cold and humid conditions.
The panel completely disintegrated. The panel was composed of a
porous substructure, this enabled moisture ingress. For commercial
application the panel-2 would require sufficient surface waterproofing
or renewable stabilizer that helps sustain extreme humid conditions.
The panel failed and disintegrated. Starch was introduced as a
binding agent based on the assumption that it would be a good
solution for a natural binding agent in comparison to any toxic
stabilizers. But the results confirm that addition of starch weakened
the panel, reduced the compressive strength properties, and
demonstrated low resistance to inclement weather conditions.

Results of water pressure test: The test helped determine the performance of the panel on
application of continuous pressure. All results shall conform to the readings in the table 4 and 5
Table 4. Comparison of weight of panels during the experiment
Water Pressure Test
(Panel-1) Earth+Cement
(Panel-2) Earth
(Panel-5) Earth+Cornstarch

Self weight (I) kg
1
1.4
1.4

Weight post-test (F) kg
1.2
Disintegrated
Disintegrated

Resultant R= I-F kg
-0.2

Table 3: Failure patterns of weight test with snapshots taken during experiment
Panel type

Findings and Suggestions

Panel 1 Earth + Cement

Since the weight difference wasn’t significant, it was concluded that
proper curing during the initial drying phase helps the panels gain
optimum compressive strength and it can successfully withstand
higher rates of water pressure and inclement conditions.

Panel 2 Earth

The panel failed to withstand the water pressure test. It completely
disintegrated under high water pressure. The documentation of the
final weight was not possible due to the fragmentation of the
disintegrated particles in water.

Panel 3 Earth + Starch

The panel could not sustain to the high rate of water pressures and
disintegrated completely.

2.2

Results

The final task was to determine the most efficient test panel based on the factors that included the
initial observations made during the panel building: analyzing the ease of preparation, low energy
requirements, the physical attributes such as appearance, odor and color, and the experimental
tests conducted during the research process. A matrix was prepared with the individual
observations and experimental tests along the column, with the outcome in terms of the best case,
worst case and the sample showing potential for improvement. The panel that showed maximum
potential to survive and that satisfied most of the performance criteria was considered as a
reasonable solution for a renewable external wall panel. Based on this comparative study the final
result for an optimum alternative to renewable composite external wall panel was determined.

Figure 4: Cumulative Failure analysis using the chart

Figure 5: Findings during production
According the chart 4 and 5, qualitatively the cement stabilized earth panel performed poorly to
satisfy the requirements for a renewable panel. The un-stabilized Earth panel (Panel-2) could be a
successful renewable composite external wall panel, considering that, it fulfilled most of the
performance criteria for being renewable in nature, aesthetically appealing, stable load bearing
capacities and having low embodied energy compared to the other test panels. However, the

major criteria for applying earth as a part of the external wall panel should be the weather and
wear resistance, erosion proof, and that it should sustain even under extreme climatic conditions.
Thus quantitatively the tests show, that addition of cement into the earth matrix was a great
solution to withstand issues related to water ingress. Both the proposed renewable panels failed to
perform under the influence of moisture. Thus finding an appropriate natural water-soluble binding
agent capable of solving issues related to water ingress would be important. The matrix table 5
shows that holistically the panel that satisfied most of the performance mandates observed in this
research was the un-stabilized earth panel (Panel-2). But it would be difficult to install this panel as
a part of the external panelized system unless green and sustainable water proofing solution or
better alternative binding agents that can withstand issues related to moisture is used as finishing
layer for the renewable panel. This conclusion was established without assigning the importance of
the test or consideration of weighted test requirement that was relevant to fulfill the criteria to be
installed as an external wall panel.
Table 5: Cumulative results for variable panels satisfying performance mandates
Performance criteria
Renewable Properties
Toxic Content

Best case
Panel-2 Earth
Panel-2 Earth

Failed case
Panel-1 Cement
Panel-1 Cement

Potential research
Panel-3 Starch + Earth
Panel-3 Starch + Earth

Ease of Preparation

Panel-2 Earth

Panel-1 Cement

Panel-3 Starch + Earth

Water content

Panel-2 Earth

Panel-1 Cement

Panel-3 Starch + Earth

Appearance
Panel-2 Earth
Deformation during drying Panel-2 Earth

Panel-1 Cement
Panel-3 Starch + Earth
Panel-3 Starch + Earth Panel-1 Cement

Shrinkage of Panels

Panel-1 Cement

Panel-3 Starch + Earth Panel-2 Earth

Load test

Panel-1 Cement

Panel-3 Starch + Earth Panel-2 Earth

Panel-1 Cement
Weight test
Water pressure test
Panel-1 Cement
Result: Successful panel Panel-2 Earth

Panel-3 Starch + Earth Panel-2 Earth
Panel-3 Starch + Earth Panel-2 Earth

2.3

Conclusion

Each of the products used have certain shortcomings. When cement is mixed with earth and water,
it produces harmful fumes that are accompanied with pungent odor; it imparts an unattractive, dull
color and rough texture to the surface of the rammed earth panel. Marketability of this product in
comparison to earth panel with more favorable results would be difficult. The process of production
of cornstarch involves fermenting and washing; this will require large amounts of water for
centrifuge and washing. More energy is required for production. There is a large demand for
cornstarch as it is a widely used food product, an environmentally friendly alternative to plastic and
polymer based products, and is also used as feedstock for animals. Incentives are provided by US
government authorities to encourage use of biodegradable products and for research in this
particular area. Corn production for bio-fuels is slowly replacing food-based agriculture. This may
cause a shortage of food supply, and increase price [16-17]. The panels built of cornstarch take
comparatively longer to dry. Following considerations create opportunities for future research.
! To incorporate soy based and casein based products, to improve the dry sheer strength of
the panels and varying their use in proportions
! To incorporate fibers such as hay, straw, sawdust, corn scales, hair strands and recyclable
carpet fiber to reinforce the test sample and varying their use in proportions
! To measure the effect of type of compaction methods with respect to stability
! To measure the efficiency of the panel on varying the sizes of the panel
! To measure stability of the panel in humid condition on introduction of varying proportions
of renewable or recyclable water proofing agents

2.4
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Summary
FIXCEL® steel core panel structure enables extremely versatile and ecological complementary
building. FIXCEL® structures are 100% recyclable and the environmental impact during the life
cycle of the module measured as CO2 emissions is 20.5 kg/m2.
The steel core panel structure offers a tight and durable framework for energy-efficient insulation
and building technology. The strength of the modules and the sound insulation and fire safety of
the structures have been tested using certified methods, and they fulfil the required norms. The
modules can be used, for example, in the construction of P1 class buildings. The module structure
is fire-proof, mildew-free, hermetically tight and corrosion resistant, and endures external strain
such as wind load or earthquake. FIXCEL® steel core panel weighs on average only 17–25 kg/m2,
and one floor including interior design and roof weighs around 250–300 kg/m2.
Modular construction
Modular construction has developed over the decades into a very flexible construction system
around the world. Throughout the history of modular construction, the primary aim has been lower
construction costs, which has often left its mark on architecture, too. Modular construction, however, allows for realizing the same kind of architecture as other building techniques. In addition, modular construction offers cost-efficiency especially for diverse architecture and energy savings.
Modular construction is a natural stage in the evolution of industrial construction. Most of the current construction sites focus on joining together prefabricated building components, such as concrete elements and building technology equipment. Modular construction has evolved beyond assembly of prefabricated elements.
Steel core panel structures offer one of the most
promising opportunities for further development of
modular multi-storey construction. Structures allow
for larger modules and more rigid structure than
wooden or steel frames. Prefabricated modules
may comprise, for example, a flat with four bedrooms. The tightness of the most advanced core
panel structures equals the tightness of air ducts,
thus providing a good basis for passive houses and
zero energy buildings.
fig.1 module body is made of FIXCEL®

The simplicity of the structure and production in a factory ensure the high quality of construction. In
addition to impressive architecture, modular structures achieve good sound insulation. For example, physicist Vesa Viljanen has studied modular and light structures, and found out that they provide better sound insulation than regulations demands.
Modular construction also offers new, resident-oriented opportunities for renovation. The value,
architecture and energy efficiency of old buildings can be cost-efficiently improved through modular
construction. For example, building new accessible flats on the roof of an old building and adding
lift shafts allow for ageing population to live in their own homes. For valuable buildings it is possible
to make penthouse flats using modules whose appearance is customized to match that of the original roof to be removed.
The presentation shows how modular construction has evolved around the world and what Finnish
top expertise can add to modular construction and eco-efficient and modern architecture.
The structures can be combined into large modules
measuring 7x22x5 meters for instance. The modules can be fully furnished and equipped at the factory. The structures are also suited for constructing
lift shafts and staircases. The lift shaft is transported and hoisted into place in one piece and the lift
can be installed inside the shaft already at the factory. It is also possible to combine the modules into
blocks of flats without a separate structural frame.
fig. 2 One module can be a apartment
The modules can be insulated in different ways and the facades can be made of e.g. metal, wood
or stone. Different types and thicknesses of insulation can be used in the modules. For example,
with 300 mm EPS insulation the U value is 0.12.
Conclusions
The module acts as an innovation platform that
allows for integration of technology and building
into an industrial process implemented in a
factory. Around 80% of the building project can
be completed in a factory. Introducing highly
prefabricated elements to refurbishment and
complementary building considerably reduces
the inconvenience caused to residents and thus
promotes social durability. The quick and costefficient lift installations improve accessibility. The
movement of labour and materials is minimized,
and the construction work can be done almost
completely independent of the location.
fig. 3 Module installation
According to FEM analyses, large-module construction based on the FIXCEL® seems like a very
promising new construction method for blocks of flats, because the light and rigid structure
endures even earthquakes. It is possible to produce an earthquake-resistant, non-collapsing and
ecological block of flats using FIXCEL® structures.
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Summary
Fibers from renewable resources were used to develop a sustainable light-weight cellulose-fiber
engineered cementitious building material. The fibers were extracted in a straight forward
technique without the need of chemical additions or time-consuming measures. The additions of
these fibers covered in a wide range between zero to 20 weight% of cement. Mechanical
properties, thermal conductivity, density and microstructure were determined. It was found that
while the fiber addition negatively affects the mechanical properties, it has positive effects on the
density and thermal conductivity, leading to an up to 92% reduction in the thermal conductivity
value compared to the bio-fiber free reference.
Keywords: building material, cellulose-fiber, cement, composite, concrete, microstructure,
renewable resources, sustainability

1. Introduction
One of the most significant challenges for the 21st century is the reduction of the carbon dioxide
emission, which is directly related to the general objective of climate protection. In a large number
of organizations worldwide, a new generation of engineered products is developed, which are
environmentally friendly and sustainable and at the same time competitive with traditionally
products with respect to their physical and mechanical performances.
Since production of concrete is rising every year and during production of cement, its main
constituent, large amounts of CO2 are produced, it has certainly a significant contribution to the
present environmental situation. The amount of cement in concrete can be decreased in a number
of ways, e.g. by optimizing the mix design. It is also common to use industrial byproducts such as
fly ash, blast furnace slag or silica fume to partly replace cement.
In this study, which is part of a project funded by the Academy of Finland, called “renewableresources (micro/nano)-fiber engineered cementitious composites (RRFECC), we want to show
that incorporation of post-consumer paper and cardboard as fibers in cementitious matrices is
leading to environmental sustainable building materials. Organic fibers are know to be used in
mortars for a long time [1,2]. While in the Middle Ages animal hairs and fur were added as
reinforcement to a variety of building materials; steel, glass, carbon, plastic-based fibers and even

carbon nanofibers and carbon nanotubes additions are used nowadays [3,4]. In recent years biofiber additions were increasingly studied, e.g. [5,6]. The present paper shows a straight way to
obtain bio-fibers from post-consumer newspapers and cardboard and determines the influence of
the bio-fibers on the cementitious building material.

2. Materials and Equipment
2.1

Materials

In this study returned newspaper and post-consumer cardboard were used. Each material was
obtained from a single source, to eliminate variations in the material and therefore in the fiber
morphology.
The newspaper was strip-cut by a commercial document shredder before adding to the mix. The
cardboard came from recovered juice boxes. Earlier studies showed that pre-cutting the cardboard
was not necessary and was therefore omitted. No chemical pre-treatment of the paper or
cardboard was needed.
In all mixes a CEM II 42.5 cement produced by Finnsementti Oy and sand of sizes #0.5-1.2mm
was used.
Tests showed that the addition of paper and cardboard to cement require higher water contents of
the cementitious mixes, which was w/c 0.8 in this study. Reference mixes without fiber addition
were too fluid to be cast at these high w/c ratios. Therefore the w/c ratio of the reference sample
was chosen to be reduced to only 0.45. The density of the reference concrete was about 2200
kg/m3.
For mechanical properties testing the mixes were cast into 10x10x10 cm3 cubes, while the flexural
strength was measured with standard beam sizes of 10x10x50 cm3. The samples were cured
inside the moulds for 24 h, followed by curing in a wet room until 28 days age. The specimens for
the thermal conductivity testing had been cast in square-shaped moulds with size 300x300 mm2.
The average thickness of the thermal conductivity samples was 80 mm. These plate-shaped
samples underwent the same curing regime as the samples for mechanical testing.
2.2

Mixing equipment

Mixes were produced by using a fully automated and digitally controlled intensive mixer by Eirich.
Using the intensive mixer, with its high mixing speeds coupled with the alkalinity of the cement
paste, enabled the disintegration of the newspaper and the cardboard into micro-sized bio-fibers
without any need for additional measures. To diminish the amount of variables of the mixes, the
mixes were kept simple. No additions of super-plastizers or air-entrainment agents were allowed.
The mixes contained plainly water, cement and sand. After mixing these constituents together the
cardboard respectively the newspaper were added to the mix. The rheology of the obtained mixes
depended strongly on the water-to cement ratio and the bio-fiber amount. It varied between fluid
and dry.
2.3

Thermal conductivity (hot plate method)

The thermal conductivity of selected specimens was measured by the guarded hot plate method in
accordance with the International Standard ISO 8302:1991. In this study a Single-specimen
conductivity meter “Lambda Meter EP 500” produced by Lambda-Me technik GmbH Dresden was
used. The thermal conductivity tests were performed according to EN12664:2001 [7,8].
2.4

Microscopes

Two microscope types were used in this study. A stereo light microscope by Wild Heerburg for
magnifications of fractured samples up to x50. Higher magnification secondary electron (SE) and

backscattered electron (BSE) images were taken with an Environmental Scanning Microscope E-3
by Electroscan. The acceleration voltage was 15keV and chamber pressure 5 Torr. The samples
consisted of fractured and polished resin-impregnated specimens.

3. Results and discussion
3.1

Paper-based bio-fiber composites

Fig.1 shows the compressive strength development of 28-days-old specimens with increasing
amount of paper-based fiber additions. As expected, it shows that with increasing amount of paper
fibers, the compressive strength decreases. The average compressive strength of the reference
specimens is about 50 MPa. The reference specimen had a w/c ratio of 0.45 as higher values lead
to mixes not usable for casting. With 5% of paper a compressive strength of about 13MPa is
measured. Further increase in paper fiber addition results in a value of below 1Mpa for a mix
containing 20wt% of paper.

Fig. 1. Compressive strength development
The density of the specimens is plotted in Fig.2. Increasing amounts of paper fiber additions lead
to a decrease in the density. The minimum density is obtained for the sample with 20w% of paper
fibers with a value of 800 kg/m3.

Fig. 2. Density values vs. amount of added paper
Light microscopy and Environmental scanning electron microscopy were used to study the
microstructure and hydration of the paper-based fiber cementitious composite. The light
microscope showed that the paper is readily dispersed into fibers due to the mixing process, Fig3a.
The ESEM images enable a closer view on the fibers and the hydration products precipitated on
them (Fig.3b). As illustrated in Fig. 4 the surrounding of the fibers is low on unhydrated cement
particles. Bio-fibers seem to store excess water during the initial production stages of the
composite. Later this excess water is then released by the fibers and used in a process called
internal curing, leading to a higher hydration rate of the cement particles around the fibers.
a)

b)

Fig. 3. a) Light microscope image of fractured sample, b)ESEM-SE image of fractured specimens.

Fig. 4. ESEM-BSE image: the surrounding of the fibers is characterized by a porous matrix
with smaller amounts of unhydrated cement particles.
Fig. 5 is a plot of the thermal conductivity as a function of average density at a constant w/c ratio of
0.8. It can be clearly seen that the thermal conductivity decreases with decreasing density /
increasing paper fiber content. The lowest thermal conductivity coefficient is obtained for the
sample containing 20 weight% of paper fiber. The corresponding value of 150mW/mºC
corresponds to 8% of the value for pure cementitious paste of 1800mW/mºC [6]. Mixes with lower
paper fiber addition exhibit still thermal conductivity values four to five times better than the
reference pure cement paste.
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Fig. 5. Thermal conductivity vs. density / paper content (water-cement-ratio is constant and equals
0.8)
3.2

Cardboard-based bio-fiber composites

In this study, we used cardboard fiber amounts varying between 0-4kg. The water to cement ratio
was kept constant at 0.8. Depending on the amount of added cardboard the mix varied between
fluid and very dry. The very fluid mix was not able to disintegrate all the cardboard into fibers,
probably due to too small shear forces during the mixing process. The mix containing 4kg of

cardboard was to dry to completely disintegrate the cardboard.
The density of the cardboard-fiber composite decreased as a function of the fiber content. With an
addition of 10 weight% of cardboard fibers the density decreased from 2200 kg/m3 to 1850 kg/m3.
Compressive strength and flexural strength values as a function of the cardboard-based fiber
amount is given in Fig. 6. The 28-day compressive strength value drops from about 50Mpa
(reference sample without cardboard fibers) to about 11MPa. A flexural strength value of around
2.5MPa is obtained.

Fig. 6. The 28-day compressive and flexural strength results of cardboard specimens, [9]

ESEM micrograph of one of the cardboard cementitious composites after hydration appear in Fig.
7. Fractured samples were used in this study. Clearly is shown that the used mixing process
enables to decompose the cardboard into micro-sized fibers. The diameter of the fibers ranged
from 1 to 10 µm. The fibers had length of tens of millimeters. It can be found that hydration procts
are covering the fibers.

Fig. 7. ESEM image of fractured cardboard composite specimen incorporating cardboard fibers.
Magnification x250.

4. Conclusion
Based on the results of the presented study on renewable-resources cellulose-fiber engineered
cementitious composites, following conclusions can be drawn.
Disintegration of paper and cardboard into micro-sized bio-fibers in a cementitious paste is a
simple, straight-forward and cheap process. No additional chemical pre-treatments of the paper or
cardboard are necessary.
The mechanical properties of the Portland cement- based matrix are worsened but their thermal
properties are greatly enhanced by the addition of the bio-fibers. The density of the obtained
material - and therewith the weight - are reduced. Possible applications might include areas, in
which the improved thermal properties can be used, e.g. in sandwich-structured walls.
Incorporation of recycled cardboard lowers the cost of the material, avoids land filling and results in
a more sustainable cementitious building material.
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Summary
This paper discusses the potential use of mixed construction and demolition waste (mCDW) in
concrete blocks for masonry work as aggregate’s replacement for virgin aggregates. The
conclusion is that it is possible to produce concrete blocks with a high percentage of recycled
mixed construction and demolition waste. The replacement percentage with recycled aggregates
was 75 wt% for hollow blocks and 95 wt% for full ones. The production of this type of concrete
block,   called   ‘RecyMblock’,   having   similar   properties   as   the   ordinary   concrete   blocks   made   with  
virgin aggregates, is aimed to achieve a waste-to-product approach, thus contributing to close the
loop of   material   use.   As   a   way   of   dissemination   to   the   public,   3500   hollow   ‘RecyMblocks’   were  
used as an example in the renovation of the Centre of Sustainable Building in Heusden-Zolder
(BE).
Keywords: Construction and demolition waste, Recycled aggregates, Concrete blocks, Mix
proportioning, Compressive strength

1. Introduction
With an annual production of 10 million tonnes, construction and demolition waste is one of the
most important waste streams in Flanders, Belgium. 95% of this construction and demolition waste
(CD&W) is processed into recycled aggregates. The amount of recycled concrete aggregates and
the amount of mixed aggregates are about the same. In Flanders, Belgium there is a well developed recycling industry for CD&W, with more than 165 recycling companies on fixed locations and
44 certified mobile installations, most of which are SMEs. [1]
Recycled aggregates have evaluated towards a worthy alternative for natural aggregates. Their
use should be looked at from a point of chain management and economic use of natural mineral.
Therefore more applications with added value should be found for these kind of recycled aggregates that usually end up in low grade applications. This is the case for mixed recycled aggregates.
Currently, a series of research projects are up and running in order to optimize processing and
recycling construction and demolition waste streams [2][3][4][5][6]. These more technologically
oriented research projects aim to look for the use of recycled aggregates and focus on the value
chain of C&D Waste by closing the loop. Other research performed at the Belgian Building Research Institute BBRI involves a rethinking of all steps which lead to waste.
Whilst a lot of research is done on using recycled concrete aggregates, less research is performed
to find high grade applications for the use of mixed recycled aggregates. This paper shows that it is
possible to produce an industrial competitive product. Mixed recycled aggregates (MRA) were
used as a replacement of natural aggregates in the production of hollow and full concrete blocks.

The aim of this research was to produce construction blocks with a high level of MRA with a quality
similar to the standard products on the market. Up to 95 wt% MRA was used in the production of
full concrete construction blocks and up to 75 wt% in hollow ones.
The research program focussed on transfer of technology towards the industry and the market.
First of all an inventory was made of all relevant knowledge concerning processing CD&W and the
state of the art in the industry concerning building brick production. Mixed aggregates were quantified and classified. Secondly, mixtures for the production of full and hollow blocks were designed,
laboratory testing has been done and full-test-production was set up. This was an iterative step
with small adaptations that led to improvement of the designed mixture. Properties like compressive strength, density, frost-thaw resistance, etc. were performed. Finally, 3500 hollow building
bricks were produces in an existing building block manufacturing company. These blocks were
used as an example in the   “Centrum   Duurzaam   Bouwen“   (Centre of Sustainable Building) in
Heusden-Zolder. This was to prove the high added value of MRA in the production of building
blocks.
The conclusion of the research was that it is possible to produce building blocks with a high percentage of mixed recycled aggregates replacing natural aggregates. These building blocks were
comparable to the standard building blocks. The compressive strength was more than 10 MPa
with a density of between 1600 and 1900 kg/m³. Although the water absorption rate was more
than 8 %, these blocks were not affected by 14 cycles of frost-thaw testing.

2. Using recycled aggregates
Concrete blocks are primarily used as building material in the construction of walls. Concrete
blocks are one of several precast concrete products used in construction. The term precast refers
to the fact that the blocks are formed and hardened before they are brought to the construction site.
Concrete blocks can have one or more hollow cavities, and their sides may be cast smooth or with
a design. For use in foundations masonry work concrete blocks without cavities are used. In use,
concrete blocks are stacked one at a time and held together with fresh cement mortar to form the
desired length and height of the wall.
Secondary aggregates get more and more used as a substitute for gravel. This is because there is
a need to reduce the amount of waste which is produced annually and because it is necessary to
use natural resources sparingly. The   current   Flemish   law   “VLAREA   – Vlaams Reglement Inzake
Afvalvoorkomingen –Beheer”  [7], which focuses on preserving the environment, allows the reuse
of certain waste streams into specific uses, including constructional applications.
In all developing and industrial countries, large amounts of industrial waste or by-products accumulate every year. The recycling of these materials is of increasing interest worldwide, due to the high
environmental impact of the cement and concrete industries [8][9]. Also, for the production of concrete, a high amount of aggregates is needed. Nearly all natural aggregate comes from excavation
of riverbeds or quarries, leaving the open space with deep holes and disturbing the ecosystems.
Poon et al. [10][11] have shown that it was feasible to produce paving blocks prepared with 25%
crushed clay brick. He used concrete mixtures which differ substantially from these described in
this paper. The mix proportions that were used for the paving blocks contained also more cement
(670 kg/m³) with W/C-ratio’s   up   to   0,49. The concrete mixtures described in this work are made
with 180 kg/m³ cement (OPC). The amount of water is about 10% of the cumulated mass of all
other ingredients: cement, sand and aggregates.
Pimienta  et  al.  [12]  investigated  the  use  of  recycled  aggregate  used  for  making  buiding  blocks.  It’s  
not clear whether they used recycled concrete aggregates of mixed recycled aggregates. There
are however substantial differences between the research of Pimienta and the research of
Boehme. Pimienta used about 26 wt% recycled aggregate 6/12 and 125 to 145 kg/m³ cement for

producting of hollow blocks. The mean value of the compressive strength at 21 days was 5.52
MPa to 7,50 MPa. Boehme used 75 wt% mixed recycled aggregate 0/7 (0/2 & 2/7) and 180 kg/m³
cement. The mean value for the compressive strength at 28 days was 10.3 MPa.
Harmful effects of concrete on the environment can be reduced by producing durable concrete with
effective use of resources. Industrial by-products and solid wastes can be used for this purpose.
According to industrial ecology concept for sustainable development, by-product of one industry
may be a raw material for another one. Therefore, detrimental effects of both industries to the
environment can be reduced [8][9]. For this reason, cost, durability and environmental friendliness
are at a starting point of being used as important criteria in developing concrete technologies [13].
In case of usage of these by-products and solid wastes in concrete as aggregate’s replacement,
each of them would be a raw material having economical value. Therefore, not or low valuable
solid wastes will become valuable alternative to virgin aggregates. This waste-to-product approach
will cast a light on new usage fields for industrial by-products.
Like in all new applications made with waste-products, chemical and physical environmental
effects may cause deterioration of the end-product resulting in damage to the product or to the
construction were it is applied in. To investigate concrete quality, durability, and deterioration,
mechanical, chemical and other tests are available. Therefore, concrete elements containing
industrial by-products or solid wastes as aggregate’s replacement should at least be investigated
with regards to degradation causes and mechanical properties.

3. Production of concrete blocks
The concrete commonly used to make concrete blocks is a mixture of cement, water, sand and
gravel. This produces a gray block with a fine surface texture and a high compressive strength. A
typical concrete block weighs 10 to 16 kg. In general, the concrete mixture used for blocks has a
higher percentage of sand and a lower percentage of gravel and water than the concrete mixtures
used for general construction purposes. This produces a very dry, stiff mixture that holds its shape
when it is removed from the block mold. In addition to the basic components, the concrete mixture
used to make blocks may also contain various chemicals, called admixtures, to alter curing time,
increase compressive strength, or improve workability.
The production of concrete blocks consists of four basic processes: mixing, molding, curing, and
cubing. The following steps are commonly used to manufacture concrete blocks.
3.1

Batching and mixing

Fig.1  “RecyMblock”  in  production

Sand, gravel and cement are transported to the
concrete plant by truck. Certain materials, such as
inert aggregates, are typically stored outdoors in
stockpiles. Moisture-sensitive materials, such as
cement and fly-ash, may be stored in highcapacity silos. As the materials are needed, they
are transported by conveyor to large storage bins
at the top of the block plant. At the start of
production, the raw materials are discharged into
a weigh batcher, which measures the correct
proportion of dry materials for the mix. The dry
materials are mixed thoroughly before adding
water and admixtures. The proportioning of the
mix is carefully controlled by computer. Most
concrete blocks are produced using zero-slump
concrete, which requires a minimal but very
precise amount of water.

3.2

Molding and curing

After mixing is complete, the batch is discharged into the hopper of the compacting machine. In a
modern block making plant, blocks are produced on wooden or steel boards. The boards are
empty when entering the compacting machine. First, the empty board is placed under the mold.
Then, a filling box comes on the top of the mold and fills it from above taking care of an even
distribution of the concrete. Next, the concrete is compacted in the mold by use of a tamper head
and vibration. Finally, the mold is lifted, leaving the freshly formed block on the board. The filled
board is then pushed out of the compacting machine onto a conveyor belt (Figure 1). As the block
travels down the belt, a rotating brush removes loose particles of aggregate from the top surface of
the block. At this stage of the process, the uncured blocks are referred as "green" blocks.
Afterwards the “green” blocks are placed into a curing chamber at normal temperature for at least
24 hours in order to harden and achieve the required mechanical properties.
3.3

Storage and transport

Boards of cured blocks are removed from the curing chamber and transported by the automated
forklift to a stacking unit. Stacked blocks are then moved to an outdoor storage yard. Large
quantities of blocks are stored until declared ready for transport to the construction site.

Fig. 2 Production plant of concrete block making

3.4

Quality Control during production

The manufacture of concrete blocks requires constant monitoring to produce blocks that have the
required properties. The raw materials are weighed electronically before they are placed in the
mixer. The trapped water content in the sand and gravel may be measured with ultrasonic or

microwave sensors, and the amount of water to be added to the mix is automatically adjusted to
compensate. At the end of the mixing cycle, the exact moisture level is controlled in order to avoid
a mixture being too wet or too dry. As the blocks emerge from the block machine, their height may
be checked with laser beam sensors or other devices.

4. Mix proportioning
4.1

Classic raw materials

4.1.1 Cement
Although it is possible to produce concrete blocks with almost every type of cement, there are
some factors to be taken into account. After 24 to 48 hours curing, the blocks leave the curing
chamber and have to be stacked ready for transportation. At that moment, the blocks need to be
strong enough so that they are not damaged during stacking. Therefore rapid hardening cement
with high early strength (CEM I-type cement) is useful.
When putting into place, the masonry block has to be resistant to certain chemicals (sulfates,
chlorides, …)  or  to  efflorescence  by  white  deposits of water-soluble salts. Another consideration is
the risk of damages caused by alkali-silica-reaction (ASR). Preventing ASR will provide a lasting
stability of the block. The use of cement blended with blast furnace slag will reduce the risk of
these damages. These considerations lead to the use of CEM III – type cements.
4.1.2 Sand
Sand that can be used for producing concrete blocks mainly comes from three sources:
1. Riverbeds, having typically round grains. Upstream this sand contains little or no fines
(maximum diameter up to 5 mm), while downstream sand becomes finer (1 mm or less).
2. The sea, having rather edged sand. This sand is as fine as downstream river sand.
3. Sand from quarries: this sand might be a by-product from the exploitation of limestone or
might be sand found in the underground. These sands are rather fine and usually contain a
lot of fines.
Usually, 2 types of sand are mixed. The influence on the workability of the fresh concrete mix, the
influence on the final strength, and the texture of the block, will determine the quantity of sand to
be used in the mix.
4.1.3 Mixed Recycled Aggregates
Table 1 Mixed recycled aggregates

Composition
concrete [%]
red brick [%]
cement stone [%]
other [%]
Mean Values
real density [kg/m³]
apparent density [kg/m³]
methylene blue [cm³/g]
sand equivalent [%]
Micro Deval value [%]
Los Angeles abrasion [%]
chlorine -ions [%]
water soluble sulphates [%]

1
63.1
20.1
16.4
0.4

Recycling plant
2
56.1
25.5
17.8
0.6

1824
1308
0.24
79
35
35
1.21 E-4
0.039

1878
1331
0.57
72
42
41.5
0.53 E-4
0.042

3
61.5
18.8
19.2
0.5

1875
1426
0.39
68
42
41.7
0.48 E-4
0.033

The aggregates that were used
to   produce   the   ‘recyMblocks’  
were mixed recycled aggregates
(MRA) derived from construction
and demolition waste which was
processed in a recycling plant.
The main properties of the MRA
are show in table 1.
4.1.4 Other aggregates
Probably excluding a number of
alternative
production
sites,
aggregates used for concrete
come from the same sources as
sand does. The main difference
is the particle size. Where the
biggest sand grains are about 2
mm, 2 mm is about the size of
the
smallest
particle
in
aggregates. For the production

of concrete blocks, aggregates up to 8mm or sometimes 16 mm are considered.
The most economical source of the materials used in block production is determined by its cost
and the cost for transportation to the block making factory.
4.2

Mix design

Composing the right mix for block production is a very complex balance between visual result,
block quality and the cost of the raw materials. An example of mix formulas for different types of
blocks is shown in table 2. Table 3 and figure 2 show the particle size distribution of the designed
mixture  for  the  production  of  “RecyMblocks”.  
4.3

Preliminary tests

Table 2 Mixing formulas for different types of blocks

Mixing Formulas for blocks

Aggregates
Sand 0/1 (quarry)
Sand 0/2 (sea)
Sand 0/2 (river)
Stone 2/4 (quarry)
Stone 4/6.3 (quarry)
Stone 2/6.3 (quarry)
Stone 6.3/14 (quarry)
MRA 0/7
Cement CEM I 52.5 N
Cement CEM I 42.5 R

Block for
foundation
masonry
15%
20%

Cement CEM III/A 52.5 N

Block for
industrial
RecyMblock visual
for masonry masonry
2%
10%
5%
31%
30%
50%

50%
15%

10%
62%

145 kg/m3
180 kg/m³
180
kg/m³

Before making a full scale test
in
production,
some
preliminary
tests
were
performed.
This
was
necessary because for this
type of concrete mixture there
isn’t   any   design   methods  
available compared with the
mix design of fresh (rich)
concrete. The kind of concrete
mixture that is used to produce
concrete blocks is a very dry
one with a low dosage of
cement. In order to perform
preliminary tests to check if the
mixture would be valid for
large scale production, a mini
block forming machine was
made in the laboratory. This
machine consisted mainly of a
wooden board upon which a
mold for one block was
attached and this was placed
in a frame in such a manner
that vibration was submitted to
the wooden board.

Table 3 Particle  size  distribution  Mix  Design  “RecyMblock”

mesh [mm]
0.08
sand mix
0.31
MRA
2.60
least square result 18.05
mix proportioning 11.66

Partical size distribution Mix design 'RecyMblock'
0.125 0.25
0.5
1
2
4
6.3
7.1
10
1.14 21.64 48.59 78.16 89.33 97.70 99.99 100.00 100.00
5.40 9.77 11.43 12.61 14.81 31.82 64.05 75.43 95.48
20.06 24.23 30.12 38.46 50.25 66.92 81.44 85.84 100.00
13.50 22.98 33.17 43.99 49.05 61.37 80.05 86.36 97.49

cumulative passing [%]

Particle size distribution Mix Design 'RecyMblock'
100
90
80
70
60
50
40
30
20
10
0

[mm]

0,08 0,125 0,25
sand mix

MRA

0,5

1

2
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Fig. 3 Particle size distribution of mix design  “RecyMblock”
The mold was filled with a concrete mixture and a tamper was put on top so that a small pressure
was applied. After vibration of 15 seconds, the pressure on top was released without removing the
tamper. Next, the mold was removed together with the tamper. The fresh concrete block was then
removed from the board and put into a climatic chamber to cure. This way many blocks were made
and they were tested on 3, 7, 14, 21 and 28 days.
For manufacturing concrete blocks in a production plant, the performance of the concrete mixture
(handling in the block forming machine) and the demolding ability are of great importance. The
water content of the concrete mixture is adjusted based on these criteria. Based on the results of
the preliminary tests, the most suitable mixes for manufacturing were determined. Based on the
results of the preliminary tests, a series of full concrete blocks were manufactured in the production
plant. The main results of these test-blocks made in a full scale test-production are set out in table
4.
4.4

Full scale tests

Table 4 Results of tests on full blocks
Number Density
of Days
[kg/m³]

Length

Height

[mm]

[mm]

Widt
h

Compressive
strength fbk

[mm]

[MPa]

3

1680

285.8

138.9

187.3

6.7

7

1671

285.5

138.6

188.3

7.4

14

1728

285.6

138.8

188.2

8.5

21

1651

286.1

138.5

187.4

9.5

28

1675

285.9

138.6

187.3

9.6

After the first full scale testproduction was successful,
more full blocks were produced
and other properties, such as
water absorption, frost and
thaw resistance, density, sizes,
were determined.
Based on the results of the full
blocks, a new mixture was
investigated for the production
of hollow concrete blocks.
Since the demolding ability of
hollow
blocks
is
slightly
different from the demolding
ability of full block, the original
mix design had to be altered.
The amount of recycled

aggregates used in the mix had to be lowered due to the fact that the recycled aggregates, which
contained about 40% masonry brick, are porous and they tend to make the mixture sticky while for
the production the opposite was wanted in relationship to the demolding.
4.5

Results and discussion

The main results of the various properties are given in table 5. The discussion in the following
section is based on test results obtained on full RecyMblocks and hollow RecyMblocks.
The apparent dry density of the blocks with recycled aggregates (1680 kg/m³ for full blocks; 1270
kg/m³ for hollow blocks) appears to be slightly less than of ordinary blocks (2100 kg/m³ for full
blocks; 1350 kg/m³ for hollow blocks). The reason for this lower density is certainly due to the fact
that the density of the recycled aggregates is lower than the virgin aggregates in the ordinary
blocks.   The   lower   mass   of   the   “RecyMblock”   is   an   advantage on the construction site. For the
labourer the handling of these blocks will be less tiring physically. Also for transportation, the lower
mass is an advantage.
The  surface  of  the  ‘RecyMblock’  is  even  but  not  as  smooth  as  ordinary  concrete  blocks.  The  colour
is gray with a brownish tone. The dimensional variations are less than the threshold in the standard
NBN B 24-207. Therefore these blocks comply with this standard.
The   compressive   strength   of   the   ‘RecyMblock’   is   determined   according   to   the   standards NBN B
24-201 and NBN B24-301. According to the standard NBN B 21-001 (EN 771-3) the classification
of   ‘RecyMblock’   in   the   full   block   version   is   quality   class   10/1.9 and in the hollow block version
quality class 8/1.6.
Table 5 Results
Type of
block

Full

Ingredients
[kg/m³]

MRA 0/2 : 450

Compressive Density Designation
strength
[kg/m³]
f/
[MPa]
NBN B NBN B 21NBN B 24 - 24-206
001
201 & 301
(EN 771-3)

Capillarity
[%]
NBN B
15-215

Frost and
Thaw
test
NBN B
15-231

14.5

1680

10 / 1.9

12.96%

No
damage
after 14
cycles

8.9

1270

8 / 1.6

11.30%

No
damage
after 14
cycles

MRA 2/7: 1100
Sand : 0
CEM I 42.5 R: 180
Moisture: 14.26 %
Hollow

MRA 0/2 : 200

( 29%
cavities)

MRA 2/7: 1100
Sand 0/2: 300
CEM I 42.5 R: 180
Moisture: 11.96 %

The water absorption by capillarity (NBN B 15-215) for this kind of concrete blocks made with
recycled aggregates is higher than the threshold of 8%. Measured values of capillarity tests are
between 11.5% and 13%. If the blocks were to be used as facing blocks, then this would be an
important  problem.  The  ‘RecyMblock’  was  not  designed  to  be  used  in  facing  masonry,  therefore  the  

high value the   capillarity   doesn’t   form   a   problem.   However,   water   absorption   of   more   than   8%  
could lead to damage due to frost and thaw. Frost and thaw tests were conducted ( NBN B 15-231)
on both types of concrete blocks with recycled aggregates. After 14 cycles no damage was
observed. This is probably because the size of the pores in the recycled aggregates is large
enough to let the frozen water crystals expand during the frost and thaw cycles, and so the build
up pressure in the pores is not as high that it demolishes the aggregates.
The   compressive   strength   of   both   versions   of   the   ‘RecyMblock’   is   in   the   same   range   as   other  
ordinary concrete  blocks  on  the  market.  This  shows  that  the  ‘RecyMblock’  has  potential  to  be  used  
on the construction side. The overall goal of this research programme was to investigate the
possible use of a high amount of mixed recycled aggregates in the manufacture of full and hollow
concrete blocks. The aim for these blocks was set at indoor use, not in continuous contact with
water and not susceptible to frost and thaw.

5. Conclusion
Test results show that it is possible to produce concrete blocks with a high amount of mixed
recycled aggregates. Although during the research programme it was possible to replace 100% of
the original natural aggregates by recycled aggregates, it was sometimes necessary to reduce the
recycling rate to 95%. Some sand had to be added to make the mixture lean. This depends on the
quality of the recycled aggregate (less or more recycled red brick, less or more fines) and its
relationship to the demolding ability of the freshly compacted block.
In general a recycling rate of 95 wt% in   the   production   of   full   “RecyMblock” was achieved. For
hollow  “RecyMblock”  the  recycling  rate  was  75 wt%.

Fig. 4 Full  and  hollow  “RecyMblock”

Fig.5  “RecyMblock”  in  use

The characteristics of the “RecyMblock” show that
this type of concrete block can be used for indoor
masonry applications. Although no damage was
detected after 14 cycles of frost and thaw testing,
it is not advised to use this concrete block for
facing masonry or outside work in continuous
contact with water.
By means of example 3500 hollow “RecyMblocks”
were produced and used in the renovation works
of the Centre of Sustainable Building (Centrum
Duurzaam Bouwen) in Heusden-Zolden, in the
province Limburg (Figure 5). This was to show the
possibilities   of   the   “RecyMblock”.   In   its   way,   the  
“RecyMblock”   is   an   example   of   a   waste-to-

product approach in dealing with construction and demolition waste and of chain management of
raw materials for concrete block production.
At the time of the research programme, the prices of high-speed red building brick were historically
very low. Concrete blocks for general masonry work could not compete. Even though the
“RecyMblock”  was  cheaper  in  production, due to the fact that recycled aggregates are cheaper, it
still could not compete with the high-speed building brick. Nowadays, the price difference between
both kinds of building materials is much smaller, so the time has come to look into the production
of  the  “RecyMblock” again.
Further research to fine tune the production of blocks with high amounts of recycled aggregates is
needed. It would be worthwhile to look into some other issues concerning the variety of recycled
aggregates and the presence of certain impurities which may be present in recycled aggregates.
Further research could help to determine the thresholds up to where recycled aggregates can be
used to produce concrete blocks that comply with the standards and the intended purpose.
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Summary
Concern   for   the   environmental   impact   of   organisations’   activities   has   led   to   the   recognition   and  
demand for organisations to manage and report on their carbon footprint. However, there is no
limit as to the areas of carbon footprints required in such annual environmental reports. To deliver
improvements in the quality of carbon footprint management and reporting, there is a need to
identify the main elements of carbon footprint strategy that can be endorsed, supported and
encouraged by facility managers. The study investigates carbon footprint elements managed and
reported upon by facility manager in the UK. Drawing on a questionnaire survey of 256 facility
managers in the UK, the key elements of carbon footprints identified in carbon footprint reports are
examined. The findings indicate that the main elements are building energy consumption, waste
disposal and water consumption. Business travel in terms of using public transport, air travel and
company cars are also recognised as important targets and objectives for the carbon footprint
strategy of several FM organisations.
Keywords: facilities management, sustainability policy, carbon footprint and environmental impact.

1. Introduction
Following the implementation of the Climate Change Act in 2008 [1] the UK government has
committed  to  reducing  the  UK’s  carbon  emission  targets  to  34%  by  2020,  and  80%  by  2050,  based  
on 1990 levels. Although the act is meant to move the UK towards a low-carbon economy by
improving sustainable development and carbon management, like many other countries, it faces
many challenges in meeting its carbon reduction target. These challenges include dealing with the
built environment which accounts for nearly 40% of limited natural resources consumed, and 40%
of waste and greenhouse gas (GHG) generated [2].
The UK government is using regulatory and legislative requirements to encourage businesses to
reduce or manage their GHG emissions, through efficient management of energy and waste [3, 4].
As a consequence, businesses in the UK are increasingly incorporating within annual reporting
mechanisms, their strategies for mitigating their GHG emissions, as part of their environmental
responsibilities [4, 5]. Hence, besides bottom line financial results, the reports now contain
statements about environmental impacts and responsibilities.
Within businesses, compliance with these requirements and abatement action is often the
responsibility of facilities managers [6, 7]. A major concern for facilities managers, however, is that
there appears to be no uniformity in the key issues that need to be addressed in the annual
environmental impact reports and actual practice [8]. There is no consensus on the issues that
need close monitoring in carbon footprint management strategies. A good starting point is to audit
carbon  footprint  strategies  that  are  reported  in  organisations’  annual  reports.    

The environmental reports, often, seek to establish sustainable frameworks for integrating
sustainability concerns into core business strategies [4, 7] and stimulate good carbon management
practices within the organisation. Professional facilities management activities have a significant
influence over how facilities are used and therefore tasked to manage and report on carbon
footprints.    Thus  facilities  managers  are  at  the  forefront  of  implementing  their  organisation’s  vision  
and commitment towards carbon footprint management strategies. Carbon management may
mean different things to different organisations, however the lack of general agreement on the key
elements to report on suggest a growing need to identify key elements addressed in annual
environmental responsibility reports and make it more uniform.
This paper examines the common critical issues addressed in carbon footprint reports, through a
literature review and a questionnaire survey of the facilities managers. Identification and
prioritisation of key issues will lead to improvement or development of good sustainable practices
for carbon footprints management and reporting. In addition, key elements addressed in
environmental impact and responsibility reports reveal how facilities managers are engaging with
reducing carbon emissions.

2. Importance of Carbon footprints
It is now widely recognised that GHG emissions are producing measurable climate change and
there is an urgent need to reduce the production and effect of GHG [1, 9]. Of the GHG generated,
85% are carbon dioxide, produced from burning fossil fuels for electricity, building heating,
manufacturing and transportation. It is the most significant contributor to climate change and much
of it is due to population and economic growth in both the developing world, mainly China and
India, and the developed world [10, 11]. The Intergovernmental Panel on Climate Change (IPCC)
report [10] concluded   that   global   warming   and   climate   change   was   “unequivocal”,   and   the   main  
driver producing the rise in temperature was human activities. Pérez-Lombard et al. [11] present a
review of building energy consumption, concluding that 20%-40% of total energy use in developed
countries was due to the energy consumption of buildings, making energy efficiency strategies a
priority for energy policies, building regulations and certifications schemes.
2.1

Carbon footprint definition

The  term  ‘carbon  footprint’  has  many  interpretations,  ranging  from  direct  carbon  dioxide  emissions  
to full life-cycle GHG emissions and there is no consensus on how to measure or quantify a carbon
footprint [9, 12]. Wiedmann and Minx reviewed a number of carbon footprint definitions and
concluded   that   carbon   footprint   is   a   “measure   of   the   exclusive   total   amount   of   carbon   dioxide  
emissions that is directly and indirectly caused by an activity or is accumulated over the life stages
of a product." Wiedmann and Minx emphasised that the activity include the activities of individuals,
populations, governments, companies, organisations, processes, industry sectors etc, while the
products  include  goods  and  services.    Other  authors  have  defined  carbon  footprint  as  “a  measure  
of  the  amount  of  carbon  dioxide  emitted  through  the  combustion  of  fossil  fuels”  ,  “a  measure  of  the  
impact human activities have on the environment in terms of the amount of GHG produced,
measured   in   tonnes   of   carbon   dioxide”   or   “technique   for   identifying   and  measuring   the   individual  
GHG emissions from each activity within a supply chain process step and the framework for
attributing these to each  output  product”  [cited  in  12]. Hence carbon footprint is used as a generic
term for carbon dioxide or GHG emissions.
Increasingly, tackling carbon footprints as a way of abating climate change, is becoming significant
in all aspects of business activities due to the impact of legislation and regulations [3, 13-15],
emphasis on Corporate Social Responsibility (CSR) [4, 16], and Customer and Stakeholder
demands and values [8, 16]. The UK government and the European Union are constantly
introducing new climate change policies and regulations that encourage businesses to achieve
improved energy efficiency, reduce their carbon footprints and produce environmental impact
reports [17]. In addition, the narrative reporting requirements under the 2006 Companies Act
encourages UK firms to discuss non-financial issues like environmental matters, employees and
social issues. Chen and Bouvain [18] investigated CSR reporting in the USA, UK, Australia, and
Germany and concluded that emphasis on environmental issues diverged considerably depending

on institutional arrangements. Other studies advocated issues covered in CSR reports are varied,
country- and industry-specific”  [5, 19, 20]. For example, KPMG [5] highlighted  the  fact  that  “carbon
footprint reporting is not as common as might be expected”   but   a   significant   number   of   UK  
businesses did report on their carbon footprints compared with others. The KPMG report [5]
concluded that, within the carbon footprint reports reviewed, much of the emphasis was on
individual operations and not supply chains. A growing concern is that, within carbon footprint
reports, companies are measuring too many issues of which many do not converge. Awareness of
these key issues would enable further understanding of carbon footprint reporting and the adoption
of carbon footprint reporting standards.

3. Determining which elements of carbon footprint to report
Regardless of the lack of adequate reporting on issues relating to carbon footprints, a number of
environmental responsibility reporting frameworks and standards like the GRI and the UN Global
Compact are emerging [18]. Chen and Bouvain [18] suggest that the use of these standards and
frameworks for reporting only affected certain environmental and workers issues. However, the
key issues concerning carbon footprint management have not been yet highlighted, although
Carbon footprints (carbon emissions) are now becoming a very significant metric for organisational
management and sustainability goals. A question of practical significance is which key issues are
critical for reporting?
From an environmental perspective, the Global Reporting Initiative [21, 22] suggests the following
as some of the key issues that should be included in company reports:
 Energy consumed and saved
 Water conservation, used and reused
 GHG emissions - initiatives to reduce CO2 and other harmful GHG emissions.
 Waste by type and disposal method, materials used including percentage recycled
 Transportation
The purpose of this framework is identifying and emphasising issues that offer significant carbon
reduction as well as need further action to achieve carbon reduction. Most importantly, there is an
underlying assumption that there is a set of values that can be applied to manage carbon
emissions and sustainability in general. However, from a practical perspective and within a
national set of carbon emission targets, often, individual institutions and businesses decide how to
reduce, review and report progress on their own carbon footprints. This paper seeks to identify the
key carbon footprint issues from the perspective of facilities managers as one sector of great
impact is the built environment.
3.1

Energy consumption and GHG emissions

The rise in energy consumption and CO2 emissions has made energy efficiency management
strategies a primary goal for many organisations and institutions. For instance, Nousiainen and
Junnila [8] found in their study of environmental objectives and demands of end users organisation
that energy efficiency, waste management and reduction of greenhouse emissions are the
important for end-users of buildings. A number of studies suggested that building energy use is the
largest energy end use both in the residential and non-residential sector, comprising lighting,
heating, ventilation and air conditioning [2, 11, 23, 24]. For instance, for building energy
consumption, the HVAC averages for 48%, lighting averages 35% and other office and electronic
equipment average 17% [23]. This suggests that building energy consumption is a critical activity
that impacts on CO2 emissions and therefore a key area for reporting carbon reduction
management.
3.2

Waste disposal and recycling

Managed waste disposal and recycling can help reduce environmental impacts and carbon
emissions. Disposal of products that can be reused, recycled or repaired is a waste of the
considerable quantities of energy and resources used in producing or processing them [25].
Similarly excessive packaging uses additional energy to produce, transport and disposed of.
Hence although waste disposal and recycling cannot reduce carbon emissions directly, it has an
impact on the environment from a sustainability perspective. Recycling uses less energy and

produces less pollution than it would take to make a new product. For example, only 8.3% of the
energy used in producing aluminium cans from raw materials is required to recycle and produce
new cans from used cans. Similarly 315kg of CO2 is saved per tonne of glass bottles recycled
after taking into account its transportation and processing [26]. The management of waste
disposal   and   recycling   is   influenced   by   the   sectors   individual   businesses’   waste   management  
strategies [27, 28], hence a potential issue for carbon foot reporting.
3.3

Water consumption

Similar to waste disposal and recycling discussed previously, water consumption does not directly
impact on carbon emissions. However, substantial amounts of energy are required to make it
sterile for commercial and domestic use [29]. Another issue is the harvesting and recycling of grey
water, which makes up 50% to 80% of wastewater all over the world, to treat lawns and gardens.
Hence a potential issue for carbon footprint reporting.
3.4

Transport

Road transport, shipping and air flights are significant contributors to energy demands and GHG
emissions with large parts of the emissions emanating from fossil fuels used [30, 31]. Businesses
and individuals regularly use of some forms of transportation like commuting to work, business
travels and public transport.

4. Research design and data collection
The study of carbon footprint issues addressed in environmental impact reports formed part of a
larger annual survey investigating how facilities professionals were engaging with sustainability
issues. The research aims to establish the level of understanding and opinion towards economic,
social and environmental sustainability issues among facilities management professionals.
4.1

Research Design

An online self-administered questionnaire survey was considered the most appropriate method of
examining the level of understanding, and opinions toward carbon footprint issues reported in
environmental impact reports, among facilities management practitioners. Questionnaire surveys
have been used in investigating perceptions and opinions of respondents in several industries in
the UK [5, 7]. Elmualim et al. [7] used it to investigate the barriers and commitment of facilities
management profession to the sustainability agenda.
As with previous three annual surveys (Elmualim, 2010), prior to administering the questionnaire
online, news items about the survey were published in FMWorld magazine and on the BIFM
website to raise awareness about the survey among the BIFM members. The questionnaire was
then piloted among a small number of practicing facilities managers. The results of the pilot study
was  discussed  by  a  focus  group  organised  by  the  project’s  steering  committee,  comprising  twelve  
practising facilities managers and one academic. The questionnaire was accepted as the main
data collecting instrument. In order to have a broad spectrum of facilities management
professionals participating in the survey, accessibility to the online survey instrument was open to
all BIFM members and non-members for a period of one month in May 2010. No names or
identifying information were requested on the questionnaires, and all respondents were assured of
absolute confidentiality.
4.2

Data collection

The questionnaire instrument involved 20 closed questions and 5 open questions. However, to
identify the key issues addressed by carbon footprint management strategies, opinions and
perceptions were sought by asking respondents to simply select key carbon footprint issues
managed and reported in their carbon footprint reports. Informed by literature reviews, interviews
and case studies, the ten key carbon footprint issues considered relevant to managing carbon
footprints were Waste disposal and Water consumption, Building energy consumption, Commuter

travel, Supply chain emissions, Commercial travel, Business travels - Company cars and Business
travels – Public transport, Business Air travels and Non-building energy consumption.
To identify the key issues of managing and reporting carbon footprints activities, the data captured
was entered into a Microsoft Excel database and analysed using descriptive statistics. A total of
268 respondents completed the survey online compared to 251 respondents in 2007, 168 in 2008,
and 222 in 2009.
4.3

Limitations

As with all self-administered questionnaire surveys there are a number of limitations associated
with the online questionnaire surveys like inability to prompt for explanations and the uncertainty of
the profile of respondents. For example, there was no support for respondents who had difficulty in
understanding some specific questions. Similarly, respondents could not be prompted to explain
their views or reasoning behind certain responses. Prompting respondents will have enhanced the
quality of the information provided. To overcome this shortcoming a series of case studies were
conducted to complement the survey findings. The online platform does not allow for verification of
respondents’  profile.    However,  it  is  hoped  that  majority  of  respondents  are  FM  professionals  with  a  
genuine interest in sustainability issues.

5. Survey results
5.1

Demographic characteristics of respondents

Among the respondents, more that 90% were members of the BIFM with over 63% having full
membership, an indication of them having at least five years of management experience and three
years of FM experience. More than 50% of the respondents worked in in-house facilities
management departments, while 25% worked in organisations outsourced as FM service providers
and 9% in independent FM consultants. Clearly majority of the respondents provided FM services
in one form or another, hence were well-informed about the opinions, needs and wants of FM
professionals engaging with the sustainability practices and strategies.
5.2

Perceptions of carbon footprint management and reporting

Of the 268 respondents who completed the survey, a total of 178 (66%) respondents answered the
question on carbon footprint management. Of these, 90% selected building energy consumption
as the key issue addressed by their carbon footprint management strategies. A further 81% and
67% of respondents selected Waste disposal and Water consumption as important issues
addressed by carbon foot management respectively. Other issues selected by the respondents
were Business travel - Company cars (53%) and Business travel - Air travel (43%). The least
covered aspects include Supply chain emissions (21%); Commercial transport (21%); and
Commuter travel (20%). Table 1 shows the ranking of the issues addressed by carbon footprint
management
Table 1 Ranking of issues addressed by carbon footprint management strategies
Carbon footprint issues

Number
of
respondents (%)

Ranking

Building energy consumption

160 (89.9%)

1

Waste disposal

144 (80.9%)

2

Water consumption

119 (66.9%)

3

Business travel – Company cars

94 (52.8%)

4

Business travel – Air travel

77 (43.3%)

5

Business travel – Public transport

66 (37.1%)

6

Non-building energy consumption

54 (30.3%)

7

Commercial transport

37 (20.8%)

8

Supply chain emissions

37 (20.8%)

9

Commuter travel

35 (19.7%)

10

Ranked according to the issues most selected by the respondents, building energy consumption,
waste disposal, and water consumption are the main carbon footprint issues managed by the
respondents. The issues least selected were commuter travel, supply chain emissions,
commercial transport and non-building energy consumption. Table 2 shows a comparison of the
issues over a four year period.
Table 2: A comparison of issues addressed by carbon footprint management strategies between
2007 and 2010
% of respondents (Ranking)
Issues

2007

2008

2009

2010

Building energy consumption

85.0% (1)

88.0% (1)

84.6% (1)

89.9% (1)

Waste disposal

75.0% (2)

80.0% (2)

73.1% (2)

80.9% (2)

Water consumption

72.0% (3)

68.0% (3)

66.9% (3)

66.9% (3)

Business travel – Company cars

69.0% (4)

58.0% (4)

38.5% (4)

52.8% (4)

Business travel – Air travel

53.0% (5)

48.0% (5)

38.5% (4)

43.3% (5)

Business travel – Public transport

45.0% (6)

32.0% (8)

27.7% (7)

37.1% (6)

Non-building energy consumption

0.0% (10)

40.0% (6)

29.2% (6)

30.3% (7)

Other supply chain emissions

41.0% (7)

33.0% (7)

15.4%
(10)

20.8% (8)

Commercial transport

37.0% (8)

17.0% (9)

16.9% (9)

20.8% (8)

Commuter travel

31.0% (9)

15.0%
(10)

23.1% (8)

19.7%
(10)

Source: [adapted from 32, 33, 34].
Table 2 shows that over the last four years, building energy consumption, waste disposal, water
consumption, Business travel – Company cars and Business travel – Air travel remain as the key
issues on which data is collected, measured and reported in environmental reports as part of their
sustainability activities. Significantly, the percentage of respondents who selected Business travel
- company cars and Business travel - public transport increased by 14% and 11% respectively in
2010. However, Business travel - company cars is still ranked fourth while Business travel- public
transport is ranked sixth.
The percentage of respondents who identified commuter travel, supply chain emissions and
commercial transport has generally declined compared to a 2007 baseline (Table 2). Non-building
energy consumption (i.e. street and outdoor lighting, water and sewage treatment, and other
miscellaneous end-uses) has also declined from 40.0% in 2008 to 30.3% in 2010.

6. Discussion
As 66% of respondents answered questions relating to carbon footprint management and reporting,
this indicates that every two out three respondents was aware or involved in carbon footprint
management. Nearly 90% of these respondents indicated that building energy consumption was
an environmental quality concern in terms of managing carbon footprints. This also implies that
majority   of   the   respondents’   perceptions   are   largely   directed   towards   both   the   environmental  

impact of building energy use, utility use and non-building energy use. The results also correlated
with previous study reports (see Table 2). Although this finding supports previous reports, it is in
sharp contrast to the idea that industry and transportation are the main energy consumption or
associated carbon emission sector [31]. A reason might be that the built environment (commercial
and residential) consumes as much as 45% of generated energy to produce power and heat [11,
35]) and associated GHG emissions. The results indicate that among the respondents, addressing
the impact of building energy use on the environment is the most critical element in managing
carbon footprints. Often this involves addressing strategies, collecting and measuring data on
building energy use like heating, cooling, ventilation and lighting. The results also support the fact
that energy efficiency is a cost-effective carbon footprint management strategy.
Waste disposal is ranked as the second critical element addressed with respect to carbon
footprints reports (Table 2). This result indicates that in order to reduce carbon footprints,
respondents are adopting and reporting on more environmentally responsible waste disposal like
reducing, recycling, and reusing strategies for waste materials. Clearly, reuse, recycle, and reduce
(possibly repair and recover) strategy is one way that respondents reduced carbon footprints. In
addition, repair and recover strategies. However a reason may be the liability and cost implications
of regulations put in place by the government regulations and directives. Also by managing waste
disposals, less waste is sent to landfills reducing carbon emissions from transporting the solid
waste materials.
Water consumption was highly ranked as a critical issue for carbon footprint management as it
indirectly influences carbon emissions. This finding implies water consumption is now a critical
issue as it recognised a limited natural resource. Harvesting and recycling of grey water has a
great potential to conserve water and reduce sewage treatment plants and hence energy.
Clearly the results indicate that less than half of the respondents selected business travels as a top
priority in managing their carbon footprint, even though transportation is major contributor to GHG
emissions [30, 31]. This might be due to the fact that transportation can be a very emotive issue
as everyone uses some form of transport daily and that business without transportation cannot be
encouraged. This view is further reflected in the least number of respondents considering
commuting as a very critical issue for managing carbon footprint. This may be due to the fact that,
often, businesses do not reflect on how far employees travel from and how much it contributes to
carbon emissions. Clearly encouraging employees to find the lowest impact commuting options
like homeworking and using public transport could go a long way to reduce carbon footprints.
Furthermore, if business travels are pooled together, carbon footprint could be reduced when
travelling in groups.
Interestingly, non-building energy consumption such as street and outdoor lighting and water and
sewage treatment systems were highly rated than commuting and supply chain emissions (Table
2). A reason might be that street lighting and sewage treatment are often the responsibility of
government or local government or facilities landlords. The results also indicate that not much is
considered of the supply chain GHG emissions as supply chains can be very complicated
especially where several products, services, are used in producing the organisations final product.

7. Conclusion
In the UK, concern for the social and environmental impact of business activities, encouraged by
tightening legislative requirements and reputational risks, has led to businesses reporting on nonfinancial issues such as carbon footprint in their annual reports. However, a lack of consensus on
key issues relating to the management and reporting of carbon footprint means a wide range of
activities and issues are included in the reports. Hence, the questionnaire survey was conducted,
among facilities managers, to identify critical carbon footprint issues or activities that were
managed and reported upon within businesses.
The study findings indicated that building energy consumption, selected by majority of the
respondents, is the most popular carbon footprint issue addressed in environmental impact reports.
Building energy consumption will continue to dominate the management of carbon footprints due to

the significance of buildings and associated energy needs to business operations. Furthermore,
the variety of energy consumption activities that occur in buildings and facilities means it offers
business opportunities to manage their carbon footprints. Majority of the respondents identified
management of waste disposal and recycling as a critical issue addressed within the reports.
Clearly, reusing, recycling, and reducing waste material within businesses is viewed as one way of
reduced carbon footprints in directly. The third most popular issue, selected by the respondents, is
water consumption. Other issues identified by the respondents were business travels and nonbuilding energy consumption. The least popular issue identified by the respondents is commuter
travels.
In general, the critical issues identified in this study reveal how facilities managers are engaging
with reducing carbon emissions. The critical carbon footprint issues identified can help lead to
improvement or development of good sustainable practices for carbon footprints management and
reporting.
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Summary
This paper examines the effect on the first 450 LEED green building certifications when credits for
simulations of potential energy performance are replaced with two models of measured postoccupancy energy performance. Many LEED buildings are likely misrepresented to the market as a
result of differences in measured energy consumption relative to certified potential. Two reasons
for this misrepresentation are presented. First, the precision of contemporary energy simulations is
less than the narrow thresholds for awarding LEED credits. Second, many buildings are sensitive
to the loss of a single credit because their designs only meet minimum requirements. Similar
outcomes can be expected in most countries because the mechanism for awarding and weight
given to energy efficiency credits in green building certification is often similar to LEED. These
results present a conflict of interest between building owners and those who value building
performance. Eliminating this conflict is one of multiple benefits that are likely to result from a
change in certification process that involves a level of ongoing performance assessment.
Keywords: commercial buildings, LEED, assessment, energy performance, energy modelling,
market behaviour

1.

Introduction

The property industry uses voluntary self-regulation to further the delivery of environmentally
benign and natural resource efficient buildings, which are often called green buildings. Beginning
with the UK Building Research Establishment Environmental Assessment Method (BREEAM) in
1990, voluntary certification tools have sought to stimulate commercial property markets for green
buildings around the world. Using a small number of prerequisites and a variety of optional
standards   (commonly   called   “credits”),   commercial   building   owners   can   obtain   third-party
certification for a building that conserves natural resources (energy, water, and materials), creates
a healthy working environment, and reduces environmental damage relative to conventional
building standards. The suite of tools under the Leadership in Energy and Environmental Design
(LEED) brand, developed by the industry-led United States Green Building Council (USGBC), are
the dominant voluntary assessment systems in North America.
In most markets, certified green buildings currently occupy a low proportion of the market for
commercial building space [1]. However, about one-third of firms in the global US$4.7 trillion
construction   market   are   “largely   to   fully   dedicated”   to   green   building   [2], so there are high
expectations for growth. Despite this emerging interest in green building procurement, commercial
buildings are long-lived assets, so the market for green building space will take time to mature.
Investors, developers, owners and tenants appear willing to pay for the benefits of green building
certification. Stated preference studies often find that green building is perceived as an important
future direction for the industry [2,3]. With ten years of green building certification in the United

States, property scholars have begun to investigate the revealed preference of premiums paid and
occupancy rates for certified commercial property. Using hedonic regression, most have concluded
that LEED certification provides statistically significant increases in property value, rents and
occupancy rate [1,4].
More specifically, the market is willing to pay for two main classes of benefits. First, green building
can   deliver   “intrinsic   benefits”   – improved operational performance through reduced costs,
increased revenue, or reduced risk [5,6,7,8,9,10]. Alternatively, a green building can provide
“market   signalling” value, where a credible signal is the sole source of added value. There are a
variety of motivations behind market signalling, such as qualification for tax credits, strategic
market differentiation, perceived legitimacy, delaying regulatory pressure, and increased
competitiveness [10,11,12].
Recent research has attempted to understand the relative contribution of these two drivers in the
business case for green building. Data on LEED-certified buildings have been fit to models of
decision making, tentatively concluding that organisations first choose a level of certification
(market signalling) and then choose how many credits to adopt over the necessary threshold as a
result of pursuing intrinsic benefits [10]. The distribution of credits obtained above minimum
requirements for a signal is skewed towards the minimum (Figure 1), suggesting that market
signalling is the dominant driver. Anecdotal reports on the dominance of signalling are common
[13].
The primacy of signalling may have unwanted side effects. signalling   can   lead   to   “misdirected  
attention”   on   credit   requirements,   potentially   leading   to   sub-optimal performance outcomes and
barriers to innovative solutions [14].

Fig. 1. Frequency of total credits obtained across all LEED-certified buildings (New Construction version 2)
up to 1 September 2006 (the sample set in this study). Dashed lines indicate signalling thresholds.

A potential weakness in the certification of buildings is that the process almost always takes place
at the design or as-built stage of a project – ongoing assessment and re-certification is rarely
performed. In studies comparing design objectives to operational outcomes, green buildings have
been shown to deliver on the magnitude of operational resource efficiency at the societal scale, but
there is high variability in performance at the individual building scale [15,16].

Given the observed variability in performance at the individual building scale, this paper models
how the histogram of certification scores (Figure 1) could change if post-occupancy resource
consumption is used in place of simulated resource efficiency potential. Because of its use in both
pre-occupancy and post-occupancy studies, the LEED for New Construction certification system
(predominantly in North American markets) will be examined. After an introduction to the process of
green building certification and more detail on the findings of post-occupancy studies, models will
attempt to describe how Figure 1 could be amended to account for operational variability. The
findings and implications for the property industry are then discussed.

2. Green Building Certification Tools and Energy Performance
Most certification tools worldwide have three to five distinct certification levels, with higher levels
achieved by implementing a greater percentage of optional credits. LEED for New Construction
(version   2)   features   69   optional   credits   in   total   and   four   distinct   certification   levels:   a   “Certified”  
rating is given to buildings that obtained 26–32  credits;;  a  “Silver”  rating  to  those  that  obtained  33–
38   credits;;   a   “Gold”   rating   to   those   that   obtained   39–51   credits;;   and   a   “Platinum”   rating   to   those  
that obtained over 52 credits.
Certification occurs at distinct phases in the building procurement process, which is split into the
design stage, as-built stage, and operational (in-use) stage. In most cases, once a building has
been certified at a particular phase, it retains its assessment for the life of the building. Exceptions
to this are in-use phase certifications, such as the National Australian Built Environment Rating
System (NABERS) or LEED for Existing Buildings: Operations and Maintenance, where updated
performance data is required every year or every five years respectively. As a result, operational
stage tools function in a similar manner to financial reporting practices [17].
Operational energy efficiency is an important component of certification schemes, and has been
the subject of prior study [15,16]. Energy efficiency factors in nearly one-third of all optional credits
in LEED for New Construction [16]. Of relevance to this study are eleven optional credits obtained
through simulation of operational energy consumption potential (in dollars) relative to a baseline
(standard-compliant) building (Table 1).
Table 1. Optional energy credits in LEED for New Construction (version 2). Reductions are relative
to ASHRAE 90.1-1999* standard for new buildings [18].
% Cost
Reduction

15

20

25

30

35

40

45

50

55

60

>65

1

2

3

4

5

6

7

8

9

10

11***

(new building**)

LEED credits

* Version 2.2 references an updated standard (ASHRAE 90.1-2004), and reduces the percentage savings required for
each point. No building in the dataset for this paper used version 2.2, thus the percentages above are for versions 2.0
and 2.1.
** Existing buildings undergoing major renovations require 10% less reduction than new buildings. For example, a 15%
energy cost reduction in an existing building is awarded 3 credits.
***This  eleventh  point  is  given  consistently  by  the  USGBC  as  an  “innovation”  credit.

Simulated   operational   energy   consumption   is   divided   into   two   categories.   “Regulated   energy”  
consists of services that all commercial buildings share because of statutory building codes –
space conditioning, ventilation, lighting, and hot water supply. The remaining consumption is
“unregulated  energy”  (sometimes  called  “process  loads”  or  “plug  loads”)  that  represents  all  tenantor building-specific services such as computers, specialist equipment, lifts, and miscellaneous
devices that use wall sockets. In LEED for New Construction versions 2.0 and 2.1 (which all
buildings in this paper used), energy efficiency credits are given for regulated energy efficiency
potential only. Unregulated demand was not required to be simulated. Consequently, energy
consumption figures from LEED simulations are not intended to indicate total building consumption
without an assumption regarding unregulated energy.

Newer versions of LEED (beginning with 2.2), reference a new simulation methodology that
requires unregulated energy to be considered in the model. However, this does not require
buildings to simulate unregulated energy demand. Those that do not can simply assume
unregulated energy will make up 25% of total building energy. Unregulated energy consumption
can thus be calculated as 33.3% of the regulated energy consumption potential (resulting in a total
building energy split of 75% regulated and 25% unregulated).
This assumption regarding unregulated energy was used in a study by Turner and Frankel [15] that
compares simulated energy consumption potential to measured energy consumption for LEEDcertified buildings. Gross energy consumption of their entire population (N=121) of buildings met
this potential relative to the compliance baseline, but the distribution was highly scattered at the
individual building level; over half the projects deviated more than 25% from expected consumption.
Similarly high variability has been observed in buildings marketed as energy-efficient in the UK [19]
and New Zealand [20].
An alternative study [16] applied more rigorous statistical analysis to the Turner and Frankel
dataset, and concluded that there was a very weak relationship (radj2=0.11) in the expected trend
that an increase in LEED energy efficiency credits earned leads to a decrease in energy
consumption costs post-occupancy.  Their  study  also  provided  more  rigour  to  Turner  and  Frankel’s  
conclusion  that,  on  average,  LEED  buildings  performed  better  than  “conventional”  equivalents,  but  
approximately one-third of LEED buildings consumed more energy than a non-LEED equivalent.

3. Modelling
This study aims to understand the implications of observed resource consumption variability on the
business case for green building – particularly the value of market signalling. Data on energy
consumption variability in LEED-certified buildings studied by Turner and Frankel [15] is used in
two models of a hypothetical situation where the 11 credits awarded for simulated energy efficiency
potential are adjusted for observed consumption. The sample set used in these models contains
the first 450 LEED-certified buildings (all buildings certified prior to 1 September 2006), of which
data on credits earned were available for 448. Results are presented relative to the original
distribution before adjustment (Figure 1).
On average, each building in the dataset earned 4.4 credits for proposed operational energy
efficiency (out of a possible 11). The median was 4 credits. Fifty-eight buildings (13%) opted not to
pursue any credits for operational energy efficiency.
Two models are produced. The  “advanced  model”  assumes  that  the  variability  observed  by  Turner  
and Frankel [15],  both  in  distribution  and  magnitude,  is  representative  of  the  dataset.  The  “simple  
model” controls for uncertainty in comparing simulated and measured energy performance, and
limits adjustments in energy efficiency scores to one credit. This latter model could also represent
a scenario where simulation improves (such as better modelling of unregulated loads).
3.1

Advanced Model

One dataset from the Turner and Frankel study (reproduced below as Figure 2) compares
simulated   and   measured   data   from   71   “medium   energy   use”   buildings.   Data   is   presented   in   the  
metric used to award energy efficiency credits – proposed energy consumption relative to code
compliance (see Table 1). Figure 2 contains buildings that would have gained zero optional energy
efficiency credits, so this model for re-distribution of energy efficiency credits will include all of the
first 450 LEED-certified buildings with credit data available (N=448).

Fig. 2. Comparison between proposed (simulated) and measured energy savings (relative to
ASHRAE 90.1-1999 standard). Source: Turner and Frankel [15].

Fig. 3. Distribution  of  “credit  differential”  for  the  71  buildings  in  the  Turner  and  Frankel  comparative  
dataset. Credit differential is the number of credits awarded from measured savings minus the
credits awarded from proposed savings.
To model changes in energy efficiency credits, each of the 71 data points in Figure 2 is translated
into a credit differential – defined as the total number of credits based on measured savings minus
the number of credits based on proposed savings. Credits are awarded based on the thresholds in
Table 1. To account for the discrepancy in credit thresholds between new and existing buildings, it
is assumed that half of the buildings in the sample are new and half are existing buildings
undergoing major renovation. As a result, the model calculates credit thresholds to be exactly inbetween the new and existing building thresholds; for example, the model awards one credit for
energy savings at 10% improvement relative to the baseline standard, two credits for 15%
improvement, and so on. Publicly available data does not indicate whether a building qualified for
LEED as a new building or existing building undergoing renovation.

A positive credit differential indicates actual savings were underestimated in the simulation, while a
negative credit differential indicates actual savings were overestimated. The resulting distribution of
credit differential is presented in Figure 3. The mean is 1.13 credits gained, median is 1 credit
gained, and standard deviation is 3.92.
To use the distribution of credit differential in a re-calculation of the energy efficiency credits
awarded pre-occupancy, the distribution in Figure 3 was assumed to be normal (with mean of 1.13
and standard deviation of 3.92). Each building was assigned a random number in this normal
distribution by R, the statistical computing software. This random number was then rounded to the
nearest integer, and represents the credits gained (if positive) or lost (if negative). Summing this
value with the original number of credits obtained for energy efficiency represents the adjusted
number of credits earned using measured energy performance.
The resulting re-distribution of total credits gained is presented alongside the original distribution as
Figure 4. Dashed lines depict thresholds between distinct certification levels. A number of buildings
fall   below   26   credits   and   would   hypothetically   be   subject   to   “losing”   certification.   In   total,   94  
buildings (21%) experience a demotion in their certification (25 of these lose certification, and 2 are
demoted two thresholds, from Gold to Certified), while 46 buildings (10%) are promoted to the next
threshold (none are promoted two thresholds). Only 69 buildings (15%) experience no change in
their energy efficiency credits.
More buildings gain credits than lose them (median credit differential was 1) because there is more
capacity to gain credits. Four buildings are hypothetically eligible to earn more than 11 credits
(assuming the 12th credit is awarded at 65% savings) while 15 buildings have their credit loss
capped because they cannot lose more credits than they gained originally (these are buildings that
exceed the baseline standard for energy efficiency). An event not considered in this model is the
loss of certification (from any certification threshold) that would hypothetically result from failing to
meet a LEED prerequisite of compliance with the minimum energy efficiency standard.
There are two key assumptions that should be noted. First, the source data in Figure 2 – which is
only  of  “medium  energy  use”  buildings  – must be assumed to be a representative sample across

Fig. 4. Resulting distribution of total LEED credits obtained following the advanced model that
adjusts proposed energy efficiency credits to measured energy efficiency credits.

all the building types represented in the first 450 LEED-certified   buildings   (which   include   “high  
energy   use”   buildings   such   as   laboratories   or   hospitals).   Second,   the model accepts the
assumption made by Turner and Frankel regarding unregulated energy demand; the expected
regulated energy consumption for each building is inflated by 33% to account for unregulated
energy demand equal to 25% of total building energy consumption. These assumptions reflect
limitations in publicly available data to model accurately a re-distribution of energy efficiency credits.
As such, this version of the advanced model must be seen as a work in progress.
However, energy savings in use may be slightly overestimated. Turner and Frankel observed high
energy use buildings are more likely than medium energy use buildings to consume more energy
than expected [15]. Since the model applies a relationship derived from medium energy use
buildings to all buildings, the set of high energy use buildings amongst the first 450 LEED-certified
buildings are likely to have their energy savings in-use overestimated. In addition, the assumption
regarding unregulated energy consumption may also overestimate energy savings. In an appendix,
Turner and Frankel discuss an earlier study (unpublished) they conducted on energy modelling
and found that when buildings did simulate unregulated energy consumption, the median
percentage was below 15% of total building energy (compared with the standard assumption of
25%). The authors claim that using a lower percentage than 25% would not change the overall
conclusions of their study [15], but the standard assumption may effect an overestimate of energy
savings when using their dataset to re-distribute energy efficiency credits. Figure 5 shows the
potential  “loss”  of  energy  savings  if  lower  percentages  of  unregulated  energy  are  assumed.  
For example, if a new building measures 24% energy savings (2 credits) when assuming 25% of
total building energy is unregulated energy, this improvement reduces to an energy savings of 14%
(zero credits) if only 15% of total building energy is unregulated energy. More accurate data may
thus lead to fewer credits awarded when measured energy consumption is used in place of
simulations.

Fig. 5. Potential error in estimating measured energy savings that results from different
assumptions for unregulated energy consumption as a percentage of total building energy
consumption

3.2

Simple Model

This model is informed only by the finding that buildings were just as likely to outperform their
simulated energy efficiency estimate as they were to underperform it (hence, on average, the

entire population of buildings meets its potential savings). It does not attempt to take into account
the magnitude of variance away from expectations, assuming that improvements in simulation (or
adjustments to LEED criteria) can limit variance to one credit.
Only the 390 buildings in the dataset that obtained points for energy efficiency are included; the 58
buildings that did not attempt points are excluded from adjustment, with no change to total credits
earned. By assuming a maximum variance of one credit, this model effectively limits the variance
between proposed and measured energy efficiency to +/- 5% energy savings relative to the
baseline. To stay consistent with using the median between credit thresholds for new and existing
buildings as the modelling threshold, a minimum of 10% energy savings is needed for one credit.
One-third of the point-earning buildings is assumed to gain one credit as a result of exceeding
expectations of energy efficiency, another third is assumed to lose one credit as a result of
underperforming expectations, and the final third is assumed to have no change. To randomly
apply  these  adjustments,  the  390  buildings  were  arranged  by  the  USGBC  “project  number”  (given  
to a building when they register interest in certification). In the resulting list, buildings 1, 4, 7, and
so on gain one credit, buildings 2, 5, 8, and so on lose one credit, and the remaining buildings are
left unchanged. Six buildings in the dataset obtained all 11 credits for energy efficiency and are
ineligible to gain another credit, so no change in total credits was assumed if one of these buildings
was assigned to the group that gained one credit (this affected two buildings and was
inconsequential to any conclusions drawn since that one credit would not affect their certification
level).
The resulting re-distribution of total credits is presented, alongside the original distribution, as
Figure 6. Dashed lines depict the thresholds between distinct certification levels. Since some
buildings that obtained 26 credits (the minimum required for certification) are expected to lose one
credit,  those  buildings  would  hypothetically  be  subject  to  “losing”  certification.  In  total,  61  buildings  
(13.6%) experience a demotion in their certification (19 of these lose certification), while only 3
buildings (0.7%) are promoted to the next threshold.

Fig. 6. Resulting distribution of total LEED credits obtained following the simple model that adjusts
proposed energy efficiency credits to measured energy efficiency credits.

4. Discussion
This study shows that one key component of green building certification – measured operational
energy efficiency – is difficult to predict pre-occupancy to the precision that LEED certification
awards optional credits. Post-occupancy comparisons between measured and potential energy
consumption are highly variable; the advanced model that attempts to account for the magnitude of
observed variability finds that only 15% of buildings perform within the range of energy savings
advertised by their energy efficiency credits.
As a result of the weight given to energy efficiency, approximately one-third of certified buildings
are misrepresented in the market. The advanced model shows that one in every 5 LEED buildings
is certified at a higher level than it performs, while one in every 10 would qualify for an increase in
certification level. The actual number of misrepresented buildings may be higher if building water
consumption projections – another core part of green building certification – show similar variability,
or if the hypothesised overestimate of energy savings in the advanced model is confirmed. One
result could be decreasing price premiums as tenants (who may place higher value on intrinsic
benefits relative to market signalling) become aware of uncertainty in the expected link between
certification signals and performance.
Although these models examined LEED certification, which is predominantly used in North
America, the findings are applicable around the world because local certification tools use similarly
precise thresholds for awarding energy efficiency points. For example, New  Zealand’s  Green  Star  
certification tool awards an optional credit for each 5% of potential energy savings above a
baseline figure of regulated energy consumption (identical to LEED). The current version of Green
Star in Australia uses an even more precise threshold, awarding a credit for every 4.5%
improvement in energy consumption-related greenhouse gas emissions against a baseline figure.
An often suggested improvement to green building certification at the design and as-built phase is
to improve the accuracy of energy consumption modelling. The simple model, which constrains
variability to one point and has a far greater percentage of buildings experiencing no change, can
be used to hypothesise the effects of this change. Misrepresentation does decrease, but by much
less than one might expect given the relatively large decrease in variability. With the maximum gain
or loss constrained to one point (the largest differential in the advanced model was eight points),
misrepresentation is only cut to 14% - just under half the total number of buildings misrepresented
in the advanced model.
A gap between modelling accuracy and credit thresholds can thus explain some of the
misrepresentation, but not all. The other cause is likely be the primacy of market signalling as an
incentive to pursue green building certification. Although LEED thresholds are arbitrary, many
users approach them with a compliance mindset and aim for outcomes at (or only slightly above)
minimum requirements [10,21]. This behaviour exposes the building to the risk that the loss of a
single credit is likely to result in the building falling below its certification threshold. The simple
model, where variability is constrained to one point, is a good example of this risk; of the 64
misrepresented buildings, nearly all (61) would have their certification demoted (or removed). Even
in the advanced model, where, on average, a building gains one point, there are more demotions
(94) than promotions (46).
4.1

Opportunities for innovation

Green building councils are interested in innovation towards long-term building performance
outcomes as well as provision of credible differentiation labels. This study reveals that, though the
latter is likely to be a stronger driver in the current market, market differentiation presents a risk to
credibility. Currently, claims made by green building owners are credible until proven otherwise,
motivating owners not to disclose performance data. However, as knowledge spreads, green
building claims may be treated as “greenwash” until performance data proves them credible
(reducing the value of market signalling, one of the key motivations behind green building
procurement). An opportunity exists for green building councils to use green building differentiation
in a strategic manner to leverage innovative behaviour towards maximum performance outcomes

and mitigate this conflict.
One possible strategy is providing less certainty about perpetual certification by renewing design
and as-built assessments with performance measurements. To minimise the additional burdens of
re-certification, perhaps only credits based on operational resource consumption would be reassessed. This places green building assessment in-line with financial assessment, where a
business plan (or prospectus) is followed up by reporting of actual results to the market using
accepted accounting principles. Figure 1 can be seen as an aggregation of business plans, while
modelling results (Figures 4 and 6) are attempts to simulate the performance of these business
plans.
In a scenario involving ongoing performance adjustments, it may be optimal for design teams to
pursue an insurance strategy (exceeding the minimum credits as a means to mitigate the risk of
underperformance) in order to maintain certainty on differentiation. This creates a more efficient
market for consumers because design-stage certified buildings are likely to maintain its chosen
level of differentiation even if they are in the set of buildings that underperforms in operation.
Concern towards “misdirected  attention”  at  credit  definitions,  rather  than  innovation [14], could also
be reduced. Another positive side-effect of performance assessment is an incentive for increased
communication between building design teams and end-users – an often-suggested solution to
variable performance outcomes [19,20].
As for the conflict of interest between building owners and tenants, less certainty of perpetual
certification increases risk to owners (who may lose certification or face demotion), but may
ultimately be to their benefit. As the advanced model shows, buildings, on average gained one
point. Although this gain may be an artefact of poor assumptions for simulating unregulated energy
demand, the possibility of future advancement can incentivise ongoing improvements. Facilities
managers are often looking to reduce energy and water costs and the reward of additional
certification credits may make future investments in resource efficiency more attractive.
Most green building councils do have a strategic vision for performance assessment, but
performance-based certification has consistently been developed later than design and as-built
assessment. The first potential set of accounting principles and methodologies for rating the
ongoing performance of these buildings, the LEED for Existing Buildings: Operations and
Maintenance tool, was only introduced in 2008 –eight years after LEED for New Construction was
first available. Neither New Zealand nor Australia has yet introduced an equivalent performancebased tool; though the Australian market does have an opportunity to integrate NABERS with
Green Star (the tools are separately administered).

5. Conclusion
Through two models of re-allocating credits for energy efficiency performance in LEED-certified
new buildings, market behaviour and optimism with the precision of contemporary energy
consumption simulation were shown to contribute to the potential misrepresentation of up to onethird of certified buildings. This introduces a conflict of interest between building owners and those
who value building performance. Eliminating this conflict is one of multiple benefits that are likely to
result from a change in certification process that involves a level of ongoing performance
assessment.
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Summary
The Swedish building and construction sector contributes greatly to negative environmental
impacts, while its environmental protection measures are marginal. Life cycle costing (LCC) has
been used successfully for procurement and investment decisions, but its use within the Swedish
building and construction sector is limited. This paper combines LCC with an environmental
approach employing monetised environmental impacts. The prototype developed was evaluated in
a case study. The aim was to investigate the cost items that could be educed, how the results were
perceived, the problems encountered and the kind of results that can be obtained using the tool.
The case study, at a Swedish housing company, showed that data about the investment (costs and
quantities) were readily available. Data on quantities are important for deriving the environmental
impact. A greater understanding of external costs as a valuation of the environmental impact is
needed in order for the results to be used efficiently. However, it is important to bear in mind the
crucial importance of sensitivity analyses, e.g. varying the interest rate or future cost changes, and
of dividing internal and external costs in order to avoid double-counting.
Keywords: Environmental Life Cycle Costing, building, construction, environmental costs

5. Introduction
The building and construction sector has a great impact on the environment. In Sweden, 20% of
total greenhouse gas emissions are caused by the sector. Many of the hazardous compounds
used in Sweden (16%) also derive from the construction of buildings [1]. There are a number of
tools for decision making for building and construction purposes, such as BREEAM [2], LEED [3]
and EcoEffect [4]. However, these tools do not include financial aspects. Another approach is to
use Life Cycle Costing (LCC), a method that has been in use for almost a century. It started out as
a method for military procurement and has since been adapted for use in public and private procurement. The aim of LCC is to estimate the present value of the costs during a product’s life cycle
rather than accounting [5]. Studies have shown that LCC users regard the method as important for
decision making, although its use is not very widespread [6, 7]. A literature study [8] has shown
that previous case studies do not focus on tool development, but rather on tool use in different contexts and environments. One of the findings from that analysis of case studies was that a single
standard would be desirable, but that several exist, e.g. [9].
Traditionally, external costs (i.e. costs not borne by producers or consumers but by society) are not
included in LCC but these are included in some studies, e.g. [10, 11, 12, 13, 14, 15]. Among these,
[14] applied LCC to the building industry and derived the environmental cost from the global market for carbon dioxide. No other environmental impacts were considered. Another study [12] de-

veloped a LCC for waste management systems in which a weighted Life Cycle Assessment (LCA)
complemented a financial LCC.
LCA is a tool for environmental assessment of products and services, and data from LCAs are
useful for estimating external environmental costs of materials, energy, etc. LCAs are standardised
in [16], and described in textbooks, e.g. [17] and several scientific papers. Methodological differences between LCCs and LCAs are discussed in e.g. [5] and [12].
This paper deals with environmental LCC, with the aim of showing how environmental impacts can
be included in LCC. The paper presents results from a project designed to facilitate the use of LCC
within the building sector, carried out together with some partner companies in that sector. The
present paper describes the development of an environmental LCC and its testing within the
Swedish housing and construction sector. The questions examined were:
Which cost items could be educed?
How were the results perceived?
What problems were encountered?
What kind of results could be obtained using the tool?

6. Background
A number of case studies using LCC have been performed on the building sector [18, 19, 20], and
LCC has been used for several decades in e.g. public procurement. Some efforts have been made
to combine LCC with environmental impacts to gain a wider perspective on decision making. One
study [11] uses a streamlined LCA approach to gather environmentally related costs during the
manufacturing process. External costs are thus not included. In contrast, [10] combines full LCC
with full LCA, while [12] uses a combination of financial LCC and environmental LCC, where the
environmental LCC consists of a monetary weighted LCA. The weighting sets used are ECON’95
[21], EPS 2000 [22] and EcoTax’99 [23].
The definition of environmental costs thus differs between the different approaches. Most tools
include only direct and indirect internal environmental costs, e.g. emission taxes or costs for
environmental management systems (EMS) [13, 11, 15]. Others also include contingent costs, i.e.
costs that might occur, such as fees or other risk-related costs [15].
The practical use of LCC within the Swedish building sector is rather limited, despite the extensive
theoretical applications and the fact that many professionals apply a life cycle perspective in
decision making [7]. A later study by [24] confirms these findings. A large proportion of
professionals believe that the method is useful and important for decision making, but few apply a
holistic approach and include all life cycle phases. The use of an environmental approach with a
life cycle perspective is also reported to be extremely limited [7].
There are a number of tools for decision making within the building and construction sector,
developed for different occasions and needs, e.g. [25, 26]. The challenge is to develop tools that
will be used by practitioners. The study by [24] revealed that there are some core issues affecting
the extent of use. The major reason why LCC is not widely used seems to be lack of knowledge
concerning the tool, while increased customer demand is the reason cited for increasing its use.
This indicates the need for a user-friendly tool, which should be developed in cooperation with the
industry.

7. Method
The method used to meet the goal of developing and testing an environmental LCC tool consisted
of continuous communication with selected companies as project partners. During tool development, feedback was sought from the companies by meetings and e-mails. The tool was iterated in
several rounds and the final result tested in a case study, as described below.

8. Case study
8.1

Tool construction

The environmental LCC tool is an Excel-based prototype developed in an iterative process with
some companies engaged within the project. The first version was based on a survey and interviews performed within the project [24]. This version was then tested by the partner companies,
which also made suggestions on improvements, e.g. regarding the functionality of the tool and the
best materials to include in the prototype. The framework for the tool is now set, although it is still
at prototype level, meaning that the database is not yet complete. The tool is divided into the different life cycle phases of a building, starting with the planning and design phase. This is followed
by the construction phase, the operation and maintenance phase and lastly the disposal phase.
Within each phase, internal costs are separated into conventional costs, such as investment costs,
salaries, material and equipment, and environmental costs, such as costs for energy and waste
treatment. Added to this are the external environmental costs caused by use of materials, fuels
and energy. All costs (both internal and external) are discounted according to the interest rate chosen by the user. The calculation is described in equation (1).
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where
C1= internal and external costs during the planning and design phase
C2= internal and external costs during the construction phase
C3= internal and external costs during the operation and maintenance phase
C4= internal and external costs during the disposal phase
r = the interest rate chosen
t = time of the event.
In the case study, external environmental impacts were assessed using a database for life cycle
assessments, Ecoinvent 2.0 [27], and characterised by the ReCiPe impact assessment method
[28] as provided in SimaPro 7.2.4 [29]. The values generated on environmental impacts were then
monetised using a Swedish weighting method called Ecovalue [30]. Ecovalue was chosen since it
is based on willingness-to-pay studies within a geographical area relevant for Swedish conditions.
It thus captures the population’s valuation of impacts affecting welfare and not only the direct costs
for e.g. cleaning or decontamination measures. Ecovalue consists of an upper and lower value for
each category in order to reflect the span in valuation studies. However, our project partners requested that only one weighting-set be used, as they found more than one confusing. In this case
study the upper values were chosen in order to simplify the calculations and since the valuation
studies are probably undervalued. The set was derived to be complementary with LCA data from
ReCiPe [28] or CML [31]. This provides the opportunity to include a large amount of materials,
processes and compounds. However values for several impact categories are still lacking in the
weighting set, such as ecotox and noise, which limits the extension of the external impacts. The
weighting of LCA data is described in equation (2), where a is the factor from CML, b is the weighting factor from Ecovalue and NPC is the net present cost for the external effects originating from
one unit of material.
t =T
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Since the environmental impacts are derived from LCA data and a weighting set based on willingness-to-pay studies, and the theoretical assumption is that all costs related to the production, use
and final disposal of a material are included in the value, there is a theoretical risk of double-

counting as some of the external costs are internalised, e.g. in environmental taxes and fees paid
by the company. Therefore, the results from the internal and the external parts of the tool must not
be combined in this stage of the tool.
4.2. Case study
The case study tested the environmental LCC tool developed in terms of the results provided and
its usefulness and user-friendliness. The case study was performed at a Swedish housing company belonging to the public building sector. The company is an interesting study object since it
owns a large proportion of the houses in Stockholm, many of them built during the mid-20th century and thus in need of extensive renovations. The company is also responsible for constructing
new houses. The object analysed in the case study was chosen by the company since it was
rather non-complex and the work had already been agreed, which meant that there were a lot of
data available. This object was a residential building built in 1950 in the suburb of Kärrtorp, southern Stockholm. The building consists of 22 apartments, varying from one to four rooms. There are
also three premises for businesses to rent. As the building is about 50 years old, there is a renovation need, e.g. the windows are original double glazing with wooden frames. These had served
their time, so a decision was taken to replace them with energy-saving triple glazing in aluminium
frames. It was also decided to provide extra insulation of the façade using a 5-cm layer of insulation covered with plaster. For the purposes of the case study, the option of just repainting the old
windows and having no extra insulation was considered. The functional unit for the two options
was thus renovation of the façade and windows. Data for the two options are presented in Table 1.
A limited number of materials were involved, especially in option B, where the windows were only
repainted. The case study was performed during half a day at the company. The person representing the company performed the calculations using available data and went through the tool with as
little assistance as possible from the researchers. During the case study both the handling of the
tool and related data and the actual results originating from the data and calculations were studied.

Table 1 Summary of data on the two options examined
in the case study.
Characteristics
Life length
Interest rate
Specifications

Option A
50 yrs
4%
Extra insulation
New plaster
Change windows
to
triple-glazing
with
aluminium
frame
Dispose of old
windows

Option B
50 yrs
4%
New plaster
Repaint
frames

window

9. Results
9.1

Cost items that could be educed

The case study at the housing company included two suppliers already chosen by the company.
These suppliers were able to provide the company with data, which it compiled into a sheet showing desirable data and their units. This proved to be very helpful during completion of the form. As
the tool is divided into the life phases of a building, the case study followed these phases. During
the planning phase, which consists of planning and design, one cost item was identified and con-

sisted mostly of salaries. No environmental costs, internal or external, were found, since the planning process did not calculate materials, energy or electricity. The cost of planning was a little
lower for option A compared with option B. The second phase, production and construction, included several more items. Among the internal costs, salary and materials were the main items,
but environmental costs such as electricity use and fees for disposal of old windows also arose.
Option B included the same cost items, but these were lower, with the exception that the fees for
disposal of windows were not relevant. Since option B only consisted of repainting and new plaster, less environmental impacts were identified. Transport costs were included in both options.
During the operation and maintenance phase, option A only included costs and environmental impacts from heating. Option B was assumed to require at least two repaintings during the life time.
Earlier estimations of the energy use had already been made, which provided easy input, and option A was expected to need less energy than option B.
9.2

How the results were perceived

During completion of the tool paperwork, the presence of the researchers appeared to assist to
some extent. The person from the company asked several times where to enter different data and
numbers. However without too much help, he was mostly able to pick the relevant box. The tool
worked and when asked about it, the company representative stated that it was easy to use and
easy to collect data about costs and materials, but that it was unclear what the external costs really
meant. The company representative had experienced an interest from the suppliers on asking for
the data, which he found somewhat surprising. A ready-to-use form to give to the supplier was
suggested, in order to simplify the data collection process. Some materials were missing, but since
this was only a prototype, that was not regarded as critical for the case. One part that could have
been included was future changes in energy costs. When asked what the results could be used
for, the representative said that if he knew more about the external costs they might be useful. The
company already uses building material assessment (byggvarubedömningen.se), but that occurs
later in the building process and is a tool for choosing building material from a toxicological perspective.
9.3

Problems encountered

The case study revealed that some materials were not represented in the database, for example
different foams and sealants. However it was easy to find data on different types of transport,
which were provided for several different options and versions. The company was also able to estimate the distance driven by lorry with the help of supplier data.
The hardest part to estimate was the disposal phase. Since the expected life length of the
aluminium windows is half a century, it is almost impossible to estimate what will happen. One
option is to continue using the windows, but then the actual life length would be longer than
accounted for. If the aluminium windows continued to be used, it is also unclear what would
happen with option B and whether there would be an urgent need for replacement. In any case,
predictions of the materials to be used and their life length are practically impossible. Therefore,
the last phase was left untouched in the case study.
9.4

Results that could be obtained using the tool

The results show that the alternative actually chosen (option A) was the most expensive one, at
least in terms of internal costs (Table 2). Option B had the highest environmental impact, probably
due to higher energy use during the operation and maintenance phase (Table 3).

Table 2 Internal conventional and environmental costs
and total internal and external costs in different phases,
option A, in Swedish SEK.

Phase
Planning and design
Construction
Operation and
maintenance
Disposal
Total

Internal
conventional
costs
140 000
5 548 317

Internal
environmental
costs
0
85 577

Total internal External
costs
costs
140 000
5 633 894

0
1 611 056

0

4 600 785

4 600 785

3 640 432

0
5 688 317

0
4 686 362

0
10 374 679

63
5 251 551

Table 3 Internal conventional and environmental costs
and the total internal and external costs in different
phases, option B, in Swedish SEK.
Phase
Planning and design
Construction
Operation and
maintenance
Disposal
Total

Internal
conventional
costs
125 000
3 002 163

Internal
environmental
costs
0
57 692

Total internal External
costs
costs
125 500
3 059 856

0
534 205

398 806

5 949 291

6 348 096

4 708 609

0
3 526 469

0
6 006 983

0
9 533 452

0
5 242 814

10. Discussion
The case study showed that the environmental LCC tool developed here works in practice. It is
possible for a person working in a housing company to understand what data need to be included
and how. There were some materials missing in the prototype, but this was not essential for the
function of the tool. The case study also showed that the results gained can be used for decisionmaking when choosing between different materials, components or structures, since the tool presents the costs, both internal and external, in a clear way. It is important to remember that the results should not be used in isolation, but in combination with other analyses. Thus, the results from
the tool show what the overall costs are and the potential environmental impact. The estimated
and monetary weighted environmental impact should be seen as an indicator of the impacts of
different options rather than an actual cost.
The calculations showed how cost items were distributed over the life cycle and also where the
environmental impacts were located. In option A the highest cost lay within the construction and
production phase. In option B these costs were naturally much lower, since that option only involved repainting. As option A generated a higher level of insulation, the energy costs will be lower
during the rest of the life cycle compared with option B. The environmental impacts followed the
same pattern, since most material was used during the construction and production phase in option A. However the higher energy use in option B gave a higher aggregated environmental impact,
which also affected the total impact during the life cycle.
So far, the external costs should be seen as an indicator of the environmental performance of
choices and not of actual costs deriving from those choices. The benefit of presenting the environmental impacts in monetary units is that the effects on different parts of the environment can be

added up and compared. It also allows the external effects to be compared with what is actually
paid by the company. In the future there is a risk of some of the external effects becoming internalised in the form of taxes or fees. This might be an indicator of the expected level of such effects.
It is important to perform a sensitivity analysis by using different interest rates and to be aware that
prices can change. The prototype contains a limited number of materials, a fact that also should be
borne in mind. The results from the case study are thus uncertain and should be interpreted with
caution. By adjusting the interest rate in the prototype, it is possible to see the potential variations
in outcome. Larger costs in the future will have a greater impact on the final result if the interest
rate chosen is low than with a high rate. The prototype tool uses the upper level of the weighting
set, but both the minimum and maximum levels should be used for a proper analysis.
A difficulty experienced during tool development was choice of materials. Within the database used
there were often several similar materials and products to choose from and in this prototype only a
handful were selected to serve as examples. The case study revealed that the materials chosen
were perhaps not always the most suitable. During tool development, representatives from companies within the housing and construction sector were asked to suggest suitable materials. These
materials had to be relevant for the sector, but many suggestions given were perhaps on a more
detailed level than needed. An example was the suggestion of including phthalates, the content of
which is not very easy to estimate. Instead materials containing phthalates were included. However, the choice of materials might be crucial for the final result. Knowledge about the database
and how the assessments have been performed might give more reliable results. This case study
did not test the variability in choosing materials from different databases.
The end result was thus associated with a number of uncertainties, but could still be interesting as
an indicator and comparison of alternatives. The initial results indicate that option A is more expensive than option B, both regarding internal and external costs. Energy use did not have a major
impact on the outcome. A major difference was the overall environmental impact from the construction phase, where aluminium had a great influence, followed by glass. Note, however, that
option B was a fictive alternative constructed for the specific purposes of the case study.

11. Conclusions
An environmental LCC was developed and tested within the Swedish housing and construction
sector. Using this tool, it was possible to educe costs for different phases in the building’s life, and
to estimate the potential external costs. The results from analyses with the tool showed costs in
different phases, divided into internal and external costs. This was easily understood by the partner
companies after an additional explanation of these external costs. Another finding was that the tool
can be used not only for comparisons, but also for identifying hotspots in the phases. Problems
occurred when data were missing in the databases, which stresses the need for further studies
with a life cycle perspective of environmental impacts from building and construction materials.
Another problem arising in the case study was making predictions for the disposal phase.
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Summary
Energy saving certificates or so called white certificates and energy performance contracts provide
two key economic and financial tools aimed at saving energy, with special emphasis on the
building sector, which in France accounts for 25% of all greenhouse gas emissions and 43% of
final energy consumption. With the goal of a 75% reduction in greenhouse gas emissions by 2050,
the objective set for the energy retrofitting of buildings is quite ambitious: 38% decrease in energy
consumption averaged across all buildings by 2020. The paper proposes to evaluate, based on
return of experience from real cases, the economic and technical conditions of development of this
two innovative instruments, and which serve to complement the range of market mechanisms for
energy sustainable construction and refurbishment.
Keywords: white certificates, energy saving certificates, energy performance contracting, ESCO

1. Energy saving certificates (ESC)
1.1 Description of the tool
Since January 1st, 2006, French public authorities have required energy retailers, such as major
suppliers EDF, GDF-Suez and district heating networks, but also energy companies selling
domestic heating oil, to realize energy savings. The first objective set for an initial period of 3
years, extending until the end of 2010, was to reach a total volume saved of 54 TWh (cumulative
discounted). The accounting unit adopted herein is called the "cumac", which stands for cumulative
discounted and represents the average final energy savings generated by a given operation
throughout its life cycle, before being discounted to present value at 4%. The nationwide goal has
been divided first by type of energy (electricity, gas, fuel oil, etc.) and then among retailers prorated
based on their respective market shares in the residential-tertiary sector.
To achieve this objective, energy retailers (also called "contractors") have directly adopted energy
savings measures, primarily among customers, whether public authorities, corporations, social
landlords, hospitals or property managers (commonly referred to as "eligible clients"). In exchange
for these savings efforts, "contractors" are awarded "energy saving certificates" (ESC) to validate
the savings derived from actual steps like installing an individual condensing boiler, a heat pump,
roof insulation, etc. As of January 1st, 2011, 195 fact sheets on standardized energy savings steps
had been published, in large part aimed at the building industry, with 60 targeting the residential
sector and 90 in tertiary applications. While fewer in number, a handful of incentive-driven actions,
listed as "special operations", were being negotiated on a case-by-case basis with agency officials.
The competent authority responsible for ruling on these certificate requests and for validating the
certificates issued is the DRIRE Office (Paris Regional and Interdepartmental Agency for Energy
and the Environment).

As this initial three-year period winds down, should the "contractor" fail to achieve the mandated
savings quota, it will either buy back a share on an exchange market or pay a non-compliance
penalty set at €0.02 per kWh cumac for the certificates not supplied. The negotiated average price
per MWh cumac varies between €2 and €7, with an overall average on the order of €3.20. Yet the
price of these certificates should rise once the "contractors" start anticipating the constraints added
during the third period, which will be even more demanding about identifying sources of savings.
For the first period (2006-2009), nearly half the certificates issued related to investments on
boilers, totaling more than 300,000 installations, on both the individual (condensing or low
temperature) and collective sides. The most challenging component still lies ahead, as building
insulation works accounted for fewer than 4% of the certificates issued.
Potential savings are substantial: in the Paris Region, the 68.4 TWh cumac awarded by the
competent authority between 2006 and 2009 (95% of certificates were filed by contractors located
in this region) correspond to an annual energy savings of 5.5 TWh, i.e. equivalent to half the
annual output of a 1,450-MW nuclear reactor!
As such, total consumption reduction for the first period amounted to just 7.7 TWh/year, i.e. an
amount below 1% of residential and tertiary sector consumption combined. The emphasis during
this period was to demonstrate that the system could function adequately and for operators to get
acquainted with this type of tool.
For the second 3-year period, initiated after a short transition phase in 2010 and extending from
January 1, 2011 through the end of 2013, the nationwide objective was increased fivefold, to 345
TWh, of which 255 TWh were earmarked for conventional energy retailers and the remaining 90
TWh for new players using the certificate exchange, i.e. automobile fuel suppliers. The objective
here is to incentivize the personal transport sector and trucking industry to develop alternative
energy sources or pursue fuel savings investments.
Moreover, the certificate eligibility threshold has been raised from 1 GWh to 20 GWh, a move that
requires combining actions and limits the administrative costs associated with processing
certificate applications.
1 GWh cumac corresponds to either the roof insulation of 7 single-family homes, the installation of
7 individual condensing boilers, 4,350 Class A compact fluorescent lamps or 500 m2 of attic
insulation for an office building.
Generally speaking, projects involving multi-family dwelling units that bring together contractors
and eligible clients with the aim of generating joint savings or more comprehensive strategies
(adopted within the scope of a building owner's energy savings program) receive strong backing by
public authorities.
From their standpoint, public agencies or social landlords are eligible to file an ESC application
either under their own name, or via a contractor as part of a partnership, or through an
intermediary operator. This partner would be responsible for: identifying the set of eligible actions,
collating works invoices, calculating the cumulative discounted kWh, and forwarding these
elements to the DRIEE Office for eligibility validation of the various operations. As a final stage,
certificates are recorded in the national "Emmy" register, which centralizes the accounting function
for all certificates awarded and received.
1.2 Outlook for sustainable building
During the first period, more than 80% of energy savings actions were conducted in the residential
sector, with over 75% of these consisting of a change in heating system. For example, in excess of
300,000 low-temperature or condensing boilers were installed in single-family homes.
Notwithstanding, these measures involved on average barely 1.5% of the nation's total number of

single-family dwellings, which demonstrates the tremendous savings potential left to be tapped.
Moreover, the savings source related to heat recovery, through the insulation of building attic
space or walls, has hardly been targeted and accounts for less than 5% of the certificates awarded
and less than half a percent (0.5%) of all primary residences in all of France.
These Certificates can be used to finance energy efficiency enhancement programs for both public
facility owners and individuals: 10% of the insulation costs for walls or roofs may be defrayed by
reselling a certificate at an average cost of €0.35 / kWh cumac. For a regional authority, certificates
allow coordinating the energy conservation action plan by defining a set of energy performance
criteria to be satisfied for any type of building work. In this manner, the certificates serve to
measure efforts expended and lay the groundwork for a protective strategy featuring reduced
energy consumption.
ESC provide the sole financial instrument capable of rallying professional intermediaries, materials
distributors (e.g. builders, installers) around the cause of energy savings. This instrument builds
awareness among clients as to the stakes involved and has the prescriptive power to promote the
best techniques for achieving high energy efficiency.
From an overall perspective, these certificates have expanded the professional competences of
major energy companies in the realm of individual services and advice, with an emphasis on
helping guide energy conservation work. Energy suppliers and distributors are now in a position of
earning revenue not only from every kilowatt-hour sold, but also from selling more effectively and
at lower quantities. Another stated objective for the future, through this mechanism, is to help fight
energy poverty by intensifying actions aimed at achieving energy savings among lower-income
households.
The expansion of this market has also spurred creation of intermediary firms such as Geo-plc to
facilitate the issuance of contractor certificates and thus showcase the energy recovery actions
undertaken on the part of eligible clients.
By implementing this kind of mechanism, public authorities were focusing, beyond strict adherence
to regulatory obligations, on utilizing the energy savings sources present in a disparate fashion
across sectors such as construction and transportation. Moreover, the tool has demonstrated its
capacity to harness these sources; the gradual raising of thresholds should motivate operators to
recover not just the easy savings but the hidden kWh as well.
Still unknown to the general public and relatively complicated to apply and monitor, this economic
mechanism has yielded considerable leverage in stimulating energy savings progress where
conventional, regulatory or fiscal tools have proven ineffectual.

2. Energy performance contract (EPC)
2.1 Description of the tool
The EPC stands out from other economic instruments by its guarantee of results over time,
through the efforts of a third-party subcontractor, in improving energy efficiency.
European directive 2006/32/EC established the EPC as a "contractual agreement between the
contract beneficiary and the supplier regarding a measure intended to enhance energy efficiency,
whereby investments in this measure are approved in order to attain the contractually stipulated
level of efficiency gains".
The scope of investments and services included in these EPC may vary considerably. Three major
types of EPC can nonetheless be distinguished, namely:

-

zero investment, actions are devoted exclusively to improving operations at current energy
facilities through, for example, better programming or regulation;
with investments, focusing on energy equipment and systems (outside the building shell);
with investments, on the building shell.

The investments made by suppliers can thus be dedicated to installing new equipment,
rehabilitating existing energy infrastructure or insulation work. It should be noted that energy
supply services by an ESCO (energy service company) could be included herein, but this is not
mandatory.
The guarantee of results implies an agreement between parties on both an initial state and
reference consumption, as the basis for calculating recorded energy savings. Such an agreement
also presumes contrasting approaches that allow verifying actual consumptions, for the purpose of
controlling and measuring performance over the course of the contract.
This partnership thus implies that the contracting party procures the resources necessary to
oversee implementation of these mechanisms, as opposed to delegating responsibility. Joint
oversight must be adopted, by clearly naming an energy supervisor and through monitoring
systems capable of assisting in the verification of energy and environmental performance, with the
goal of nurturing a spirit of mutual trust between parties.
While short of a self-financing solution, this EPC tool still proposes an economic model according
to which savings generated and guarantees are able to partially reimburse the allocated
investments.
Several conditions must be met with regards to EPC, namely:
- reaching a shared assessment between the building owner and contractor, relative to both the
project's initial energy situation and an evaluation of pertinent savings sources, with a reference
situation that includes possible use-related variations;
- establishing a reference protocol, along the lines of IPMVP (International energy Performance
Measurement and Verification Protocol), to examine EPC results;
- constituting a "pool" of buildings deemed of high priority, given a mix assembled of some
buildings with high energy savings potential and others whose savings are more difficult to
realize and seemingly less appealing for an external operator;
- defining with precision the scope of intervention, i.e. limited to technical building management,
energy equipment plus the eventual production of renewable energy, building shell insulation;
- for a public building owner, validating the contracting procedure via, among other things, a PPP
type partnership contract. The PPP formula guarantees remuneration based on performance
objectives, since this type of contract actually includes all or part of the financing, design,
construction and operations & maintenance;
- planning the performance measurement and verification procedure;
- assessing contractual penalties should performance not meet the guaranteed threshold.
2.2 Application examples
For the Paris Region alone, potential EPC development for existing structures corresponds to half
the total energy savings objectives through 2020, i.e. a 19% reduction, according to a proactive
scenario developed by the Arene Agency [1].
The Paris Region's denser urban layout than the rest of France, centered on the Paris metropolitan
area, allows on the whole achieving greater energy efficiency: the average primary energy
consumption amounts to approx. 360 kWh/m2/year, vs. 400 kWh/m2/year for the entire nation
(these figures account for total building energy consumption, including heating, domestic hot water,
air conditioning, and specific electricity uses.

Potential energy savings are considerable, with the most substantial sources being found:
• for residential, in the sector of single-family dwellings and private housing cooperatives (with
relatively high average consumption rates per m2 of floor area), i.e. between 200 and 350
kWh/m2/year, particularly whenever electric heating is involved;
• for tertiary, in the office sector, showing very high average consumption rates per m2 of floor
area, on the order of 300 kWh/m2/year, with increased readings for specific electricity uses such as
lighting, information technologies or, on the retail side, cold food storage.
At present, roughly thirty EPC are in place throughout France, and these comprise investments on
energy systems renewal or, even better, on building shell renovation.
One of the first EPC contracts signed in the housing sector related to the heating system
renovation of 231 subsidized units in Vitry-sur-Seine, sponsored by the social landlord Logirep with
a commitment to reducing energy costs by 40%. The current reference consumption is rated "E",
according to the energy performance diagnosis (EPD), with a consumption rate above 230
kWh/m2/year. Commissioned to a consortium led by Bouygues Bâtiment (Paris Regional Office)
and ETDE for an estimated contract amount of €4 million, this energy renovation project will entail:
insulation of facades, floors and decks; renewal of heating equipment and doors/windows; and
installation of solar sensors for domestic hot water. After 4 years of project work, since the 40%
savings threshold has not yet been met, the contractor has agreed to reimburse the difference to
the social landlord.
2.3 Outlook for sustainable construction
The advantage with the EPC tool is to circumvent difficulties associated with obtaining the
considerable financing required to perform heating system rehabilitation, with the downside being a
delay in critical building owner investments, thus making it necessary to push back the deadline for
achieving greenhouse gas emission reductions.
Thanks to EPC, public or private property managers are now able, for the very first time, to benefit
from a contractual guarantee to yield energy performance improvements for the priority segment of
existing structures. Given the relative complexity of its contractual design, this type of tool will
require streamlined procedures in order to gain more widespread acceptance, in addition to
standardized contracts and building owner assistance, notably with regard to housing
cooperatives, regional authorities and the private tertiary sector.

Conclusion
The ESC and EPC mechanisms applied to the building industry offer two distinct and
complementary tools. A standard EPC fact sheet has been drawn up for existing residential
buildings, within the scope of typical ESC operations. These incentivizing tools lie within the range
of economic and financial measures, such as subsidies, low interest green loans and tax credits.
Both innovative and inspired by market mechanisms, EPC and ESC expand the line of economic
and financial instruments to help lead the building industry to greater sustainability along the path
towards "carbon neutrality".
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Summary
Building Environmental Assessment Tools (BEAT) are widely used in the construction industries of
many countries. CASBEE (Comprehensive Assessment System for Built Environment Efficiency),
BEAT in Japan, has been used as a supporting tool for DfE, a communication tool between clients
and architects, a green building promotion tool by local governments, and a visualizing tool of
building performance.
However generally, CASBEE is mainly used as an environmental design tool, and is not yet widely
used as a tool that promotes green property to the property market. On the basis of the above,
connections are investigated between building items and site items in CASBEE, and CASBEE for
property market promotion version is developed. It easily explains the linkage between
environmental performances assessed in CASBEE and property appraisal to the market players
and can be easily used. We show assessment items of CASBEE for Property Market Promotion
(Draft). This tool has two aspects. One is the aspect of evaluating environmental performance. The
other is the aspect of disclosing environmental performance value (Index). This tool reflects UNEP
FI PWG’s support for concise metrics.
Keywords:Sustainable property, Property market, Environmental added value, Pricing factor
determination, Linkage to property appraisal, UNEP-SBCI, Sustainable Building Index,
CASBEE for market promotion

1. Introduction
CASBEE (Comprehensive Assessment System for Built Environment Efficiency) is the Building
Environmental Assessment Tool widely used in Japan. CASBEE has been adopted by 23 local
governments nation-wide (as of March 2011). Number of buildings to be applied to local
governments is over 4,800. CASBEE for New Construction has been certainly promoted, but it has
become a big issue to the use of existing property appraisal. ”CASBEE for Property Appraisal
Manual (2009 Edition)” has been published in February 2010 to cope with this issue. In this manual,

environmental added value and theory are considered, and this tool pays attention to relevance of
CASBEE items and pricing factor determination.
However, there are opinions from persons concerned with property appraisal, that this manual is
too detailed for practical use. Improvement for the convenient use is expected for the next new
issue. And, we sometimes take inquiry about the evaluation compatibility between CASBEE and
LEED et al., when overseas investors and foreign tenants examine Japanese property.
Furthermore, in UNEP-SBCI and UNEP-FI-PWG, there is movement to propose the world common
metrics, such as carbon emissions.
On the basis of the above, we have connected building items and site related items in CASBEE,
and studied CASBEE for property market promotion version, that easily explains the linkage to
property appraisal to market players and can be easily used.

2. Background of study and Image of CASBEE for Market Promotion
2.1

Background of study

(1) The present CASBEE has been precisely made as a DfE
Design for Environment
communication tool, but is not widely used as a tool that promotes green property to the
property market.
(2) “CASBEE for Property Appraisal Manual (2009 Edition)” has been developed in February, 2010
to cope with this issue. There are opinions from persons concerned with property appraisal
that this manual contains too much to consider on a practical level. Improvement is expected
for the convenient use.
(3) We sometimes take inquiry about the evaluation compatibility between CASBEE and LEED et
al., when overseas investors and foreign tenants examine Japanese property. Evaluation by
common items with LEED, BREEAM et al. and compatibility has been desired.
(4) UNEP-SBCI, United Nations Environment Programme - Sustainable Buildings and Climate
Initiative, proposed the world common metrics, such as energy use, GHG emissions, water
use, recycled waste, indoor environment, biodiversity and economics.
(5) In UNEP-FI PWG (United Nations Environment Programme - Financial Initiative Property
Working Group), there is movement to request every BEAT party concerned to develop rating
tools that is simple, not expensive, and compatible.
2.2

Image of Market Property Promotion Version

On the basis of the above, CASBEE for Market Promotion is expected to be as below.
(1) Encompass items proposed by UNEP-SBCI
(2) Items are compatible between CASBEE and LEED and other rating systems
(3) The number of assessment items is reduced as small as possible.
(4) It establishes the linkage to property appraisal.
(5) It effectively utilize the framework of existing laws and standards (ex. Building health standards,
Housing performance indication system and Recycling law)
(6) It establishes a mechanism to use widely by property market players
(7) It does not necessary require a full version CASBEE assessment.
(8) First, this tool will target for existing and new-construction office buildings, and then next,
houses and other building types will be subjected.

3. Concept
Simple, comparable and compatible systems are crucial to our decision on investing in green
buildings. They would also need to cover common metrics which UNEP SBCI proposed. In addition,
we could connect such systems to property appraisal.
With this in mind, a very simple version of CASBEE has been studied to be launched in Japan. In

some sense, such a study might be necessary for other rating systems in the world.
In future, rating systems could be in such form: Every system could share “Common Metrics”.
Every system may include each country’s particular items, such as earthquake resistance in Japan.
Every system could connect to property appraisal. And rating systems for DfE and for investors
could coexist; planners and contractors need elaborate systems. But, investors need simpler
systems.

Image of CASBEE for Market Promotion
Creating simple, comparable, compatible system
Covering common metrics
Connecting to property appraisal
Rating Systems in the World
(e.g. BREEAM, LEED, Green
Star…)

Common
Metrics
6 items by
UNEP SBCI

Current CASBEE
approx. 110 items

Image of
CASBEE for
Market
Promotion
(about 20
items)

In future, rating systems could be…
Sharing “Common Metrics”
Including each country’s particular items
Connecting to property appraisal
Coexisting of “For DfE” version and “For Investors” version

CASBEE for DfE

CASBEE for
Market
Promotion

Common
Metrics

Rating
Systems
for
Investors

Rating Systems
for DfE
in the World

Fig. 1 Image of CASBEE for Market Promotion

4. Outline of Sustainable Building Index (UNEP-SBCI)
In 2009 Common Carbon Metrics (CCM) was launched at COP15. Without global consensus is
causing confusion in the market, and undermining efforts to fully implement sustainable building
practices. The UNEP-SB Index will provide a globally consistent framework to understand,
measure, report, and verify actual building performance on core sustainability issues. The Index is

not intended to be a rating system, but rather intended to steer and focus building industry
stakeholders on the primary issues agreed upon by the leaders and decision-makers of this sector.
The Index shall focus on measurable, reportable, and verifiable indicators, be applicable to
existing residential and non-residential buildings and facilitate both top-down and bottom-up
aggregation of the performance of building stock. The Index shall include aspects of the buildings’
impact and benefits with regard to:
- Energy/Greenhouse Gas Emissions
- Water
- Materials
- Social Issues (Indoor environment quality)
- Biodiversity and Land use
- Economics
Table 1 Items of Sustainable Building Index (UNEP-SBCI)
Issue
Energy GHG
emission

Indicator
Energy Intensity

Unit
kWh/m /year

Carbon Intensity

kg-CO2e/m /year

2

2

or kg-CO2e/o/year
Water
Materials
Indoor Environment
Quality (IEQ)

Storm and sanitary water
harvested and treated/used on
Use of recycled materials in
construction
Indoor air pollutions level

2

Mlitre/m /year
% by mass
3

Biodiversity and
Land Use

Lighting for suitable task
Noise
Thermal comfort
Land site previously built on and
avoided green field site

Pollutant level/m
Lux
dB
PMV Index
Yes/No
(Target: Zero or positive
impacts on biodiversity)

Economics

Annualized total life cycle cost

US$/m /year(calculation)

2

5. Assessment Items of CASBEE for Market Promotion (Draft)
This tool has two aspects. One is the aspect of evaluating environmental performance. The other is
the aspect of disclosing environmental performance value (Index).
Clearly indicating environmental performance value is required from the property market, and it is
important to disseminate such idea. And this tool now refers to the partial criteria of CASBEE, but
furthermore aims to refer to the global common standard or index that will be commonly used by
many Building Environment Assessment Tools.
Table 2 shows assessment items of CASBEE for Property Market Promotion (Draft).
Five items, namely Energy/GHG, Water, Materials/safety, Biodiversity/Site, and Indoor environment,
are classified as main categories of this tool, including five of the Sustainable Building Index. The
each item of the five categories contains the prerequisite item. “Soil Environmental Quality /
Regeneration of Brown Field”, “Public transportation access”, and ” Measures to Risk of Natural
Disaster” contribute to Biodiversity/site, as assessment items related to the site quality. The outline
of proposed main assessment categories, currently under investigation, is described as follows.
5.1 Energy / GHG
In a new construction building, energy calculation performance evaluation as a building is shown.
In an existing building, actual energy data is evaluated by positioning on DECC data et al.
We are studying both showing the demand-side energy (secondary energy) and the supply side
energy (primary energy).

Table 2 Items of CASBEE for Market Promotion (tentative version)
Group

Unit of
Measurement

Items
Target setting and Monitoring

Prereq
Energy
consumption
/GHG
emissions

1

Energy Intensity/Carbon Intensity
(calculated)

2

Energy Intensity/Carbon Intensity
(measured)

3 Renewable energy

Water

prereq

toal energy consumption data evaluated by
positioning on DECC(*2) data et al.)

1-5

%

New item

1-5

New item

prereq

evaluated by new simulation tool, BEST(*1) et
al.

New item

15 - 25

3

2

New item

1-5

3

2

New item

1-5

m /m /year

2 Water Intensity (measured)

m /m /year

Standard for earthquake resistant after 1981
or Seisimic Index of Structure(Is)>0.6
or other Index

Earthquake-resistance
Exceeds of earthquake-resistance
1 Seismic Isolation & Vibration
Damping Systems

Material /
Safety

meets the requirements of Energy conservation
Law
Standard of present CASBEE

New item

1 Water Intensity (calculated)

Prereq

points

MJ/m2/year
kWh/m2/year
kg-CO2/m2/year
MJ/m2/year
kWh/m2/year
kg-CO2/m2/year

Target setting and Monitoring

Prereq

Method of Measuring and
Assessment Draft

Recycled Materials Use number of items
2 of structural and non-structural recycled

prereq

Standard of present CASBEE

1-5

Standard of present CASBEE

1-5

Standard of present CASBEE

1-5

materials use for the present

3 Service Life of Structure material

year

Ease of MEP Renewal /
4 Increace Self-sufficiency Rate of Power

Standard of present CASBEE

New item

Avoiding from immigrant Fauna & Flora
specified, not specified, careful

Prereq

New item

1-5
prereq

Preservation & Creation of Biodiversity
Conservation, restoration, management of

1 Ecological Resources, Quantity & Quality of

%

Standard of present CASBEE

1-5

Greening for the present

Biodiversity
/Site

2

Soil Environmental Quality /
Regeneration of Brown Field

Y/N

3 Public transportation access

New item
Standard draft of CASBEE for Sustainable Site

New item
Standard draft of CASBEE for Sustainable Site

1-5
1-5

New item

4 Measures to Risk of Natural Disaster
Indoor Environment Standard of
buildings, offices, and Division of
smoking and nosmoking areas

Prereq

Indoor
Environment

Standard draft of CASBEE for
Sustainable Site flood, subsidence, tsunami,
landslide et. Al

Confirmation of measurement document
is available

1-5

prereq

1 Daylighting

Standard of present CASBEE

1-5

2 Natural Ventilation Performance

Standard of present CASBEE

1-5

Standard of present CASBEE

1-5

3

Perceived Spaciousness & Access to
View

maximum
Items of Sustainable Building Index proposed by UNEP-SBCI (draft)
*1 BEST: Building Energy Simulation Tool
*2 DECC: detabase for energy Consumption of Commercial buildings

100
points

5.1.1 Target setting and monitoring (prerequisite)
- Target setting of energy consumption: New construction buildings will fill the target value (MJ/
m2/year). Existing building will fill the actual value and target value next year (MJ/m2/year) .
- Monitoring:
Level 3: grasp actual annual energy consumption, and be able to compare with benchmark
building by energy consumption intensity et al.
5.1.2 Energy consumption intensity
a) New construction buildings (calculated data): primary energy consumption in condition with
standard operation
b) Existing buildings (calculated and measured data): primary energy consumption in condition with
standard operation, and primary energy consumption in terms of measured data from the power
consumption and gas consumption
c) More, convert to demand-side energy (secondary energy) (kWh/ m2/year) and CO2 emission
intensity also shown
5.2 Biodiversity / Site
Soil Environmental Quality, in addition to Brown field regeneration, Public transportation access,
and Measures to risk of natural disaster are related to the site.
5.2.1 Avoiding from invasive species Fauna & Flora (specified, not specified, careful) (prerequisite)
Avoid from invasive Fauna & Flora (specified, not specified, careful). Study this determination
method. And study the method that evaluate planning and measurement to increase Fauna & Flora.
It is important to consider at the planning and implementation, but also continuing maintenance is
required, such as invasive species from entering after the completion.
5.2.2 Preservation & Creation of Biodiversity
a) Net/Gain Rate of Biodiversity
b)The moment, Action for conservation, restoration, management of Ecological Resources
evaluated by additional points method
- Grasp the characteristics location, setting planning policy
- Save or restore flora and fauna, soil, water
- The amount of green: evaluation of Greening Index on site
-The quality of green: Green-friendly native species conservation, Green according to the
conditions of site planting, Green according to the ensure small wild animal habitat
- Management and utilization of biological resources: Necessary equipment to the maintenance of
green, Environment and facilities where users and neighbours get close to nature
5.2.3 Soil Environmental Quality Regeneration of Brown Field
- Level 4: As a result of legal survey, the site is given the required notification area in the case of
change of land shape. And notification of the plan and removal of pollution are carried out
- Level 5: As a result of voluntary survey, the site is given the required notification area in the case
of change of land shape. And notification of the plan and removal of pollution are carried out
or Cancel the designated area by detoxifying action of voluntary effort
5.2.4 Public transportation access
GHG reduction by public transportation access is evaluated. This item is evaluated in a train
station of a bus stop within 15, 8, and 5 minutes, et al.

5.2.5 Measures to Risk of Natural Disaster
Grasp of various disasters and hazard maps, and land-use plan based on it are evaluated.
Disasters are flood, subsidence, tsunami, landslide et al.

6. Issues to consider future
6.1 Target of this tool
- Property transaction participants can use this tool, including global participants
- Information is disclosed, and it's easy to understand from a third party
- Clarify the part to be possible to evaluate market participants voluntarily, and the part of the
outsourcing
- The part of the outsourcing can be evaluated relatively simple and inexpensive
6.2 Assessment Method
- Tools to use in making investment decisions
- Guarantee the accuracy of the assessment
- Expansion of building types to be evaluated
- Consistent with the full version CASBEE by case study
- Development of soft program

7. Conclusion
This tool has two aspects. One is the aspect of evaluating environmental performance. The other is
the aspect of disclosing environmental performance value (Index).
Clearly indication of environmental performance is required from the property market, and it is
important to realize the spread of this movement. This tool now refers to the partial criteria of
CASBEE, but it aims to cover the global common standard or Index that may be used in every
Building Environment Assessment Tool in future. On the other hand, it must be investigated to
demonstrate a correlation in the result of assessment with CASBEE full version. This tool will be
published, tried in the market then revised reflecting opinions form various property market
participants.
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Summary
Over the last two decades the Swedish construction sector has made much effort to develop green
building practices. This paper is based on results from three questionnaire surveys, carried out in
2002, 2006 and 2010, that investigate environmental attitudes, management and performance in
the Swedish construction industry. A comparison between the results makes it possible to identify
trends and institutionalizing processes that contribute as well as hinder sustainable development
within the industry. The aim of this study is to empirically explore the development of environmental
practice over time. The questionnaires are directed to environmental managers or alike at
companies within construction, real estate, consulting engineering and architecture with at least 50
employees (20 for architects). The total number of companies included in the survey is 534 in 2002,
542 in 2006 and 458 in 2010. The response rate varies from 41% to 45%. Three general, positive
trends can be identified. 1) Many, but still not all companies carry out environmental management
activities especially related to an EMS. 2) Companies perceive a growing pressure, i.e. interests
and expectations, from different stakeholders. 3) The practical environmental activities of a
technical nature in the companies are getting more intensive and of greater variety. The results
show that the Swedish construction sector perceives the environmental work as a consequence of
self-regulation rather than as a green business opportunity. Green business seems to be a strange
phenomenon in the sector, as it is difficult to establish a market without offering green products,
innovations, technical development, cooperation with researchers, etc. To make a difference and
change the attitude and to understand that environmental work can be much more than selfregulation, norms need to be changed.
Keywords:

questionnaire survey, construction industry, environmental attitude, environmental
management

1. Introduction
1.1

Field of study

Over the last two decades the Swedish construction sector has made much effort to develop green
building practices. Researchers within the field have provided theoretical knowledge on how to
design green buildings and analytical environmental management tools have been developed to
guide the practitioners. Information campaigns have raised the general environmental awareness

among building practitioners.
In Sweden, a questionnaire survey of the Swedish construction sector has been conducted three
times (2002, 2006 and 2010) investigating environmental attitudes, management and performance.
Results of the 2002 survey showed that many companies actively worked with environmental
issues, many companies educated their personnel, implemented environmental management
systems and established environmental policies [1]. The 2002 survey also showed that the sector
focused on a few aspects like handling of environmental hazardous substances and waste. Further,
companies preferred management measures on an overarching organizational level whilst it was
more difficult to achieve acceptance of measures of technical nature within the companies. Another
result from the 2002 survey indicated a lack driving forces such as a green market and that
companies were better in planning than following up of their environmental work.
Gluch et al. [2] concluded from the survey in 2006 that there is an environmental inertia within the
Swedish building sector, i.e. it is slow. The sector was struggling with energy aspects and use of
non-renewable resources, the companies continue to have a preference for waste management
and environmental activities of a managerial kind and they, like in the 2002 survey [1], perceived
that they have accomplished most results concerning use of toxic substances/chemicals and waste
management. Companies within the building sector have especially put much effort into measures
related to Environmental Management Systems. Gluch et al. [2] reveals five possible reasons to
this inertia. First, the notion that the market for green products and services are dysfunctional does
not stimulate innovation and new approaches. Second, the lack of cooperative actions between
actors involved in the building process limits the possibility to view the products and services out of
a holistic perspective. Third, for goals and goal setting to have a motivating effect it is important to
provide information of whether one has achieved the goals or not [3]. Fourth, the perception that
banks and other financial institutions have little or no effect on the environmental work hinder that
the issues are considered on the business agenda. Last but not least, little or no cooperation with
R&D departments creates poor foundation for the development of pioneering green ideas,
innovative green technique and new green business opportunities.
These experiences raise several questions before the 2010 survey and invite us to investigate the
environmental practice of the Swedish construction sectors in a twelve years perspective, i.e. the
time frame covered by the surveys 2002, 2006 and 2010. The following questions are of our
interest: Did the industry’s  efforts  to  develop  green  building  practices  contribute to any changes or
not? What are the main fields of environmental actions over time? Is it still going slow?
1.2

Aim and scope

The aim of the paper is to empirically explore the development of environmental practice of the
Swedish construction sector by examining environmental attitudes, management and performance
over time. More specifically the aim is to identify trends of environmental actions and attitudes.

2. Research method and data
2.1

Survey x 3 - questionnaire and data collection

The paper is based on data generated from three structured questionnaire surveys carried out
2002 [1], 2006 [2] and 2010 [4], with the objective to investigate environmental attitudes,
management   and   performance   within   the   Swedish   construction   industry.   The   term   ‘construction  
industry’   is   here   used   in   a   broad   sense,   including   architects,   technical   consultants,   construction  
companies and property owners and managers. The general structure of the survey covers the
industry’s   definition   of   its   environmental   challenge,   attitudes   towards   this   challenge,   and   the  
response and performance from environmental measures taken.
The first survey in 2002 was a modiefied version of the environmental barometer 2001 [5], a
questionnaire survey with focus on the producing sector and leaving out the construction sector. In
the 2006 survey, minor adjustments were made based on the experiences from 2002 year’s survey
hanges were made mostly concerning wording, for example, client/customer instead of consumer.

Due to its actuality, in 2006 a section concerning energy declarations directed to real estate firms
was added. In 2010, further adjustments were made based on experiences from the previous
surveys and because of a changed way of distrubtion of the questionnaire. The section on energy
declarations, questions on background information and genereal view of sustainable development,
as well as questions perceived as repetitive were removed. All three questionnaires were pretested on industry representatives. The questionnaire contained a total of 32 questions in 2002, 39
questions in 2006, and 24 questions in 2010. Keeping the questionnaire as intact as possible has
been a deliberate move in order to be able to make comparisons over time.
In 2002 and 2006, the questionnaires, were sent out by mail to each company in the statistical
population together with an introductory letter and directed at environmental managers or alike. In
the 2010 survey, the questionnaire was sent out by e-mail to environmental managers or alike
using the online software SurveyMonkeyTM.
2.2

Statistical population

For all the three surveys the companies were selected from Statistics Sweden’s  Business  register
according the Swedish Industrial Classification industry codes (corresponding to the European
industrial activity classification – NACE). The surveys 2002, 2006 and 2010, then, cover all
companies with at least 50 employees within technical consultants, building constructors, and
property owners and managers, and companies with at least 20 employees within architecture
(2006 and 2010). The addresses of the companies were also obtained from the Business register.
According to the Statistics Sweden, in 2002 about 549 companies had a core business that falls
into one of these categories, in 2006 it was about 620 companies and in 2010 about 543
companies. However several of these, especially among the technical consultants, did not belong
to the building and real estate sector, for example IT consultants and energy suppliers. After a
correction the final populations were stated and the questionnaires were sent to, see Table 1. The
response rate varies from 41% to 45%.
Table 1 Total number of companies, response and response rates
Year of survey
2002
2006
2010
2.3

Total number of
companies
534
542
458

Responses
217
246
195

Percentage of
answers (%)
41
45
43

Data analysis

In the surveys 2002 and 2006, the data has been entered manually, stored in and analysed by using the statistical data programme SPSS®. In the 2010 survey, the data was entered by the respondents directly in the database of the online software SurveyMonkeyTM. From there, the data
has been exported and analysed in SPSS®. In order to secure reliability and validity of the study a
statistician has been consulted both during data collection and analysis.

3. Results
3.1

Perceived environmental problems - Stakeholder pressure

Clients together with managers are the most influential stakeholders on companies’ environmental
work in all three surveys (Table 2). Also the final customer and the employees are considered as
important stakeholders. Further, the owner/shareholders of the company as well as the mother
company are stakeholders with an increasing influence. Generally, in 2010 more stakeholders
have been identified as influential.

Seen out of an environmental research as well as environmental knowledge perspective, we notice
in the 2002 and 2006 survey a very low influence on the companies’ environmental work that
researchers, environmental organizations, mass media and politicians are assumed to have.
However, in 2010 the trend has changed and all these stakeholders are assumed to have
increasing influence. Other stakeholders, worth to be mentioned, are unions and local
citizens/groups which had very little importance for the companies’  environmental work in the 2002
and 2006 survey but were perceived as quite influential in 2010.
In all three surveys neither financial actors, such as banks, insurance companies and financial
analytics nor controlling instances such as accountants are perceived as influential on the
companies’  environmental  work.
Table 2 Companies’  rating  of  stakeholders’  influence  on  environmental activities in the company
Managers
Customer/client
Final customer
Employees
Owners/Shareholders
The mother company
National authorities/regulators
Trade associations
Politicians
Local citizens/groups
Environmental organizations
European regulators
Unions
Competitors
Research institutions
Consumer/tenants
Suppliers
Mass media
Accountants
Insurance companies
Banks
Financial analytics
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2002 (%)
49
52
40
38
31
28
22
21
2
9
7
7
19
6
15
14
7
5
2
1
-

2006 (%)
50
51
38
31
30
21
27
19
7
4
8
15
4
17
3
15
15
5
9
3
1
1

2010 (%)
52
50
43
39
37
33
22
20
18
18
17
17
15
14
13
12
12
12
8
4
3
1

The  companies’  response  to  the  environmental  challenge,  

The   companies’   response   towards   their   environmental   challenge   can   take   different   expressions;;  
employing personnel and create environmental working groups, carrying out managerial as well as
technical measures are some examples.
3.2.1 Staffing and environmental personnel
A majority of the companies have some kind of personnel that handles environmental issues within
the company and the number has increased from 75% in 2002 to 81% in 2006 and 83% in 2010.
Still, in 2010 there are about 17% of the companies without personnel or department that handles
environmental issues. Most respondents answered in 2002, 2006 and 2010 that the number of
environmental personnel has been the same during the last four year period (Table 3). In 2002 the
number of environmental personnel was increasing fairly or much in the companies, in 2006 it had
stabilised in to a level of approximately one person per company. In 2010 the number of
environmental personnel was again increasing fairly or much in the companies.

Table 3 Changes in number of environmental personnel during the last four years period
Decreased much
Slightly decreased
No change
Slightly increased
Increased much

2002 (%)
1
6
45
30
18

2006 (%)
1
7
67
18
6

2010 (%)
0
4
56
29
11

How influential the environmental work is in the company is partly connected to which formal
position the environmental manager has. The 2010 survey shows that half of the environmental
managers (50%) are members of the board which is a considerable increase comparing to 2006
when 34% and 2002 when 43% did and indicates that the environmental issues are after a
declining in 2006 on the way to be handled as a regular part of the companies work.
All the respondents in the 2010 survey think they have, at least partly, enough knowledge in order
to influence practice (85% in 2006 and 88% in 2002) or strategic decisions (97% in 2010, 85% in
2006 and 76% in 2002). The relatively large share of the respondents in 2002 (28%) and 2006
(25%) which were not in a position that they have authority to stop environmentally damaging
processes and/or influence strategic decisions decreased to less than 10% in 2010. Thus, the
discrepancy between knowledge to influence and actual authority to do so is condensed.
3.2.2 Managerial measures
The environmental work in many of the companies within the construction sector work in
accordance with an environmental management system (EMS), more or less with the same
comprehension in 2010 and 2006 (70% respectively 73%). But his is a large increase since 2002
when 46% had an EMS.
Table 4 shows that the managerial activities that are carried out in the companies largely are
related to the EMS. For example, in all three surveys, companies’  most important activity has been
to set up a written environmental policy. Also, they have implemented routines to secure the
observance of environmental laws (increase from 74% in 2002 to 88% in 2010), established an
order of accountability (increase from 69% in 2002 to 83% in 2006 and stabilized 2010), and
formed environmental goals as part of continuous improvements as well as measurable goals
(increasing number from 2002 to 2010).
Table 4 Environmental management activities related to the EMS
Written envrionmental policy
Routines to secure the observance of env. laws
Measurable env. groals
Established an order of accountability
Env goals as a part of continuous improvements
Plan of action to achieve env. goals
Env considerations integrated in strategic decisions
Environmental audits
Env. training program
Initial environmental review
HSE data annual report
Environmental indicators to measure env. performance
Benchmarking
Separate HSE report

2002 (%)
91
74
69
69
71
49
67
75
36
25
25
21

2006 (%)
93
81
76
83
80
71
72
64
65
71
50
35
26
23

2010 (%)
94
88
84
83
82
80
77
70
67
67
61
52
39
26

Considering that an overwhelming majority of the companies say that they have set measurable
environmental goals still less perform activities that in turn measure the environmental
performance. However, this discrepancy has diminished in 2010 where 52% of the companies had
indicators to measure environmental performance, in comparison to 2002 with 25% and 2006 with
35%. Also, environmental audits are on the way to be applied more frequently (49% in 2002 and
70% in 2010). The importance of an initial environmental review is decreasing both in ranking and
percentage (ranking 3 in 2002 and 10 in 2010).
Besides activities related to the EMS the companies foremost carry out activities that aim at
transferring environmental information and demands between actors that takes part in the supply
chain (Table 5). Another communicative move is to develop checklists and guidelines.
Table 5 Environmental management activities related to purchasing and market
Env. demands on suppliers
Env. evaluation of suppliers
Implementation of checklists & guidelines
Implementation of material guidelines
Implementation of checklists
Env. information to customers
Building product declarations
Environmental declarations
Energy declarations
Cooperation projects
Eco-labelling
Use of LCA
Green marketing

2002 (%)
79
76
51

2006 (%)
87
81
63

46
33
14
15
11

50
50
44
35
24
14
14
8

2010 (%)
76
73
56
74
47
24
36
51
53
23
32
20

3.2.3 Technical measures
Waste separation has been the most common measure to reduce environmental impact in
Swedish building industry during the last twelve years (Table 6). Compared to 2002 and 2006, in
2010 all companies show a higher level of activity concerning all kind of technical measures taken.
In 2002 and 2006 many of the companies emphasised energy as a major problem for the sector to
handle, however there were a low percentage of companies acting to reduce the energy use. In
2010, energy reduction in production and by transports is performed by 85% of the companies.
Also, in 2010 there is a change from being devoted to handle already generated waste to
performing waste minimising measures and recycling measures as it was in the previously years.
Environmental projects are getting more popular within the companies as well as space
management and implementation of cleaner technology.

Table 6 Environmental activities of a technical nature in the companies.
Waste separation
Material recycling within the company
Reduced energy use of transports
Reduced energy use in production
Actions to reduce solid waste
Reduced travelling
Environmental projects re. products/services
Substitution of hazardous inputs
Substitution of non-renewable materials
Reduced energy use of products/services
Implementation of cleaner technology
Reduced material use of products/services
Space management
Actions to reduce emission to air
Actions to reduce noise
Reduced water use in production
Selective demolition
Green open spaces to foster biological variety
Actions to reduce emission to surface water
Re-use of waste from other companies
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2002 (%)
87
62
49
35
54

2006 (%)
90
62
52
45
67
34
57
75

55
63
37
42
34
32
35
43
44
19
46

41
32
38
40
35
21
41
18
14
9

15
12

2010 (%)
95
86
85
85
84
83
82
81
76
75
67
67
66
64
59
51
49
41
31
29

Results from the companies’  environmental  activities

An indication of the success of the environmental work is obtained by looking at what extent
environmental activities have had effect on environmental performance and business.
3.3.1 Environmental improvements
Environmental activities have had most and increasing impact from 2002 to 2010 on energy use,
waste, and use of hazardous substances, the last one on more or less the same level as 2006
(Table 7). In 2010, environmental activities even have had a considerable impact on use of nonrenewable materials, risks of environmental accidents and transports.
Table 7 Effect of environmental activities on environmental problems
Use of energy
Waste
Use of hazardous substances
Use of non-renewable resources
Risk of environmental accidents
Emissions to air
Use of water
Contaminated soil
Noise
Landscape damage
Smell
Waste water

2002 (%)
20
24
29
11
9
11
10
7
4
2
3
6

2006 (%)
25
36
33
15
20
15
13
7
9
2
3
6

2010 (%)
49
40
32
30
27
19
17
13
10
8
6
5

3.3.2 Business effects
Similar for all three studies, companies in the building sector consider that environmental activities
mostly bring long-term benefits to business or benefits for the principal stakeholders, such as staff,
management and owners/shareholders.
Table 8 shows that a majority of the companies answered in all three surveys, that the
environmental activities have had a positive impact on especially company image, whereas
environmental activities have had a negative impact on short-term profits, cost savings and
productivity. The effect on the competitive advantage has been the same during the whole period,
however its ranking dropped from 4 (2002 and 2006) to 7 (2010). It is noticeable that bureaucracy,
a new activity added in the 2010 survey, is by far considered having the most negative impact
(33%).
Table 8 Effect of environmental activities on business (positive/very positive)
Company image
Pleased personnel
Pleased management
Long-term profit
Pleased owners/shareholders
Product image
Competitive advantages
Cost savings
Sales
Recruitment
Market advantages
Market shares
Productivity
Short-term profit
Improved terms of insurance
Improved terms of bank loans
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2002 (%)
74
61
67
56
53
46
58
39
43
33
39
33
19
15
9
6

2006 (%)
79
69
63
52
55
49
58
45
40
33
36
26
18
15
12
6

2010 (%)
85
77
78
64
63
61
58
52
48
47
44
36
27
27
14
12

Obstacles and attitudes

Obstacles for carrying out an effective environmental work can be divided into internal and external
obstacles,   where   the   external   are   out   of   the   company’s   immediate   control   and   the   internal   are  
easier for the company to have an effect on.
External obstacles that companies experience as hindering are foremost lack of market incentives,
lack of cooperation, no competitive advantages but also lack of technical solutions and no
regulatory incentives (Table 9). This perception has risen quite much since 2002. An internal
obstacle that many companies emphasize is that environmental work is too costly, with a
significantly increase in 2010. Also lack of educated personnel is mentioned as an obstacle for
effective environmental work.
On an overall level, the construction sector experiences that obstacles are more pronounced now
than four years ago (up to 50%), which is an enforced trend since 2006 where obstacles were
perceived between 5 and 10% more compared with 2002.

Table 9 The extent, which obstacles have influenced environmental activities in the companies
(little/some/quite much/much), in brackets figures for perceived obstacles as much/very much
Obstacles
external No demand for green products/services
Lack of willingness to cooperate from customer
Lack of willingness to cooperate from suppliers
No competitive advantages
No technical solutions available
No regulatory incentives
Lack relevant information
Lack of clear regulations
Lack of reliable information
Lack of willingness to cooperate within the sector
No regulations
Cultural heritage demands
internal Lack of educated personnel
Lack of knowledge on available tools
Too costly
Lack of financial resources
Communication difficulties
Insufficient organizational structure
Lack of management support
Counteracting organizational structure
Organisational difficulties

2002 (%)
62 (24)
57 (9)
60 (7)
59 (21)
56 (9)
57 (12)
60 (14)
51 (7)
47 (8)
44 (8)
70 (15)
62 (9)
61 (18)
60 (12)
50 (12)
67 (15)

2006 (%)
74 (24)
61 (11)
63 (11)
74 (31)
62 (8)
53 (16)
61 (8)
61 (13)
61 (6)
55 (10)
43 (9)
31 (3)
76 (10)
73 (10)
73 (19)
62 (14)
59 (13)
63 (15)
57 (13)
43 (8)
-

2010 (%)
83 (29)
80 (13)
80 (11)
80 (30)
79 (13)
79 (16)
71 (10)
70 (6)
69 (8)
67 (10)
64 (12)
48 (7)
88 (14)
86 (9)
86 (26)
76 (15)
70 (6)
67 (12)
60 (11)
59 (6)
-

4. Discussion and conclusion
A comparison between the results from 2002, 2006 and 2010 makes it possible to identify trends
and institutionalizing processes that contribute as well as hinder sustainable development within
the construction industry.   The   survey   enables   us   to   see   whether   the   industry’s   efforts   to   develop  
green building practices have contributed to any changes or not.
Out of the results, three general, positive trends can be identified. 1) It is obvious that
environmental management activities, and especially related to an EMS, today are in many
companies, but still not all, a common and an integrated part their environmental work. 2) It is also
obvious that companies perceive a growing pressure, i.e. interests and expectations, from different
stakeholders. This is in line with the first survey where the respondents expressed a belief in an
increasing stakeholder influence in the future. 3) It is apparent that the environmental activities of a
technical nature in the companies are getting more intensified and of greater variety, i.e. not only
focus on a few aspects such as waste management or handling of hazardous substances.
The results of the three surveys illustrate quite clear that the Swedish construction sector perceive
the environmental work as a consequence of self-regulation (follow ISO standards, guidelines, etc)
rather than as green business opportunities. This belief in self-regulation seems to be a kind of
taking responsibility for society instead of shaping green business. The increased stakeholder
pressure could also be interpreted as compensation for democratic insight in national regulation
when self-regulation is pertained. Similarly, the understanding that environmental work mainly
gives benefit to improved company image and is costly also supports the prevailing argument that
environmental work follows the logic of self-regulation. The question is, why should be there a lack
of green business potentials within the construction sector either in the nature of ecoefficiency/resource efficiency (should lead to short-term profit which the respondents not really can
se) or green product development. Possibly, the companies are getting more interested in green
marketing when self-regulating activities gets more bureaucratic? What can they win by cementing
their belief in self-regulation? Green business seem to be a strange phenomenon for the actors in
the sector – it   is   difficult   to   establish   a   market   if   the   actors   can’t   offer anything such as green

products, innovations, technical development, cooperation with researchers etc.
Finally, to make a difference and change the attitude of the actors in the Swedish construction
sector and to understand that environmental work can be much more than self-regulation, norms
need to be changed – and this can be done in many different ways!
4.1

Some comments on validity and reliability of the study

There   is   always   a   risk   in   surveys   that   intend   to   measure   peoples’   attitudes   and   values   that the
respondents may answer as they believe they should answer and/or tries to place themselves and
their companies in a favourable light. It is therefore important to acknowledge that these surveys
do not present an objective truth about the companies’ environmental work but rather measure
what the respondent perceive as their environmental challenge, problems and so forth. There is
also a risk, since the survey, is directed to environmental managers, that they in general have a
larger interest in environmental aspects and therefore is not representative for the overall values
within the company.
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Summary
A programme to address New Zealand’s poor housing stock was developed to encourage
renovators to make more effective investments in the sustainability of their dwellings.
Specific material was developed for homeowners, the home retrofit and renovation sector
and local government to assist them to make sustainable choices and improve dwelling
thermal and resource performance. The response of renovators to that information was
monitored and research undertaken on renovation activities and motivations. That research
found that the programme affected the choices that homeowners made with regard to their
renovations, and resulted in a more supportive local government policy environment for
sustainable renovations.
Keywords: Retrofit, house performance, market transformation

1.

Introduction

The poor performance, particularly as relates to energy and water efficiency and indoor
environment quality of New Zealand’s housing stock is well established. The 1.6 million
dwellings in New Zealand are mainly detached, timber framed houses with poor thermal
efficiency and similar design across New Zealand’s variable climate – from the moist warm
north, to the cold dry south. Most of those dwellings are owner occupied. Consequently, the
choices made by owner occupiers regarding renovation can have a profound impact on the
overall dwelling stock.
A research consortium, Beacon Pathway, researched approaches and developed tools and
information aimed at increasing the uptake of sustainable renovation and retrofit over a five
year period. Previous analysis of renovation practices in New Zealand identified poor
industry supply of sustainable renovation options to consumers and both low awareness of
opportunities to improve the sustainability of a dwelling during renovations among owner
occupiers. The HomeSmart Renovation Project was developed and implemented to explore
how those practices might be changed.

2. The HomeSmart Renovation Project
The HomeSmart Renovation project was developed as a transformational research
programme. It was directed at facilitating owner occupiers to, firstly, retrofit and operate their
homes to achieve a High Standard of Sustainability and, secondly, to better understand the
technical, market economic and social dynamics of sustainable renovation.
2.1

Beacon’s High Standard of Sustainability

In order to provide a framework for Beacon to measure the influence it is having on the
sustainability of houses at a national level, and to provide a useful benchmark against which
individual households can evaluate their home’s performance, Beacon has developed
benchmarks for a High Standard of Sustainability® (HSS) in homes [1]. These benchmarks
have focused on five key aspects of dwelling sustainability:
Energy Use
Water Use
Indoor Environment Quality
Waste
Materials
Underpinning these five technical aspects of dwelling sustainability are the issues of
affordability and future flexibility. When considering the individual household benchmarks at
which the HSS performance indicators should be set, affordability was a significant
consideration [1].. The benchmarks have therefore been set at levels where many of the
features used to bring about their achievement are:
low cost (eg simple measures such as fitting of draught stoppers and use of low-flow
shower heads)
have a payback period of less than the expected life of the product
2.2

Key Components of the HomeSmart Renovation Project

The HomeSmart Renovation project:
Undertook case studies of sustainable renovations, monitoring and reporting on their
effectiveness;
Developed consumer and industry information about ways to improve the sustainability
of houses;
Worked with the retrofit and renovation sector to increase their capability around
assessment and implementation of sustainable renovation;
Developed specific information on renovations targeted to individual homeowners based
on the condition of their house; and
Worked with local government to improve plans, policies and processes to support and
promote sustainable renovation.
2.3

Case Studies of Sustainable Renovations

Nine houses in Wellington were selected as case studies, representative of New Zealand
homes from the 1960s and early 1970s, a major home building era in New Zealand, with a
legacy of about 400,000 homes. Housing in this era is known to be difficult to retrofit for
energy efficiency.

The houses, all owned by the occupiers, were located in a middle income suburb of Porirua,
and included a variety of house design and sizes. Houses with a Rateable Value of more
than $410,000 were excluded [2].
Before any changes were made, the nine houses were all monitored for energy and water
use, temperature and humidity, and the amount of waste produced. This data was
compared to post-renovation data to evaluate the effects of the changes.
In the first part of 2007 the homes were renovated with energy, waste and indoor
environment quality improvements. Each home had a different combination of features
installed, to allow comparison of their effectiveness.
The homes were then monitored for 15 months following the renovations to enable a clear
comparison between the before and after performance of the homes [3]
The research and information gathered provided a core of material which was used to
develop the assessment and advice components of the HomeSmart Renovation project.
2.4

Recruiting into HomeSmart Renovation Project

Owner occupiers were recruited from different climate zones in New Zealand. 750 dwellings
across five different climate areas were targeted and it was hoped that recruited
householders would also represent households in different income strata. To participate
homeowners were required to have an intention of undertaking renovation activity within the
following twelve months. Any actual renovations were to be paid for and undertaken or
commissioned by the homeowners.
During the late 2008-mid 2009 recruitment period 676 households expressed interest in
participating. Of those, 432 became what were defined as active participant households.
That is, households that had an In-house Home Assessment, been sent a Home Renovation
Plan and had at least one-post plan interview.
2.5

HomeSmart Renovation Project Procedures and Information

The first stage of the programme, ahead of recruitment of participant homeowners, was the
development of the assessment and information material to be used in the project (called the
HomeSmart Renovations Procedures). This was developed building on the information
gained from the Papakowhai case studies [3], [4] and through working with key informants
from the retrofit and renovation sector to ensure the assessment and information material
was as practical as possible.
Beacon Pathway partnered with four community retrofit organisations, located
geographically across New Zealand. These organisations, as well as inputting into the
development of the Procedures were responsible for the on the ground delivery of house
assessments and provision of the resulting advice. These organisations were: Community
Energy Action; EcoMatters Environment Trust; Energy Options; and Energy Smart.
Eight procedures were developed providing information for a range of participants in the
value chain including industry assessors, installers, project managers and the homeowner.
These are outlined in Table 1:

Table 1: HomeSmart Renovations Procedures Developed
Procedure
Purpose
Industry Partner Support Material
To provide advice and support to people
generating promotion around the HomeSmart
Renovation project with view of unifying and
Business Case and
clarifying external messages. The information
Marketing Support
includes an outline of the benefits of
sustainable renovation, information on target
audiences,
sample
letters,
sample
PowerPoint presentations and sample flyers.
To provide in-home assessment which collect
Industry In-Home
sufficient information to develop a individually
Assessment Tool
tailored renovation plans for homeowners.
To develop consistent Renovation Plans and
Renovation Plan Builder
packages as an output of the in home
assessment.
To ensure understanding of sustainable
Training Support
renovation assessment and enable accurate
and consistent home assessments and
renovation plans to be delivered by a range of
providers.
Best Practice Guidelines
To guide implementation and ensure quality
and Project Management
of installation.
Manual
Homeowner Support Material (“Homeowner Kit”)
To provide information to homeowners on
operating their home and the technology
Home Manual
within it. To also provide assistance with
choice of products for installation.
To provide training and tips on project
Project Management
management and common errors during the
Manual
renovation from a homeowner perspective.
To provide homeowners with a prioritised and
justified plan for improvements required to
bring their home up to a High Standard of
Sustainability - outlining the key attributes of
Renovation Plan
the house which will affect performance, a
rationale in relation to these for improvements
to be made and a prioritised list of packages
with some indicative costings to undertake
these.

2.6

Audience

Industry partners,
marketing specialists,
funding providers, local
authority partners

Industry partner
assessors
Industry partner
assessors
Industry partner
assessors, project
managers, installers
Installers, project
managers

Home owners and
occupiers
Home owners

Home owners

Monitoring and Evaluation

The research methodology for the HomeSmart Renovation Project drew data from a mix of
administrative, monitoring and survey sources supported by an attempt to establish and
recruit to a sample frame which addresses issues of both household income and climatic
differences. Table 2 sets out the data specification of the HomeSmart Renovation Project.

Table 2: Summary of Monitoring Methodology HomeSmart Renovation Project
Data Source

Instrument

Provider

When

Who/What

Participants

Self complete
application and
registration
questionnaire

Householder via
questionnaire

Pre-retrofit

All participants

Dwelling In Home In Home
Assessment
Assessment Tool

Partner assessor

Pre-retrofit

All assessed
dwellings

Renovation Plan

Renovation Plan

Partner assessor

Pre-retrofit

All assessed
dwellings

Retrofit
Installation

Householder
Survey

Surveyor

Post-retrofit

All installed
dwellings

Administrative
data

Reticulated
energy

Householder via
energy bills or by
through supplier

Pre and post
retrofit

All assessed
dwellings

Administrative
data

Householder via
Reticulated water water bills or
through supplier

Pre and post
retrofit

All assessed
dwellings if
separate water
billing

Direct monitored
data

Temperature

Direct monitored

Pre-retrofit
Post retrofit

183 dwellingstemperature

Direct monitored
data

Water

Direct monitored

Pre-retrofit
Post retrofit

16 households
installed water
meters

Direct monitored
data

Humidity

Direct monitored

Pre-retrofit
Post retrofit

122 dwellings
Fuginex tabs 1

Participant survey

Householder
telephone survey

Surveyor

Pre-retrofit
Post retrofit

All assessed
dwellings

Direct monitoring of consumption patterns in relation to water and energy was limited to a
sub-sample of dwellings but all householders were asked to provide reticulated energy data
by way of permissions to access billing data from the household’s supplier.
Water data, except where meters were installed, was only provided in areas in which the
local authority meters water. Within the HomeSmart Renovation project this was households
in Auckland, Nelson and Christchurch. Owners of monitored dwellings without water meters
were also approached in an effort to install water meters. In all, 16 were installed. Overall,
water data was acquired from 79 householders. In relation to energy and water billing data,
this was collected from suppliers where householders agreed that the project team could
access energy and/or water billing records.

3. Results
This section provides a profile of the households that participated in the HomeSmart
Renovation Project and their dwellings. It then presents research findings around the
performance of their dwellings, their renovation actions and the motivations that underpinned
1

These tabs change colour when exposed to humidity in excess of 75% relative humidity over an
extended period of time (at least 4-8 hours).

them as well as their perceptions around the usefulness of the HomeSmart Renovation
Project tools in the context of their renovation plans.
3.1

The Households

The participants in the HomeSmart Renovation Project had a profile distinctly different from
New Zealand households as a whole. They tended to be concentrated in the middle age
and earning cohorts. Their incomes were higher than the New Zealand income pattern and
they tended to be free of both young children and of older household members.
In summary, the key characteristics of the participant households were:
Almost two-thirds were aged 31-50 years (64.7 percent).
64.3 percent had household annual incomes in excess of $70,000, and 79 percent of
households have household incomes in excess of $50,000.
The largest single proportion of households had only two people, but 61.4 percent are
households with 3 or more people.
The vast majority (90 percent) of households had no household members aged 65 years
or more.
The vast majority (75.7 percent) of households had no children in the household aged 5
years or less.
3.2

Dwelling Age

Almost half the dwellings assessed had been built prior to 1957. 15.6 percent of dwellings
were built in 1978 or subsequently. Figure 1 compares the age profile of HomeSmart
Renovation project dwellings to the age profile of the national stock. The HomeSmart
Renovation project houses have an older age profile than the national stock. The bulk of the
HomeSmart Renovation project dwellings are in an age cluster spanning the 1950s through
the 1970s. There were also a small number of dwellings being renovated that were less
than twenty years old.
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Figure 1: Age of National Stock and HomeSmart Renovation Project Dwellings

3.3

Dwelling Condition

A multitude of research has found that high proportions of New Zealanders tend to assess
their dwellings as in Excellent or Good condition and that those assessments are overinflated. In 2004 a matched data set of dwellings subject to both independent house
condition surveying by the Building Research Association of New Zealand (BRANZ), and
householders participating in an associated repairs and maintenance telephone survey,
found that while 27.8 percent of dwellings were reported by householders to be in excellent
condition only 16.8 percent met a House Condition Score of ‘excellent’ when independently
surveyed [5].
Table 3 provides a comparison of New Zealanders’ self assessment of their house condition
across a number of studies including the HomeSmart Renovation project.
Table 3: Comparison of Assessed Dwelling Condition Across New Zealand Studies

Study and Year

Percentage Assessed Dwelling Condition
Excellent

Good

Average

Poor

Very Poor

2004 Repairs and Maintenance Survey [6]

27.8%

50.9%

18.8%

2.3%

0.2%

Recent Movers Survey 2008 [7]

45.6%

37.4%

15.2%

1.7%

0.1%

High Energy User Survey 2008 [7]

32.7%

43.4%

19.7%

3.6%

0.6%

National Older People Repairs and
Maintenance Survey 2008 [8]

46.1%

42.7%

10.2%

0.8%

0.3%

13%

39.3%

35.1% 10.2%

2.3%

HomeSmart Renovation Project 2010

What is striking about the interviewees in the HomeSmart Renovation project is the skew of
assessed house condition towards Average and lower house condition categories: Just
under half (47.6 percent) the participants considered their dwelling to be in Average or worse
house condition. The evidence from the HomeSmart Renovation project suggests that
participants may have a somewhat more realistic understanding of their dwellings than New
Zealanders in general.
Despite this, the In-Home Assessment process found that of a series of fundamental
deficiencies were found, including only 16.4 percent of dwellings being fully insulated.
Deficiencies in the dwellings in the HomeSmart Renovation project are set out in Table 4.
Table 4: Assessed Dwelling Deficiencies in HomeSmart Renovations Houses
Assessed Problem
No ceiling insulation
<75% ceiling insulation or <76mm thick
Roof leaks
Damp under floor
Ponding underfloor
No underfloor insulation*
Window frames need replacement
Draught stopping of doors needed
No cylinder wrap
No fire alarms
External maintenance
*where able to be retrofitted

Number of Dwellings
32
216
27
99
25
189
41
234
228
138
250

% Dwellings
7.2%
50%
6.3%
22.9%
5.8%
41.2%
9.5%
54.2%
52.8%
32.1%
57.9%

3.4

Temperatures in Monitored Dwellings

The deficiencies in house condition are associated with poor thermal performances. Some
183 dwellings were monitored for temperature and humidity over the course of the
HomeSmart Renovation project. Of those, 163 completed a 1st wave interview and 161
completed a 2nd wave interview. A number of temperature loggers were not retrieved or
failed to download requisite data. Consequently, winter living room temperature data was
captured for 163 dwellings and 151 dwellings provided winter bedroom temperature data.
For living rooms in summer, data for 156 dwellings are available while 166 dwellings
provided bedroom summer temperatures.
The data confirm previous research showing that New Zealand dwellings tend to be cold.
Partly in response to the costs of heating cold house, the New Zealand Household Energy
End-use Project [9] also found that New Zealanders have a pattern of limited heating –
usually later in the day into the evening – and spot heating. Living rooms tend to be heated
but not bedrooms.
Among the HomeSmart Renovation dwellings, the average winter living room temperatures
in the morning from 7am to 9 am are a little under 14° C, rising to almost 16° C over the
period 9am to 5 pm. Between 5pm and 11pm average living room temperatures are closer to
18° C but then fall again over night with the night average being just over 15° C (Table 4).
Over the whole 24 hour period the average temperature of winter living rooms is 16° C.
Table 4: Median, Mean and Minimum Average Living Room Winter Temperatures (n=163)
Period

Minimum

Mean

Median

Morning 7am-9am

8.78 °C

13.98 °C

13.88 °C

Day 9am-5pm

9.85 °C

15.91 °C

15.87 °C

Evening 5-11pm

11.86 °C

17.79 °C

17.85 °C

Night 11pm-7am

10.05 °C

15.26 °C

15.29 °C

24 hours

10.63 °C

16.01 °C

16.07 °C

Although those winter living room temperatures do not meet optimal temperatures for health,
they are considerably higher than average New Zealand winter bedroom temperatures.
Table 5 shows that average temperatures in bedrooms over winter through twenty-four
hours were well below 16° C at 14.4° C. The highest average bedroom winter temperature
is found between 5pm and 11pm at 15.2° C but bedrooms are coldest in the mornings, on
average in winter, 13.2° C.
Table 5: Median, Mean and Minimum Average bedroom Winter Temperatures (n=163)
Period

Minimum

Mean

Median

Morning 7am-9am

7.98° C

13.18° C

13.42° C

Day 9am-5pm

8.13° C

14.57° C

14.64° C

Evening 5-11pm

8.45° C

15.18° C

15.38° C

Night 11pm-7am

8.26° C

14.00° C

14.10° C

24 hours

8.24° C

14.43° C

14.61° C

3.5

Damp and Mould in Renovators’ Dwellings

Of the 676 householders that initially signed-up with the HomeSmart Renovation Project,
380 completed a preliminary questionnaire. The data from that questionnaire provides the
clearest indication of mould and damp among householders seeking to renovate their
homes.
Respondents to the preliminary questionnaire reported as follows:
31.5 percent used dehumidifiers;
47.1 percent had mould or damp related stains on more than an occasional basis; and
13.7 percent reported that their home’s interior walls or ceilings had black stains or
mould on them ‘always’ or ‘often’.
In addition, 320 householders reported on the extent of musty or artificial smells in their
dwellings. Those smells are frequently a sign of poor ventilation and/or damp. Only 43.4
percent reported that after a week of closing up the house, such smells were never evident.
13.4 percent reported smells throughout the house, while over a third reported them in some
rooms.
The impression of widespread moisture and damp in New Zealand homes that emerged
from the preliminary questionnaire is reinforced by the data emerging from the In-Home
Assessments. Those assessments were undertaken by the independent providers working
with the HomeSmart Renovation project. Data is available for 500 households from the InHome Assessment process.
Those assessments found that 63.2 percent had mould or mildew evident inside the house.
Of those 316 dwellings, 57.9 percent had mould in the bathrooms and 55.7 percent had
mould or mildew in bedrooms. Mould and mildew were also evident in kitchens, living
rooms, laundries and wardrobes, but the incidence of each was less than 10 percent of
dwellings. In-Home assessors also reported that 55.4 percent of householders found that
moisture formed on bedroom windows on winter mornings either ‘always’ or ‘often’. Less
than a quarter of householders found that condensation on bedroom windows was a rare
event or entirely absent in winter.
3.6

Surface Humidity in Monitored Dwellings

Humidity at the surface was measured in 122 dwellings using Fugenex humidity gauges.
Those gauges incorporate a single-use indicator strip. A blue dye is released into some, or
all, of the indicator strip if moisture levels exceed a set threshold (moisture levels in excess
of 75 percent relative humidity) for a period of at least 4 hours. Each gauge comes on an
adhesive backing so householders are able to install these easily themselves.
Householders installed the humidity gauges themselves following the instructions provided.
The first was to be installed in their main bedroom (the bedroom where they had a
temperature logger already) and the other outside the bathroom door of the main bathroom
in the house. Householders were asked to check the gauges regularly. If the indicator strip
on the humidity gauge changed colour to blue, householders were asked to leave it in place
for 2 days then remove it from the wall, note the date it was removed on the gauge and
return it, sealed in the plastic bags provided.
In all a total of 133 strips in 73 households were triggered – indicating an instance of relative
humidity levels in excess of 75 percent for a period of at least 4 to 8 hours in around twothirds of the dwellings with humidity gauges. Sixty-seven households returned a bathroom

humidity gauge and sixty-six returned a bedroom humidity gauge. Table 6 sets out the
pattern of humidity gauge activation based on gauges returned from the 122 households.
Table 6: Humidity Gauge Activations by HomeSmart Renovation Study Areas
Humidity Gauges
Research Area

Households with
Gauges Installed

Households with
Gauges Activated

Proportion of Households
with Gauges Activated

Auckland

29

21

72.4%

Bay of Plenty

13

9

69.2%

Wellington

26

18

69.2%

Nelson/Marlborough

9

6

66.7%

Canterbury

31

12

38.7%

Dunedin/Southland

13

6

46.2%

3.7

Renovation Activities

Many owner occupiers in New Zealand are serial renovators [7]. This is certainly the case for
the HomeSmart Renovation project participants. More than half (60.3 percent) of the
householders reported that they had invested in excess of $2,000 in renovation work in the
year prior to interviewing. 82.8 percent report that they intend to invest in excess of $2,000
in renovations and retrofits in the coming year.
Table 7 shows these households have a strong orientation towards insulation in their future
renovations.
Table 7: HomeSmart Renovation Household Past and Intended Renovations (n=432)
Renovation Activity* in
Previous Year Valued in
Excess of $2,000
Install ceiling insulation
Install underfloor insulation
Install heat pump
Install wall insulation
Install double glazing
Full exterior repaint
Replumbing
Roof replacement
Replace bathroom whiteware
Rewiring
Replace bathroom cabinetry
Install dual flush toilet
Install ventilation system (forced
air type)
Carpeting
Adding rooms

15.5
13.9
9.5
9.3
6.9
5.1
4.9
4.2
3.9
3.7
3.5
3.5

Intentions at 1st
Interview
% Households
31.0
32.4
8.8
15.0
15.0
3.0
4.4
4.9
3.7
1.9
3.9
3.0

3.2

2.5

2.8

3.2
3.2

2.1
2.1

2.0
2.3

Prior 1st Interview
% Households

1st & 2nd Interviews
% of Households
24.8
18.3
8.0
12.3
9.3
3.8
2.0
2.8
3.8
1.8
4.3
3.5

3.8

Impact of the Plan

Despite have this typical pattern of serial renovation, the pattern of renovations undertaken
by HomeSmart Renovation Project participants show that they have a distinctly different
profile of renovation activity from the renovation activities reported by participants in other
New Zealand research exploring renovation behaviours and investments.
As the previous section noted, both previous and intended renovations reported by the
HomeSmart Renovation Project were strongly directed to improving the thermal performance
of their dwellings. This contrasts with the activities of the serial renovators that emerged
among the households participating in Beacon’s High Energy User Survey and Beacon’s
Recent Movers Survey [7].
Those surveys show that general populations to be directed to more cosmetic renovation
activities despite there being considerable evidence that many of their dwellings were
performing inadequately. Interior repainting and/or wallpapering attracted the highest
proportion of Recent Movers (45.7 percent) and High Energy Users (19.7 percent). That
activity occupied only 2.8 percent of HomeSmart Renovation Project participants in the year
prior to their Wave 1 interview and 3.5 percent of householders in the period between their
Wave 1 and Wave 2 interviews. Similarly, among the households in the Recent Movers and
High Energy Users Surveys only 13.6 percent and 5.6 percent respectively installed ceiling
insulation. By comparison, 15.5 percent of HomeSmart Renovation Project households had
in the year prior to their Wave 1 interview and 22.9 percent between Wave 1 and Wave 2
interviews.
3.9

Perceptions of the HomeSmart Renovation Assessment and Plans

Among the 432 participants in the 1st interviews, 46.1 percent of the householders reported
that they have amended their renovation focus because of the HomeSmart Renovation Plan.
In addition, 61.8 percent of those in this phase of the interviewing reported that they had
acted on the recommendations of the HomeSmart Renovation Plan.
That is consistent with the relative high satisfaction levels expressed by
the assessment process and the HomeSmart Renovation Plan itself in
although there was a persistent desire for greater specification
recommendations. At the 1st interviews, 87.5 percent of householders
saw the assessor as having Good or Excellent competency.

householders with
the 1st interviews,
around the plan
reported that they

With regard to the HomeSmart Renovation Plan:
86.8 percent of householders reported that the plan was comprehensive.
81.7 percent of householders reported that the plan was good or excellent at identifying
key priorities.
76.4 percent of householders reported that the plan provided new and useful information.
74.6 percent of householders reported that the plan provided detailed recommendations.
69.7 percent of householders reported that the plan helped with decision-making.
Many householders had had a relatively short period of time participating actively in the
HomeSmart Renovation Project when they undertook the 1st interview. Those householders
remaining in the project showed consistently high levels of satisfaction with the various
elements of the HomeSmart Renovation Project.

Of the 400 householders in the 2nd interviews:
87.5 percent reported that the In-Home Assessment had been useful.
70.8 percent found the newsletters useful.
70.5 percent reported that the Homeowner Manual was useful, but 4 percent had not
read it.
68.5 percent found the Project Management Guide was useful, although 2.8 percent had
not read that document.
3.10 Household Actions
There are significant differences between those householders who entered the programme
wanting to undertake renovations and those householders that actually went on to undertake
renovations.
In comparison, those householders who undertook renovations, the householders that did
not act on the renovations plan at all were:
less likely to live in a dwelling older than 1957
more likely to be living in a dwelling in the mass housing/state housing typology
either more likely to see their existing house as in average or worse condition or more
likely to typify their dwelling as in ‘excellent’ condition
more likely to self-identify as a high energy user
more likely to be in a one or two-person household
more likely to be residing in Climate Zone 2.
Table 8 outlines the proportion of households acting on recommendations from their in home
assessment. The high proportion acting on insulation possibly indicates the increasingly
heightened awareness of insulation in New Zealand driven by central Government
promotion, a network of community and private sector providers and subsidised
programmes.
Table 8: Proportion of Households Acting on Dwelling Issues Identified as Requiring Action
In Home Assessment
Required Action
Ceiling insulation (n=191)

Households Acting on % Households Acting
Requirement
on Requirement
125

65.4

99

56.3

107

47.3

Wall insulation (n=214)

71

33.2

Double or secondary glazing (n=255)

62

24.3

Thermal curtains (n=156)

12

7.7

Bathroom extractor fan (n=111)

8

7.2

Rangehood kitchen extractor (n=104)

7

6.7

Pelmets (n=241)

2

0.8

Underfloor insulation (n=176)
Heating (n=226)

4. Discussion
4.1

Participant Focus for Improvements

The dwellings renovated in the HomeSmart Renovation Project were somewhat warmer than
those recruited into the New Zealand Household Energy End Use Project (HEEP) study and
monitored between 1997 and 2005 [9].
In the HEEP study, 98 percent of dwellings had average living room temperatures over 24
hours of less than 18 C. By contrast a lower proportion, 80.4 percent, of the HomeSmart
dwellings did so. Similarly in the HomeSmart Renovation houses, 87.8 percent had average
winter bedroom temperatures over 24 hours less than 18 C while 98 percent of HEEP
dwellings did so. This suggests that renovation programmes of this sort may have an only
muted impact on the stock as a whole.
HomeSmart Renovation participants had a pronounced desire to improve their dwelling
performance, particularly in relation to comfort and warmth, but they tended to focus on
insulation issues. There is less evidence in this group of householders of a focus on other
aspects of performance. Even among renovators within the project there was, despite
advice in their renovation plans, a relatively limited response to performance issues.
Certainly the idea of what constituted improved performance was relatively narrow.
The programme was designed to encourage renovators to invest in changes that would
make their dwelling more sustainable. There is little doubt that the programme did prompt a
different pattern of renovation to that seen in the past. There was more emphasis placed on
interventions that have been demonstrated to increase the thermal performance and energy
efficiency of dwellings. The extent to which these types of programmes can, in themselves,
engender the stepwise change needed to see a substantial improvement in the sustainability
of New Zealand’s housing stock is, however, more questionable. It is clear, for instance, that
these renovators may have been living in older dwellings than most New Zealanders. But
they were not living in colder dwellings.
The proportions acting on plan recommendations and assessments of required action varied
from 65.4 percent of those from whose ceiling insulation was recommended to 6.7 percent of
households recommended to install a range-hood or kitchen extractor. It would appear that
the insulation message is increasingly grasped, but the issue of dealing with humidity is less
clearly understood among householders. Similarly, opportunities for water and electricity
saving are also less likely to be taken advantage of. Relatively small proportions either took
up or reported that they intend to take up solar water heating despite the majority of
dwellings having a suitably orientated roof. Take-up of water saving options was also
relatively limited. The lack of focus on those issues by renovators, combined with their water
use patterns, confirms the importance of charging users directly for their reticulated water
use if household water demand is to be minimised.
It can be concluded then, that although support through In-Home Assessment and
subsequent Renovation Plans both stimulated and shaped renovation action, the
opportunities for further resource efficiency and dwelling performance gains are still
considerable.
It is clear that householders still feel anxious about purchasing products and services. While
many found both the In-Home Assessment and Renovation Plan helpful, participants in the
course of interviewing and in other communications with the programme frequently sought
advice on selection between products and service providers. It appears that, in the
interaction with the market, householders feel particularly vulnerable.

4.2

Uptake of the HomeSmart Renovations Approach

Following the conclusion of the HomeSmart Renovations project, the Auckland Council has
engaged with the idea of sustainable retrofit. The Auckland Council is the largest municipal
body in New Zealand, and has jurisdiction over approximately a third of New Zealand’s
population. Based on the HomeSmart Renovation project, the council set up a pilot
programme in part of the region (Retrofit Your Home). This involved training the council
building compliance staff in the assessment and renovation plan development, and providing
for 200 home assessments in the 2010/2011 financial year. Additionally a financial
assistance package was put in place, to enable those homeowners to access a $5000 low
interest loan towards the implementation of their renovation plan. The pilot programme put
in place has been sufficiently successful that the council has now expanded the programme,
and the amount of financial assistance to extend to all households within the municipal area.
Following the launch of the Auckland Council Retrofit Your Home programme, other local
governments have become interested in adopting the HomeSmart Renovations model of
supporting sustainable retrofit. A number of other Councils are now looking at trialling the
tools and approach.
The opportunity to include a sustainable evaluation and retrofit as part of repairs to houses
damaged in Christchurch due to a series of severe earthquakes, is now being piloted. Over
100,000 houses were damaged in earthquakes which occurred in September 2010,
February and June 2011. The HomeSmart Renovations tools have been adapted for
earthquake damaged houses and are being piloted in initially 10 houses, with a second
stage pilot of 1000 houses proposed. Like houses in the rest of New Zealand, the
earthquake damaged Christchurch homes are generally poorly insulated, unhealthy and
inefficient. The rebuild programme creates a tremendous opportunity to deliver a better
standard of housing for Christchurch residents, as well as greater resilience to future
challenges such as the impacts of climate change.

5. Conclusions
The HomeSmart Renovation Project was, as well as a research project, designed to pilot a
method of intervention to drive uptake of sustainable retrofit and renovation in New Zealand.
The research findings indicate that the methodology is effective, and this has been widely
disseminated by Beacon through media releases and research symposia.
One outcome of this research has been the engagement of the Auckland Council with the
idea of sustainable retrofit. The support of the largest Council in New Zealand for the
approach has helped gain the interest of other municipal bodies within New Zealand and the
HomeSmart Renovations approach and tools are now being trialled for inclusion as part of
house repairs in earthquake shattered Christchurch. It appears at this stage that the project
has been successful in developing a methodology which is able to be easily picked up and
used by local governments in New Zealand.
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Summary
In Sweden, in the last decade, construction of energy efficient new buildings using passive
standards or other low energy solutions has increased remarkably. Low energy buildings that not
long ago were considered as difficult to realise now seem realistic and feasible. This paper is
based on case studies of three different client organisations which all have the ambition to make
low energy construction part of their normal production: one larger government sector client, one
municipal client and one private housing developer. The purpose is to describe and discuss
directives, strategies and drivers of these clients to engage in low energy construction, their
methods and processes to reach their objectives and their achievements and continued challenges.
The government sector client is driven by political directives to engage in sustainable and low
energy construction and management. They perceive a responsibility to be a competent client in
order to fulfil their directives and to be attractive as an employer, but have no long history of
innovation. Their objectives for sustainable and low energy building have been restricted by their
specific and heterogeneous property stock and a highly politicised decision process for new
investments. The municipal client is driven by political directives, but also by strong personal and
organisational commitments to keep and extend their commission from the city to be leading in the
field of innovative sustainable building. They have successfully engaged in several low energy
demonstration projects. At present they widen their interest to include other aspects of sustainable
construction as well as the urban level. They also aim to engage other local clients in innovation for
sustainable development by setting the sustainability requirements for some parts of land to be
developed in the city. Finally, the private developer has strictly commercial drivers to low energy
construction, but exploits opportunities created as municipalities seek to promote low-energy and
low cost rental housing. The municipal client seeks continuously to raise and extend their
ambitions for sustainable construction, while the private developer’s ambitions are conditioned by
external demands and project profitability.
The clients in this study experience that they stimulate development among consultants and
contractors through their procurement of low energy buildings. In the case of the municipal client,
they also influence other property developers. The results might challenge the view that the slow
pace of innovation in construction can always be attributed to conservative and risk aversive
clients. Further, contrary to findings in many previous studies of demonstration projects and
innovation in project-based industries, these clients have strategies that extend beyond the
individual project and allow for step-by-step testing and development. The case studies also show
that a combination of political initiatives supporting sustainable building and ambitions developed
within the client organizations can be highly effective in driving change. Also, different clients may
fulfil partly complementary roles in this process.
Keywords: construction clients, innovation, demonstration projects, low energy buildings

1. Introduction
In recent years, energy efficiency has been high on the agenda in the Swedish building sector.
New production of low energy housing, defined as using 25% lower energy use than the building
regulations require, has increased considerably, especially in Western Sweden were new
production of low energy multi-family housing was 24% of the total production in 2010 [1]. The
number of new construction using passive house technology, i.e. buildings with high insulation
levels, tight building envelope and controlled air-flows, is also increasing [2].
The breaking point for low energy construction corresponds with the strengthened building
regulations from 2006, but is most likely the result of several correlating factors. In Western
Sweden, the regional authorities have sustained the development through a programme for energy
efficient construction since 2007. One of the projects they have supported is the opening of
Sweden’s first passive house centre in Alingsås, inaugurated in late 2007. Other influencing factors
are the increased collaboration between public and private actors and research institutions, and
numerous successful low energy projects using passive house technology where the first was built
in Lindås in 2001. Still, a Nordic comparison claims that regarding the totality of new constructions,
Sweden lag behind Norway and Denmark in number of low energy construction [3]. Western
Sweden has a slightly higher percentage of new low energy construction than Sweden in average.
With the upcoming strengthened European directive on energy efficiency (European Directive,
2010/31/EU) the building sector faces major challenges. This especially concerns renovation
projects which lag behind contemporary actions for energy savings taken in new construction [4].
1.1

Aim, approach and research questions

This research project focuses on the role of the construction client in development and innovation
of sustainable construction. In construction, the client specifies product requirements, decides the
organisation of the design and production process and, often, plays an important part in leading
and controlling this process. Through their key position, the construction client can have a strong
influence on the propensity for innovation of the entire industry [5], [6] However, relatively few
clients have so far chosen to assume a strong position in the innovation system of the construction
industry, and the rate of innovation in construction is low compared to for example manufacturing
[7].
In this paper we discuss client strategies to handle contemporary challenges set by political
objectives for climate change and sustainable development. We take a broad perspective on the
concept of innovation, recognising that it is an industry where much (although not all) technology
and service content can be considered mature.
The empirical basis consists of case studies of three different types of clients: one large, nationwide government client with a long tradition, one special purpose municipally owned organisation
which is a combination of a client and an urban developer, and a small, innovative private
developer and owner of energy efficient residential buildings. The case studies are based on
interviews, documents and presentations by the organisations at workshops within the research
project. The directives and driving forces that these organisations have to engage in low energy
building are analysed, as well their strategies and processes to handle these issues and their wider
contribution to development. A short theoretical framework uses theory from construction
innovation and project-based organisations.

2. Innovation in project-based environments and in firms
In many industries, projects are seen as tools for enhancing and organising innovation. Thus, it
may seem as a paradox that the rate of innovation and R&D expenditure in a project-based
industry such as construction is low [7], especially since many studies have shown that impressive
results may be reached within individual project [8]; [9]. However, it is typical for project-based
industries such as construction that much innovation and development work is carried out within
the projects and it is common that projects are designed specifically to develop or demonstrate
new technology. Organisational structures for driving innovation in the permanent organisations,

on the other hand, tend to be less elaborated and employees develop their competences primarily
in their project-based assignments [10]; [11]. Information dissemination and retrieval has been
found to be strongly linked to individuals and their networks, while it is difficult to spread knowledge
to a wider audience [8]; [9]. Further, links between temporary project activities and more long-term,
continuous processes in the permanent organisations involved in a project are also weak [12]. This
implies that the system for learning from project experiences is seldom well developed. Individual
employees and organisational units, perhaps supported by external funding agencies and industrylevel organisations, may easily initiate innovation in projects, but the commitment on a general
management level to learn from and implement the results is often lacking. Similarly, top
management initiatives often face considerable difficulties in influencing project level operations
[10]. Decentralisation allows project managers to resist or pay lip service to management initiatives
that they do not approve of. Thus, the same organising principle that allows new ideas to flourish
also prevents their diffusion [12].
Clearly, the problems of construction are related to remembering rather than to generating
knowledge [13]. There seems to be a general lack of systematic evaluation in the industry, so that
good practice and technology is not distinguished from bad experience. In effect, there are
examples of new solutions which have gained very quick and wide acceptance but which have
later been found to be hazardous or unsustainable, resulting in very high remediation costs. It has
been argued that the project focus has been too prominent and that the role of firm level processes
and strategies needs to be put in focus if we wish to understand and enhance sustainable
innovation in the construction industry [14]; [10]. However, despite that user influence and coproduction is often emphasized and the long-term risks are often born by clients, previous studies
of project-based organising have primarily focused on supplier firms [10]; [11].
The general innovation literature often builds on the resource-based view of the firm, focusing not
so much on market drivers for innovation as on the on the ability to identify, assimilate and
commercially exploit knowledge from the environment. This absorptive capacity [15] is seen as a
byproduct of the firm’s own R&D activities. Through research and development, employees acquire
domain-specific knowledge which allows them to identify new knowledge in the environment that is
important for conceiving and designing future products. Over time, a firm develops processes and
policies that facilitate knowledge acquisition, sharing and exploitation. Thus, routines are here seen
as the fundamental building blocks and memory of the organisation, forming organisational
capabilities. The higher the rate of change in the environment, the more vital is it for a firm to
develop dynamic capabilities for systematic modification of routines to continuously assess and
update the operating routines [16]. For the purpose of this paper, we primarily need to establish
that there are aspects of both exploration and exploitation in knowledge evolution, and that the
process can be described as a repetitive cycle involving external stimuli and feedback, generation
of variation, evaluation and selection, replication, and retention/routinization.

3. Case studies
.

3.1

Älvstranden Utveckling AB

Älvstranden Utveckling AB is a municipally owned developer with the purpose to develop land and
properties that formerly belonged to the harbour in central Gothenburg, now owned by the city.
Älvstranden has 38 employees and acts both as an urban developer agency and as a construction
client. They have developed a successful model where they work in close collaboration with the
planning administration, private and municipal clients and developers, and from early stages in the
planning process. Over time, Älvstranden has become responsible for a wider geographic area,
also outside the harbour.
3.1.1 Directives and strategies to deal with sustainability
Älvstranden acts on directives from the city of Göteborg, their owner. The directives say that
Älvstranden should position the harbour area as a strategic area of growth, have a comprehensive

view on development issues and focus on long-term value and a sustainable society. They should
actively search for new knowledge, analyse trends in development and actively share their
experiences. The city’s objectives for a good urban environment guide their work. These are
translated into a strategic plan and specific objectives. Älvstranden actively works on their
company branding which describes the passion to develop the harbour areas into something that
the citizens can be proud of.
3.1.2 Development and innovation processes
Älvstranden’s interpretation of the owner’s directive is that they should act as a role model and
catalyst for change. Still, they have no specific R&D department, manager or budget. The
construction project division is actively engaged in development and the employees find the
directives open to their own initiatives and interpretations. The construction project division has as
their informal strategy to always take a step forward in each new project in order to develop their
own competence and set an example for other developers. Most of their development work takes
place in projects. Through three consecutive demonstration projects between 2004 and 2008 they
have managed to go from standard production, according to current regulation, to passive house
standard. The construction project division has 8 employees, six engineers (manager, project
leaders and environmental manager), one urban planner and an environmental coordinator. The
division has strong environmental competence but recognises a lack of competence to meet the
increasing involvement in urban planning, notably concerning social issues.
There is also a real estate management division which carries out development work, e.g.
regarding energy efficiency and decreasing carbon dioxide emissions but also develops routines
for the technical property management. There is sometimes a conflict between the objective to test
new innovative technologies in construction projects and the long-term management of stocks,
which is facilitated if building systems are similar and standardized.
The employees recognise a lack of resources to properly capture, document and communicate
experiences from their development projects. Much is up to the non-formalised but well functioning
internal personal communication within a small organization.
3.1.3 Methods and processes to address sustainability
Älvstranden has no explicit innovation policy dictating what areas, what knowledge or which
technologies to develop. All employees take part in scanning the environment. They collaborate
with research institutes, universities and government initiatives in different kinds of projects. The
employees are encouraged to network, take part of activities and also initiate such. There is
extensive communication with citizens and other actors, both by information events and through a
blog.
The process of elaborating new ideas for development projects is a combination of scanning of the
environment, discussions in which they make use of their extensive networks, and trials in student
master thesis. If there is good result from a master thesis, Älvstranden can proceed to develop the
idea in a construction project. In this way, Älvstranden has systematically developed their
knowledge and competence through demonstration projects. In each new demonstration project
only a few aspects are unknown, thus limiting the risk of the project and allowing for evaluations.
In their first sustainable demonstration project, Älvstranden took a starting point in the
environmental ambitions for construction set up in the Building/Living dialogue, a governmental
initiative to set ambitions for sustainable building in collaboration with the industry. All materials
were to be environmentally declared and the goal was to have an energy ambition of 35% lower
than the regulations, which was achieved. A main result from the project was that Älvstranden
needed to improve their knowledge in LCC in order to be able to question the calculations of the
consultants and the contractor.
For the second demonstration project, the results from a master thesis showed that a better

climate envelope, windows and walls, for higher energy efficiency was supported by LCC. The
thesis also indicated a potential for heat exchange, but Älvstranden decided to delimit the
demonstration project to the building envelope, leaving the heat exchanger to the third project. The
third demonstration project was based on two master theses studying different building types from
an LCC, LCA and energy perspective, and also local renewable energy systems. From these
results Älvstranden decided to enhance the building envelope from the earlier project even further,
and complement with heat exchangers, and leave out the radiators. The result was one of the first,
and the largest multi-residential blocks built according to passive house principles in Sweden.
3.1.4 Further challenges
At present Älvstranden extend their ambitions from individual energy efficient buildings to
sustainable urban planning. They claim that energy use in individual buildings could be lowered
from about 60 kWh/m2 and year to 45 kWh/m2 and year, but that further efficiencies on the
building scale would not be optimal from a local energy system perspective. Instead, Älvstranden
collaborates with the local energy provider to develop an optimal system making use of buildings to
stock and balance heat demand (energy smart buildings). Älvstranden also has the ambition to
develop LCA and material use in coming projects. In the urban development, Älvstranden faces
challenges to deal with new issues such as water management, bio diversity etc., as well as social
values in the built environment.
Älvstranden has the ambition to support innovation for sustainable and climate friendly
construction locally and nationally. Through their model for commercial urban development,
Älvstranden can have direct influence on what is constructed on their land, as they set the
conditions for the developers. This has been possible as their land is attractive, and as they involve
the developers early in the process. However, Älvstranden has also been able to influence the
development of more sustainable building in Gothenburg on a wider level. They have been
involved in the development of voluntary programmes for environmental construction in the city, a
process in which their experiences have been very valuable. At this stage they search for solutions
to engage other local municipal clients more actively in innovation and development.
Älvstranden earned considerable attention for their ‘passive house’, which they were not prepared
for. Still, they experience that compared to other Swedish initiatives they do not really get the wider
national and international attention they merit for their advances in energy and environmental
issues. Thus, theyy feel that they would need external support to externalize and disseminate their
experiences.
3.2

The Swedish Fortifications Agency

The Swedish Fortifications Agency is one of the largest real estate owners in Sweden, with a
history dating back to the early 17th century. Their main role is to manage the Swedish defence
estate such as buildings, airfields, naval bases and training areas. Their property is very diverse
and ranges from statutory protected national heritage buildings to modern special purpose defence
facilities. The stock they manage has however been substantially reduced in the last two decades
as a result of downsizing and changes in the Swedish defence organization. Property investment
decisions for projects over € 2 Million are made directly by the Swedish Government, and the
building volume varies significantly between years as a consequence of political decisions.
However, there are always smaller refurbishment projects going on. The Fortifications Agency has
about 700 employees, of which 24 are found in the construction project division.
3.2.1 Directives and strategies to deal with sustainability
The Fortifications Agency receives a governmental appropriation with directions each year. Their
directives are to supply the Swedish defence with high quality built infrastructure in a cost and
resource efficient way. As for other government real estate owners, consideration should be given
to sustainable development and environmental values (the 16 national environmental objectives)
and architectural values (as described in the government policy for architectural quality). The
overall goals do not indicate that the Agency should have a leading role in development.

Based on these directives, the Fortifications Agency decides upon a strategic plan. A new plan has
been developed in the autumn 2010 with objectives for 2012 – 2019. One of the new objectives is
that the agency shall develop their role as construction client in order to support increased
efficiency and quality in the construction sector. Other specific objectives are to develop LCC,
environmental issues, energy efficiency, renewable energy resources, and eco-cycle adapted use
of resources. The agency works actively to be attractive as an employer as they face a large
generation shift in the coming years.
3.2.2 Development and innovation processes
The agency does not have any specific R&D manager, department or budget. Still, the construction
project division perceives a strategic will to engage in development and top management support
for their operational level initiatives. They also feel that engaging in development is a part of their
responsibility as a public client.
The interviewees at the construction project division identify three types of development projects
related to different drivers. First, there are initiatives originating from political decisions, such as
energy efficiency and architectural quality. Second, some development initiatives are part of the
Agency’s long-term strategic plans and initiated by the board, such as eco-cycle adaptation of
buildings, and projects to cut costs. These two kinds of development projects are formalised and
monitored by top management through steering group and reference groups, are granted a budget
and results are posted on the website. A third category of smaller development projects are
initiated by the managers at the construction project division and reported in the annual business
plan, for example, BIM, low-energy projects etc. Further, due to the technically advanced and
specific character of some projects, development and innovation is also carried out in construction
projects in collaboration with contractors and material suppliers.
There are few formalised procedures to capture and disseminate knowledge and experience in the
organisation. Within the construction management division, knowledge exchange is informal. They
also have division meetings twice a year and sub-division meetings four times a year. The division
is small and project managers know of each others’ projects and exchange experiences about
various defence-specific constructions. There is also some specialisation, so that similar projects
are assigned to the same manager. The whole Fortifications Agency, however, is a large
organisation covering a vast geographic area, and information exchange between the construction
management division and the real estate management divisions is difficult. There are specific
development leaders appointed both in the real estate divisions and in the construction project
division, but their contacts with top management and each other are largely informal and there is
no system for making the results of their work known to the rest of the organisation. Only the large
development projects are reported on the intranet. Thus, there are many local initiatives in the real
estate management divisions that are not disseminated.
3.2.3 Methods and processes to address sustainability
Employees at the construction management department have established contacts with numerous
industry level organisations in Sweden and within the Nordic countries, but they co-operate with
research institutes and universities mainly through master theses and recruitments. They
sometimes organise courses which are open for external participants, and the interviewees think
the Agency is generous in supporting their employees with continuous education.
The construction project division has engaged in defining objectives set up by top management,
interpreting what eco-cycle building and sustainable building actually means for their activities.
They have had the ambition to try out a low energy building concept since a few years. The
dependence on political decisions however makes it difficult for them to plan development more
long-term, and they had to wait for more than a year to find a suitable project to test and
demonstrate low energy building technology. In addition, the Fortifications Agency has a
heterogeneous stock which is a challenge both in a technical respect and to the replicability of
experiences from demonstration projects. Another issue that counteracts the ambitions of the

Agency, is that their client, The Defence, has not showed interest in low energy building or energy
efficiency measures in the existing stocks. The Defence does not have any political directives or
economic incentives to save energy.
In 2010, the Agency started their first low energy projects, a garrison with housing for soldiers and
a rescue station. In the garrison, the ambition was to reach an energy consumption of 55 kWh/m2
and year. An important issue was how to set requirements and find ways of incentivising energy
performance within the limitations of public procurement.
3.2.4 Further challenges
The Fortifications Agency is still at the beginning of their development process towards more
sustainable building. Their challenges remain on how they can define sustainable building for their
diverse stock and their activities, when most existing knowledge in the building sector is related to
residential buildings and office premises. Another main challenge related to implementation of
results from their first low energy projects. Although the experiences from the demonstration
project of the garrison were to be applied on coming projects, the representativeness of this project
is still questioned by the managers of the construction project division.
3.3

The Company

The Company is a private property developer in the housing sector. They only build and own
rented apartments in fast growing parts of larger Swedish cities. The Company was founded in the
early 1950s as a construction contractor firm and developed into a commercial property owner with
large holdings in a middle sized Swedish town. Since 2005, the Company has transformed into a
developer and owner of residential property, in order to respond to business opportunities created
by shortage of residential flats for rent. This process has been led by the managing director, who
has a background as an architect and also has experience of working abroad for several years.
The company currently has 18 employees.
3.3.1 Directives and strategies to deal with sustainability
The Company is owned by an US holding company The objectives are to be one of the leading
real estate managers in the rented apartment market in metropolitan areas in Sweden, and to
double their capital every fifth year. The company finds that they in short time have been
successful in their development towards these goals, something which they attribute to three areas
of strength: capital, energy efficiency and environmental focus, and ‘conceptual’ building. The
‘conceptual’ building method is an internally developed industrialised building method with
standard apartment layouts, prefabricated parts and short construction periods. These layouts are
designed to be very functional in terms of user qualities, thereby allowing for lower rents. In
developing technical solutions, the managing director relies on his personal experience of energy
efficiency reaching back to the 1980s. They have invested considerable capital in development and
used non-conventional methods to reach their goals. For example, they sometimes have to take
the full responsibility for new technical solutions that contractors or consultants will not guarantee.
Initially the company has had an over-capacity in management, but intention is that there will be a
balance as the production and development of stock increases in coming years. Further, the
company has knowledge of foreign markets and they manage to procure building components as
well as contractors to competitive prices abroad. For construction they have signed a long term
Design-Build contract with one contractor.
3.3.2 Development and innovation processes
The company has few employees and there is a close interaction between the top management
and other levels of the firm. They have not set up any formal processes for knowledge
management and internal communication is mainly face-to-face .

All employees are engaged and interested in development, and the level of education is high.
Notably, project-level development is discouraged, and all development work is carried out on the
firm level. Employees take courses primarily in management. They have received some support
from government and industry associations for measuring and evaluating the performance of their
buildings. Otherwise, they do not collaborate with universities or engage in national networks. At
one time, they wanted to become involved in an industry-wide initiative (the Building/Living
dialogue) but were considered too small. This has however changed and they are now invited to
such arenas. However, while they have initially been open with dissemination of their experiences
as a way to get publicity, the Company has recently decided to change their strategy for external
communication to protect their business.
3.3.3 Methods and processes to address sustainability
The high ambitions for energy efficiency and environmental performance are strictly commercial
and have both strategic and financial backgrounds. First, when municipalities distribute land and
building rights there is often a competition, and to be allowed to participate a small and unknown
company has to present a more innovative proposal than the established actors. Second, the
investments in low energy technology generally have a short payback time. The Company is
currently constructing a new low energy multi-family residential building on land distributed by
Älvstranden.
The low energy concept the Company presently uses resembles passive house ideas (called
“Egenvärmehus”) and has been developed based on the managing director’s earlier experiences.
In order to scan the environment for new possible areas to invest in, they invite external
consultants to study specific areas. They have investigated renewable resources such as solar
energy but so far this has not been found commercially interesting.
3.3.4 Further challenges
The Company’s plan for the future is to grow and stay competitive. They have developed a low
energy concept that works and does not have any incentives to go further in terms of energy
efficiency (their new low energy buildings use about 45 kWh/m2 and year). Incentives to develop
other environmental issues (renewables, material use etc.) could come from municipalities,
competitors proposing more sustainable building, or demands from customers.

4. Discussion
4.1.1 Directives and strategies to deal with innovation in general and sustainability
Älvstranden Utveckling is an unconventional hybrid between a semi-public city planning agency
and a construction client. We may understand their existence in the context of the widespread
criticism to traditional expert-based planning regimes, calling for new processes and institutions
better adapted to collaboration with commercial developers and other actors e.g. [17]. Älvstranden
is highly dependent on political decisions. On the company level, their ambitions for innovation
seem to origin in a company culture to be leading, as means to safeguard and extend their
commission from the city, but also driven by personal interest among employees. Their increased
involvement in urban development has set them in a position where they have to develop new
competences in fields they do not master, an issue they currently work on.
The Fortifications Agency represents a traditional type of Swedish government sector client. Its
development mirrors the general downsizing of client functions during the 1990’ies, further
accentuated by the reduction in the Swedish defence. This might explain why, contrary to some
other large government sector clients, the Agency does not have any organisation explicitly
orientated towards R&D activities. Last years, the Agency has received more explicit political
directives to engage in environmental protection. They have no official directive to be leading.
However, they feel a responsibility as a large public client to be a competent client also to attract
new staff and provide interesting working tasks.

The Company builds on a strong Swedish tradition of owner-builders, but is significantly more
innovation-orientated than these usually are. This allows the organisation to compete also on a
national level, and their ambitions for growth are higher than those of the traditional local ownerbuilders. Accordingly, the proportion of firm-level staff (in relation to project-level staff) is
significantly higher. In terms of innovation drivers, the Company has much in common with
commercial firms in general, since they are dependent on their ability to establish a sustainable
competitive advantage. For this to be possible, however, it is not sufficient to demonstrate high
quality and low costs to potential tenants. The Company first has to obtain land in attractive
locations, and is thus dependent on local governments rewarding high energy performance. For
them, innovation is strictly commercial, but on a market shaped by political concerns. The
Company’s business strategy fits well with the one of the municipal urban developer Älvstranden.
4.1.2 Development, innovation and methods and processes to address sustainability
The three companies give examples of different processes to handle innovation. The Fortifications
Agency is in a process of slowly rebuilding its client function after the 1990s downsizing. It can be
seen as a process of regaining an absorptive capacity. To some extent, collaboration with external
organisations seems to replace internal resources. However, knowledge from contemporary
examples of low energy and passive house projects is of smaller value for the Agency, since they
have a heterogeneous building stock which calls for a wider repertoire of models to address
energy efficiency as well as sustainability. The Fortifications Agency is mainly top-down governed
and processes are slow. The Agency gives their personnel a high freedom in initiating development
work and participating in industry activities, but compared to Älvstranden top management support
is passive. The culture emphasizes competence, efficiency and reliability rather than innovation. In
order to avoid uncertainties, they engage in longer investigations before proceeding to actions. The
Fortifications Agency resembles the Company in stressing operational needs and performance as
the primary basis for innovation.
Älvstrandens ability to reach high ambitions seems to rely on high competence among their
personnel, support from top management as well on financial resources which might explain why
they can involve in more uncertain projects. They mainly carry out innovation in projects.
Älvstranden share similarities with the Company in ambitions and competence. However, firm level
control is much less developed and project level freedom is high. The rate of innovation at
Älvstranden could be regarded as higher than what would be commercially wise. However, their
ambitions are also constrained by the market since it is only when there is a high interest from
investors that Älvstranden is able to put up high formal requirements.
Regarding knowledge management, Älvstranden have a high capacity regarding all stages in the
knowledge evolution cycle except for knowledge retention/routinization. The strategy to be a role
model and to further invest in development projects is hard to reconcile with high retention which
work in opposition to efficient property management. The importance of a high internal competence
to identify and absorb external knowledge can be understood when comparing Älvstranden’s
strategies regarding low energy technology and urban planning. Their progression is much more
evident in terms of building energy performance compared to urban planning which is more
complex. In the case of urban development they seek to replace internal sources with external
ones.
The high internal competence of Älvstranden enables them to successfully retrieve knowledge
through networking, collaboration with academia etc. and by carrying out innovative projects.
However, these competences are dependent on individuals and informal knowledge sharing. A lack
of routines for retention and repositories of knowledge makes their further use of experiences and
their contributions to development in the building sector at large vulnerable, not only to changes in
staff but also to political decisions that could change their directives or even put an end to their
activities.
In the Company, the organisation is small and formal routines are not well developed, but many
project management routines are embedded in the technical system. Also, the product is repetitive
and there is a long term relation to a contractor, reducing needs for formalisation. Interestingly,

development work is carried out on the firm level while project-level initiatives are not welcome,
illustrating and confirming the proposition of Dubois and Gadde [12] that a tighter coupling between
firm level strategy and project activities constrain project level freedom. The company covers all
stages in the knowledge evolution cycle.

5. Concluding remarks
This research project provides insights in innovation and development processes in Swedish
construction client organisations. Our studies have had a more general approach to innovation and
development among clients. An observation is that ambitions for low energy construction and
sustainable building have a prominent role in their objectives.
The study suggests that construction clients can take a leading role in innovation for low energy
and sustainable building. Client leadership for low energy and sustainable building has an impact
through procurement of consultants, contractors, downstream suppliers, and as in the case of the
municipal developer through contracts with other developers and clients. However, clients can also
manifest their leading position by constructing demonstrating examples, and, once again in the
case of the municipal developer, by involving in the development of local ambitions for more
sustainable building together with local authorities and in dialogue with other local municipal and
private client organisations.
Our study shows that client leadership for innovation is utterly dependent on political decisions but
also on market conditions and on organisational characteristics. The governmental and the
municipal clients in our studies are directly dependent on political decision for their activities. The
private developer is mainly driven by commercial interests but is indirectly dependent on political
decision regarding requirements for land use and its effect on the property market. The municipal
developer has high ambitions for innovation and wants to be leading in the field. Their high
ambitions are almost an over-interpretation of their political directives driven by employees. The
level of innovation they can require from investors as a municipal land owner will be dependent on
the market. As long as their land is attractive they can keep the ambitions high. Regarding
organisational characteristics that can support innovation, the municipal developer favours projectlevel initiatives which seems difficult to comply with high retention, while the private developer
favours firm level development with focus on high retention and replicability. Top-management
support for innovation will be important in either case. It could be argued that in the case of the
private developer, as in the case of the governmental client, too much top management can be
restrictive for project level initiatives which will work against innovation.
The conditions for client leadership for low energy and sustainable development in a long-term
perspective will be challenged by political decisions but also by the fact that innovation in these
organisations is dependent on personal knowledge and ambitions. A developer as Älvstranden, will
be important for the development in the sector as a whole. The private developer will not push the
limit further than what is financially interesting at present, but together with Älvstranden they could
be complementary in a wider innovation system. A basic assumption in innovation literature is that
the driver for innovation and knowledge development is to gain sustainable competitive advantage,
and that the core competencies of a firm therefore are those that are the most difficult for others to
imitate. We alsoHowever, recognise that few construction clients function as traditional companies
in the sense that they directly compete with each other. This implies that barriers to collaboration
and knowledge spill-over between clients and projects should be low, and that different types of
clients may have partly complementary roles within a wider innovation system.
Still, some knowledge sharing might be necessary to establish collaboration with other knowledge
provider firms, or to persuade customers about the relative merits of the product or service that the
firm supplies. In the absence of competition, we could rethink the incentives to innovate, as well as
the implications for knowledge sharing between clients and projects, and that different types of
clients may have partly complementary roles within a wider innovation system.
.
Both Älvstranden and the private developer agree that the limit for energy efficiency on the building

level has been reached at about 45 kWh/m2 and year under present conditions and with available
technology. The processes to develop new building practices are slow. From the first initial idea to
retention and further development of new innovation areas there is a time span of several years.
Älvstranden have shown example of a rapid development relying on LCC and energy calculations.
Energy use in new construction is an area with limited complexity and short pay off. To proceed in
sustainable development of the built environment the next challenges are on a larger scale, the
neighbourhood and the city, have to address social and cultural issues that are more difficult to
define and handle, and should include energy issues in a wider perspective including material use,
resource efficiency, transports etc. What would be needed is more explorative approach to
innovation, as we could see in the 1990s projects for sustainable building. The development today
has reached good results regarding energy but has developed in a technology lock with passive
house concepts regarded almost as the only possible solution. The problem is that explorative and
experimental property development is not very compatible with efficient property management.
Such challenges could be tackled by a developer like Älvstranden and by using their step-by-step
method to delimit the uncertainty of the unknown variables. Älvstranden would then prepare the
way for stronger political directives.
We also recognise that few construction clients function as traditional companies in the sense that
they directly compete with each other. This implies that barriers to collaboration and knowledge
spill-over between clients and projects should be low, and that different types of clients may have
partly complementary roles within a wider innovation system.
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Summary
There is a persuasive business case evolving for green building. Recent times have seen
increasing efforts to collate data on the financial costs and benefits of green building to
demonstrate and justify further adoption. However this financial perspective represents only one
dimension of a project and business performance. This paper explores the wider business context
of green housing production. It argues that a strategic view can be applied to facilitate broader
interpretations of green housing production as it relates to overall business development and
performance for practitioners operating in the residential building industry. The paper examines: (1)
factors affecting green housing adoption in the Australian residential building industry and state of
the industry; (2) if and how a strategic green business view can be effectively applied as an
intrinsic part of building practices in this sector and; (3) the validity of an adapted strategic
management framework, conditions for application and where improvements can be made to
facilitate adoption. Research findings suggest that strategic thinking and management can enable
small and medium sized firms to develop their own green business case and business models
suited to their markets of operation and which can accommodate clients/customers of varied
financial circumstances.
Keywords: Costs, benefits, value, strategic thinking, Balanced Scorecard perspectives, green
business models, market transformation, Small-Medium Enterprises

1. Introduction
There is increasing evidence to demonstrate that green buildings are economically,
environmentally and socially viable even within strict commercial parameters [1], [2], [3]. However
there is still much scepticism and debate among practitioners in the residential building industry as
to how this can be achieved in practice. The business case for green buildings has established a
relationship between green buildings and business performance to justify adoption [4], [5]. While
this argument has been more widely applied in the commercial and institutional building sectors,
particularly in the instance of green organisations occupying green buildings, it is less readily
applied in the residential building industry to justify adoption and implementation of the green
housing concept.
The Australian residential building sector is not transitioning as quickly to green building when
compared with the commercial and institutional building sectors [6]. This can be attributed to a
number of characteristics inbuilt in this sector. Some of these include a short term view, split

incentives [7], traditional segmented organisation of the building process, price competition [8] and
an industry structure comprising a large number of very small businesses [9]. In particular, the
industry still places much emphasis on initial costs over long term returns. This reflects a narrow
and inadequate representation of housing production. Practitioners in this sector lack a strategic
view which is necessary to shift this sector forward. However it is this strategic thinking that can
potentially align and determine how green housing projects can be translated into business
development to enable this sector to adopt a more progressive approach to remain competitive in
the marketplace now and in the future.
This research on the Australian residential building industry examined the broader business
context of green housing for a range of adopters to determine if and how strategic green business
thinking and a strategic management tool can be adapted and applied in the industry. Small and
medium sized practitioners would then be better positioned to identify when green building pays
and where value can be easily added to build their green business case in their housing markets.

2. Factors Affecting Green Housing Adoption and Diffusion
The first phase of the research examined two questions:
 What are the critical factors affecting a lack of a more rapid adoption and diffusion of the green
housing concept in the Australian residential building industry from a business perspective?
 Could a strategic green business case, which has become a persuasive argument to justify
green building in the commercial building sector, be effectively applied as an intrinsic part of
building practices in the residential building industry?
This exploratory phase comprised two research components. The first component involved an
examination of six innovative green housing projects in different housing market segments.
Interviews were conducted with architects, developers and builders and documentary evidence
was collated to identify critical success factors in these projects. The second component examined
the state of green housing in the Australian residential building industry through an analysis of a
national industry survey. This survey involved an electronic questionnaire, which was sent to the
membership of the Housing Industry Association, a peak body in the Australian housing industry.
The survey elicited 1072 responses. Together the two research components represented a broad
spectrum of adopters in the industry. The factors or conditions derived from the findings of this
exploratory first phase were grouped into six main categories.
2.1

Costs, Benefits and Value Added

The relative economic (dis)advantage of green innovations remained the most significant attribute
affecting adoption by practitioners in both the case studies and the survey. Despite the espoused
benefits and value added from green housing industry practitioners still placed a high emphasis on
short term costs over longer term benefits. Practitioners relied on perceptions rather than
quantified data from practical application. As such, they were uncertain of the extent of cost
increases and ultimately the economic feasibility of green housing projects. This uncertainty
pointed to a lack of measurement and evaluation of green innovations in housing projects and/or
the difficulty in accessing useful measured data Kam and Prasad [10].
Even for green innovators cost increases were difficult to determine as they were not
systematically assessed or assumptions were not made explicit. One case for example estimated
a cost premium of up to 25 per cent. However, green innovators did recognise the wider effects,
notably the value added from green housing projects for their firms such as green branding for
example. They viewed green housing products not as ends but a means to wider ends. This
involved reconciling both short term capital expenditure and profit with long term investments and
value creation for their businesses. This reflected a strategic view.
2.2

Market Barriers

With the exception of environmentally conscious clients/customers, practitioners generally
perceived that clients/customers would be unwilling to pay more for green innovations. A key

finding was   that   the   client/customer’s   financial   capacity   affected   their   purchase   decision   and   the  
nature of green innovations adopted and level of integration achieved. This was evident in the
project homes market and at the lower income end of a market where clients/customers would
demand only low cost green options. This echoed Randolph et al [11]. The lack of demand for
green homes was also exacerbated by a lack of systematic valuation methods that consolidated
value added benefits with the economic value of a home. A higher price premium upon the sale or
resale of a green home was identified as a necessary condition for increasing demand. Wilkenfeld
[12] found that an increase in value would be possible.
Market segmentation was a significant factor in explaining the receptiveness of clients/customers
to green innovations and the likely successes of green housing projects. With the exception of
green innovators, industry practitioners were generally not able to identify value propositions they
could deliver, that would establish new and/or enhance existing relationships with their customers
and enhance their image and reputation through eco-branding. For example, the quality
clients/customers demand in a home such as a healthy comfortable indoor environment was not
equated with passive design features that add value but not necessary add extra costs. Industry
practitioners lacked clarity of how they could market green homes to their clients/customers in
different markets. This would indicate a necessity for practitioners to better interpret and
understand their market/s of operation.
2.3

Project Delivery Process

Green innovators demonstrated the importance of green project experiences for learning and
identified requisite process characteristics for successful projects. However the mainstream
building industry adopted and implemented green building principles and innovations in an ad hoc
manner. This did not reflect a cumulative process of application across multiple projects or
changes in their business operations and development. This group focused on integrating green
innovations into existing operating processes rather than invest in innovation processes.
Practitioners were limited in their understanding of how green housing projects can affect broader
innovative or operational changes in their firms or across the housing supply chain.
The linear and fragmented project delivery process and traditional building performance measures
restricted the role and limited practitioner power to influence others in the process as well as
communication of green housing benefits in the process. Practitioners relied on short term
relationships and did not make strategic choices based on cumulative project experiences. This
demonstrated a need to foster innovation processes in firms for application of green innovations
across multiple projects.
2.4

Capabilities

Green innovators demonstrated the necessity for continuous learning to develop capabilities that
would support green housing projects. These could include for example, a practical knowledge and
skill base or a green marketing capability. Industry practitioners identified the lack of awareness,
technical and practical knowledge of and skills in green building as a significant barrier across the
housing supply chain. Another was the lack of easy access to reliable, updated and timely
information on how to cost effectively implement the green housing concept. Others included the
lack of business processes that would support the cost effective implementation of green housing
principles and innovations; the lack of project evaluation and feedback mechanisms which implied
that there was limited learning and continuous improvement for practitioners across projects and;
time and cost restraints in projects which limited practitioner ability to undertake research and
development in green building critical for an innovative firm culture. This pointed to a need for firms
to develop and strength internal capabilities that support green building over time.
2.5

Building Industry Characteristics

The characteristics of the residential building industry were more implicit in explaining the slow
progress in green housing adoption. A main characteristic was the government’s dominant
influence in the industry through regulations imposed for greener housing. Industry practitioners

generally adopted a reactive approach to them by adopting only minimum requirements. They
typically adhered to regulations, industry standards and accepted practices rather than innovate for
green housing. While green innovators recognised that regulations would be needed, to shift the
laggard end of the industry, they also viewed that this limited innovation and trailed what would be
need for a more radical industry shift towards green housing.
The bottom-line mentality and price competition in project delivery also perpetuated a more
regulated industry. The industry was short sighted and focused on short term gains over long term
investment. This suggested that practitioners lacked strategic focus and management for green
projects. This could also be explained by an industry structure that comprised a large proportion of
small firms which lacked the financial resources and power to compete with larger firms.
Furthermore, the linear project delivery process, traditional roles, traditional performance criteria
and a heavy reliance on tried and proven methods meant that green innovations would need to be
compatible with existing practices. For example, practitioners adopted incremental approaches and
chose proven principles and features like energy efficiency and insulation. This affirmed that the
tradition-bound nature of the industry remained a significant barrier to green housing.
2.6

Change Agent Role

The form, level and cost impacts of regulations for green housing on different housing markets and
for different practitioner groups were a major concern. First, practitioners cited that it was difficult to
reconcile local and state level regulations as they were conflicting and inconsistent in some
instances. Second, the higher costs of green innovations would affect housing affordability for
different client/customer groups. This would have greater effects on some practitioners such as
speculative developers for example that have to manage a higher level of uncertainty and risk on
financial returns in projects. They were under pressure to achieve economies of scale in green
housing projects. Third, practitioners were uncertain of how what form of regulatory intervention
would be most effective to drive market transformation and innovation in the industry.
To support regulations, incentives that targeted first costs and increased the economic feasibility of
green innovations for clients/customers were cited as an effective approach. However financial
incentives for practitioners in the form of tax incentives or other concessions based on a rating or
star value was found lacking. Moreover, practitioners questioned the ability of rating systems to
assess   innovative   solutions   that   may   not   be   integrated   in   the   systems’   criteria.   Practitioners also
viewed that there was a lack of disincentives for poor building practices. The high importance
placed on technical training,   practical   ‘how   to’   knowledge   and   hands-on application to cost
effectively deliver green homes implied a need for continuing industry education and training.
This initial research demonstrated that green innovators in the case studies and innovators in the
survey were in a process of building a green business case to justify green housing projects.
However the remaining majority of practitioners in the survey demonstrated slow progress and a
lack of strategic view and management. This indicated that there was an opportunity to apply a
strategic green business framework, to facilitate a broader interpretation and analysis of green
housing production as it relates to a practitioner’s   business   performance,   to   move   the   industry
forward.

3. A Strategic Green Business View and Adapted Framework
3.1

What is the Green Business Case?

A strong business case has evolved over the last decade for green buildings [13], [14], [15], [16],
[17], [18]. This has paralleled developments in theory and research in the green business field. A
dominant argument is that business benefits in the form of financial benefits rather than valuesbased reasons are needed to build the business case for sustainability based changes [19].
Methods to calculate costs and to translate and measure benefits have been developed that
support this argument [20].
The close relationship between green products sold by a firm and the environmental responsibility

of the processes that produce the products provides the basis for a business case for green
building.  As  an  extension  of  a  company’s  processes,  products  and  branding,  green  buildings  can  
contribute   to   a   company’s   strategic   performance   and   human   resource   development   [21]. This
business case has been more effectively applied in the commercial building sector particularly in
the instance where green organisations occupy green buildings. There is a more explicit
relationship between green buildings and business strategy. Studies have shown that higher
premiums, higher occupancy rates, higher resale value and the lower operating costs of green
buildings  align  with  a  firm’s  profitability  [22].
One problem with the application of the business case for green building is its varied effectiveness
as an argument to justify adoption in different market contexts and under different conditions.
Yudelson [23] shows that the benefits that businesses can accrue from green building can vary by
the type of ownership, type of use, level of investment and similar drivers. It follows that one of the
biggest problems of the business case built on espoused costs and benefits for residential building
sector is that these are often unequally distributed between those who pay for the project and
those who benefit [24]. In the instance of home owner-occupants, or practitioners who build and
occupy their homes, the business case would be more compelling.
3.2

Why a Strategic Green Business View

Within the green business field much attention has been placed on the development of green
business strategies to achieve green competitive advantage for firms. These strategies marry
environmental and social responsibility with economic performance and how they do business.
This has typically focused on large corporations [25], [26], [27], [28]. However Senge et al [29]
contend that the strategic integration of environmental sustainability is also applicable to small and
midsized businesses (SMEs < 500 employees) which constitute 98 percent of all businesses in the
United States, Canada, and Europe. In Australia, the size of firms are divided into four categories:
(1) Very small firms (1-9 employees); (2) small (10-49 employees); (3) medium (50-149) and (4)
large (150 or more) [30].
Hart [31] observes that few companies have incorporated sustainability into their strategic thinking.
Rather environmental strategy tends to comprise largely of piecemeal projects targeted at
controlling or preventing pollution. Hart [32] advocates that companies need to develop a vision of
sustainability as a governing logic that goes beyond current internal operational focus on greening
to a more external strategic focus on sustainable development. It can be argued that the ability of a
strategic green business approach to create new markets and competitive advantage for firms
would need to be examined in different industry contexts or business environments.
Yudelson [33] notes that most businesses use some variation of the theory of competitive
advantage as introduced by Porter [34]. Porter [35] identified three approaches to competing and
success in the marketplace: (1) differentiation, (2) low cost and (3) focus. These strategies can
explain if and how a firm can create and maintain a sustainable green competitive advantage.
Orsato [36] asserts that a  firm’s  ability  to  attain  this advantage is contingent on internal capabilities
and the context in which it operates. Strategically, a firm may be reactive to a changed business
environment or proactively seek new opportunities. Yudelson [37]   notes   that   a   firm’s   competitive  
response to the growing green building market is dependent on strategic clarity, capability, capital
and character of the firm. A conscious choice among strategies is preferable to having no strategy.
3.3

The Balanced Scorecard and Green Building

The   “Balanced   Scorecard”   (BSC)   proposed   by   Kaplan   and   Norton   [38] is one example of a
strategic management framework that has been developed to account for other perspectives of a
firm’s  performance  beyond  just  the  financial.  The four-perspectives of financial, customer, internal
business process and learning and growth can   improve   the   measurement   of   an   organisation’s  
intangible  assets  and  function  as  a  tool  to  describe  and  implement  an  organisation’s  strategy.  More  
generally, the scorecard is a management system that can motivate and facilitate improvements in
critical areas of business such as product, process, customer and market development. It can help
identify where and how the business can develop [39], [40]. It is this application of the BSC as a

strategic management system that is useful as an approach to conceptualise green building as
part of ongoing business development.
The usefulness of this framework for green building lies in its ability to amalgamate the three
domains of economy (profits), environment (planet) and society (people) with how it can directly
affect  a  firm’s  financial  performance  or indirectly through influencing broader perspectives that can
create value for a firm. These perspectives enable firms to track financial results while monitoring
progress in capability building and acquiring intangible assets for future growth. Most importantly, it
has the ability   to   reconcile   a   firm’s   long   term   strategy   with   its   short-term actions [41]. This
framework has been applied to identify the potential links between green buildings and
organisational performance such as profitability, customer satisfaction and innovation in order that
green buildings can be viewed as a source of competitive advantage for an organisation [42] [43].
It can also be argued that the scorecard perspectives would provide a useful framework with which
to explore further the application of a strategic view to green building in the residential building
industry.
3.4

A Strategic Green Business Framework
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Fig. 1 A Strategic Thinking and Management Framework for Residential Building
The categories identified in the first phase of the research and described in section 2 and the
argument in section 3 indicated that the BSC perspectives would be useful to further examine
practitioner adoption of green housing in the Australian residential building industry. The BSC
framework was extended to the realms of green housing. It was proposed that the adapted
strategic approach and management framework as shown in Figure 1 above would enable
identification of the conditions in which investments in green housing projects can increase the
competitiveness of firms in existing markets or create new market spaces. Practitioners can
explicitly and systematically gain insights into the relationship between green building projects and
their firm’s performance. This can lead to answers to the important question  of  ‘when does it pay to
be green?’  as  posed  by  Orsato [44] to maximise the profitability of a business whilst being socially
and environmentally responsible.
As shown in Figure 1, the framework comprising green financial, green customer, Internal green

business process and green learning and growth perspectives could facilitate the process of
aligning investments in green building with the context and capabilities of a firm that produce them.
It could provide a reference point to ground the development of green business models.
The distinction between products and services and organisational processes in sustainability
strategies as proposed by Orsato [45] in his Competitive Environmental Strategies (CES)
framework can also be applied to understand where green building can be a source of competitive
advantage for a firm. As a product, the production of green homes does not necessary imply that
changes occurred in a firm’s processes. Inversely,  changes  to  a  firm’s  processes that is the sets of
interlinked activities involving people and equipment in housing production, does not automatically
imply that best practice green homes would be produced. Practitioners need to identify and select
strategic options and formulate specific strategies for projects suited to their housing market
contexts. This would require a choice in order to sustain their business activities. What this could
mean is that firms may not progress through increasingly greening stages as proposed in a
number of stage models that depicts a continuum from beginners to proactivists [46].
The building industry context and change agents in the industry form part of the external
competitive environment that is significant in creating the conditions that can facilitate firm adoption
of green housing. Based this environment and firm context, a  firm’s  strategic  focus  could be based
on low cost or differentiation [47]. The bottom of Figure 1 illustrates that practitioners can apply a
strategic thinking process [48] to green housing adoption in the residential building industry context.
Tovstiga [49] describes this strategic thinking as delivering insight. It is a systematic approach that
involves sense making to balance rational analysis and intuition, experienced based judgement
and knowledge.

4. Discussion
The proposed framework and associated propositions was tested in a third research component
that comprised a series of seven focus group interviews that focused on the perceptions and
practices of a   ‘Greensmart’   group from the Housing Industry Association. This group comprised
practitioners that were in the decision process for the adoption and implementation of green homes.
A total of 50 SMEs were interviewed across the seven groups. The findings are now presented and
considered together with the first phase of the research to answer the question:
 How can strategic green business thinking further green innovation integration and the
adoption and diffusion of green housing?
The discussion will examine how each green strategic perspective is valid for green housing,
conditions under which strategic thinking is useful and can be applied, and identifies opportunities
or improvements that can be made to facilitate this process.
4.1

The Green Financial Perspective – A Question of Alignment and Measurement

The financial perspective figured as a dominant argument to justify the adoption and
implementation of green housing in the Australian residential building industry. However the
effective use of this perspective to justify adoption was limited by the inability of practitioners to
understand   ‘how’   they could translate the costs and benefits of green housing projects into
measurable financial benefits in their business performance. This was a main concern particularly
for small firms that were simply trying to stay in business. For example, practitioners still struggled
with perceptions of high cost premiums and with identifying where value can be most easily added
in the housing delivery process. With the exception of green innovators in the industry, the lack of
measurement and evaluation of green innovations implied a lack of green financial measures.
These measures would be necessary to reinforce the links and assess how green building projects
as a component of any strategic choice or business strategy could effectively increase market
share, improve cost performance, manage risk and create competitive advantage for a firm
operating in the industry in both the short and long term.
The research concluded that approaches to how this could be achieved needs to be demonstrated
and documented, for example the creation of new markets, development of new product/services
or processes or new pricing strategies. Cost benefit data needs to be proven credible and in a

format that can be easily interpreted and compared by practitioners to assist their decision making
process for green building projects. The high importance industry practitioners still allocated to the
costs and benefits with the risks involved demonstrated the importance of this perspective in
making strategic choices to adopt green housing for SMEs that operate in the residential building
industry sector.
So  in  answering  the  question  ‘How  can  strategic  green  business  thinking  further  green  innovation  
integration  and  the  adoption  and  diffusion  of  green  housing?’, it became clear that there needs to
be a continual process to establish and reaffirm the costs and value of green innovations over time.
More importantly they need to be explicitly aligned with profitability for practitioners to strengthen
this perspective.
4.2

The Green Customer Perspective – Identifying and Delivering Value Propositions

The varied characteristics of different housing markets in which practitioners operated and
competed was identified across the industry groups as governing their perceptions of if and how
their firms could profit from green housing projects. For example, practitioners that operated in the
high-end custom homes market could differentiate themselves by green housing products that can
accrue a premium, from environmentally conscious clients/customers that would demand them. On
the other hand, those that operated in the project homes market relied on a low cost approach to
selling green homes. Practitioners’  concern  for  the type of client, housing affordability, project size
and other segment attributes demonstrated the importance they placed on identifying where and
how they would need to position themselves in marketplace either through low cost or
differentiation strategies. This implied that SMEs encompassed a customer perspective in their
decision process for green building.
The research found that the customer perspective in a strategic approach could enable
practitioners to identify and deliver unique value propositions and gain a green competitive
advantage. This   reflected   Tovstiga’s   [50] argument that being different from competitors is no
longer enough, firms must also differentiate themselves on their ability to create and deliver unique
value to clients/customers. This would need to be supported with more market research and
analysis in different housing market contexts. Practitioners could more explicitly apply what
Yudelson [51] refers to as segmentation/targeting/positioning (STP) to compete and market green
homes in the residential building industry. This approach would require practitioners to identify:
who are the biggest potential clients/customers and the most profitable; aspects of green homes
clients/customers value and their motivations in different segments and; where they can position
themselves to build competitive advantage.
4.3

The Green Internal Business Process Perspective – Start the Innovation Process

In this research, green innovators demonstrated that they were undergoing an innovation process
to drive client/customer demand for green housing. The integration of green housing principles and
innovations in multiple projects, and cumulatively building on project experiences over time,
indicated that they also identified green housing as a future client/customer need. Innovators
recognised that they need to develop and/or use new products, services and/or processes to reach
new markets and customers for future firm profitability and growth even in the face of uncertainty
and incomplete information. Some examples were new construction methods, new design and
financing services and sales capabilities. They adopted a strategic view to reconcile the short and
long term views for their business.
The remainder of the industry considered green innovations from the perspective of how to
integrate them into existing projects and operational processes without major modifications. Their
decisions to adopt and implement green innovations relied on their compatibility with existing
processes and the efficient and timely delivery of housing. They focused on short term value
creation based on generic measures of cost, time and quality rather than identifying green
attributes that can create value for clients/customers in the longer term. The research showed that
there needs to be a greater culture of innovation to increase adoption of green housing.

4.4

The Green Learning and Growth Perspective – Developing Capabilities and Climate for
Action

The research showed that green innovators developed capabilities, systems and climates to
support the innovation process. They captured broader benefits from implementing green housing
projects that would support future green housing projects. This reflected a mutually adaptive
process between practitioners’ business processes and their building products. First and foremost,
practitioners identified the need to develop a green knowledge and skill base as necessary to
facilitate a more cost effective delivery of green housing. This would require further education,
training and hands-on experiences. Second, practitioners would need to develop information
system capabilities [52]. However this was less to do with the development of technological
capabilities than to do with the accessibility, comparability and credibility of economic and technical
information that would function as strategic databases to assist timely decision making on
investments in green building and green business development. Third, green innovators were
differentiated by their level of green commitment. This was motivated by altruistic reasons and by a
business argument to cultivate a firm climate for learning, growth and innovation in green building
based on project experiences.
As indicators of a shift in the way practitioners do business, these capabilities, systems and
climates indicated that there was a level of strategic thinking applied to green housing production,
even if this was not expressed as an explicit and formalized green business strategy. Green
innovators exhibited a strategic focus over a project focus. They affirmed that this is critical for an
industry shift to greener housing.
4.5

The Building Industry Context – The Need for a Green Innovation Culture

The inability of the building industry to innovate explained the slow progress in green housing
production in the Australian residential building industry. The   industry’s   dominant focus on cost
competition would indicate that efforts to improve the cost effectiveness and value of green homes
can significantly strengthen the green business case. This economic justification was particularly
important for practitioners in the industry that indicated they conformed to traditional building
processes and proven methods. Although small firms have greater flexibility to innovate in the
building industry [53], small practitioners viewed that it was difficult for them to reap green building
benefits, as they could not cost compete with larger practitioners with greater financial resources
and capabilities. They also found it difficult to implement green housing projects in a disparate and
fragmented industry where they had limited power to influence others in the process and where
project contexts varied significantly.
To create a green innovative culture at a general industry level, small practitioners in particular,
would need to be more resilient by being more market orientated and develop new managerial
capabilities in this competitive environment. These could emphasise green marketing and strategic
management to establish and manage continuing relationships beyond individual projects. This
would create an infrastructure for green housing. Rather than react on short term market
developments, practitioners need to adopt a long-term oriented vision with a focus on quality
based green competition rather than on traditional building performance criteria.
4.6

The Change Agent – Facilitating Industry Shift

Change agents such as the government and industry bodies have a dominant role in influencing
competition and innovation in the building industry environment. The research indicated that
regulations and incentives that would increase the cost effectiveness and value of green homes for
clients/customers as well as demonstrate profitability for practitioners can effectively facilitate
adoption in existing markets in the short term and potentially in emergent markets in the longer
term. Practitioners’   main concern with regulatory policy remained one of what form regulations
should take, their associated cost impacts on different housing markets segments, their alignment
and consistency and their effects on how the residential building industry would develop. The
industry’s dominant concern for the financial impacts of regulations as shown in the research
established that the effectiveness of regulations and any other type of policy and tools to advance

green housing would need to improve the   concept’s   economic  feasibility  over   time in a variety of
market contexts. Most importantly initial costs still need to be lowered in the short term.
To enable practitioners to apportion costs, imposed regulations or other policy types, need to more
explicitly account for their varied impacts on different housing market segments. Greater attention
needs to be paid to housing affordability in particular as well as on different housing types. For
example, how can policies increase green housing adoption in the first home buyers market where
affordability is a high priority? Should greater efforts be placed on improving the existing housing
stock over new housing? In a strategic approach, practitioners would need to be more proactive in
their engagement with change agent efforts to become a leader in the field. They could choose to
exceed regulations as demonstrated by green innovators, rather than meet minimum compliance,
typical among most practitioners in the Australian residential building industry.

5. Conclusions
In examining the residential building industry from a green business view, this research
demonstrated that practitioners in the industry have articulated important strategic questions and
issues, which correlated with green perspectives of an adapted strategic management framework.
Different adopters in the industry demonstrated they were at different phases of a strategic thinking
process. This process was more explicitly shown by green innovators that developed strategic
insights and strategic options that could potentially enable them to gain a green competitive
advantage in their housing market segments. It was more implicit in the general industry that was
struggling with the decision to adopt green innovations in the first instance.
Unlike the commercial building industry sector, the large proportion of small firms in the residential
building industry were less complex and limited in resources. This meant that the feasibility of a
strategic view and management framework for this industry was less to do with deriving objectives
and measures to align different business units. It was more to do with engaging practitioners in a
strategic thinking process for decision making in green building that could enable them to drive the
strategic direction of a firm whether there may or may not be explicit formalised green strategies.
Several main conditions governed the effectiveness and application of the framework: First, there
was a need to distinguish perceived and actual costs and benefits between products and/or
services for clients/customers and firm processes; Second, practitioners may not systematically
progress through increasing green phases or necessarily create new markets. Rather they may
make a choice to remain at one stage or rely in what strategies have proven effective to operate in
existing markets rather than make radical structural changes; Third, practitioners need to develop
and/or use systematic assessment methodologies to determine project performance and assess
implications  for  their  firm’s  performance.  In  particular  they  would  need  to  identify   what can add or
subtract economic, environmental and social costs and value through stages of the building life
cycle. Fourth, practitioners need to recognise the potential for mutually adaptive innovative effects
between green building projects and their business or firm as encompassed in the strategic
perspectives.
A more rapid transformation would rely on firms that transcend existing conditions by adopting
what Orsato [54] advocates as a sustainable value innovation strategy. This involves a process
that would create additional value to clients/customers at lower costs and generate new market
spaces. Practitioners would need to redefine how products/services are produced and consumed.
The question for the firm would shift from if green housing pays to when and how it pays. There
remain great opportunities in the residential building industry as small firms are more flexible and
can be more market oriented and strategically innovative.
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Abstract
There has been an exponential increase in the number of green buildings constructed in the
United States over the past decade. The emergence of various eco-labeling systems, such as
the USGBC’s LEED rating system and the US EPA’s Energy Star program, have served to
heighten awareness of the environmental and social impacts of new construction, both within
the real estate industry and among the general public. By 2010, there were more than 2,000
LEED-certified properties in the US, increasing at an annual rate of growth of approximately 50
percent since 2000. Spurred by new regulations and financial incentives, in addition to growing
market demand, real estate owners and developers have begun to shift design standards for
new buildings to meet a minimum standard of energy and resource efficiency, although
obstacles remain to the widespread integration of green practices [1].
Despite the increased awareness and understanding of the benefits of sustainable design, the
adoption of green building policies – codes, statutes, or plans that require, incentivize, or
otherwise encourage sustainable buildings – has occurred incrementally (See Figure 1).
Collectively, cities that have adopted such policies can be categorized as “innovators” in the
framework of diffusion, meaning that substantial opportunity remains to enact – and improve –
new green building policies [2]. The policies that have been adopted, such as Local Law 86 in
New York City, tend to vary significantly with respect to the type and size of buildings affected
and, most importantly, the measure of sustainability used [3]. While a vast majority of city-level
policies utilize the LEED rating system, emerging alternatives and a growing demand for
performance-based metrics may shift policy structures in the future.
This article presents a brief summary of ongoing research on the diffusion of green building
policies [4]. This research builds on an original database of green building policies created by
the author for every major US city – the Green Building Regulation Database (GBRD) – and
uses innovative econometric methods to explore the spatial diffusion of green building policies,
the determinants of policy adoption, and their effect on market penetration of green
development. Supplemental data for the work comes from such sources as CoStar, the US
Census, and the Bureau of Economic Analysis, among others.
Preliminary results show that green building standards at the city level can be effective in
encouraging green building development [17]. However, several questions remain to explored,
which form the focus of my ongoing research work. First, it is necessary to determine the
optimal mix of incentives and regulations – “carrots and sticks” – that balance efficiency goals
with constrained municipal budgets. While regulations raise the baseline level of construction
and design standards, they can also raise costs and, in the aggregate, limit new development
and constrain innovation. Incentives may encourage developers to pursue more sustainable
projects, but they are typically only effective when designed to offset costs associated with
sustainable design and to respond to non-capital costs, such as administrative hurdles and
knowledge exchange. Second, the potential exists for regulations to create a market mindset of
“teaching to the test”, where developers build to the required standard (LEED Silver, for
example), but have little incentive to exceed the mandate. Regulations may also focus the
market too closely on one rating system or set of design criteria, thus incentivizing the
attainment of a particular certificate at the cost of encouraging innovative solutions to achieve
performance goals.
Despite the energy savings and value proposition, lenders, owners, and investors have been
reluctant to invest in an energy retrofit, largely due to continued uncertainty around the extent of
cost savings and the competing investments jockeying for limited capital resources. There are
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now a number of financing mechanisms that have been developed to overcome the first-cost
limitations of a retrofit, including energy performance contracts (like the one used on the Empire
State Building) and Property Assessed Clean Energy (PACE) bonds. All have some limitations,
and most exist because of persistent information asymmetries between technology providers
and building owners.
It has become clear that the only way to get to scale in the building retrofit market – and achieve
environmental goals while securing significant risk-adjusted returns – is to tap into traditional
mortgage and lending markets. To do this, the real estate community needs a better ability to
understand what actually is involved in a building retrofit, the capacity to predict with some
certainty the energy savings for a particular building without having to do a full energy model,
and some way to collateralize building enhancements.
While it will take some time to generate sufficient data to inform and improve decision-making,
there are a number of initiatives already underway that will help prime the pump and reduce risk
for first-movers. For commercial buildings, the Obama Administration’s Better Buildings Initiative
will provide up to $2 billion in FY2012 through the Department of Energy for credit
enhancements and loan guarantees for private sector retrofit loans. Similarly, New York City’s
nascent Energy Efficiency Corporation is set to provide similar options for New York building
owners, as well as facilitate other financing mechanisms to scale-up retrofitting of, initially, largescale commercial buildings. The multi-family residential sector has seen even more activity. The
FHA and Fannie Mae recently announced their new Green Finance Plus program, which allows
owners of affordable rental housing to refinance existing debt to increase capital available for
energy efficiency upgrades. The Community Preservation Corporation in New York has had a
similar residential product for years, and it conducts building energy audits as part of any new
mortgage application.
It is time now for a re-examination of current policy efforts and their effectiveness in achieving
energy efficiency goals. Public policy has the tremendous potential to achieve market
transformation by helping to overcome the current financial, regulatory, and behavioral barriers
to greater energy efficiency in buildings. What is needed is the political leadership to support
policies that push the public sector to prioritize energy efficiency, encourage the private market
to develop new solutions and ideas through incentives and knowledge-sharing, and create
rational goals for carbon and energy use reductions that are continually monitored and
measured against actual data on building performance.
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Summary
With the surge in environmental consciousness, the demand for energy-saving facilities in the
residential sector is increasing. Thus, the role of green house with energy-saving facilities is
becoming more important. However, energy-saving facilities have yet to become widely popular
because of their high initial cost. In order to make them more popular, a high quality policy to guide
consumers to act with environmental consideration is demanded, and it is necessary to grasp
quantitatively the public’s preferences, in terms of energy-saving facilities, and their environmental
consciousness including the effect of cost. In this study, the cost payback period of the energysaving facilities which people find acceptable is analyzed using conjoint analysis on the basis of a
questionnaire-type survey.
Keywords: Environmental economics, Questionnaire survey, Energy saving, Ecological house,
Conjoint analysis

1. Introduction
With the surge in worldwide attention on environmental problems, the need for green action, such
as efforts to conserve resources and energy, has become more urgent in the construction industry.
So far, many approaches, including highly insulated and airtight constructions, have been
developed. But in order to forge a low-carbon society, it is also necessary to promote the spread of
such technology.
As economic incentives are thought to be effective as well as regulation, a well thought out policy
to promote action by the public with the emphasis on environmental consideration is needed in the
residential section. Therefore, first, it is necessary to quantitatively grasp the public’s value
consciousness regarding
environment considerations, including their expense. Such results
should then be reflected in the environmental policy.
Installing energy-saving facilities which are one of the environment-conscious facilities is often
forsaken because they cost more than general facilities. However, if the added values afforded by
energy-saving facilities, such as their environmental friendly image and reduced environmental
load, are evaluated, it is possible that they could affect the purchasing decision. In this study, using
a questionnaire-type survey designed to examine the relationship between initial cost and added
value, we quantitatively determine the level of affordable cost when buying energy-saving facilities
and analyze the purchasing action branch.

2.

SUMMARY OF QUESTIONNAIRE SURVEY

2.1 Summary of Survey
Table 1 shows the questionnaire survey conditions. The target subjects are potential new house
purchasers, so visitors to a model house exhibition park near Tokyo were chosen. The survey was
carried out in such way that subjects were targeted in the field, and their answers recorded on the
spot. 487 questionnaires were completed, which is sufficient for comparison with similar research
in which conjoint analysis was used[1].
Table 1 Summary of survey

Period

potential purchasers of new houses
Visitors to a model house exhibition park
Holidays in September and October, 2008

Sample size

487 sample

Target subjects

2.2 Contents of Questionnaire
Table 2 shows the contents of the questionnaire. Conjoint analysis (Q6) used a grading form. In the
case of product purchase, the best product is generally chosen from various products compared.
But before the candidates are chosen, we decide which are preferable based on budget and
efficiency criteria. As energy-saving facilities are not widely popularly, the decision whether or not
to buy energy-saving facilities is strongly affected by preference. The pros and cons of purchase
should be considered. Therefore, first analysis concerns which ones can be considered candidates,
the purchase desire is questioned using five grading forms (ranging between “want to buy” to
“don’t want to buy”) as shown in the conjoint analysis in Figure 1.
The other questions concern the Price Reasonability Index by Consumer's Evaluation [2] (PRICE2),
which is one of the marketing research methods (Q7), affordability to pay for environmentconscious facilities (Q3), interest in an environment-conscious houses (Q4), environmental
knowledge (Q5), preference if some energy-saving facilities were introduced (Q8), and daily
environmental behavior (Q9).
Table 2 Questionnaire contents
Contents of questionnaire
Q1, 2
10~13
Q3
Q4
Q5
Q6
Q7
Q8
Q9

The respondent attributes
(sex, age, job, size of family, income, financial loan)
Affordability to pay for environment-conscious facilities
Interest in an environment-conscious houses
Environmental knowledge
(Three questions about environmental terms, five about energy-saving facilities)
The relationship people feel between reducing CO2 emissions, initial cost, reduction
in running cost and maintenance (using Conjoint analysis)
The price people feel is (too) high or low if buying certain energy-saving facilities
(using PRICE2)
Preference if buying certain energy-saving facilities were introduced
Daily environmental behavior (nine question)

Monthly reduction
in running cost
(thousand yen)
/ (cost pay-back period)

Yearly
maintenance

0.5

- (can't)

0.5

1

6 (14 years)

1

2

12 (7 years)

2

Q

Yearly reduction
in CO2 emissions

Initial cost
(million
yen)

6-1

Amount absorbed by 20 cedars

6-2

Amount absorbed by 20 cedars

6-3

Amount absorbed by 20 cedars

want to buy
neither

don’t want
to buy

Fig. 1 The form of profile of conjoint analysis at questionnaire
Table 3 Factors and levels of conjoint analysis
Factor
Yearly reduction in CO2 emissions (kg-CO2)
Initial cost (million yen)
Monthly reduction in running costs (thousand yen)
Yearly maintenance(frequency)

Level 1
280
0.5
2

Level 2
560
1
6
1

Level 3
840
2
12
0.5

2.3 Profile Design of Conjoint Analysis [3]
In conjoint analysis, four factors are considered, which arise at the point of purchase for energysaving facilities, namely “initial cost”, “reduction in running cost”, “reduction in CO2 emissions”, and
“maintenance”. Table 3 shows three levels for these factors. These levels are decided based on
the values when energy-saving facilities are used. The values shown here are calculated from the
energy load of a model family living in Tokyo and the initial costs as of 2008. They are shown as
the difference between energy-saving facilities and normal facilities. In questionnaire, the reduction
in CO2 emissions was represented as equivalent to the amount of CO2 absorbed annually by a
typical cedar tree.
The combination of four factors and three levels means that the number of profile is theoretically
34 =81. But as experimental design L9 was used, the number of profiles is reduced to nine, and
Q6 includes nine sub-questions.

3.

RESULT OF QUESTIONNAIRE SURVEY

3.1 Respondent Attributes
Figure 2 shows the respondent attributes. As many couples and families attended, the gender ratio
was virtually even. Those in their thirties accounted for half of all respondents, and if added to
those in their forties this group accounted for over 70%. Considering the target subjects for this
survey, the proportion of over-sixties was relatively high. However, they came with their children’s
household, so this presents no problem. The majority of visitors were office workers and
housewives, who together accounted for 80%. “Others” mainly represented officers and the selfemployed. There was no evident bias in the population, which was well represented.

male

25s
45s 50s

female

25s
50s

30s
55s

company worker
pensioner
student

0%

20%

30s
55s

no response

35s
60s

35s
61s

house wife
technical personnel
other

40%

40s

40s

45s

civil worker
part-time worker

60%

80%

100%

Fig. 2 Respondent attributes

3.2 Environmental Knowledge
Figure 3 shows the results for environmental knowledge (Q5). Respondents were asked three
terms concerning the environment and five concerning energy-saving facilities. This question was
cross sectional data, to enhance reliability and use in case of division of respondent’s category.
know

know only the name

don' know

heat island
renewable energy certificates
carbon tax
thermal insulation
PV system
heat pump water heater
fuel cell
geothermal heat pump system

Fig.3 Environmental knowledge
usually

occasionally

use of curtain during heating
use of wind shade during cooling
cleaning of filter of air conditioner
continuous bathing
frequently stopping the shower
use of fluorescent lamp
frequently turn off the light

Fig.4 Daily environment-conscious behavior

neither

rarely

never

3.3 Daily Environment-conscious Behavior
Figure 4 shows the results of daily environment-conscious behavior (Q9). This question was cross
sectional data, like Q5.

3.4 Interest in Environment-Conscious Houses (Green House)
Figure 5 shows the results concerning interest in environment-conscious houses (green house).
The form was a five grade question ranging between “want to live” to “don’t want to live”. For this
question, it is necessary to consider that factors affecting purchase decision, such as the
performance and cost of environment-conscious houses, was not represented. But as positive
answers accounted for 95% (64% responded as “want to live” while “somewhat want to live” was
31%), almost all respondents seem interested in environmental action.
very desirable
neither
not interested at all

0%

20%

somewhat desirable
not particularly interested
no response

40%

60%

80%

100%

Fig.5 Interest to environment-conscious houses (green house)

3.5 Affordability to Pay for Environment-Conscious Facilities
Figure 6 shows the results concerning affordability to pay for environment-conscious facilities. In
this question also, factors were not represented. Therefore the purpose of this question was to
determine the affordable cost of the environmental image. “Would not pay” recorded only 2%,
reflecting the high interest in environmental action as found in the previous chapter. “Over 2 million
yen” registered under 25%, which clarified the reason why expensive products such as PV
systems are not more widespread under present conditions. The largest proportion (33%)
answered “0.5 – 1 million yen”, so it is considered that one million yen is the cutoff price for
widespread popularity. The average from these responses was 1.256 million yen.
would not pay
1 1.5 million yen
3 million yen

0%

20%

0.5 million yen
1.5 2 million yen

40%

60%

0.5 1 million yen
2 2.5 million yen

80%

100%

Fig.6 The affordability to pay for environment-conscious facilities

3.6 The Affordability to Pay for Environment-Conscious Facilities per Respondent Category

Figure 7 shows the results concerning affordability to pay for environment-conscious facilities,
which were classified according to category based on the results from Q5, Q9, and the respondent
attributes. A T-test was conducted to examine any significant differences across all respondents.
The affordability to pay for environment-conscious facilities for those with “highly environmentconscious behavior”, “annual income over nine million yen” and “two households” was significantly
high, while for those with “annual income under 5 million yen” and “living alone” was significantly
low. Paradoxically those with “low knowledge” were also significantly high, but in this point, it is
likely that they didn’t have enough knowledge to evaluate their environmental actions. One

tendency that matched general opinion was evident in that households with large family budgets
spent relatively more money enjoying life, whereas households without a large family budget did
not. In addition, as an index to the degree of financial affordability, “annual income” was considered
more effective as an index to evaluate affordable payments than “amount of loan”, because the
short-term economic burden is substantial for environment-conscious facilities.
affordability to pay
(million yen)
1.8
1.6
1.4
1.2
1.0
0.8
0.6
high

total

low

environmentconscious
behavior

high

low

environmental
knowledge

high

low

income

high

low

financial loan

3 or
more

2

1

number of family
members

5% significance
10% significance

Fig.7 The affordability to pay for environment-conscious facilities per respondent category

3.7 The Relative Importance of the Purchasing Decision Factor
In conjoint analysis, as the value of four factors (Table 3) was an interval scale, the magnitude
relationship was clear. There were some profiles under Q6 which also distinguished the magnitude
relationship. In order to improve reliability, respondents whose answers deviated from the
magnitude relationship or who answered “neither” in all were removed. Then, 227 samples of 487
samples collected were retained. As Q6 has nine questions, a total of 2,043 samples were used.
Figure 8 shows the results of the conjoint analysis.
The biggest influence level on the purchase decision was the “initial cost”, accounting for 37.9%,
next was “reduction in running costs” at 36.4%, then “reduction in CO2 emissions” with 13.1%, and
the smallest was “maintenance” at 12.6%. “Initial cost2 and “reduction in running costs” were
almost the same, accounting for 75% of the total. In the case of energy-saving facilities, economic
influence is considered most important for the purchase decision. However not only are these
factors important, but it is also necessary to take into account the economic rational over the
whole lifecycle. In addition, the degree of influence of reduction in CO2 emissions was one
third of that for initial cost . But as it the main non-economic factor, it was evaluated highly as
an added value.

Factor
Yearly reduction in
CO2 emissions
(kg-CO2)
Initial cost
(million yen)
Monthly reduction in
running costs
(thousand yen)
Yearly maintenance
(frequency)

Level
280
560
840
0.5
1
2
6
12
0.5
1

Weight
-0.060
0.046
0.013
0.162
-0.017
-0.144
-0.219
0.075
0.144
-0.066
0.031

2

Influence level

Range (%)
0.106 13.1
13.1%

0.306 37.9
37.9%

0.293 36.4
36.4%

0.102 12.6
12.6%

0.035

Fig.8 Degree of Influence on purchase decision

3.8 Calculation of the Cost Payback Period [Note 1]
Table 4 shows the result of the regression analysis whose objective variable was the grading scale
value, using the results from Q6. The correlation coefficient “R” was 0.54. Bearing in mind the
scale form used only had five grades and some respondents answered “want to buy” or “don’t want
to buy” for all questions, there were thought to be enough levels.
Table 4 Results of regression analysis
Partial regression coefficient

Value

T-Value

Intercept

0.4854

17.91*

Reduction in CO2 emissions (1/tCO2)
Initial cost(100,000 yen)
Reduction in running cost(1/100,000 yen)
Maintenance(1/frequency)

0.0087
-0.0193
0.0168
-0.0048

4.33*
-17.47*
21.51*
-6.52*

multiple correlation coefficient "R": 0.54
objective variable: grading scale value,
partial regression coefficient: conversion in around 15 years

*

: 1% significance

Table 5 Proposition value of energy-saving facilities

Improvement in
insulating ability
Heat-pump
water heater
PV system
Geothermal heatpump water heater
Fuel cell

Yearly reduction
in CO2 emissions
(kg-CO2)

Monthly reduction
in running costs
(thousand yen)

Recital

72

0.4

Q value : 2.7 2.4

416

4.1

APF 2.7

1017

7.7

663

5.3

490

3

3 kW system
APF 5.2 (air conditioning)
2.7 (hot-water supply)
electricity generation efficiency: 35%
total efficiency: 85%

Such purchases could be made when the scale value was over “neither”, which was only when the
grading value indicated the possibility of purchase. Table 6 shows the maximum price to pay for
energy-saving facilities, which was calculated so that the grading value become exceeds 50%
based on the values of Tables 4 and 5. In addition, Table 6 and Figure 9 show the cost payback
period, which was calculated using the maximum price and reduction in running costs of the
energy-saving facilities (the value of Table 5).
Table 6 Comparison of proper price and cost pay-back period
Regression analysis

Improvement in
insulating ability
Heat-pump
water heater
PV system
Geothermal heatpump water heater
Fuel cell

60

Present

Maximum price
(thousand yen)

Cost payback
period (years)

Initial cost
(thousand yen)

Cost payback
period (years)

35.3

7.4

250

52.6

472.3

9.6

400

8.2

1,440.5

15.7

2,100

22.8

825.2

13.1

1,400

22.2

353.7

9.8

800

22.2

present

regression analysis

50
40
20
15
10
5
0
improvement of heat pump
Insulating ability water heater

PV system

Geothermal heat
pump water heater

Fuel cell

Fig. 9 Comparison of cost payback period
As per figure 9, since the present price of a heat-pump water heater was already within the price
range preferred by respondents, the necessity of a price cut was considered small. On the other
hand, as cost payback period of the other facilities which respondents sought was between about
ten and fifteen years, there was some estrangement at the present pricing. In order to make use of
energy-saving facilities more widespread, it was considered necessary to promote pricing such
that cost payback period was less than 15 years.

4.
1)
2)
3)

4)
5)

CONCLUSION
Questionnaire-type survey was conducted among potential purchasers of new houses to
investigate their consciousness towards environment-conscious facilities.
95% of respondents were interested in environmental action.
The affordability to pay for environment-conscious facilities was significantly high among those
with “highly environment-conscious behavior”, “annual income over nine million yen” and “two
households”, but was significantly low if “annual income of less than five million yen” and
“living alone”. Like is generally perceived, the main influences were considered to be the
degree of environmental-consciousness and family budget.
In terms of energy-saving facilities, “economic” factors were considered to represent about 75%
of the influence on purchase decision, while “reduction in CO2 emissions”, which is an
environmental index, accounted for 13.1%
The cost payback period preferred by respondents was within fifteen years.

Note 1

The cost payback period only considered the facility’s cost and the amount of reduction in running
costs, so the rate of discount was not considered.
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Summary

Over the past decade, there has been significant research and development in the field of
building assessment and certification. This has resulted in the implementation of a variety of
different certification systems around the world. There has been little quantitative analysis,
however, of the set of projects that have achieved certification under these systems and how
their priorities and strategies have evolved over time. Further, there has been little analysis
of how the subset of projects that achieved higher levels of certification differed from the
projects that achieved lower levels of certification. This paper analyzes data from a global
dataset of LEED-certified projects to explore these issues, with a focus on the subset of
projects that have achieved the highest levels of LEED certification, specifically Platinum.
Keywords:LEED, U.S. Green Building Council, Platinum, high performance

1. Introduction
The   U.S.   Green   Building   Council’s   LEED   Rating   System   offers   certification   for   projects   of
many different types. Certification is based on the number of points awarded for achieving
credits within the rating system as follows for the versions of the rating system addressed by
this paper (LEED for New Construction versions 2.1 and 2.2):
Platinum
52-69 points
Gold
39-51 points
Silver
33-38 points
Certified
26-32 points
Since 2000, LEED has certified 8,189 projects in 130 countries. Of those projects, 3,335
were certified under the New Construction (NC) Rating System, and 184 of these achieved
the highest certification level – Platinum. This paper presents an initial analysis of these
Platinum projects to begin to explore how they are similar to and differ from other LEEDcertified projects. The analysis in this paper covers projects certified under LEED (NC),
versions 2.1 (launched in 2002) and 2.2 (launched in 2005). The newest version of LEED,
LEED 2009, was launched in 2010 and there is not a sufficient number of Platinum projects
certified under LEED 2009 to warrant analysis. Under LEED NC 2.1, 699 total projects
were certified at all levels, of which 47 were certified Platinum. Under LEED NC 2.2, 2,626
total projects were certified at all levels, of which 137 were certified Platinum.
The differences between versions 2.1 and 2.2 of LEED include refinement and improvement
of credit requirements but not changes to the overall structure. A crosswalk between the
credits in the two systems was performed to ensure similarity for the analysis. LEED NC 2.1
and 2.2 includes credits in the following categories:
 Sustainable Sites, which addresses project location, access to alternative
transportation, site development, stormwater control, heat islands, and light pollution.



Water Efficiency, which addresses overall water use reduction from landscaping and
domestic water consumption.
 Energy and Atmosphere, which addresses energy performance, commissioning,
refrigerants, renewable energy, green power, and measurement and verification.
 Materials and Resources, which addresses building and materials reuse; use of
recycled content materials, local materials, rapidly renewable materials, and certified
wood; and construction waste management.
 Indoor Environmental Quality, which addresses indoor air quality, ventilation, lowemitting materials, control of environmental tobacco smoke and indoor chemicals/
pollutants, contollability of systems, thermal comfort, and daylight/ views.
 Innovation in Design, which includes the LEED Accredited Professional and credits
which can be earned for exemplary performance or innovative strategies. This
category of credits is not included in this analysis since the content varies widely.
More information on the LEED Rating System can be found on the USGBC website.
The analysis is based on a USGBC database that compiles information from the LEED
Online system on certified projects.

2. Findings: Characteristics of LEED platinum projects
2.1

Size

Figure 1 illustrates the distribution of projects by size and certification levels. Overall, 74% of
all LEED-NV v2.1 and v2.2 (together referred to as v2.x projects) fall under 100,000 SF
(9,290 m2).

Figure 1 Certification level by project size, LEED NC 2.1 and 2.2

In LEED NC 2.1 and 2.2 combined, Platinum projects tend to be smaller than projects at
other certification levels, with 88% of platinum projects falling below 100,000 SF (9,290 m2).
as shown in Table 1.
Table 1 Median Project Size by certification level (LEED NC 2.1 and 2.2 combined)
All
114,263 (SF)
2
10,615 (m )

Certified
104,975 (SF)
2
9,752 (m )

Silver
116,734 (SF)
2
10,845 (m )

Gold
120,173 (SF)
2
11,164 (m )

Platinum
86,723 (SF)
2
8,057 (m )

A closer examination of these smaller platinum projects in Figure 2shows that 75% of all
Platinum projects are below 75,000 SF (6,968 m2), and most of those are under 25,000 SF
(2,323 m2). The distribution of the other certification levels at this size class match each
other more closely

Figure 2 Projects by size and percent of all certification level projects, LEED NC 2.1 and 2.2 combined

2.2

Ownership

Figure 3 shows certification levels by type of owner. For Platinum projects, non-profit
organizations make up the largest percentage (34%); for all other certification levels, forprofit organizations make up the largest percentage (32-38%). Federal and local
governments make up a smaller percentage of Platinum projects than other certification
levels. Silver projects are most heavily dominated by government owner-types, while Gold
projects are most heavily dominated by for-profit organizations.

Figure 3 Certification level by type of ownership, LEED NC 2.1 and 2.2 combined

2.4

Year of certification

Figure 4 presents the number and percentage of projects that achieved each of the
certification levels under LEED NC 2.1 and 2.2 combined from 2006 through March 2011
(only three projects certified under LEED NC 2.1 prior to 2006). Although the number of
Platinum projects increased consistently during this period, the percentage of Platinum
projects decreased or remained constant attributed to substantial increases in total project
count at other certification levels (data for 2011 are complete only through March 2011).
There has been a slight increase in the percentage of projects achieving higher levels
(Platinum and Gold) compared to lower levels (Silver and Certified). Gold-level projects most
notably increased from 29% to 48% of all projects from 2007 to 2011. The total number of
projects in 2006 (21 projects total) is too small to be able to compare 2006 certification level
trends with other years, but illustrates the exponential growth of LEED projects over this time
period.

Figure 4 Project certification level by year, LEED NC 2.1 and 2.2 combined

3. Findings: Credit achievement
3.1

Credit achievement by LEED version, LEED NC 2.1 and 2.2

Most credits in LEED NC 2.1 and 2.2 are worth a single point for achievement; some credits
include several possible levels of achievement and, therefore, additional points are available
within an individual credit. In the latter case, the percent of projects achieving a credit can be
higher than the total percentage of available points achieved, since not all projects will
achieve all of the points available. This section presents results for each of the rating
systems analyzed.
3.1.1 LEED NC 2.1
LEED NC 2.1 was launched in 2002. A total of 699 projects have been certified under NC
2.1, of which 47 achieved Platinum level (at least 52 out of a possible 69 points). In Figure 5
the solid line indicates the number of Platinum projects achieving each credit and the shaded
area indicates the percentage of available points achieved. The figure shows that there were
only a few credits that were not achieved at high rates by most Platinum projects. It also

shows that the when Platinum projects earned a credit, they achieved a high percentage of
maximum points available to that credit.

Figure 5. Aggregate credit achievement, LEED NC 2.1 Platinum projects

Figure 6 shows that Platinum projects consistently achieved higher percentages of available
points (lighter shaded area) compared to all projects (darker shaded area).

Figure 6 Percent of available points achieved by all projects vs. Platinum projects (LEED NC 2.1)

Selected findings from these figures are detailed in the Tables that follow.

Table 2 Credits with lowest achievement rates, Platinum and all projects – LEED NC 2.1
Credit

% of Projects
All
Plat
Diff

% of Maximum Points
All
Plat
Diff

MR3.1 Resource reuse
MR6 Rapidly renewable resources
MR1.1 Building reuse, shell
EA2.1 Renewable energy
WE2 Innovative Wastewater treatment
SS3 Brownfield redevelopment
EA5 Measurement and verification
SS5.1 Protect/Restore Open Space

4%
5%
10%
12%
13%
22%
24%
25%

3%
5%
5%
9%
13%
22%
24%
25%

20%
36%
9%
70%
60%
36%
62%
77%

16%
31%
(1%)
58%
47%
14%
38%
52%

16%
36%
6%
60%
60%
36%
62%
77%

13%
31%
1%
51%
47%
14%
38%
52%

In the one instance of a larger percentage of all projects achieving MR1.1, the Platinum
projects still earned a higher percentage of the maximum points available to the credit (on
aggregate). Other than the credits listed above, only three credits were achieved by fewer
than 80% of Platinum projects, as shown in Table 3:
Table 3 Additional credits with Platinum achievement rates less than 80% -- LEED NC 2.1
Credit

% of Projects
All
Plat
Diff

% of Maximum Points
All
Plat
Diff

SS2 Development density
IEQ3.2 Pre-occupancy IAQ
SS4.1 Access to public transportation

40%
60%
60%

40%
60%
60%

51%
77%
79%

11%
17%
19%

51%
77%
79%

11%
17%
19%

SS 4.1 was the only instance in which a higher percentage of all projects achieved a credit
than Platinum projects and all projects achieved a higher percentage of available points.
Five credits were achieved by nearly 100% of Platinum projects, as shown in Table 4:
Table 4 Credits achieved by all Platinum projects – LEED NC 2.1
Credit

EA1.1 Optimize energy performance
WE3.1 Water use reduction
MR5.1 Local/regional materials
IEQ4.1 Low emitting adhesives, sealants
WE1.1 Water efficient landscaping

% of Projects
All
Plat
Diff

% of Maximum Points
All
Plat
Diff

87%
89%
94%
99%
88%

44%
82%
83%
84%
88%

100%
100%
98%
100%
100%

93%
100%
94%
94%
100%

EA1.1 contains the largest amount of maximum available points in the NC v2.1 rating system
with 10 points that are awarded in one-point increments. The difference in achievement of
this credit can be mainly attributed to the percentage of the available points received by
projects that earned this credit. Platinum projects achieved 49% more of the points available
to this credit than all projects on average. This was the largest difference in percentage of
point achievement for the rating system..
3.1.2 LEED NC 2.2
LEED NC 2.2 was launched in 2005. A total of 2,626 projects have been certified under NC
2.2, of which 137 achieved Platinum level (at least 52 out of a possible 69 points). As Figure
7 below demonstrates, there were a few credits that were not achieved at high rates by

Platinum projects, as shown by the solid line. As the shaded area indicates, the Platinum
projects also achieved a high percentage of available points for all credits with the space
between the line and shaded area indicating points available that were not achieved.

Figure 7 Aggregate credit achievement, LEED NC 2.1 Platinum projects

Figure 8 shows that Platinum projects using LEED NC 2.2 consistently achieved higher
percentages of available points, in addition to achieving more credits, compared to all.

Figure 8 Percentage of available points achieved by all projects vs. Platinum projects (LEED NC 2.2)

The credits that were achieved by fewest projects were similar for Platinum and all projects,
with a few exceptions, as shown in Table 5:
Table 5 Credits with lowest achievement rates, Platinum and all projects – LEED NC 2.2
Credit

% of Projects
All
Plat

MR1.3 Building Reuse (shell)
MR3 Resource Reuse
MR6 Rapidly Renewable Materials
EA 2 Renewable Energy
MR1.1 Building Reuse (walls,floor,roof)
WE2 Innovative wastewater treatment
SS3 Brownfield redevelopment
EA5 Measurement and verification

2%
6%
6%
14%
13%
13%
17%
22%

5%
28%
28%
78%
23%
52%
18%
66%

Diff

% of Maximum Points
All
Plat
Diff
2%
5%
6%
10%
10%
13%
17%
22%

5%
24%
28%
65%
18%
52%
18%
66%

For Platinum projects, the top 25 credits were achieved by at least 80% of all projects (with
one exception – SS4.1 Public Transportation Access, achieved by only 69%); an additional 3
credits, not in the top 25, also were achieved by 80% or more Platinum projects. For all
projects, these top 25 credits were achieved by 49-95% of projects; only the top 10 credits
were achieved by 80% or more projects.
In addition to comparing Platinum projects with all projects, it is useful to compare them with
the other certification levels (Gold, Silver, and Certified). Figure 9 shows that Certified and
Silver projects consistently achieve below the average achievement   level   of   “all”   projects,  
Gold projects consistently   achieve   slightly   above   “all”   projects,   and   Platinum   projects  
consistently achieve the highest levels. This trend would be expected, but the data reveal
that in no case did a lower certification level achieve a greater percentage of available points
than those with higher certification levels.

Figure 9 Percent of available points achieved by certification level,( LEED NC 2.2)

3.2

Credit achievement by credit category

The previous section explored the similarities and differences between Platinum projects and
all projects achieving LEED certification under NC 2.1 and 2.2 with respect to individual
credit achievement. This section explores patterns of credit achievement by credit category,

to determine if Platinum projects differ from all projects in terms of their ability to address
specific site, water, energy, materials and indoor environmental quality issues.
Figure 10 presents the percentage of Platinum projects that achieved each credit and the
percentage of available points that was achieved by Platinum projects. It shows that when a
credit was earned by a project, all of the maximum points available were earned in the
Sustainable Sites and Indoor Environmental Quality categories. Platinum projects achieved
signficantly smaller % of available points in Materials & Resources (56%) as compared to
other four credit categories (83%). Platinum projects struggled particulary with building
materials (structural and non-structural) reuse-related credits.

Figure 10 Platinum project credit achievement by credit category (LEED NC 2.2)

Figure 11 shows that Platinum projects and all projects were similar in their achievement
levels in Water Efficiency and Materials and Resources categories. Platinum projects
showed a similar pattern of credit achievement in Energy and Atmosphere for credits
achieved, but within each credit, Platinum projects gained a consistently higher percentage
of points available. It also indicates that Gold projects have a pattern of achievement that is
closer to Silver projects than to Platinum projects. The achievement pattern of Platinum
projects is different from all others.

Figure 11 Credit achievement level by credit category and certification level (LEED NC 2.2)

4. Discussion
This initial analysis of projects certified under LEED NC 2.1 and 2.2 indicates that Platinum
projects are different from projects certifying at other levels in ways other than total point
achievement. These differences include:
 Platinum projects are increasing in number but are not increasing as a percentage of
total projects certified because other levels of certification are seeing larger increases in
number of projects.
 Platinum projects tend to be smaller than projects at other certification levels.
Approximately 75% of all Platinum projects are below 75,000 SF, and most of those are
under 25,000 SF.
 Platinum projects are most often owned by non-profit organizations (34%) while projects
at other certification levels are most often owned by for-profit organizations (32-38%).
Platinum projects are less likely to be owned by Federal or local governments than
projects at other certification levels.
 Some of the greatest differences between Platinum projects and all projects was seen in
the credits that were achieved by very small percentages of all projects. For example,
under LEED NC 2.2, 80% of Platinum projects achieved the credit for renewable energy
while only 14% of all projects achieved the credit; 67% of Platinum projects achieved the
measurement and verification credit while 22% of all projects achieved the credit; and
52% of Platinum projects achieved the innovative wastewater treatment credit while 13%
of all projects achieved the credit.
 Platinum projects were most similar to all projects in achievement of Water Efficiency
and Materials and Resources credits and percentages of maximum available points.
Platinum projects achieved far more credits and a larger percentage of available points
especially in the Energy and Atmosphere category. Platinum projects had the most
difficulty in achieving Materials & Resources credits.
Analysis of the database cannot provide the reasons for these differences and similarities,
but the findings indicate areas in which interviews with project teams and analysis of
strategies employed to achieve the credits would be useful.

5. Conclusions
The LEED database provides a very useful tool for beginning to understand more about the
similarities and differences among projects that have received LEED certification. It would
be useful to conduct similar analyses of LEED 2009 projects when data become available.
Specific issues for further exploration include the relationship between ownership and size,
as well as the relationships among ownership, size, and specific building types, and the
reasons for differences between Platinum projects and all projects on specific credits and
credit categories. Finally, it would be useful to compare findings for LEED projects with
findings from projects that certified under other systems in use around the world.
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Summary
The climate change mitigation is one of the greatest challenges of sustainable society. It has
boosted the fastest growing new investment market in the world with over 140 billion dollars yearly
investments. Inside the market, the built environment is assessed to offer wide scope of the most
cost effective sustainability business innovation opportunities. Paradoxically, the climate
opportunity in the real estate and construction sector (REC) has not activated sustainability
business innovations (SBI) with required speed. The latest research seems to imply that the
industry utilizes traditional R&D process that is not most suitable for fast radical innovations.
The study was set to investigate what are the challenges of sustainability business innovations in
REC industry in Europe and what are potential SBI solutions to tackle these problems. Three
groups of international professionals were interviewed to give more specific understanding of
sustainability innovation challenges in built environment. Unexpectedly, the main findings of this
paper suggest that SBIs in REC have several industry specific major challenges. The key
challenges appear to be complex REC industry value network, team building, high R&D-intensity,
and commercialization management. In addition, the following themes were identified: SBIs in REC
industry are constrained by project business orientation, fundraising and internationalization issues
and lack of regulation, standards, customer pull and incentives. Moreover, several potential
solutions were identified such as national policy decision-making round table and SBI valuation
investor tools. In the future, it would be highly interesting to study further the role of VC and policy
decision maker in creating SBIs in built environment.
Keywords: Sustainability business innovations (SBI), real estate business, construction, built
environment

1. Introduction
The climate change mitigation is one of the greatest challenges of sustainable society. Climate
mitigation has boosted the fastest growing new investment market in the world with over 140 billion
dollars yearly investments [1]. Inside the market, built environment and especially the real estate
and construction (REC) industry is assessed to have the largest potential for profitable
environmental burden reduction [2]. There is a lot of evidence to support the belief that in order to
rapidly increase sustainability in built environment the radical innovation is essential. In fact,
innovation has recently been emphasized in general environmental economics literature and has

been defined for example as technical environmental innovation, eco-innovation [3] or
sustainability business innovation (SBI) [4] – innovations that bridge the gap between business,
social, and environment factors to achieve sustainability. Perhaps the most challenging aspect of
the climate mitigation is the short time frame for corrective actions, specifically in built environment
for example to produce almost zero energy buildings by year 2020 – in ten years [5]. Paradoxically,
the latest research suggests [4] that despite the sustainability opportunity there is little SBI activity
in REC industry. In particular, there is a lack of fast customer-oriented radical innovations that are
expected in sustainability markets. In addition, the very few radical SBIs already in the market face
great challenges in being accepted by investors and other stakeholders [6].
The study was set to investigate what are the challenges of sustainability business innovations in
REC industry in Europe and what are potential SBI solutions to tackle these problems. First, a
thematic framework for SBIs in REC industry is utilized to identify relevant themes, and then
several professionals from public and private venture financing organizations, REC industry
companies, and research organizations are interviewed to increase the understanding of
challenges specific to SBI in REC industry. Moreover, we analyse the challenges at venture capital
(VC), company, and policymaker perspectives, and several SBI experts are interviewed to identify
potential solutions for these challenges.
The paper is divided into three sections. First, we briefly review the key themes of innovation
challenges in earlier literature. Second, the empirical data from interviews and observations are
discussed. Finally, the key research implications are presented with suggestions for future
research.

2. Challenges to innovation
2.1

General and REC industry’s innovation challenges

General business innovation challenges have been widely studied in last decades. The literature
review concluded that key challenges to innovation are related to efficient team building, innovation
strategy and processes, organizational culture, and lacking resources for innovation. For example,
West and Callagher [7] have documented that the key challenges of innovative companies are
building and motivating the best and brightest team for the innovation, exploring a wide range of
external sources for innovation, integrating those sources with company's resources and
capabilities, and maximizing returns on intellectual property. Moreover, several studies [8-10] have
investigated business innovation processes and suggest that a low level of customer and value
network integration into the innovation process represents a challenge to business innovation,
especially service-oriented radical innovations. Holmström [11] argues that large size of the
organization per se is a great challenge to business innovations as it often leads to bureaucratic
internal organization of the firm and myopic management behaviour due to concerns for reputation
in the capital market. Therefore, small companies innovate disproportionately compare to large
companies, and contrary incumbents often fail to innovate due to their bureaucratic organizations
that compromise innovation incentives. Moreover, Chesbrough and Crowther [12] have identified
not-invented-here (NIH) syndrome and lack of internal commitment as main hampering factors of
business innovations.
Several studies suggest that there are various industry specific challenges to innovation in REC
industry. Construction innovation is traditionally identified as technical innovation that increases the
feasibility and quality of construction projects [13-14]. Innovation in the REC industry is often
classified as a cost-intensive investment with very indefinite returns due to the risks associated
with R&D and great variations in both demand and profits [15-16]. In addition, recent studies [1517] suggest that the lack of innovation management competencies and tools – especially related to
promoting new ideas and making conscious strategic decisions about the direction of the firm's
innovation activity – present a challenge to innovation in REC industry. Innovations in the REC
industry have a tendency to be incremental in nature, and lead to radical transformations only over
the long-term.

2.2

SBI challenges

Earlier literature does not contain extensive studies concerning SBIs especially in REC industry,
and the studies have focused on the role of the regulatory authorities. For example, Dewick and
Miozzo [18] research the relationship between innovation and regulation in the context of energy
efficiency and REC industry. They find that besides the inherent conservatism in the REC industry,
additional barriers inhibiting the diffusion of new SBI include capital costs, the failure of the market
to account for social and environmental costs and savings, and the perceived cost-effectiveness
and performance of products over a 50-year lifetime. Moreover, few recent studies have looked at
why radical sustainability innovations often fail in REC industry in spite of their strong ecological
and efficiency benefits. For instance, Rennings et al. [6] have examined SBI challenges in the
context of power plant construction. The authors identified high investment costs as a barrier for
introducing radical product innovations.
Recent studies have also looked at the policy decision-maker challenges concerning the
development of policy processes for sustainability innovation. For instance, Foxon and Pearson
[19] argue that the incorporation of dynamic innovation systems thinking beside traditional linear
innovation models and the need for a long-term strategic framework to address sustainability
concerns has direct implications for the development of sustainable innovation policy. Moreover,
increasing demand of new sustainable innovations is also recognised as key challenge for policy
makers to promote new SBIs. Utilizing public procurements methods or reinforcing standards and
regulations are identified as key tools increasing SBI demand [20]. According the latest research
need of new SBI decision-makers tools is critical. For example in Finland, the consequences of
current ecology policy activities are recognised as development of organizations present
processes and slightly the diffusion of new SBI, but not generating new sustainability innovations
[21]. Fundamentally, regulation dictates innovation adoption. Relaxed climate policy is a challenge
to radical innovations and has led to the era of incremental solutions [6].
Furthermore, Kajander et al. [4] investigate the current approach in REC industry to produce SBI
and why it does not seem to produce new innovation with required speed. Almost hundred
innovation projects in the industry were scanned to find out whether they contain the major
components of an innovation process – radical innovation target, and strong customer and value
network integration into the innovation process. The results implied that sustainability innovations
process in the built environment lacks some of the key components of an innovation process as
none of the scanned projects included all three components. Moreover, the sustainability
innovation processes in REC industry were actually found to resemble traditional R&D processes
instead of innovation processes.

3. Empirical data and research design
The empirical data was collected from three-round interview and analysis process. Some
preliminary results from round one and two interviews will be published forthcoming LCM2011
conference in Berlin. In round-one, we collected data through theme interviews from venture
financing organizations that invest in SBI in built environment. In round-two, we interviewed five
representatives – 2 CEOs, 2 chairman of the board and a technology director – from REC industry
companies active in SBI. In round-three, we interviewed three professors from Europe’s top
Universities to validate our findings on neutral environment and against findings in innovation
research from round 1 and 2, and to investigate the challenges at policy level and explore potential
solutions to overcome SBI challenges.
The target of the first three interviews was to find out what are the key challenges of SBIs from
venture financing organization’s point of view and how they differ from general innovation
challenges. The challenges identified from earlier literature were used as grounding structure of
semi-structured interviews. The three interviewed VC experts come from venture finance
organizations based in Finland that have altogether over 480 Meur of funds allocated in
investments in SBIs in built environment, especially in renewable energies and energy saving
technology companies in Finland but also other European countries.

The round-two five interviews were conducted by interviewing REC industry companies active in
SBI. The target of these interviews was to find out what the key challenges of SBI are from the
innovator’s point of view and how they differ from general innovation challenges. All the offices of
the interviewed professionals were located in Helsinki Metropolitan area. Each of the theme
interviews lasted approximately two hours. Interviewed companies are presented in Table 1.
Table 1 Interviewed companies in round-two
Company
A
B
C
D
E

Company’s scope
Sustainability
engineering
company
Development and manufacturing
steel structure solutions
Indoor environment products,
systems and services
Modular products for buildings
LCM Services

Market area
Nordic
countries
Global

Turnover
70 MEUR

Ownership
Publicly-listed

610 MEUR

Publicly-listed

Global

150 MEUR

Privately-held

Finland
Finland

1 MEUR
4 MEUR

Privately-held
Privately-held

The target of the three round-three interviews was to validate the challenges identified from earlier
interviews on neutral environment and against findings in innovation research. Moreover,
secondary target was find out what the SBI challenges are from policy decision-makers’ point of
view, and finally, identify potential solutions to overcome SBI challenges. The interviewed three
SBI researchers came from distinguished universities – IMD, EPFL and EHTZ – in Switzerland.
Each of the researchers had over 20 years of experience in the area of venture financing to SBI
innovations, construction and real estate innovations, or commercialization of SBI. Researchers
had also strong experience from the industry e.g. commercialization of successful SBI’s around
Europe in role of entrepreneur and VC, and managing the leading global innovation consultancy
company. Each of the semi-structured interviews lasted approximately three hours.

4. Results
4.1

Round-one interviews: venture financing organizations investing SBI

In round-one interviews all of the respondents stated complex REC industry value network as the
key challenge to SBI. Taking new SBIs, especially radical, to the market is difficult due to REC
industry value network fragmentation, as multiple stakeholder commitment and acceptance are
required to go further in the innovation process. Team building was also brought up by every
respondent as a particular problem of SBI especially in terms of lack of multidisciplinary
entrepreneurial teams capable to manage complex value networks and innovation. Moreover, the
interviewed experts underlined that SBI in REC industry typically needs a long-term research and
development (R&D) background for innovation. Finally, pending regulatory decisions regarding
energy efficiency standards was generally seen as a barrier to SBI in REC industry. In addition,
some respondents mentioned SBI company local market orientation and consumer environmental
awareness building as constraints on SBI in built environment.
These interviews suggested that the key challenges to SBI in built environment from venture
investor’s perspective are complex value networks, team building challenges, long-term R&D
requirement and linkage with pending regulatory decisions.
4.2

Round two interview: active SBI companies in REC industry

In round-two interviews, the REC companies described several challenges inhibiting their SBI
activities, which are summarized in Table 2. Most of the challenges identified in round-one
interviews were present at the interviewed REC industry companies active in SBI. However, the
companies also brought up challenges, which were not discussed in earlier literature or round-one
interviews.

Complex value network in REC industry was mentioned as a challenge to SBI in every company
interviewed. SBI activity within REC industry was regarded as a challenging long-term process that
requires formidable investments and managerial tools to build and manage networks in a
fragmented environment, especially in the case of radical innovations.
Table 2. Summary of round-two interviews
Company
Complex value network
Team building
R&D and commercialization management
Project business orientation in REC industry
Internationalization of SBIs
Fundraising
Regulation and standards

A
X
X
X
X
X
X

B
X
X
X
X
-

C
X
X
X
X
X
X

D
X
X
X
X
X
-

E
X
X
X
X
-

As table 2 shows, all interviewed company representatives argued that SBI team and competence
building is a critical challenge especially concerning attracting the professionals who are
development-driven and building teams with multidisciplinary competencies. In addition, several
challenges related to processes and tools of R&D management, as well as commercialization of
research results were present at all interviewed companies. Furthermore, some of the respondents
pointed out SBI challenges related to project based operations in REC industry, internationalization
of SBI, fundraising for SBI, and lack of a common understanding on sustainability, innovation and
environmental standards.
4.3

Round-three interviews: Policy decision-makers in REC

In round-three interviews findings from earlier two rounds were verified as applicable also in
Switzerland, and further suggested to be key challenges, more generally, for SBI in Europe. All
interviewees argued that fragmentation and long value chains means complex value networks,
which may become critical challenge to diffuse new SBI’s inside the REC industry. Moreover, all of
the interviewees mentioned marginal competition, focus on incremental innovation, lack of
commercialization competence, and convincing property investors and local policy makers of SBI
benefits as challenges.
Interestingly, new regulation, followed by incentives and customer pull, were identified as primary
drivers of SBI production and implementation. Interviewees argued that regulatory development
and sustainability promotion is primarily a duty of the government. In addition, firms should actively
lobby for new regulations and thereby increase the demand of new SBIs. Lobbing was mentioned
to be one of the key challenges in REC industry, as lobbing is not currently focused on increasing
sustainability, but maintaining current business benefits. Especially production of radical SBI was
identified as highly dependent on the speed of developing and setting new regulations. All
interviewees argued that correctly arranged incentives are critical drivers of SBI as concrete out of
pocket costs and benefits are crucial both b2b and b2c SBI. Moreover, regulatory authorities
should develop tax credits, subsidies and other concrete benefit schemes to end users of new SBI
and companies should create and visualize win-win-win situations and schemes for value networks.
Finally, customer pull, in terms of consumer organizations and awareness and communication via
media, was identified as potentially substantial driver but having currently relatively small role in
practise on SBI.
In addition of identified challenges, interviewees presented some potential decision-makers
solutions to increase SBI activity in REC industry. First, creation of national round table decision
making concept for multiple public, private and 3rd sector stakeholders might be a potential solution
to tackle complex value network. Round table would aim to develop and diffuse SBIs and
effectively coordinate investments to focus areas and, therefore, could radically develop SBI
generation in REC industry. Second, SBI process development and implementation was

developed as solution to SBI challenge of project based business. The main characteristic of SBI
process include holistic approach to project design, building multidisciplinary project teams,
implementing expertise and dedication to innovation inside the core team and focus on
professional SBI project coordination. Finally, co-operation and research result implementation
with global companies, creating from science to business SBI culture in universities, development
and implementation of new SBI valuation investor tools and development of intelligent SBI tools for
cities were mentioned as potential solutions.
4.4

SBI challenges in REC industry

Next we reviewed the findings from our three-round interview and exploratory empirical study. The
challenges of the venture financing organization active in SBI, the companies active in SBI, and
SBI policy decision-makers are presented and summarized in Table 3. The challenges identified
for SBI in REC industry were categorized under the nine themes of complex REC industry value
network, team building, R&D and commercialization management, project business orientation in
REC industry, internationalization, fundraising for SBI, incentives, customer pull, and regulation
and standards.
Table 3. Summary of empirical observations from interviews
SBI REC
challenge

SBI VC investor
challenge

SBI industry and company
challenge

SBI policy decisionmaker challenges

Complex value
network
management

Complicated and costly
decision-making
processes

How to manage
systemic change in a
fragmented
environment?

Team building

Lack of multidisciplinary
and entrepreneurial
teams

How to find the right partners and
projects for SBI and convince
multiple stakeholders of the SBI
benefits at the same time?
Lack of innovation management
competencies

R&D and
commercializati
on

- Long-term R&D
required for SBI
- Time gap from product
to market with high sunk
costs

Lack of processes and tools of
R&D management and
commercialization

- Marginal competition
in the industry
- How to create
science-to-business
culture?
How justify local
investments to voters?

Project business
orientation in
REC industry
Internationalization
of SBI

SBI company local
market orientation

Fundraising for
SBI

-How to create an innovation
culture in a project organization?
-How to convince risk-averse
project participants on SBI?
- How to create a company
innovation culture for transferring
SBIs in different locations?
- How to make regional business
to strive for international growth
How to find the right
sustainability-oriented financing
sources for high risk SBIprojects?

Customer pull

Incentives

Regulation and
standards

How to create and visualize winwin-win situations?
Slow-paced political
decision-making for
energy efficiency
standards

Lack of a common understanding
on sustainability, innovation and
environmental standards

How to facilitate cooperations with
national organizations
and global partners?
How to focus
sustainability
investments?
Lack of sustainability
consumer
organizations
How to develop
concrete benefit
schemes to end-users?
Lack of sustainability
lobbing inside the
industry

Roughly speaking, all groups of interviewees found mostly similar challenges, especially in terms
of value networks and team building. However, project business orientation in REC industry and
challenges related to fundraising for SBI were present mainly in SBI companies. In addition, in
contrary to VC investors, the SBI companies did not perceive pending regulatory decision as such
a severe challenge to SBI as investors. Instead the companies highlighted lack of common
understanding of sustainability and use of standards as a regulatory challenge. Moreover, while
VC investors consider long-time to market and sunk costs related SBI as primary issues in the
area of R&D management, the SBI companies felt that it is first and foremost a question of better
tools and processes for innovation management.
From policy-maker point of view, the dilemmas of lack of customer pull in REC industry was
highlighted in interviews. Interestingly, the academic group of interviewees were more aware of
potential solutions for SBI challenges than the companies and investors. However, any of the
interview groups could present potential solutions to lobbing, incentives, local invests versus
national benefit and marginal competition inside the market. Therefore, these identified challenges
might present the most significant SBI barriers in REC industry.

5. Discussion and conclusion
The study was set to investigate what the challenges of sustainability business innovations are in
REC industry in Europe and what potential SBI solutions can tackle these problems. First, a
thematic framework for SBIs in REC industry was utilized to identify relevant themes, then several
professionals from public and private venture financing organizations, REC industry companies,
and research organizations were interviewed to increase the understanding of challenges specific
for SBI in REC industry. Finally, we analysed the challenges from VC investor, innovation company,
policymaker perspectives by interviewing several SBI experts.
The results of the paper suggest that SBIs in REC have several industry specific challenges. The
key challenges identified by all of the interviewees were the complex REC industry value network,
team building challenges, high R&D-intensity and commercialization management. In addition, the
findings suggest that SBIs in REC industry are constrained by project business nature of REC
industry, fundraising and internationalization issues, lack of regulation, multitude of standards, lack
of customer pull, and intelligent incentives.
It would seem that the challenges in sustainability innovation in REC industry differ from general
innovation theories – especially in terms of the importance of complex value networks, project
business nature of REC industry and regulation intensity. Moreover, unique challenges of SBI
policiec such as, lack of informative sustainability lobbing, local investments and marginal
competition were identified.
Several potential solutions for SBIs in REC were identified in interviews. Fundamentally, new tools
for SBI screening, evaluation and management are needed to enable companies, VC investors
and policy makers to succeed in SBIs. Moreover, REC industry should develop customer-oriented
and fast innovation processes that holistically integrate the value networks. Furthermore, creation
of national round table decision-making concepts and development of intelligent SBI platforms and
tools for cities are critical to develop policy decision-making activities.
When generalizing based on the results, this study has some important limitations. Since the data
collected through interviews for the study is limited in number, the implications made should be
considered as suggestive only. However, this paper sets forth several leads for future research. It
would be highly interesting to study further the role of VC and policy decision maker in creating
SBIs in built environment. Moreover, potential solutions identified in the study should be evaluated
and diffused.
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Summary
The purpose of this paper is to present an overview of the green building master plan of the
Building and Construction Authority (BCA) of Singapore, and showcase one of the research
projects aimed to achieve the goals of the green building master plan. One of the key targets set
by the Singapore’s Inter-Ministerial Committee on Sustainable Development (IMCSD) is to
ensure that at least 80% of the buildings in Singapore comply with the Singapore green building
standards (known as Green Mark) by 2030. The master plan includes various policies and
initiatives that aim to culminate green building design and practices in Singapore. One of these
research projects done in collaboration with industry, academic and authority is presented in this
paper. The project develops the framework to measure and account for carbon emissions for
various Green Mark standards, and establishes the relationships between Green Mark
standards and carbon emissions. The paper establishes the framework to correlate green
building standards and equivalent carbon emissions by, first, reviews the criteria of direct and
indirect carbon emission measurement, and second, identifies the focal point of carbon
emission modeling.
Keywords: Green Building Policies, Green Mark, Sustainable Development, Carbon Emissions

1. Introduction and Objectives
Given the highly urbanised environment in Singapore with a 5 million population and land area
of about 700 square kilometres, there is a need to develop and promote an environmentally
sustainable built environment. Our buildings have been shown to consume about a third of the
national end-use electricity and are the second largest electricity consumer, after the industrial
sector. Hence, the adoption and promotion of green buildings is vital towards a sustainable built
environment.
The main objective of this paper is to layout the Building and Construction Authority (BCA) of
Singapore’s vision to achieve the goals of making Singapore building more sustainable. This
paper also showcases one of the projects that BCA has conducted to achieve the goals. One of
the goals is to measure carbon emissions generated from buildings in Singapore. The paper

documents the details of the research project.

2. BCA’s Approaches to Sustainable Buildings
BCA introduced Singapore’s green building rating system, the BCA Green Mark in 2005. It is a
unique green building rating system developed specifically for the tropical climate to improve
energy efficiency, water conservation, indoor environmental quality and waste minimisation in
buildings. The BCA Green Mark scheme is an initiative to drive Singapore’s construction
industry towards more environment-friendly buildings. It is intended to promote sustainability in
the built environment and raise environmental awareness amongst developers, designers and
builders when they start project conceptualisation and design, as well as during construction.
The BCA Green Mark has give key assessment criteria looking at Energy Efficiency, Water
Efficiency, Environmental Protection, Indoor Environmental Quality and Other Green Features.
The rating system has four rating levels, namely, Certified, Gold, GoldPLUS and Platinum, each
level corresponding to higher energy efficiency levels to be attained above the current building
codes in Singapore. BCA Green Mark has criteria for new residential buildings, new nonresidential buildings, existing buildings, office interiors, landed houses, new and existing parks,
infrastructure and district. The BCA Green Mark for new buildings has also undergone several
reviews to keep it relevant and with more stringent performance levels. The latest is currently
the Green Mark version 4 that came into effect on 1 December 2010.
2.1

Inter-ministerial Committee on Sustainable Development (IMCSD)

In 2008, a high level Inter-Ministerial Committee on Sustainable Development (IMCSD) was
formed in Singapore. The Committee was co-chaired by the Minister for National Development,
Mr Mah Bow Tan, and the Minister for the Environment and Water Resources, Dr Yaacob
Ibrahim, and tasked to formulate a national framework and strategy for Singapore’s long-term
sustainable development. Amongst the key recommendations made relating to the built
environment were targets to have by 2030, 80% of all the buildings in Singapore attain at least
the BCA Green Mark Certified level and the overall energy efficiency improve by 35% from the
2005 level. The policy instruments under the Green Building Masterplan were also formulated
and aimed at achieving these targets set by the IMCSD by 2030.
2.2

Green Building Master Plan in Singapore

To champion sustainability in the built environment, BCA formulated the Green Building
Masterplan which focuses on new buildings, those undergoing major retrofitting, and existing
building stock. The Master plan has six strategic thrusts shown in Figure 1.
2.3

Success of the Green Building Master Plan in Singapore

Since the launch of the Green Building Masterplan, there has been a significant transformation
in Singapore’s new building projects. From having only 17 Green Mark building projects each
year in 2005 and 2006, the number increased to 96 in 2007, 120 in 2008 and now, a total of
more than 500 Green Mark building projects in 2010. In terms of floor area, over 20 million
square metres, or close to 10% of buildings, are now certified under the Green Mark scheme.
One of the projects aim to achieve the above goals is to correlate carbon emissions and BCA’s
Green Mark Criteria.

Figure 1.. Six strategic thrusts under BCA’s Green Building Masterplan

3.

Green Mark Criteria Carbon Scoping and Modeling

To ensure that BCA Green Building Master Plan achieves its objectives, BCA develops several
research projects to enhance Green Mark’s capability to account and measure environmental
benefits. One of the projects is the “Carbon Calculator for Green Mark”. The project aims to
quantify the carbon emissions reduction of various BCA Green Mark criteria. This project allows
BCA to understand if the intended carbon emission reduction from various criteria can be
achieved.
3.1

Carbon Scoping

GHG emissions include a variety of gases, such as carbon dioxide, methane, nitrogen oxide,
sulphur hexafluoride and a range of HFCs, PFCs. The GHGs are released as a result of a
number of activities. In the building context, these activities include primarily the combustion of
fossil
ssil fuels for electricity or heat/cool energy generation and refrigerant gases. They also include
those arising from indirect impacts such as those from material and water production.
The Green Mark criteria recognises that sustainability addresses more than just carbon
emission and thus cover a range of environmental sustainability issues, some of which have
little or no relevance to carbon emissions. As this study only relates to the carbon aspect of
environmental issues, the GM credit criteria will be reviewed and scoped to those only related to
carbon emissions. The scoping process will be carried out as follows:
1. Identify those credits which have a potential carbon impact.
2. Determine the correlation between the credit criteria and carbon relevance (direct
(di
or indirect)
3. Determine the significance of the impact carbon impact of the credit criteria (high or low
impact). Qualitative evaluation only.
4. Measurability. The scoping process will also qualitative assess the measurability at this
stage of the carbon
n emissions.
Collectively, undergoing this scoping exercise determine which are the credit criteria which are
included and evaluated in this study. The next step after the scoping process is to identify the
relevant equations to each of the relevant cre
credit criteria, and these include:

1. Identification of carbon relevant GM criteria: This first part of the scoping process will
essentially evaluate whether each of the credit criteria processes has any impact on carbon
emissions. For example, External Thermal Transfer Value (ETTV) has an impact on the heat
transfer to the building. This has an indirect impact on the air conditioning cooling energy
and hence an impact on carbon emissions of the building. The process will go through all
the GM credit criteria systematically and assess those which are deemed to have a carbon
impact. Justifications for each of the criteria will be provided. (ETTV is an overall value that
includes three basic components of heat gain through external wall and windows of a
building, and these three components include heat conduction through opaque glass and
glass windows, and solar radiation through glass windows).
2. Correlation of GM criteria to carbon emissions: Once the relevant credit criterion has been
identified, the next step is to assess the correlation of the processes under each criteria and
how they generate carbon emissions. Carbon emissions can arise directly as a result of the
criteria activity itself or indirectly as a consequence of the activity. Consequential carbon
emissions can also be from secondary impacts. The impact will thus be divided into three
categories: Direct, indirect (level 1) and indirect (level 2).
3.2

Carbon Emissions Modeling

Carbon emission model set boundary to factors that will be counted in carbon emission
calculation. Existing carbon emission models in different countries use dissimilar models and
methods for the carbon emissions calculations. According to the literature review for this project,
carbon emission models can generally be classified into 3 categories: (1) Input-Output
Economic Model (Top-Down); (2) Process Model (Bottom -Up); and (3) Hybrid (combination of
two models).
3.2.1

Input-Output Models (Top-Down)

The Input-Output Economic Model basically counts the whole annual economic activity of a
country as a lump-sum revenue. The amount of revenue used on energy will be applied to
determine the energy consumption per cost. A conversion factor will then be applied to the
calculation to determine the carbon emission. This method was used in the article The
Estimation of Life Cycle Energy Consumption and CO2 Emission of Office Building in Japan by
Oka and Michiya. They estimated the total amount of domestic, imported, and exported
products caused by construction of buildings such as steel, and concrete using the I/O Table of
Japan published by the Research Committee of International Trade and Industry each year
(Oka, Suzuki, & Kounya, 1993). The profit margin, transportation cost and storage cost are
deducted. The cost spent on materials will be converted to cost per building area. The data will
again be converted to CO2 per building area using fuel carbon emission. In Canada, carbon
emission for business is limited by policy and high tax. Similar to the model from Japan, the
revenue of construction is initially used in the calculation. However, the cost is swapped by a
market-based policy instrument carbon permit system (Dissou, 2005). The revenue generated
by carbon permit is calculated and converted to carbon emissions.
In the United States, Economic Input-Output Life Cycle Assessment (EIO-LCA) method
developed by the Green Design Institute at the Carnegie Mellon University also uses the inputoutput method to measure carbon emissions. They adopted the Japanese economic model and
localize it for the commonwealth of Pennsylvania and the state of West Virginia. They
composed different models for year 1992, 1997, 2002 using the United States Department of

Commerce Data. Analysis result will be displayed either in an excel file or on a webpage with
specific industry sector and activity input.
3.2.2

Process Models (Bottom-Up)

The Process Model calculates carbon emissions based on the flow of energy use and
consumption pattern. The energy consumption includes energy use during construction,
operation and maintenance, material production, extraction, and transportation. Energy
consumption on water supply and wastewater treatment is also counted in this model. This
model is more precise and detail-oriented compared to the I/O Model. Many of the countries use
this model including the European Union, Israel, UAE, USA and UK. Process Model calculates
carbon emission with diverse variables. The variables are categorized into General Building
Information (building characteristics, occupancy, location, energy efficiency and construction
methods), Building Energy Use (types of energy), Domestic Water (embodied energy of water,
heating, and treatment methods), Landscape (vegetation, irrigation and water consumption),
Transportation , Materials (embodied energy, transportation and lifecycle) and Solid Waste
(treatment methods like recycling, reuse or landfill). These categories will be divided into subcategories to determine the contribution of carbon in each activity.
This model has precise assessment on carbon emission in different categories, and the scopes
are closely related to Green Mark certification criteria’s, KU proposes to use Process Model for
this project as it is comparatively more accurate than the I/O model. ürge-Vorsatz, Harvey,
Mirasgedis, & Levine (2007) can be used to determine the breakdown of residential and
commercial building energy use in the U.S., E.U. and Canada and incorproated into the process
models.
3.2.3

Hybrid Models

Hybrid Model is a combination of Economic Input-Output Model and Process Model. In this
model, fuel consumption and its carbon emission calculation are commonly estimated by the
Economic Input-Output Model, while carbon emission from other criteria’s such as materials and
water are estimated by Process Model.
3.3

Life Cycle and Expectancy

Life cycle impact has a huge component in addressing carbon emissions of a product used in a
built environment. Different product has different life expectancy and thus they are replaced at
the end of their lives. Each product has to be maintained throughout its life cycle. The
replacement and maintenance will add additional carbon footprints to a built environment.
Michiya & Oka (1998) developed a list of life expectancies of different construction-related
products. The life expectancies can range from 15 to 25 years for roof, to 1.5 to 5 years to
lighting systems.

4.

Data Sources

There are a few researches that provide existing data on carbon emission applicable to
Singapore. LEED, green building certification in the US, provides some data on carbon
emissions on their credit weighing tools while EPA in the US also provides data on carbon
emission on hydrogen carbon fuels. However, these data are not complete and carbon emission
on construction materials and transportation energy are not mentioned. In addition, the data

from the US may not be applicable to Singapore due to the geographic differences. In the UK,
2009 Guidelines to Defra / DECC's GHG Conversion Factors for Company Reporting by the
Department for Environment Food, and Rural Affairs, and AEA for the Department of Energy
and Climate Change provides data on transportation energy consumption in details. It also
provides the carbon emission for electricity generation all over the world, including Singapore.
The Inventory of Carbon & Energy (ICE) Version 1.6a by Hammond and Jones from the
University of Bath provides all the carbon emission for most of the common construction
materials. These two resources offer data on CH4, N2O, CO2, and VOCs emission which can be
used to determine the carbon equivalent emissions. The Environment Protection Agency also
provides data on carbon emissions relevant to the United States. To overcome the magnitude of
work, carbon data will be adjusted to fit into the situations in Singapore.

5.

Calculations and Models

The methods and models that most calculators use to calculate the carbon footprint are usually
not available even though there are many calculators developed and posted on the web. It is not
a simple task to examine the relevance of these calculators to Singapore. As such, the research
focuses on re-establishing the models from scratch using the following methods:
1. US: CTG Carbon Calculator (Mäkivierikko, 2009), National Institute of Standards and
Technology’s BEES (Lippiat, 1999), Economic Input-Output and Life Cycle Analysis
(Hendrickson et al, 2006)
2. UK: Regulations and Robust Low-Carbon Buildings (Tuohy, 2009)
3. Canada (Wastewater): Comparison of On-Site and Upstream Greenhouse Gas Emissions
From Canadian Municipal (Sahely et al, 2006)
4. Methods from other existing calculators will also be taken from other calculators that can be
applied in Singapore
Carbon emission is classified into two kinds of emission-Direct, Indirect. Direct emission is
calculations that are related to carbon emissions during combustion of hydrocarbon fuel, while
indirect emission is calculation that are related to carbon emission during the production of
electricity (United States Environmental Protection Agency, 2009). There are two levels for
indirect carbon emission. Indirect (level 1) carbon emissions relate to the emissions generated
as a result of a GM criteria, but where the emission occurs as a result of another process or
outside the boundary of the building. One example will be provision of energy efficient lighting.
This will save electrical energy of the building which will indirectly save carbon emissions at the
power plant. Indirect (level 2) relates to those activities which has a secondary impact on
another activity that has carbon relevance. The primary impact relates to other environmental
variables, such as waste or water. One example of this is the ETTV criteria. The ETTV value
has a primary impact on the heat transferred into the building. The secondary impact will be the
impact on the level of air conditioning required to cool the internal environment. The level of air
conditioning will have an impact on the electrical energy and ultimately the carbon emission
level generated at a power plant.
Another example may be installation of water leakage devices within the building. The primary
impact of this is that it might potentially reduce the water consumption of the building. This may
lead to a reduction of water consumption will reduce carbon emissions from the water
production process.

6.

Assessment of carbon impact of GM criteria

The next step in the scoping process is to assess the carbon emissions impact from each of the
credit criteria. The impact will be assessed qualitatively at this stage, in terms of those that are
deemed to have a high impact, medium and low impact. The impact represents the contribution
of the carbon emissions towards the total carbon footprint of the building. Electricity usage for
example, will be deemed a high impact while carbon footprint associated with water will be
deemed a low impact criterion.

7.

Measurability of the carbon impact

As part of the scoping process, the criteria will also be evaluated in terms of its measurability at
this stage. Because the carbon impacts are a result of direct and indirect processes, some will
be difficult to quantify and measure. For example, providing bicycles to encourage occupants to
cycle do not necessarily translate to an increase in cycling and therefore reduction in carbon
emissions. The carbon savings will also depends on the residence location of the occupants.
This is considered a difficult criterion to measure.

8.

Proposed Framework for Models Development

The carbon calculation methods contains the followings:
(1) Data are adopted from the 2009 Guidelines to Defra/DECC’s GHG Conversion Factors for
Company Reporting and The Inventory of Carbon & Energy (ICE) Version 1.6a as study found
that these data are more relevant to Singapore (due to the inheritance of British practices in
Singapore). In addition, carbon data from the United States will also be used as Singapore has
imported most of its technologies from the United States;
(2) The models are mainly adopted from the CTG Carbon Calculator and the carbon models are
created using the Process Model. The economic level data is Singapore does not allow the
project team to accurately estimate the breakdown of carbon emissions of different sectors (i.e.
how much energy is used for different activities), however, the data and models need to be
adjusted to fit the need in Singapore;
(3) the carbon emission on water treatment data and the transportation fuel consumption will be
worked out from the data that will be provided by the utility companies and transportation
companies in Singapore. Water supply company and transportation agency in Singapore were
contacted to provide the data.

9. Conclusion and Future Development
The Ministerial guideline is translated into BCA’s Master Plan which in turn becomes the carbon
calculator at the implementation level. The carbon calculator becomes a critical tool to relate the
criteria with the benefits of carbon emissions reduction. The research project is the first step to
prove that green building standards will eventually benefit the environment (in this case, the
reduction of GHG helps reduce the impact on climate change). The project team is in progress
of developing the calculator and it will be available in September 2011.
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Summary
Sustainable Innovations has been defined as the process of developing new ideas, behavior,
products, and processes that contribute toward reduction in environmental burdens. Over time the
adoption of LEED has increased to the extent that it is gauged as one of the important measures of
assessing and achieving sustainability of built facilities across the United States. Many state and
public agencies require buildings to be LEED certified. A LEED Checklist is a bundle of sustainable
innovations used by public sector owners working on such facilities for the first time. This research
investigates whether sustainable innovations were routinized in future projects after their initial
adoption. Routinization has been defined as the stage in which an innovation has become
incorporated into the regular activities of the organization and has lost its separate identity. The
LEED Version 2.2 was used as the measure for sustainability. The study sample was comprised of
a group of public sector organizations from different parts of the country. Upon selection of sample,
the LEED Checklists of all of the projects by the particular public sector organization were
analyzed and the routinized credits were categorized. The results helped to establish that public
sector organizations mostly tend to routinize credits used in the initial projects. The study further
provides a possible explanation for the routinization of some credits over others and considers
whether the process of routinization helped in achieving overarching organizational goals, i.e.,
increasing sustainability of the built environment.
Keywords: Innovation, Adoption, Routinization, Sustainability, LEED, Public sector

1. Introduction and Background
Innovations have been defined in literature as “any practice or material artefact perceived to be
new to the relevant adopting unit” [1-6]. Some researchers have also defined innovation as “the
use of a non-trivial change and improvement in a process, product or system that is novel to the
institution developing the change” [7-12]. For purposes of this paper, we shall assume the former
definition as the baseline to evaluate an innovation. Furthermore, sustainable innovations have
been defined in literature as “the process of developing new ideas, behavior, products, and
processes that contribute to a reduction in environmental burdens or to ecologically specified
sustainable targets” [13-14]. Hence, any process or product that can be categorized by even a few
of the many attributes of innovation [3, 15-17] that bring about a change in how they are currently
perceived can be considered a sustainable innovation. These innovations in products or processes
initiate change in the Business As Usual (BAU) scenario of organizations ranging from nominal
(often mentioned in literature as incremental) to radical [9, 18-19] change. The importance of
incorporating sustainable innovations that change the BAU scenario of the Architecture,
Engineering, and Construction (AEC) Industry has become critical, considering the negative
impacts of the facilities not only on the economic wealth of the ecosystem as well as humans but
also on the health of people associated with the facilities or any of its components throughout the
lifecycle of the facilities [20-24]. The concept of incorporating sustainable innovations in the design

and construction of facilities has gained momentum over the past decade with the increase in the
number of buildings that are LEED certified and with the increase in the members affiliated with the
United States Green Building Council (USGBC) [25-26]. USGBC was created in 1993 as a nonprofit organization whose primary mission has been to create awareness about the concept of
sustainability and the use of sustainable materials within the AEC industry [23]. Since that time, it
has evolved to serve as a major benchmark to gauge the sustainability of facilities in the United
States. Many federal facilities and state governments have mandated Leadership in Energy and
Environmental Design (LEED) certification for all their newly constructed facilities [27-28]. In this
study, the credits under the LEED Version 2.2 rating system are considered to be sustainable
innovations on the basis that decision makers must have perceived a change in the BAU scenario
upon accomplishing these credits for the first time, thereby confirming the definition stated above.
After some experience in working with the innovations, the owner decides to either adopt or reject
the innovation [4]. The concept of incorporating an innovation is often termed as adoption and
Rogers (2003) defines it as the decision to make use of an innovation as the best course of action.
Consistent use of an innovation after adoption leads to routinization. Rogers (2003) often defines
routinization as the process when the innovation loses its separate identity and becomes
incorporated into the regular activities of the organization.
For this study, we are observing if public sector owners routinize certain credits for the various
facilities after the initial encounter with the sustainable innovation. There are suggestions in the
existing literature that show the possibility of routinization of sustainable innovations is mainly
driven by its potential benefits, federal requirements, social awareness and pressure, and
availability of complimentary technological capabilities [27-29]. In order to identify routinization in
this study, we will observe if public sector facility owners routinize LEED credits after the initial
adoption. The rational for selecting public sector facility owners was that the US federal
government has over 500,000 public facilities in its portfolio, and in the year 2008 it spent
approximately 24 billion dollars on construction [30-32]. It would be easier to observe fluctuations
in the process of routinization of certain LEED credits, if any.
The next section talks about the methodological approach taken for the study.

2. Methodology
The main aim of this research is to observe if routinization of sustainable innovations occurs after
its adoption in initial projects, thereby allowing the researchers to identify the commonalities among
multiple projects by the same owners. The sustainable innovations for this study are the LEED
credits under Version 2.2, which are mostly responsible for changing the construction methods and
operation techniques of facilities from the past. These innovations also offer means and methods
for creating and operating built facilities that are environmentally and economically efficient. They
also enhance the occupant’s quality of life. Figure 1 shows the overall methodology used for this
research. For the purpose of this study the initial sample consisted of public sector organizations
that had LEED certified projects within their portfolio as of the end of 2008. The major rational for
selecting public sector owners was that most public sector owners have large portfolios with many
facilities, and it is relatively easy to observe how they make the decision to adopt certain credits
over others and eventually routinize them over time. Also, public sector owners have to incorporate
sustainable innovations since they currently have to comply with procedures and policies
mandated by federal and state law makers. The public sector owners shortlisted for this study are
located all over the United States; however, there were certain constraints that helped refine the
sample. The following constraints were used in the selection of the sample:
• All projects handled by any sample must be within the same geographic location
• All projects handled by any single sample must lie in the same climatic zone
• Availability of the LEED checklist for all the projects undertaken by the sample
• The sample should have at least six certified projects in its portfolio by the end of 2008
Once the sample was able to get through the filter mentioned above, 28 projects from four different
public sector owners were selected for the study. The four public sector organizations that fulfilled
the established criteria and were selected for the study are the following:
• University of Florida, FL

•
•
•

The City of Seattle, WA
Arizona State University, AZ
The City of Austin, TX
Identification of research question

Literature review

Selection of sample
(Public sector organizations)
Filter: 1
(Geographic, climatic, & project information)
Short-listing of sample

Identification & analysis of checklist

Categorization of prerequisites and credits

Analysis and final result

Figure: 1 Overall Methodological Approach for the study
After finalizing the sample, the next step was to determine all sustainable innovations that had
been routinized by each organization after their initial adoption. However, before the selection was
conducted, the research team realized that not all projects handled by a single owner served the
same purpose, and that each project fulfilled unique requirements. One such instance to
demonstrate this phenomenon was when one such organization had initiated routinization of IEQ
credit 8.2 (Views for 90% of the spaces). After successful routinization for a wide array of projects,
the next project handled by the organization was a theater. As per the design guidelines for the
theater, it is optimal to restrict use of lighting scenes as much as possible. Given that this particular
innovation would be irrelevant it is implied that the owner would not need to apply or achieve this
credit. The particular innovation for the project cannot be routinized. Thus, while calculating the
routinized projects for an organization, the type of the structure was a major decision factor. Also,
for this study we maintained the limit of 75% credits routinized for the entire array of executed
projects This implies that any innovation consistently being used for over 75% of the projects within
an organization shall be considered routinized. An observed break in the process of routinization
was considered independent along the timeline axis. Another such factor was the prominent
difference between calculating for the prerequisites and credits within the LEED Checklist.
Prerequisite credits are mandatory for a project to be successfully LEED certified compared to
normal credits. For this very reason they were separated at the very beginning of the routinized
credit selection process. This also meant that all the pre-requisites were automatically routinized
by the sample used in this study. After the level of routinization for each LEED credit had been
determined across all the organizations, it was possible to sort the credits on the basis of ownerby-owner. The results of this analysis are presented next.
2.1

Results

After careful analysis of the checklists, the results indicate that the process of routinization does
occur eventually. In total we found 90 credits routinized by the four organizations, which did not
include the prerequisites. The study also found that six credits were routinized by all of the

organizations and thirteen credits were routinized by none of the organizations within the sample.
The LEED Version 2.2 credits routinized by all of the organizations are shown in Table 1, while the
Table 2 provides the list of credits that were routinized by none of the selected organizations.
Table 1: Credits routinized for all organizations
Sustainable Sites (SS)
SS Credit 1
Site Selection
SS Credit 4.1
Alternative Transportation - Public Transportation Access
SS Credit 4.2
Alternative Transportation - Bicycle Storage/Changing Rooms
Material and Resources (MR)
MR Credit 4.1
Recycled Content - 10%
MR Credit 5.1
Regional Materials - 10%
Indoor Environmental Quality (EQ)
EQ Credit 4.3
Low–Emitting Materials - Paints & Coatings
EQ Credit 7.1
Thermal Comfort – Design
Table 2: Credits that were routinized by none of the selected organizations
Sustainable Sites (SS)
SS Credit 3
Brownfield Redevelopment
Water Efficiency (WE)
WE Credit 1.2
Water Efficient Landscaping, No Potable Use
WE Credit 2
Innovative Wastewater Technologies
Energy and Atmosphere (EA)
EA Credit 1.3 - 1.5
Optimize Energy Performance (>24.5%/17.5%)
EA Credit 2.1 - 2.3
Renewable Energy, 5-15%
Material and Resources (MR)
MR Credit 1.1 - 1.3
Building Reuse
MR Credit 3.1 - 3.2
Materials Reuse - 5-10%
MR Credit 6
Rapidly Renewable Materials
MR Credit 7
Certified Wood
Indoor Environmental Quality (EQ)
EQ Credit 1
Outdoor Air Delivery Monitoring
EQ Credit 2
Increased Ventilation
EQ Credit 6.1
Controllability of Systems – Lighting
EQ Credit 6.2
Controllability of Systems - Thermal Comfort
EQ Credit 8.1
Day lighting & Views - Daylight 75% of Spaces
In addition to the above, all of the prerequisites were treated separately, and it was observed that
the rate of routinization was 100% since it is mandatory for all the buildings to adopt prerequisites
in order to be certified. It can also be accounted for in that the process of routinization occurred
due to the mandatory requirements of LEED certification, thus implying a reactive acceptance. The
routinization of credits occurred due to the proactive acceptance of the credits when the owners
were free to adopt and routinize credits based on their own needs.
The next section presents an overall discussion and conclusion about the study.
2.2

Discussion and Conclusions

One of the most obvious conclusions was that most of the sustainable innovations that were
routinized were from products, which were prescriptive and incremental innovations in nature. A
surprising observation was that most routinized innovations never offered any direct economic
benefit to the owner. Owners might be motivated by the core mission of their organization to serve
the greater good of the community. Also, facilities are expected to run for many years and so
products with a long life-cycle could have been a preselected input. However, no such explanation
can be related to the credits that had been rejected as we observe the credits to be either product-

process, prescriptive-performance, or incremental-radical in nature. Another aspect that could not
be explained was why water based innovative technologies were not routinized in certain projects
from regions that face dearth of water. One of the areas for future research was to ascertain if
product-process, direct-indirect economic and incremental-radical attributes of innovations have
any influence on the routinization of sustainable innovations. Another interesting aspect would be
to observe the categories to find which has the most reliable means of being achieved. It could be
suggested that a particular category requires some sustainable innovations in the market in order
to meet the requirements of being a sustainable facility. In addition to above, the study also
observed a large number of credits not routinized within the category of Indoor Environmental
Quality (IEQ). As a future study it would be interesting to observe the reasons underlying the
rejection of these credits. The importance of this question is clear since most of the facilities
studied had a certain amount of public interaction within the facility.
However, one aspect that was clear was that LEED has been increasingly accepted and most of
the credits are being routinized after their initial adoption.
2.3
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Summary
The ecological footprint of buildings has been discussed in numerous arenas and sustainable
development is seen as one of the crucial challenges in the field. Companies increasingly want to
identify, understand, measure and reduce the environmental impact of their actions.
A market study was carried out to gain valid and up-to-date information about the current and future trends, understand the diverse needs of various kinds of companies and learn about economical valuation of environmentally efficient solutions in Finnish real estate market.
The results of the study give insight into obstacles and drivers towards a greener and more sustainable future.
Keywords:Green building, environmental and energy efficiency, balanced sustainability, carbon
footprint, green investments, environmental certifications,

Introduction
Sustainability is the strongest driving force in real estate cluster today and market transformation
towards more environmentally efficient products, services and operations is clearly taking place.
Globally, a number of market studies have been carried out, but Finnish real estate market is not
studied from sustainability point on view.
A market study was carried out to gain valid and up-to-date information about the current and future trends, understand the diverse needs of various kinds of companies and learn about economical valuation of environmentally efficient solutions in Finnish real estate market.
Results are compared to similar Finnish study carried out in 2008 as well as international market
studies. The results can be exploited when valid present state information from Finnish perspective
is needed, future actions are planned and new business opportunities are developed.

1. Methods and material
A market study was carried out to gain valid and up-to-date information about the current and future trends, understand the diverse needs of various kinds of companies and learn about economical valuation of environmentally efficient solutions in Finnish real estate market.
A web-based questionnaire was send to over 300 respondents in 2010. Respondents represented
broadly both private companies and public organisations. 20% of the respondents were from the
pubic sector and 80% from the private sector. The names and companies of the respondents were
not published. The response rate was 20%.
The respondents were divided into five different groups:
Users
Owners
Investors
Environmental research and development (universities, research centers, consultants, etc)
Construction material industry
This was the second Market study by Pöyry of this same topic. The first Market study was conducted in 2008.
The themes for questions were collected based on questions raised in client feedbacks and current
interest. The themes mentioned in the cover letter were:
Value of green buildings in real estate market
Considering enviromental issues in real estate business
Lifecycle efficiency in buildings
Environmental ratings
The market study also included interviews of prominent delegates of the Finnish real estate investors and owner sector to receive more accurate and detailed information and experience of dealing
with green building issues.
The study was a joint venture incorporating Pöyry’s specialists from environmental and real estate
consultancy, architectural and project management departments
The questionnaire was conducted with Digium data acquisition tool.

Respondents by role
32 %
11 %

3%

9%

14 %

31 %

Real estate users (company's core business is not property investments or maintenance)
Real estate owners and property investors (properties are company's core business)
Contractors and developers
Real estate surveying, consulting, environmental studies & development (researchers, consultants etc.)
Technical engineering (HVACE, structural, architectural etc.)
Building products manufacturing

2. Results
.
The results of the study give insight into obstacles and drivers towards a greener and more sustainable future. The most often mentioned obstacles were stated to be uncertainties related to
competences and doubt of sufficient return of investment. However, 45 % of the respondents don’t
recognise any obstacles why environmental efficiency could not be significantly improved. The
most important drivers for environmental efficiency were seen to be tightening legislation, raising
energy costs and organisation’s brand and image improvements.
From the respondents answers it was concluded that the general interest towards environmental
issues has risen in recent years and will keep rising in the future. Also the demand for greener
buildings has increased along with the demand to verify the actual benefits instead of giving vague
estimations.
In practice verifying means using a systematic tool to measure sustainability and efficiency.

1.1 The current and future trends
Biggest obstacles mentioned for implementing sustainability to buildings were insufficient return on
investment (75% of respondents), lack on knowhow (75%) and client demand (62%). Weight of
these obstacles were expected to decrease.
Current drivers stated for implementing sustainability in to buildings were possibility to boost company brand and image (20%), rising energy costs (18%), tightening regulations (16%), need to
keep up with development (9%), to gain competitive edge (9%).
Markable was that the investors saw the image benefits gained from sustainability to lessen in the
future. Energy costs and tightening regulations were seen as important in the future. Investors will
also expect better ROI to strengthen as a driver.
Construction companies and developers saw the possibility to develop their own business and
practices through sustainabilitity as the most important driver.

What are the tree most important drivers for Green in real estate and construction
companies?

Contractors and developers

78 %

Real estate investors

11 %

60 %

Building products
manufacturing

15 %

29 %

14 %

0%

10 %

20 %

29 %

52 %

10 %

46 %

All respondents

25 %

43 %

24 %

Real estate users

16 %
30 %

40 %

11 %

50 %

33 %

5%
60 %

70 %

80 %

Opportunity to develop/increase business

Need to stay in the market

Personal will/ethics of key persons in the organisation

Legislational obligation

90 %

100 %

1.2 Diverse needs of various kinds of companies
The study reveals different needs for different players. Also common interests were found. Energy
efficiency, efficiency of use and maintenance, flexibility of spaces and closeness public
transportation were seen as most important common drivers.
Investors are looking for better ROI and asset value. They also want to engage tenants and
increase rentability.
Tenants on the other hand have demands for better indoor climate, seek for better image or have
guidelines from head office to follow.

1.3 Ecolocical valuation
The bases for extra investments made for green building is a central topic among developers and
users. What is the yield for these green investments? The first LEED certified building in Finland
was finished in 2008, so there is not very wide data available yet on the subject. At the time of
making the study the number for certified buildings was 11. Despite of this one fifth of the
respondents had facts of gained added value. Half of the respondents had a feeling they had
gained added value. One fourth felt that no extra value had resulted.
In international surveys the subject has been studied and findings have been such that for instance
the cost for LEED certification has been calculated to be around 2 % of building costs. This is in
line with the result of Pöyry’s market study. Half of the investor respondents estimated the amount
of green investments in a building project to be 3-5% and one third estimated it to be 1-3%.
Considering the savings in energy, water and waste management made during 20 years time span
the pay back time can be calculated to be only 4 years. In the first year the saving would be nearly
8,5€/sqm or 25% or the extra green investment.
Half of the investors and consultants estimated the pay back time to be 5-10 years for the extra
investments.
According to the international study also saving can be detected from well-being of the occupants.
Environmentally better buildings generate less sick days and boost productivity.
In the market study the willingness to pay higher rent for green premises was embraced by half of
the respondents. Lowering the rent would be justified if the maintenance cost were significantly
lower.
The green building indicators would seem to have effect also to the transaction process in which
the environmental certificate and energy certificate were picked as most important

Compared to a traditional premises, how much higher rent you would be
willing to pay for Green premises?

On the contrary, less;
14 %
0-1 % more; 24 %
> 10 % more; 5 %
5-10 % more; 5 %

1-3 % more; 24 %
3-5 % more; 29 %

3.

Discussion, conclusions and acknowledgements

The green issues are fairly new to the real estate sector in Finland and thus the questions may
have been difficult to answer if the subject is not familiar or the respondent does not have
subjective experience on sustainable building projects or investments.
The study can also be seen as a wishing well for the real estate sectors wake up to fight climate
change. The results are showing rather what the parties are expecting of each other and their
actions.
Compared to the previous market study conducted by Pöyry in 2008 the attitudes have changed
more favourable towards green building. Investors, builders and users have all much more
knowledge and experience compared to two years back. The trend if getting stronger and stronger
and the green building sector is expected to grow bigger every year.
The tipping point of green building may still be ahead of us. We have not yet reached the point
where the benefits or added value are presented with such guarantees that they would convince
everybody. Much more time will be needed to gather data and experience of green buildings . The
standards are rising all the time, what may be considered green now will be ‘normal’ in years to
come. What the speed of this development is, is not known.
What is acknowledged is the fact that energy prices will continue rising and we need to start
monitoring consumption more accurately to change our consumer habits. Mechanisms to motivate
the occupants to more energy efficient practices are on their way in form of Green office programs
and Green lease models. Also the regulations will continue to tighten and emission caps to lower.
Real estate sector sees green building issues strongly as an image issue although the weight of it
was seen to decrease in the future as it will become more difficult to stand out as many other green
projects evolve.
Results can be compared to similar Finnish study carried out in 2008 as well as international market studies. The results can be exploited when valid present state information from Finnish perspective is needed, future actions are planned and new business opportunities are developed.
A market study of this kind will be again conducted in 2012.
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Manager
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for Sustainable Building and Living
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Abstract
The labelling landscape. natureplus® – an ambitious pan-European
initiative
Every construction activity encroaches upon the natural environment and is connected with
the consumption of limited resources. Our responsibility towards future generations requires
us to undertake every effort to reduce these encroachments to the lowest level possible and
to limit our use of resources to a necessary minimum. For the building sector this means
promoting the use and application of building products which help to minimize the
consumption of fossil fuels and limited resources.
If quality seals, test symbols and environmental labels represent proven instruments in
ensuring quality standards on the one hand and in providing an orientation for consumers
(and also building professionals) towards particular recognised goals on the other, then it
would be reasonable to expect that internationally, a plethora of labels connected with the
building sector would exist that are focussed upon and tailored to exactly these requirements
and which attest that the certified products fulfil above average levels of performance in the
three areas of sustainability: the Environment, health and functional quality. To be more
precise, the environmental requirements should, above all, be focussed upon the
conservation of limited resources and energy efficiency. The health-related requirements of
building products should aim to provide a good level of indoor air quality, the avoidance of
mould-growth problems and the use of harmful substances. The technical or functional
quality requirements should ensure not only a good level of functional suitability and usability
but also the durability and longevity of a product
In reality, despite the large number of labels available in Europe, this is not the case. At the
building products level, the statements of most of the currently available quality seals and
environmental labels are limited to one or a maximum of two levels: in the main, quality seals
concern themselves almost exclusively with the subject of technical quality and ignore the
environmental and health aspects. Labels for substances harmful to the Environment as per
ISO 14024 deal with the subject of (environmentally-) harmful substances and residential
health and ignore the types of environmental requirements that arise from the subject matter.
Environmental labels as per ISO 14024 concern themselves in the main with individual
environmental requirements (e.g. the use of recycled raw materials) and assuming a
comprehensive position on sustainability is not their aim.
Even the Environmental Product Declaration (EPD) as per ISO 14025 lacks a steering effect
– and that in terms of both consumer behaviour and product development. The most
important reason is the lack of an evaluation: Every product can – and even should –
possess such an environmental declaration. The presentation of such a declaration is not, for
example, proof of particularly environmentally-friendly production but instead, as it is not
dependent upon any sort of conditions, it can be awarded to even the “dirtiest“ manufacturer.
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Environmental product declarations are not in a position to set best practice standards for the
production processes and consequently dictate insufficient target objectives.
There is however an environmental label which has been available for ten years that really
does satisfy all the requirements that have been mentioned for a real and effective
sustainability label for building products: natureplus®. It has gained recognition and support
across Europe and has certified around 300 products with a total turnover of over 500 Mio.
Euros. The natureplus®-Quality Label is awarded by an organisation in which trade
associations and companies from the construction and building materials industries,
architects and builder’s merchants are represented but which also includes advisory
organisations, environmental organisations, trades unions and scientific institutes. In this
way, all stakeholders take part in defining the sustainability criteria
The natureplus®-Quality Label is classified as a Type 1 environmental label as per ISO
14024 and is valid across the whole of Europe according to uniform criteria. The prerequirements for a product to be awarded the natureplus®-Quality Label are its especially
high performance characteristics in terms of the environment, health and sustainability. The
main focuses are on the protection of limited resources by the minimisation of the use of
petrochemical substances, sustainable raw material extraction/harvesting, resource-efficient
production methods and the longevity of the products. Therefore, building products made
from renewable raw materials, raw materials which are unlimited in their availability or from
secondary raw materials will be favoured for certification.
An above average ecological performance, in the areas of the conservation of natural
resources and energy efficiency in both the harvesting/extraction of resources and the
production process, is the fundamental principle governing the awardance of the
natureplus®-Quality Label. The natureplus®-Quality Label should serve a special role in
protecting the Environment and the health of users and consumers. Therefore products
certified with the natureplus®-Quality Label should offer an above average level of safety
performance in respect to the dangers posed to the environment and health by chemicals. To
this end, two exclusion lists have been compiled which stipulate substances which may not
be used in certified products. For natureplus, the prevention or avoidance of negative
influences on the interior room climate caused by building products is not the only issue. The
strong accent on building products made from natural materials also makes it possible to
benefit from the numerous positive characteristics of these natural products in improving
indoor air quality.
A minimum requirement for the awardance of the natureplus®-Quality Label is compliance
with the requirements of the EU Building Products Regulations with respect to hygiene,
health and environmental protection. In order that the products fulfill the much more stringent
natureplus requirements, the emission levels of
- Volatile Organic Compounds (VOC, SVOC and formaldehyde)
- Odours
- Radioactivity
- Dust particles and fibres
into the indoor air during the usage phase must be extremely low.
The criteria for the natureplus® Eco-label, based upon scientific and reproducible standards
and tests, are determined in a participative process by an independent commission and are
freely accessible to the Public via the internet. The tests and examinations are performed by
independent and scientifically competent external institutes. Based upon the information
contained within the test report, an independent awardance body inspects and assesses
whether the requirements have been complied with and awards the label. Thereby, all the
corporate compliance requirements of ISO 14024 are fulfilled.
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Full Text Version

The labelling landscape. natureplus® – an ambitious pan-European
initiative
by Thomas Schmitz-Günther, Neckargemünd, Germany, natureplus manager
Every construction activity encroaches upon the natural environment and is connected with
the consumption of limited resources. Our responsibility towards future generations requires
us to undertake every effort to reduce these encroachments to the lowest level possible and
to limit our use of resources to a necessary minimum. In view of the foreseeable exhaustion
of the reserves of fossil fuels, for example, and the dangers to the earth’s climate, such an
approach is the only possible means to ensure sustainable and socially equitable
development. For the building sector this means promoting the use and application of
building products which help to minimize the consumption of fossil fuels and limited
resources.
Energy-saving building methods and the avoidance of uncontrolled ventilation facilitates the
accumulation of volatile chemical compounds in the interior air that are emitted by building
products and the inventory contained within the building. This presents an avoidable danger
to the health of the occupants. Also, the accretion of chemical contaminants (especially
phthalates/plasticisers) from building products on house dust, the increasing use of biocides
in everyday products and the dangers posed by mould growth due to negative product
characteristics give rise for concern. An increasing proportion of the population are exhibiting
reactions, such as allergies, to the negative health-related effects of these building products.
If one considers building products from the viewpoint of sustainability, it is obvious that the
qualitative features of these products – based upon the three classic pillars of sustainability
(the environment, social aspects and the economy) – should fulfill three fundamental
requirements: the Environment, health and functional quality. To be more precise, the
environmental requirements should, above all, be focussed upon the conservation of limited
resources and energy efficiency. The health-related requirements of building products should
aim to provide a good level of indoor air quality, the avoidance of mould-growth problems
and the use of harmful substances. The technical or functional quality requirements should
ensure not only a good level of functional suitability and usability but also the durability and
longevity of a product. Incidentally, these correspond in general terms with the requirements
drafted in the new EU building product regulations.
If we are all in agreement that quality seals, test symbols and environmental labels represent
proven instruments in ensuring quality standards on the one hand and in providing an
orientation for consumers (and also building professionals) towards particular recognised
goals on the other, then it would be reasonable to expect that internationally, a plethora of
labels connected with the building sector would exist that are focussed upon and tailored to
exactly these requirements and which attest that the certified products fulfil above average
levels of performance in these three areas of sustainability.
In reality, at the building products level this is not the case. At the building (property) level
there are a number of certification systems – for example LEED, BREAM, DGNB – which
claim to reflect and satisfy all of these three dimensions of sustainability. Whether they will
really be able to achieve this will not be commented upon here but there is room for doubt.
At the building products level, the statements of most of the currently available quality seals
and environmental labels are limited to one or a maximum of two levels: in the main, quality
seals concern themselves almost exclusively with the subject of technical quality and ignore
the environmental and health aspects. Labels for substances harmful to the Environment as
per ISO 14024 deal with the subject of (environmentally-) harmful substances and residential
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health and ignore the types of environmental requirements that arise from the subject matter.
Environmental labels as per ISO 14024 concern themselves in the main with individual
environmental requirements (e.g. the use of recycled raw materials) and assuming a
comprehensive position on sustainability is not their aim.
It should be noted: All these quality seals and environmental labels are reputable labels
which, through external test and validation procedures, are in a position to attest a level of
quality which exceeds the standard legal requirements. Despite this they are not in a position
to provide real orientation on sustainability.
The type of environmental declaration that claims to provide the best depiction of the
environmental impact of a product, based upon a comprehensive and scientifically
substantiated environmental assessment of the whole product life-cycle, is the EPD
(Environmental Product Declaration) as per ISO 14025. The result has been that in a number
of European countries, including Germany, very large sums of Public money have been
invested in recording data for all product areas as well as promoting the integration of these
data into environmental-construction simulation programs. The guiding influence or steering
effect of such EPDs towards a culture of sustainable building is however disputed in the
following text.
This however is the central purpose of such environmental labels and declarations.
Environmental labels (ISO 14024) and environmental declarations (ISO 14025) are intended
to promote the selection and purchase of sustainable building materials by consumers and
building professionals as well as private and public investors. At the same time, they are also
designed to steer the manufacturer’s development activities towards sustainable production
methods and products.
However, the steering effect of most of the existing environmental labels (ISO 14024) is
usually inadequate: The use of renewable resources and the conservation of resources are
not made priorities. Instead, they concentrate on a limited range of product characteristics
and thereby fail to demand or ensure a comprehensive level of product quality. They are also
usually limited to individual countries. They are not able to harmonise sustainability and the
Environment with the consumer’s health needs, as the single most important personal
purchase criterion. They are often not credible because they are unduly influenced or
financed by individual interest groups rather than a collective of all stakeholders.
In terms of the directional guidance of the development of products, the example of the
“Blauen Engels” (Blue Angel) (RAL UZ45) for (gloss-) paints has shown that in the past this
environmental label has provoked product developments which have had a negative impact
on the Environment and health. This was due to the fact that the primary objective was the
reduction in use of certain chemical solvents. Industrial producers, under the guise of
“solvent-free“ and „water-based“ products, then introduced another type of solvent which was
less volatile and therefore did not fall within the standard definition. However, these highboiling point solvents have the unpleasant characteristic of polluting the interior of buildings
with emissions over a period of many years.
Even the Environmental Product Declaration (EPD) as per ISO 14025 lacks a steering effect
– and that in terms of both consumer behaviour and product development. The most
important reason is the lack of an evaluation: Every product can – and even should –
possess such an environmental declaration. The presentation of such a declaration is not, for
example, proof of particularly environmentally-friendly production but instead, as it is not
dependent upon any sort of conditions, it can be awarded to even the “dirtiest“ manufacturer.
Environmental product declarations are not in a position to set best practice standards for the
production processes and consequently dictate insufficient target objectives. It is possible for
the manufacturer, based upon the underlying results of the environmental assessment, to
identify potential areas for improvement, but there is no incentive to make changes as the
declaration will be issued anyway, whether they are made or not. It is envisaged that the
steering effect will come into force when used in a building and in the comparison of various
products. This is however very seldom the case. Outside of small circles of experts, the
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environmental declaration provides no orientation to influence consumer behaviour: To the
lay-person the EPDs are unintelligible and for professionals they lack transparency.
And so, the consumer is left confused and disorientated by the numerous building-related
eco-labels which exist in certain countries in Europe and becomes disappointed with the
informative value of the labels and fears a “Greenwashing-Effect“ – which is sadly often
justified
There is however an environmental label which has been available for ten years that really
does satisfy all the requirements that have been mentioned for a real and effective
sustainability label for building products: natureplus®. It has gained recognition and support
across Europe and has certified around 300 products with a total turnover of over 500 Mio.
Euros. The natureplus®-Quality Label is awarded by an organisation in which trade
associations and companies from the construction and building materials industries,
architects and builder’s merchants are represented but which also includes advisory
organisations, environmental organisations, trades unions and scientific institutes. In this
way, all stakeholders take part in defining the sustainability criteria. Its structure is linked to
weighted voting rights which assures that none of the groups can dominate the awardance of
the label no matter how numerous and well funded they are. The Association has its HQ in
Heidelberg (Germany) and is represented in seven Western European countries and is
expanding even further into South and Eastern Europe.
The natureplus®-Quality Label is an award for building products which meet the highest
standards of sustainability by exhibiting the best possible levels of quality in terms of the
Environment, health and functionality. Only the best products in a particular product group
are eligible for certification in order to act as an orientation for all building professionals and
consumers towards the promotion of a culture of sustainable building. The natureplus®Quality Label has anticipated the goals of the European Building Products Regulations: If in
the future these regulations require evidence of the sustainable use of resources and of
compliance with requirements in terms of the Environment and hygiene (= healthcompatibility), the natureplus®-Quality Label already provides these proofs. This is gauged
by natureplus according to criteria and requirements which, as a rule, far exceed the legal
requirements and as a minimum comply in each case with the strictest recognised standards
applicable.
The award guidelines are subdivided into three hierarchies: The basic criteria (for all
products), the award guidelines for product-groups and the award guidelines for specific
products. All award guidelines consider the three requirements of health, environmental and
functional compatibility. The award guidelines are developed on the basis of scientific
perception and data and in a process of discussion and auditing with the manufacturers and
external experts.
The natureplus®-Quality Label is classified as a Type 1 environmental label as per ISO
14024 and is valid across the whole of Europe according to uniform criteria. The prerequirements for a product to be awarded the natureplus®-Quality Label are its especially
high performance characteristics in terms of the environment, health and sustainability. The
main focuses are on the protection of limited resources by the minimisation of the use of
petrochemical substances, sustainable raw material extraction/harvesting, resource-efficient
production methods and the longevity of the products. Therefore, building products made
from renewable raw materials, raw materials which are unlimited in their availability or from
secondary raw materials will be favoured for certification.
The manufacturer must make an exact declaration to natureplus of all input substances. The
manufacturer must provide a proof of origin for all input materials. The sustainable use of
natural resources must also be proven. Input materials must be selected so as to take due
account of their impact on the functional suitability, environmental compatibility and health
risks posed by the end-product in accordance with ecological best practises and current
technical developments (state-of-the-art technologies).
The proportion of renewable and/or environmentally-friendly resourced mineral raw materials
(including water) in the products should be maximised. The use of petrochemical input
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substances should be kept to the minimum level that is technically possible. As a rule, the
proportion of renewable and mineral raw materials should not be less than 85 Mass% of the
product. Products whose function is based upon petrochemical substances are not eligible
for certification. Raw materials which are limited in their availability or which are very difficult
or cost-intensive to harvest/extract should be replaced by environmentally-friendly,
secondary raw materials whenever possible.
An above average ecological performance, in the areas of the conservation of natural
resources and energy efficiency in both the harvesting/extraction of resources and the
production process, is the fundamental principle governing the awardance of the
natureplus®-Quality Label. A product eligible for certification must exhibit a distinct, aboveaverage performance in at least one of these areas and must not fall below the level of
accepted comparative standards in the other areas. The manufacturer must provide suitable
proof of compliance with these criteria.
In order to obtain an objective measurement of the ecological performance of the certified
products, natureplus uses the accepted scientific method of an environmental life-cycle
analysis, which concentrates, above all, on the phase from the extraction/harvest of the raw
materials up to the finished product (cradle-to-gate). This is the area in which the
manufacturer can exert the greatest influence. natureplus has extended the standard
measurem ent methods by the use of Benchmarks. These are above-average values for the
individual effectivity factors/indicators which must be met by the product applying for
certification. An example taken from the requirements for OSB-boards is shown below.
-----------Extract from natureplus guideline RL0203 OSB-Boards----------The product manufacturing process must comply with the following ecological indicators.

Test Parameters

Limits Testing Method

Ecological indicators
Non-renewable energy sources [MJ/kg]

13

Global warming potential [kg CO2 equiv./ kg]

0.5*

Over-fertilization [kg Phosphate-equiv./ kg]

0.00035

Photo-smog [kg Ethylene- equiv./ kg]

0.00035

Acidification [kg SOx -equiv./ kg]

0.0025

See T.Zelger , M.Gann, IBO: Final
Report “Ökologische Kennwerte von
Holz und Holzwerkstoffen in
Österreich“ (April 2002) und Frank
Werner, Hans-Jörg Althaus, Tina
Künniger, Klaus Richter EMPA,
Dübendorf und Niels Jungbluth
ESU-services, Uster: Life Cycle
Inventories of Wood as Fuel and
Construction Material, Data v 2.0,
ecoinvent report No.9 (September
2007)

* Without taking into account the level of carbon fixing (carbon sequestration) through wood
growth.
If just a single guideline limit is exceeded, it will be decided on a case by case basis if this is
permissible in order to optimise the complete product manufacturing process. Additional
indicators which are calculated within the framework of the test procedure are:
- Renewable energy sources [MJ/kg]
- Ozone destruction potential [kg CFC-11 equiv./ kg]
- Consumption or use of abiotic component resources [kg Sb eq./kg]
- Global warming potential [kg CO2 equiv./ kg] taking into account the level of carbon
fixing (carbon sequestration) through wood growth
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The natureplus®-Quality Label should serve a special role in protecting the environment and
the health of users and consumers. Therefore products certified with the natureplus®-Quality
Label should offer an above average level of safety performance in respect to the dangers
posed to the environment and health by chemicals. To this end, two exclusion lists have
been compiled which stipulate substances which may not be used in certified products. That
covers substances which are prohibited or classified as carcinogenic, causing mutations or
toxic to reproduction or classified as suspected of being carcinogenic, causing mutations or
toxic to reproduction, toxic or sensitizing or classified as harmful to the environment.
Furthermore, additional individual substances may be specified by natureplus as nondesirable due to their environmental and health dangers and which one would not expect to
find in a certified product. In these lists of prohibited substances, the substances are named
or reference is made to other lists in which they are specified.
In addition to the substance proscriptions as a safeguard to health, the presence of which are
of course investigated within the framework of the test procedure during the laboratory
examinations should there be any indication or grounds for suspicion, the individual product
level awardance guidelines also contain binding laboratory threshold limits for a diverse
range of substances, especially for volatile organic compounds (VOC).
A minimum requirement for the awardance of the natureplus®-Quality Label is compliance
with the requirements of the EU Building Products Regulations with respect to hygiene,
health and environmental protection. In order that the products fulfill the much more stringent
natureplus requirements, the emission levels of
- Volatile Organic Compounds (VOC, SVOC and formaldehyde)
- Odours
- Radioactivity
- Dust particles and fibres
into the indoor air during the usage phase must be extremely low. An example of the
emissions testing requirements for OSB-Boards is shown below.
-----------Extract from natureplus guideline RL0203 OSB-Boards----------

Test Parameters

Limits Testing Method
Chamber Process: natureplusImplementation regulation

Emissions:
Volatile Organic Compounds (VOC)
VOC (VOC, VVOC, SVOC) classified in:
Regulation (EC) No. 1272/2008: Categories
Carc. 1A and 1B, Muta 1A and 1B, Repr. 1A and 1B;
TRGS 905: K1, K2, M1, M2, R1, R2; IARC Groups 1
& 2A; DFG MAK-List III1, III2

µg/m³

DIN ISO 16000-6, DIN EN ISO
16000-9, DIN EN ISO 16000-11

n.m.

3 days after loading the testing
chamber

Total Volatile Organic Compounds (TVOC)

≤ 3,000

Total Volatile Organic Compounds (TVOC)

≤ 300

28 d after loading the testing
chamber

Of
which:

Total bicyclic Terpenes

≤ 200

28 d after loading the testing
chamber

Total sensitising substances per MAK IV,
BgVV-List Cat. A, TRGS 907

≤ 100

28 d after loading the testing
chamber
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Total VOC (VOC, VVOC, SVOC) classified
in:
Regulation (EG) N0. 1272/2008:
Categories Carc. 2, Muta 2, Repr. 2; TRGS
905: K3, M3, R3; IARC Group 2B; DFG
MAK-List III3

≤ 50

28 d after loading the testing
chamber

Total Aldehyde, C4-C11, acyclic, aliphatic

≤ 100

28 d after loading the testing
chamber

Styrene

≤ 10

28 d after loading the testing
chamber

Methylisothiazolinone (MIT)

n.m.

28 d after loading the testing
chamber

Benzaldehyde

≤ 20

28 d after loading the testing
chamber

Total Volatile Organic Compounds (VOC) without
non-identified compounds

≤ 100

28 d after loading the testing
chamber

Total Semi-Volatile Organic Compounds (TSVOC)

≤ 100

28 d after loading the testing
chamber

R-Value

Value

Formaldehyde

≤ 1.0

28 d after loading the testing
chamber

µg/m³

DIN EN 717-1, DIN ISO 16000-3
28 d after loading the testing
chamber

≤ 36
Acetaldehyde

µg/m³
≤ 36

Monomer Isocyanate

(2)

(3)

(2)

DIN ISO 16000-3
28 d after loading the testing
chamber

µg/m³
n.m.

24 h after loading the testing
chamber

Termination criteria:
The emissions test can be terminated 7 days after the test chamber has been loaded if the values
measured at this time are lower than 50% of the 28-day threshold limits.
Odour VDA 270; 23°C
Intensity

Odour/Smell

≤3

natureplus- Implementation
regulation "Odour/Smell Test", 6stage scale, 24 hrs after loading the
testing chamber

n.m. ... not measurable; Threshold limit: VOC 1 µg/m³, Isocyanate 1 µg/m³ (TDI, HDI) / 2
µg/m³ (MDI)
(1)
POP’s (Persistent Organic Pollutants) if suspected
(2)
36 µg/m³ = 0.03 ppm
(3)
If binding agents based upon polymer MDI (PMDI) have been employed
-----------End---------SB11 Helsinki Abstract and Paper Ref.Nr: 1658679
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In order to protect allergy-sufferers, a special declaration duty will be introduced. The product
packaging should display a full declaration of the input materials listed, analogue to the EUCosmetic Regulations, according to the declining mass percentage and stating the place and
country where the product was manufactured. If sensitizing input materials are used, there
must be a note on the packaging indicating where more detailed information can be
obtained.
For natureplus, the prevention or avoidance of negative influences on the interior room
climate caused by building products is not the only issue. The strong accent on building
products made from natural materials also makes it possible to benefit from the numerous
positive characteristics of these natural products in improving indoor air quality. This applies
above all to their ability to temporarily absorb and later release air-borne moisture or
moisture contained within building components through their capillary conductivity capacities
without suffering any functional impairment. The building materials thereby contribute to a
stabilisation of the interior room climate and a moisture balance. They act as moisture buffers
and prevent the build-up and accumulation of moisture. Many of these products employ
natural mechanisms to combat mould and prevent the development of mould-growth.
natureplus also requires that the production processes for exemplary and certificationworthy products fulfil additional aspects of sustainability and ecological-responsibility: The
production and assembly of the preliminary/intermediate products should be socially
compatible. Compliance with the minimum standards of the International Labour
Organisation (ILO) may be taken as an indication of the social compatibility of the production
process. The product packaging should have the lowest possible impact upon the
Environment. In the processing/installation of the certified product, compliance with the
fundamentals of health and safety, in accordance with the EU-Health and Safety Directive
89/391/EEC and national health and safety regulations must be ensured.
The criteria for the natureplus® Eco-label, based upon scientific and reproducible standards
and tests, are determined in a participative process by an independent commission and are
freely accessible to the Public via the internet. The tests and examinations are performed by
independent and scientifically competent external institutes. Based upon the information
contained within the test report, an independent awardance body inspects and assesses
whether the requirements have been complied with and awards the label. Thereby, all the
corporate compliance requirements of ISO 14024 are fulfilled.
The natureplus®- Eco-label represents the most highly developed approach in Europe in
objectively measuring the sustainability of building products in their entire complexity and so
serves as an orientation for building professionals, consumers, manufacturers and the
building industry – extending beyond national borders – towards the development of a culture
of sustainability in the building sector.
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Summary
More than 80% of the Swedish single-family houses were built prior to 1977 when energy
efficiency was introduced in the national building code. These houses are more than 30-40 years
old and need renovation. This provides a unique opportunity for large-scale implementation of
energy efficiency measures. However, there is a lack of business model to introduce full service
energy efficiency renovation packages that include consulting, contract work, follow-up and
financing. Under the Nordic project “Successful Sustainable Renovation Business for Single-Family
Houses – SuccessFamilies”, we have conceptualized a new business model to offer such a full
service package to the Swedish homeowners. The new business could be offered by existing
construction/renovation companies in collaboration with energy auditors/building consultants and
heating system retailers/installers. The business could be targeted to houses built during 1971-80
as the primary energy efficiency potential is significant in this segment. Especially houses that are
on sale could be targeted because people usually do indoor renovation when they buy a house
and therefore, they may be interested in energy efficient renovations. Banks may consider post
renovation value of the newly-bought house based on planned renovation package from an
entrepreneur to provide increased mortgage finance for renovation. Other options to improve
energy efficient renovation of single family houses include tax subsidies, preferential loans and
guarantee on energy or energy cost savings.
Keywords:

Energy efficient renovation, Target group, single-family house, Sweden

1. Introduction
In Sweden, 60% of the 145 TWh energy used in the residential and service sector in 2008 was for
space heating and hot water purposes [1]. Of this 60%, about 42% was used by the 1.7 million
single-family houses (actually “one- and two-family houses” according to Statistics Sweden). There
is considerable potential to improve the energy efficiency of these existing houses, a large share of
which was constructed in the 1960s and 1970s before energy efficiency was emphasized in the
building codes in 1977. A public investigation reported that the final energy demand for heating and
electricity in single-family house segment could be reduced by about 14 TWh under the period
2005-2020 [2]. However, the actual realization of this techno-economic potential depends on
adoption of the energy efficiency measures by the end-users.
More than 80% of Swedish single-family houses are more than 30 years old and majority of them
need some renovation. Technical solutions exist for residential energy efficiency improvement and
they can be cost effective if implemented during major renovation works [3, 4, 5, 6]. However, there
is a substantial lack of business concepts for energy efficient renovation of single-family houses in
Sweden and other Nordic countries. The renovation market is dominated by a craftsman based
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approach with individual solutions, traditional warehouses ”do-it-yourself-shops” and actors
marketing single products. A package of measures are given less priority may be due to a lack of
information, knowledge or awareness about the energy and non-energy benefits of such measures,
or due to a lack of access to the capital cost involved. When several measures are sourced from
different actors or companies, a homeowner faces the difficulty of coordinating the activities of
number of actors and he/she has to take the risk and responsibility of construction and workplace
regulations. Moreover, if there is some problem during or after renovation, if might be difficult to
ascertain whose fault it is.
To address these disadvantages of traditional individual solution renovation approach and to speed
up the implementation of energy efficient renovation of single-family houses there is a great need
for one-stop-shop business models where an overall contractor offers full-service renovation
packages including consulting, independent energy audit, renovation work, follow-up (independent
quality control and commissioning) and, financing. Recently, few such concepts have emerged in
the Nordic countries. See Tommerup et al. [7] to know more about those concepts e.g. ENRA in
Finland, JADARHUS Rehab in Norway, Energieffektiva Hus AB in Sweden, and Dong Energy
Cleantech in Denmark.
There seems to be a significant business potential for full service or one-stop-shop renovation
concept. For example, in Sweden there are about 2 million single-family houses. If annually 1% of
these houses i.e. about 20,000 houses would be renovated with an average investment cost of
about 100 KSEK the total market potential would be 2000 million SEK. This is an extremely
conservative estimate as the yearly market for renovation and extension of single family houses in
Norway is approximately 38 Billion NOK [8].
In this paper we use a business model canvass [9] to analyze and develop a one-stop-shop
business model to offer full-service renovation packages in Sweden. This will be an important
source of information for companies planning to develop a one-stop-shop concept.

2. The one-stop-shop business model
Every business explicitly or implicitly uses a business model which describes the rationale of how
to create, deliver and capture value. In other words business model is a blueprint for a strategy to
be implemented through organizational structures, processes and systems to deliver value to
customers, entices customers to pay for value, and convert those payments to profit [9]. However,
there are risks that a business model may not be successful due to inadequate planning and
implementation, changing market conditions and policy framework, and lack of customer interest in
the value proposition.
A business model essentially has nine building blocks; Value proposition, customer segment, key
activities, key partners, key resources, customer relationship, channels (communication,
distribution and sales), Cost structure, and revenue stream. These building blocks can be analyzed
using a “business model canvas” [9]. Such a canvas applied to the full service or one-stop-shop
concept for energy efficient renovation of single-family houses in Sweden is depicted in Table 1.
2.1

Value proposition

This building block explains the value offer of the business by answering which customer problems
or needs the business seeks to solve or satisfy. An important aspect of the one-stop-shop business
model is that a single actor is responsible to offer all relevant steps necessary for the energy
efficient renovation of a building - from planning, over actual renovation to cleaning and
maintenance of the installations as per contractual agreements. The value of such a model over
traditional individual craftsman based renovations is that the homeowners get a professionally
renovated house that reduces operating energy and maintenance costs, while they will avoid the
trouble of coordinating a number of actors and the risks and responsibilities of construction and
workplace regulations. A single entrepreneur means homeowners are more secure about where to
turn when there is any problem during or after renovations. Furthermore, homeowners’ lack of
knowledge, awareness, or access to energy efficiency measures will be lesser problem for them to
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implement such measures.
Table 1. A business model canvas applied to full service or one-stop-shop concept for energy
efficient renovation of single-family houses in Sweden (Based on [9])
Value proposition
1. Offer all types of home renovation services, especially energy efficiency measures, to homeowners.
2. Single-point contact responsible for planning, design,
implementation and post-renovation service
3. Free-of-cost preliminary building examination/energy
audit report
4. Detailed energy analysis by independent agency for a
fee; Refunded or discounted if homeowners use the
company service to renovate their house
5. Free of cost price estimation for the renovation work
6. Help to apply for subsidies and obtain construction
permissions
7. Coordinate with banks to facilitate mortgage financing
8. Fixed price for the total work as agreed in the contract
9. Guarantee on the renovation work for two years
10. Free of cost information on energy efficient use of
the building

Customer segments
1. Target group: houses built before during 197080 and heated with resistance heaters, but all
houses in the need of renovation are of interest
(mass market)

Key resources
1. Physical: vehicles and machines usually available
with renovation firms, energy audit equipments with
energy auditors
2. Human: skill and experience to attract customers,
conduct proper energy audit, and to do quality renovation
3. Intellectual; softwares to conduct energy analysis,
company reputation and database of condition of
houses sold to attract customers)
4. Financial: to start and run a business
Customer relationship
1. Dedicated personal assistance (house visit, email,
phone calls
2. Communities: Provide an online platform for customers to discuss with each other

Key activities
1. Marketing to attract customers
2. Building examination and energy audit
3. Prepare renovation packages and show their
cost-benefits
4. Renovation of the building including purchase
of building products
5. Apply for subsidies and building regulations
6. Customer service
7. Post renovation commissioning
8. Information provision to the customers
Channels
1. Advertisement in newspapers and magazines,
home delivered fliers
2. Local area meetings
3. Interaction with energy auditors when house is
sold
4. Interaction with heating system retailers/installers
Revenue stream
1. Payment from customers for renovation work
2. Commission from suppliers of building products
and heating systems

Cost structure
1. Costs involved in traditional renovation (labour, material, free of cost building examination etc.)
2. Marketing costs (advertisement, local meetings, hiring new employees etc)
3. Cost for post-renovation commissioning and information material
4. Companies can increase the use of their existing
resources (benefits of economies of scale)

2.2

Key partners
1. Renovation company (service provider)
2. Energy auditor (partner)
3. Retailer of heating systems (partner)

Customer segment

The “customer segment” building block identifies the groups of people or organizations an
enterprise aims to reach and serve; Mass market, niche market, and segmented, etc. The full
service energy efficiency renovation concept could be available for all homeowners who need to
renovate their houses. But, from the service provider point of view, it is important to target potential
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customers who might be more interested in the value proposition. Once a critical mass of such
potential adopters is reached the diffusion process would be self-sustainable [10]. One such target
group is the owners of houses that have large potential for energy efficiency improvements, which
would make it easier for the service providers to show the cost effectiveness of the investments
and thereby attract the potential customers. Hence, we analyze the energy efficiency potential of
existing single-family houses of different construction year.
The average final energy use for space heating and hot water purposes decreases with decreasing
age of the Swedish single-family houses (Table 2). This suggests there is a significant potential to
reduce final energy use of older buildings by renovating them to the energy standards of newer
houses. The largest potential might be
Table 2: Number of one- and two-dwelling houses in the houses built before 1960 as
(including agricultural property) from different construction these houses have the highest per
periods and average final energy use for heating and hot floor area final energy use and they
water (kWh/m2) in those houses, 2008 [11].
constitute about 50% of the singlefamily houses. However, the final
Number houses
Final energy use
Construction year
2
energy
use reported in Table 2 is
(1000s)
(kWh/m )
based on energy content of the fuel
525
-1940
172
input for biomass or oil-based heating
265
systems, while for electric or district
1941-1960
165
heating system the estimation is
258
1961-1970
141
based on actual use of electricity or
398
1971-1980
130
district heat excluding conversion and
166
1981-1990
132
distribution losses
1991-2000

73

128

2000-

58

111

Joelsson [12] and Tommerup et al. [7]
have concluded that the primary
energy use in an electric heated house from the 1970s could be reduced by about 70-80% with the
implementation of energy efficiency measures in the building envelop and changes in the heating
system. Maximum gain was from replacing the resistance heaters with a bedrock heat pump or
connection to a district heating system. Hence, the primary energy efficiency potential of houses
built after 1970, predominantly with electric heating systems, might be higher than that of the pre1970 houses heated mostly with biomass or oil-based heating systems. The largest potential for
primary energy efficiency could be with the houses from 1971-80 because the absolute number of
houses with electric heating systems is highest from this period; 145000 houses have electric
systems only and another 114000 houses have electricity and biomass system [11].

2.2.1 Two types of customers among the owners of houses from 1971-80

No. of houses sold

From primary energy efficiency point of view, houses with electricity heating systems and built
during 1971-80 could be targeted for introducing the full service energy efficiency renovation
concept. However, there are two categories of homeowners among these types of houses: houses
that are on sale or recently
16 000
sold/bought and houses where the
2008
owner has lived for many years. Two
2005
12 000
major differences are related to
2000
locating the potential houses to be
1981
8 000
renovated and financing for renovation.
4 000

Statistics on houses sold in previous
years show that majority of the houses
0
being sold are built prior to 1941 or
-1940 1941- 1951- 1961- 1971- 1981- 1991- 2001
during
1971-80
(Fig.
1).
For
1950 1960 1970 1980 1990 2000
entrepreneurs
of
full
service
Construction year
renovation, it might be easier to find
Fig. 1. Number of houses from different construction such a house that needs to be
periods sold in Sweden in 1981, 2000, 2005 and 2008 [13] renovated, if they collaborate with
energy auditors/building consultants or
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real estate agents. These actors have first-hand information about the condition of the house on
sale. Certified energy auditors issue energy declaration which is mandatory for houses sold in
Sweden and real estate agents entrust building consultants to prepare building condition reports to
attract potential house buyers. These energy auditors/building consultants have a unique
opportunity to motivate the prospective buyers to go for energy efficient renovation as they are
usually consulted by the prospective buyers to learn about the condition of the house. In contrast, it
might be difficult to identify owners interested in renovation of house that are not on sale. One
possibility is to use various forms of advertisement to inform the potential customers about the
availability of the full service renovation packages and interested customers will contact the service
provider.
People sell their house for various
reasons, but a common reason is
20,000
when homeowners reach the age of
retirement and children have moved
15,000
out. They may sale the house and
10,000
move to apartments. This trend is
reflected from
Fig. 2,
where
5,000
homeowners more than 65 years old
are most likely to sell a house. People
0
of this age are less likely to have
2008 2005 1993 1981
2008 2005 1993 1981
Sold
made energy efficiency investment if
Bought
they had income constraints postYear of sale
retirement and/or they did not expect
Fig. 2. Number of houses sold/bought by different age to recoup the investment during their
occupancy of the house [14, 15].
groups in 1981, 2000, 2005 and 2008 [13]
No. of houses
sold/bought

25,000

Up to 35 yr
46-55 yr
>65 yr

36-45 yr
56-65 yr

Buyers of single-family houses usually are young people who move from an apartment to start a
family. This is reflected in Fig. 2, which shows that majority of the home buyers are below 36 years
old. Studies have shown that homeowners of this age group were least likely to invest in new
energy efficiency heating system or retrofit building envelope components [14, 15]. One reason
could be that these young owners have less information and finance to make energy-related
investment decisions, but the situation improves over time with increased awareness and income
[16]. However, house buyers usually do indoor renovations, and therefore may be interested in
energy efficient renovations.
The most cost-effective way of financing energy efficient renovation is financing from banks by
using the house as mortgage. The interest rate is one of the lowest among various borrowing
options and homeowners can borrow up to 85% of the purchased/appraised value of the house.
People who have recently bought a house are most likely to have borrowed up to this ceiling and
therefore, may find it very difficult to avail mortgage finance to renovate their house. On the other
hand, homeowners who have lived in a house for several years, it is likely that value of the house
has increased and they may have paid back a portion of their mortgage. Hence, it may not be
difficult for them to avail mortgage financing to renovate their houses.
2.3

Key partners

In Sweden, the traditional small to medium size construction/renovation companies can and in
some cases do carry out all types of renovations themselves or with help from other companies,
but they usually do not do energy auditing or offer financing. These companies can offer the full
service renovation packages in collaboration with energy auditors/building consultant and heating
systems supplier. Energy auditors/building consultants are responsible to inspect the condition of
the building, conduct energy analysis, and suggest packages of energy efficiency measures. They
usually also have first hand information about the condition of the houses on sold. Certified energy
auditors/building consultants cannot offer energy efficient renovation service as they are mandated
to be independent of marketing building products and services. Heating system retailers or
installers (vvs-företag/installatör in Swedish) can also be key partners as renovation of a typical
house from the 1970s involves replacing electric heating system with other heating systems such
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heat pumps, pellet boilers or district heating system and may include a hydronic system for
distribution of heat with the house. Homeowners interested to install a new heating system usually
contact the heating system retailers/installers and this provides an opportunity for the heating
system retailers/installers to discuss with the homeowners about the full service renovation
possibilities.
2.4

Key activities

The key activities in the one-stop-shop business model include marketing to attract customers,
coordinating activities of number of actors involved in the renovation process, energy audit/building
examination, energy analysis, apply for subsidies and building permits, renovation of the building,
post-renovation commissioning, consult banks to convince them about the benefits of financing the
energy efficient renovation, and customer service.
2.5

Key resources

A business requires several key resource or assets to do the activities needed to deliver the value
proposition. Those resources can be physical, intellectual, human capital, or financial. For the full
service renovation of single-family houses, the key physical resources include all that is required
for conventional renovation, e.g. machines and equipment to carryout the renovation, and vehicles
to transport goods and workers, telephone to reach customers etc. Additional physical resources
required from the partner companies include supply of heating systems and equipment to conduct
energy audit. The human resources include skilled and experienced workers to do proper energy
audit and analysis, quality renovation, and offer good customer service. Intellectual resources
include company reputation to attract customers (brand), softwares to conduct energy analysis and
cost-benefit calculations (from energy auditors) and database of condition of houses sold (from
energy auditors). Overall, the service provider needs financial resources to conduct the business,
especially when homeowners make payments for the renovation work after the renovation is done.
2.6

Customer relationship

Customer relationship is important to entice new customers and retain existing customers.
Especially for renovation business it is important to attract new customers as people who have
already renovated their house are very less likely to renovate the house again. Potential customers
are likely to be influenced not only by the approach of the service provider, but also by the
feedback of the people who have already renovated their house. If owners of houses that are
renovated are not happy with customer service, they may pass on their negative experience to
potential customer.
Several categories of customer relationship (e.g. personal assistance, dedicated personal
assistance, self-service, automated service etc.) may co-exist in a company’s relationship with its
customers. Dedicated personal assistance represents the deepest and most intimate type of
relationship. Such a relationship is common in conventional renovation business and is important
for full service renovation concept also as homeowners may feel it easy and comfortable to contact
one person among several people and companies involved in the renovation process, starting from
home visit to understand homeowner needs to post-renovation commissioning for few years.
Moreover, the service provider may provide an online platform for their customers to share
experience and take help from each other. Such user communities are useful to expand customer
base.
2.7

Channels

There are several channels to communicate with the customer and deliver the value proposition.
Homeowners in general could be informed about the full service renovation offer through
advertisement in newspapers, magazines, and home delivered fliers. Especially, it could be
effective to arrange local area meetings to interact directly with the homeowners as was done by
the ENRA group in Finland and the energy company Jämtkraft in Sweden [17]. Presumptive
owners’ of houses on sale or owners of recently bought houses could be reached through energy
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auditor as they are usually consulted by such homeowners before purchasing the house. Similarly,
owners of houses interested to install a new heating system could be reached through the heating
system retailers/installers.
2.8

Cost structure

The full service renovation packages are intended to be offered by a consortium of existing
companies. Since, such companies already possess the required resources to renovate a house
there may not be any significant additional cost to offer full service renovation. In fact, there are
benefits of economy of scale with increased use of the existing resources. However, for the service
provider there will be a marketing cost to inform and attract customers, for example, costs for
advertisements, local area meetings, and hiring new employees. There is a cost involved in the
free-of-cost preliminary building examination and cost estimations for a package offer. These costs
could be a significant burden if enough people do not use the company service to renovate their
houses. Also, there are costs for dedicated customer service, post-renovation commissioning, and
information material to educate the homeowners about operation and maintenance of the building.
2.9

Revenue stream

The revenue stream building block represents the sources of cash a company generates from the
business. The main source of income in the full service renovation model is the payment from the
homeowners for the renovation work. The service provider may also earn commissions from the
energy auditor/building consultants, heating system retailer/installers, and building product
suppliers who can earn money from increased sale of their product of service.

3. Renovation process in the one-stop-shop model
The renovation process of house according to the one-stop-shop model could differ between
houses on sale and houses when people have lived for a long time.
3.1

Houses on sale
1. Homeowner contact real estate agent.
2. Real estate agent contact energy auditor (energy declaration mandatory in Sweden) and
building consultant.
3. Energy audit report and building examination report is prepared and handed over to real estate agent.
4. Energy audit report and building examination report is made available to interested buyers.
5. Prior to actual sale of the house, building consultant discusses with the potential buyer
about the energy audit report and building examination report. The consultant must have
access to energy declaration, if the same is issued by a different company or expert.
6. The building consultant indicates the opportunities for a package offer to implement energy
renovation and suggest several companies. If the potential buyer is positive to the offer, the
consultant asks if it is OK that a company offering full service energy renovation of houses
contact the buyer.
7. House is sold.
8. Service provider (construction/renovation company) contact the buyer and discusses the
possibility of full service energy renovation of the house based on the energy declaration
and building examination report.
9. Service provider, on its own cost, prepare a preliminary package offer according to the customer requirement. The offer should include the following.
a. Based on energy analysis of the current situation of the building and household, energy saving and cost effectiveness of individual measures is estimated.
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b. Financier/real estate agent estimates the post-renovation value of the house, if the
estimated measures will be implemented.
c. Service provider will indicate the investment cost of the planned measures.
d. Financing (based on the owner's existing banking relationships).
e. Cost-benefit analysis of the measures.
10. With positive response from the homeowner, the offer is refined and a detail workplan is
prepared.
11. Contract signed with the homeowners; time-line, costs, guarantee, independent agency
agreed by both parties to look into the renovation work, etc.
12. Service provider is responsible to implement the package offer according to the contract.
13. Final inspection of the renovation work by the independent agency.
14. Service provider provide information to homeowner about operation and maintenance of
the building.
15. Homeowner pays to the Service provider.
16. Service provider makes regular visit to the house as part of post-renovation commissioning
3.2

Homeowners lived for long time in the house
1. Service provider advertises in mass/local media about their service, dispatch homedelivered brochures highlighting benefits of energy efficient renovation, may arrange information meetings in specific areas
2. Homeowners interested in energy renovation contact service provider and discuss about
the possibility of a package offer
Or service provider get contact details of potential customers from the energy auditor/building consultant or heating system retailer/installer and contact the homeowners to
discuss about the possibility of a package offer
3. Service provider make a free of cost home visit for a preliminary building examination
4. If homeowners are willing to pay, a detailed energy audit/building examination by an independent agency is conducted. This fee may be returned to the homeowner if renovation
service is taken from the service provider.
The rest of the steps are same as the steps 9 onwards for houses on sale

4. Conclusions
Significant final energy efficiency potential exists in houses built before 1977, when a new building
code with higher energy performance requirement of buildings was implemented. Primary energy
efficiency potential mostly lies in the houses built during 1970-80, about 33% of which have electric
heating systems only. These houses are more than 30 years old and needs to be renovated. This
provides an opportunity for implementation of energy efficiency measures. To tap this opportunity
there is a need for one-stop-shop business models where an overall contractor offers full-service
renovation packages including consulting, independent energy audit, renovation work, follow-up
(independent quality control and commissioning) and financing.
We have proposed a business model where existing small to medium sized
construction/renovation companies can collaborate with energy auditors/building consultants and
heating system retailer/installers to offer full service energy efficiency renovation of single-family
houses. There is significant business potential as the renovation market for single-family houses
could be in the order of billions of Swedish Crowns per year. Homeowners will get an improved
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quality renovated house with little risk or responsibility which usually is the case with traditional
renovations with individual solution, the energy cost will be reduced, market value of the house is
likely to increase, mortgage banks will have a safer asset and there is societal benefits in terms of
reduced energy use and greenhouse gas emission.
However, the one-stop-shop business model for energy renovation of single-family houses is yet to
establish. One major uncertainty with such a model is to find enough interested customers.
Following suggestions may improve the situation.
1. Financing: The best option to finance energy efficiency renovation of single-family houses in
Sweden mortgage refinancing. However, the need to self-finance the amount not covered in
the mortgage loan and a higher cost for the top loan (amount above 75-85% of the appraised
value of a house) may not homeowners to go for energy efficiency renovation. This could be
addressed if government provides soft loans or subsidies to cover the investment cost beyond
the mortgage (base) loan. In some countries, e.g. Germany and Norway, there are preferential
loans for energy efficient renovation of single-family houses.
Attention should be given to the limitation of mortgage financing for energy efficient renovation
of recently bought houses. Banks should consider an energy efficient renovation plan prepared
by an entrepreneur and pre-evaluate the post-renovation value of the house in collaboration
with real estate agents. This valuation could form the basis for the bank to confirm the
homeowner and the entrepreneur that certain amount of investment cost would be covered by
mortgage refinancing. The rest may be covered by the government sponsored soft loan or
investment subsidies.
2. Tax deduction linked to energy efficiency measures: From July 01, 2009 private persons in
Sweden can get tax deduction (ROT program) amounting to 50% of the labour cost for specific
repair, maintenance, renovation, or extension works in a single-family house or tenant-owned
apartment. The maximum claim allowed is SEK 50000/person/year. This deduction can be
combined with subsidies to replace resistance heaters or to decontaminate radon in single
family houses. However, often this tax deduction is used for non-energy related measures such
as improving kitchen, painting, a new or improved balcony, or house cleaning. An amendment
to the tax deduction programs to incorporate specific requirements regarding energy efficiency
of implemented measures may increase homeowners’ interest in energy efficient renovation.
3. Guarantee on energy savings: Annual energy cost is the most important factor in the
homeowners’ decision to implement energy efficiency measures [14, 15]. Hence, a guarantee
on energy or energy cost saving may encourage energy efficient renovation of houses. But, at
present it is less likely that such guarantee will be given as the full service energy renovation
concept is yet to be tested and not enough experience exists regarding energy savings
potential in the context of varying household energy behaviour. However, such concepts exist
for industrial and public buildings (the ESCO concept) and are emerging for residential
buildings. It is possible that service providers may consider offering a guarantee on energy
savings based on theoretical calculations.
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Summary
Education building projects in New Zealand have included environmentally sustainable design
features for a number of years, even without the ability to benchmark against local Greenstar®
rating tools. The release of the rating tool has allowed a much more consistent and collaborative
approach to the consideration of ESD features. This paper discusses a number of initiatives that
are contributing to the increased adoption of sustainable design on education sector projects in NZ
and introduces the principles employed by Opus in delivering these projects in a collaborative
manner with our clients.
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1. Introduction
Following the formation of the New Zealand Green Building Council (NZGBC) in 2006, the NZGBC
[1] released the GreenStar® Education Pilot Rating Tool in December 2008 to encourage the
construction of sustainable buildings in the education sector. Opus International Consultants Ltd
(Opus) was a key contributor to the development of the Education Rating Tool, and has also been
actively involved in the development of tools for other industry sectors.
The Tool was, and is, intended to provide assistance to building and site designers in making
sustainable choices. It covers a number of aspects that aid a holistic approach to sustainability, so
that while things like energy efficiency of services are included, and weighted to reflect an
appropriate level of importance, other aspects of design, such as usability and occupant comfort,
are not overlooked.
Through the application of the rating tools on projects, NZGBC allows buildings to be assessed
and, if specific criteria are achieved, the project becomes GreenStar® certified. Through this
process the project can receive wider recognition and accolades through the promotion of best
practice in design. This process further encourages the adoption and implementation of the
GreenStar® initiatives on other projects.
Opus has delivered many projects in the education sector, including several new schools and a
number of rebuilds and refurbishments. Sustainability has played an important role in all of these
projects, as the funding model used by the Ministry of Education in NZ allows an additional
contribution to be made for the adoption and implementation of GreenStar® principles. Some of

the projects have progressed towards attaining a formal GreenStar® certification. Even where the
full process of certification has not been universally adopted, the principles are well integrated into
the decision making process on all projects. This has resulted in more efficient buildings that
reduce the impact on the environment, have improved functionality, and positively affect the health
and comfort of building occupants.
This paper discusses the push for sustainability in schools in New Zealand, demonstrated though
recent projects, and looks at the influence of the GreenStar® rating tool on sustainable school
building solutions.
The primary outcomes and benefits from sustainable design and high performance schools include
higher academic achievement, increased average daily attendance, lower operation costs,
improved teacher satisfaction and retention, decreased liability, and reduced environmental
impacts.

2. Government Sustainability Initiatives
2.1

Central Government

The NZ Government has implemented a series of sustainability goals that extended to all state
organisations, including the Ministry of Education. Key actions over the 2007/08 year included:
implementing waste recycling and composting in the Ministry’s Wellington-based operations and
completing a first waste audit. Recycling at the national office extends to cover computers, phones,
surplus furniture and fluorescent light bulbs. Options for the Ministry’s regions continue to be
examined for similar schemes where the availability of external services to support recycling is in
many cases limited. developing a carbon emissions inventory and plan as part of the Ministry’s
involvement in the Carbon Neutral Public Service programme introducing a series of electricity
saving measures for all ministry offices and staff information gathering and analysis on volumes
and patterns of travel to inform policy and decision-making, and greater use of the ministry’s 36
video-conferencing facilities amending contracting and procurement policies to include
sustainability clauses using monitoring and benchmarking software to capture, record and compare
energy use information for the majority of ministry sites. [2]
2.2

Ministry of Education

All building works at schools required the integration of Environmentally Sustainable Design. Prior
to the release of the NZ GreenStar® Pilot Rating Tool, international best practice was used as the
benchmark including (Australia) GreenStar®, (US) LEED, and (UK) BREAM. The base building
design was provisioned using an applicable market rate for building construction in the area ($/m2).
An additional 10% funding was also available for including ESD features in the concept design. A
checklist was used to assess the benefits provided by the ESD features and there was
encouragement to include a range of features rather than simply focussing on one particular area,
such as energy usage.
With the formal release of the GreenStar® rating tool, the objectives became more defined –
requiring all significant building projects to ideally achieve a 5 star rating. The release of the tool
allowed a more consistent approach to evaluating ESD featured proposed by building designers,
and ensuring that best value was provided for the project within the required funding constraints.
Smaller projects are led by the individual school Board of Trustees (BoT) and generally involve
building replacement projects and site redevelopments. The final decision on the amount of ESD
features to be included are governed by the BoT but there is generally a requirement to ensure
that the building design includes some ESD features to attract the additional funding.

3. Project Procurement Models
Funding for new school buildings and/or building replacement is allocated based on a simple cost
per square metre of building footprint. The rate varies according to the use of the building (i.e. a
science laboratory attracts a higher rate compared to a standard classroom).
In line with government initiatives, there is the additional 10% funding limit available to enable
sustainable design building principles to be integrated into the project.
Two procurement models currently dominate for the delivery of new build projects released by the
Ministry of Education in NZ.
Model
Traditional

Design Build - GMP

Description/Comments
•
Design by Architect & Consultant Team, including quantity surveying
(project costing)
•
Construction by Contractor team
•
Independent Project Manager Appointed by the Ministry
•
Design and Construction team led by contractor (architect,
consultants, QS, PM)
•
Project delivered to Guaranteed Maximum Price Budget that is
confirmed following Preliminary design phase.
•
Independent Project Manager and Quantity Surveyor also appointed
by Ministry

4. Opus’ Contribution
4.1

About Opus

Opus International Consultants is New Zealand’s largest and longest established
professional services consultancy for the provision and design of roads, buildings,
airports water and wastewater, and other infrastructure. Our resource base
consists of engineers, architects, environmental planners, project managers and
asset management consultants.
Opus is at the forefront of building and infrastructure development in NZ, and has
grown to build up significant presence in Australia, UK and Canada. Opus is a key
contributor to the NZ Green Building Council (NZGBC) and has assisted with the
development of a number of rating tools now deployed.
4.2

Sustainability in Opus

Opus is committed to delivering on all of the four sustainability wellbeing’s - Economic,
Environmental, Social and Cultural - that are enshrined in the Opus Sustainability Policy. We aim
to balance these wellbeing’s against each other to ensure our projects meet our client’s needs in
all of those four areas now and in the future.
We have a team of people dedicated to ensuring sustainability is at the core of all of our design
and engineering disciplines in NZ and overseas. As a demonstration of our company ethic to being
sustainable in the way we work, rather than to just design sustainably, we are a member of the
Sustainable Business Network and also the Green Building Council. We are committed to training
Green Star Accredited Professionals within our organisation and also have people involved with
the creation of a number of the Green Star Tools. Our expertise now extends to being able to
provide accredited carbon emissions testing.
One of Opus’ core philosophies is to keep at the forefront of sustainability. Integrating
environmental and social considerations into our delivery of professional services in achieving

best-practice sustainable solutions that meet or exceed environmental standards. This approach
has allowed us to deliver a number of award winning projects and projects that either achieve or
are aligned with the Greenstar® system.
Opus International, as a multi-disciplinary organisation, are able to bring to bear a large variety of
expertise to projects, with sustainable approaches not just from Architecture but also in specialised
fields such as Mechanical and Electrical engineering, Structural Engineering, Environmental
Sciences and even extending to our Research & Design labs around New Zealand. That variety of
expertise and our core sustainable approach to projects is what allows Opus to deliver successful
projects such as those mentioned in this paper.
4.3

ESD Principles in our Project Work

Recent projects always incorporate sustainable design features and principles wherever
practicable within the constraints of the project budget. These projects have added value in terms
of improved environmental quality, and reduced ongoing operating and maintenance costs. Some
of the sustainable design features incorporated in our projects have included the following:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Use of locally manufactured materials.
Use of materials with low embodied energy.
Use of materials with low life cycle energy demands.
Use of low toxicity materials and production methods.
Optimising natural ventilation and lighting.
Double-glazing and energy efficient glazing.
High levels of insulation.
Low energy light fittings and intelligent controls.
Building Management Systems (BMS) to maximise efficiency of HVAC and power
consumption.
Use of re-cycled and approved Green Build materials wherever practicable.
Heat recovery units and associated systems.
Storm water collection and re-use.
Waste management during construction and post occupation.
Alternative energy sources (solar water heating, wind generation & photovoltaics).

5. Projects Delivered
Significant education projects recently delivered or currently underway by the Opus design team
include:
Project
Name
Wilson
Special
Needs
School
Clearview
Primary
School
Wanaka
Primary
School
Porirua
College

Completion
Date
2008

Project
Budget
$5M

Description/Comments

February
2010

$10M

New school on Greenfield site
Design Build - GMP

September
2010

$19M

Mid 2011

$18.5M

Relocation of existing school to new
Greenfield site
Design Build - GMP
Refurbishment and redevelopment of
existing school
Reuse of existing buildings – Stage 1
New building construction – Stage 2
Traditional Procurement

New school on Greenfield site
Traditional Procurement

ESD
benchmark
Prior to
GreenStar® tool
GreenStar®
Education
Checklist
Greenstar®
Education
Checklist
GreenStar® 5

Kapi-Mana
Special
Needs
School
Lyttelton
Main

Late 2011

$6M

New school on Greenfield site
Traditional Procurement

GreenStar® 5

Mid 2012

$2.8M

Rebuilding / redevelopment of existing
school
Traditional Procurement
Refurbishment of existing school
Traditional Procurement

No specific
rating but
modelled on

Heretaunga
College

6. Benefits Provided
Significant benefits are provided through the delivery of sustainable building projects. These can
be categorised into tangible (where the benefits are real and measurable) and intangible (where
the benefits are more subjective)
6.1
•

•
•

6.2
•
•
•

Tangible benefits
Greenstar® Rating – enables benchmarking of design achievements. The project may also
receive wider recognition and accolades through the promotion of best practice in design.
This provides significant marketing collateral for the design and construction team and
encourages the adoption of Greenstar® initiatives on other projects.
Improved building performance – improved environment for users in all ambient conditions.
Increased productivity and performance for building users [3]:
o Higher academic achievement levels
o Increased attendance levels
o Reduced operational costs
o Reduced liability
o Reduced environmental impacts
Intangible Benefits
A greater level of sustainability awareness by all stakeholders, particularly building users
results from the inclusion, and visibility of sustainable design features provides an improved
interior environment and “feel good” factor
Sustainable features can be used as a training medium by staff/teachers to educate
students/pupils and rein-force sustainable principles
Increased opportunity for designers and facilities managers to capture the benefits of
environmentally sustainable design

7. Further Opportunities
7.1

Decision Making Around Capital Investment

Justification of design decisions using whole of life, not just lowest capital cost is a concept that
Opus has been lobbying for some years, particularly on refurbishment and upgrade projects that
are administered by school BoTs. Funding is allocated to schools based on a 5-year cycle and
there is a strong desire to maximise the contribution towards educational activities rather than
building maintenance. The justification of project decisions based on lifecycle costs, and payback
periods has in many cases influenced the decision by the school BoT resulting in a more long term
focus being applied to capital investment, with a better outcome being delivered.
7.2

Integrated Design

The process of integrated design is encouraged and embraced through sustainable design. In

addition to sound material choice and construction methods, there is greater emphasis on the
building services and internal environment. In order to ensure the best outcome, the design team
and stakeholders integrate early in the process to ensure that all issues and constraints are
properly addressed
7.3

Operations and Maintenance

Designing for operations and maintenance of building equipment is an important consideration and
one that is often overlooked. Much of the equipment installed within the building will require
maintenance of replacement several times over the life of the building. The designer must ensure
that appropriate consideration has been given to allow this to occur, without causing significant
disruption to the building operations or compromising structural integrity
7.4 Softlandings
Soft Landings [4] means designers and constructors staying involved with buildings beyond
practical completion. This will assist the client during the first months of operation and beyond, to
help fine-tune and de-bug the systems, and ensure the occupiers understand how to control and
best use their buildings – as promoted in NZ by the NZGBC. There is also significant opportunity
available in the education sector for this to occur and harness the learning opportunities for
students/pupils. Opus is a strong advocate for this process and is pushing for continued
engagement with clients and stakeholders following project completion and occupancy.

8. Conclusions
1. The development and release of the GreenStar® rating tool for the education sector in NZ has
had a significant impact on the delivery of projects. Through the increased awareness of ESD
and the additional funding available most, if not all projects have successfully received
additional budget to include performance enhancing features as part of the design.
2. Opus has been a key contributor to the development of the Greenstar® rating tools and drives
the inclusion of ESD on all projects, working collaboratively with our clients to ensure that the
best outcome can be achieved within the available funding limits.
3. The delivery of sustainable building projects in NZ has resulted in a significant improvement in
the buildings delivered. This has enabled improved long term performance for the buildings
and the users.
4. There remains a number of further opportunities to enable NZ (particularly the education sector)
to fully embrace sustainable building and maximise the potential benefits and delivery of truly
successful outcomes that will contribute to increased building performance long term.
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Summary
This presentation details the new concept of the complete assessment of existing residential real
estate. The concept is founded on 1) the evaluation of existing operations and management, 2)
progressive assessment and 3) benchmarking. Assessment can be verified as an environmental
certificate through a third party, valid without renewal for 3 years, although the assessment criteria
are supposed to be available for self-assessment. The goal of this concept is to combine existing
real estate information into a single A4 using graph.
This   concept   is   TALOKESKUS’s opening line for discussion: How to simplify and guide the
complex field of sustainability among existing buildings and reduce the gap between those few
environmentally certified buildings and the grey mass.
Keywords: Assessing existing residential real estate, sustainable building, benchmarking, EFQM,
BAT

1. Introduction
This concept is a product of the master’s thesis work of Tapio Karhu, with the support of a 7member guidance team. The goal of the master’s thesis work has been developing wide-ranging
evaluation, which gathers together the BAT of existing operational practices and benchmarks the
metrics of existing residential building.
The assessed topics include:
User
Safety and healthiness
Energy efficiency
Environmental effects
Economy
Technical state of the building and systems
Surroundings
Innovations and development of the evaluation system
The objective of this project has not only been to assess the performance of buildings through
metered performance, but also through the applied operating tools. Progressive assessment
tightens towards high evaluation scores. Therefore in order to obtain only moderate results and
guidelines for future development assessment can be reduced. Similar progressive assessment is
used in the EFQM-model, which is used to evaluate the excellence of business organisations. The
EFQM-model is also available for self-assessment.
The other cornerstone is benchmarking. Suomen Talokeskus Oy has a long history of
benchmarking energy efficiency and metering though the Tampuuri database. Benchmarking and

the entire assessment are designed for performance on a web-interface in the database. Two of
the  company’s  areas of expertise are consumption monitoring and the technical assessment of real
estate. The Tampuuri-database already contains up to date energy consumption measurements on
over 7,000 real estate units.
300 criteria from seven widely used certificates and evaluations are brought together to form the
basis for the work. Also, legislation, European standards and EU directives have been taken into
account.

2. Background
It can be roughly estimated from available statistics that 0.2-0.6  %  of  Finland’s  annual  greenhouse
gas emissions are from new (1 year old) buildings. In contrast, 23-31 % GHG emissions are from
existing old buildings. [1]
There are over 2 million real estate units in Finland and only a small portion of these are
professionally assessed*. Fewer than 100 are environmentally certified through LEED, BREEAM,
etc.
*Assessed: technical assessment, energy assessment, long-term management plan made, etc.
Therefore, it is important to give guidance and support in sustainable maintenance and
management.
The concept has been developed from widely used criteria. In the preliminary work, slightly less
than 300 criteria are gathered from the following:
 LEED – Existing Buildings O&M 2009
 BREEAM, Multi-residential 2008
 DGNB, New Construction Office and Administration, ver. 2008
 SBTool 2007, narrowed to existing residential building
 BOMA 360 Performance Program
 Code for Sustainable Homes
Also PromisE and Miljöbyggnad are studied, but not in the gathered criteria list.
The guidance team of seven members has chosen the most important criteria of about 100, and
more have been taken in account.
The gathered criteria are compared to Finnish work methodology. A surprising result was that when
professional assessments are completed, most of the gathered criteria are taken in consideration.

3. Concept – Tila-arviointi
Tila-arviointi – concept consists of criteria, weighting and results presenting graph.
The assessment consists of 30 criteria, which are divided into 8 main topics. Most of the criteria
contain sub criteria. The main topics include:
 User, 4 criteria: user survey, communication, guide for user, communality
 Safety and robustness, 5 criteria: temperatures, air quality, lighting, noise, safety
 Energy efficiency, 4 criteria: consumption, energy certificate, energy efficiency improvement,
energy efficiency contracts
 Environmental effects, 4 criteria: used energy form, waste, harmful substances, pollutants
 Economy, 3 criteria: economical stability, costs, value retention
 Technical state of the building and systems, 4 criteria: guidance of use and maintenance,
guidance of management and investment, technical state of construction, technical state of
systems
 Surroundings, 2 criteria: connections and transportation, site
 Innovations and development of the evaluation system, 4 criteria: innovations, green
purchase, reporting, system developing
It is planned that the weighting will be calibrated by a third party – a consensus based committee

of interests groups. The results of the case study examples are weighted by weighting constructed
by SB-method [2].
The results are presented in graph
form. In the graph, the height of the
segment
presents
assessed
buildings excellence in that criterion.
The width of the segment presents
the weight of the criterion.
The score of the assessment is
presented in points in the centre.
1,000 points is the maximum score.
In the case study used graph is
prototype as like criteria and
weighting. The final certification
criteria and weightings are set by a
third party – if the concept is
applied.

4. Case Study Examples
Tila-arviointi assessment is tested in 3 case study examples. Assessment has been performed as
far as is possible. A portion of the criteria base on benchmarking and some of that benchmarking
data are not yet available. On those portions, assessment begins to collect that data. These criteria
are highlighted with tanned background in results graph.
4.1

First case study example, 1991 terraced house complex

The results graph of the first case study is presented above. The case scored high on noise (8)
and pollution (17) prevention. Low scores in temperatures (5) and guidance of use and
maintenance (21) are explained with not existing technical maintenance. All maintenance work had
been done through the voluntary work of residents. Therefore, for example the radiator system was
without maintenance.
4.2

Second case study example, 2001 multi-storey residential building
The building is in very good
technical condition (23). The only
available improvement in waste
criterion (15) is to optimise waste
collection.
Moderate scores on the guidance
of use and maintenance (21) are
explained by the lack of an existing
building service manual. A building
service manual (huoltokirja) is
mandatory for new buildings.

4.3

Third case study example,
1964 multi-storey residential two building complex

The low scores of case are
explained by age and non-existing
development. Mandatory works
have been done, with almost
nothing else being done since 1964.
The remediation debt of the case is
vast.
High scores had been gained in
used energy form (14), stable
economy (18) and connections and
public transportations (25).

4.4

Presenting development

One key-feature of the Tila-arviointi is renewal. The assessment is valid for 3 years, and upgrades
possible during that period. The chance is presented in a result graph; improvements are
presented by blue sectors and
reduced scores by red dash-lined
sectors. Also, old scores are
presented in brackets.
Case 1 had decided to perform
developments. It was decided to
order a building maintenance
manual (21), remediation and
adjustment of the radiator system
(5 and 24). They were chancing the
building
manager
to
more
competent (19), updating user
guides (3) and garden plan (16).
Old scores are presented in
brackets and added scored in the
blue sectors.

5. Conclusion
In this work, a concept to evaluate existing residential buildings has preserved and renewed.
Excellent real estate management has not yet been detailed in Finland. In the short term, excellent
real estate management is doing work well and is efficient, considering the ecological sustainability,
and it is serving the customer. Tila-arviointi is developed to measure and enabling excellent real
estate management.
TALOKESKUS’s  request  is  to  consider the following: Is Tila-arviointi suitable to be developed for a
national environmental real estate certificate for existing residential buildings?
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Summary
The overall objectives of the Nordic SURE research project (Sustainable Refurbishment
life
cycle procurement and management by public clients, 2009-2011) are to build a Nordic network
among industry, authorities and researchers to improve knowledge exchange on sustainable
refurbishment procurement. Further, to summarize state-of-the-art on the interplay between lifecycle costing, environmental assessment of buildings and sustainable procurement, assess and
classify various sustainable procurement strategies already being deployed by public clients on
refurbishment of existing public buildings and analyse the experiences of public clients acting as
sustainable change agents on the implementation of sustainable refurbishment in construction and
real estate. And finally, to develop a Nordic guideline on sustainable refurbishment of buildings
based on case studies and different client-specific and internal workshops/discussions. To develop
a Nordic guideline on sustainable refurbishment, the SURE research project has investigated 10
different cases in the four countries, aiming to find out how the refurbishment projects are
conducted and which possibilities and barriers there are to achieve a sustainable refurbishment.
The guideline is divided into 6 phases; “Finance and procurement strategy”, “Requirement setting”,
“Selecting the team”, “Managing the supply”, “Operation and maintenance” and “Monitoring,
Enforcement and Evaluation”.
The first phase (strategy) is of most importance, being a tool for client change. The phase is
divided into seven steps. First, the client (building owner) is encouraged to create a strategy for the
refurbishment project. Second, the finances for the project must be set. Third, when the finance
strategy is set, the client has to define sustainability based on approximately 60 different
sustainable indicators. Fourth, the client has to choose level of ambition based on different
parameters like energy consumption, technical standard, adaptability etc. Fifth, a condition survey
of the building is highly recommended. When the condition survey is finalized, the client should
create a performance profile of the building. Based on the profile, the level of ambition set in step
four should be reviewed before finalizing a revised ambition level based on the performance of the
building and the strategic analysis (sixth step). Finally, a list of priorities should be conducted for
the specific refurbishment project (seventh step). Further, the second (of six) phase gives
guidelines for setting requirements. The methodology is based on the 60 indicators of sustainability
and a PDCA-model (Plan, Do, Check, Act) which also are of high relevance for phases 3-6 in the
guideline. Further work on customizing country specific or even client based guidelines and
analyzing experiences from implementation in multiple case studies is still to be done.
Keywords: Sustainable refurbishment, guideline, sustainable indicators, strategy, client

1. Introduction
Sustainable development of buildings and other construction works brings about the required
performance and functionality with minimum adverse environmental impact, while encouraging
improvements in economic and social (and cultural) aspects at local, regional and global levels [1].
In other words; to achieve a sustainable refurbishment, a lot of parameters, e.g. energy reduction
(environmental), LCC-analysis (economic) and indoor climate (social) have to be simultaneously
taken into account.
The latest years, global warming has become one of the main challenges for our future
development of the society. The IPPC report (2007) [2] concludes that improving energy efficiency
in buildings is one of the greatest potentials and most cost-efficient actions to reduce the climate
changes. The building stock counts for a high amount of the total energy use, both in the Nordic
countries and globally. Energy-efficient refurbishment of buildings is therefore extremely important
both for reducing the amount of greenhouse gases and reducing the load on the energy
distribution system. In the building sector, reducing energy demand and changing the energy
sources from fossil fuel to renewable energy have been the main actions to reduce the
environmental impact. This huge focus on energy reduction is important, but there are also a lot of
other sustainable measures that have to be taken into account when aiming for sustainable
refurbishment of buildings. Issues like e.g. waste management, material properties, area efficiency,
lifetime, indoor climate, adaptability, building conservation, maintainability and building physics
should not be forgotten. Furthermore, the measures must be done in the right way to avoid building
defects and to ensure proper use of the building. The buildings also have to be refurbished
according to the climate to come, not only the present climate.
There are number of tools available for sustainable planning for both new and existing buildings.
Existing commercial rating schemes, such as BREEAM, HQE, DGNB or LEED give guidance on
how to plan and build sustainable buildings using their indicator set. These systems are one step in
the work towards a more sustainable building stock, but they also have disadvantages. Obtaining a
certificate for marketing purposes using indicator sets not fitting well with local context don`t always
improve sustainability. Furthermore, the certification comes with a fee. These tools usually focus on
the planning process, given that the client has chosen to do a sustainable refurbishment. But this is
not always the case. The need of construction or renovation often starts when the space in use
doesn`t meet user needs.. And at this stage the client might not even be aware of the meaning of
sustainability. He also might not have a strategy for the project, and the condition and performance
of the building(s) might not be known. Therefore, focusing on the client as a change agent is of
high importance if the refurbishment should get a high character of sustainability.
This paper describes a Nordic Guideline on sustainable refurbishment of buildings developed in
the Nordic SURE research project (2009-2011) by building researchers from Denmark, Finland,
Norway and Iceland. The project title is “SURE - SUstainable REfurbishment – life-cycle
procurement and management by public clients”. The overall objectives of the SURE project have
been to build a Nordic network among industry, authorities and researchers to improve knowledge
exchange on sustainable procurement, summarize state-of-the-art on the interplay between lifecycle costing, environmental assessment of buildings and sustainable procurement, assess and
classify various sustainable procurement strategies already being deployed by public clients on
refurbishment of existing public buildings, analyse the experiences of public clients acting as
sustainable change agents on the implementation of sustainable refurbishment in construction and
real estate, develop guidelines for sustainable refurbishment of existing buildings by public clients
and finally develop a Nordic guideline on sustainable refurbishment based on the case studies and
different client-specific and internal workshops/discussions [3]. The 10 different case studies in
Norway, Denmark, Finland and Iceland are described in [4], and some of the main conclusions
from the case studies, as a basis for developing a Nordic guideline, are summarized in the
following.
First, the client has to go through a process of defining sustainability. The content of sustainability
could differ for each project and client. What is sustainable for the specific refurbishment project in

the specific location with the given assumptions, limitations and possibilities? Is the client aware of
the meaning of sustainability? When the sustainability is defined, a strategy and ambition level for
the project is needed. But the strategy and ambition level cannot be set before the client has a
performance profile of the building. Therefore, a condition survey is of high importance in a very
early stage of the project. A condition survey must be carried out by highly qualified personnel, and
should give alternative concepts for the refurbishment as outputs, highlighting the economical,
social and environmental consequences of the different concepts.
One of the questions which often arise is weather to refurbish or tear down the building. In a
guideline on sustainable refurbishment of buildings, a helpful tool to make the client reflect and
hopefully conclude on this question should be implemented. Also, a list of sustainable indicators
should be presented. The indicators should be sorted in three main groups; social, environmental
and economical, and should be mostly quantitative so that they can be measured and
benchmarked in the operation phase. The lack of measuring, monitoring and benchmarking of
important sustainable indicators is one of the main challenges to achieve the goal of a sustainable
building. Therefore, the guideline should both help the client to plan how to implement these
indicators into the project, and give guidance on how to check the indicators both during planning,
building and operation phase.

2. Methodology
Figure 1 shows an outline of the methodology used in this study. 10 different case studies in Denmark, Finland, Norway and Iceland are investigated in order to find sustainable solutions for
refurbishment. Further, thorough discussions with the clients regarding ambitions, strategy, energy
reduction, future use and a lot of other parameters have been conducted. For several of the case
studies, a condition survey has been carried out to get an
overview of the performance of the building(s). Thereafter,
discussions on recommended measures, overall client strategies, procurement strategies, client as a change agent and
the use of guidelines in the specific refurbishment project are
summarized in a case study report. The guideline on early
phase planning here described has been created based on
findings and conclusions in the case studies, internal and client-specific discussions/workshops combined with the researcher`s theoretical and practical former experiences and
knowledge in refurbishment of buildings. The guideline contents and structure is created through internal discussions
and brainstorming in workshops in the SURE research project.

Figure 1: Outline of the methodology

3. The guideline
The two main focus areas for developing the guideline have been contents (themes) and structure.
The contents (themes) are carefully considered and put into context to give the user of the
guideline the best insight in what to focus on to achieve a sustainable refurbishment of building(s).
The structure of the guideline has also shown to be of high importance. One of the objectives of
the guideline is to change the client into thinking sustainability. We had to ask ourselves: How can
the guideline be easy to use and still point out the most important topics for a sustainable
refurbishment? And how can the structure itself help the project to succeed?
The Nordic Guideline on Sustainable Refurbishment (SURE) of buildings is built upon the
principals shown in figure 2. The figure shows the different phases during the lifetime of a building,
starting from left. The vertical axis shows the quality standard of the building during time (horizontal

axis). First, the planning of the building starts with an early design phase, thereafter a more
detailed design phase followed by the construction phase. When approaching the handover phase,
the building has reached its highest quality standard. Then, the operational phase starts, and the
quality of the building will decrease, depending on maintenance intervals and replacement of
building parts. When the quality or usability of the building has decreased to a certain point, there
is a need for a major renovation (figure 2, far right, visualized with the sign “You are here”). Now
the building owner has three choices; tear down the building, refurbish the building according to
present quality standards and requirements, or raise the quality standard of the building into a
sustainable standard, a SURE standard. The SURE guideline will help the client to take the right
choice, and should be used from this point.

YOU ARE HERE

Figure 2: The SURE Guideline structure.
A number of procurement guidelines already exist, e.g. those by ISO [5] and UN [6] but none of
them seemed to provide a framework for SURE applicable as such. Therefore, the SURE guideline
is divided into six phases: “Finance and procurement strategy”, “Requirement settings”, “Selecting
the team”, “Managing the supply” “Operation and maintenance” and “Monitoring, Enforcement and
“Evaluation”. Some of the phases may need to be revisited several times during the process, but
they have been picked out because of their importance. In this way the actual refurbishment
process “Managing the supply” represents only one phase out of six.
The first phase is definitely the most important phase - the strategic phase. This phase is divided
into seven main steps. First, the client (building owner) has to create a strategy for the
refurbishment project. If the client already has an overall strategy, it should be reviewed and
specified to suit the specific project. Secondly, the finances for the project must be set. Which
finance models should be used, and which are the finance boundaries? These are most important
questions, as ambitious refurbishment projects often are put on hold because funding is not
clarified in advance. Third, when the finance strategy is set, the client has to define sustainability
and answer the question; what is sustainable for this specific refurbishment project? The analysis
on sustainability will be based on a lot of different parameters as shown in appendix 1 and figure 3.
At this point the overriding criteria for sustainability is defined, and the client is now (fourth step)
encouraged to choose the level of ambition for the project based on different parameters like

energy quality, technical standard, adaptability etc. Fifth, a condition survey of the building is highly
recommended. Findings and analysis in the condition survey could reveal specific obstacles
making the defined ambition level hard, or even impossible, to reach. The
condition survey should focus on the building component`s technical
standard and provide answers on which components / damages will make
the upgrade especially costly. Further it should focus on building physics,
cultural values, technical equipment and the other sustainable indicators
shown in appendix 1. The survey should be summarized in a report showing
the performance profile of the building. It should also give different
recommended refurbishment concepts based on the performance profile and
the client`s ambitions and finance strategy. A well documented condition
survey has shown to provide a high efficient planning process.
The condition survey or the following strategic analysis should also focus on
weather to tear down or refurbish the building. The SURE Guideline
methodology for this purpose is based on a four quadrant figure where the
client has to place the building in one of the quadrants. The figure is built
upon a three-grade scale for both adaptability and quality standard. If the
building has both very low adaptability and quality standard, the client should
consider either to tear down, sell or change the use of the building. More
about the methodology can be seen in the guideline.
When the condition survey and performance profile is finalized, the client
should review the level of ambition set in step four, and make a revised
version of the ambition level based on the condition survey and the strategic
analysis (6th step). Finally, a list of priorities should be conducted (7th step).
Figure 3: The sub-categories of the sustainable indicators used in the SURE Guideline.
When the strategic phase is finalized, the client is ready to set the requirements for the
refurbishment project. “Requirement setting” is the second phase (of six) in the SURE guideline
structure. Here, the client has to set quantitative values or choose between different alternatives for
sustainable refurbishment indicators, e.g. delivered energy (kWh/m2y), indoor climate (CO2-ppm),
percentage reuse of building materials etc. The SURE indicators (approximately 60) are sorted in
the three categories Social (performance), Environmental and Economic as shown in figure 3. Also,
a fourth category is added, named Process. Here, indicators related to project management are
found. As they often are difficult to place in one of the three traditional sustainable categories, they
are here united in a Process-category. Efforts on setting the requirements will also give important
inputs to the procurement documents and for setting the criteria when selecting teams (cf.
“Selecting the team”).
In the SURE guideline, the indicators and requirements are chosen to be mostly quantitative. This
will help the client to set measurable values for the project. As often happens, the requirements for
the refurbishment are qualitative and cannot be measured in the operational phase. Then, the
users and the building owner have too few figures in the operation phase to benchmark from the
planning process. This is of high relevance, especially for indicators like energy use, CO2concentration and day light factor. To try to give a helpful tool for
planning, setting requirements, measuring and to form procurement
documents, the SURE guideline is using the principle of PDCA; Plan,
Do, Check, Act (figure 4). PDCA is an iterative four-step
management process typically used in business. It is also known as
the Deming circle/cycle/wheel, Shewhart cycle, control circle/cycle,
or plan–do–study–act (PDSA). The concept of PDCA is based on
the scientific method, as developed from the work of Francis Bacon
[7]. The scientific method can be written as "hypothesis"–
"experiment"–"evaluation" or plan, do and check. The four steps
could be described as in the following:
Figure 4: The PDCA-principle

Plan: Here, the client should establish the objectives and processes necessary to deliver results in
accordance with the expected output. By making the expected output the focus, it differs from
other techniques in that the completeness and accuracy of the specification is also part of the
improvement.
Do: Here, the client is encouraged to implement the new processes, often on a small scale if
possible. Setting the requirements for the refurbishment project and actions in the construction
phase are examples of processes in the “Do”-category.
Check: Here, the client should measure the new processes and compare the results against the
expected results to ascertain any differences.
Act: Here, the building owner or the user of the building should analyze the differences in planned
and checked values to determine their cause. The client should determine where to apply changes
that will include improvement. When a pass through these four steps does not result in the need to
improve, one should refine the scope to which PDCA is applied until there is a plan that involves
improvement [7].
The PDCA-model should be used on each of the sustainable indicators. Approximately 60
sustainable indicators are included in the Nordic SURE guideline. Appendix 1 shows the different
indicators sorted by sub category (cf. figure 3).
When the requirements are set, the client is ready to start the third phase of the SURE Guideline;
“Selecting the team”. In fact, this phase is more dynamic than the other phases, in terms of actually
being relevant for all phases. To achieve a successful sustainable refurbishment, a high qualified
and competent team is needed for both for the strategic analysis, the condition survey, the design,
the construction and the operation. The PDCA-methodology is also used in the “Selecting the
team” phase. The first team to select is the early phase strategic team. Here, the client should first
plan how to reach and engage the right personnel. Thereafter, the procurement documents should
be created for the tendering process, and relevant companies should be contacted (do). When the
bids are received, the references, competence, description of deliverance etc. should be carefully
checked. Further, the deliverance should be checked according to the procurement documents.
Finally, if there are differences in planned and checked deliverance, the client should determine the
cause and apply changes that will include improvement, e.g. more focus on specific building
components in the condition survey report (act). The principles are the same also for the other
team-selection-processes.
The fourth phase of the SURE guideline is “Managing the Supply”. Here, the client is encouraged
to follow up the requirements set in phase nr. 2. Design, construction and hand over are all
included in this phase, and the “check” and “act” categories are used in particular. The client or
project manager should keep eye on procurement requirements and carefully check the execution
of the construction work or the documentation delivered at hand over. If there are differences in
requirements set and execution/documentation, the client should act in forms of e.g. holding back
money or set specific deadlines for rectification.
The fifth and sixth phases of the SURE guideline are “Operation and Maintenance” and “Monitoring,
Enforcement and Evaluation”. Also here, the “check” and “act” categories are most relevant. If the
operation of the building is not as intended, or the measured values in the monitoring process do
not correlate with the values from the requirement setting, the client or building operator should
determine the cause and apply changes. E.g. if the measured energy consumption is higher than
expected, a review of a detailed energy account should be conducted. When the source of error is
found, changes in use or operation of the building should be carried out as soon as possible.

4. Discussions and Conclusions
The main reason for creating such a guideline is to give building owners (clients) a helpful tool to
take the right choices when aiming for a sustainable refurbishment. Very often, the clients have

high ambitions, but not as high finances. In addition to finances, both the quality standard of the
building and the possibilities and restrictions have to be highlighted before finalizing the ambition
level. By going through the guideline, a performance profile of the building(s) will be set. This
profile should improve the awareness of sustainability with the help of indicators. The guideline can
also be used as a checklist. One of the biggest challenges in developing a common Nordic
guideline has been the differences in defining sustainability and the national requirements, building
codes, climates, building practice etc. in different countries. Reducing the energy consumption in
buildings is of high priority in most of the countries, but because of the use of geothermal energy,
this is not as important in Iceland. It has shown, though, through investigations of the different case
studies in Denmark, Finland, Iceland and Norway that the most challenging part is the need for
client changes. Therefore, the SURE guideline is focusing on the client as a change agent in a six
phase process, starting with the two most important phases “Procurement and finance strategies”
and “Requirement settings”. Further, the guideline focuses on sustainable indicators to help the
client to be aware of important parameters to achieve sustainable refurbishment of buildings. The
methodology is based on a well established PDCA-model (Plan, Do, Check, Act).

5. Further work
This is the first version of the SURE Guideline. Further work on customizing country specific, or
even client based guidelines, and analyzing experiences from implementation in multiple case
studies is still to be done.
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Appendix 1 – The sustainable indicators used in the SURE guideline
Economical
LCC
Value

Technical
standard

Paybacktime
Annual costs
Plot opportunities
Meeting owner`s/user`s strategy
Branding/certification
Ground, foundations and grid systems
Windows, exterior doors
Exterior cladding and surface
Roof, gutters, drains
Interior surfaces (floor, wall, ceiling)
Fixtures
Water and sanitation
Heating
Cooling
Fire
Air treatment / ventilation
Electricity: general construction / distribution
Electrical: lighting, electric heating, operational technology
Telecom and auto: general construction,
electrical and electronics systems
Elevators
Waste
Outdoor technical facilities
Drainage, terrain management

Environmental
Energy
Material

Delivered energy
Primary energy
Electrical
Heating
Life time
Product documentation
Waste management

Social

Indoor Climate

Room temperature
Design air flow
Air velocity
Noise level
Formaldehyde concentration
Air quality
Acoustics
Lightening intensity
Thermal comfort
Radon
CO2-concentration
Emission from materials
Cleanness of air-handling components

Adaptability

Flexibility
Generality
Elasticity
Climate change
Number of accidents/deaths

Safety and
accessibility

Comfort

Usability
Cultural values

Structural safety
Fire safety
Accessibility
Safety in use
Feeling of safety
View to outside
Architectural design
Support spaces
Visual stimulation
Functions (core activity)
Support functions
Capacity
Logistics
Protection level
Cultural heritage
Community acceptance
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Summary

The standing stock of buildings today will make up the large majority of the built environment in the
middle of the century and will be subject to increasingly severe weather events and flooding as a
result of climate change. Despite this, many home owners have not invested in recommended
amounts of insulation, and most do not have property-level flood protection measures. The
Resilient Homes: Incentives project was able to show how a combination of trusted information
sources, community engagement, and innovative incentives was able to change the context in
which homeowners make decision about the way to protect their property against the effects of
climate change.
Keywords: behaviour change, climate change, retrofit, energy conservation, flooding.

1. Introduction
The standing stock of buildings today will make up the large majority of the built environment in the
middle of the century. However, changing environmental conditions will introduce external stresses
including severe weather events and flooding, and produce unacceptable internal environmental
conditions. In addition, UK housing accounts for 27% of national green house gas emissions and
the government estimates that improved insulation alone will be needed for 26 million homes. An
estimated 5.2 million homes are in areas that are threatened by flooding from the sea or rivers, but
many more could be affected by flash flooding as surface drainage is overwhelmed by local
deluges. Over 9 million homes still do not have basic energy conservation measures such as loft,
wall and window insulation, or efficient low carbon heating units. The problem is rooted in private
ownership. Most of the commercial stock and over 70% of the residential stock in the UK is
privately owned, and while many people are aware that they live in a flood risk area, a majority
think that their house will not be flooded. While many have invested in energy conservation, the
majorit of houses do not have recommended levels of insulation.

2. Effective Influences to Motivate Homeowner Investment in Retrofit
Measures
In the first phase of the project, attitudinal work carried out with over 1,000 home owners in Greater
Manchester, England and Wales shows that the majority of people are concerned about climate
change, do think that using energy in their home contributes to global warming, and understand
that minimising greenhouse gases is their responsibility. Many were interested in acquiring flood
protection measures including raised electric fixtures and installing air brick covers and door
guards. Energy-saving appliances and energy-efficient boilers were also at the top of the list of
things that the householders would consider buying in the future. However, many thought that the
government was also responsible for protecting their houses against climate change, and just
under half said they would not be willing to invest anything towards flood-protection and energysaving improvements. Nearly a quarter of the respondents would not invest more than £500 which
is, on average not sufficient to pay for either energy or flood protection.
When respondents were offered non-cash rewards, over 60% changed their minds and said that
they would be willing to consider investing in the measures. The most popular non-cash rewards
for investing in flood protection or energy-saving were vouchers for fruit and vegetables followed
by free meals at restaurants, tickets for entertainment and vouchers for leisure and health centres.
Around a quarter of the respondents would not be persuaded to accept any value of rewards, and
over half wanted rewards to the value of their expenditure or more before they would agree to
participate in an incentives scheme. Nearly half of the respondents canvassed said they would
participate in a reward scheme should it be offered in their area.
The next phase of the project sought to test whether these attitudes would be carried through into
active decision-making be home owners. A sample of 50 households of mixed housing type and
income were engaged in a suburb in western Manchester, England. Initially they were canvassed
by a local environmental community group with the same attitudinal survey that was carried out in
England and Wales and which produced very similar results. Through the survey they were invited
to  participate  in  the  rewards  scheme  that  was  called  ‘Timperley  Green  Homes’  and half opted for a
free energy and flood survey which compared well with the one-third take-up that utility companies
expect from their own customers. To date, 20% (5 households) have followed the advice of the
audit and bought energy-saving measures. None have thus far chosen flood protect measures.
The residents chose a variety of rewards including beauty treatment sessions, fruit and vegetables,
a season ticket on the local tram system, and the re-development of their garden.

3. Discussion
The Salford team determined through the attitudinal work that commitment by home owners to act
on climate change was not affected by geography or income bracket. The limiting factor was, for
flooding, a combination of a lack of understanding about which measures that would be effective,
the nature, frequency and severity of the risk of inaction, and an absence of evidence that either
the authorities or their neighbours considered protection against flooding priority. For energy saving
a comparison of national statistics and responses to the attitudinal survey suggests that the limiting
factor was a lack of understanding about the amount of measures that were needed to make a
significant difference to their energy consumption. The relative cost of the initial investment against
the payback period could also have explained the reluctance to spend sufficient money on
insulation and other retrofit measures.
The Salford team sought to determine which of the strategies that have been deployed by policymakers would effect the greatest behaviour change. The evidence from the attitudinal work and the
rewards trial suggests that information alone will not change the context that has resulted in slow
responses or inaction to the treat of climate change. The results of the trial to date suggest that a
combination of better information, incentives, and encouragement to pro-environmental behaviour
through community-based influencers will produce accelerated commitment to retrofitting privately
owned domestic properties against the threats to property due to global warming.
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Abstract
The standing stock of buildings today will make up the large majority of the built environment in the middle of
the century. In the UK, housing accounts for 27% of national green house gas emissions and the government
estimates that improved insulation alone will be needed for 26 million homes. An estimated 5.2 million
homes are in areas that are threatened by flooding from the sea or rivers, but many more could be affected
by flash flooding as surface drainage is overwhelmed by local deluges. Over 9 million homes still do have
basic energy conservation measures such as loft, wall and window insulation, or efficient low carbon heating
units. The problem is rooted in private ownership. Most of the commercial stock and over 70% of the
residential stock in the UK is privately owned, and while many people are aware that they live in flood risk
area, high numbers think that the probability that their house will be flood in the future is low, and few are
making energy conservation a spending priority. This paper will consider the implications of the attitudinal
barriers to sustainable retrofit of housing stocks, and describe field studies undertaken by the authors in this
area. The research tests whether the simultaneous employment of better information, non-cash incentives,
and community-led influencing can change home owner behaviour and accelerate commitment to invest in
property-level protection against the threat to property from the effects of global warming

Introduction
Until recently, the UK Government has relied on a combination of strategic legislation, public
information, and targeted subsidies to help home owners to address the effect of climate change
on their homes. This has almost exclusively emphasised mitigation measures and the conservation
of energy consumption in particular. The Climate Change Act 2008 placed legally binding limits on
greenhouse gas emissions and it has been identified that individual members of the public need to
reduce their carbon emissions in order to achieve these targets [1]. There have been a number of
public and private sector campaigns seeking to motivate the public to use less energy at home [2]
[3]. Yet, despite government messages, many millions of homes in the UK are not energy-efficient
due to under insulation and old heating units and appliances [4].
In comparison to mitigation measures, adaptation measures, and flood prevention in particular, has
been broadly left to the regulator (the Environment Agency) which has concentrated on homes in
areas where it considers that there is the highest risk of damage. Compared to energy
conservation, there has been far less effort directed at motivating the public to adapt their
properties in this area. However, individuals are increasingly being seen by policymakers as
needing to take personal responsibility to protect their dwellings against the effects of flooding [5].
In “Making   Space   for   Water”,   the   Government [6] shifted   it’s   stance   away   from   taking sole
responsibility to protect property, and towards one in which other organisations and individuals take
a more prominent role [7].
The Resilient Homes programme was instigated by the Environment Agency of England and Wales
in 2009 to understand how to engage with neighbourhood groups on the ways in which climate
change will impact their properties and their lives. Part of this initiative was an incentivisation
programme which was undertaken by Salford University and the local authorities of Salford City
Council and (later) Trafford Borough Council to investigate the preparedness of householders to
install and pay for energy conservation and flood-protection measures in their homes. Having
established clear attitudinal tendencies towards personal responsibility and the ability to be
motivated by incentives, the project undertook a trial in a flood-threatened neighbourhood in
western Greater Manchester. The results of this trial are proving to be highly informative in
establishing the mix of influences that public bodies will need to introduce into future climate
change campaigns in order to influence the owners of property to retrofit in response to climate
change.

4. Theoretical Basis for the Study
4.1

Theories of Behaviour Change

Much of the work about barriers that inhibit action in response to climate change stems from the
theory of reasoned action or TRA [8], which the Salford team summarised for the purpose of
experiment design as the following set of questions individuals ask themselves before acting:






Do I understand that there is a problem?
Do I care about the problem?
Do I know what to do about the problem?
Will my solution work or make a difference?
What will others think of me if I act?

While many of these questions may not be consciously considered when individuals are asked to
act in response to the threats of climate change, they do offer a useful guide to policy-makers
during the design stage of a campaign. TRA has been criticised by some as being over-reliant on
rational decision-making processes, and the psychoanalytical experience suggests that this may
be justified. However, those looking for consensus in this area might expect that a synthesis of
these different approaches could help to build better policy. There are other behavioural theories
such  as  Bandura’s  Social  Cognitive  Learning  Theory  and  Becker’s  Health  Belief  Model  and these
have also been applied across a wide variety of disciplines in order to understand behaviour
change. However, while these pay considerable attention to individual behaviour change, less work
has been carried out on behaviour change within communities, and this is why TRA, with its
reference to  ‘others’  or  norm-based  behaviour’ was attractive to the Salford team.
4.2

The significance of education, awareness and community interaction

There is a need to understand how communities interact on issues of climate change. Schulz [9]
found that individuals say that they would take pro-environmental action to protect the environment,
but often their actions were influenced by a similar action by a friend or neighbour (buying a lowenergy light bulb for example). Understanding the barriers and enablers to change, and what
influences behaviour in general is a key element in the process of designing successful
intervention programmes for retrofit projects. Many models assume that decisions are made based
on cognitive processes leading to interventions that focus on offering various forms of information
to change attitudes or address problems. However, in reality, the success of these interventions
can not solely depend on changing the comprehension and understanding of people, particularly
when habits are entrenched. While it may be possible to change people minds about significant
issues around acting on climate change, this is likely to take a considerable amount of time. Some
argue that the urgency to address the consequences of climate may mean that it would take too
long to address behaviour change in this way and that different strategies need to be employed.
This is not to say that information is inconsequential in behaviour change programmes, but
Lorenzoni et al. [10] identified a longer list of reason for inaction including a lack of knowledge
about the causes and consequences of and solutions to climate change, scepticism about the
sources of information, downplaying the magnitude and significance of climate change impacts,
externalising responsibility and blame for the impacts, reluctance to change lifestyles, and fatalism.
Stern [11] concluded that individuals will make decisions according to their state of awareness and
concern about climate change, their willingness to act, and a belief that their actions will be
effective and beneficial which is in line with many elements of TRA.
The perception of risk associated with flooding is a good example of the difficulty that authorities
face when attempting to influence householder behaviour to protect against a flood event. Whilst
some studies show that the majority of flood plain residents are aware of living in flood risk areas
[12]; [13], the actual risk is predominantly seen as low [13] or located in a distant future [14].
Other factors such as advanced age tends to have a negative influence on awareness of flood risk

[15], or concern about climate change impacts and the willingness to adapt [13]; [14]. Those with
higher education and income have been found to be more aware of the risk of flooding [15] and are
more likely to buy energy-efficient appliances [16].
There is a similar though less marked tendency to inaction in relation to energy conservation.
Despite   the   Government’s   commitment   to   target   better   understanding   about   ways   to   mitigate  
climate change, 29% of respondents to the DEFRA [17] survey had never considered an energyefficient boiler, 27% had never considered solid wall insulation, and 14% cavity wall insulation. This
may suggest that there is still scope for education about these improvements.
The literature suggests that, whilst a majority of householders are aware that climate change is a
serious issue, the potential consequences of the threats posed by climate change seem to be
underestimated and misunderstood. This, alongside the relation between socio-demographic
characteristics of people and their opinions, may have significant implications for shaping policy
and needs to be explored further.
4.3

Affordability, adaptation and mitigation measures

The Energy Saving Trust (www.energysavingtrust.org.uk) provides some indication of typical costs
of energy-saving measures: £150 for cavity wall or loft top-up insulation; £1,800 for a new energyefficient boiler (without installation and connection charges); and £2,000-4,000 for double glazing
an entire house. Whilst government estimates [18] show that householders can save around £45
per year in heating bills by having thick loft insulation, and £115 per year with cavity wall insulation,
(resulting in a payback time of under two years), even these cheaper energy-saving options can be
too expensive for some. DEFRA’s  [17] survey suggests that around a quarter of the respondents
could not afford cavity wall or loft insulation.
Flood-protection measures are more expensive. In the DEFRA pilot of individual flood-protection
grants, the average cost of works per property was about £2,900, in a range from circa £300 to
£13,000 [19]. For a shallow flooding event (less than 90cm), smaller properties can be protected
with resistance measures for as little as £2,300, whilst recovering from a flood may cost from
£4,500 to £23,000. For deeper floods, a package of resistance measures may cost from £20,000 to
£40,000, but this may still be recovered in a single flood event [20]. Bowker [21] observes that
some measures may not cost more than standard repairs (raising electrical fixtures above the likely
flood level should not exceed £1,000), yet a whole package of resilience measures can reach
£10,000 to £30,000.
The research on preparedness to pay for flood-protection measures is limited, but the existing
literature indicates that the many people say that they would not pay anything [22]; [13]. Only 8.5%
of respondents to a household survey in Scotland were willing to contribute an additional £100 per
year in council tax to fund flood protection [22]. A survey of over 1,500 people in England and
Wales [23] revealed that previously flooded or at risk respondents were willing to pay respectively
£200 or £150 a year to avoid the health impacts associated with flooding. The median one-off sum
respondents to a survey in Salford were prepared to pay for flood-protection measures was less
than £100 [13]. Thus, the costs of flood-protection measures seem to exceed the sums people are
willing to pay for them.
4.4

The importance of Rewards

Positive incentives can be used to stimulate a variety of behaviours, and, in association with other
influencers, establish longer term habits [24]. The evidence that would support the use of financial
incentives in encouraging sustainable behaviours is mixed. Offering financial incentives for one
type  of  sustainable  behaviour  may  either  result  in  a  “spillover”  to  other  types  of  behaviour  or,  with  
equal probability, reduce the likelihood of engaging in other environmental behaviours unless more
money is offered. However, the main reasons why direct financial reward many be counterproductive is that money-based schemes are expensive, and there is no control over the goods
and services that the participants will buy with the reward money. Spending could easily go

towards more frequent flights to holiday destinations rather than more solar panels. Pay as you
save energy schemes may be attractive to some, but those already concerned about high energy
bills will be worried that they will not be able to pay for energy saving measures in the future.
These schemes also rely on efficient energy management of the home, something that is not a
foregone conclusion. This scheme is also ineffective in motivating householders to invest in flood
protection.
Non-financial incentives can be more effective in influencing sustainable behaviour than financial
incentives. They can have an intrinsic value (increased consumption of fruit and vegetables for
example) and can have a number of additional benefits. They can boost local economy (e.g. locally
sourced fruit and vegetables and free meals at local restaurants can help local businesses), help in
community development (e.g. free college courses can improve education levels, skills and
employability) and contribute to meeting a variety  of  the  Government’s  objectives  (e.g.  passes  for  
health centres can lower obesity, and social enterprise employed labour can help a number of
hard-to-reach parts of society including long-term unemployed, disabled people, and ex-offenders).
In the longer-term a reliance on incentives is not desirable if it results in a lack of proactive
behaviour in the absence of a financial stimulus. However, non-cash incentives have the potential,
in association with other tactics, to achieve two objectives. First, they are well suited to motivate
once in a while transactions such as buying a new boiler or insulation or flood protection that does
not require repeated behaviour. Secondly, they allow the resident to experience the benefits of the
purchase without the need to be entirely convinced by the other arguments associated with climate
change.

5. Results
5.1

Phase 1: Attitudes to Investing in Property-Level Measures

Two surveys were carried out to test owner –occupiers on their attitudes to climate change and
their home over a two-year period. Each survey asked householders the same set of questions to
determine how well informed residents were about the threat of climate change, and whether they
considered that it was their responsibility to protect their homes against damage caused by global
warming. The residents were asked about the energy and flood prevention measures that they
could take, and how much they would pay to fit these measures in their homes. Finally they were
asked about their interest in receiving non-cash rewards in return for investing in the energy and
flood measures.
One of the surveys was conducted door to door and canvassed 100 people, some of whom lived in
deprived areas of the city of Salford. There largest of the surveys contacted 1,043 people living in
flood risk areas in England and Wales by telephone. The results on flood protection showed that
very few residents had installed any form of flood protection. The raising of electric fixtures and
installing air brick covers and door guards were seen as the most appealing measure, while tiled
flooring was the least popular option. The results for energy conservation showed that less than
50% of the residents had a combination of loft insulation, wall insulation (where cavities were
present), double glazing, an efficient boiler or energy-saving appliances. Energy-saving appliances
and energy-efficient boilers were top of the list of things that the householders would consider
buying in the future. Just under half of the respondents said they would not be willing to invest
anything towards flood-protection and energy-saving improvements. However, nearly a quarter of
the respondents would invest over £500.
The most popular non-cash rewards for investing in flood protection or energy-saving were
vouchers for fruit and vegetables (51.7% of positive answers), followed by free meals at
restaurants (44.2%), tickets for entertainment (33%) and vouchers for leisure and health centres
(27%). The least popular reward was free bus travel although the high proportion of the sample
were aged over 60 (a consequence of home ownership) and in the UK these residents already

have access to free public transports. Around a quarter of the respondents would not be persuaded
to accept any value of rewards, and over half wanted 100% to 200% of rewards for the investment
they would make. Nearly half of the respondents said they would participate in a reward scheme
should it be offered in their area
The most important recommendations from this first Phase of the research were:







5.2

There is a need for a climate change strategy which is aimed at householders and
promotes prompt action to make physical changes to the fabric of their premises;
Reward-based incentive schemes will motivate many householders to purchase
energy-saving and flood protection measures for their homes. A variety of pilots should
be commissioned to test this contention.
Carefully selected non-cash incentives can boost local economies, will help to develop
communities and aid delivery of current Governmental campaigns.
People with little disposable income should be eligible to receive flood protection grants.
Innovative awareness-raising and education programmes should not be carried out to
the exclusion of community-level discussions and debates using local leaders and
motivators.
More work is needed by Government to help these existing and emerging community
leaders to effectively engage with those around them to help them accept the threats to
domestic houses that will be caused by climate change, and take prompt action to
reduce potential harm to their areas.

Phase 2: The Trial

The trial was carried out in Timperley, west Greater Manchester. The areas was selected because
of its mix of housing types and because parts of the area had been assessed as having either a
moderate or significant risk of flooding by the Environment Agency. A group of streets containing
211 houses was chosen as the sample set. The house-to-house survey was conducted by a
community group that was set up to engage neighbourhood on environmental issues. The same
questions that were used in earlier studies were put to the new group of residents and 50
questionnaires were completed representing a response rate of 24%. Housing types were
dominated by semi-detached structures (64%) with the remainder being either terraced rows,
modern two-story detached or single story bungalows. Most of the people (around 60%) had
resided in the area for more than 10 years. Half of the respondents were in full time employment.
The questionnaires were analysed through PASW Statistics Software. Further,   Spearman’s   rank  
correlation was computed for the variables relating to awareness of climate change, flooding and
energy  saving  and,  owners’  preference  for  different  rewards  in  the  survey  instrument.  Component
Analysis (PCA) was used to reduce the inter-correlated dataset and principal components were
formed. Later, Varimax rotation was applied to maximise the variance of factor loadings and to
assist the classification of variables. Kaiser criterion (eigenvalue one test) was then applied and
only the components with an eigenvalue larger than 1.0 were retained. Median values of ordinal
variables and principal component scores were compared between unrelated samples with MannWhitney test (U) and Kruskall-Wallis test (H).
The survey results showed that 52% of the respondents were concerned about how climate
change could affect their property which was lower than other surveys. However, the 80% who
expressed their personal responsibility towards climate change was similar to previous results.
Approximately 82% of respondents said they were aware that their houses are in flood risk area
but almost the same number (80%) said they felt that the chances of their houses being flooded
were low or very low very similar. This is very similar to the response to the same question in the
England and Wales survey.
The study identified two Principal Components (PCs). They were PC1 – Awareness on Climate
Change and PC2 – Attributed responsibility and flooding event. Awareness on Climate Change
comprised  of  factors  related  to  perceptions  on  ‘Concern  on  Climate  change’;;  ‘Less  usage  of  energy  
in   home  make   a   difference   in   climate   change’;;   and   ‘Usage   of   coal,   oil   and   gas   in   house   change  

earth's   climate’.   Meanwhile,   PC2   consists of   ‘Government   has   the   responsibility   to   protect   their  
home’;;  ‘Home  owners  have  a  responsibility  to  protect  their  home’  ‘Has  their  house  flooded  before’.
The commonly stated (over 75%) motivating factors for taking action and investing in property-level
measures were non-cash rewards or grants, cheaper prices when the whole street or a group of
their neighbours decided to have the work done together and saving on the cost of
repairs/replacements. This validated the hypothesis of the project that home owners are prepared
to make improvements for non- cash rewards. More than 70% of respondents agreed or strongly
agreed that installing energy saving measures would make a difference to the effects of climate
change. Responding to the effect the investment would have on house prices, 72% of respondents
felt that installing energy measures to their houses would increase the value of their house while
54% of respondent felt it for flood protection measures. This is at odds with the Royal Institute of
Chartered Surveyors which states that homeowners are less likely to invest in energy efficiency
because   ‘the   barriers   holding   back   demand   are   much   stronger   than   the   drivers   for   it,   and   are  
primarily behavioural and financial; specifically there is a lack of a reasonable return on capital and
an unwillingness to pay high upfront costs for longer term benefits [25].
When asked about flood protection measures, installing air brick covers (76%); door guards with
raised threshold (70%); and raising electric, TV and phone sockets and, the fuse box and meter
(66%) were all accepted as interventions by the majority of residents as flood protection measures.
As in previous studies, replacing carpets and floorboards with tiles over concrete floors and
concrete staircases was only accepted by a third of respondents. When asked about energy saving
measures, loft (70%) energy efficient appliances (68%’)   and   fitting   double   or   triple  glazing   (66%)
were the most preferred measures. Again these answers were similar to earlier studies. In addition,
the average expenditure range that the residents are willing to make on installing flood protection
measures was £100 - £500 while for energy saving measures is £500 - £1000 mirroring other
survey answers.
The results for the rewards that Timperley residents would accept showed that free vouchers for
fruit and vegetables (72%) and free meals at restaurants (64%) were again the most preferred
incentive. A new reward (free furniture makeover) at 58% was also popular. Once again free tram
(54%) and train travel (52%) were less popular, but more so than in the earlier study. This could
have been due to the location of good public transport 9including a tram stop) in the vicinity of the
sample area.
Following the initial survey, 50% of the residents (25 households) choose to take part in the next
stage of the project and were visited by a combined flood and energy audit team. The
recommended flood protection measures included external remedial works, demountable door
barriers; waterproof air brick covers, and foul sewage non return valves. The auditors
recommended a range of energy saving measures including 270mm of mineral wool or equivalent
loft insulation, new boilers, boiler and radiator controls, cavity wall insulation, and insulation for
solid walls.
The audit reports also included a full list of all the rewards that were available to residents along
with the value of the rewards on the open market. Residents were invited to choose the measures
that they would purchase, and then match their expenditure to the same value of rewards. The
reports were delivered to most of the residents by hand by the community workers who acted as
the main interface between the research team and the householders. Where it was requested the
community worker took the resident through the recommendations and helped to pick out the
rewards. Later, the residents who decided to undertake improvements communicated their interest
and the community workers who returned to facilitate quotes and made arrangement for fitting and
delivery where this was requested.
To date 8 residents have expressed their interest to carry out improvements that were
recommended for them. They have chosen a range of rewards such as a garden re-developments
and fruit and vegetable vouchers for a new boiler, and beauty treatments at the local college for
cavity wall insulation. None of the residents have chosen to purchase flood protection measures to
date. This project is still continuing and further results will reported in the future.

6. Discussion
Whilst a large proportion of the public in England and Wales may now be familiar with climate
change and accept that this phenomenon will affect their lives, many householders lack sufficient
motivation to act on this understanding and invest in their homes. When gauged against the
barriers to reasoned behaviour, acceptance of the problems is tempered by an incomplete
understanding of how to respond, and an unwillingness to accept that the householder bear the
responsibility for protecting their property. More seriously, for those living in flood-threatened areas,
the almost universal belief that a flood is unlikely to affect their houses make it highly challenging
for regulators and policymakers to persuade property owners to spend money on an issue that
they believe is a low priority. This is the context within which the attitudinal survey was designed,
investigating the relationship between the conditions necessary for uptake of adaptation and
mitigation measures and the willingness of homeowners to implement and pay for them.
The Salford team sought to determine which of the strategies that have been deployed by policymakers would effect the greatest behaviour change. The failure of residents to buy flood protection
measure (thus far) suggests that the authorities need to work harder at tailoring information to
residents in flood threatened areas. This applies both to clarity on the range of measures available
in relation to the nature and frequency of the threat, and to the likelihood of flood events affecting
individual dwellings. The evidence being produced from the trial suggests that a combination of
better information on the door step, and incentives that are attractive to householders would be
more effective than the current reliance on ineffective fact-based public information messages in
motivating investment in property-level solutions.

7. Conclusions
The findings made to date from this study suggest that a continuation of awareness-raising
campaigns without the augmentation of additional strategies is not likely to increase the uptake of
property-level flood-protection measures. There is a clear need to improve the quality of
information, and to employ incentives and motivate house owners by delivering these messages
through community-based actors. Energy saving strategies are proving to be more effective, but
would benefit from the same multiple strand approach to ensure more effort is devoted to
completing energy conservation measures in partially treated buildings.
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Summary
A large part of the available energy in the European Union is used for space heating of houses.
This utilized energy presents an economical challenge as well as an environmental problem that
ultimately must be dealt with by reducing the thermal losses through the climatic envelope. This
reduction, however, is intricate due to the spatial constraints in designated living areas and complexities arising from retrofitting of historical and cultural façades of the existing building stock. In
light of the aforementioned problems, Vacuum Insulation Panels (VIP) may provide attractive solutions as they employ a thickness about one tenth of the required thickness when using conventional insulation materials. The aim of this study is to do a comparative analysis of VIP and traditional insulation materials and several other means of retrofitting in terms of life cycle energy and
costs. Particular attention is given to the comparison of exterior and interior applications of VIP and
the effects on the thermal bridges at the joints between the external wall and the adjacent floor
slabs and balconies.
Keywords:   Vacuum   Insulation   Panels,   thermal   bridge,   retrofitting,   building   refurbishment,  
      balcony  slabs  

1. Introduction
The   energy   use   in   buildings   has   been   a   subject   for   numerous   studies   based   on   questionnaires,  
qualifying   trade-offs,   lack   of   maintenance   and   damage,   and   priority   of   actions   to   increase   an  
adequate  heat  envelope.  In  Sweden,  the  National  Board  of  Housing,  Building  and  Planning  [1]  has  
set  targets  for  energy  use  and  environmental  quality  objectives  which  in  part  includes  that  the  total  
energy  consumption  per  heated  unit  area  of  residential  buildings  is  to  be  reduced  by  20%  in  2020  
and  by  50%  in  2050,  upon  comparison  to  corresponding  consumption  levels  of  1995.
There   are   currently   about   four   million   residential   houses   in   Sweden.   Due   to   the   relatively   slow  
turnover  of  the  housing  stock,  renovation  and  refurbishment  of  the  existing  residential  houses  are  
crucial,  in  order  to  achieve  substantial  improvements  and   achieve  the  set  energy  efficiency  goals  
by   2020.   A   target   area   of   substantial   importance   in   this   context   is   the   approximately   750   000  
apartments  built  in  Sweden  [2]  during  the  “Million  program”,  which  are  in  need  of  refurbishment  in  
the   near   future.   While   new   buildings   are   to   be   built   with   considerate   care   related   to   energy  
efficiency,  the  mentioned  group  of  apartments  has  to  be  subjected  to  housing  renovation  levels  in  
line  with  current  building  standards.  Hence,  an  adequate  use  of  insulation  materials  has  a  central  
role   in   this   framework.   For   this   purpose,   this   study   focuses   on   production   of   energy   efficient   and  
cost-effective  technical  solutions  for  insulation  of  residential  buildings.  

2. Vacuum  Insulation  Panels
2.1

Usage  and  implementation

In   2002   the   U.S.   Department   of   Housing,   conducted   a   study   in   which   different   parts   of   building  
components   were   investigated.   The   selection   of   the   examined   parts   was   based   on   production  
costs,  risk  of  injuries  and  other  installation  costs  [3].  Furthermore,  usage  of  VIP  as  insulation  was  
considered  but  was  abandoned  due  to  the  high  cost  that  entailed.  The  market  at  that  instance  was  
not  prepared  for  the  introduction  of  this  new  insulation  material.  Treatment  and  implementation  of  
VIP   has   further   to   that   study   been   carried   out   in   a   conceptual   study   within   Europe,   as   a   part   of  
IEA/Annex   39   [4].   This   investigation   was   carried   out   in   two   phases   with   the   first   one   solely  
investigating  the   insulation   panels   and   the   latter   part,   applications   of  VIP   in  buildings.   Successful  
implementation  of  VIP  in  buildings  has  been  carried  out  in  numerous  building  projects  in  Europe,  in  
particular   in   Germany,   Switzerland,   the   Netherlands   and   Sweden.   There   are   however   numerous  
reasons   for   the   limited   implementation   of   VIP   as   insulation   in   buildings.   Under   the   European  
Construction   Products   Directive   [5],   such   an   implementation   has   to   obey   certain   requirements  
related  to:  structural  stability,  mechanical  resistance,  fire  safety,  health,  environment,  and  hygiene  
as   well   as   energy   and   economy.   The   relationships   between   thermal   and   structural   performance  
and  heat  and  service  life  period  are  considered  to  be  extremely  important  as  examined  by  the  work  
of  Tenpierik  et  al.  [6].  Based   on  reviewed  literature,  ([7],  [3],  [8])  a  number  of  conclusions  can  be  
drawn   for   successful   implementation   of   VIP.   Although   vacuum   insulation   panels   have   good   heat  
resistance,   this   resistance   is   limited   due   to   the   good   thermal   conductivity   at   the   edges   of   the  
panels.  To  minimize  these  effects,  quadratic  dimensions  are  recommended  on  the  panels.  During  
the  implementation  of  the  panels,  considerable  caution  has  to  be  exercised  in  order  to  avoid  any  
mechanical   damage   that   may   degrade   the   thermal   performance   of   the   panels.   Further,   it   is  
noteworthy  that  the  vacuum  seal  on  most  vacuum  insulation  panels  is  designed  for  a  time  period  of  
15-50   years,   why   ruptured   panels   should   be   restored   immediately.   Lastly,   any   form   of  
condensation  should  be  avoided  on  the  panels,  in  order  to  ensure  adequate  levels  of  insulation.
2.2

Economical  investment

To  illustrate  the  effect  of  an  investment  in  VIP,  a  study  has  been  carried  out  on  a  base  panel  with  
dimensions  1000  ×  600  mm2  and  a  thickness  of  30  mm.  The  thermal  conductivity  λ,  at  the  center  
section  of  the  panel  is  0.004  W/(mK),  and  the  panel  is  examined  for  a  time  period  extending  over  
50   years.   Results   are   shown   for   three   different   interest   rates   (r1,   r2,   r3)      ranging   between  
3  to  7  %,  for  a  household  income  per  square  meter  of  surface  and  year,  versus  the  net  cost  of  the  
VIP  with  the  given  cost  of  1090  SEK  (Swedish  Kronor)  per  panel,  as  shown  in  Figure  1.
From  Figure  1,  a  linear  trend  for  the  three  different  cases  is  observed.  A  comparison  between  VIP  
and   traditional   building   insulation   materials   shows   that   the   latter   are   approximately   100   SEK  
cheaper  per  square  meter.  Nonetheless,  the  heat  conductivity  of  the  VIP  is  about  10  times  lower  
than  the  corresponding  value  for  the  traditional  building  insulation.  Figure  1  further  implies  that  an  
investment  in  VIP  waives  the  deposited  amount  after  a  time  period  of  approximately  50  years.

Fig.   1   Rental   income   in   SEK   (Swedish   Kronor)   per   square   meter   of   surface   area   versus   the   net  
cost  of  VIP  in  SEK  per  square  meter  wall  and  years  for  different  interest  rates,  r.
2.3

Environmental  effects  from  manufacturing  of  VIP  

In   order   to   demonstrate   and   understand   the   effects   caused   by   manufacturing   of   VIP   from   an  
ecological   and   energetic   point   of   view,   a   study   was   carried   out   as   part   of   the   IEA/Annex   39   [4]  
project   involving   three   different   life   cycle   analyses   (LCA).   The   analyses   included   a   comparative  
study  between  VIP,  glass  wool  and  polystyrene  EPS.  The  results  obtained  from  the  LCAs  show  in  
large   that   the   benefits   of   insulating   materials   used   in   building   envelopes,   by   far   outweigh   their  
ecological  disadvantages.  The  LCA  of  VIP  is  primarily  dominated  by  the  high  energy  consumption  
required  during  production.  Consequently  the  results  from  the  comparative  LCA  study  of  the  three  
aforementioned   materials   were   generally   favorable,   with   minor   differences   in   the   overall  
environmental  aspects  found  between  them.  

3. Case  study
3.1

Coupled  heat  and  moisture  transport  for  predefined  configurations

In   order   to   obtain   a   coupled   heat   and   moisture   transport   due   to   heat   transfer   and   diffusion,   the  
COMSOL   Multiphysics®   simulation   software   was   employed   for   four   distinct   cases   with   different  
arrangements  of  the  insulating  materials.  The  utilized  materials  for  these  combinations  are  shown  
in  Table  1.

Table  1  Material  properties  used  for  combined  heat  and  moisture  transport  simulations  
2
Material
Z  (s/m) δ  (m /s)          t  (m) λ  (W/mK)
Light-weight  concrete 200
0.001
0.2
0.14
Envelope  film
2    106 1    10-9
0.002 0.036
VIP
1000
15    10-6 0.015 0.008
Mineral  wool
6667
15    10-6 0.1
0.036
In   Table   1,   Z   denotes   the   vapor   resistance   or   the   ratio   between   the   thickness   and   vapor  
permeability  defined  as  Z  =  t  /  δ.  The  thermal  conductivity  for  each  material  is  denoted  by  λ.  The  
four  cases  differ  based  on  the  location  of  the  materials  as  seen  from  the  exterior  cross  section  of  
the   wall   outdoors,   to   the   interior   wall   cross-section   indoors.   The   considered   configurations   are:
I.       Mineral  wool,  light-weight  concrete  and  vapor  barrier  
II.       Light-weight  concrete,  mineral  wool  and  vapor  barrier
III.       Envelope  film,  VIP,  envelope  film  and  Light-weight  concrete
IV.       Light-weight  concrete,  envelope  film,  VIP  and  envelope  film
Evaluation   of  the   vapor  resistance   is   carried   out  for   the  given   configurations   based   on  measured  
values  [4]  of  the  Water  Vapor  Transmission  Rate  (WVTR),  as  shown  in  Table  2.
Table  2  The  vapor  resistances  and  corresponding  water  vapor  transmission  rates  for  the  
considered  cases.  
2
Case Z1  (s/m) Z2  (s/m) Z3  (s/m) Z4  (s/m) ZTotal  (s/m) F  (g/m s)
0
2.01  106
1.02  10-6
I
200
6667
2  106
0
2.01  106
1.02  10-6
II
6667
200
2  106
2  106
4.00  106
5.14  10-6
III
200
2  106
100
2  106
4.00  106
5.14  10-6
IV
1000
2  106
200
From  Table  2,  it  is  observed  that  configurations  III  and  IV  (cases  including  VIP)  are  responsible  for  
the  lowest  value  of  the  flux  density  F.  It  is  further  evident  that  cases  I  and  II,  and  cases  III  and  IV  
respectively,   result   in   exact   the   same   flux   value   due   to   a   fixed   concentration   difference   at   the  
boundaries  and  constant  total  vapor  resistance  for  the  aforementioned  cases.
3.2

Thermal  bridges

3.2.1 Computations with COMSOL Multiphysics©
In   order   to   illustrate   the   influence   of   a   thermal   bridge   on   the   heat   transfer   of   a   wall   section,
a   two-dimensional   calculation   with   different   boundary   conditions   was   actualized   in   COMSOL  
Multiphysics©.  Two  distinct  temperatures  for  the  interior  and  exterior  of  the  wall,  Tinterior  =  20  °C  and  
Texterior   =   -10   °C   were   used   in   the   simulations.   These   temperatures   imposed   on   the   two   sections  
implied   that   hinterior   =   1/Rsi   and   hexterior   =   1/Rse,   where   Rsi   =   0.13   and   Rse   =   0.04.   The   temperature  
distribution  and  the  total  heat  transfer  for  the  four  cases  are  shown  in  Figures  2-5.
The   interior   heat   transfer   coefficient   is   given   by   hinterior   while   hexterior   denotes   the   exterior   heat  
transfer   coefficient.   Rsi   further   denotes   the   interior   heat   transfer   surface   resistance   and   Rse  
consequently  denotes  the  exterior  heat  transfer  surface  resistance.  
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Fig.  2  Temperature  distribution  (left)  and  total  heat  flux  (right)  for  a  thermal  bridge  under
Configuration  I,  where  floor  and  wall  section  consists  of  mineral  wool  and  light-weight  concrete  [9].
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Fig.  3  Temperature  distribution  (left)  and  total  heat  flux  (right)  for  a  thermal  bridge  under
Configuration  II,  with  mineral  wool  placed  on  the  inside  of  the  light-weight  concrete  layer  [9].  
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Fig.  4  Temperature  distribution  (left)  and  total  heat  flux  (right)  for  a  thermal  bridge  under
Configuration  III,  with  VIP  positioned  as  an  external  insulation  and  light-weight  concrete  as  an  
internal  layer  [9].
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Fig.  5  Temperature  distribution  (left)  and  total  heat  flux  (right)  for  a  thermal  bridge  under
Configuration  IV,  with  VIP  placed  as  an  internal  insulation  [9].
3.2.2 Calculation  of  the  linear  thermal  transmittance  Ψ,  with  COMSOL  Multiphysics©
COMSOL  Multiphysics©,  provides  the  total  normal  heat  flux  by  means  of  integration  at  a  boundary  
as  the  quantity  ΦTotal.  The  linear  thermal  transmittance  Ψ  (W/mK)  for  the  mentioned  configurations  
is  hence  given  by  Table  3.
Table  3  Calculated  values  for  Ψ  from  COMSOL  Multiphysics©
Case   U  (W/m2K) h  (m) ΔT  (K) ΦTotal  (W/m) Ψ  (W/mK)
I
0.2285
0.9
30
13.54
0.0400
II
0.2285
0.9
30
13.80
0.0487
III
0.2117
0.9
30
12.55
0.0373
IV
0.2117
0.9
30
12.94
0.0503
The   thermal   transmittance   coefficient   is   denoted   by   U   (W/m2K)   and   the   height   of   the   calculated  
building  envelope  is  given  by  h  (m).  
3.3

Balconies  and  loggias

3.3.1 Supplementary insulation of balcony slabs
Balcony   slabs   are   good   examples   of   thermal   bridges.   Past   energy   efficiency   projects   have  
considered  it  necessary  to  remove  and  replace  these  with  new  cantilevered  balconies,  or  simply  to  
extend   the   whole   exterior   wall   outside   the   balcony,   in   order   to   break   the   thermal   bridge   effect.  
Vacuum   insulation   panels   save   considerable   rentable   floor   space   in   wall   thickness   compared   to  
conventional   insulating   materials,   especially   during   redevelopment   as   they   are   much   finer   tools  
that   can   be  used   with   greater   precision   and  effectiveness  when  insulating   large  linear   and  pointshaped  thermal  bridges.  In  turn,  this  allows  an  effective  insulation  without  lowering  the  architectural  
significance  of  the  construction.    
In  a  recent   study   performed   in   Sweden   with  the   main  goal  to  evaluate  the   possibilities  of   energy  
refurbishment   and   the   formation   of   additional   architectural   values,   the   possibility   of   insulating   by  
attaching  vacuum   insulation   panels   mainly   on  the  edge   of   a   200   mm   thick   concrete  balcony   was  
considered.   The   top   and   bottom   of   the   balcony   slab   would   tentatively   be   insulated   with  
conventional  insulation  such  as  mineral  wool.  

Fig.  6  Architectural  drawing  of  a  residential  apartment  complex  with  insulated  balcony  slabs  [10].
3.3.2 Finite Element Analysis of supplementary insulated balcony slabs
In this study Finite Element simulations were performed in order to demonstrate the interaction of
VIP and conventional insulation materials. Based on this investigation, it is verified that by
employing the preceding insulation method to the balconies, the linear leakage flow coefficient
(linear  thermal  transmittance)  Ψ (W/mK) at the connection to the exterior wall, is reduced by 50%.
With moderate amounts of supplementary insulation this corresponds to about 0.6 (W/mK)
compared to 1.2 (W/mK) in the present condition. The approximate energy saving ensuing from
such an implementation is about 50 kWh per meter balcony connection. In addition, the risk of
condensation on the inside and frost damage in the surrounding concrete will be reduced due to
the balcony remaining dry and warm.
Figure 7 illustrates the temperature distribution in the connection between the balcony and the
exterior wall construction, with and without supplementary insulation. The refurbished solution includes a balcony with 50 mm mineral wool insulation on top and bottom, while the outer edge is
insulated with VIP with a thickness of 15 mm.

Fig.  7  Finite  Element  Analysis  of  supplementary  insulated  balcony  slabs  in  the  current  state  (left)  
and  after  supplementary  insulation  with  mineral  wool  and  VIP  (right)  [10].

4. Discussion
The results obtained with COMSOL Multiphysics© in Table 3 exhibit that configurations II and IV
have the highest values of the  linear  thermal  transmittance  Ψ  (W/mK). It can also be deduced that
if VIP is placed as an external insulation it can prevent high values of heat flow as shown by
configuration III. Table 3 also outlines that the position of VIP as an internal or external insulation
affects the value of the linear thermal transmittance. The validity of employed empirical formulas
for the  linear  thermal  transmittance  Ψ,  calculations in large solely encapsulate conventional building insulation materials such as mineral wool. The employment of these empirical formulas to more
advanced insulation materials such as VIP may therefore yield results outside accepted empirical
ranges for empirical values on the linear thermal transmittance.

5. Conclusions
A   study   related   to   more   efficient   insulation   materials   and   in   particular   implementation   of   VIP   has  
been  presented.  The  usage  of  simulation  software  such  as  COMSOL  Multiphysics©,  has  enabled  
the   identification   of   advantages   of   employing   VIP   as   a   contender   in   building   insulation.  
Subsequently,   the   results   presented   for   various   insulation   placements   have   highlighted   the  
importance  of  the  physical  order  of  these  materials  for  optimum  energy  efficiency.    
It   is   also   demonstrated   that   the   effects   of   thermal   bridges   can   be   simulated   with   the   above  
mentioned  simulation  software  and  an  empirical  formula.  
This study illustrates that residential buildings and multi-storey apartments can be optimized with
regards to thermal insulation by means of one or more proposed solutions where high performance
building insulations such as vacuum insulation panels are applied. This allows for an economic
viable and sustainable solution obtained over a longer time period for the renovation and refurbishment of a residential area.
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Summary
This paper defines and presents characteristic features of sustainable building process. The work
was done within a Finnish national research project Sustainable Building Processes (SUSPROC).
The objectives of the SUSPROC research project were to understand barriers and impacts,
develop new working processes, develop new business models for sustainable building and
develop effective steering mechanisms. The target of the paper is to describe the characteristics of
sustainable building process with help of flow charts and with the focus on roles of different actors,
decision making points, needed information and documentation, and relevant tools and models.
The work was based on iterative processes and expert discussions and the usage of the results of
SUSROC cases studies. The discussions of the expert panels resulted in the description of
sustainable building process. The entire process was outlined to the following stages:
sustainable customer briefing,
sustainable programming,
sustainable preliminary design,
sustainable implementation, and
sustainable use and maintenance.
The paper addresses important characteristics of sustainable building process. These include first
of all the systematic requirement management, owner's commitment to sustainable building targets,
the quality of requirements (performance based and measurable), ensuring the awareness of
targets by all relevant actors, continuous monitoring of results, cooperation and designers' team
work and good delivery and share of information.
Keywords: sustainable building, building process

1. Premise and target
The research project Sustainable Building Processes (SUSPROC) aimed at adopting new
processes for eco-efficient building and sustainable built environment. The objectives were to 1)
understand barriers and impacts, 2) develop new working processes, 3) develop new business
models and 4) develop effective steering mechanisms for sustainable building. The premise of the
work was that sustainable building is not hindered because of the lack of information, technologies
and assessment methods, but because it is difficult to adopt new processes and working methods
in order to apply new technologies. New technologies are resisted because those require process
changes and unknown risks and not-foreseen costs are suspected. These hindrances can be
reduced and overcome with help of seeking for efficient processes and understanding what kind of
decision making phases, tasks and information, and new actors, roles and ways of networking are
needed.
This paper introduces results of the SUSPROC project. The target of the paper is to describe the

characteristics of sustainable building process with help of flow charts and with the focus on roles
of different actors, decision making points, information and documentation, and relevant tools and
models.
"The sustainable development of buildings (and other construction works) brings about the
required performance and functionality with minimum adverse environmental impact, while
encouraging improvements in economic and social (and cultural) aspects at local, regional and
global levels" (ISO 15392). This ISO definition is used here for sustainable buildings. The
sustainable building process is defined as the overall quality of the process that enables the
delivery of sustainable buildings. It is also defined here that the three main prerequisites for
sustainable building are:
the availability sustainable building technologies
the availability of methods and knowledge for sustainable target setting, design, procurement,
monitoring and management of buildings
the development of sustainable building processes and the adoption the new sustainable
building technologies, methods and working models.

2. Method
The research methods of the entire project were:
Critical review of literature, which analysed barriers and drivers mainly on the basis of
academic literature
Web-based enquiry, which studied the viewpoints of Finnish building professionals about the
most significant barriers
Interviews, which aimed at defining the needs for changes
Expert panels and workshops, which described the characteristics, tasks and roles in
sustainable building processes
Case studies. The cases studied the possibilities to improve the sustainable building processes
and the impacts and benefits of sustainable building.
The Table 1 lists the case studies of the project.
Table 1 Case studies of the SUSPROC project
1
2
3
4
5
6
7
8
9

Case
Planning of an ecological residential area
Briefing of an office building
project
Design-build process of residential areas
Design process of a kindergarten
Management of building stock
(private owner)
Procurement process (HVAC
system for an office building)
The role of chief designer
Energy performance regulations for existing building stock
Financing

Issue
Benefits from SB*
SB process description
Role of founder contractor in
SB
Use of indicators in target
setting
Modelling as a tool for sustainable management of
building stock
Setting life-cycle targets in
procurement
SB process description
Advantages and obstacles
of steering
Financing as a tool to mainstream sustainability

View point
End user, occupant
Owner + user
Founder contractor
Owner and designer
Owner and developer
Owner + supplier
Designer
Authority and
occupants
Investors and
financiers

* SB = sustainable building

The work process for the description of sustainable building process was as follows:

The creation of the first generic draft for the description of sustainable building process
The draft was created with help of an iterative process and with help of researcher panels
which commented the first versions and finally created the first generic draft.
the creation of the specific process description (specific office building project) within the case
study number 2 (summarised in Bakic et al. 2010 ) with help of the generic draft;
collection of all case study results and formulation of a summary of lessons learnt (Häkkinen
2011 and Häkkinen and Belloni 2011);
starting a new cycle on the basis of the first generic draft. The purpose of this new cycle was to
improve the first generic version with help of the experiences received in case studies. The
working method was an expert panel, which developed the final version of the sustainable
building process description with help of the material received in the project and with help of
expert discussions.
On the basis of the results of the whole project the following issues are important in Finland for
sustainable building (Häkkinen and Belloni 2011):
the need to increase the expectations and demands of, and awareness by end users (both
occupants and owners) about the potential of sustainable building,
the adoption of methods for sustainable building requirement management,
the mobilisation of (integrated) sustainable building tools,
the development of designers team working, competence and the role of chief designer, and
the development of new concepts and services.

3. Background - main process related findings of the project
From the view point of the description of sustainable building process the most important issue that
was emphasized through the whole research project and in all cases studies, was the importance
of requirement management (Häkkinen 2011). The owners should understand the user needs and
interpret these as requirements for the building project. The owner should also be aware about the
targeted life cycle impacts and address also these as requirements for the project. The
requirements should be clear and as measurable as possible. All parties - like for example the
whole design team - should be made aware about the performance requirements. The monitoring
and possible updating of the requirements should be a systematic process which continues though
the whole life cycle of the project.
The expert panel ended up in the formulation of the following conclusions:
It is highly necessary for the development of sustainable building processes that professional
building clients and especially public actors develop and take in use effective methods for
sustainable requirement management. Clients should be able to state requirements that are
performance based
measurable and
monitored and maintained during the whole process.
The findings of the case studies also emphasized the role of the design manager and the
importance of team working. In spite of few for-runners, designers still lack wide competence in
sustainable building. This is connected to the fact that designers lack effective and integrated
sustainable building design tools. However, to overcome this barrier it is also important to improve
professional education in the field of sustainable building. This requires the awareness of
professors and the availability of research funding with help of which relevant master and doctoral
thesis can be worked out.
It is also necessary that the clients that are committed to sustainable building pay attention to the
competence and collaboration of the whole design team, and the competence of the chief architect
and his/her ability to lead sustainable building design. In addition, it is necessary that the clients
that are committed to sustainable building are also ready to compensate for new tasks and
competences required from the actors of the sustainable building project.

The case studies showed that one of the roles that should be strengthened and developed in
sustainable building is the role of the design manager. The current task descriptions and the
juridical liability emphasize the technical aspects of the role. However, the increased needs for
team working and simultaneous consideration of all design aspects, much stresses the importance
of communication and interaction skills, leadership and wide substance related skills. The role of
chief designer is important in creating team spirit, influencing and motivation. On the other hand,
the demanding responsibilities are not in complete balance with the current power. One essential
finding was that the design manager's tasks are not a list of performances but the most of the
design manager's tasks are more like processes in their nature. The findings of the project with
regard to the design manager's tasks are more discussed in (Rekola et al. 2010).

4. Description of sustainable building process
The discussions of the expert panel resulted in the description of sustainable building process. The
entire process was outlined to the following stages:
sustainable customer briefing
sustainable programming
sustainable preliminary design
sustainable implementation
sustainable use and maintenance.
Sustainable building process is described with help of flow charts and with the focus on roles of
different actors, decision making points, needed information and documentation, and relevant tools
and models.
Figures 1 - 5 show the described stages of sustainable building process. The building process
flowchart is a general description of building process of a medium sized project. The process
flowchart works as a platform to be able to present key tasks, stages and decision points in
sustainable building process. Background sources in the work included the following reports and
books Häkkinen (2011), Kiviniemi (2005), Eastman (1999), Tanhuanpää et al (1996) and Dorsey
(1997).
The following text explains and characterises the phases of sustainable building process.
Sustainable customer briefing
1. Action plan

The action plan is based on the business vision and strategy. Principles of sustainable
development are written and interpreted in the organisation's vision and strategy. These
principles may be originally introduced as principal goals of social responsibility and
then expressed as targets in the action plan.

2. Selection of consultants

The selection criteria include the consideration of sustainable building references and
the management sustainable building methods.

3. Briefing

The customer briefing aims at the description of the owner's and users' need for the
spaces. This stage describes the coming needs based on activities and explains the
basic solutions for fulfilling the needs. The background material for the customer
briefing includes the organisation's vision about future activities, the strategy and the
action plan. The stage results in the creation of the customer briefing document.

Figure 1 Sustainable customer briefing
4. Definition of the location, volume and budget

The first estimates about the sustainability of the different alternatives are done in this
stage. The area and volume of spaces, the performance of the building and the access
to services (for example the access to public transportation and the access to the
pedestrian and bicycle ways) have an essential impact for example on the carbon
footprint of the organisation. In addition to the preliminary budget assessments, also
preliminary carbon footprint assessments are considered in the comparison of the basic
alternatives. Either the selected consultant is able to carry out preliminary sustainability
assessments or the process uses external assessment services. The following
expertises are represented in this stage: the development of the organisation's
activities, searching of spaces, and sustainable building assessment. The principal
options considered are a) the acquisition of a new lot and a new building, b) the
acquisition of an existing building (and its refurbishment when needed), and c) the
development of the organisation's activities with help of which it may be possible to
adapt oneself to the existing spaces. The stage results in the formulation of a document,
which describes the assessment results for the alternative options.

5. Definition of targets

The targets are outlined into the following parts: 1) building performance, 2)
environmental impact and 3) economical impact. The building performance is divided in
to the following elements: indoor conditions, safety, adaptability, usability, accessibility,
experiencing and aesthetic quality, maintainability and service life. Sustainable building
process sets such targets for spaces that correspond to the user purpose and user

needs. The life cycle targets are adequately high level targets to which the organisation
is able to commit. When the project receives a positive decision, this stage ends up in
the formulation of the target definition document.

Figure 2 Sustainable programming
Sustainable programming
The documents of customer briefing create a starting point for sustainable programming and
acquisition planning.
1. Definition of targets

Customer requirements form a guideline for the whole programming process. Programming
consultant control the process by documented customer requirements. If later, solutions don’t
meet the requirements, it’s necessary either to correct plans or to document adjusted goals as
new goals for the next process phases.

2. Alternatives and estimating

Space program, alternatives for acquisition, cost estimates and simulations and specified goals
(facility management, opportunities and limitations of design solutions and other clarifications)
and comparison between goals and results are essential part of sustainable programming.
Finally a reasoned choice can be made by the most potential alternatives in order to start
design.

The result of programming is a program statement and a conclusion of the remaining options.
3. Real estate management objectives

In Real estate management objectives included viewpoints are impacts on performance,
environment and economy (return value).

4. Program specification

Customer requirements are checked and transferred to program specification document.

Sustainable preliminary design
The main issues presented in the building program and specifications include goals for sustainable
construction and summary objectives.
1. Design team selection criteria

Design team selection criteria are defined on the basis of program goals. Criteria are
requirements of sustainable building process. The starting point is performance thinking, where
the owner presents performance goals including environmental and economic viewpoints
without limiting design solutions.

2. System-level design

The first design level is building system design, where collaborative design and planning are
essential and all design expertise is needed.

3. System-level design and validity estimates

The design is evaluated and controlled by results. Users participate in providing feedback on
plans.

4. The result

The result is system-level design solutions, performance goals and validity estimates.

Figure 3 Sustainable preliminary design
Sustainable implementation
Sustainable implementation is carried out in accordance to the building programme and
specifications and system design, which states the target levels and assessment results.

Figure 4 Sustainable implementation
1. Dimensioning and selection of products

After the system level design, the design goes on by dimensioning, calculations and the

selection of products. The selections are based on the assessment results of the alternatives.
Design-Build and Design-Build-Operate implementation models have best support the process
of sustainable building. In those cases the significance of supervising in detailed design and in
implementing of targets is diminished during the process. It is essential that the fulfilment of
targets can be verified from the final outcome. It has to be possible to distinguish the influence
of users when the final result is assessed.
2. Drawings and specifications of systems and the building

Detailed design results in the creation of the design (building model, BIM), its assessment
result and the construction specification. The approval of the design and the building decision
and the time point of these decisions depend on the implementation model.

3. Construction specification

The construction specification defines the targets and thus completes the design. It guides the
sustainable design of implementation. At the same time this is an up-dated document of building
programme and it includes the possible (reasoned) changes of targets that have been made during
the preliminary design. The construction specification states the site specific environmental and
social targets in addition to the performance targets and environmental and economical targets of
the building.

4. Purchasing rules

Specific criteria are defined for actors and for purchasing. The criteria cover also the
maintenance stage. The criteria cover the functionality of systems, service life, care and
maintenance, and environmental impacts based on assessments.
The building level targets on interpreted and concretised with regard to actors and purchasing
on different levels. Service life requirements, care and maintenance requirements and
environmental and economical requirements are derived from the system level performance
requirements.

5. 5A. Monitoring and verification of performance

The realization of targets is monitored continuously When needed the changes of targets are
written to the construction specification (which includes the description of targets). The targets
are kept up-dated all the time and the continuous understanding of the targets is ensured.
5B. In this stage the building is adjusted to correspond to the user needs. The training of
personal is also started.

6. Building model

The stage results in the completion of the building and its model. In addition, the guidelines and
instruction of care and maintenance are created as an outcome. The instruction includes the
target levels of performance.

5 Sustainable use and maintenance
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Figure 5 Sustainable use and maintenance
Sustainable use and maintenance
Sustainable use and maintenance is managed by plans and instructions from the previous phase,
which include performance targets.

1. Training

User training is the first task. User training ensures that Facility Management personnel and
users know performance targets and user impacts on property performance.
If the use deviates from the planned, it’s necessary to write new instructions and performance
targets based on update estimates and simulations.

2. Warranty inspection
3. Continuous monitoring

Performance targets and measured values are monitored and building performance is
controlled to meet owner’s and users’ needs and the target level of sustainable construction.
User feedback is collected at the same time.

4. Corrective actions

If necessary, analysis and corrective actions will be done.

5. Upgrading the operation plan and a new space need

When owner’s operation plan has been changed a lot, a new space acquisition process will be
started again by a new sustainable briefing.
Experiences from the previous space acquisition will be used in the next acquisition process
aimed at continuous improvement.

5. Conclusions
On the basis of the sustainable building process description, the central issues in a sustainable
building process are
1) that the tasks of
target setting
assessment of results versus target
up-dating of targets
inclusion / interpretation of targets in all subsequent documentation continue through the
whole process. Target setting is not a single task but it forms a continuous chain of tasks
through the whole process.
2) that it is always about comparing the options which starts from assessing the options of
new site and new building
refurbishment
development of activities.
3) that is continuous
Sustainable building process does not end to the completion of a new building or refurbishment
project but it continuous through the whole life cycle of the building in terms of taking care that
the needed performance is maintained and the required life cycle impacts are not exceeded.
Finally, the owner and the users may end up in a situation were they start to rethink the options
of new building, refurbishment and change / development of activities.
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Summary
This study will analyse how the lessons learned from participation in a sustainable development
project some five years ago is implemented and sustained over time in a social housing company.
Sustainable refurbishment of the existing building stock requires the implementation of new
procurement strategies and methods in order to succeed. The issue of developing sustainable
procurement strategies and methods were addressed by a group of social housing companies
within the European project SUREURO (Sustainable Refurbishment Europe). But what became of
the results? This study draws on business strategy analysis and is based on the combination of
three sets of methods: A re-analysis of existing documentary material from the SUREURO project
along with qualitative research interviews with previous project participants in one of the national
pilot projects. This article will report on the preliminary conclusions of the study that will be finalised
in spring 2011. Thus a revised version will be provided for the final paper submission. In conclusion,
this paper has illustrated the problems of embedding new sustainable procurement policies and
practices in a construction client organisation. First, although the social housing company has
aligned itself with its environment on sustainability, other political agendas on e.g. privatisation may
be more important to align with. Second, the absence of a concerted and comprehensive strategy
hampers the process. Third, the autonomous internal decision-making processes may crumble the
ability of a construction client to act as a change agent in construction.
Keywords: Innovation, Procurement, Strategy, Client, Organisation, Housing

1. Introduction
The construction and real estate cluster has significant environmental impacts for example with
respect to energy consumption, use of raw materials, waste generation and health issues. A
number of public policies have been implemented in the European countries to reduce the
environmental impact for example with respect to energy consumption (see e.g. [1] and [2].
Despite the importance of these public policies, it has also become clear that further actions from
the construction and real estate cluster itself are necessary to achieve the desired goal of
sustainability. However, the construction industry is often accused of showing a low level of
innovation (see e.g. [3]). In response, policy makers, the AEC (Architectural, Engineering and
Construction) industry, clients and researchers have called for the construction client to become a
change agent that can stimulate a sustainable transformation of the construction industry for
example by using procurement as the driver of innovation (see e.g. [4]).

These calls have manifested themselves in various forms like governmental building policies for
public clients in e.g. Denmark and the Netherlands, the revaluing construction initiative of CIB and
the establishment of the International Construction Clients Forum (ICCF) as well as a similar
network for public real estate owners (PURE-net). Along with these calls for action the research
interest on the role of construction clients as change agents have increased (see e.g. [5] and [6]).
But little is still known about how clients in practice can make a difference as change agents.
If clients are to act as change agents towards a sustainable built environment, they will need to
rest their policies and actions on firm ground rather than loose sand. Thus, sustainable
refurbishment of the existing building stock requires new procurement strategies and methods in
order to succeed. More specifically, two challenges needs to be addressed (see e.g. [7] and [8]):
– From traditional refurbishment to sustainable procurement strategies – making a sustainable
difference.
– From business-as-usual to change management – implementing new ideas and sustaining
change etc.
In the major European research and development project SUREURO (Sustainable Refurbishment
Europe), the issue of developing sustainable procurement methods and strategies were addressed
by a group of social housing companies. The SUREURO project was concluded more than 5 years
ago, but what became of the results? The purpose and scope of the actual case study is to
analyse how a social housing company has implemented their experiences and knowledge gained
from participating in a research and development project and sustained these over time.

2. Methodological framework
According to [9] an abundance of frameworks for analysing strategy processes have been
provided the last 30 years; however, what has been missing in the debate is guidance as to what
the product of these frameworks should be – and more fundamental, what actually constitutes a
strategy. The main point of critique is that the use of specific strategic tools tends to draw the
strategist toward:
"…narrow,   piecemeal   conceptions   of   strategy   that   match   the   narrow   scope   of   the   tools  
themselves. For example, strategists who are drawn  to  Porter’s  five-forces analysis tend to
think of strategy as a matter of selecting industries and segments within them. Executives
who  dwell  on  “co-opetition”  or  other  game-theoretic frameworks see their world as a set of
choices about dealing with adversaries and allies." (p. 51).

Fig. 1 Putting strategy in its place according to [3] (p.
53).

Rather, strategy should be seen as an
integrated set of choices that stand
apart from a catch-all conception of
strategy as every important choice an
executive officer faces in his work.
Strategy is concerned with how a
business intends to engage its
environment, so choices about internal
organisational arrangements are not
part of strategy and neither are wellknown concepts such as mission and
objectives. These should rather be
viewed as standing apart from and
guiding the strategy. Thus, [9] provide
us with the following illustration to put
strategy in place (see Figure 1), which
we will use as basis for our analysis of
the housing company.

Arguing that a strategy has five basic elements, [9] provide a framework for strategic processes
that provides answers to the following five core questions (see Figure 2):
– Arenas: Where will we be active?
– Vehicles: How will we get there?
– Differentiators: How will we win in
the marketplace?
– Staging: What will be our speed
and sequence of moves?
– Economic logic: How will we obtain
our returns?

Fig. 2 The five major elements of strategy [3] (p. 54).

Thus, the model will enable us to
discuss and assess the strategy of the
social housing company from outside
a specific delimited theoretical or
economical perspective and instead
focus on the strategy of the social
housing company as an integrated,
mutually reinforcing set of choices that
forms a coherent whole.

In the Discussion chapter we will return to this framework in order to address six criteria for
assessing the coherence and adequateness of the strategy.
This case study is based on the combination of three sets of methods: First, the extensive
documentary material from the SUREURO project will be re-analysed. Second, a number of
qualitative research interviews have been conducted with previous project participants in the
Danish national pilot project. Third, we will draw on the experiences gained by one of authors of
this article, who was also involved in the SUREURO project. This article will report on the
preliminary conclusions of the study that will be finalised in spring 2011. Thus a revised version will
be provided for the final paper submission.

3. Setting the scene
3.1

About SUREURO – Sustainable Refurbishment Europe

In Europe, more than 170 million people are living in some 80 000 post-WWII residential areas with
about 56 million flats, which have been built from 1950 onwards. The need for refurbishment was
and is enormous. Following a successful sustainable refurbishment project in the mid-1990s, the
Swedish social housing company Kalmarhem took the lead on initiating SUREURO. The interest
among other European social housing companies was compelling. With a total budget of close to
10 Million Euro, the four-year research and development project SUREURO was launched in 2000
partly funded by the European 5th Framework Programme within the action of City of Tomorrow
[10].
The objectives of the SUREURO project were:
– To provide housing organisations with practical management tools for integrating sustainable
development and tenant participation in their refurbishment management process without
exceeding the normal costs for the tenants.
– To develop systems and methods for construction companies, designers, architects and
engineers; models for better planning, design and technical specifications of refurbishment
projects.
– To test and implement new, flexible technical concepts for sustainable transformation of existing
housing areas. The result is a unique and innovative system for the total process, tested and
implemented in twelve projects in nine different countries.

The SUREURO project included twelve housing organisations from nine countries: Sweden,
Denmark, Finland, the Netherlands, United Kingdom, France, Germany, the Czech Republic and
Italy. The consortium also included fourteen research organisations, one sub-national authority, two
consultancy companies and two construction firms, who collaboratively worked on the twelve
national pilot projects.
3.2

About the social housing company AKB

Boligselskabet AKB s.m.b.a. (Limited Liability Company) was a Danish non-profit social housing
association with some 17,000 rented homes in the metropolitan area of Copenhagen. AKB was
established in 1913. Around 2000 AKB had some 280 employees, of which 90 worked in the
central administration and 190 worked locally as managers and caretakers in the individual
residential areas. AKB provided management services to 10 local social housing associations
consisting of about 80 autonomous estates. By 1 January 2007 AKB merged with another social
housing company KAB – Bygge- og Boligadministration s.m.b.a. to form the new social housing
company KAB [11]. The newly formed housing company rents out some 50,000 homes in the
metropolitan area of Copenhagen. The information below is generally applicable to all social
housing company, since they all have to comply with the same national regulation of their activities.
Each estate in a social housing company has its own tenants' board. Each board of tenants has at
least 3 members, elected at annual meetings. The local associations elect members to the board
of the housing company (the administration company). This board draws up the policy framework
for overall company management.
The tenant representatives and staff from the housing company collaborate to decide on objectives,
overall strategy and policies for information to the tenants, employees' etc. Social housing
companies also develop training programmes for tenants and employees. At the local offices, the
employees work with the management of the local estate and prepare the budgets and accounts
for the estates. A social housing company include several functions like management, financing,
administration, information systems and so on.
3.3

About the pilot project Taastrupgaard

The Danish pilot project of SUREURO was the residential area Taastrupgaard [12]. Taastrupgaard
is situated 20 km west of the city of Copenhagen, and it was built in 1970-1972. The area consists
of 8 blocks 4 storeys high, which are built together to form a 700 m long main building. Further, the
area houses 31 detached blocks each
3 storeys high. All in all, the residential
area comprises some 1,000 tenancies
plus 53 garages and 3 tenancies for
commercial use. The total floor area is
83,547 m2 with an outdoor area of
about 150,000 m2. 40 employees are
taking care of the residential area.

Fig. 3 View of Taastrupgaard. Photo: Kim Haugbølle

Some
2,500
people
live
in
Taastrupgaard of which about 45 % is
under 25 years. Half of the tenants
hold Danish citizenship, and more
than two-thirds of the tenants are
immigrants
or
descendants
of
immigrants
from
non-Western
countries. The area is marked by a
number of social problems linked to
the mixed composition of the tenants:
people on low incomes or social
benefits,
unemployment,
mental
illness, drug and alcohol abuse etc.

The main construction system consists of prefabricated concrete elements. The architectural
expression is very monotonous. The buildings are worn down. Due to the heavy wear and building
defects dating back to the original design of the buildings, the residential area underwent
comprehensive refurbishments in 1981-1983 and again in 1985-1991. The pilot project became
part of the third comprehensive refurbishment to start in 2002.
At the outset, nine development projects were defined in the Danish pilot study Taastrupgaard as
part of SUREURO. Due to practical circumstances and financial constraints, the number of
projects was later reduced to seven sustainable development projects. The seven development
projects included:
– Declaration of building materials – sustainable owner demands to building process, construction
and materials.
– Development of new bathrooms.
– Development of low energy out door light systems.
– Natural ventilation system.
– Sorting and treatment of waste.
– Information strategies and direct influence by the tenants.
– Establishment of green jobs on the estate.

4. Revisiting a social housing company as change agent
4.1

At which fields will the client be active?

Judged by the social, cultural, economic and environmental dimensions of sustainability, the social
housing company AKB had years of experience with sustainable development before entering
SUREURO. For a number   of   years,   affordable   housing,   tenants’   democracy,   energy   and   water
savings in buildings etc. had been an integral part of the daily and political practice of housing
companies in Denmark. Even before entering SUREURO, the housing company AKB had an
environmental policy as part of its vision, mission and action plans. However, the environmental
policy was not considered to be comprehensive. Thus, the housing company decided to develop a
new environmental policy for the period 2003-2005.
During 2001 the housing company developed a proposal for a new environmental policy. In early
2002, the proposal was presented at the annual assembly of the housing company and adopted as
new policy. The environmental policy covered 7 areas that were not only addressing the physical
environment   but   also   development   of   new   attitudes,   tenants’ involvement, environmental
accounting, partnerships etc. The 7 goals of the environmental policy were broken further down to
another 16 concrete measures to be taken by the social housing company. The seven goals of
AKB were [13]:
– To work for an increased focus on sustainable planning and development of urban and
residential areas.
– To inspire tenants and employees to be environmentally conscious in the everyday life.
– To include sustainability in building and refurbishment activities.
– To continue to work for a resource efficient organisation.
– To further develop environmental accountancy.
– To develop local partnerships to ensure sustainable development and profiling of residential
areas.
– To emphasize the use of new technology in the housing sections in order to create new services.
Along with the development of the new environmental policy, the top management decided to
initiate a development project in relation to the national pilot project Taastrupgaard with the
purpose of developing a new environmental guideline to be used in future refurbishment projects.
Thus the housing company hired a consultant company to develop the environmental guideline.
During an intensive period of less than 3 months in the late summer and beginning of autumn 2001,
the development of the guideline took place. The work was undertaken in close cooperation with a
group of employees from the housing company and participants from the other Danish partners in
the SUREURO project along with researchers and consultants working on associated development

projects in Taastrupgaard.
Based on the principles of environmentally sound design [14], the environmental guideline set out
to describe how AKB as a construction client could integrate environmental concerns in its
procurement of refurbishment projects. First, the environmental guideline contained a survey of
information sources and a general survey of existing initiatives, tools, procedures and barriers to
the inclusion of environmental concerns in refurbishment projects. Second, the environmental
guideline described the environmental targets, procedures for choosing measures to be taken, and
requirements to the process of planning, designing and executing the refurbishment project. Four
prioritized targets were set and for each of the four targets, a detailed list of specific measures was
suggested. The four targets were:
– Indoor climate.
– (Hazardous) waste.
– Energy consumption.
– Resource consumption including consumption of materials during refurbishment, water
consumption during operation, and noise and vibration during refurbishment.
4.2

How will the client get there?

With the new environmental policy and guideline, the housing company had strengthened its
strategic and tactical orientation. Legitimacy for an improved sustainable effort had been granted
from the general assembly, targets had been set for a new course of the housing company, and
some of the elements of the environmental policy and guideline had been turned into practice.
They were used as an environmental brief in relation to procurement of products and services from
consultants and contractors. Moreover, the environmental policy and guideline was expected to
provide the housing company with a competitive advantage, when the housing company entered
into tenders for the role as client on new social housing projects.
4.3

How will the client win?

The feasibility tool developed within the frame of SUREURO was praised as a critical tool that
would make it possible for the housing company to identify problematic trends in a residential
housing area well in advance in order to take the necessary steps to counteract an unwanted
development. With the analysis conducted by using the feasibility tool, the housing company would
be able to address problematic trends before they actualised as problems. This in turn was
believed to improve the image of the individual residential housing areas and more overall the
image of the housing company as such.
4.4

At what speed will the client proceed?

At the closure of the SUREURO project, the social housing company formulated its ambition on the
implementation of the results from the project. In sum, these included [7]:
– To convert the SUREURO specific tools in to a Danish, operational and practical version.
– To train staff due to implementation of knowledge and tools obtained during the last 4-5 project
years.
– To further develop some of the tools. AKB will create a prioritised list of relevant tools.
– To continue contact and project relations with some of the contacts and partners.
– To write down our experiences during these years, in order to investigate the experiences into
depth, and for the purpose of implementing new working methods in the organisation.
– To study some of the concrete inspirational examples (e.g. 3-liter house from Germany) in more
details in order to learn from these and implement lessons learned in new cases in AKB.
– To share some of the experiences and lessons learned with other housing companies in
Denmark through existing networks in Denmark.
At what speed the client wanted to proceed with the implementation and further development of
SUREURO tools and methods is very difficult to assess, since there was not a very explicit action
plan in place at the end of the development project besides the above formulated ambitions. What
actually did happen after the closure of SUREURO is under investigation.

4.5

How will the client obtain returns?

Since AKB/KAB is a non-profit housing company, the issue of obtaining returns on investment is
somewhat different from a pure market-oriented firm for which the analytical framework by [9] was
originally developed. Still, the housing company is facing two main challenges when it comes to
economic return on investments. First, the social housing company is competing not only with
other social housing companies but also private property owners on attracting tenants as well as
private property market of home-owners. Second, the social housing company has to finance all of
its activities in the individual residential areas on a balance-of-cost basis, which means that the
social housing company is not generating a profit for investors but still needs to generate an
income to finance its activities. The same principle of balance-of-cost also applies to the individual
residential   areas,   where   the   tenants’   representative   in   the   tenants’   board   and   at   the   annual  
meeting will have to sanction rent increases or not. Thus, the social housing company can on its
own not initiate costly refurbishments without the explicit consent of the tenants.

5. Discussion
The overall criteria for the evaluation of the strategy of the housing company are consistency and
adequateness. Consequently, [9] proposes that it is insufficient to simply make five sets of choices
regarding arenas, vehicles, differentiators, staging and economic logic. Thus, some strategies are
clearly better than others, and to test the quality of the strategy the following key evaluation
questions can be applied:
1. Does  your  strategy  fit  with  what’s  going  on  in  the  environment?  
2. Does your strategy exploit your key resources?
3. Will your envisioned differentiators be sustainable?
4. Are the elements of your strategy internally consistent?
5. Do you have enough resources to pursue this strategy?
6. Is your strategy implementable?
According to [9], the six key evaluation criteria are an extraction of the most powerful messages of
a wealth of strategy-analysis tools that have been developed in the past 30 years, being such tools
as industry analysis, technology cycles, value chains and core competencies (p. 61). We will
consider each of these in turn below. As for the moment, the points made below are still to be
considered as preliminary conclusions that require further substantiation as the study is finalised in
the coming months.
5.1

Does AKB's strategy fit with what is going on in the environment?

The sustainable strategic orientation of the social housing company is well in line with both national
and international policies on sustainability as well as with policies on the construction client as a
change agent.
5.2

Does AKB's strategy exploit their key resources?

Whether the strategy of the social housing company exploited its key resources over time may be
judged along two dimensions. First, knowledge is in general personified and carried by individuals.
At the end of the SUREURO project, the project manager lost her heart to another participant in
the SUREURO project and decided to move to United Kingdom. Thus, the social housing company
lost one of its key personnel resources and with her also the intimate knowledge and insights
gained in the development project. Further, the close working relation with the research and
consultancy group evaporated after the project closure. To the benefit of the housing company, this
loss of key resources was partly counteracted by the institutionalisation processes of lessons
learned in SUREURO most notably through the environmental policy.
The other dimension is related to the acquisition of new key resources. Partly by chance, partly by
design the social housing company got access to a range of new key resources through the
merger with another social housing company KAB Bygge- og Boligadministration s.m.b.a., which

was effectively put in place by 1 January 2007. KAB had for years been highly active and visible in
the sustainable arena through participation in a number of predominantly Danish research and
development projects. Through this participation, KAB Bygge- og Boligadministration had
developed extensive knowledge and experience on sustainability.
5.3

Will AKB's envisioned differentiators be sustainable?

One of the core differentiators of social housing companies in Denmark is their professionalism
obtained and maintained through their very persistence in the market. Social housing companies
have been around for decades and they have been executing refurbishment activities on a
recurrent basis. Despite changes over time like outsourcing of consultancy tasks etc. they still hold
considerably higher professionalism and competence-building on a general scale than most private
clients on sustainable building and refurbishment (see e.g. [15]). The main question is whether
social housing companies will stay in place as we know them. There has been a strong political
pressure by the government to privatise social housing through selling off the flats. This political
and ideological ambition of privatisation may turn out to be a serious threat towards the
professionalism and the very existence of the social housing companies.
5.4

Are the elements of AKB's strategy internally consistent?

The question implies that a strategy is in place. This assumption may be questionable in the case
of AKB. A very overall plan or rather catalogue of ideas was presented at the closing of the
SUREURO project (see Chapter 4.4 above). But there did not exist a fully formed strategy and
action plan to be implemented in the housing company after the closure of the development project.
Some of these ideas have been carried out, others not. However, the subsequent merger between
the two social housing companies has potentially strengthened the policies and practices of
sustainability (this is to be investigated in further detail).
5.5

Do AKB have enough resources to pursue this strategy?

The issue of having enough resources to pursue the strategy touches on three dimensions: 1)
access to resources, 2) linking business and project processes, and 3) agency or structural
constraints.
First, having or gaining access to resources, in particular finances, is crucial. The funding model of
social housing is basically based on a balance-of-cost principle, which implies that refurbishment
costs will usually be directly reflected in the rent level of the tenants. Each residential area is in
principle a self-governed and self-contained financial entity. In certain cases like Taastrupgaard
additional funding can though be achieved from the common savings fund (Landsbyggefonden) for
extraordinary refurbishment, but the pressure on these funds is high. The housing company is not
allowed to generate a profit, and the social housing company do not have any funds to distribute
between different residential areas. Consequently, the social housing company will usually not
have the opportunity to make increased or even aggressive investments in sustainable
refurbishment due to their very sparse financial resources as a limited company.
The second dimension relates to the mobilisation and use of knowledge on a continuous and
recurrent basis. On one hand the professionalism and recurrent refurbishment activities of the
housing company ideally provide the opportunity for continuous improvement of policies and
practices. On the other hand, the project-based nature of construction often makes it difficult to link
the business processes of the housing company with the project processes of the individual
refurbishment project as pointed out by among others [16]. This is a problem that is further
accentuated when it comes to linking development projects to specific refurbishment projects as
pointed out by [17]. Thus, the development activities have a tendency to become drowned in the
day-to-day project-oriented practices, which challenges the embedding of new procedures and
practices internally.
The third dimension relates to agency or structural constraints, or in other words, what is the open
negotiation space for the social housing company to navigate within. Current regulation of the

social housing sector in general is very tight and with limited degrees of freedom to navigate within.
This regulation provides the tenants with certainty, transparency and influence through the legal
rights on decision-making  power,  notably  the  extensive  tenants’  democracy.  The  drawback  is  that
the social housing company is left with rather limited degrees of freedom to act.
5.6

Is AKB's strategy implementable?

Judging whether the social housing company is or can become a change agent for sustainable
construction, will to a large extent rest on the ability for a social housing company to implement its
sustainable strategies in the shape of environmental policies, supporting tools and procedures etc.
For the clients to make a difference in construction they will need to turn their potential purchasing
volume into buying power. Due to the dispersed and autonomous decision-making process of the
tenants’  democracy  of  social  housing  in  the  individual  residential  areas,  it  may  be difficult to align
the various purchasing wishes into buying power.
The social housing company itself is fully aware of the constraints (and benefits) imposed by the
tenants’   democracy as well as the financing model of social housing. Thus, consultations,
negotiations, information etc. or in short attempts to persuade the individual boards and annual
meetings of the individual residential areas are constantly being practiced by the housing
companies to ensure a sustainable direction of refurbishment projects. The outcome of this
shaping process is not given in advance, since the sustainable ambitions of the individual
autonomous residential area may be set high or low. Consequently, the double-edged sword of the
tenants’   democracy   is   both   supporting   and   hindering   the   turn of sustainable policies into
sustainable practices.

6. Conclusion
This study has analysed how a social housing company as construction client can act as a change
agent in the construction and real estate industry cluster with respect to improving sustainability of
housing provision.
In Figure 4, we have illustrated AKB’s strategy according to the strategy model. Here the main
findings from the preceding analysis are summarised in bullet points according to the five elements
of the strategy model.
The study has shown that a social
housing company as construction
client may act as a change agent in
order to improve sustainability in
housing, but not all strategies and
tools are equally successful and
appropriate. A number of observations
lead to five observations regarding
how the construction client may act as
change agent when it comes to
making strategic choices on arenas,
vehicles, differentiators, staging and
economic logic.
Fig. 4 Summary of the strategy of AKB.

The appropriateness of the strategy of
the social housing company in relation
to the overall mission and objectives can be judged along the following six criteria:
– The strategy of AKB is well aligned with what is going on in the environment, but the broad
conception of sustainability is likely to be more narrowly focused on energy.
– Despite the resignation of key personnel, some institutionalisation of environmental policy has
taken place and new resources have become available through the merger with another
housing company.
– The political and ideological ambition of privatisation of social housing may turn out to be a

serious threat towards the professionalism of the social housing companies.
– A catalogue of development ideas has been provided, but we do not see a coherent strategy
and action plan unfold to ensure sustainability in the housing company.
– Pursuing the strategy depends on the ability of the housing company to 1) gain access to
resources, 2) linking business and project processes, and 3) expand agency to circumvent
structural constraints.
– The dispersed and autonomous decision-making process of the   tenants’   democracy   in   the  
individual residential areas makes it less likely that a social housing company can turn their
purchasing volume into buying power, which may transform the construction industry.
In conclusion, this paper has illustrated the problems of embedding new sustainable procurement
policies and practices in a construction client organisation. First, although the social housing
company has aligned itself with its environment on sustainability, other political agendas on e.g.
privatisation may be more important to align with. Second, the absence of a concerted and
comprehensive strategy hampers the process. Third, the autonomous internal decision-making
processes may crumble the ability of a construction client to act as a change agent in construction.
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Summary
The construction sector is complex and fragmented and has, therefore, a tendency to resist
change to becoming more sustainable. Clients and project managers are facing barriers to
implement sustainability, e.g. lack of pro-active sustainable measures, conflicts in real and
perceived costs and inadequate implementation expertise.
One major measure to handle and to be more pro-active by the client is in the phase of
procurement of a project, both regarding the design team and concerning the contractor. This
paper examines two case studies within the process of construction works, but at the opposite
ends of the process; a procurement of contractors for an exploitation project and a procurement of
a contractor for dismantling of a former power station.
The case of the exploitation project shows a need of a very carefully performed specification of
land use and design specifications with clearly formulated contracting conditions. The case in
question failed to reach a reasonable level of sustainability because of lacking triple-bottom
conditions and holistic approach. The dismantling project proved to be a good example of
procurement of a construction project with an acceptable level of sustainability. This was done by
stringent demands of specified verifications and with prioritizing of administrative regulations
including sustainability demands compared with other procurement documents.
Keywords: sustainability, construction works, procurement, case studies

1. Introduction
The construction sector is of a complex and fragmented nature and has, therefore, a tendency to
resist changes leading to more sustainability [1], where sustainability involve issues of balancing
economy and social development with ecological considerations. This is called the ‘triple bottomline’ and is an expression of these complementary parts of sustainability [2] [3] [4].
Construction is also a complex task with a number of different actors each having different
interests in dealing with multiple activities during a specific timeframe requiring the right level of
quality to a specific cost on a given site [5]. The possibility to change the outcome of the product
(i.e. the building) during the construction process decreases considerably with time. The work is
undertaken by a project based organization, i.e. the work start from zero on a new site with new
combinations of performers and, although having a common goal, the building.
The uniqueness of construction works can be of two kinds: the product and the site where the
building is situated. The site or the location of use of a building is a key variable of design and
management decisions [6]. When the building addresses aspects such as energy use, indoor
climate and material productivity, the site of a building addresses aspects on both local and
regional levels. Examples of local aspects are urban microclimate, accessibility to neighbourhood

buildings, security and local biodiversity. On the regional level there are examples of aspects as
community demands, transportation systems, air quality, public health and emergency
preparedness.
Sustainability in construction works could be interpreted in many different ways. The term covers a
broad and complex interaction between involved stakeholders, aesthetic, and functionality and
material interactions. Construction itself could imply everything between site-specific activities to
the creation of human settlement. Sustainability, on the other hand, should imply a holistic view,
“the whole is more than the sum of its parts” with relationships and interactions between humans,
society, the biosphere, economy and the state of technology [7].
In this complex framework, it is the client/owner/developer, as the responsible performer of
activities who has the main responsibility concerning construction works and the obligation to
commit sustainability [8]. The client and the management team of a sustainable construction work
project should therefore consider the entire process from an early design stage towards the final
product, and the benefits and negative impacts regarding the triple bottom-lines of sustainability
that are to be expected during the lifetime of the final product. With regards to the social aspects, it
appears that information between the stakeholders in a construction project is one essential
missing part, especially regarding complex relationships and interactions related to sustainability
issues [9]. This means that it is important for the project management team to clearly and openly
evaluate all possible options to obtain the project purpose with respect to the relevant sustainable
issues from the perspective of the project stakeholders
There are relatively few examples of good practice regarding sustainability in mainstream
construction. It seems that clients and project managers are facing barriers to implementation.
Williams and Dair [10] found at least 12 barriers to implementation, the most common were being
lack of pro-active of sustainable measures, conflicts in real and perceived costs and inadequate
implementation expertise.
One major measure to handle and to be more pro-active by the client regarding sustainability is in
the phase of procurement of a project, both regarding the design team and concerning the
contractor.

2. Method approach and definitions
This paper examines two case studies within the process of construction works, but at the opposite
ends of the process: a procurement of contractors for an exploitation project and a procurement of
a contractor for dismantling of a former power station. The outcome of the procurement
documentation was then evaluated regarding the proportion to sustainability in construction works
set by the nine principles of ISO 15392 [11]. To make the evaluation, a model approach was used
with respect to client desired level and perspective of sustainability, STURE (stakeholder-urban
evaluation model) according to the modified version by Persson [12].
Because of the special legislation regarding competition and public procurement in EU, the paper
do not include public procurement. It also only regards the client perspective in the procurement
phase. Further on, when referring to the triple bottom-line of sustainability, the parts are considered
on an equal level [11] [13] [14] .

2.1

Definitions

Stakeholders are defined in this paper according to Olander´s [15] “..as individuals and
organizations who are actively involved in a project, or whose interests may be affected by the
execution of a project ..”. It could be any individual or group with the power to be a threat or a
benefit to a project. The stakeholders can be divided into internal and external [16]. Internal
stakeholders are those who are members of the project coalition or who provide finance; the
external stakeholders are those others affected by the project in a significant way [17].
Environmental management system, EMS, is defined as in the international standard of ISO14001
[18].
Hazardous waste is defined by waste of environmentally hazardous components and substances
regulated by national legislation. Dangerous waste is other environmentally hazardous waste not
regulated by national legislation

The nine principles of sustainability in the international standard of ISO 15392:2008 [11] are:
1. Continual improvement – improvement of all sustainability aspects over time adapted to
construction works including performances and processes. It addresses methods or means
of assessment, verifications, monitoring and communication,
2. Equity – includes the consideration of intergenerational, interregional and intra-societal
ethics including the triple bottom-lines,
3. Global thinking and local action – when acting locally consider global consequences and
when applying global strategies consider local implications,
4. Holistic approach – includes all aspects of sustainability when considering or assessing
sustainability in construction works and regarding the whole life- cycle,
5. Involvement of interested parties – involvement of stakeholders in relation to their
importance, responsibility and timing,
6. Long-term consideration – taking in account of short-, medium-, and long- term implications
in decision making, including performance over time, life- cycle thinking and legacy impacts
(the impacts as a result of a development),
7. Precaution and risk management – the precautionary principle adapted to construction
works such as avoidance of risks through risk management, i.e. risk assessment, risk
treatment, risk acceptance and risk communication,
8. Responsibility – comprises the moral responsibility for actions carried out, and
9. Transparency – information in an open, comprehensive and understandable way with
traceable underlying data and verifiable credibility, e.g. information about products and
decision-making processes.
Finally, the expression construction works is used according to the definition in ISO15392 [11].

3. Case study A – Exploitation project
Between a land developer and four main contractors, an agreement of cooperation was made
concerning exploiting a part of developer owned ground for future resident buildings. The four main
contractors were allotted by the developer to the main part, but there were two minor parts left to
other contractors to build student flats, flats for rent, social housing and a kindergarten. A
procurement to allot these two parts was announced by the developer. The chosen contractor was
allowed to develop the part as a client in accordance with its proposal and an exploitation
agreement between the contractor and the land developer.
Contractors that previously had announced their interest to the land developer were requested to
participate in the procurement. About a dozen contractors were positive to participate and were
informed about the guidelines including demands and limitations. The two areas in question were
Area A, which was assigned to 70 to 90 student flats, and area B, which was assigned to resident
buildings with 50 flats for rent and one part of social housing.
For limitations there were restrictions of design, sizes and the mix of sizes of the buildings. There
were also restrictions in noise levels and regarding parking norms. Further on, there were special
programs of accessibility and environmental demands that was mandatory to fulfil by the
contractors for an acceptable submission.
In the environmental programme the demands were divided in design and construction stages with
subheadings as durability, environmental impact, health, comfort, protection of damage from damp,
protection from noise, energy savings and conservation of resources. There were also demands
how to prepare to manage operation and maintenance and how to manage a follow up during the
second year of tenant use.
The submitted proposals had to include a drawing of the area with proposed buildings, external
(facades and cross-sections) and internal (ground plans) drawings and a program of how to deal
with the environmental demands.
The participated contractors were free to submit proposals to one or to both areas. The contractor
of the winning proposal had to be prepared of developing the area together with the land developer
with regards to the proposal and to follow the preliminary time schedule that was set.

3.1

Sustainability aspects in the procurement documents

The land developer and the contractors that were committed to the procurement could be
considered as internal stakeholders, see Table 1. The external stakeholders were the four
contractors that already got their agreement with the land developer of exploit a certain piece of

ground. The public concerned of the area of exploitation and future presumed tenants was also
considered as external stakeholders.
General conditions of the procurement were the Swedish construction and environmental
legislation plus demands of accessibility issued by the local authority, which was mandatory for
construction project regarding resident buildings in the actual municipality. Another condition was
to follow the preliminary detailed plan set by the local authority for the actual area.
No reference was made in the procurement documents to the land developer’s EMS, i.e. the
environmental
policy
and
the
environmental
objectives.
Table 1 Stakeholder analysis, project conditions and
sustainability programme (adapted from 12)

The specific conditions for the areas in question and the demands of the contractors were
formulated in the procurement documents as:
• The cooperation part in the agreement between the land developer and the four main
contractors was to be included in the final allotting agreement with the procurement winner,
• The detail planning work of the area made by the local authority was in progress and the
contractor of the winning suggestion had to cooperate in the continuing work,
• Specification of the areas in concern were made by:
o Amount of flats,
o Design demands,
o Noise reducing demands, and
o Parking norms actual for the area,
• To follow the time schedule set by the land developer,
• To suggest a specified price of the allotted ground by square meter, and
• How to ensure and verify the demands of the environmental programme
Concerning area A, a special demand was set how to ensure the proposed buildings to be used as
student flats.
Special demands concerning area B was set by:
• Construct and operate the social housing part with a rent similar to other social housing
situated in the municipality, and
• Let two flats to he local authority for social purposes,
• Follow the local authority’s demands of accessibility except for one-person student flat,
where demands of the Swedish legislation only were taken to account,
• A description how to organize the operation of the flats, ·
No sustainability programme was made in the procurement documents because of a lack of
reference to the land developer’s EMS and later during the process because lack of references to
the contractors own EMS.

When evaluating the procurement documents of the case by the ISO 15932 general principles, it
seems to be a lack in several corresponding relationships, see Table 2. The principle of continual
improvement is not fulfilled by a compulsory demand of the contractor’s EMS commitment of its
organisation. There was only one contractor that addressed this principle by a voluntarily
commitment by a promise of formulating a project specific environmental policy. Unfortunately, it
was not the winner of the procurement. The equity principle was covered partly by the demands of
social housing adaption: intra-societal (partly) and intergenerational, and by the condition of
accessibility. There were no explicit demands of holistic approach, responsibility, precaution
management and risk management. Finally, the principle of long-term consideration only covered
the short-term (two years of operation and maintenance demands) condition. Nothing explicit was
found in the programme of mediumand long-term considerations.
Table 2 Sustainability aspects according to ISO 15392
(adapted from 12)

4. Case study B – Dismantling project
This case concerns a dismantling project of a former power station in southern Sweden. The aim
of the project was to dismantle the power station’s interior of old coal- and oil-based power
equipment and retain the cover of the building for a future new gas technology power and district
heating plant. The aim of the case was to steer the procurement of the dismantling contractor to a
performance, which met the principles of sustainable construction works and the client’s ISO
14001 certified environmental management system with its environmental policy. The aim was also
to make a clearance to the client’s environmentally dept regarding this facility.
The operation of the power plant stopped in the 1970’s and the equipment remained more or less
untouched for more than 30 years. There were three elder and two newer combustion boilers
making steam for the turbines, which generated electrical power. The three eldest was solely on
coal-based fuel, one of the newer was converted from coal-based fuel to the use of oil and the
newest and biggest boiler from the mid-60’s was made for oil fuel only. The majority of the power
plant equipment was originally from the 1950’s, except the newest boiler, and this indicated a large
presence of environmentally hazardous materials.
An extensive investigation of environmentally hazardous and dangerous components and
substances was carried out, where the hazardous components and substances were defined by
Swedish legislation by Ordinance of Waste [19]. The hazardous waste included asbestos, oilcontaminated materials, organic contaminants from coal and oil combustion, mercury,
polychlorinated biphenyls (PCBs) and acids. The dangerous waste included led, copper,
phthalates (plasticizers), brominated flame-retardants, arsenic, and the metals of vanadium, nickel
and zinc. From the envelopment of the boilers there were 30.000 meters of sealing, 2.000 meters
of sealing in sheet metal channels, 2.100 valves and 4.700 meters of pipes containing asbestos.
Further on, there were more than 500 electrical pumps containing copper and oil, 6.400 meters of
copper rails and 4.300 meters of copper pipes. Electrical wires in different sizes containing copper,
led and PCBs was estimated to roughly 365.000 meters at the whole site.
In this investigation a rough fractionation and division of ecocycle content was also defined. The

totally recyclable content of iron was app. 11.000 tons, 340 tons of copper and about 20 tons each
of aluminium and led. Further on, there was app. 2.000 tons of brickwork in the combustion boilers
to be recycled. A detailed program of how to handle and verify the handling of the different
fractions was made.
During the pre-procurement phase of the project numerous project meetings were held where the
demands of the client and the stakeholders were set. There was also a design stage where the
technical preconditions of the demolition performance were investigated, evaluated and designed.
In the procurement documents there were, besides the sustainability demands, also demands of
relevant education of environmental skills for the contractor’s personal and demands on preventive
measures as emergency plans and availability of relevant equipment in case of accidents during
performance. During performance, demands were also on preventing pollution to the surroundings
by water, air, noise and vibrations when handling the dismantled equipments on site. Restrictions
were also made regarding chemical products and materials that could be used when handling the
dismantled equipments on site. All chemical products in use have to be documented and approved
by the client.
The client was to be allowed to make assessments on site to follow up the demands stated in the
contract. The contractor was procured internationally and was handled by the client’s procurement
department.

4.1

Sustainability aspects in the procurement documents

In this case the internal stakeholders, see Table 3, were identified as the power company’s subdivisions and other users of the power plant site that were directly involved in the project. External
stakeholders were the local and national authorities. The local authority was acting as
environmental controller due to the Swedish Environmental Code and as supplier of the water and
sewage
system.
The
national
authority as a stakeholder has
Table 3 Stakeholder analysis, project conditions and
concern about environmental and
sustainability programme (adapted from 12)
work environmental legislation.
This is a Table caption

The general conditions of the dismantling project were identified as internal and external conditions.
The internal conditions were mainly the client’s environmental policy with the content of promotion
of sustainable development, be in the front-line concerning environmental issues in the sector of
electric power, have a holistic approach to daily work, promote actual research and promote
continual improvements. The external general conditions were the Swedish Environmental Code,
the Swedish Work Environment Act and the authority of environmental control performed by the
local authority.
The special conditions were mainly based on the investigation of hazardous and dangerous
material including fractionation and division of ecocycle content. But also project meetings during
the pre-procurement phase and input from the design team regarding technical preconditions of
the dismantling performance were included in the special conditions. Adaptation to an international

context was also in consideration, because of the intention to procure the contractor internationally.
The base to formulate the sustainability programme was the general consideration rules in the
Swedish Environmental Code [20] including the precautionary principle, the principle of ecocycle
components and materials, the BAT (best available technology) principle and substitution principle.
The optimization and analysis process of sustainability aspects from the general and specific
conditions gave the following result in order of priority:
1. Work environment considerations – A human health social aspect that needed attention
during the dismantling work, especially if the contractor was internationally procured,
2. Optimize high levels of ecocycle components and materials – An ecological and economic
aspect according to the principle of recycling. Maximizing of re-use and minimization of
material to dump sites,
3. Disposal of dangerous material – An aspect of social (human health) and ecology
(protection of ecological diversity) concerning present and future risks. Managing
hazardous material is regulated in the Environmental Code, and
4. Global distribution of available resources – A social aspect considering promoting more
equal distribution of available resources globally, especially concerning developing
countries. This concerned the recycled components and materials.
These four objectives were then in the sustainability programme divided in measurable targets with
defined demands of verifications. As an example, the targets for the second objective were divided
in material fractions, levels of recycling, end-functions and demands of specific verifications of the
end-function. The levels of recycling were described as material and component re-uses, material
re-use, energy re-use and disposal of material by destruction or to special dump sites.
In terms of the sustainability programme this case shows the process of target- setting and the
demands of verification of the targets. It also seems to be able to insert the demands in the
contractor’s quality verifications of the contract work.
The sustainability programme was attached to the administrative regulations in the procurement
documents for the dismantling contract work. This was especially important because the
administrative regulations were given a higher priority than the other procurement documents, i.e.
the demands of the sustainability programme were of high importance, in accordance of the
client’s intention, when to interpret different regulations in case of contradiction of details in the
contract documents
The dismantling project shows a procurement situation where a client’s demands of sustainability
are prioritised on a high level in the procurement documents. By comparing the outcome of the
procurement documents with the ISO 15932 general principles, see Table 4, it seems to be
conformity between the principles and the outcome. The only discrepancy is the principle of
responsibility, where an indirectly linkage through the objective of work environment consideration.
But this link is strong because the connection with the Swedish legislation in Work Environment
Act [21]. This case should be considered as to fulfil the principles of ISO 15932 and therefore to be
considered
as
sustainable
Table 4 Sustainability aspects according to ISO 15392
construction works.
(adapted from 12)
This is a Table caption

5. Conclusions
The case of the exploitation project had a long way to reach and fulfil the principles of ISO 15932.
The emphasis of the procurement documents was on design and environmental aspects only. The
case shows a need of a very carefully performed specification of land use and design
specifications with clearly formulated contracting conditions. The case in question failed to reach a
reasonable level of sustainability because of lacking triple-bottom conditions and holistic approach.
This could not to be considered as a future sustainable construction works if the agreement of
allotment followed solely the procurement documents. But the land developer could have included
more sustainable aspects in the negotiations of the agreement with the chosen contractor.
Unfortunately, this was not done.
The dismantling project proved to be a good example of procurement of a construction project with
an acceptable level of sustainability. This was done by stringent demands of specified verifications
and with prioritizing of administrative regulations including sustainability demands compared with
other procurement documents.
Stringent and thoroughly made sustainability conditions in the procurement phase are the client’s
opportunity to fulfil the obligation of sustainability in construction works as the responsible actor.
The possibility to change the outcome without significative additional costs during the rest of
construction process decreases considerably with time.
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Summary
The paper presents a case study with focus on how the municipality of Copenhagen, as a public
client, implements an ambitious strategy for sustainability with special regard to energy consumption. The paper deals with the general question how public clients can in practice make a difference as sustainable change agents. The study is bases on qualitative interviews, two field cases
(sustainable renovation) and with desk-top studies on the policy regarding sustainability and renovation in the municipality. It is concluded that the municipality is pursuing sustainable renovation in
a strategic way and it act actively with network initiatives to enforce the effect of its politic. Further it
is noted that when deciding to invest in sustainable renovation, calculations with payback time is
used, this give rise to difficulties and do not always fit into the municipality’s budget system. Finally,
as more tentative conclusion, it seems as the original, more ideological agenda about climate initiatives etc. was supplemented by translation to the economical dimension which was enabling a
broader political support for sustainability in renovation.
Keywords: client, users, innovation, sustainability, renovation, change agent, public policy,
construction

1. Introduction
This paper describes the results of a case study undertaken as part of the Nordic project “SURE:
Sustainable Refurbishment – lifecycle procurement and management by public clients”. The SURE
project team covers four Nordic countries, with participation from both research institutes and
practitioners, namely SBi/AAU (Denmark), VTT (Finland), Multiconsult (Norway) and Innovation
Centre Iceland (Iceland).
The purpose of the case study is to analyse how municipal policy, understood as strategies for
change, shape the financing and practices of sustainable renovation strategies in a municipality.
The actual municipality studied is the city of Copenhagen and its recent policy with respect to
sustainability and construction. In continuation of this question, we will draw on some tentative
analyses and overall conclusions on how Copenhagen as a public client is acting and shaping
strategies [1] for sustainability, in the field of construction.

1.1

Analytical approach and disposition for the paper

The study operates on two levels; the systemic policy level and the level of the specific building
project. The analyses at the systemic level are juxtaposed with two specific studies of recent
renovation projects in the municipality.

At the systemic policy level, we look at the conditions for operating with a sustainable approach to
renovation/refurbishment. Our focus is directed towards that part of the policy which deals with the
built environment as a subdivision of the target areas for sustainability in the policy for the
municipality. We endeavour to understand the web of regulations that a big public client have to
operate inside. For example, conditions for long-term loans and the problem of defining and
operating with a (new) long-term horizon of investment are explored.
At the level of the specific building project, we look into two more recent building / renovation
projects. It is the ambition, to see how these concrete projects have taken colour from the
(ambitious) general policy for sustainability. At the same time it is observed how they, as more or
less, ordinary renovation projects, have been streamlined like most other projects.
The paper falls in five main sections. The next section gives an overview of the central concepts
for understanding the client as a change agent. We break down the different part of the concepts
to reveal what kind of mechanisms are at stage; as a consequence we also take a further look into
the concepts of innovation and the concept of Strategy. In section 3 we describe the case – the
work with sustainable renovation in the municipality of Copenhagen. In section 4 we give an insight
into the analyses of case. We have focus on which kind of problems the municipality is facing and
which can act as barriers. Finally we conclude in section 5.

2. Clients, change (-agents) and strategy
A look at the central concepts represented in the problem, we deal with, show four concepts that
seem to be important.
The keyword 'client' may translate into the field of 'construction procurement' dealing with issues
related to e.g. theoretical foundations; development and privatisation; the role of culture: trust and
institutions; procurement systems: classification and choice; contractual arrangements and forms
of contract; procurement: culture and conflict; environmental sustainability and procurement (see
e.g. [2], [3], [4], [5] and [6]). The keyword 'change' may be associated with the field of 'innovation'
dealing with issues related to the nature of innovations, drivers of innovation, innovation process
and innovation systems (see [7], [8], [9], [10], 11]). The keyword 'agent' may translate into the
field of 'agency' dealing with the dualism of actors and structures in relation to the role as users,
clients and stakeholders (see [12], [13], [14], [15], [16]).
These three fields point at a combination of innovation theories. The theories have to deal with the
role of users, most notably the concept of lead users, various constructivist approaches on the coconstruction of users and technologies, and the role of clients in changing the construction industry
(as dealt with by the CIB Task Group 58 and the literature on construction procurement).
The concept of strategy becomes relevant when we try to understand the overall policy and the
different initiatives connected with sustainable renovation in the municipality, our understanding is
based on [1].
2.1

Construction procurement: the role of the client

There are different inputs which can inspire an understanding of this area. Both "The International
Council for Research and Innovation in Building and Construction (CIB)" and [17] have engaged
intensely in developing projects and programmes to gain experience with the client as a change
agent; below a model from the latter.

Owner
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Society

(Source: The Swedish Association of Construction Clients)

Laws

Building sector
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The construction client (and construction in general) operates in a context of project-based
services. As noted by [18], a major impediment for innovation in project-based service firms is the
gap between the project-based processes and the business processes of the firm. The projectbased
nature
of
construction implies
that
the
interdependencies
are primarily linked to
the fluid, changing
and ad-hoc patterns
of cooperation with a
rather large number
of external firms.
Gann & Salter [18]
provide an analytical
framework that can
place change agents
of construction in the
context
of
a
regulatory
and
institutional
framework on one
hand
and
the
technical
support
Figure 2. Knowledge, information flows and actors in project-based infrastructure on the
processes
Source: Gann & Salter 2000
other hand. Further
they
offer
a
framework that explicitly addresses the linking of business processes of the firm with project-based
processes (see Figure 2).
Although the work of [18] provides a stronger analytical perspective on the context of managing
innovation in construction, it does not in any substantial way provide practical guidelines for
creating change in the construction industry.
2.2

Change and agents - or the client’s role as a user in the innovation process

Since the 1980s, it has been argued within science and technology studies (STS) that technology
is socially shaped and designed. The point of departure in STS is that technical objects and social
relations are bound together and that actors and technology are co-constructed. A distinction

between the social and the technical is not given beforehand, but is the result of a mutual shaping
process [13], [14]).
According to [7] the literature on innovation management deals with four questions. First,
researchers have analysed the nature of innovation activities by asking questions on whether
innovations are radical/incremental, continuous/interrupted, changes over life cycles, are
modular/architectural (systemic), result in dominant designs, or are sustaining/disruptive. Second,
other approaches consider the sources of innovation, which can broadly be grouped in the push
model, the demand-pull model, and the coupling model. Third, approaches related to analysis of
the innovation process include the chain-linked model, the innovation journey, and various
innovation management approaches focusing on organisational integration, technology strategies
and knowledge management. Fourth, approaches concerned with innovation systems focus on
systems of innovation on a national, regional, sector and technological level, analyses of networks
to which firms belong, and the integration of complex product systems.
Behind the strategy of the client as a change agent, it is believed that the client, through the choice
of procurement methods, targeted goal setting, acting as a lead user etc. can have a decisive
impact on the products and services of the building industry on behalf of the owner/end-user.
However, the client as a change agent requires a closer definition of the role of the client. It is clear
that construction projects – whether procured through traditional systems or through long-term
'service contracts' – have to meet the needs of stakeholders and in particular the needs of users
and clients as expressed by the representatives of users and owners.
2.3

The concept of “strategy”

What do we mean by the concept of strategy?. We can identify [1] four important dimensions that
are necessary for the investigation of whether or not an organisation has a strategy (in fact the
authors operated with a fith one, namelig “How will we win?”, however this dimension is primarely
directed against studies of more commercial organisations and it will not be included here):
–
Where will we be active?
–
How will we get there?
–
What will be our speed and sequence of moves?
–
How will we obtain our return?
In the analyses of the municipality of Copenhagen, we had these dimensions in mind, and tried to
relate them to the different levels of policy conducted by the municipality.

3. The case
Since the 1990s, Copenhagen has been engaged in local policies focusing on energy saving and
renewable energy. Several generations of plans for the use of energy and the introduction of
sustainability have been prepared, some of them as a part of national and international
cooperation with other cities working on the same agenda.
Former initiatives can be mentioned, for example "Agenda 21" for intensified local environmental
efforts regarding energy saving, separation and reuse of waste - an initiative that was a
continuation of the UN Brundtland report from 1987 [19]. Also the UN stipulation in 2005 of the
2015 goals can be seen in same light. All in all, over the years the initiatives can be perceived as
drifting in a direction which is getting both increasingly ambitious and specific.
Today the municipality is also active in various network activities in the field of sustainability.
Among others, they participate in a broader development initiative - Gate21 [20] involving
Copenhagen and the surrounding municipalities. The primary goal is to be a pivot for new climate
and energy solutions, and the initiative therefore hosts major projects for low-energy solutions and
renovation with a very broad participation from different public as well as private actors.

It is obvious that an large dominating client like Copenhagen has the option to set out its own
requirements, while minor municipalities has to wait for national regulation covering the whole of
Denmark. Minor actors have, to a higher degree, to rely on cross-cutting initiatives like "Green
Building Council Denmark" (GBC, a broad representation of all actors with reference to
construction, building and urban-planning practice; GBC is currently (2010) very active in Denmark
- the primary goal being to establish norms and sustainability standards for the Danish construction
industry including consultants.
Several web-based sources from the City of Copenhagen present plans and programmes related
to energy savings, and more broadly, to sustainability. Below is presented an (by September 2010)
extract stating the municipalities’ policy on energy consumption:
Copenhagen is focused on the climate. The city is energy efficient with our district heating system,
while nearly 40 % of our citizens cycle to work or their educational institution every day and the
electricity-generating windmills, located in the sea outside the city, save 76,000 tons of CO2
emissions annually. Our vision is for Copenhagen to be the climate capital of the world, with a 20%
reduction in CO2 emissions by 2015 compared to 2005. We even want to become completely
CO2-neutral by 2025 as the first capital in the world. We are looking for joint initiatives from
municipalities, the business world and the citizens as well as close cooperation across international
borders.
More than 30% of CO2 emissions in Copenhagen come from residential and other buildings. It is
our goal that in the future all urban development projects will contribute to reducing Copenhagen’s
total CO2 emissions, and that selected urban areas will become completely CO2-neutral.
Source: [21]
3.1

Copenhagen City Properties – the case organisation

Our overall research in the case study of the City of Copenhagen originates in “Copenhagen City
Properties” (Danish abbreviation KejD). This is the organisation which takes care of all the
traditional tasks of the client. For Copenhagen, several actors used to have relation to renovation
and service of buildings. Some years ago it was decided to make a major organisational reform for
the handling of buildings used by the City, and City Properties was established as the central
organisation in this respect.
According to [22] (The Danish Association of Construction Clients), a municipality, as a public client,
can basically choose to arrange its organisation in accordance with different principles. It is
possible to illustrate the principles, by thinking of the local facility management organisation as
layout in four different ways along an axis with the administration for each unit/building (schools
etc.) at one end of the spectrum, and at the other end the entire portfolio for service, new building
and renting, centralised in a separate organisation for the whole municipality. City Properties is an
example of the latter form which is typically highly professionalised and is applying economic
models for calculating rent, investment and depreciation.
The organisation, which administrates one of Denmark's biggest portfolios of properties, describes
itself in this way: "a cross-sector unit in Copenhagen under the Culture and Leisure Administration.
Copenhagen City Properties handles ownership, operation, development and administration of the
City of Copenhagen’s properties and tenancies. The property portfolio comprises some 750
properties and 570 tenancies and consists of administrative buildings, schools, leisure institutions,
child day-care centres, cultural buildings, fire stations, etc." source: [23] )
3.2

The City of Copenhagen – a policy for implementing sustainably

In the fields of new construction and renovation, the national regulation does not offer much to lean
on. In the current Danish Building Regulations (2010) [24] there are no defined standards for sustainability, although you can find detailed provisions for energy consumption and indoor climate.
However the principle of sustainability is incorporated in several town plans, but in urban planning
sustainability is primarily a declaration of intent, rather than a specific standard for buildings, design or construction. A declaration of intent does not give much leverage to sustainability demands

in renovation projects. Finally some of the regulations regarding sustainability are in-cooperated in
the environmental legislation, among others this count for construction waste from demolished
buildings.
For the municipality, the work with sustainability can, roughly speaking, be divided into three different levels:
The programme level – Political announcements
The level of practical politics (prioritising the economy)
The level of implementation
At the programme level the principal political decisions are taken regarding transforming the municipality in a sustainable direction. Political compromises and negotiations are placed at this level.
Often the input for policy creation is introductions from the civil servants. The political handling of
sustainability and renovation has been greatly influenced by economic calculations regarding possible gains due to reduction of energy cost. Political back-up from a broad spectrum of political
parties to sustainability programmes has also been highly dependent on the ability to express
gains in energy savings in absolute terms or as good investment compared with the general level
of interest rates.
At the level of practical politics, we place the comprehensive reports describing how the City of
Copenhagen will reach the goal for sustainability, and more precisely the achievement of
Copenhagen as a CO2 neutral city by 2025 (with a sub-goal for construction).
For some time, the municipality of Copenhagen has, been working with its own set of standards. In
2010 it announced a new set of regulations with the title of "Environment in building and
construction" [25]. It has a binding status for companies that want to work for the City of
Copenhagen, whether it is renovation, conversion or new building. Furthermore financial support
for urban renewal or social housing can be conditional with regard to the regulation.
The regulation covers 9 different fields:
1.
environmental design
2.
energy and CO2
3.
material and chemistry
4.
water and sewers
5.
design of valued environments (urban spaces – urban design)
6.
waste
7.
noise
8.
indoor climate
9.
building site
For each field the regulation demands that the project is described in three sections, namely an
introduction, a demand section and a documentation section.
At the level of implementing we have all the practical efforts in the administration for ensuring
that the rules and procedures for handling of sustainable renovation projects is followed. It covers
all kind of initiatives from informative contact meetings with contractors and advisers to internal
education in the new formalities and new templates for bidding in the procurement. At the level of
implementing it is also possible to interpret the former mentioned, development initiative - Gate21
[20]

4. Analysis
By nature, initiatives in the field of renovations and changes at buildings are bound to be evaluated
in a long-term perspective – the life time and rate of turnover for different improvements are long.

It is therefore a general schism how to implement specific goals in energy savings and
sustainability, when running budgets are cut down and major policy areas take over in the public
debate. Especially themes like (un-) employment, lack of economic growth, a deficit of
kindergartens, schools that are run down and stagnation in local business are important themes
with strong public attention.
4.1

Backlog and Prioritising

At present the backlog is DKK 2.5 billion for the City of Copenhagen as a unified whole (according
to interview June 2010). With the existing grant of DKK 200 million per year (excluding certain
minor special contributions) for renovations (covering all renovations – not only energy renovation),
it can quickly be calculated that there has to be some cross-cutting strategies for sustainability, if
not all funding is going to be monopolised by urgent, but traditional, renovation tasks.
Some general principles meant for supporting ordinary service has been defined for prioritising the
DKK 200 million. In a short form they follow here:
1. Worst first
2. Housing or buildings where people work on a daily basis. For example, it could be indoor
problems related to moisture and/or mould growth
3. Of the DKK 200 million/year, 10 million are reserved for individual well-defined sustainable
energy renovation projects and additional 10 million are reserved for what could be called extra
(marginal) cost of traditional renovation projects where specific extra cost can be traced to new
high energy standards. This raises some related problems. In technical terms, it can be discussed
what has to be included in the term "renovation", and further what is the "standard solution"? The
latitude of marginal cost is central both for access to those special funds but more generally to
guidance on when to implement different energy-saving solutions.
Obviously it can be a problem when limited budgets have to be distributed in the day to day
practice. Currently there is work going on in the municipality with respect to this. To exemplify the
problem, one can mention that plans for better coverage of institutions for children (especially
kindergartens and day nursery) is a sensitive subject in the public debate, it has been discussed to
stretch a point on energy demand for exactly those institutions – otherwise there was a concern
whether the earmarked sum would be sufficient to fulfil the plan for new institutions. The city
council is the only one to make this difficult decision!
Up till now the current practice regarding financing of renovation initiatives has often been similar
to other investments of the municipalities. This means that funds have to be allocated from year to
year. Besides, a rolling budget model covering three more years (constantly four years in all) is
applied. A time horizon of 1 – 4 years is often insufficient to plan improvements or renovations at a
list of schools, or similar. The problem becomes even more pressing when we talk about
calculation pay-back times for different initiatives, in relation to sustainable construction. Especially
when initiatives are not any longer among the tree's low-hanging fruits, in those situations payback
time can be as long as 10 or even 20 years. The question is how to calculate such initiatives?
As opposed to the calculated, prioritising model, a rather new trend seems to gain footing. That is,
simply to take a political decision, in principle regarding a construction principle or similar. As an
example can be mentioned a recent decision, by the City Council prescribing how to use "green
roofs" (on certain public and semi-public buildings) in Copenhagen. In those cases the ambition
both to calculate the price on the initiative and compare the cost effectiveness with other initiatives
has been abandoned. In other words: there seems to be embedded conflicts between specific
goals regarding sustainability and major policy themes when implementing strategy at the
municipality level.

4.2

Financing and horizons of investment

The Danish government has, especially in the last couple of years operated with a very limited
"frame of cost" for the municipalities, in relation to the theme in this text, it is important to note this
kind of policy for public finances means that the municipalities constantly have to face serious
dilemmas in their priorities. This applies to running costs as well as for investments in new
buildings and renovation.
Regarding investment in solutions with an energy-saving potential, an exception exists for this
principle ("Lånebekendtgørelsen", "the loan declaration"); in such cases municipalities are allowed
to obtain loans for new projects without straining the overall frame for cost. This opportunity is
frequently used by the City of Copenhagen to realize its policy in the field of sustainability and
energy saving.
The municipality has asked itself whether cooperation with major private (or semi-private) investors
could be an answer to the difficulties with financing renovation, and recently it has engaged in a
tentative cooperation with the worldwide financial institution "Carbon War Room" [26]. In the
municipality, this cooperation is regarded as important, and believed to represent a great potential,
although there can be problems, due to different core competences in the two organisations as
well as a different culture between the organisations when it comes to negations and agreements
(architects and engineers are not trained in conducting economic negotiations concerning
conditions and long-term regulation of loans at a multi-million Kroner scale). In spite of these
difficulties, it is the plan to go further into investigations on the potential for long-term loan
agreement. This kind of solution is quite new for the City of Copenhagen, and it may have the
potential to prevent that the pragmatic “day to day” policy will over the years erode goals and
strategies for sustainability.
Looking at the current political scene, solutions with long-term loans from investors with a special
interest in CO2 reduction and (and to some extent sustainability in general) seems to be a way of
financing energy renovation. In September 2010 Bo A. Kjeldgaard, mayor for the Technical and
Environmental Administration [27], has commented on the 2012 political budget agreement, where
he draws special attention to the new possibilities for such loans, as a part of the agreement.
But, as we have touched on in the former sections (and as our interview person from KejD have
pointed out during an interview), there is obviously a challenge of balancing, at the one hand the
public clients governing principle for economic planning and budgeting and on the other hand the
need for long investment horizons.
4.3

Is the city of Copenhagen following a strategy for the initiatives on sustainable
renovation?

It is possible to interpret the municipalities’ handling of the development of sustainable renovation
in the scheme described by [1]. With the overall plan for Copenhagen as a CO2-neutral city by the
year 2025 and a planning history in the field of sustainability going back to Agenda 21 initiatives at
municipality level, the city has pinpointed the arena for where and how to do policy when it comes
to sustainability. Or with the expression from [1] they “know where to be active”
The defining of nine focus areas for activities (where construction/renovation is one), where each
area is the subject of an analyses, equals the strategic ambition of stating where and how to
proceed.
Further the criterion on “speed and sequence of move” is covered by the time table for goals in the
years of 2015 and 2025. We saw that the city had a line of initiatives aiming at the procedures for
cooperation with advisors and contractors. New mechanisms for procurement have to ensure
change in calculations in the biddings. Finally standards have been introduced for how to

document that as a contractor you do in fact follow the initiatives prescribed in the procurement
documents.

5. Conclusion
The city of Copenhagen has made a marked effort to ensure sustainability as a principle in
renovation and construction, and the city is organising its efforts in a strategic way. The outset for
the policy can be traced back to the Brundtland agenda, but today the work with sustainability is
arranged in a “strategic way” [1]
A major problem for conducting sustainable renovation in practice in the municipality seems to be
the calculation of payback periods (internal interest rate). At the same time the payback period is a
central instrument in the political decision process when talking about sustainable renovation
(which in this connection is mainly identical with “energy savings”). Further the standard economic
planning horizon is far too short to host ambitious, expensive energy-saving projects. A
cooperation with a private or semiprivate investor is a possible way to handle this problem and the
city of Copenhagen is currently looking at this possibility.
As a change agent, the municipality acts on several levels. It acts directly with demands to
constructors who want to bids on construction work; it acts as a very active network actor both with
efforts for rising new regional projects and for promoting the ideas to the business, industry, public
and the state.
Looking at the drift towards sustainability, you can say that inside the municipality, the original,
more ideological agenda about climate initiatives etc. was supplemented by translation to the
economical dimension which apparently was enabling a broader political support for sustainability.
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Summary
The article is focused on the important issue of most suitable selection of procurement
regarding Green Public Procurement (GPP) on the example of the thermal insulation
products. Increasing demand on ecological goods, service or work causes that ‘green’
market is growing stronger especially in construction sector. Environmental friendly
technology is becoming important element of everyday life and now it starts to exceed from
single households to public authorities, which are major consumers. Their need of
purchasing sustainable goods or services caused formation of GPP, a voluntary instrument
which has a key role to become more resource-efficient. Due to this growing demand
Building Research Institute (ITB) in cooperation with Thermal Insulation Producers
Association and Ministry of Economy developed the ecological criteria for thermal insulation
products. Document partly took into account GPP Thermal Insulation Technical Background
Report prepared by AEA Group for European Commission [1], but is mainly based on
national law and requirements. Elaborated criteria for thermal insulation products, depending
on their application and material that are made from, are focused on the key environmental
impacts, including: energy consumption in manufacturing and transportation, pollution of air,
water and soil due to the use of hazardous substances (e.g. blowing agents, fire retardants)
and promotion of easily recycled materials. What is important for GPP approach the national
ecological criteria take into consideration Life Cycle Assessment (LCA). The document
consists of main criteria, which need to be fulfilled and secondary criteria – additional issues,
which are regarded as an advantage. Intention for this document was to help local and public
authorities to purchase the most environmentally friendly thermal insulation products, but was
criticised by European Mineral Wool Manufacturers Association EURIMA.
Keywords: GPP, thermal insulation, sustainable goods, Life Cycle Assessment, public
authority.

1. Introduction
Green Public Procurement (GPP) draws policy that sets standards for public authorities in
selection of procured goods or service, which minimize their negative impact on environment
and which take into account Life Cycle Cost and Life Cycle Assessment. On that basis GPP
is influencing development of innovative, ecological and pro-environmental technologies.
In 2004 two directives aiming to clarify, simplify and modernize existing public procurement
European legislation were adopted. First - 2004/18/EC Directive that covers public works
contracts, public supply contracts and public service contracts and second - 2004/17/EC,
which covers the procurement procedures of entities operating in the water, energy, transport
and postal services sectors. The Directives set the possibility of including environmental
considerations in the contract award process, what allows the authorities to contribute to the
protection of the environment and the promotion of sustainable development, whilst ensuring
the possibility of obtaining the best value for money for their contracts.
The European Commission activity aiming to estimate common GPP criteria resulted in 2008

issuing first set of environmental criteria. The 10 products and service groups covered,
including construction materials, have been identified as priority groups that are most suitable
for “greening” using GPP. Key, selected features, which are significant for GPP approach in
construction materials, are:
• organic and natural origin,
• energetic performance,
• indoor air quality,
• low embodied energy,
• ability of reuse,
• recycled content,
• dangerous substances reduction,
• waste reduction,
• rainfall water use,
• renewable energy source,
• effective water use,
• water recycling and reuse.
Second set of GPP criteria was released in July 2010. The package included environmental
criteria for: windows, glazed doors and skylights, wall panels, hard-floor coverings, combine
heat and power, road construction and traffic signs, street lightning and traffic signals, mobile
phones and thermal insulation.
Thermal Insulation is a product group, that was one of the first taken into consideration to
prepare environmental criteria for Green Public Procurement in Poland. Ministry of Economy
of Poland in cooperation with Public Procurement Office, industry represented by Thermal
Insulation Producers Association and research institutes - Building Research Institute (ITB),
on the basis of criteria developed by the European Commission, developed national criteria
for “green procurement” for thermal insulation materials. ITB plays fundamental role in these
works. Partly on the basis of background information [1] developed by European
Commission and European GPP, Building Research Institute had to estimate national criteria
in reference with polish regulation acts and in compliance with Essential Requirements of
Directive 89/106/EC. Draft of these polish criteria was consulted with Thermal Insulation
Producers Association and know it will be sent for public verification.
Estimated criteria for thermal insulation procurement process include the most important
environmental factors such as: energy consumption in the building as a result of less efficient
insulation, energy consumption, especially in manufacturing and transportation, pollution of
air, land and water due to the use of hazardous materials e.g. blowing agents or, carbon
dioxide emission, use / extraction of raw materials, production of hazardous waste,
generation of waste material, including hazardous wastes and packaging and its disposal. In
accordance to these environmental limitations GPP criteria promote insulation products,
which meet those requirements and are:
• most energy efficient,
• appropriate for a situation to ensure maximum benefit,
• restricted with the use of hazardous materials,
• easily dismantled and recycled,
• effectively maintained to extend its useful life,
• produced with its end of life management,
• made of recycled materials and its packaging consists or is fully made from recycled
materials.
• friendly to environment and have documented environmental features such as: Eco
labels, environmental declarations or environmental management systems.

2. Definitions and Background
For the purpose of Green Public Procurement thermal insulation materials criteria are
defined as material used to keep buildings cooler in summer and warmer in winter by
reducing the flow of heat through the exterior surfaces of the building [2]. Choose of proper
insulation has to apply to its application and its amount depends on a climate zone and

geographical position, where the building is raised.
There are different insulation products, polish criteria were set for six types depending on an
application site, which included cavity wall insulation, solid wall insulation, loft insulation, floor
insulation, roof insulation and insulation for pipe work and ducts. Apart from application type
thermal insulation can differ by the material it’s made of. There is insulation with inorganic
mineral fiber origin (e.g. mineral wool, stone wool, and glass wool), organic oil/coal origin
(e.g. polyurethane foam, phenolic foam, expanded or extruded polystyrene), organic
plant/animal origin (e.g. cellulose, cork, wood fiber or cotton insulation) and other (e.g.
aerated glass, foamed glass or foil products).
2.1

Key environmental impacts

After many meetings and brainstorms with Thermal Insulation Producers Association it
occurred that the most important criterion should be energy savings and carbon footprint
benefits from the use stage of thermal insulation products in building.
2.1.1

Dangerous substances

Main threats for environment in insulation product life cycle come from components, which
the product consists of. Few of them can be classified as dangerous for human or
environment. Dangerous substances have a negative impact on air quality, water, even
human health, with many of the substances identified as carcinogenic, teratogenic or
mutagenic. One of examples are the blowing agents used for preparation and application of
foam insulation. In recent years blowing agents were based on chlorofluorocarbons (CFCs),
permanent substances, which do not affect negatively on human health, but as it turned out
they contribute to ozone layer depletion. Substitute for CFCs was hydro chlorofluorocarbon
(HCFC), which had smaller ozone layer depletion potential, but still it had negative impact on
ozone layer. In accordance to Montreal Protocol the use of both substances is forbidden. As
an alternative are common and said to be less hazardous to environment – carbon dioxide
and pentane.
2.1.2

Embodied energy and thermal performance

Subsequent impact, embodied energy, has an indirect effect on environment during the life
cycle of a product. Product life cycle is defined in norm PN-EN ISO 14040:2009
Environmental management – Life cycle assessment – Principles and framework and in case
of construction product – in prEN 15804 Sustainability of construction works ―
Environmental product declarations ― Product category rules [3]. Significant energy
consumption is observed in production phase and transport and it also depends on thickness
and weight of thermal insulation product, necessary for proper thermal performance.
Embodied energy is shown in an example of different kinds of insulation depending on
product on a roof with the same thermal resistance (table10.
Table 1. Possible variety of prime embodied energy in thermal insulation on example of 100
m2 roof with thermal conductivity 3,33 m2k/W
Material
Cork
EPS
PUR/PIR
Rock wool
Glass wool
XPS
Wood fiber

Thermal
conductivity
0.040
0.035
0.024
0.038
0.037
0.036
0.050

Thickness
[mm]
133
117
80
127
123
120
167

Weight
[kg]
1733.33
291.60
264.00
1520.00
1295.00
420.00
4000.00

Embodied energy
[GJ]
12.2
28.9
33.3
33.6
44.8
46.2
68.0

The use of thermal insulation with high level of thermal resistance, in terms of environmental
protection, is very important and should be considered as a main criterion in choosing
products. Such insulation allows reducing energy consumption, what affects on environment
in reduction of energy production. It is highly recommended to reduce the embodied energy
in production phase. Values of embodied energy should be taken from IIIrd type
Environmental Declaration (prEN 15804) and can be used in GPP for choosing “greener”
insulation product with same technical features e.g. thermal resistance
.
2.1.3 Recycling
Most of insulation products can be processed in recycling process. It is important for costeffective measures in terms of economy and environmental protection in reference to storage
in a landfill. If the product has to be recycled, there need to be a recycling facility to enable its
recycling. What is crucial, after that process the product operational, quality and durability
performance need to be sustained.

3. Criteria and Regulations
Developed environmental criteria are divided into core and comprehensive criteria.
Core criteria, which are significant element in GPP process, relate to main environmental
impacts of a given product. They are made with minimum additional verification or cost
increases. Comprehensive criteria give an advantage in overall score for products, which
have documented environmental certificates.
3.1
3.1.1

Core criteria
Energy saving by insulated wall.

The amount of energy that is saved by using thermal insulation material in comparison to non
insulated wall should be assessed. On this basis carbon footprint should be also assessed.
To gain maximum energy savings thermal transmittance of insulation should not exceed 0.04
W/mK. Producer declares transmittance factor, 90% of given product needs to have better
transmittance than declared value. Producer needs to present product declaration, CE
marking. The basis of this criterion is EPBD Directive 2010/31/EU.
3.1.2

Greenhouse gasses

Carbon footprint in emissions of greenhouse gasses have to be assessed in accordance to
prEN 15978. Most of fluorinated greenhouse gasses have significant Global Warming
Potential (GWP). In this category hydrofluorocarbons (HFCs), perfluorocompounds (PFCs)
and sulfur hexafluoride (SF6) can found. Also gasses, like chlorofluorocarbon CFC-11, which
have negative impact on ozone layer (ODP – Ozone Depletion Potential) are listed as
dangerous. Criterion does not allow any of these substances to be released from product.
The bidder is obliged to provide appropriate proof that criterion is met. It is regulated by
Regulation (EC) No 842/2006 of 17 May 2006 on certain fluorinated greenhouse gases.
3.1.3

Substances classified as dangerous

In this category there are substances which are said to be carcinogenic (R40, R45, R49),
harmful to reproductive system (R60, R61, R62, R63), mutagenic (R46, R68), toxic (R23,
R24, R25, R26, R27, R28, R51), allergic (R42), cause heritable genetic damage (R46),
danger of serious damage to health by prolonged exposure (R48), possible risks of
irreversible effects (R68). Substances mentioned cannot be released in amounts exceeding
acceptable concentration limits, which are shown in table 2
The bidder is obliged to provide appropriate proof that criterion is met. It is regulated by

Ministry of Health Regulation (Dz. U. 2003 nr. 171 poz. 1666 with following changes) and by
REACH Regulation – EC/1907/2006.
Table 2. Indoor acceptable concentration limits and its categories A and B[4]
Substance

Ammonia
Phenol
Formaldehyde
Dibutyl phtalate
Styrene
3.1.4

Indoor acceptable concentration limits
[µg/m3]
Category A
Category B
300
300
20
50
50
100
100
150
20
30

Technical Environmental Information

The bidder must provide following information:
• Manufacturer and date of manufacture/ batch no,
• Energy amount and materials used for production,
• Weight and thickness
• Percentage value of recycled content
• Recycling information
• Maximum storage or install-by date
• Transport and installation instruction
• Storage instruction
These features are verified when bidder provides suitable documents.
3.2

Comprehensive criteria

Comprehensive criteria for GPP purposes in Poland are still under development, but there a
scheme of what it should contain, how it should be verified and under what regulations. As it
was previously mentioned comprehensive criteria promote products with specific, above
standard documented features.
3.2.1

Recycled content in thermal insulation

Additional points would be given for recycled content in offered product. Limits proposed
differ depending on a kind of insulation material e.g. Glass wool>55%, cellulose fiber>80%.
This criterion will be regulated by novelized Construction Products Directive (89/106/EEC).
3.2.2

Environmental Management Systems EMAS and PN-EN ISO 14001

Other additional points would be given if producer can prove implementation of
Environmental Management System (EMAS) or have introduced regulations given by PN-EN
ISO 14001, which determines environmental aims, obliges the producer to implement proenvironmental policy, which needs to be controlled and certified by accredited body.
3.2.3

Environmental Declarations

Terms and conditions of environmental declarations are regulated by PN-EN ISO 14024, PNEN ISO 14021 and prEN 15084. These norms set standards for type 1, 2 and 3 ecolabel or
EPD type, which are regarded as an advantage in procurement process. Bidder should
demonstrate compliance with this criterion and provide declaration made by qualified
institutions.

3.2.4

Origin of Wooden material

Other considered comprehensive criteria relate to origin of wooden material. Wood for the
purpose of production of thermal insulation need to be certified by Forest Stewardship
Council (CFC), Programme for the Endorsement of Forest Certification (PEFC) or other
equivalent documents prepared by certified bodies.
3.2.5

Values of GWP and ODP for blowing agents

Additional points would be given for products which have blowing agents with lower ODP and
GWP levels in reference with other blowing agents with the same thermal effectivity in
product life cycle. Examples of materials and their potential is shown in table 4. It is assumed
that in case of PIR, PUR and EPS production ODP emission equivalent of blowing agents is
zero. It is regulated by Regulation (EC) No 842/2006 of 17 May 2006 on certain fluorinated
greenhouse gases, what bidder is obliged to prove.
Table 4. Blowing agents in termo plastic insulation materials and their ODP and GWP

Product used
Urethane foam
Urethane foam modified with
isocyanate derivatives

styrene-olefine foam

Phenolic foam

3.2.6

ODP

GWP

CFC-11

1

4000

HCFC-141b

0.11

630

HFC-134a

0

1300

HFC-245fa

0

560

cyclopentane C5H10

0

3

CFC-12

1

8500

HCFC-142b

0.065

2000

HFC-134a

0

1300

CFC-113

0.8

5000

Dichloromethane
CH2Cl2

0

Substance

Warranty

Last comprehensive criterion, still under discussion, is warranty, which for the products
installed should be minimum 20 years. If GPP chooses also to install the product, then the
installation service needs to declare also 20 years of warranty for their service. The bidder
needs to declare compliance with this criterion.

4. Conclusions
Developed by Building Research Institute polish environmental criteria for Thermal Insulation
should simplify public procurement process and allow “greener” producers to compete on the
market. Green Public Procurement sets standards for pro-environmental service in public
sector, what should affect or give less negative impact for the environment especially in
energy consumption, air quality or waste disposal. Public procurement with environmental
aspects is one of the instruments of sustainable development and realization of 3x20 policy.
Although criteria are almost developed, they need to be verified and accepted by public

authorities and then implemented.
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1. Introduction
The construction industry uses more materials by weight than any other industry in the United
States [1]. Whenever a building is constructed, it imposes loads on the environment in various
forms, namely: resources depletion and contamination of air, soil and water, etc. These loads are
generated while various demands, such as materials and energy, are met to furnish the designed
building. The environmental impacts of building construction, partly caused by large consumption
of energy, are imposed during the whole life cycle of a building [2, 3].
Typically, the life cycle of a building can be divided into the following phases: extraction of required
raw materials; processing and manufacturing of construction materials and building components;
transportation and installation of building materials and components; operation, maintenance, and
repair of building; and, finally, disposal of materials at the end of the building lifecycle. Each phase
demands energy, material and other resources to produce the required input for a successive
phase to complete the cycle. In fact, each of these phases includes several sub-cycles to complete
that particular phase. The accumulated consumption and impacts of these sub-cycles provide a
comprehensive result for that phase. These results may vary from study to study depending on the
various sub-cycles included and the boundaries of an analysis. Setting the boundaries and
inclusion of the sub-cycles depend on the parameters being analyzed and/or on the importance of
a sub-cycle for a particular study. Each phase of the life cycle of a building affects the environment.
Therefore, each phase must be studied in search of providing a high performance energy efficient
building.
Although conclusions about energy and environmental performance of a building should be based
on the results of a whole life cycle analysis, there are always opportunities to explore each phase
individually to collect detailed information and strengthen information databases. The collected
data would be of interest to the stakeholers who strive to build environmentally friendly buildings.
Changes in construction, along with changes in design and selection of building materials, are
essential to the success of national efforts to minimize environmental impacts and reduce overall
energy use and greenhouse gas emissions [4]. In a construction project, contractors provide
resources and select the means and methods of construction. To maximize energy efficiency on a
project by using the least energy intensive means and methods of construction, the energy profile
for a project is needed. This is possible if the contractor, during pre-construction planning, has
access to information regarding energy consumption during construction of the project to identify
activities that consume more energy. The obtained information would help contactors focus on
energy intensive activities and develop energy efficient means and methods to minimize energy
consumption during construction.

2. Construction industry and energy consumption
The U.S. construction industry accounted for $611 billion or 4.4 percent of the nation’s GDP in
2008 [5], which would increase to 10% if the equipment, furnishings, and energy required to
complete buildings were included [4]. According to the U.S. Department of Energy [6], U.S.
buildings - residential and commercial - consume around 40% of the total energy consumption.

Presently, there are plenty of research works assessing the energy consumption and
environmental impacts of buildings, but few encompass construction process in complete life cycle.
Some studies have included the construction phase; however, this was limited to various stages of
material extraction, production, and transportation and did not include on-site construction
processes [7-9]. The industry’s energy consumption during construction is not well understood
because of its fragmentized nature and involvement of many parties during construction phase [2].
That is why, at the time of design and even before construction starts, it is hard to predict the
energy required and its impact at the construction phase. Often researchers exclude the
construction phase, stating that its contribution towards total life cycle energy consumption is
insignificant. Researchers have also stated that energy consumption and environmental impact of
construction activities have never been adequately quantified [2, 10, 11]. European and U.S.
figures estimate the construction portion to be about 7-10% of total embodied energy [12, 13]. In
the near future when low/net-zero energy buildings are more common, the embodied energy and,
hence, construction energy, will gain more importance to achieve sustainable construction [14].
Figure 1 shows the change in ration of operational energy to embodied energy when building
development moves from traditional buildings to low energy buildings. Embodied energy in the
built environment, especially when buildings have short lives or when buildings are extremely
energy efficient, will share an important portion in total energy consumption [15].

Fig. 1 Energy use in buildings: the changing relationship between embodied and operational
energy [15]
2.1

Construction contractors and energy consumption during construction

The stakeholders for a building project include Investors, developers/owners, architects/engineers,
and contractors. In general, selection of the site for a project is done by the owner, and designs
and selection of materials are the responsibility of architects/engineers. Contractors are hired
mainly to construct the building according to the construction documents within budget and on time.
Selection of means and methods of construction and reducing the environmental impacts of the
construction process is the sole responsibility of contactors.
Rising energy costs is also a concern to contractors. Arnold [16] studied several building projects
and found that energy costs during construction vary and can be a significant part of the
construction operation costs (as high as 5.7%). He also mentioned that it is difficult to measure
energy costs because these costs are embedded in the materials, equipment, or overhead costs.
The cost of energy affects the cost of construction, and dependence on fossil fuels makes

construction costs dependent on a volatile market. As the price of gas and diesel go up, so will
construction costs. Rising fuel costs may also play an important role in a contractor’s resources
procurement strategies.
If a contractor is aware of energy consumption and environmental impacts of a project in advance,
he/she may play a role in controling energy consumption and environmental impacts associated
with the construction phase of the building. In addition, possible measures to conserve energy and
use renewable sources on site may be sought. Therefore, it is desirable to develop a system that
helps contractors estimate energy consumption during construction phase of a project. This study
presents an energy estimation system that can be used by contractors to identify high energy
intensive construction activities during construction and seek energy efficient alternatives. The
following sections present energy estimation system and a case study to demonstrate its
application.

3. Energy estimation system
3.1

Embodied energy in buildings

Energy consumed during life cycle of a building may be divided into operational energy, embodied
energy, and decommissioning energy [10, 14, 17]. Operational energy is required for heating,
cooling, ventilation, lighting, equipment and appliances. Embodied energy is non-renewable
energy required to initially produce a building and maintain it during its useful life. It includes
energy used to acquire, process and manufacture the building materials, including any
transportation related to these activities (indirect energy); energy used to transport building
products to the site and construct the building (direct energy); and energy consumed to maintain,
repair, restore, refurbish or replace materials, components or systems during the life of the building
(recurring energy). Decommissioning Energy is the energy used for demolition/deconstruction of
the building and transporting demolished/salvaged materials to landfill/recycling centers.
Embodied energy is measured as a quantity of non-renewable energy per unit of building material,
component or system. It may be expressed as mega Joules (MJ) or Giga Joules (GJ) per unit of
weight (Kg) or area (square meter). Associated environmental impact is implicit in the measure of
embodied energy. As a rule of thumb, embodied energy is a reasonable indicator of the overall
environmental impact of building material, assemblies or system [14].
3.2

Scope of the system: a contractor’s perspective

The construction phase of a building life cycle involves numerous activities, such as construction of
temporary structures, transportation and installation of building materials and components, site
work, etc. These activities consume energy and affect the environment. The aim of this research
work was to develop an energy estimation system from a contractor’s point of view and, therefore,
it concentrates on only energy consumptions for transportation of labor, material and equipment to
the jobsite; handling and installation of materials and building component; equipment operation;
and energy consumption due to on-site trailers, security lights, and building use.
3.3

Proposed system

When a building construction project is started, the general contractor or construction manager
prepares a detailed estimate for the materials, workers and equipment required. A bill of quantities
(BOQ), which is not only a list of materials but also a list of tasks/items required for the execution
of the project, is prepared. The proposed system utilizes a BOQ spreadsheet as the base data for
the system. Almost all construction companies prepare BOQ in more or less a similar format as
shown in Table 1. BOQ consists of rows that contain a unique reference number that may be
Construction Specification Institute master format number or the company’s specific code number,

corresponding task description, quantity of material, unit, and cost associated with the task. The
proposed system uses the RS Means cost data [18] for reference numbers and task details.
Table 1 A typical BOQ format
Reference No

Task /Item description

Quantity

042710.300140

Brick Walls 100mm thick, facing,
100mm x 65 mm x 120mm

05

Unit Unit Cost

Total Cost

M

$9500.00

$1900.00

The framework of the proposed system is shown in Figure 2. The BOQ for the project and data
related to the project job overhead are entered into the proposed system. In the next step, a crew
is assigned to each task. Although RS Means crew were used as default crew in the system, the
crew data could be updated based on the crew characteristics associated with the project. Each
crew includes number of laborers and equipment as well as energy consumption of the crew per
hour. The energy consumption of the crew per hour is used to estimate energy consumption of
each task based on the amount of hours it takes to complete the task. A report containing
information about energy consumption of each task and high energy demanding task is generated.
This report can be utilized by the project manager to consider alternative energy efficient means
and methods for the energy intensive task/areas. The next section further illustrates the function of
the proposed system by using a case study.
Project specific information

Project
data

Reference
Task data
No

Contractor’s BOQ data

Energy Estimation
Mgmt set-up energy data

Energy
information

Crew energy data

Report

Fig. 2 Energy estimation system

4. Repair garage case study
The present case study illustrates the use of the proposed energy estimation system. An example
of a repair garage was taken from Means Scheduling Manual [19]. The garage was of 30 m x 12 m
size, with a reinforced concrete footing, concrete slab on grade, concrete block bearing walls,
offices and restrooms, mezzanine over the offices, bar joist and steel deck, builtup roof, sky lights,
mechanical and electrical systems, and doors and windows. Figure 3 shows a snapshot of the bill
of quantities for construction of the garage. The Means Scheduling Manual could be referred for
additional details of the repair garage. A spreadsheet was developed to operate the energy
estimation system. The spreadsheet, as shown in figure 3, was divided into two main parts. One
part for bill of quantities and the other part for etimating energy consumption due to managerial
set-up.

Fig. 3 A Spreadsheet based energy estimation system for the repair-Garage
A crew number, based on R S Means crew [18] list, was assigned to each task. Productivity of
each crew to perform the specific task was available to estimate the amount of time it takes to
perform the task. The management set-up inputs were carried over to management data sheet
where energy estimation calculation was completed.The calculations of energy consumptions were
forwarded to the energy data report sheet, which presents the total energy consumed against each
items in the bill of quantities sheet, and energy consumption by the managerial set-up ( figure 4).

Fig. 4 Spreadsheet based energy report

4.1

Validation of the system

Athena Impact Estimator 3.0 [20], a widely known tool to estimate environmental impacts of
buildings, provides the estimate of energy consumption during the whole life cycle of a building.
This information can further be subdivided into various phases of the building life cycle. As Athena
can model only structural components of a building, the bill of quantities sheet of the repair garage
was curtailed to the items that can be modeled in the Athena. This new bill of quantity sheet
included only concrete, masonry, and metal categories. The outputs from both models were
compared to validate the output of the spreadsheet. Table 2 shows the descriptions of inputs used
and outputs of the models.

5. Results and Discussion
Table 2 demonstrates that the spreadsheet system can produce acceptable results (about 10%
difference in this case), but with more detailed information, as Athena does not further breakdown
these results at the level of items and managerial set-up as presented by the spreadsheet. In
addition, Athena estimates energy consumption only due to the transport of equipment and
materials (not laborers) to the job site and energy consumed in equipment operations [20].
Therefore, the results in Table 2 are prepared and compared for the same scope. The spreadsheet
system has the advantage of including additional tasks beyond just structural components, such as
energy consumed to transport laborers to the job site and management set-up into its calculation.
In addition, it can provide additional outputs, which is helpful to contractors to improve energy
performance of a project during construction.
Table 2 Inputs and outputs details
CSI division Description
3-Concrete

4-Masonry
5-Metal

Concrete 20 MPa
Concrete 25 MPa
WWF mesh
Reinforcement
300 mm block bearing wall
200 mm block bearing wall
Mortar
Open web Joist
Metal deck
C-frame lintels

Output
Description
Energy consumption under the
same scope (materials and
equipment transport and
equipment operation only)

Input Bill of
Quantities sheet to
the System
16.0 m3
40 m3
0.40 tonnes
4.55 tonnes
5613 blocks
360 blocks
14.5 m3
5.60 tonnes
3.40 tonnes
3.67 tonnes

BOQ generated from the
Model developed in ATHENA
Impact Estimator 3.0
16.6 m3
39.0 m3
0.35 tonnes
4.83 tonnes
5910 Blocks
15.0 m3
5.70 tonnes
3.70 tonnes
3.71 tonnes

Energy consumption in construction phase (GJ)
Spreadsheet system
Athena Impact estimator Model
49.51

44.22

Table 3 shows the results of complete energy estimation during construction for structural tasks
using the spreadsheet system. Total energy consumption for the structural tasks was estimated to
be 100.51 GJ. This estimation is almost two times that of the value presented in Table 2, which did
not include managerial set up and labororers transport, as these were not under the scope of
Athena Impact Estimator 3.0. The results show that inclusion of these two items will have
significant impact on estimating energy consumption during construction of buildings. Having
access to this data before starting the construction operation will help contractors to pay attention
to these areas and use energy efficient means and methods, like using low energy consuming
security lights and buying renewable energy for managerial set up to reduce the carbon footprints
of the building.

Table 3 Energy consumption, based on spreadsheet
Managerial Set-up
GJ
28.41

Labor Transport
GJ
22.59

Material Transport
GJ
38.02

Equipment (Tran+ Opr)
GJ
11.49

Total
GJ
100.51

Table 4 shows the output of energy estimation system for the construction of the repair garage.
The output demonstrates the energy consumption details of the top five energy intensive activities
and energy consumed by the managerial set-up. All the items (except electrical and mechanical
systems) presented in the Means schedule [19] were included in the bill of quantities. The total
energy consumption (both electricity and fuel energy) during the construction phase of the repair
garage was estimated to be 309 GJ. Construction activities were responsible for 63 percent of the
total consumption. Managerial set-up contributes the remaining 37 percent of the total
consumption. It was found that the bearing wall construction was consuming maximum energy
among the construction activities and use of diesel generators, and security lights on site were
among the major contributors to the energy consumed by managerial set-up. With this additional
information, a contractor can reduce the transportation distances for materials, and advise the
masonry contractor to bus the required masons and mason helpers to the project site.
Table 4 Energy report sheet
Managerial
Set-up
GJ
114

Labor
Transport
GJ
41

Material Transport

Equipment(Tran+Opr)

Total

GJ
35

GJ
120

GJ
309

Reference No

Energy Intensive Activities Order (Energy, MJ)
Description
Labor
Material Equipment

Sum

% of Total
BOQenergy
(196 GJ)

42210344300
311110100020
52119100440
310516100100
312323131400

Bearing Wall 300 mm
Clear and grub
Open web joists
Bank run gravel
Backfill mechanical

23,813
13,743
9,407
7,686
7,471

12
7
5
4
4

12,615
1,011
624
74
569

11,199
0
693
0
0

0
12,731
8,090
7,612
6,902

Managerial Set-up
Item
Trailer
Diesel Generators
Security lights

Energy, MJ
6,171
45,257
62,208

A sensitivity analysis was also performed to see the effects of variation in “transportation distances”
on total amount of energy consumption. Figure 5 shows that when transportation distance is
increased by three times, energy consumption for transportation of laborers, materials, and
equipment increase by 26%, 22%, and 9%, respectively. This means that, in this project, change
in transportation distance affects energy consumption in laborers and materials more than
equipment. Therefore, a contractor who is looking for reducing energy should focus on reducing
transportation distances for laborers and materials, but should rent equipment from a more distant
place if they are more energy efficient.

Labor Transport Energy

Total Energy

0.39

0.35

0.31

26%
13%

0.08

0.04

% Change in total energy*100

0.12

0%

25 km(Base Case)

50 km

75 km

Fig. 5 a. Total Energy consumption vs labor transportation (energy in,1,000 GJ)
Material Transport Energy

Total energy

% Change in Total enrgy *100
0.38

0.34

0.31
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11%
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0.10

0%

25 km(Base Case)

50 km

75 km

Fig. 5 b. Total Energy consumption vs material transportation (energy in 1,000 GJ)
"Equipment Transport+Use Energy"
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9%
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Fig. 5 c. Total Energy consumption vs Equipment transportation and use (energy in 1,000 GJ)
Another analysis was done to demonstrate the significance of energy consumption during
construction in high energy efficient buildings. Table 5 shows that the percentage of energy
consumption during construction to total energy of building increases as the building becomes
more energy efficient. The operational energy of a repair garage was assumed to be 2400 MJ/m2yr[21] . Sartori and Hestnes [22] observed some increment in the amount of embodied energy in
energy efficient buildings in comparison to that of traditional buildings. Based on the data
presented in their research, a 15% flat increment in embodied energy and construction energy, for
each 25 percent reduction in operational energy, was used in the calculation. Their research also
showed that in a traditional building, total embodied energy was around 7% of the total energy.
Using their numbers for increment in embodied energy (15% for each 25% reduction in operational
energy) and the percentage of embodied energy to total energy (7%), the changes in percent of
energy consumed during construction phase to the total energy consumption during 25 years life
cycle of the repair garage were calculated (see Figure 6). As predicted earlier in the literature
review section, the results show that construction phase will play a significant role in reducing the
carbon footprint of high energy efficient buildings.

Table 6. Change in percentage of energy consumption in construction phase to total energy
consumption (energy in 1,000 GJ)

100 %

Construction Energy
Embodied energy
Operational energy for 25 years life
Total energy
Construction Energy as % Total energy

50

0%

5.00

Building efficiency

1.8 2.3 3.1
Embodied energy

25%
0.36
2.0
18.8
20.8
2.0

50%
0.41
2.3
12.5
14.8
3.0

75%
0.47
2.7
6.3
8.9
5.0

0.0
Operational energy
for 25 years life

100%
0.54
3.1
0.0
3.1
18.0
18.0

14.8

12.5

10.00
0.0

Conventional Repair Garage
(Base Model)
0.31
1.8
25.0
26.8
1.0
26.8
25.0

3.1
Total energy

1.0

3.0

Construction Energy
as % Total energy

Fig. 6. Change in percentage of energy consumption in construction phase (Energy in 1,000 GJ)
The importance of the construction phase of a building to reduce energy consumption, therefore
reducing the building carbon footprint is clearly supported by the results and discussions presented
above. As mentioned in the earlier sections lack of data on energy consumption during
construction prevents the search for finding alternative energy efficient means and methods of
construction. The presented system can fill this gap by providing contractors and construction
managers a tool that identifies high energy intensive tasks in construction operation. The system
can be developed on a spreadsheet that is widely used in construction industry and will not impose
any additional learning efforts on the contractor’s side. Once developed, the system could be used
to forecast energy estimation for repetitive type of projects. It can also be used to record actual
data, which will not only strengthen the database at the construction phase but also provide better
estimates in the future because the initial use of default values reduces the accuracy of the
system. It should be pointed out that the presented system cannot be used to compare two
alternative designs for energy efficiency because the amount of prefabrication may vary from
design to design. A comprehensive life cycle analysis is required to know energy and
environmental impacts of such alternative design.

6. Conclusions
Construction of buildings imposes loads on the environment in various forms. Resources such as
energy and materials are needed to furnish buildings. The energy used in extraction,
manufacturing, transportation, and installation of building components will play a more significant
role in construction of energy efficient buildings. The construction phase of a building life cycle
needs energy in procuring the resources and installing the materials on site to construct the
building. Contractors play a major role in the development of energy efficient means and methods
to reduce energy consumption, and overall carbon footprint during the construction phase of the
building. The proposed energy information system of this study allows contractors to identify
energy intensive activities during construction and deploy energy efficient means and methods to
reduce energy consumption of a particular project. In addition, collecting energy consumption data
during construction and updating the database will increase the accuracy of estimating energy
consumption of future projects. The proposed system can further be expanded into a
comprehensive information system, which not only gives companies a cutting edge in a highly
competitive market, but also supports the sustainable movement in the construction industry.
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Abstract
Consideration of Life Cycle Costs (LCC) during the design phases of construction is insufficient
at the moment. The reasons for this are on the one hand based on the fact that the focus of
construction clients most often remains on the initial investment costs. On the other hand,
available software tools are complex and the data needed to use them properly is vague during
the early design phase – the phase where cost minimising can be most efficient. Thus, on the
basis of various existing Life Cycle Cost tools, a model which enables detailed forecasts of
expected Life Cycle Costs during early design phases was developed.
The new LCC model can illustrate the characteristic values of space efficiency, energy
efficiency, and cost efficiency of the investment and operation while presenting an overview of
Life Cycle Costs. This is facilitated through:
•
•
•
•

separation of the building in about 100 aggregated building elements in varying levels of
detail
database of investment and operating costs for different solutions and different qualities
for these aggregated building elements;
a building model for entry of space allocation and function programs as well as
architectural concepts;
a tailored energy calculation model for realistic energy costs.

All these components are part of the LCC model and were integrated in a software tool. In this
way the long-term economic impact of energy efficient buildings can be illustrated quickly during
an integrated planning process at the beginning of a building project.

1. Introduction
Life-cycle-costs (LCC) are defined as the total cost of a building or of a specific building
component throughout its lifetime, including the costs for planning, design, acquisition,
operation, maintenance, demolition and disposal less any residual life. The life-cycle-costs
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include both investment costs and operational costs throughout the whole functional lifetime,
including demolition [1].
Current methods in construction show that in most cases investment cost is still a decisive
factor in the construction of a building. However, increasingly it can be seen that the
sustainability of a building plays an ever more important role. One of the reasons is the growing
demand for buildings with low operating costs coupled with the increasing desire for
sustainability evaluation made through sustainable building certification.
LCC is included as a specific criterion in both the German Sustainable Building Council’s
certification [2] as well as in the Austrian certification for a Total Quality Building [3]. In the
German certification system a specific methodology to calculate LCC is defined. The calculation
of LCC for the building has to be compared to defined benchmarks in order to receive credits in
the sustainability certification scheme. On the contrary, within the Total Quality Building (TQB)
system the auditor has to comply with defined calculation standards and has to include certain
types of running costs in order to receive credits in the certification system. Standardization
proposals are being developed on the European level by CEN’s Technical Committee 350.
Workgroup 4 of the committee is working on Standard EN 15643-4 [4] for the assessment of
economic performance in the framework of a sustainability assessment. LCC is the main
indicator for the economic sustainability.
Considering LCC is important in the early design phase in order to optimize the costs for
investment and follow up costs. Usually, various options are taken into account in this phase. A
Life Cycle Costs Analysis (LCCA) could evaluate these options: What are the consequences in
costs of different insulation standards, different energy carriers or different façade systems?
Commonly, a more energy efficient building with higher insulation standards has higher costs for
the façade, lower costs for the heating system and, consequently, lower energy costs. External
shading systems lead to lower costs for the cooling system and lower energy costs, but to
higher costs for cleaning and maintenance of these products. This means, that different design
options may have consequences on the investment, energy, maintenance, cleaning and
operation costs of a building that should be analysed during the design phase. In many cases
there is just a shift of running costs, for instance from energy to maintenance and cleaning
costs. A LCCA takes all these costs into account. In this concept the “lowest life cycle cost”
option, which is pertaining to the building‘s entire life cycle, is the most economic one [4].
After all, the impact of LCC plays an important role in the value of the real estate. As part of the
European project IMMOVALUE [5], research and analysis were conducted on energy efficiency
(based on the energy performance certificate), LCC and property value. Findings gathered
through interviews [6] showed that sustainable buildings have a higher marketability. At the
same time, a clear correlation can be seen between lower operating costs and higher net rent
revenues. This illustrates that consideration is given to the inclusion of operation costs in rental
costs. International research [7] has shown that sustainable buildings generate higher rent
revenues and incur shorter vacancy periods.
These various factors and activities show the growing interest for the methodology of LCC. This
method allows for the operating costs of a building to be taken into account at the time of initial
investment. Additional information about future operating costs can already be ascertained
during early design phases, thereby creating a better basis of available data for planning
sustainable buildings.

2. Problem Outline
Figure 1 describes the essential problems of existing LCC approaches. Today it is common that
the projected investment and operating costs of buildings are based on benchmarks of existing
buildings (e.g. BKI [8], OSCAR [9]). Top-down approaches do not exist in sufficient detail to be
used in the early design phases of a building, when different types of building systems with
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altering costs have to be compared. These approaches are based on categories such as airconditioned or non-air-conditioned office buildings without paying regard to the particulars of the
building design or technical equipment in use in the building. Furthermore, concepts for energy
efficient office buildings or those that implement alternative energy systems are not respectively
insufficiently taken into consideration. Since specifications are relevant to the past, obviously
they cannot be representative of current sustainable building designs.
Existing software tools for calculation of LCC (e.g. LEGEP [10], BUBI [11], Baulocc [12]
available on the German-language market) are based on the bottom-up approach, which makes
it necessary to enter itemized data (i.e. lime cement plaster, or type of paint coating/finish of
paint). On the one hand this requires a great deal of data entry while on the other hand the data
is simply not available at the required level of detail in the initiation and early design phases. A
quick simulation of different variations, as it is necessary in an iteration process with an
integrated planning approach, is only possible through a great expenditure of time and effort.
INITIATION PHASE

CONCEPT PHASE

DESIGN PHASE

CONSTRUCTION
PHASE

TOP DOWN
AOOROACH

BOTTOM UP APPROACH

OSCAR, BKI,

LEGEP, BUBI, Baulocc,...

OPERATION PHASE

CUMULATION OF
BUILDING COSTS
MISSING METHODICAL APPROACH
FOR LCC TOOLS

INFLUENCE ON

40%
LCC
DEFINITION OF
REQUIREMENTS

40%
LCC
OPTIMISATION OF
BUILDING CONCEPT

LCC

OPTIMISATION OF BUILDING COMPONENTS

OPTIMISATION OF
BUILDING OPERATION

Figure 1: Missing link in models for calculating life cycle costs during the design phase (Source:
original illustration)
Likewise, there are countless software programs which calculate economic efficiency or
programs for calculating LCC (e.g. LCProfit), that do not come with any cost data pre-sets.
Therefore, in order to calculate LCC, the first task is to determine construction and operating
costs of the building which again, requires extensive time and effort in the early design phases.
It is exactly in the initial design phase, that taking the long-term economical implications into
account is most decisive, as the influence on LCC is most significant in the initial phase of a
project. Approximately 80% of all investment and operating costs are determined in the initial
and early design phases [13]. Further on in the design phase, the influence on costs declines.
Quite the contrary, the accumulation of building costs increases during the design phase.
Therefore, it is of the utmost importance to optimize systems in these first phases of a building
project. However, just in this period of the project there is a missing link in LCC models in order
to assess different design options quickly during the design process.

3. Research Objectives and Purpose
The objective of the newly developed approach was to model the building in such a way that
LCC can already be calculated in the early design phases; even at a point of time when no
design for the building is yet available at the definition of requirements.
The main concept is to have an 80/20 Pareto principle that is applied in the design process: by
using approximately 20 percent of input efforts 80 percent of the indicators should be
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calculated. Furthermore, the first LCC calculation should be carried out before the first
architectural concept is drawn.
The purpose of this LCC model is to calculate costs to provide construction clients of office
buildings well-founded basis for decision making in order to:
•

inform construction clients about the life cycle costs of buildings in the early demand
planning phase: these clients very often don’t know about the long term costs of
decisions in the demand planning phase. When they can decide on having for instance a
passive house at the end of a construction process, they don’t know the options and
consequences for investment and follow up costs. This is a crucial aspect concerning
the decision for sustainable buildings. If consultants and construction clients don’t know
the financial consequences of their decision in early demand planning phase in detail,
this might impede the implementation of energy efficient buildings. By using the new
LCC method, the client should be well informed about the financial consequences at the
very beginning of a building project process

•

analyse options for different projects solution in preliminary designs and drafts during the
design phases. In this phase, various designs and technical solutions will be analysed
regarding the economical effect for the building. By making use of the mentioned LCC
model as well as the supportof a tool, various options concerning design and technology
can be analysed very quickly in order to find the optimal economical solutions and not to
delay the design process.

By integrating the necessary input data for this model into a software tool, it should be possible
– with an acceptable expenditure of time and effort – to make reliable statements on prospective
investment and operating costs of the building and thereby accelerate the realization of
sustainable and energy efficient construction concepts.

4. Methodical approach
Figure 2 shows the different phases of a design process. In the initiation phase the
requirements are defined. For instance which total area is needed, which quality of building
should be carried out? When the requirements are defined, the architect designs the first
concepts. In this phase the life cycle costs of the general building concept should be optimised.
Later on in the design phase LCC of building components will be analysed.
In order to make use of this approach, models for generating the space allocation program and
volume program for the building as well as data for construction costs and operating costs are
necessary on an aggregated level. This eventually enables entries to be made before the
beginning of design. In addition, an energy calculation model should illustrate the
interdependency between the building design, the façade, and the building equipment system. If
this is executed in this way, no additional calculation tool is needed. The model design should
enable LCC analysis during the design phase for optimisation of the building concept and, to a
lesser extent, during the preparation for construction for the optimization of the building
components.

4 of 12

INITIATION PHASE

DESIGN PHASE

CONCEPT PHASE

CONSTRUCTION PHASE

DESIGN REQUIREMENTS

DESIGN SOLUTION

OPTIMISATION OF
BUILDING CONCEPT

Check

Check

DEFINITION OF
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Figure 2: Areas of application of the LCC tool from initiation through to the detailed design
phase (Source: original illustration)

5. Realisation of a new LCC model
5.1 Reducing input data
On the one hand there should be little data input comparing to a top-down approach; on the
other hand the results should be building specific comparing to a bottom-up method. In order to
combine the advantage of the fast cost estimation of the top-down method with the advantage
of the accuracy of the bottom-up method it was necessary to take on a new approach.
At the same time, the decision-making process in the design phase was incorporated into the
model with great detail. Figure 3 describes the decision making process in a building project. At
the bottom there are the stages of life, beginning from acquisition to operation and disposal of
the building. On the vertical axis there are the different levels of detail in the decision process.
Furthermore, different parts of the building such as structure, envelope, services and finishes
are mentioned separately. In general, decisions are made mainly at the strategic phase and
system levels during the stage before the construction of a building as shown in figure 3.

Level of decision
in Initiation &
Design Phase

Figure 3: Levels in the decision-making process (Source: European Commission [14])
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For this reason, the building was divided into aggregated building elements with the aim of
reducing input data. These elements were evaluated regarding the influence on costs and in
total amount of a building. Moreover, the relevance for system decisions in the early design
phase was taken into account.
Concerning the building, the impact of the various usage areas on cost was investigated,
focussing on outlining the effect of special spaces on cost compared with main usage “office”
spaces. The primary utilization of an office building, as the names suggest, is for office and
administrative use. The main usage spaces are complimented by decentralized spaces such as
staircases, elevators, restrooms, as well as centralized special usage areas such as conference
rooms, the lobby, cafeteria(s), storage areas or carports. The essential system decisions are
made based on the main usage which also generates the main source of costs. Consequently,
the building elements for the main usage areas (“office” spaces) need to be provided at a
different level of detail than for the special usage areas.
Based on cost analysis, building elements were defined at different levels of detail. Depending
on the influence of the usage, aggregation of the building elements was carried out at a different
level. For the main usage area, “office”, cost relevant issues are compiled at the level of
elements (as defined by Austrian Standard ÖNÖRM B 1801-1 [15]), for less cost relevant issues
or planning elements in less cost relevant usage areas at the level of cost ranges (as defined by
ÖNORM B 1801-1 [15]).
Main core

Side core

Office area

Office area

Conference (special area)

Lobby, restaurant (special area)

Garage (special area)

Store room (special area)

Garage (special area)

Technikfläche (special area)

Area with high
standardisation (office):
element / quality
Special areas/
categorization in:
simple standard
middle standard
high standard

Figure 4: Structure of costs for the main usage “office” space and special usage space (Source:
original illustration)
The building elements were consequently compiled from bottom-up aggregated items for the
relevant cost drivers. Referring to figure 4 the level of detail for building elements are the system
level. For less relevant costs ranges and usages they were bottom-up aggregated in a less
detailed level and tested against top-down benchmarks, hence a certain imprecision can be
tolerated due to the relevance of the data. For this cost data the level of detail is the strategic
level. Thus the number of elements and consequently the amount of data entry is reduced
significantly.
5.2 Virtual building model
For the modelling of the building, a virtual building model was developed. This building model is
based on the experience the company M.O.O.CON acquired as a result of their client consulting
on office buildings. Based on the requirements of the client’s brief, the virtual building model can
calculate the approximate volume and surface area of the building at a time where no design
drafts for the building have been put forward. Aside from the calculation of volume and surface
area this tool can also optimize usable floor space. Optimising the use of floor space is a
powerful lever for the reduction of construction and operating costs. Through the reduction of
conditioned volume, energy costs can also be reduced.
In this process office spaces and other special spaces in the building are combined in different
design variations to floors and building cores. Subsequently, the gross floor space is calculated.
Thus, it is possible to optimize the floor space even at this point of time, which in turn leads to
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lower follow-up costs. Figure 5 shows the model for optimising the floor space: the columns of
the table contain the number of office areas adjacent to one staircase, the rows describe the
total number of staircases in the building. The letters “HH” define high rise buildings; “FB”
means low rise buildings. The numbers in the coloured cells are the total area of the building. By
using this model, the type of building with lowest area can be chosen.

Figure 5: Output of floor space values per building sector and number of cores. (Source:
M.O.O.CON)
With the introduction of an architectural concept, the data in the building volume model is
changed in accordance with the significant geometrical dimensions (essential building area
data, façade, building orientation). With minimal additional effort for data entry the existing data
can be optimally used.
5.3 Cost database
For the calculation of LCC in early design phase it is essential to have a cost database for
investment and running costs in order to be able to calculate LCC very quickly. Therefore,
based on the defined building elements and different quality levels of decentralized spaces, the
costs for more than 1,000 database elements were calculated. Different sources were
incorporated for an estimation of the investment and operation cost. These figures were
integrated into a database which was specifically developed for this model.
In order to determine the total cost of the elements comprehensive building data was necessary.
This was ascertained by drawing on the virtual building model or the architectural concept. As
with the aggregation of the building elements, it was also necessary to keep the amount of
required data to a minimum for the calculation of comprehensive building data.
Again, the results of the analysis of the cost drivers were drawn to and an attempt to incorporate
only a few significant parameters from the building design was made. All other data should be
calculated by algorithms based on these entries. The algorithms were derived from design
regulations for office buildings, fire safety regulations, work space regulations and years of
experience of various projects of M.O.O.CON. The significant parameters for the efficient use of
space such as width and structure of building could easily be entered and changed. The data
entry was done through a space allocation and function program in the initiation phase.
Common measurements of architectural plans provided at this time were used as a basis during
the early design phases.
Building elements could be defined and associated with investment and operating costs based
on the structure of the usage area as well as significant system decisions, which contributed to
the comfort of the interior (acoustics, visual comfort). For a usage area such as a cafeteria, this
meant the definition of different building elements for different standards at a level of cost
ranges (such as “high quality cafeteria”). For the office areas building elements for flooring, floor
construction, office partitions, hallway dividing walls, noise insulation, etc. were defined (e.g.
office area, flooring, carpet, high quality carpet). For the building itself, building elements such
as façade, HVAC and many more had to be defined.
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5.4 Calculation of energy use and energy costs
Founded on the building model of selected building elements and user specified comfort
guidelines, it was now possible to calculate energy consumption based on the calculation for the
energy certificate complemented by several significant factors such as the influence of thermal
mass, different usage areas, the consideration of daylight, the actual energy consumption of
different utilities like lighting, cooling, heating and ventilation.
The energy calculation was divided into different degrees of detail. For the main use of the
building the energy consumption was calculated according to an energy balance model by using
ISO 13790 [16]. Precisely, the Austrian standards for calculating the energy performance
certificate were used (ÖNORM B 8110-6 [17], ÖNORM H 5056 [18], ÖNORM H 5057 [19],
ÖNORM H 5058 [20]). For detailed calculation of energy demand for lighting the European
standard ÖNORM EN 15193 [21] was incorporated taking the use of daylight into account. To
be more precise, additional aspects in comparison to the energy performance certificate were
included in order to calculate the energy consumption. The thermal mass was calculated based
on a detailed assessment of the respective building elements. The operation time of the building
could be inserted individually.
The decentralised areas were calculated very roughly. In these areas the usage of space is
normally most important for the energy use (e.g. in the kitchen the internal appliances are more
important for the energy use than the system of the façade). In these areas the heating and
cooling level is depending on the energy balance of the main usage area. Furthermore, energy
demand details based on data of DIN 18599-10 [22] and SIA 2024 [23] were integrated without
calculation of an energy balance.
Based on the integration of a detailed energy assessment method and by using an individual
operation period as well as comfort date, realistic energy usage scenarios could be compiled.
Results of the calculation were compared to the general benchmarks of the OSCAR report [9].
Owing to the programming of a software interface the entry of the building model and of the
building elements could be directly linked to the energy cost calculation, making any additional
step unnecessary. The linking of the building elements to the use of energy calculation allows
for an additional correlation between building design and heating and cooling load of the
building’s central equipment system. Heating and cooling loads are calculated through the entry
of the building’s volume and façade design. These loads are indicators for the selection of the
dimension of the building equipment systems for heating and cooling. An improved insulation of
the façade contributes directly to lower investment and operating costs of the building
equipment systems. The chosen method of calculating the energy costs also allows for the
selection of alternative energy systems such as heat pumps, photo-voltaic and thermal solar
systems.
Based on investment and operating costs provided by a per-element basis (originating from the
building elements) as well as building specific calculated energy costs it is now possible to
calculate LCC using the net present value method or the method of complete financial plans.
By changing significant parameters (inflation, construction cost index, energy cost index,
depreciation period and financing options, etc.) their effect can be simulated. Sensitivity
analyses can be done by changing the entered value for calculations. Cost parameter of the
building can be varied in Excel allowing for a risk analysis of individual parameters to be carried
out.

6. Discussion of methodology
In the test phase of this LCC model investment cost and operating cost data, derived from
completed and operating buildings, were compared with corresponding results generated by
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this model. Through this data it was possible to test the programmed algorithms and the cost
estimates and make any necessary change. Having completed the testing phase, it was
possible to confirm that the chosen approach leads to extremely short data entry times. There
are around 50 data inputs needed for the building geometry and around another 50 for the
quality of the building elements. At the same time the cost reliability achievable in this early
design phase remained within the margins of +/- 10 to +/- 20% for all simulated projects. Thus, it
could be shown that with sufficient knowledge of significant cost drivers the simulation effort can
be minimised without compromising on data reliability.
However, this cost data and results of LCC are just limited to a national level. In the test phase
buildings from Austria and Germany were calculated. For this region, by taking certain regional
factors for costs into account, this model can be applied by using the developed cost data base.
Furthermore, there are restrictions in the building types. At the beginning, this model was
developed just for office buildings. Now, the building types were extended to nursing homes,
hospitals, hotels and schools. In general, these building types that have regular and
standardized rooms in the main usage spaces can be used.
The cost data was mainly developed together with big Austrian building and HVAC companies.
These companies have their focus on big non-residential buildings. Therefore, data cannot be
used for small buildings less than 1,000 square meters are and for residential buildings.

7. Examples for LCC calculations
The focus of the application is on the early design phase of a building project. Here, the LCC
tool is used for the following purposes:
•
•
•

Optimization of life cycle costs in the project initiation and determination of a reference
value for life-cycle costs for the planned space and functional program, considering
sustainability goals.
Comparison of life cycle costs of different building designs in the context of an
architectural competition
Optimization of life cycle costs by comparing different solution in the preliminary design
and design of a building project

7.1 Assessment in the architectural competition
A public project developer plans a nursing home with high sustainability standards. According to
comprehensive sustainability criteria, a reference value for the life cycle cost of the building can
be established in the definition of requirements. As a part of the architectural competition, the
cost of the competition project was calculated, compared with the reference value and prepared
for the jury. Therefore, the jury was able to consider the long-term economic effects of the
architectural concept and building services in the competitive decision.
Figure 6 shows the investment costs of the five submitted projects and the reference value for
the investment costs divided into costs for structural, HVAC and finishing works. Figure 7
contains life cycle costs in 25 years reference period while figure 8 shows the accumulation of
life cycle costs in a time period of 60 years.
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Construction costs in EUR
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Figure 6: Construction costs in EUR of five projects in the architectural competition in
comparison with the reference value (Source: original illustration)

Life Cycle Costs in EUR (25 y reference period)
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Figure 7: Life cycle costs in EUR of five projects in the architectural competition in comparison
with the reference value in 25 years reference period (Source: original illustration)
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Figure 8: Accumulation of life cycle costs in millions of EUR of five projects in the architectural
competition in comparison with the reference value in 60 years reference period (Source:
original illustration)
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Comparing all projects, there are two projects (No. 2 and 4) that have higher LCC than other
projects and the reference value. By using this graphs and cost values, the projects will be
analysed regarding the economical effects. The jury will receive the results of graphs, values
and of the analysis to incorporate LCC in their decision for the best project.
7.2 Assessment in the preliminary design phase of an office building
A private project developer plans a new office building in passive house standard. For this
project approximately 3% additional investment costs for a passive house were compared to the
anticipated operating costs. The additional investment costs could be refinanced within 17 years
with an assumed energy cost index of 5%. For an institutional development project it is even
more important to show the full cost of the building to the future tenants. Only when full costs of
energy efficient buildings are on the same level of building with low energy efficiency, such
projects can be carried out. The cost of good decision making information about costs in early
stages is therefore crucial.
For this project, the cost drivers over the life cycle have been shown in the design phase. Thus,
the design team concentrated on the most relevant building elements.
A comparison between different energy sources such as gas, district heating or geothermal
energy was carried out; additionally the use of photovoltaic and thermal solar plant was
considered. For the upcoming design phase the use of geothermal energy in combination with
an activation of thermal mass (peak load with district heating) will be assessed in detail.

8. Conclusion
The development of a new model for calculating LCC in the early design phase was
successfully transferred to the market. There are first projects in the demand planning phase,
for architectural competition as well as in the design phase of a building. The results of this
model are mainly used to give the construction client valuable information about the future cost
of the building.
At the moment this model is extended to the refurbishment of buildings. The main aim is to
compare different solutions (refurbishment of an existing buildings, construction of a new
building) in the initiation phase of a building in order to give the construction client valuable
decision making information for the optimal economical solution.
In general, the economical dimension of a building is just one aspect. By advising the
construction client in the early design phase all aspects of sustainable building are taken into
account. Potential negative and positive aspects of different design solutions are mentioned in
order to find the best integrated design solution for the building.
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Summary
Sustainable Building is commonly referred to as the practice of adopting processes that are ecoresponsible and resource-efficient throughout a building’s life-cycle. This work relates to decisions
in contemporary management, supported by eco-efficient technologies. Successful implementation
of value-driven decisions in the building sector can sometimes be achieved by following nontraditional pathways.
Indications for such managerial decisions in the procurement and building sectors are given by: i)
business instinct ii) desire for innovation and non-conventional architecture iii) economic, social,
and cultural factors affecting the value of property iv) opportunities for radical business changes v)
traditional investment analysis results vi) knowledge of current and prediction of forthcoming law or
state/municipality development plans vii) key people viii) negotiations with third parties, ix)
traditional ideas that can be applied to facilitate cutting-edge technology x) Renewable Energy
Technologies and eco-efficient facilities, etc.
The purpose of this study is to model the value-driven, decision making mechanism leading to
sustainable buildings with enhanced value. This work will be supported by case studies performed
in the framework of the ValPro European Project (Eracobuild VDP call).
Keywords: value-driven management decision model, value-driven business model,
sustainable buildings, eco-efficient technologies

1. Introduction
The Value Driven approach has by now been materialized in decision making [1] and integrated as
a process in Technology Road Mapping (VTRM) [2]. However, creating additional value is still a
rather new concept in the building industry and as such it is not yet driving business models or
being enabled by contract forms. As a result, value driven processes and supporting models,
methods and tools are not implemented in practice, even if they exist. ValPro stands for Value
Driven Procurement in Building and Real Estate Sector. It is a pan-European Research programme
that brings together 8 leading research institutions and 15 key industry partners and governmental
institutes from 6 different countries, creating a framework for interdisciplinary research to tackle the
problem described above; a novel solution that can boost economic and social growth in the valueadded direction.

One of the ValPro above-mentioned case studies concerns Skycore Megastructures Ltd, which is
based in Limassol, Cyprus. Skycore’s activities fall into ‘Strategic investments for the development
of fascinating true worldwide icon infrastructures at primary locations in Eastern Europe’. Skycore’s
initial business plan involved the development of a land owned by the company in a key spot of the
city centre of Limassol in Cyprus, and more particularly in the vicinity of the most historical street
and the shopping city center. An old building (block) was build there, but due to its bad condition,
the financial income from this property (rental fees) was not proportional to its strategic position
and, consequently, the investment opportunity was clear. However, a set of facts and parameters
have altered the initial business plan. In fact, the business scenarios of the project were changed
several times in a 2 year period, which, in turn, has lead to the dramatic change of the company
itself. More specifically, the total plot area to be constructed is now more than 3 times the initial
plan (600m2 to 2000m2), the total covered building area is now more than 5 times the initial one,
the budget was raised from 5m€ to 25 m€, and Skycore has now partnered with 2 other foreign
companies in order to make this plan a reality.
The purpose of this case study is to model the value-driven decision-making mechanism that lead
to important changes in the ‘steps to value’, and resulted in value-driven procurement and use of
eco-efficient technologies for building sustainability.

2. Research Background, Analysis and Targets
2.1

Background

The research background, (RB) and the key stages that need to be analyzed are listed below:
RB a) A key problem faced at the first period of the project was the establishment of free
ownership of the old building, which involved negotiations with the previous long term
tenants before reaching the demolition stage that took place in late 2008.
RB b) Architectural work took a lot of time since Skycore wanted to construct a unique building
that would make its mark in the city, as an architecturally unique, energy efficient, and
beautiful multi-use high-tech building. Skycore people had to extensively work on
human resources so as to establish a flexible and strong team of professionals.
RB c) Due to the strategic location of the owned property, the case owner considered and
proceeded with the purchase of a neighbouring land (see Figure 1) that gave an entirely
new dimension to the project. This decision was based on the fact that this particular
land is situated very close to the main shopping street in Limassol, a key government
building, etc, which practically means that the land’s value is only expected to rise.
Indeed, new modern buildings are already constructed, and the Cyprus University of
Technology is now established in this area. The first property was purchased in 2009
and the second in 2010.

Fig. 1 Initial available land for development and neighbouring area purchased in
Limassol, Cyprus.
RB d) One of the factors that influenced the decision to purchase the neighboring land was a
specific benefits’ scheme by the municipality of Limassol. In particular, in a residential
area, a land’s building coefficient is substantially raised if the area is bigger than
1000m2 and the building can provide more than 70 parking places. In this case, the

building coefficient is raised from 240% to 350%, which corresponds to a high potential
economic benefit for the case owner, as the land is at a strategic point.
RB e) The dynamic architect of the project is Ms. M. G., a Silver Metal Winner who gave a
novel character to the design of the
new buildings. The architect was
recently employed by the Skycore
Group. The concept for the new
building now combines creative
architectural design and flexible
functionality, while being high-tech
oriented.
Fig. 2 One of the designs for the new buildings.
The architect based the design on the picture of
two ballet dancers dancing on the street.
RB f) All decisions taken were also based
on Evaluation Reports, Cost - Benefit
Analysis, Budgeting Control, Cash
Flow Management, Risk Assessment Tools, Comparative Methodologies Tools, etc.
RB g) The discussion on the final use of the building went through several stages. At first, it
was conceived as an entertainment center with clubs and restaurants. Due to the
objections of the Town council for such use in the area, the management team was
forced to change the initial use.
RB h) Another idea regarding the use of the building involved the following:
i) A Ground floor /mezzanine (to be used as
show-room, bank, shop or office), ii) 4
floors offices, iii) 1 floor restaurant with roof
garden, iv) 70 parking spaces in three
floors. The last will be accomplished with
the use of smart parking systems that
reduce the need of 6 underground floors to
3 floors.
This gave the case owner another business
idea; a new company was formed to
promote the sales of such systems in
Cyprus. These systems are not used in
Cyprus at the moment and a huge business
opportunity has been drawn. The name of
the company is Skycore Smart Parking
Systems.
Fig. 3 The Concept of smart parking systems lead to
the formation of a new company in order to promote
the sales of such systems in Cyprus.
RB i) With regard to the energy efficiency of the
building, a holistic perspective is to be
followed. Eco-efficiency means doing more
with less, creating and providing quality products and services while reducing resource
use, waste and pollution along the entire value chain [3]. In that sense, Skycore’s
integrated approach includes available technologies like PCM (Phase Changing
Materials) and Solar Energy. In fact, a new company was created to promote the sale of
integrated solutions for saving energy technologies in buildings. The new company is
Skycore Smart Technologies Ltd.
RB j) The new building itself will act as a show-case for the newly formatted companies,
targeting Middle East Clients interested in eco-efficient buildings and facilities.
RB k) The building will include several features like different lifts for different purposes: for
public, for private use, and one for services like food. A Central Monitoring Room has

been planned for the new building. Using cutting-edge technologies, the person in
charge will monitor the energy use/needs of the building, manage the facilities for
smooth operation and attend to any problems. The goal is to minimize human
interaction.
RB l) Also, the building will be decorated with horizontal and vertical gardens, and have a
view in two directions (including the sea view). Fig. 4 below shows the final designs of
the first Skycore tower.

Fig.4 Final designs of the first Skycore Tower
2.2

Analysis

This study refers to the top two levels of the value pyramid, that is, value models and business
models. As mentioned above, the purpose of this case study is to model the value-driven, decision
making mechanism that drove these changes, and gave indications for value-driven procurement.
More specifically (see, research background, RB) the research questions are:
RB a) is an indication of the way negotiations with third parties affect value-driven decision
processes. Can the outcome and the duration of negotiations alter these processes, or
visa versa?
RB b) implies that business instinct and desire for innovation played a role in decision making.
Were these two the key parameters?
RB c) suggests that value driven decisions are affected by economic, social, and cultural
factors, but the importance of location is also critical. Is business instinct somewhat
based on the above, or are these the key factors in decision making? Can this be
affirmed by third party business activity?
RB d) describes how a state or a municipality development plan can give rise to potential
economic value and therefore affect value-driven decisions. Can politics be a driving
force?
RB e) proves that key persons in a project can literally change its course.
RB f) reports that traditional investment analysis results are used in the decision process. But
can a firm ignore such tools if other parameters suggest that the investment will
produce more value than that predicted by financial tools?

RB g) describes how the law or an edict can influence value-driven decisions.
RB h) is an example of how a business opportunity can give now value to a company, leading
to the change of the company itself.
RB i) is an example of how Renewable Energy Technologies can provide new value and
affect the decisions taken, even to the point of the creation of new business activities.
RB j) describes how eco-efficient facilities can provide added value in the decisions taken by
modern, energy efficiency oriented companies.
RB k) is a characteristic example of how traditional ideas can be applied to facilitate cuttingedge technology and add new value. In fact, a monitoring room is constantly used in
factories and production plants, and a job description for the person in charge of the
monitoring room can be the Building Operations Janitor (BOJ).
RB l) suggests that nature can provide value in multiple ways.
It is noteworthy that the corporate decisions described above were taken at the times of world
economic crisis, and the availability of funding was a time dependent factor.
2.3

Research Targets

Looking back on all that has happened in the last 2 years, neither of Skycore managers could
easily pinpoint the ‘why’ of each decision, let alone the several impressive changes in the business
scenarios in a 2-years time. Although traditional managerial tools were used, neither could tell
which circumstances or risks weighted in favor of which course of action. And that, because the
exact criterion by which the decision makers could choose a course of action under uncertainty,
was not the one that would generate the greatest expected profit. It was the one that would
generate the greatest expected value; the latter could not however be easily quantified.
It is clear from the above that there are several challenges in this research work. In order to model
the value-driven, decision making mechanism that drove these changes, and gave indications for
value-driven procurement, one has to consider the multi-criteria dimension of this problem. The
use of weight coefficients would necessarily mean employing personal criteria in value assessment,
but ironically, this is what drove these changes. A step-wise approach could therefore be adapted.
More specifically, the first project phases could be modeled using the weight summation method,
and the theoretical results will then be compared with the actual practices. In future decision
making problems, the study parameters / weight coefficients could then be re-calculated and
adjusted. (See for example [5] regarding the verification of the weight coefficients in multi -attribute
decision making.)
In such case, the LifeCycle Value should be considered as the summation of current and potential
value, taking under consideration ‘how long the future is’. Also, it should be presupposed that value
lies also in the development of new companies, which will use the building as show-case in order
to demonstrate the unique concepts materialized, the new technologies, and their use in energy
efficiency, accessibility and services. Skycore is interested in an interactive, custom made tool for
supporting decision problems. If successful, this resulting tool is to be applied and used in similar
future actions.

3. Value-Driven Decisions
3.1

Multi Criteria Decision Making (MCDM)

a) Questions given to decision makers. During this study, the Skycore manager - decision makers
were asked to answer a series of questions, without consulting one another. Firstly, they were
asked to identify the three most important business scenarios, S. Next, they were requested to
write down the most important criteria for evaluating those scenarios. For this, they had the choice
of taking into account the analysis of chapter 2.2 (RBa to RBl), that they have already agreed to.
Alternatively, they could ignore the above, and write down other criteria. They also had the choice
of categorizing and re-numbering the criteria. Also, they were asked to provide weight coefficients,
wi, for the criteria chosen. Finally, the decision makers had to give a grade, aij, for each of the most
important scenarios with regard to all the criteria they choose as the most important ones. Since

the study included both quantitative and qualitative criteria, they were given instructions on the
climax they could use for each case. The following examples were given for clarification:
(Climax i) (quantitative) if one of the criteria was for example RB f) (traditional investment analysis
results, economic factors) then they could use the NetPresent Value as a grade for each scenario.
(A m€ for Scenario A, B m€ for Scenario B, C m€ for Scenario C)
(Climax ii) (qualitative) if one of the criteria was for example RB c) (social, cultural factors), then
they could use a scale from 0 to 10 (0 meaning indifferent and 10 meaning very important).
(Climax iii) (qualitative) if one of the criteria was for example RB i) (use of RET and eco-efficient
facilities), then they could use a scale from -5 to 5 to measure environmental impact (-5 meaning
very negative environmental consequences.)
b) Answers received: The most important business scenarios identified by Skycore were the
following: i) Development of a 600m2 land and no other purchase of land, S1 ii) Purchase of
neighbouring land and immediate start of construction work for 2000m2, S2 and iii) Purchase of
neighbouring land and proceed with construction for 2000m2 gradually, S3. With regard to criteria,
three new were added by Skycore, who used the grades in the interval {0, 1}, (-1 meaning very
important) to evaluate all criteria. The weighting coefficients were then calculated according to:
n

wi

1

(1)

i 1

With regards to the grades given, Climax iii) was used to evaluate Scenarios with regard to the first
criterion, while Climax ii) was used for all the rest. Then, standardisation for all grades was
performed according to:

min

j
j

max

j

j

min

,

(2)

j

where max j and min
alternative scenarios.

j

are the maximum and minimum values observed for criterion j for all

The weighted summation method was used to rank the Scenarios according to their weighted
average (total grade): Sh=max(S1, S2, S3), where Sj the weighted average of each Scenario, that
was found as follows:
n

Sj
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ij
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i 1

It is noted that one set of answers was received, so the use of standard deviation (eij) based
double weight coefficients was not needed in this case:
n

Sj
i 1

wi
eij

ij

(4)

where eij the standard deviation corresponding to average aij. Results are summarised in Table 1:

Table 1 Ranking of Skycore Scenarios based on the weighted summation method
grades

standardization

S1 S2 S3 S1
weight coefficient, wi

weighted average

S3

S1

ai1 ai2 ai3 ai1 ' ai2 ' ai3 ' wi * ai1

S2

S3

wi * ai2

wi * ai3

outcome/duration of negotiations with third parties

Criterion 1 (ƒ 1)

0.057

-2

0

0

0

1

1

0

0.057

0.057

business instinct/ desire for innovation

Criterion 2 (ƒ2)

0.086

5

10

10

0

1

1

0

0.086

0.086

importance of location

Criterion 3 (ƒ3)

0.057

2

10

10

0

1

1

0

0.057

0.057

state/municipality development plan

Criterion 4 (ƒ4)

0.057

5

10

5

0

1

0

0

0.057

0

key people's opinion and actions

Criterion 5 (ƒ5)

0.086

3

3

3

0

0

0

traditional investment analysis results

Criterion 6 (ƒ6)

0.029

8

2

2

1

0

0

0.029

0

0

law/edict

Criterion 7 (ƒ7)

0.029

2

8

8

0

1

1

0

0.029

0.029

business oportunity

Criterion 8 (ƒ8)

0.057

3

10

10

0

1

1

0

0.057

0.057

use of RET and eco-efficient facilities

Criterion 9 (ƒ9)
Criterion 10
(ƒ10)
Criterion 11
(ƒ11)
Criterion 12
(ƒ12)
Criterion 13
(ƒ13)
Criterion 14
(ƒ14)
sum(wi)

0.086

8

10

8

0

1

0

0

0.086

0

0.029

8

10

8

0

1

0

0

0.029

0

0.114

10

2

8

1

0

0.75

0.114

0

0.086

0.114

5

10

9

0

1

0.8

0

0.114

0.091

0.114

5

5

10

0

0

1

0

0

0.114

0.086

2

8

8

0

1

1

0

0.086

0.086

0.143

0.657

0.663

traditional ideas for cutting edge technology
availability of financing
world economic crisis
timing
future prospective opportunities

3.2

S2

1

sum(wi*aij)

Results and Discussion

The analysis above verified that the Scenario with the highest grade is S3, which is in fact the one
followed by Skycore. It is worth mentioning that world economic crisis, availability of funding and
timing proved to be key criteria, while traditional investment analysis results were evaluated as less
important compared to the opportunity for using RET and eco-efficient technologies. The latter
proved that although traditional investment analysis results were taken under consideration, the
Skycore managers’ decisions where value driven, as they evaluated the scenarios on the basis on
generating the greatest expected value on the long term basis. These decisions were reflected on
the final outcome, as a thorough study was performed for integrating eco-efficient technologies in
the new building. Key points of this study are explained in chapter 4.

4. Eco-Efficient Technologies
4.1

Current Situation in Cyprus

Next generations’ future urban sustainability is gradually becoming one of the most important
concerns and priorities of all major governmental and semi-governmental bodies in Cyprus. Being
an EU new member country, Cyprus did not have a comprehensive energy efficiency policy. The
recent application of the Union’s legislation, and in particular the Energy Performance Buildings
Directive (EPBD), has indeed improved the contribution to energy savings in the last 2 years.
However, the Building and Construction Industry practices have remained unchanged with regards
to the use of energy efficient solutions and renewable energy systems integration in new and
existing buildings.
4.2

Optimising Design and Eco Efficient Technologies in the Skycore Case

It is worth noting that the building selected in this case study is unique in terms of its fascinating
architectural design but it is also the first building in Cyprus to use a vast amount of energy efficient
technologies to meet Europe’s 2020 target. More specifically, the optimised operation is based on
the following:

i)
ii)
iii)
iv)

v)

vi)

vii)

viii)

ix)

x)

xi)

xii)

xiii)

Optimization of Building Design: Orientation, compact structure, thermal inertia, and internal
space organisation shall be optimized in order to meet the low energy requirements while
maintaining the concept of a fascinating and unique architectural design.
Air tightness: Sealing the building from the influence of the external conditions in order to
reduce heat loss from the building, improve comfort and avoid draughts.
Efficient glass: Glass with energy-efficient coatings can both insulate the room and block out
the sun.
Automated windows shades: The use of automated shading systems will be utilized to save
additional energy beyond routine use of shades. “Winter warm” opens the shades, taking
advantage of sunlight warming a southern façade. “Summer cool” does the opposite by
lowering shades and blocking solar heat gain, thereby reducing cooling costs.
Natural lighting: Energy reduction can be achieved using a special device (e.g. "sunpipe"
system) that eliminates the need to use electric lighting during daylight hours. It offers
considerable environmental and health benefits by creating better indoor working conditions,
and prevents unnecessary solar gain during summer months and heat loss in winter times
therefore improving the insulations of the overall design of the building.
Enhanced automation (EA) control strategies for HVAC systems: This can be implemented to
some degree with existing electric, pneumatic or digital control systems. Linking the various
sensors and controllers through a digital system is necessary to achieve the higher level of
operating control needed to effectively manage and optimize energy use and minimize
energy costs.
Water savings measures and management: Water saving and management measures will be
used in the kitchen bathrooms, gardens etc. In addition, an automatic monitoring system for
water consumption & leakages in the building will be installed on the water meters and on
specific parts of the water distribution network in the buildings, in order to determine the
water consumption as well as to determine the presence of any water leakages.
Strategy for waste management (collection, recycling, valorisation): Recycling provisions will
include waste sorting and storage facilities on site and the development of a recognisable
measure of sustainability that all users can understand and take part in. Site waste
management during construction will be implemented, as well as waste minimisation plans
and monitoring of waste volumes on site. Waste sorting on site minimises changes to the
specification during construction and serves to avoid over ordering of materials.
Office Energy savings in lighting: Lighting control will be used to save energy while
increasing productivity and enhancing occupant comfort. The basic components for lighting
control are: (a) Dimming which saves considerable amount of energy (b) Use of Sensors to
cut lighting electricity though the use of occupancy/vacancy sensors to detect fine motions
and turn lights on when a space is occupied and off or dimmed when it is vacant, and
daylight sensors that continually measure ambient daylight and adjust lighting levels to
reduce unnecessary electric lighting and provide even illumination throughout a space.
Heat recovery: Phase Change Materials (PCMs) will be used as products for the thermal
storage cooling solution whereby coolness can be stored from one process or period in time,
and used at a later date or different location. This is because they store and release thermal
energy during the process of melting & freezing (changing from one phase to another).
Energy management system: The management system takes into account the particular
daily load curve of offices. The basic components that are going to be used for advanced
monitoring, optimized control, and real-time consolidated reporting are: (a) Voltage
optimization: Energy consumption can be reduced by using a voltage optimizer (b) Building
Management System (BMS): to control all energy components of the system in order to
minimize primary energy consumption while ensuring optimal indoor comfort and safe
operation of all controlled mechanical and electrical equipment within a building.
The Cooling System: In the warm Cyprus climate conditions, the selection of an appropriate
cooling strategy is a key issue in the reduction of energy consumption in a building. In this
case, the choice is thermal storage cooling technology integrated with chillers that reduce a
facility’s peak electrical-demand charge for air-conditioning by transferring load to off-peak
hours.
Thermal Solar Panels: They are an ideal renewable energy source for Cyprus’ warm climate,
regarding heat production for space heating & hot water. High efficiency and novel solar
panels capable of absorbing heat from the sun, air and rain temperature will be used. This

guarantees hot water availability all year round if it is combined with an energy storage
system.
4.3

Targeted Savings and calculated emissions

The percentages given relate to the minimum requirements for the specific building according to
Cyprus regulations, which came into force in 2010 and are based on EU standards. The estimates
have been calculated using the ISBEM software, which is the official software provided by the
governmental Energy Department of Cyprus.
Increase of Energy Efficiency: 48%
58%
CO2 Reduction:
RET Contribution:
23%

Less Energy Consumption By: 58%
Euro/KWh Savings:
0,047 Euro/KWh
200 Euro/ton CO2
Euro per ton. CO2 saved:

This building conforms to the Energy Performance Buildings Directive, which is the EU legislation
applied in Cyprus, and is classified as category A. Furthermore, this building is the first building in
Cyprus to use advanced energy efficient technologies, complicated building automation systems
and holistic monitoring energy management systems, to meet Europe’s 2020 target and LEB2020
model i.e. buildings consuming less than 60 kWh/m2•y.

5. Conclusions
This work is performed in the framework of the ValPro European Project (Eracobuild VDP call). A
Multi Criteria Decision Making MCDM approach was used in this study to model a company’s
decision making mechanism in the procurement sector. It was found that theoretical results are in
agreement with actual practices and that successful implementation of value-driven decisions in
the building sector can sometimes be achieved by following non-traditional pathways. Furthermore,
this case study proved that integration of eco-efficient technologies is considered a key criterion
and a top priority in the value-driven decision making mechanism. Future work will include
verification of weight coefficients in order for this custom build MCDM tool to be used by the
company in future decision making cases.
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Summary
This paper shortly summarizes methodology and results for ecological architecture competition for
the new Finnish Environmental institutes head office. The main ecological feasibility targets for the
competition were selected to be energy efficiency and energy production strategy and material
efficiency in main structures. The results showed innovative high quality of technical solutions and
energy generation as well as progressive timber or steel structures. While the competition itself
was successful relative to objectives, the tools and models used would need some further
development. The main findings will be presented.

Keywords: energy efficiency, carbon footprint, design competition, architectural competition,
energy production

1. Introduction
Senate Properties and The Finnish Environment Institute (SYKE) organized a competition for the
design of the Finnish Environment Institute’s office building in the Viikki Science Park area. The
building to be designed as the head office for the Finnish Environmental Institute shall contain
office premises for approximately 625 persons as well as laboratory facilities.
The purpose of the competition is to find an innovative and integrated COMPREHENSIVE
SOLUTION that optimally meets the stated goals of the competition. The decided major
competition decision credits were stated as follows:
Ecological sustainability (in order of importance)
Energy efficiency of the design proposal
Materials efficiency and materials’ ecological sustainability
Energy production using local renewable energy
Townscape and architectonic quality
Integration with the Viikki Science Park’s regional entity
Overall architectonic solution
Originality (interesting expression of environmental favourability)
Usability
Functional characteristics

Quality of working environment
Feasibility
Investment and life cycle costs
Quality of technical solutions
The purpose of this paper is to shortly describe the methodology and the results of a near zero
energy design competition based on ecological sustainability evaluation.

2. Methodology development
The project had a very comprehensive preliminary assessment concerning ecological aspects to
be implemented in design competition. In a very early stage a pre-study & target setting using most
known environmental assessment method including BREEAM Europe 2009, LEED New
Construction and the Finnish Promise methodologies. However these were not used in competition
program, but served as a systematic listing of possible environmental targets.
After careful evaluation a decision was made to highlight only a few major issues in the
competition. The decision was based on general high level target of both the Senate properties
and the Finnish environmental institute. The final targets were set to be:
Minimize energy demand in the building.
This is measured based on the energy demand of the building and don’t account energy
production on site. This was selected as the major goal to promote very low energy consumption
level. The building is located by existing district heating network with efficient heat & electricity
cogeneration. The competition was not aiming to compete with district heat system.
Promote alternative construction materials with lower carbon footprint
One major target is to promote use of alternative structural solutions to lower the carbon footprint
of construction stage. The assessment was made by a separately developed carbon footprint
calculator based on typical Finnish environmental profiles and a excel calculator for major building
elements.
Support efficient use of alternative energy production methods
While energy efficiency was the major goal, the competition was also to promote alternative energy
production competitive with district heating. Also electricity production on site was promoted.
Solar/wind electricity production was however limited to 15 % of total electricity use. This was not
to support design solutions with very large amount of solar panels, which would not be feasible
with existing construction cost targets.
While these three major issues were selected to measure energy efficiency and eco efficiency in
the competition, the following minimum requirements were set:
Indoor air quality in the working spaces should reach demands set by the Finnish indoor air quality
class S2 (good quality). In the competition this was verified by fresh air rates and indoor
temperature simulation during summer time dimensioning conditions. Indoor air quality class S2
sets the minimum requirements to 1.5 dm3/s,m2 or 8 dm3/s,person for fresh air rates and
maximum of 27 C indoor temperature during summer.
The proposed design net purchased energy without user electricity should be no more the 80
energy carrier weighted kWh/net-area/year. Energy carrier factors were used to balance district
heat (with 0.7 factor) to electricity (2.0 factor). This minimum demand was verified with calculation
and meant a demanding energy efficiency target for the design team.

3. General design competition results
In general the design competition succeeded regarding the fundamental goals set. The design
competition proposals showed innovative architectural solutions as well as integrated design

concepts. Several designs showed innovative alternative structural solutions using wood based
materials. Also energy efficiency solutions were in general developed based on integral design
methodology involving both architectural and technical solutions. Design proposals in general meet
the goal of the design competition delivering high quality of design.
On technical side the case was not as positive. Energy simulation results delivered by the design
teams showed variations above design solutions. Some delivered results were miscalculated (or
wrongly entered into the files) leaving the expert group with hard task to fill up and correct given
results. While energy simulation results varied more than expected beforehand, the technical
expert group was forced to continue with a more complex assessment path with verification
simulation.
The result showed also that in some cases the technical team and architect were not able to
provide a truly integrated design solution.

4. Energy efficiency
4.1

Assessment method

The primary energy target was to minimize energy need in the building by energy efficient
architectural design, structures with good insulation, efficient heating, ventilation and air
conditioning systems and advanced lighting solution.
The overall model was simplified by excluding laboratory spaces and technical systems involved
with laboratory operation. While laboratory spaces was seen as one major issue with energy
efficiency, it was considered to be too complicated to be solved during competition and also to be
one major source to generate diversity in calculation results, thus leading to general uncertainty to
results. This simplified building used in energy calculation was called energy design case.
Because of the nature of the competition and global design teams the comparability of energy
simulation results was questioned during competition program development. This uncertainty of
compatibility of different energy simulations was dealed by using reference building comparison
method. In the competition this was realized by defining a technical solution for a predefining
business-as-usual (BAU) case. This BAU case is based on typical Finnish technical solution for a
high level office building.
All design teams were obligated to provide IFC model of the building, to make two energy
calculations (design & BAU) and to provide indoor air quality simulation to verify S2 quality level
compatibility.
A separate guidance for energy simulation, to develop reference building case, operation hours
and initial data for calculation was generated.
4.2

Energy simulation results

Energy simulation results were analyzed through savings & design comparison.
Reference building energy use calculation results were not seen comparable. The results, which
should be based on a predefined design & use, varied a lot on reference calculations. Especially
issues like hot water heating with predefined hot water consumption and lighting calculated with
given lighting operation hours and specific power were surprisingly different in some calculations.
This variance lead to finding, that some of the consumption data was wrongly entered.
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Figure 1 Comparison of reference building calculation results

The basic comparison value in the competition was generated savings towards business as usual
solution. The savings delivered by the design team showed high variance in the results. The
design solutions had good characteristics related to a high level of energy efficiency, but these
characteristics did not always show in the calculation result forms. Some teams also generated
savings to predefined constants like user & process electricity.
While these figures were easy to correct, this weakened the trust to the results given by the
competitors.
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Figure 2 Comparison of savings between reference and energy design buildings

While some variance were expected and general objectivity demanded control calculations, the
design team were prepared to do 2-3 energy simulations based on delivered IFC models. Based
on technical solutions and architectural competitiveness three of the strongest competitors were
selected for technical team’s energy simulation.

4.3

Energy production results

The design teams were also expected to deliver energy production solutions for the site, which
would take in the account by primary energy factors (0.7 for district heating and 2.0 for electricity).
Achievement of the final goal, to deliver near zero energy, building was evaluated through the
primary energy calculation.
The energy solutions were affected by already energy efficient district heating, which is deemed to
limit functional possibilities for alternative solutions. Also electricity production by solar panels or
wind is limited to 15 % of total electricity used. This limitation was made to control total construction
cost of the project and secure real feasibility of the winning plan.
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Figure 3 Final total energy consumption weighted by primary energy factors (heat 0.5-0.7, electricity 2.0) without user electricity

The design teams selected fairly similar routes in energy production. The solutions involved the
use of geothermal heat and cooling in five cases and the use of solar heat panels in three cases.
In most of the cases the primary system is backed up with district heat system.
Almost all of design team used efficiently the possibility to use geothermal heat systems to
generate cooling during summer time. This can clearly be seen from the results keeping in mind,
that the total cooling capacity needed include also a computer center with high constant cooling
demand. Also the possibility to use waste heat from the computer centre was efficiently
implemented in some of the cases.
Only one case showed the solar heat as the primary energy source through extensive solar heat &
electricity casing.
Only one of the cases was designed without district heat backup. Five out of six cases used district
heat as backup power source during peak load hours.
In general, geothermal energy was the major energy source selected by the design teams,
including the selected competition winner.

5. CARBON FOOTPRINT
5.1

Assessment method

The other major objective when seeking ecological sustainability is materials efficiency. This was
measured with respect to the greenhouse emission resulting from the materials’ manufacturing and
maintenance over a 100-year review period.. When designing the competition entries, the intent
was to minimize the carbon footprint generated by the building’s main materials.
Carbon footprint analysis was limited to the main structures and material quantities significant in
term of their scope. Structures assessed were:
Bottom floor
External wall structures
Windows and glass walls
Load-bearing partitions
Structural frame (columns and beams)
Intermediate floors
Top floor and roof structure, insulation and surface materials
The competitors were asked to provide the material quantities and carry out a carbon footprint
review using the given material based emissions factors. The carbon footprint review should take
into account the possible need to renew or replace façade or roofing materials over a 100-year
review period.
The final assessments took into account the imprecision of calculations made during the
preliminary design stage: The results of materials quantities and carbon footprint calculations were
to be considered only as indicative, and they were to be used as a support for expert evaluations.
5.2

Results

Looking at the greenhouse gas emissions of the main structures, the differences were large
between the cases (see figure below). And for carbon footprints they were even larger, as the
carbon storages (i.e. use of wood-based materials) differed a lot between the cases. This holds
especially for the different main structures, but also for their combinations, i.e. the whole buildings.
Four out of five designs was based on timber frame structure, as two was designed with light steel
structure. Most of the timber structures were supported by more traditional concrete structure in
laboratory spaces.
From the results it can be seen, that bottom & intermediate floor structures are significant,
especially with designs with smaller amount of floors. All design produced light frame & outer door
structure.
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Figure 4 Building footprint results by building element

The greenhouse gas emissions of main structures were relatively large compared with the
greenhouse gas emissions caused by the energy use, corresponding to the use time 10-40 years.
Also the largest carbon footprint of main structures corresponded as much as 20 years use period.
The greenhouse gas emissions and carbon storage showed much larger differences between the
competition entries than the greenhouse gas emissions from energy use.

6. Conclusions
Although the energy simulation results showed variation above expectation and control
calculations were needed, the method succeeded to deliver high quality energy efficient design
solutions. Based on result, the method used can be recommended to similar kind of design
competitions.
The following issues should be dealed in similar kind of competitions.
- the energy simulation will be one of the last delivered objects and will be made in a hurry. It
could be possible to allow 1 extra week for energy simulations after other competition
material delivery.
- While energy simulations are complex by nature, inspection methodology and obligatory
update could be implemented in the process. By this methodology, an expert will go
through all simulation results and the design team will update the simulation based on
comments and clarification demands.
- The guidance for energy simulation and especially result delivery should be even more
clarified. Possibility for develop an energy calculation scorecard with automated verification
could be investigated.
Energy production solutions were limited by demand of cost effective solution and district heat
system possibility. Energy production systems showed good understanding and use of potential.
However, a less defined environment could have provided a better base for even more innovative
solutions. In general, geothermal energy was the major energy source selected by the design
teams, including the selected competition winner. In the design case geothermal was designed to
produce both heating and cooling, which was found to be effective solution in the building. Also
solar heat was functional solution, but could be used only as secondary source.
When preparing design competitions and the award criteria, it is good to keep in mind that the
competition entrie will probably have much larger differences related to the carbon footprints of the
main building materials than related to the greenhouse gas emissions from the energy use.
In general, with similar ecological architectural competitions it would be recommended to
implement a separate expert verification phase to correct major faults in the calculation.
Competition should have feedback and complement system to provide useful calculation data for
the competition decisions or this data should be generated by the expert team.
Funding from the Finnish Funding Agency for Technology and Innovation (TEKES) for the projects
'Practises for eco-efficient public building; case Synergy building' and 'Synergia-pilot' are greatly
acknowledged. Regarding the design process, public procurement process and the carbon
footprint tool, see also www.environment.fi/eco-officebuilding.
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Summary
The   municipality   of   Trondheim   has   decided   to   develop   a   35   hectare   site,   Brøset,   into   a   “Carbon  
Neutral”   settlement   with   1200   dwellings.   Carbon   Neutral   was   defined   with   regard   to   the  
development,  as  a  cap  on  total  carbon  emissions  of  3  tons  per  capita.  This  means  a  factor  4  from  
the   current   Norwegian   per   capita   average.   The   whole   project   has   been   developed   with   active  
participation  of  an  NTNU-SINTEF  research  project.
To  reach  these  ambitious  goals,  the  municipality  announced  an  international  planning  competition  
with   a   twist   –   parallel   commissioning.   Four   cross   disciplinary   teams   were   chosen   to   work   in  
parallel,   as   well   as   meet   at   workshops   for   information   exchange   and   discussions,   in   order   to  
develop   proposals   for   the   masterplan   and   long-term   development   process   towards   a   carbon  
neutral  settlement  at  Brøset.  Throughout  this  process  they  had  access  to  the  research  group  and  
the  municipality  for  State-of-the-Art  information,  feedback  and  discussions,  both  individually  (each  
team)  and  during  the  common  workshops.
Each   team   received   a   fixed   sum   of   NOK   400 000.-   (approx.   €   50   000.-),   that   was   to   cover   all  
expenses  for  each  team.  In  return  the  municipalities  would  have  ownership  of  all  ideas  and  plans  
produced  during  the  process.  There  wouldn’t  be  selected  a  “winner”  through  this  process,  but  the  
municipality   would   select   freely   among   the   ideas   brought   forward,   and   combine   them   in   order   to  
create  a  masterplan  and  long-term  development  process  towards  a  carbon  neutral  settlement.
This  paper  describes  the  whole  process  of  parallel  commissioning,  as  well  as  the  final  outcome  of  
the  planning  competition  (January  2011).
Keywords:  sustainable  building,  city  planning,  parallel  commissioning.  

5. Introduction
In  Autumn  2007,  the  local  authorities  of  Trondheim  selected  the  area  of  Brøset  to  be  developed  as  
“a   sustainable   neighbourhood”.   “Sustainable”   was   defined   in   a   holistic   way,   including   low   energy  
demand  and  healthy  materials  as  well  as  social  and  economic  issues  such  as  low  cost  housing  for  
vulnerable   groups.   In   April   2008,   the   local   authorities   of   Trondheim   decided   that   the   municipality  
should  be  in  charge  of  the  planning  process  of  Brøset  to  secure  its  highly  ambitious  environmental  
goals,   even   though   the   municipality   did   not   and   to   this   day   still   does   not   own   the   site.   In   fact,  
Brøset  is  owned  by  three  governmental  organisations,  Statsbygg,  South-Trøndelag  County  and  St  
Olavs  Hospital,  including  a  high-security  psychiatric  institution  on  the  premises.  In  order  to  prevent  
any   chance   of   the   land   being   sold   to   private   contractors   and   developed   in   a   traditional,   marketdominated  manner,  the  municipality  “locked  down”  the  area  for  any  development  for  the  next  two  
years,   through   a   municipal   regulation.   The   project   was   further   aided   by   the   initiation   of   the  
Norwegian  Cities  of  the  Future  programme  by  the  Ministry  of  Environment,  involving  the  13  largest  

cities  in  Norway  to  develop  holistic  and  ambitious  plans  for  Land  Use  and  Infrastructure;;  Stationary  
Energy;;  Waste  and  Consumption;;  and  Climate  Adapation  [1].
The  idea  of  creating  a  low-carbon  neighbourhood  in  Trondheim  was  initiated  by  NTNU  researchers  
in   2006,   and   successfully   adopted   by   Trondheim’s   politicians   and   planning   office   in   2007,   who  
designated   the   Brøset   site   to   this   purpose.   In   order   to   support   Trondheim   municipality   in   this  
process   in   the   best   possible   manner,   NTNU   in   co-operation   with   SINTEF   Building   and  
Infrastructure   initiated   small-scale   projects   to   gather   State-of-the-Art   research   and   practice   on  
carbon-neutral  settlements  from  all  over  the  world  to  inform  the  municipality’s  choices,  funded  by  
NTNU  and  the  Norwegian  State  Housing  Bank.  
Early  2009,  NTNU  gained  a  1.5  million  €  interdisciplinary  research  project  ‘Towards  carbon  neutral  
settlements  –   processes,   concept   development  and  implementation’   in  co-operation   with  SINTEF  
Building   and   Infrastructure,   Trondheim   municipality,   the   Norwegian   Research   Council,   the  
Norwegian  State  Housing  Bank  and  Trondheim  Energy.  The  purpose  of  the  research  project  was  
twofold,  1)  to  assist  the  municipality  in  its  planning  process  to  create  a  sustainable  neighbourhood,  
and   2)   to   create   models   for   physical   programming   and   process   planning   for   sustainable  
neighbourhoods,   and   help   create   a   vision   of   what   such   a   sustainable   neighbourhood   would   look  
like   and   what   kind   of   lifestyle   its   residents   would   have.   In   order   to   achieve   optimal   transfer   of  
information   and   a  mutual   understanding   of  goals   and  priorities,   the   head   of   the   Brøset   project   at  
the   Municipality   participated   in   the   researchers’   meetings   on   a   regular   basis,   while   the   research  
team  was  represented  at  the  Municipality’s  Brøset  meetings  with  at  least  one  representative.
In   Autumn   2009   an   agreement   between   the   Municipality   of   Trondheim   and   the   land   owners   was  
reached,  and  an  ambitious  programme  for  the  development  of  the  Brøset  [2]  area  was  developed  
in   co-operation   with   NTNU   and   SINTEF   Building   and   Infrastructure,   After   the   programme   had  
passed   the   city   council,   the   work   on   preparing   the   neighbourhood/urban   planning   competition  
started.
In  dialogue   with   the  research  group,   the  municipality   decided  that   instead   of  running  a   traditional  
planning  competition,  they  should  make  use  of  a  parallel  commissioning  process  in  order  to  ensure  
broad   user   participation   and   to   better   facilitate   the   active   integration   of   the   municipality’s   high  
sustainability   goals   for   Brøset   in   the   outcome   of   the   ‘competition’.   Thus   an   open   call   for   cross  
disciplinary   teams   to   participate   in   the   parallel   commissioning   process   was   made   public   medio  
2010.  The   announcement   and   programme  were   in  Norwegian,  forcing   each   participating   team  to  
have   at   least   1-2   Scandinavian   representatives   for   better   understanding   of   the   local   policy  
documents  and  premises  regarding  the  site.    
Out   of   30   highly-qualified   applicant   teams,   four   teams   with   broad   cross-disciplinary   experts   were  
chosen   to   participate   in   the   parallel   commissioning   process;;   their   expertise   comprised,   amongst  
others,  architectural,  planning,  social,  artistic  and  economic  professionals.  During  half  a  year,  these  
four  teams  worked  in  parallel  to  develop  a  neighbourhood  plan  for  the  Brøset  site,  and  met  during  
three  interactive  workshops  with  each  other,  the  municipality  and  the  research  team  for  information  
exchange  and  discussions.  In  addition,  the  four  teams  also  had  continuous  access  to  the  research  
group  and  the  municipality  for  feedback  and  discussions  on  their  ongoing  project  development.
For   this   effort   each   selected   team   received   a  fixed   sum   of   NOK   400   000.-   (approx..   €   50   000.-),  
that   was   to   cover   all   expenses   for   each   team   (in   reality,   the   teams   invested   more   time   into   the  
process  than  covered  in  this  budget).  In  return  the  municipality  received  ownership  of  all  ideas  and  
plans  produced  during  the  parallel  commissioning  process.  It  was  stipulated  on  beforehand  that  no  
winner   were   to   be   selected;;   indeed,   the   municipality   would   be   free   to   select   among   the   ideas  
brought  forward,  and  combine  them  in  order  to  create  a  carbon  neutral  settlement.
The  parallel  commissioning  process  took  place  in  the  period  September  2010-January  2011,  and  
included  the  following  organised  activities:


Start-up  seminar,  research  presentations  and  on-site  inspection  in  Trondheim,  including  the  
four   teams,   researchers   and   municipality.   Presentations   of   preliminary   results   of   research  






project  (2  days);;
Individual  work  period,  with  possibility  to  contact  the  research  team;;
Midterm   workshop,   including   the   four   teams,   researchers   and   the   municipality.  
Presentations,  mixed  group  work  and  discussions  (2  days);;
Individual  work  period,  with  possibility  to  contact  the  research  team;;
A   final   workshop,   with   all   teams,   researchers   and   the   municipallity.   Presentations   and  
discussions  (1  day).

6. The  research  project
The   research   project   “Towards   carbon-neutral   settlements”   is   a   cross   disciplinary   and   iterative  
process,  involving  topics  from  technology  to  lifestyle,  and  a  direct  interaction  between  researchers,  
municipality,   site   owners,   industry   and   user   representatives.   The   direct   interaction   with   a   wide  
range   of   stakeholders   engaged   in   the   Brøset   development,   and   the   mutual   influence   of   science  
and  policy  actors  on  each  other’s  progress,  have  come  to  denominate  the  majority  of  the  research  
project  as  action  research.  Most  of  the  research  project  was  carried  out  in  the  period  2009-2010,  
with  some  activities  (mainly  PhD  work  and  capacity  building)  continuing  through  2011.  
6.1 Research  goals
Four  subgoals  are  defined  for  the  research  project:
 Develop   models   for   the   early   phase   planning   process   that   may   contribute   to   secure   the  
fulfilment  of  ambitious  goals  throughout  the  process;;
 Develop  concepts  for  buildings,  energy  supply,  infrastructure  and  urban  fabric  that  support  
a  carbon  neutral  settlement;;  
 Develop  knowledge  and  understanding  of  the  cultural  changes  that  are  necessary  in  order  
to  achieve  carbon  neutral  settlements;;  
 Implement  concepts,  models  and  knowledge  in  real-life.
The  project  was  carried  out  through  four  main  research  activities:
A. Models  for  programming  and  planning  carbon  neutral  neighbourhoods
B. Concepts   for   carbon   neutral   neighbourhoods   (including   architecture,   transport,   energy  
supply,  and  infrastructure)
C. Socio-cultural  changes  towards  carbon  neutral  settlements  
D. Knowledge  dissemination  and  capacity  building
6.2 The  preliminary  results  from  research  activities
So  far  the  research  group  has  provided  the  Municipality  with  State  of  the  Art  knowledge  and  best  
practice   projects,   as   well   as   analyses   and   descriptions   of   the   Brøset   area   and   its   potential  
interaction  with  the  surrounding  urban  fabric,  with  regards  to:







Defining   “carbon   neutrality”:   what   does   it   mean  for   the      Brøset   neighbourhood   to   adopt   a  
target  of  3  ton  CO2eq  per  capita  (compared  to  the  average  12  tons  per  capita  in  Norway)  
[3]?
Describing  and  understanding  the  transport  patterns  in  Trondheim,  thus  identifying  potential  
scenarios   and   actions   for   making   non-motorised   and   public   transport   more   attractive  
choices   for   Brøset   users,   and   correspondingly   reducing   environmental   impact   from  
transport  to  and  from  the  Brøset  area  [4,  5].
Describing  and  understanding  the  actor  network  for  the  development  of  Brøset,using  focus  
groups   to   identify   and   interact   with   a   wide   range   of   stakeholders,   and   thus   facilitate   the  
process   towards   a   consensus   regarding   the   sustainable   development   of   the   Brøset   area  
and  in  fact  the  entire  urban  area  of  Trondheim.
Building   capacity   and   transfering  knowledge  and  best   practice  to  the   planning   authorities,  
to  architects,  consultants  and  entrepreneurs,  as  well  as  other  stakeholders  and  the  general  
public  [6,7]

7. Program  and  organisation  of  the  parallel  commissioning  process

While   the   parallel   commissioning   announcement   and   program   were   designed   to   fulfil   the   same  
formal  requirements  as  a  conventional  urban  planning  competition,  far-reaching  modifications  were  
made  to  design  an  open  process,  where  the  teams  worked  in  parallel,  shared  ideas  and  interacted  

with  each  other  and  the  municipalities,  as  well  as  a  panel  of  experts  appointed  by  the  municipality.  
Thus  the  organisation  of  the  parallel  commissioning  process  consisted  of:






Process   Management,   making   the   necessary   decisions   and   accounting   for   the   practical  
implementation   of   the   overall   process.(ECOBOX   in   collaboration   with   Trondheim  
Municipality)
The  four  participating  teams
An   opponent/expert   panel,   whose   background   and   expertise   matches   and   complements  
the   participating   teams.   The   panel   will   consist   of   both   researchers   and   other   experts   in  
within   relevant   disciplines   (planning   /   architecture,   environment,   climate,   transportation,  
landscape   architecture   /   green,   property   development,   project   contractors,   landowners,  
etc).   The   role   of   opponent   panel   will   be   to   advise   the   project   teams   and   to  challenge  the  
teams  during  the  process,  including  the  workshops.
An   Evaluation   Panel,   consisting   of   representatives   for   the   municipality,   site   owners,   and  
other  stakeholders  in  the  Brøset  development.

Table 1 Timeline of parallel commissioning process
Activity
Public  announcement  in  DOFFIN/TED
Deadline  for  submission  of  applications
Evaluation  of  applications
Selection  of  teams
Deadline  for  formal  complaints
Start  of  parallel  commissioning  process
Final  workshop  and  project  feedback
Deadline  for  submission  of  project  results
Public  announcement  of  project  results

Time
09.08.2010
09.09.2010
10-20.09.2010
20.09.2010
05.10.2010
15.10.2010
15.01.2011
23.01.2011
23.01.2011

8. Program  phases
8.1 Introductory  seminar  (2  days)
Purpose  of  the  introductory  seminar:  
 Creating   a   common   understanding   of   the   Brøset   project   and   the   collective   nature   of   the  
process  and  overall  objectives  among  the  participants;;
 Reviewing   the   applications   for   parallel   commissioning   with   focus   on   particularly   important  
issues;;
 Presentations  and  exhibitions  from  practitioners  and  researchers,  as  an  update  to  the  State  
of   the   Art,   an   inspiration   to   the   upcoming   work   process,   and   networking   for   potential   cooperation;;
 Presenting   the   process   of   parallel   commissioning   to   the   teams,   including   the   procedures,  
rules  and  the  roles  of  the  various  participants;;
 Field  excursion  to  the  Brøset  site;;
 Open   breakfast   seminar   to   present   the   key   issues   of   these   two   days   to   the   local  
construction   industry   and   other   interested   parties,   as   the   rest   of   the   2-day   seminar   was  
open  to  invited  stakeholders  only;;  
 Networking  lunch  and  dinner  to  discuss  the  information  received  and  potential  co-operation.
8.2 Midterm  Seminar  (2  days)
Purpose  of  the  midterm  seminar:
 The   teams   present   their   proposals   and   answers   to   the   challenges   of   the   parallel  
commissioning   programme.   After   a   general   round   of   clarifying   questions,   the   Expert   and  
Evaluation  Panel  and  municipality  representatives  are  divided  into  small  groups  of  about  10  
people   each,   to   provide   each   of   the   four   teams   with   the   best   possible   feedback   on   their  
work;;
 The   work   is   led   by   an   independent   facilitator   of  ECOBOX,   to   answer   questions  regarding  
the   procedure,   help   the   groups   get   started,   and   ensure   the   constructive   nature   of   the  
discussions;;



At   the   end   of   the   2-day   workshop,  the   Evaluation   Panel   provides   a  short   summary   of  the  
midterm   results   of   each   team,   based   on   the   presentations   and   discussions   during   the  
seminar.  During  the  following  days  after  the  workshop  the  Evaluation  Panel,  assisted  by  the  
Expert  Panel,  evaluates  the  teams’  midterm  submissions  more  thoroughly  and  in  a  written  
feedback  summarises  main  focus  points  and  specific  guidelines  as  input  for  further  work  to  
each  participating  team.  

8.3 Presentation  of  final  draft  (1  day)
Purpose  of  the  seminar:
 Each   team   presents   its   final   proposal   draft   to   an   audience   of   invited   stakeholders,  
researchers  and  municipality  representatives;;
 The   audience   provides   constructive   criticism   on   the   current   draft   and   its   development  
throughout   the   entire   process,   enabling   each   team   to   make   small   adjustments   to   their  
project  work  before  submitting  the  final  version  one  week  later.
8.4



Evaluation  of  the  results
The   Expert   and   Evaluation   Panels   evaluate   the   quality   of   the   teams’   submitted   material,  
related   to   issues   such   as   greenhouse   gas   accounting,   transport,   cultural   heritage,   user  
participation,  architectural  quality,  etc

9. The  outcome  of  the  parallel  commissioning  process

During   the   parallel   commissioning   process,   the   projects   of   the   four   teams   showed   a  tremendous  
development  and  a  serious  commitment  to  not  only  incorporate  the  traditional  technological  issues  
such  as  building  standards,  energy  supply  and  motorised  transport,  but  also  engage  in  attempting  
to   envision   how   the   physical   framework   they   provide,   can   support   more   environment-friendly  
lifestyles  at  the  Brøset  site  and  its  surroundings.
The  final  results  also  showed  that  the  four  teams  had  converged  towards  similar  priorities  for  the  
project,   amongst   others   on   manners   in   which   to   reduce   individual   car   parking,   providing   multifunctional   blue-green   infrastructures   for   resident   well-being   and   stormwater   protection,   and  
envisioning   how   public   facilities   at   the   Brøset   site   can   be   used   to   upgrade   the   surrounding  
suburban  housing  areas.  The  density  of  the  Brøset  neighbourhood  was  designed  within  a  range  of  
1200   to   1700   dwellings   on   35   hectares,   as,   as   the   same   time,   blue-green   infrastructures   were  
given   large   priority:   amongst   others,   the   rehabilitation   of   closed   waterways   into   open   brooks,  
experimentation  with  green  roof  and  facades,  and  the  continuation  of  green  pathways  for  attractive  
non-motorised   transport,   leisure,   biodiversity   and   climate   adaptation.   In   addition   to   kindergartens  
and   a   school,   business   areas   are   provided   for   SME’s,   particularly   related   to   social   and   green  
entrepreneurship  related  to  the  Brøset  development.  Space  saved  due  to  minimised  individual  car  
parking,   was   transformed   into   shared   and   public   facilities   to   the   benefit   of   the   entire   community,  
such  as  tool  sheds,  guest  accommodation,  and  vegetable  gardens  and  markets.
During  the  process,  the  researchers  had  provided  a  GHG  accounting  tool  including  all  aspects  of  
everyday  life,  which  the  teams  were  encouraged  to  use  to  estimate  the  impact  of  their  own  design  
decisions.   The   calculator   comprised   issues   that   fall   far   beyond   the   conventional   reach   of   a  
planning   project,   such   as   the   purchase   of   clothing.   Originally,   several   of   the   teams   protested   to  
using  this  tool   as   it   might   ‘instrumentalise’   the   design  decisions,  given   the  difficulty   of  quantifying  
issues   such   as   attractiveness,   liveability   and   usability   of   the   built   environment   in   terms   of  
greenhouse   gas   emissions.   In   addition,   the   teams   soon   found   out   of   the   rebound   effect   [9]   of  
reducing  GHG  emissions:  the  financial  savings  people  receive  from  reducing  their  energy  bill,  for  
example,   are   easily   spent   on   other   purchases   and   activities   which   in   turn   again   create   GHG  
emissions,  such  as  air  travel.  However,  at  the  end  of  the  process,  several  of  the  teams  commented  
that  this  exercise  had  been  very  insightful,  as  it  made  them  realise  (1)  how  small  the  direct  effect  of  
for  example  insulation  levels  in  buildings  have  on  the  overall  GHG  emissions  per  capita,  while  (2)  
designing   the   built   environment  for  more  indirect   impact   on   people’s   lifestyles  holds  a  promising,  
though  as  to  yet  little  analysed,  development.  
An  additional  issue  that  arose  during  the  process,  is  the  development  of  an  on-site  resource  centre  
providing   daily   assistance   to   the   residents,   as   a   sort   of   green   caretaker,   enabling   the   start-up   of  

SME’s   related   to   the   building   and   maintenance   of   the   low-carbon   housing   and   infrastructure,  
showing   visitors   around   the   premises,   and   providing   consultancy   to   other   projects   with   similar  
ambitions.   Services   related   to   type   of   organisation   are   proposed   by   several   of   the   participating  
teams,   as   an   important   driver   for   strong   user   participation   in   the   development   of   the   area,  
preferably   starting   as   soon   as   possible   after   the   parallel   commissioning   process   has   come   to   an  
end.  Such  a  centre  could  be  run  by  the  municipality  in  co-operation  with  NTNU,  SINTEF  Building  
and  Research,  industry  and  user  representatives,  modelled  after  similar  examples  at  BedZED  [8]  
in   the   UK,   and   Freiburg   in   Germany.   Plans   for   these   types   of   stakeholder-driven   activities   are  
currently  being  developed  in  the  research  group,  in  co-operation  with  the  municipality.      

10. Conclusion

Parallel   commissioning   proved   to   be   a   very   effective   way   of   bringing   forward   good   ideas.   The  
iterative   process   of   midterm   workshops   and   continuous   correspondence   with   the   expert   panels  
built  a  shared  understanding  of  the  challenges  and  priorities,  and  the  teams  received  feedback  that  
enhanced  the  outcome  in  terms  of  their  project  results.
The  project  results  showed  that  through  planning  and  design  of  the  built  environment,  it  is  possible  
to   directly   reduce   the   carbon   footprint   with   3   to   5   ton   of   CO2eq   per   capita   (from   12   to   7-9   tons  
CO2eq).   Further   reduction   requires   lifestyle   changes,   i.e.   choice   of   food,   transportation,   leisure  
activities,  etc.,  which  may  be  indirectly  impacted  by  built  environment  design,  yet  more  difficult  to  
control.
During  the  following  months,  the  municipality  will  proceed  in  programming  the  Brøset  area  based  
on   these   results,   and   choose   the   most   promising   results   from   each   team.   Since   all   teams’  
suggestions  were  interlinked,  and  developed  in  dialogue  with  each  other,  there  are  shared  issues  
that  can  be  adopted  from  each  proposal  without  compromising  their  integrity.
A  more  disappointing  result  from  the  process,  is  the  acknowledgement  of  the  fact  that  we  cannot  
become   a   low-carbon   society   only   with   carefully   designed   neighbourhoods,   although   such  
neighbourhoods  are  an  absolute  necessity  in  making  a  sustainable  future  possible.  If  we  are  going  
to  reach  sustainability  and  thus  stay  below  550  ppm  CO2  in  the  atmosphere  (IPCCs  2  degree  limit),  
we   must   also   undertake   far-reaching   changes   in   lifestyle,   consumption   and   production   patterns.  
Brøset  will  hopefully  show  that  such  changes  can  be  economically  viable,  desirable,  and  will  even  
create  a  better  quality  of  life  for  society  as  a  whole.
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Summary
Sustainability emerged as a public concern at a time when the construction industry was in boom.
During the middle of the last decade there was growing momentum in this field with Government
legislation and peer pressure to implement sustainable development. However, as the world enters
a deep recession, is there still room for sustainable construction? The aim of this paper is to
investigate whether the drivers and barriers to sustainable construction have changed during the
current recession. The research consists of a literature review into the drivers and barriers to
sustainable   construction   and   recent   evidence   of  the   industry’s   reaction   to   the  recession.   In-depth
interviews were conducted with construction professionals who represent a cross section of
industry and project roles. The key findings are that 60 percent of respondents thought that
sustainable construction would continue to increase despite the recession, with the main drivers
found to be increased legislation, customer demand and energy costs. Clients are found to be
more likely +to focus on passive design features over renewable energy technologies as a means
of delivering sustainable construction in an economical way.
Keywords: sustainability, construction, recession, drivers, barriers, renewable

1.

Introduction

Sustainability first appeared in the public consciousness with the publication of the World
Commission  on  Environment  and  Development  (WCED)  report  ‘Our  Common  Future’  [1]  when  the  
term   ‘sustainable   development’   was   first   coined.   Over   the   following   15   years   the   awareness   of  
sustainability grew across all sectors. In Britain, the urgency and importance of sustainable
development  was  crystallised  in  the  Government’s  ‘Energy  white  paper  2003:  our  energy  future   creating  a  low  carbon  economy’  [2].    
Since this time it has been building momentum and sustainability has become the buzz word of
every forward thinking organisation. It was realised that sustainability impacted not only the design
of buildings but also the manner in which they were constructed. Increasingly, all aspects of the
construction process and life of the building came under scrutiny. Green design incorporated
energy efficiency, recycled materials, passive cooling, water conservation or green roofs [3].
Procurement   is   even   addressing   ‘green   issues’   with   e-procurement reducing paper waste,
packaging under inspection and lean ordering from suppliers [4]. Running a construction site
sustainably is now dominated by the Site Waste Management Plan (SWMP) and schemes like
‘Considerate  Constructors’  which  ask  the  contractor  to  consider its impact on the local community
as well as the environment [5].

As it became apparent that sustainability was not a passing fad, more and more organisations
adopted the mantra and sought out ways to be green. However, even though sustainable practices
could and should be applied throughout the supply chain and life cycle of the project, it is the
onsite renewable energy sources that have become iconic of green buildings and sustainable
construction. Most notable in this category are photovoltaic panels (PV panels) and wind turbines
[6]. It is likely that this has been due to their visibility and the appeal of using the latest technology.
However this paraphernalia is expensive and is unlikely to ever have a viable payback period [7].
Until recently the rise of sustainability awareness was set against a backdrop of economic
prosperity and more specifically an unprecedented boom in construction. It was possible for
companies   to   adopt   ‘sustainable   practices’   on   the   basis   of   environmental   concern   and   the
marketability of corporate social responsibility [8]. Now that the UK, and most of the rest of the
world, are entering into a significant economic recession is there still room for sustainability in
construction? The motivation to implement sustainable technologies may still be there but the
business case and approach for these practices is likely to be substantially reviewed. Whereas
previously clients were specifying more outlandish visible demonstrations of green practices, these
may be replaced with more subtle, less sexy, money saving applications of sustainable
construction during a recession.
A  recession  could  also  focus  organisations’  minds  on  technologies  and  practices  which  could  give  
them a competitive advantage [9]. Although people are less likely to pay a premium for green
products, whether for construction materials or a green office building, environmental awareness
has reached the critical point where it is increasingly expected as standard. Legislation will also
pay a major role in forcing contractors and clients alike to maintain the momentum in sustainable
construction during the recession.

2.

Research aim and outline methodology

This paper is based on an MSc research that was conducted by Zoë Mulholland [10] at London
South Bank University. The main aim is to reveal whether the drivers and barriers to sustainable
construction have changed during the current recession. The literature review of the research
covered two main sections. Firstly, it reviewed the drivers and barriers to sustainable construction
from its emergence in the mid-1990s up to the modern day. The second section evaluated the key
effects of a recession on the construction industry: which areas it affects and how. Also in this
section, recent literature on the effect of the current recession on construction was reviewed.
These two areas of research provided background information against which the findings from the
questionnaire responses were compared. Interviews were conducted with professionals from
different size organisations which represented a cross-section of the construction industry and
project roles to understand the experiences from each area. The following four types of
professionals were selected: 1) Three Client organisations; 2) Three Architects; 3) Two Cost
Managers; 4) Two Contractors. The research questions aimed to investigate the experience of
clients, architects, cost consultants and contractors of sustainable construction practices, the
drivers, barriers and ways in which these have changed in the recession. The same questions are
asked of each respondent. The following topics were covered: 1) Definition of sustainable
construction; 2) The key drivers for sustainable construction; 3) the key barriers to sustainable
construction; 4) Changes in the drivers and barriers in light of the recession; 5) The affect of the
recession on the respondent organisation; 6) Changes in the amount or type of sustainable
construction during the recession.

3.

Analysis of the results

3.1

Definition of sustainable construction

A broad range of responses were given for the definition of sustainable construction. Some
respondents  gave  very  specific  responses  such  as  ‘being  carbon  neutral’  while  other  detailed  more  
in depth definitions touching some of the complexities of the field. In particular, Client B gave a

detailed outline of what it means from design, construction to occupation of a building.
Nevertheless, there were common themes with many overlapping definitions. The most common
statements were: to reduce the impact of construction on people and the environment; a holistic
approach to building and; the use of renewable energy and materials. It is interesting to note that
both the Contractors responses focused on renewable energy and materials as this is the end of
the supply chain with which they are involved. The more general concepts of holistic buildings and
impact on society or surrounding environment are mentioned by architects and clients. Client B
also mentioned under the broader definition of sustainability that   the   ‘Considerate   Contractors’  
Scheme’   was  key   with   its   bid   to   reduce   impact   of   noise   and   prevent   pollution   to   the   surrounding  
area during the construction of a building. The next most common definitions were low or zero
carbon status buildings and consideration of life cycle costing and running costs. Finally,
minimising waste in design and construction and longevity of buildings were stated by two of the
interviewees. It was noted by Architect C that these last two concepts were in fact very old fashion
ideas and stated that 100 years ago all construction professionals were interested in building to
last and reducing costly waste. Two respondents also stated what they considered not to be
sustainable construction. Cost Manager A and Architect B made the point that it is not just about
being carbon neutral but must be a more far sighted view of the impact on the society and
environment. Similarly, Architect A asserts that sustainable construction is not just about
technology but how buildings are used and operated.
The wide ranging answers showed that there was a good body of knowledge amongst the
respondents, with many demonstrating a deep level of understanding.
An interesting trend can be seen in the timeline of when respondents became aware of sustainable
construction. Two of the architects had heard of the concept of sustainable construction under
different   terminology   in   the   early   1990s.   These   concepts   have   been   dubbed   ‘proto   sustainability’  
and include energy saving, ethically resourced materials and non polluting construction. In the late
1990s a second group (a client, the other architect and a cost manager working at a dynamic
practice)  were  introduced  to  the  concept.  These  probably  represent  ‘early  adopters’  of  sustainable  
construction in its current format, working on landmark projects, first examples of BREEAM and
with forward thinking clients. Then there is the critical mass, where half of the other interviewees
stated that they had first heard about it in 2005 or 2006. Both contractors state this as the time they
became aware of sustainable construction.
3.2

Drivers for sustainable construction

The first part, investigating the drivers for sustainable construction, asked respondents to give their
opinion on the top drivers without prompting from a list to exclude any bias from academic
literature. This gives an overview of their perception from personal or company experience of the
subject matter. There was a danger that interviewees could state what they felt they ought to but
they were encouraged to be candid in their responses.
The open ended responses were coded into eight categories, which were then grouped in three
themes: social, financial and external drivers. Analysis of the results showed that, by a clear margin
the most frequent answer was personal commitment of the client or developer with 80 percent of
respondents stating this was a key driver. The next highest at 50 percent were reputation/image
and funding/planning authority demands. These were closely followed by legislation and increased
energy costs at 40 percent. It is worthy of note that only two of the ten respondents stated business
case or customer demand as a motivation for adopting sustainable construction, areas which
traditionally would be considered a strong driving force behind company strategies.
When the results are weighted according to the order in which the respondents listed the drivers a
different trend appears (the first response was assumed to be the most important for the
respondent, the second assumed to be the second most important, and so on). The result reveals
that  a  company’s  concern  for  their  reputation  or  image  overtakes  personal  commitment  to  be  the  
top priority, showing that the clients in the construction industry are primarily concerned with being
‘seen   to   be   green’.   Closely   behind   reputational   drivers   is   the   external   demand   of   the  
funding/planning authority. The two respondents that did state customer demand and business

case as drivers for sustainable development ranked them very highly raising their profile in the
results. With such a small sample size, single or infrequently listed drivers can distort the results.
However it is worth noting that there is a group of respondents that not only consider customer
demand and business case as a driver for sustainability but rate it as a top priority.
3.3

Changes in drivers during the recession

Respondents were asked to state how each driver would change in the face of the recession.
Each factor was scored +1 for increase, -1 for decrease or 0 for no change. These factors were
kept in the same thematic groups of external, financial and social factors. In interpreting these
results, it should be noted that if an equal number of respondents thought a driver would increase
as those that thought it would decrease the net result would be zero, no change, even though no
one  had  stated  ‘no  change’.
“Competitive   advantage”   was   thought   most   likely   to   increase   as   a   driver   which   is   an   interesting  
result as it had the lowest mean score in the previous section for level of importance as a driver.
70 percent of respondents said it would increase as a driver in the recession with the rest declaring
no change. No one thought it would decrease as a driver. When rated for its relative level of
importance, competitive advantage had the lowest score but also the greatest deviation. This
variation shows that no matter how highly it was rated previously there was agreement that it
would become an increased driver in light of the recession. The comments from this section show
that clients, consultants and contractors are all seeking ways to distinguish themselves. Anything
that will give them a competitive advantage they will latch on to. This driver is increasing as a
response to the recession. One respondent who had rated competitive advantage highly stated
that they are already experiencing the benefit of sustainable construction in differentiating their
product in the market.
Customer demand was also consistently thought to increase as a driver during the recession. All
respondents stated an increase or no change in demand. Although at a lower level of 50 percent
predicting an increase, it is significant that no one predicted a decrease in customer demand. This
factor was rated of higher importance than competitive advantage in the previous section, but it still
shows a high degree of variation in opinion from not at all important to critical. The comments
reveal that awareness of sustainable construction is still rising and there is a lag before this is
translated into tangible customer demand. Therefore this driver is likely to increase in spite of the
recession.
Whole life cycle benefit is the next most likely driver to increase during the recession but the
responses were divided. Two respondents felt clients would retreat to a closed-minded perspective
focusing on the pressures of the immediate capital outlay but the majority felt clients were looking
more holistically at the cost of a building motivated by the increasing price of energy as a key driver.
Corporate social pesponsibility policy and peer pressure were the two drivers which were
unanimously stated to decrease in importance. These were grouped as social factor and in the
face of the recession would recede in importance. Respondents felt that businesses would be less
concerned about comparison with their peers and more interested in the bottom line of their
business during a recession. Staying afloat and keep projects going was considered a marker of
success. Analogously, the notion of wanting to build a better building as a driver for sustainable
construction only marginally increased. Several respondents felt this was a nice to have which
clients could not afford to invest in during a difficult financial climate.
3.4

Barriers to sustainable construction

In common with the section investigating drivers for sustainable construction, respondents were
asked to name barriers from their experience without any prompts. Many more barriers were listed
in this question than in the drivers section. Their answers were coded into 11 separate categories
and these were grouped into four themes: change; financial; information; and technological
barriers. Despite the wide range of responses, the trend of the results was striking. By a clear
margin, the capital outlay was most frequently stated, at 80 percent, as a barrier. After which

resistance to change and lack of evidence were the next most frequent responses at 60 percent.
The rest of the barriers listed were mentioned by only one or two respondents each. Although
many technology-related barriers were mentioned these were diverse in their type with no single
area emerging as a notable impediment. This implies that it is the financial aspects and softer
aspects of convincing clients to adopt sustainable construction which are the key hurdles.
The results were also analysed by taking into account the ranking of each barrier by the
respondents. As numerous barriers were listed unprompted only responses which were mentioned
twice or more are listed. When the relative importance of each barrier is taken into account, lack of
evidence just fractionally overtakes perception of cost as the top barrier to sustainable construction.
What can be interpreted from these results is that although cost was mentioned by nearly all
respondents, those that did state lack of evidence as a barrier felt it was a substantial one.
Resistance to change remains high but issues with legislation and limitations of technology are
also significant. However it is important to note with such a sample size results can easily be
distorted so these last two factor although rated fairly high were only stated by two respondents out
of the ten.
3.5

Changes in barriers during the recession

Respondents were asked to state how each barrier would change in the face of the recession.
Each factor was scored +1 for increase, -1 decrease or no change 0. These factors were kept in
the same thematic groups of financial; information; technology related factors. It is worth noting
that if an equal number of respondents thought a driver would increase as those that thought it
would   decrease   the   net   result   would   be   zero,   no   change   even   though   no   one   had   stated   ‘no  
change’.
Increased capital outlay and being a small or medium enterprise were thought the most likely
barriers to increase during a recession. The reasons stated in the comments is that during a
recession capital budgets are markedly reduced with many businesses limiting their development
to essential work with no frills. However one client did point out that as the technology improves
the capital cost is likely to fall and therefore this barrier decreased. In terms of the challenges faced
by SMEs one client noted that they cannot access debt in this economic climate, therefore they
would be very unlikely to afford any development let alone pay a premium for sustainability.
Split incentives and client knowledge are the most likely barriers to be overcome through the
course of the recession. One client stated that tenants are looking at ways to be more efficient and
cut down their running costs and so are putting pressure on landlords to provide sustainable
buildings   through   green   leases   thereby   decreasing   the   ‘split   incentives’   as   a   barrier.   The   barrier  
thought   most   likely   to   decrease   was   the   client’s   lack of knowledge with all respondents stating it
would either decrease or remain the same. However, respondents were clear that this was not
particularly a consequence of the recession, rather a continuation of an existing trend of more
knowledgeable clients.
3.6

The effect of the recession on respondent organisations

All organisations reported that they had been affected at least moderately by the recession. The
respondents who were not connected to public sector work were particularly badly affected.
Across the board there were comments that there were fewer projects in the market and the ones
continuing despite the recession were lower value, often having been reduced in scope or quality
to make them financially viable. Client C noted that all projects they commissioned equated to a
strict payback equation based on annual rental income. Since rents had fallen 7-8 percent, this had
a direct impact on the capital that could be invested in construction.
All consultants and contractors reported that there were still plenty of tendering opportunities or
bids for new work but the competition was much stiffer with more companies bidding for the same
jobs. Contractors in particular have experienced bidding wars with competitors, drastically reducing
their margins  and  in  some  cases  putting  in  negative  bids  so  that  they  effectively  ‘buy’  the  job.  This  
has put a lot of strain on the industry, with firms at great risk of going into liquidation, and creating a

combative culture with increased claims being made to try and claw back money to regain a profit.
Another side effect of reduced spending within the industry is that with fewer large projects, big
contracting firms are dropping down to tender for medium size jobs. This is squeezing SME sized
businesses who are struggling to diversify their workload in any way. Many noted that even when
they were successful in winning work, whether as an architect or contractor, the project was often
mothballed with no foreseeable start date. One client stated that they did not expect put any new
commercial property on the market until 2011.
Nearly all respondents reported redundancies within their organisations. This was a direct
reflection on the lack of work. However one cost consultant noted that one of the first members of
staff to go was their newly appointed sustainability consultant. Rather than being seen as way of
distinguishing themselves from the competition the firm felt that they had to retreat to their core
business of cost consultancy.
The respondents who were engaged in public sector construction projects felt they had been
shielded from the worst effects of the recession. In particular schools, higher and further education,
and healthcare have been buoyant with Government initiatives to bring forward public spending in
these areas. It is worth noting that many of these clients have additional incentives for sustainable
construction as many have conditions attached to their funding streams. However, several
respondents noted that the downturn in the public sector had started and predicted it would
continue over the coming year.
3.7

Change in the amount of sustainable construction in the recession

Despite the numerous barriers listed in earlier sections of the questionnaire, 60 percent of
respondents said that sustainable construction would increase through the recession, whilst 20
percent felt it would not change and 20 percent said it would decrease. Several respondents noted
that the trend for sustainable construction had only really taken off in the past two years and that
this movement would continue to gain momentum despite the economic downturn. It was
commented that sustainable construction was an increasing priority in the commercial and
residential sector. Likewise, BREEAM assessments are on the increase as they are often
stipulated as part of planning or funding conditions which affects most of the public sector.
Legislation in sustainable development was also considered to be on the increase, one respondent
remarked that the new Part L would be even more onerous to comply with. Another respondent
complained that Government was increasing the legislative burden in this area during the
recession as the same rate is it did pre-recession. The respondent argued that due regard should
be given to economic circumstances of the industry when extending sustainability requirements.
Respondents were asked why they felt that sustainable construction would increase or decrease
during the recession. Those that felt there would be no change in the amount of sustainable
construction, said that it was likely to continue but the level to which projects aspired may be
muted.      Instead   of   looking   to   attain   BREEAM   ‘Excellent’   clients   may   settle   for   ‘Good’.   Similarly  
there may be a tendency to stick to more passive measures rather than investing in expensive new
technologies.
The two respondents who stated a decrease in sustainable construction in the recession attributed
this to reduced capital budgets across all sectors. It was felt that with fewer projects proceeding
and less money available sustainable construction would be a nice to have with clients seeking to
attain minimum compliance. Contractor B remarked that most small and medium sized jobs (under
£10m) do not attract any notable sustainable construction practices. Any sustainability measures
included   in   the   project   are   likely   to   be   ‘token’   items   such   as   PIRs,   low   flow   taps   or   recycled  
materials, which can be introduced with minimal disruption to the job.
3.8

How sustainable construction has changed in the recession

After asking the respondents whether they felt sustainable construction would increase or
decrease in the face of the recession, they were questioned on how it would change in terms of the

practices adopted or technologies used. The top three ways in which sustainable construction was
thought to alter were very much passive measures: more passive design, increase in natural
ventilation and increase in energy efficient measures. These solutions focus on lowering carbon
emissions through reduction in energy usage rather than installing a source of renewable energy.
This is a positive finding as it suggests a change of attitude towards design of buildings, use of
energy and allowing a broader range of acceptable ambient temperature.
Respondents commented that clients are becoming more aware of the cost of air conditioning,
something which grew with the fashion for glass sealed buildings, and it is now considered to be
an expensive luxury. As organisations are looking to reduce spend during the recession air
conditioning is seen as a huge cost in terms of electricity but also maintenance. The cost of air
conditioning has been compounded by an increase in oil prices. Client B pointed out that passive
design, natural ventilation and energy efficiency measures have an obvious business case. They
cost little to introduce, if brought in at inception, have a short pay back period and are conveniently
also  deemed  to  be  ‘green’.    These  solutions  were  said  to  be  win-win measures in a recession.
With rapidly growing awareness about sustainability and the carbon content of meachanically
cooled buildings there is an increase in tolerance to alternative options. Clients are beginning to
realise this means tolerance to a broader range of temperatures, particularly with overheating in
the summer months. Client A predicted that there would be wholesale shift in attitude even in
commercial offices, with radically different buildings being put to the markets which take into
account orientation, air flow, shading and challenge the traditional glass box approach.
A third of the respondents said there had already been a reduction in the use of PV panels. The
initial enthusiasm for adopting photovoltaic technology has died down and clients and designers
are taking a step back to assess the practicality of this technology looking at their efficiency,
payback period and embodied carbon. Their popularity was attributed to the relative ease of
installation to new as well as existing building and their visibility to the public, providing a means of
broadcasting   an   organisation’s   green   credentials.   However   clients   can   no   longer   afford   to   make  
eco-statements; there must be a viable payback period with a technology that is proven to work.
Several respondents noted that it was not just PV panels that would be reduced but there would be
careful consideration before implementing any renewable energy technology. Architect B said that
more attention needed to be paid to the appropriateness of a particular technology to the location
of a building. It would be senseless to install biomass boilers in a central London location if it
meant transporting in fuels from the countryside. Each solution should be tailored to each project.
The renewable energy solutions are by no means one size fits all. As more is understood about
the available technologies, the better the selection of technology will be for a project. It was
commonly stated that most projects that installed PV panels or similar were done so with the aid of
a government grant, without which the installation would not have had a viable payback period.
This is itself is not a sustainable situation, although a green budget was mentioned in the March
2010 budget, the industry cannot rely on government handouts to make construction sustainable.
With a reasonable level of scepticism noted in the adoption of renewable energy technology, it was
remarked that in order for sustainable construction to develop in future more innovation was
needed. Contractor A noted that it seemed to be the same technologies which are seen again and
again and it was felt that there was a limited selection of viable options. With some of the better
established technologies such as PV panels there is increasing competition between suppliers
bringing the costs down and signs of new developments to improve efficiency of materials. Client A
described how his firm would use the self-enforced two year gap between their projects to seek out
the latest innovations to explore what could be brought to market in 2011. The recession was being
treated as an opportunity to take stock and investigate the next phase in sustainable construction.
Despite the reticence regarding sustainable technologies, there was agreement that BREEAM
would   continue   to   be   used   a   ‘stamp’   of   sustainability,   and was likely to increase. BREEAM is a
recognisable measure of sustainable credentials across all types of construction project. With the
introduction of BREEAM for refurbishment it is can be used for the majority of projects. It noted that
many planning authorities stipulated a BREEAM rating in order to obtain permission and funding
sources in the public sector often attached BREEAM as a criterion.

4.

Conclusions

Prior   to   the   recession,   “legislation”   was   rated   as   one   of   the   top   drivers   with   little   disagreement
about its importance amongst respondents. Specifically, the interviews highlighted the funding and
planning demands for sustainable construction, another branch of the imposed drivers driven by
the  UK  Government’s  commitment  to  reduce  CO2 emissions. Personal commitment and company
image were frequently stated as important drivers but when respondent weightings of these factors
were   included   ‘being   seen   to   be   green’   emerged   in   front.   On   the   other   hand   other   respondents  
were sceptical that a market existed for sustainable development and felt it was not yet a
significant feature to distinguish a company from its competitors. The divide in viewpoints reflects
the rapidly changing nature of sustainable construction in the industry and hints at the changes still
to come [11]. On the other hand, the principal barrier which emerged from the research was
increased capital outlay as stated in much of the literature. Secondly, lack of evidence for the case
for sustainable construction was a significant barrier. In addition  client’s  resistance  to  change  was  
highlighted. Removing air conditioning from buildings would mean increased tolerance varying
environmental conditions.
During  the  recession,  “competitive  advantage  and  customer  demand”  were  found  to  be  the  drivers
most likely to increase during the recession. Legislation and consideration of whole life costs were
also drivers predicted to increase, although respondents already rated these as important existing
factors. These findings tie in with most recent evidence from industry surveys [12,13] which predict
that market forces will overtake government action as the key motivator for adoption of sustainable
construction.
The  barriers  identified  most  likely  to  decrease  during  the  recession  were  “split  incentives and client
lack   of   knowledge”.   Respondents   explained   that   with   increased   cost   of   energy   and   more   prolific  
sources of information and training on sustainable construction these factors would decrease
significantly as a hindrance in this area. However, one of the greatest barriers identified, increased
capital outlay, was thought to continue to increase in the recession as clients were likely to be put
off sustainability measures due to extreme budgetary constraints.
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Summary
A better understanding of general hindrances to the diffusion of innovations (new products,
services, processes, systems, or concepts) in the construction sector may help improve the
sustainability of buildings. Adoption of innovations such as multi-storey wood frames may e.g.
reduce the primary energy use and carbon dioxide emissions of building construction. This study
uses a web-based questionnaire to collect information on Swedish architects’   perceptions   of  
hindrances to the adoption of innovations in building construction in general, and to the adoption of
multi-storey wood frames in particular. Results show that the most influential hindrances to the
general adoption of innovations were perceived as the focus on project costs instead of life-cycle
costs, the economic risk adopting an innovation imply, the focus on traditional engineering models,
the   construction   industry´s   tendency   to   use   proven   materials   and   methods,   and   contractors’  
inability to adjust processes. Concrete and steel were perceived as more advantageous than wood
with regards to several aspects influencing the innovativeness of the Swedish construction industry,
but wood was perceived as better with regards to opportunities to support local industry. The
architects also had more positive perceptions of the performance of concrete and steel in multistorey buildings, than of wood. While gender and size of company seem to have little influence,
perceptions of innovativeness and frame materials vary with age and regions.
Keywords: Innovation, construction industry, multi-storey buildings, architects, wood frames,
Sweden

1. Introduction
An increased use of wood frames from sustainable forestry in multi-storey buildings will help
reduce primary energy use and greenhouse gas emissions in building construction [1-6]. This is
because the manufacturing of wood products often requires less primary energy compared with
alternative materials; industrial process carbon emissions such as in cement manufacturing are
avoided; carbon is stored in wood products; and wood by-products and wood products at end of
life can be used to replace fossil fuels [1-6]. However, fire protection measures prohibited or
discouraged the use of multi-storey wood frames in several European countries from the late 19th
century until functional based requirements for building products were introduced in the late 1980’s.
In Sweden, the market share of wood frames has increased since they were re-allowed in 1994. It
was about 15% in 2008 [7].
In the context of the Swedish construction industry, multi-storey wood frames can be understood
as an innovation [8]. Mahapatra and Gustavsson [8], Gustavsson et al [9], and BRE [10] have

summarized possible barriers to the diffusion of wood frames in multi-storey construction. The
majority of such hindrances relate not only to the diffusion of multi-storey wood frames in particular,
but to the diffusion of innovations in building construction in general. The construction industry in
Europe is generally recognised as being slow to change [11-13], and the diffusion of innovations
(new products, services, processes, systems, or concepts) often faces barriers inherent to the
sector [8, 14-17]. This tendency has been addressed in several studies in different countries. In
general, the characteristics of the industry, also referred to as liabilities, do not promote innovation
[11]. The liabilities are related to the nature of the activities involved in construction and their
organisation into projects (e.g. the lack of coordination and management of building projects and
the division of work in different phases), the fragmented structure of the industry (e.g. the lack of
competition between the few number of large contractors who rely on a large number of small local
sub-contractors), the uncertain demand (due to e.g. the uniqueness of each building project), the
difficulty to evaluate innovations (due to e.g. the size and long life-time of buildings), and the type
of contractual agreements (e.g. the management of risks and costs and the level of influence and
cooperation allowed from and between different actors).
In addition to these factors, the path dependency of an existing concrete-based construction
system may also resist the diffusion of wood frames [8]. Path dependence means that present
decision-making is affected by previous events or decisions that contributed to self-reinforcement
of various interrelated aspects [18]. Such path dependence may manifest itself through a
consistent use of traditional materials or methods, and be reinforced by institutions (knowledge,
perceptions, and regulations, e.g. building codes and standards), actor networks (e.g. inter-firm
collaborations regarding specific materials and methods), and sunk investments (e.g. investments
in knowledge, tools and machinery involving specific materials or methods) [8, 19]. Here,
perceptions held by the actors of the construction industry of how wood frames perform in relation
to alternative materials in multi-storey buildings may influence the decision to adopt wood frames.
Such perceptions may be accurate or inaccurate with respect to objective reality, but the
perceptions rather than reality itself will often determine behaviours [20, 21].  Norwegian  architects’  
intention to use structural timber in urban construction are found to vary with their perceptions
towards and experience of structural wood [22]. And although wood frames are common in multistorey residential buildings in the US ([23] cited in [24]), North-American architects and structural
engineers perceive drawbacks with the structural use of wood in non-residential buildings [25, 26].
With increased building height and area wood  is  perceived  as  less  appropriate  than  more  ‘proven’  
frame materials such as concrete and steel, due to perceived drawbacks regarding fire safety,
strength, stability, and durability [25, 26]. This may influence what material the architects propose
or assume in their design of the building.
The mentioned hindrances to the diffusion of innovations in building construction (discussed more
in detail elsewhere, see e.g. [11, 27-30]) are mostly theoretically studied. In this paper, we conduct
an empirical study to complement such theoretical analysis through a questionnaire circulated to
Swedish architects involved in building construction. Architects are important actors in building
construction as they produce the designs that describe how the building will be built [31]. We
investigate   architects’   perceptions   of   the   relevance   of   various   hindrances   to   the general
innovativeness of the Swedish construction industry, especially with regards to the use of wood
frames instead of alternative frame materials in multi-storey buildings. Innovativeness here refers
to the degree to which the construction industry tends to adopt innovations.

2. Method
We used a web-based questionnaire to gather information from the Swedish architects. The first
part of the questionnaire (A) covered some background information on the respondents and the
company. Part (B) contained questions on innovation in the construction industry (e.g., how
innovative the Swedish construction industry is and the relevance of indicated hindrances to the
Swedish construction industry). Part (C) contained questions on the choice of frame material and
the performance of steel, concrete, and wood frames in multi-storey buildings (e. g how wood
frames perform with regards to fire safety), while (D) covered questions regarding e.g. gender and
years of work experience in the construction industry. Most questions comprised five-point Likert-

type scales (e.g. 1=Completely disagree, 5=Completely agree).The extremes of the scales were
named depending on the question.
The survey questionnaire was in the Swedish language and targeted architects working on multistorey construction at architectural firms in Sweden. As Swedish architects are not obliged to be
members of a professional association and no comprehensive e-mail list was found to reach the
target group, the e-mail addresses of potential respondents were retrieved from the Swedish
internet-based yellow pages (http://www.eniro.se)   through   a   search   on   the   keyword   “architect”.  
Where company web sites were returned, e-mail addresses were retrieved from the web sites.
From the limited information available on these web sites it was difficult to assess which addresses
belonged to individuals working specifically with multi-storey buildings. Although architects with a
published profile directed solely towards detached houses were excluded, e-mail addresses may
have been collected from individuals outside the target population.
E-mail invitations to complete the survey were sent to roughly 3,600 potential respondents in late
March 2010. Four e-mail reminders followed the invitation. The first reminder was sent five
workdays after the original send-out, the second six workdays later, and third and fourth reminders
five workdays after the previous reminder. The survey invitation contained information on the
purpose of the study, how the e-mail address was retrieved, and an individual hyperlink with which
to login to the survey website.
2.1

Respondents

One week after the fourth reminder, 412 individual surveys were completed. Many e-mail
addresses (208) were removed from the sample due to delivery failures and automatic replies
stating that the individual had left his position or was on a long leave of absence. Other individuals
(149) communicated by email that they did not belong to the target population, and 214 individuals
renounced participation. There may be a variety of reasons for non-participation, such as a high
level of survey fatigue in the target group, a lack of interest in the survey topic, and the length and
complexity of the questions [32]. It is unknown how many invitations were hampered by spam
filters or how many individuals were invited to complete the survey that did not belong to the target
population. A few respondents indicated that they were invited through more than one e-mail
address. This may have happened to individuals both within and outside of the target population.
Based on emails received from survey recipients, time pressure was the most common reason for
active non-participation, including several people who referred directly to pressure from their
companies to invoice all work-hours. One person could not complete the survey due to technical
problems.
The 412 survey respondents makes this a smaller group of respondents than surveys among
North-American architects and structural engineers [25, 26] but larger than that of a web-survey
among Norwegian architects [33]. Contact details of the respondents of those surveys (which were
conducted for different purposes than the current survey) were acquired through professional
associations, which could not be done for our survey, increasing the uncertainty regarding the size
of the population. Studies have found no significant differences between traditional mail-in
questionnaires and web-based surveys regarding the response rates and socio-demographic
make-up of respondents [34].
The majority of respondents (93%) worked with architecture, while the rest worked with structural
engineering, building construction, project management or interior design. The mean age was 48
years, ranging from 25 to 74, and 68% were men. The mean age was lower among women (44
years) than among men (51 years). About half of the respondents had at least 20 years of work
experience within the construction industry. A majority (68% of n=199) of those with 20 or more
years of work experience within the construction industry were above 54 years of age, while 91%
of those with less than 10 years of work experience (n=103) within the construction industry were
44 years of age or younger. Concerning company characteristics, 26% of the respondents worked
at a micro-enterprise (1-9 employees), 42% at a small enterprise (10-49 employees), and 17% and
16% at a medium-sized or large enterprise, respectively (according to definition of size of
companies provided by the European Union [35]). A large proportion of respondents (62%) were

located in the metropolitan areas of Sweden (Stockholm, Gothenburg or Malmo region). Those
respondents were on average younger and had fewer years of work experience than the rest. They
were also more likely to work at a medium or large-sized enterprise than were the respondents of
non-metropolitan areas. Regarding in which statistical regions (Southern, Eastern or Northern
Sweden according to Nomenclature des Unités Territoriales Statistiques, NUTS1) the respondents
worked (n=395), 24% reported to work in Southern Sweden, 37% in Eastern Sweden, and only 7%
in Northern Sweden. A third (33%) of the respondents was involved in projects in more than one
statistical region of Sweden.
2.2

Analysis

Respondents used a five-point Likert-type scale to rate how innovative (1=Not innovative at all,
5=Very innovative) the Swedish construction industry is in general. They then rated their
agreement (1=Completely disagree, 5=Completely agree) to the influence of various hindrances to
innovativeness (see aspects in Table 1) within the Swedish construction industry. The mean
agreement was used to rank the hindrances in order of relevance. Wilcoxon ranks test (p≤0.05)  
detected whether the rating of the hindrances were significantly different. The test compared the
ranking of successive pairs of decreasing mean values. A significant result for the first pair of mean
values automatically renders the following mean value significantly different from the first one.
Such a test is suitable for comparing rankings among the same group of respondents [36]. The
questionnaire also included an open-ended question allowing 250 characters on what could
facilitate the adoption of innovations in the Swedish construction industry. About 50% (n=203) of
the respondents replied to this question. Responses were analysed on a qualitative basis through
content analysis and search for recurrent themes.
Respondents then rated how innovative (1=Not innovative at all, 5=Very innovative) they found
different frame systems (on-site and prefabricated steel, concrete, massive timber, glue-laminated
wood, and light-weight wood) in multi-storey buildings. The mean ratings were used to evaluate the
perceived relative innovativeness of the materials. The respondents also rated how they perceive
different frame materials (steel, concrete, and wood) to perform (1=Very poor performance, 5=Very
good performance) with regards to some hindrances to the general innovativeness of the Swedish
construction industry (opportunity to support local industry, how proven the method of construction
is, experience of contractors, easiness to find suppliers, level of marketing from suppliers, and
easiness to find affiliations/construction partners). To understand the perceptions towards the use
of steel, concrete and wood frames in multi-storey buildings, the respondents then rated the
importance (1=Not taken into account at all, 5=Very much taken into account) of different aspects
in the choice of frame material in a building of 3-8 floors, and the performance (1=Very poor
performance, 5=Very good performance) of steel, concrete and wood frames with regards to those
aspects (also analysed in [37]).
Cross-tabulations with Chi-square test for independence (p≤0.05)   tested for the influence of age,
gender, years of work experience within the construction industry, geographical location, and size
of company, on the perceived innovativeness of the Swedish construction industry; perceived
relevance of hindrances to the innovativeness of the Swedish construction industry; how innovative
different frame materials were perceived to be; perceived performance of steel, concrete and wood
frames with regards to hindrances to the innovativeness of the Swedish construction industry; and
perceptions of steel, concrete and wood frames in multi-storey buildings.

3. Results
3.1

General innovativeness of the Swedish construction industry

The respondents perceived the Swedish construction industry as not very innovative, with 56% (of
n=322) rating 1 or 2, and only 5% rating 4 or 5 on the Likert-type scale. Most influential hindrances
to the diffusion of innovations in Swedish building construction were perceived as cost aspects
(focus on project costs rather than life-cycle costs, the economic risk associated with innovations),
followed by a focus on traditional drawing/calculation models and a tendency to use proven

materials and methods (Table 1). The next highest agreements were to that contractors lack ability
to adjust processes and established collaborations regarding specific materials and methods.
Aspects related to the nature of buildings (e. g. the long life-time, the site-specific nature of
construction and the uniqueness of each building project) were least agreed to as influencing the
innovativeness of the Swedish construction industry.
Table 1 Mean agreement (1=Completely disagree, 5=Completely agree) with the relevance of
indicated hindrances to the innovativeness of the Swedish construction industry, arranged in
decreasing order.
Std. Error Wilcoxon
a
Hindrances to innovativeness of the construction industry
n
Mean of Mean test
The focus on project costs rather than life-cycle costs.
396 4.34
0.04
The economic risk associated with innovations.
399 3.95
0.04
*
Building projects focus on traditional drawing-/calculation-models.
400 3.84
0.05
*
The construction industry uses proven materials and methods.
402 3.79
0.05
n. s.
Contractors lack the ability to adjust construction processes to
400 3.76
0.04
n. s.
innovations.
Established actor collaborations based on specific materials and
400 3.75
0.05
n. s.
methods.
Conventional contract forms.
400 3.69
0.05
n. s.
Construction clients lack of interest in innovations.
401 3.64
0.05
n. s.
The division of project phases prevents a comprehensive overview. 402 3.60
0.06
n. s.
Innovations are inefficiently marketed.
399 3.42
0.04
*
The lack of coordination and management of building projects.
401 3.40
0.05
n. s.
The temporary character of building projects leads to insufficient
399 3.25
0.05
*
knowledge transfer.
Current standards and building codes
399 3.18
0.06
n. s.
Competition is deficient.
397 3.14
0.06
n. s.
Subcontractors are too small
400 3.06
0.06
n. s.
The long life-time of buildings makes it difficult to evaluate
399 2.82
0.06
*
innovations.
The site-specific nature of building projects leads to insecurities and
396 2.57
0.05
*
lack of routines.
The tendency to support local industries.
396 2.49
0.05
n. s.
The uniqueness of each building project.
402 2.23
0.05
*
a
An  asterisk  indicates  that  the  ranking  of  this  factor  is  significantly  different  from  the  preceding  one  at  p  ≤  
0.05, and n. s. indicates not significant.

There were regional as well as age and gender differences regarding perceived relevance of
hindrances to the innovativeness of the Swedish construction industry. Younger respondents and
those of fewer years of work experience within the construction industry perceived a greater
relevance of the influence of a tendency to use proven materials and methods, established actor
collaborations involving certain materials and methods, conventional contract forms, construction
clients lacking interest in innovations, and current standards and building codes. Respondents of
longer work experience within the construction industry as well as respondents not working in the
metropolitan areas of Sweden perceived a greater relevance of sub-contractors being too small to
be able to adopt innovations. Respondents not working in the metropolitan areas also gave a
higher relevance to the uniqueness of each building project as a hindrance. Women and
respondents working at larger enterprises gave less relevance to the uniqueness of each building
projects than did men and respondents of smaller enterprises. Female respondents also gave less
importance to the long life-time of buildings than did male, but greater importance to building
projects’ focus on traditional drawing/calculation models and that the lack of coordination and
management of building projects hinders the adoption of innovations.
The responses to the open-ended question of how to improve the innovativeness of the Swedish
construction industry covered several broad themes. The most frequently mentioned themes were

cost aspects (mentioned in 59 replies). Common comments included the importance of life-cycle
perspectives on costs and of creating incentives for construction clients and contractors to take the
risk to try something new. Respondents argued that as long as building projects focus on shortterm costs, few projects will take risks. Financial incentives such as subsidies for energy efficient
or sustainable building were frequently mentioned as a means to move forward by sharing risks
with actors outside the building project. The next most frequently mentioned category was
cooperation (36 replies). According to these respondents, dialogue, open discussions, coordination
and enhanced cooperation would lead to a better understanding of the viewpoints of different
actors and contribute to a shift from the   present   ‘narrow   mindedness’   to   trans-disciplinary
competence and better solutions. Most of these respondents mentioned cooperation between all
actors of the building project, while some suggested the need for increased cooperation between
the construction client and the architect and structural engineer. Other frequently mentioned
factors were knowledge and time (20 and 16 replies, respectively). These respondents felt that
better knowledge of sustainability is needed among the actors participating in the building project,
as well as a better diffusion of knowledge and research results within the industry. In this vein, 14
respondents mentioned that research results should be better communicated. More time to
analyse and consider different technologies and materials in the initial stages of the building
project was also requested. Contract or procurement forms and regulations were mentioned to a
lesser extent (12 and 13 replies, respectively). Contracts were mostly mentioned with regards to
their present negative impact on cooperation, time, and costs; whereas regulation comments
mostly argued that building codes are too stringent.
3.2

Perceptions of the use of wood frames in multi-storey buildings

Massive timber and glue-laminated wood were perceived as the most innovative frame materials,
whereas concrete were perceived least innovative (Table 2). Although prefabricated options
generally were perceived as more innovative than on-site constructed systems, the main material
content seemed more important to how innovative the frame system was perceived to be.
Respondents working in the metropolitan areas of Sweden perceived on-site concrete frames, onsite light-weight wood frames, on-site steel frames, and prefabricated steel frames as significantly
less innovative, than did the rest of the respondents, while on-site massive timber was perceived
as significantly more innovative in the metropolitan areas of Sweden. Older respondents perceived
prefabricated concrete and prefabricated steel frames as more innovative than did younger ones.
Women and respondents working at larger enterprises perceived on-site massive timber as more
innovative than did men and respondents working at smaller enterprises.
Table 2 Mean rating of how innovative (1=Not innovative at all, 5=Very innovative) different frame
systems are in 3-8 storied buildings, arranged in decreasing values.
Frame system

n

Mean

Std. Error
of Mean

Prefabricated massive timber
On-site massive timber
Prefabricated glue-laminated wood
On-site glue-laminated wood
On-site steel
Prefabricated steel
Prefabricated lightweight wood
On-site lightweight wood
Prefabricated concrete
On-site concrete

369
374
368
371
370
366
369
370
371
373

3.58
3.55
3.42
3.42
2.91
2.88
2.69
2.65
2.65
2.63

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.06
0.06

The respondents rated concrete frames better than steel and wood with regards to several aspects
influencing the innovativeness of the Swedish construction industry (Table 3). Wood was rated
best regarding the opportunity to support local industry, but was given the poorest rating with
regards to the rest. Men and older respondents gave a better rating of wood with regards to the

opportunity to support local industries, while those with longer years of work experience perceived
wood to as better regarding easiness to find suppliers, than did the rest of the respondents.
Respondents working in Northern Sweden perceived it easier to find affiliations regarding wood
frames than did the respondents working in other regions or across Sweden.
Table 3 Mean perceived performance (1=Very poor performance, 5=Very good performance) of
concrete, steel, and wood frames with regards to aspects influencing the innovativeness of the
Swedish construction industry.
Aspects

Mean (n)
Concrete

Mean (n)
Steel

Mean (n)
Wood

How proven the construction method is

4.43 (339)

4.05 (336)

3.11 (332)

Contractors’ experience

4.22 (311)

3.75 (306)

2.90 (311)

Easiness to find affiliations/construction partners

4.05 (278)

3.70 (268)

3.18 (267)

Level of marketing from suppliers

3.49 (284)

3.23 (280)

3.14 (278)

Easiness to find suppliers

4.04 (307)

3.75 (296)

3.29 (297)

Opportunity to support local industry

3.37 (275)

2.86 (267)

3.58 (274)

Most important aspects when choosing frame material for buildings of 3-8 floors were perceived as
project costs, fire safety, construction time, vertical and horizontal stability, sound insulation and
acoustics, and energy efficiency of the building. In general, engineering aspects (such as fire
safety, sound insulation, and stability) were perceived to be of great importance whereas
environmental aspects (such as climate impact, energy use during construction and recycling of
leftover materials from the building site) were perceived to be of less importance.
Table 4 Likert-type scale (1=Very poor, 5=Very good) mean values of the perceived performance
of concrete, steel, and wood frames in relation to different aspects in the choice of frame material,
arranged in decreasing order of importance.
Aspects

Mean (n)
Concrete

Mean (n)
Steel

Mean (n)
Wood

Project costs
Fire safety
Construction time
Sound insulation and acoustics
Vertical stability
Horizontal stability
Energy efficiency of the building
Work environment
Durability
Transports
The  building’s  design  and  aesthetics
Climate impact
Requests by users/The buildings flexibility
Sustainable development
Energy use during construction
Easiness to recycle materials
Easiness to renovate/demolish building

3.75 (260)
4.68 (368)
3.72 (327)
4.40 (367)
4.60 (304)
4.51 (297)
4.03 (302)
3.18 (275)
4.43 (328)
2.98 (252)
4.02 (366)
3.52 (291)
4.16 (361)
3.19 (317)
3.08 (240)
2.34 (326)
2.75 (331)

3.46 (251)
3.06 (355)
4.13 (317)
3.01 (341)
4.40 (297)
4.15 (287)
3.33 (287)
3.54 (266)
4.00 (319)
3.55 (247)
4.27 (363)
3.21 (286)
4.36 (358)
3.18 (313)
3.13 (238)
3.84 (326)
3.73 (327)

3.74 (238)
3.44 (351)
3.81 (295)
3.39 (347)
3.89 (281)
3.75 (272)
4.03 (289)
4.11 (273)
3.69 (302)
3.75 (248)
4.16 (360)
4.07 (292)
4.29 (349)
4.26 (316)
3.97 (239)
4.09 (324)
4.24 (325)

On average, the performance of concrete was most positively rated with regards to the engineering
aspects, but poorly rated with regards to environmental aspects (Table 4). Wood was rated best
performance with regards to environmental aspects. Wood and concrete were equally rated with
regards to costs of the building project, construction time and energy efficiency of the building. The
perceived   performance   of   steel,   concrete,   and   wood   frames   varied   with   age,   respondents’  
geographical location, and gender. Men, older respondents and those with longer work experience

within the construction industry perceived steel to perform better with regards to costs, energy
efficiency, climate impact, and sustainable development, and concrete to perform better with
regards to climate impact, than did women and the younger ones. Older respondents of longer
work experience also perceived steel and concrete to perform better regarding the work
environment and energy use during construction. They also rated steel better with regards to
easiness to renovate/demolish the building. Moreover, those of longer years of work experience
perceived steel to perform better with regards to fire safety and sound insulation and acoustics
than did those of fewer years of work experience within the construction industry, and older
respondents perceived steel and concrete to perform better with regards to transports than did
younger ones. Respondents working in non-metropolitan areas perceived steel to perform better
with regards to sound insulation and acoustics and energy efficiency than did the metropolitan
ones. Women perceived wood to perform better with regards to sound insulation and acoustics,
durability, and recycling, than did men. Older respondents and respondents from smaller
enterprises perceived wood to perform better with regards to fire safety, than did respondents of
lower age and larger enterprises.

4. Discussion
The mean age of the responding architects correspond to that among working architects in
Sweden [38]. But due to the uncertainties regarding the studied population the results of this
survey may not be representative for architects working with multi-storey buildings in Sweden at
large. Still, the results give empirical evidence to and strengthen the conclusions of previous
qualitative studies further.
The Swedish construction industry was perceived to be of low innovativeness. A similar
assessment has been expressed in several studies (see e.g. [13, 27, 39]). Cost aspects were
perceived as most important to the innovativeness of the Swedish construction industry and were
also most frequently mentioned in the open-ended answers as to how innovativeness can be
improved. The importance of costs have been emphasised in several studies (see [12, 14, 17, 40])
and was also found important in the choice of frame material. Several other aspects perceived as
relevant to the innovativeness of the Swedish construction industry are related to costs [14, 28,
41].  For  instance,  the  industry’s  tendency  to  use proven materials and technologies, acknowledged
by the responding architects, is likely related to resulting ease of cost prediction [41] and the
perceived financial risk of adopting something new [17, 29]. The  architects’  suggestions  on  how  to  
overcome the costs issue included governmental subsidies and economic instruments making a
life-cycle perspective more attractive. Similar measures have been suggested by UNEP [17].
Conventional  contract  forms  and  construction  clients’  lack of interest in adopting innovations were
also perceived as a relevant hindrance to the innovativeness of the Swedish construction industry.
Relating to this, better communication between the actors of the building project and more
knowledge and time to evaluate different options were mentioned by the respondents as means to
facilitate innovativeness. This has also been suggested by Blayse and Manley [27]. Such things
are generally governed in the contract form, which is decided on by the construction client. That
respondents not working in the metropolitan areas perceived the smallness of subcontractors and
uniqueness of building projects as more important to the innovativeness of the Swedish
construction industry may indicate such problems are stronger perceived in areas where the range
of companies involved in building construction may be smaller.
Regarding frame materials, the respondents perceived wood frames as innovative, indicating that
general hindrances to the innovativeness of the Swedish construction industry may apply to the
diffusion of multi-storey wood frames. However, in line with studies not finding any significant cost
differences depending on choice of frame material [42], concrete and wood were perceived as
equally good with regards to costs. Thus, although costs may be important to the diffusion of
innovations within the construction industry in general, it seems not perceived as an important
hindrance to the diffusion of multi-storey wood frames. However, as concrete and steel was
perceived as more proven materials than wood in multi-storey buildings and also as superior to
wood  with  regards  to  contractors’  experience,  easiness  to  find  affiliations/construction partners, the
level of marketing from suppliers, and easiness to find suppliers, such aspects may indeed
constitute hindrances to the diffusion of multi-storey wood frames.

Even though any tendency to support local industries was not perceived as a hindrance to the
innovativeness of the Swedish construction industry, the regional differences with regards to the
opportunity to support local industries may be significant to the adoption of multi-storey wood
frames. The opportunity to support local industry through the use of wood was rated better in the
non-metropolitan areas of Sweden than in the Stockholm, Gothenburg and Malmo region. Also,
respondents in the North perceived it as easier to find affiliations/construction partners to build with
wood frames, than did the rest. This may relate to that several suppliers of multi-storey wood
frames, e .g Lindbäcks bygg and Martinssons trä, are located in northern Sweden. Also, the initial
Swedish multi-storey wood building projects were located in non-metropolitan areas [43] with a
closer relationship to forestry. It may also indicate a stronger tradition of using concrete in urban
areas.
From the results of this survey it cannot be discerned whether that respondents in the metropolitan
areas perceived wood as more innovative relate to e.g. a lesser use, or an increased discussion, of
use of wood frames in urban areas. However, as older respondents perceived prefabricated
concrete and steel as more innovative than younger, it seems perceived innovativeness of frame
material may relate to years of work experience within the construction industry. Also, as younger
respondents perceived a greater relevance of several hindrances to the innovativeness of the
Swedish construction industry, they may perceive more of a need for change.
Regarding perceived performance of frame materials in multi-storey buildings, and relating to how
proven the methods of construction were perceived to be, the perceptions were most favourable
towards concrete frames with regards to the most important aspects of the choice of frame
material. Should perceptions of wood be more positive with regards to engineering aspects, or
were environmental aspects of greater importance in the choice of frame material, the decision to
adopt wood frames might be easier. Such a shift may be accomplished through promotion of good
examples of multi-storey wood frames and through consumer demand or policies encouraging
greater importance of environmental aspects in construction projects. However, older respondents,
who were more likely to have longer work experience and be male than the rest of the
respondents, had more positive perceptions of steel and concrete frames, than did women and
younger respondents, who tended to be more positive towards wood. Hence, such changes may
already be happening.

5. Conclusion
The architects perceived the Swedish construction industry as not very innovative and seem to
attribute it mostly to a short-term focus on costs and a tradition of using proven materials and
methods. Wood frames were perceived as more innovative than steel and concrete frames, in
particular in the metropolitan areas of Sweden. With the exception of costs, several general
hindrances to the adoption of innovations in the Swedish construction industry seem to apply to the
diffusion of multi-storey wood frames. Apart from the possibility to support local industry, current
circumstances and perceptions seem to favour the use of concrete and steel, rather than wood.
However, perceptions seem more favourable among younger architects than among those of
longer work experience, indicating a shift towards more favourable conditions for the adoption of
innovations, and the use of wood, in multi-storey construction.
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Summary
This paper explores the tensions between an emerging change of mindset in favour of more
sustainable patterns of behaviour among many built environment professionals and their struggle
to understand what they should be doing to create a more sustainable world, and how to do it.
Many professional bodies claim that sustainability is at the core of their activities. For example, the
Royal Institution of Chartered Surveyors (RICS), one of the largest organisations for property
professionals worldwide, adopted a dedicated sustainability policy in 2005, which is strong on the
‘what’, but says little about ‘how’ or ‘why’. Professionals remain unclear about how to respond to
complex and inter-related environmental, social and economic challenges, when they probably
mostly imagine having a simple set of one-dimensional responsibilities to their clients or
shareholder value. At best, professionals are confused about how to balance their technical
competences and public interest responsibilities.
The paper examines the objectives of selected built environment professional bodies and their
approach to sustainability as a field of professional expertise and a professional duty. It will identify
disabling factors that prevent a change of mindset being translated into new models of practice.
These factors include the absence of a coherent new paradigm and narrative for sustainability in
which to acquire and apply new knowledge, and to redefine the public interest values in everyday
practice; or the erosion of ethical values and social context, as the fundamental guiding principles
for personal and professional behaviour.
The paper provides propositions for actions (such as fostering and providing conditions under
which built environment professionals can take personal responsibility for ethical behaviour) that
can be effective levers for change. In summary, this paper will deal with the relationship between
knowledge, skills, and ethics to models of professional practice, and will answer the following
question: What does it mean to be a built environment professional for a sustainable world?
Keywords:

Professionalism, public interest, ethics, responsibility, accountability, values

1. Introduction
Today’s globalised economy can be characterized by a mostly uncritical admiration of unconstrained markets, a prevailing belief in Adam Smith’s ‘invisible hand’ and the self-regulating forces
of the free market play, a general disregard for the public and the environment as well as the delusion of endless growth. This has led to a situation where there is greatly increased resentment regarding the disparities that have grown up over a generation, both between and within countries,
and which have been exposed by the combination of three simultaneous and mutually reinforcing
crises: the financial, environmental and social.
Within many western countries, the economy is changing – or already has changed – from an
economy that was regulated and controlled (at least to a certain extent) by governments in order to
prevent markets from failing and to protect weaker individuals from the worst market excesses into
an economy that now implicitly excludes politics and governmental regulation “as an arena of
choice: [instead it is now assumed that] systems of economic relationships are […] laid down by
nature. Once they have been identified and correctly understood, it remains to us only to live according to their laws” [1, p.193].
In addition, the lesson from the recent international climate change negotiations at Copenhagen
and Cancun is that politicians are significantly less powerful than previously imagined. They have
been unable to deliver political deals, to create change, or to define common values within which
societies need to operate.
Even though it needs to be acknowledged that for some ‘enlightened’ participants of the free market, sustainable development issues (such as an assumed responsibility towards society and the
environment) do impact on business decisions, it is open for debate if and to what extent ‘sustainability’ has become a marketing concept only. In addition and in a strict sense, the conception of
unchangeable ‘rules and laws of the free market’ arguably disqualifies the ethically grounded and
normative concept of sustainable development as a misbelief and as orphaned from mainstream
thinking and behavior (see also: [2]).
However, when the “market and the free play of private interests so obviously do not come together to collective advantage […]” [1, p. 206]; i.e. when the environmental, social and financial
problems societies are facing can neither be tackled by market mechanisms nor by (deliberately)
powerless governments who have been ill-advised by corrupted ‘economic experts’ (see the film
“Inside Job”, 2010, by Charles Ferguson), who then can take responsibility and accountability for
market outcomes?
Responsibility and accountability are now more diffuse and lie (more than before) with a wider
group including professionals and, in particular, professional bodies and organisations. So rather
than governments it should be the overall institutional framework (of which professional bodies are
an integral part) that will need to lead on realigning market forces with the wider public interest.
Interestingly, in a recent survey, when asked who should be responsible for mitigating the impacts
of climate change, less than 5% of respondents employed in international real estate consultancies, identified professional bodies as having any responsibility [3]. This suggests that despite efforts to push a sustainability agenda, there are barriers to its implementation both in universities
and, consequently, in the workplace. These barriers, the ethical and moral bases for responsibility
and accountability of professional bodies as well as the resulting consequences for individual professionals are discussed in the following within the context of the built environment professions.

2. Built Environment Professionalism and Professional Bodies
2.1

General guiding principles and role within the institutional framework

Institutions have been defined as “systems of established and embedded social rules that structure
social interactions” [4, p. 13]. Institutional structures are sustained through a network of public and
private organizations and professional bodies. Keogh and D’Arcy [5] comment that “the institutional
structure of individual property markets is very important across the world because each property
market behaves differently in terms of the institutional form and structure”. As such, an institutional
framework covers political, regulatory, and economic aspects of a market. These can facilitate or
limit the property market process of bringing market players together to produce activities which
generate the rules of the game. This market process is, therefore, subject to change in response to
institutional changes in a property market, which can be political, social, economic or legal.
In general, built environment professional bodies – being part of as well as apart from the market
process – fit into this institutional framework as they, on the one hand, circumscribe and reinforce
workplace skills and practices, develop and control a knowledge base, control entry into the occupation, demand public recognition of professional status and fix the market for professional services. On the other hand, built environment professional bodies also offer the promise of a covenant with society to protect it from unscrupulous, unfair or short-term practices through the provision of impartial advice and services [6].
Davies and Knell [7] identify four guiding principles for the built environment professions. These
are:
The development of a body of knowledge – This is not only ‘codified knowledge’, which is increasingly available to all via electronic access but, more particularly, ‘tacit knowledge’, “the knowledge
that is not consciously on our minds, but acts as an indispensable resource for getting things
done.” This is the enabling knowledge built into a professional framework to meet moral and ethic
conduct within social boundaries.
Trustworthiness – The role that the professions play is as an intermediary establishing levels of
behaviour in markets “with extreme informational asymmetries”. They provide another layer to the
market mechanism offering integrity and independence.
Formal association – It is only through formally constituted organisational structures that professional bodies can wield any power or influence. In order to be authentic in their role over and
above the market and immediate financial reward, they have to be perceived as “maintaining high
barriers to entry […] [to] ensure that both their body of knowledge and their reputation are secure.”
The protection of the public interest – There is a tension here between ‘the public-oriented ethos’
of a profession and the market mechanism within which its members, as employees of third party
organizations, work. To overcome this, most professional bodies have a code of conduct and a
regulatory framework within which their members are expected to work in order to avoid conflicts of
interest.
2.2

Professional bodies at risk

Despite the built environment professional bodies’ important role within the overall institutional
framework and their respectable general guiding principles, there is a very real danger that professional bodies lose both, their power and reputation as well as direction because of the weight of
the influence of the market, a market which is more and more aligned to the pursuit of financial
profit above all else.

This can be illustrated in the context of sustainable development – a complex concept in itself but
one which is of significant concern to all built environment professions. Not only that, though, because it is one which these professions could take a lead in addressing both the technical fix and
the behavioural shift needed to mitigate the impact of degradation of our climate as well as the loss
of important and valued public goods through privatised and hostile public spaces, social conflicts,
occupational diseases, contaminated land, resource exploitation, energy and water insecurity,
wastelands within cities and destruction of the countryside (see, e.g. [8]).
So far, among professional bodies and their members there has been some movement on the first
(i.e. the technical fix) but very limited activity on the second (i.e. the behavioural change). The reasons for this are threefold:
Firstly, technical solutions are based on science and generally, practitioners are presented with a
potentially long term problem and they are able to produce a short term solution without undermining the fundamental causes of the problem. This raises the question “under what conditions do certain sections of human populations develop new fundamental behaviour patterns, rather than
merely move between the already constituted patterns they predictably adopt due to their social
position” [9]? In this case, social position relates to patterns learnt and applied as professional surveyors, planners, architects, engineers, etc.
Secondly, most professions in the built environment have their roots in technical knowledge and
the physical sciences. This, in itself is not a problem but it does encourage a propensity to see the
concrete rather than the value-laden aspects of the facility, to the extent that “if one imagines that
education, if it is to be of any value at all, is concerned mainly with ‘things’, whether in scarcity or
abundance, the whole point is missed [...] both make the mistake of trying to produce wisdom by
circumstances instead of circumstances by wisdom” [10]. Behavioural change and reaction to
natural or manmade factors tends to be a more difficult area to pursue. It tends to fall outside most
members‘ area of expertise or interest.
Thirdly, the whole issue of sustainability does not lend itself to reductionist theory, in the same way
that it is possible to assess stress on building materials or cost per square metre of usage. Nor can
it be seen in terms of present (or, indeed, short term future) usage. Sustainability as a concept has
to be seen holistically over space and time. In addition, to most ‘sustainability’ still only means environmental concerns. And in environmental terms, sustainability is unseen (‘day to day the
weather stays the same!”), distant (‘why should I be concerned about world poverty?’) and something to worry about in the long term (‘it can be discounted away to virtually no problem at all!’). If
sustainability is to have meaning then its broader social and financial consequences (e.g. social
costs like transport, health, security, general well-being) – as opposed to marketing value-added –
would have to be exposed by the professional bodies. But these are not the issues professional
bodies get too directly involved in normally. In addition, social justice and equity are rarely taught,
examined or debated as part of everyday practice, let alone inform key strategic concerns of the
professional institutions.
Unfortunately, under the current circumstances, the technical fix is relatively unimportant if it is not
accompanied by a parallel shift in behaviour. Otherwise, wasteful resource usage and disposal activities remain the same or consumption habits and practices continue to accelerate. What is
needed is a level of sustainability literacy which enables both the technical and the behavioural aspects of professional advice to be implemented side-by-side.
2.3

Sustainability literacy in built environment professionalism

The report “Sustainable Development in Higher Education – Current practice and future development”, [11, p. 6] identifies the following skills and knowledge as representing sustainability literacy:

An appreciation of the importance of environmental, social, political and economic contexts
for each discipline
A broad and balanced foundation knowledge of sustainable development, its key principles
and the main debate within them, including its contested and expanding boundaries
Problem-solving skills in a non-reductionist manner for highly complex real-life problems
Ability to think creatively and holistically and to make critical judgements
Ability to develop a high level of self-reflection (both personal and professional)
Ability to identify, understand, evaluate and adopt values conducive to sustainability
Ability to bridge the gap between theory and practice; in sustainable development, only
transformational action counts
Ability to participate creatively in inter-disciplinary teams
Ability to initiate and manage change.
These are very different skills from those of the more technically minded and may be contraintuitive to a pragmatic professional who invariably is sought out by clients craving short term solutions. These solutions are often responses based on partial knowledge (both of the client and the
situation) and often do not responsibly take account of wider issues. In this sense, they do not respond ‘adequately‘ nor is the response necessarily effective or at its ‘highest capacity‘ [12].
In short, built environment professionals (like any other professional and citizen) cannot continue to
evaluate the world and the choices they make in a “moral vacuum” (see: [1, p. 37]). However, according to Blake [13] three key barriers hinder a shift in behaviour from taking place: individuality,
responsibility, and practicality.
Individual barriers, i.e. barriers lying within the person, having to do with attitude and temperament.
Responsibility barriers, i.e. people who do not act sustainably feel that they cannot influence the situation or should not have to take the responsibility for it.
Practicality barriers, i.e. the social and institutional constraints that prevent people from acting sustainably regardless of their attitudes or intentions (e.g. lack of time, lack of money,
lack of information).
If the professional bodies can start to address the issue at this level, it may be possible to develop
the buildings and places that align with the sustainability agenda created with sustainable finance
and used in a way that helps to realise a sustainable future. But why, how and to what extent
should built environment professional bodies engage in changing behavior and thus, in shaping the
forces of the market and the free play of private interests?

3. The ethics of built environment professionalism
3.1

Professional disciplines in a social, environmental and economic context

“It is no longer possible for us to masquerade as disinterested, or objective professionals, applying
our techniques with equal ease to those clients we agree with, as well as to those we disagree
with. We are, in effect, the client for all our projects, for it is our own society we are affecting
through our actions.”
This sounds a very contemporary assessment of the challenges facing built environment professionals engaged in championing the principles and promises of sustainability. In fact, it comes from
the 1970s, and is contained in Robert Goodman’s ‘After the Planners’ [14, p. 249-250]. ‘After the
Planners’ is an exhausting but exhilarating 300-page polemic book of sustained anger at the architects, planners, and property professionals who had been lured into the urban renewal process,
and how their skills and their knowledge were then entirely debased by corporate political and

commercial interests. Goodman accused them of abandoning their public interest obligations; in
this case towards the mostly poor urban populations that were displaced by these projects and
programmes. Goodman’s unforgiving ethical challenge to all built environment professionals resonates today, both in the context of sustainability, but also in the light of the ‘morning after the night
before’ feeling of life after the global financial crisis. Did we really let that happen? How?
Sandel [15, p. 4] tackled this feeling of malaise in his 2009 Reith Lectures on the New Citizenship:
“It’s […] a time to rethink the role of markets in achieving the public good. There’s now a widespread sense that markets have become detached from fundamental values, that we need to reconnect markets and values.”
The book ‘Ecological Urbanism’, published by Harvard University Graduate School of Design [16],
may sound rather detached from ethics, values and markets, but it goes to the heart of the skills
that may be required of an ethical professional with values about what to be, and how to act: “The
prevailing conventions of design practice have demonstrated a limited capacity both to respond to
the scale of the ecological crisis, and to adapt their established ways of thinking. Ecological urbanism utilises a multiplicity of old and new methods, tool and techniques, in a cross-disciplinary and
collaborative approach” [16, p. 26].
The book recognises the tensions between disciplinary knowledge, and the moral imperative of
sustainability; an imperative that can override and undermine the value of disciplinary examination,
as if sustainability was an unquestioned and static absolute good, or a question to which there is a
right answer. Mostafavi and Doherty [16] and the other 150 contributors to the book, argue that the
traditional distinctions between the design professions are breaking down, and that generalism is
also important and necessary as a productive disciplinary strength. Ecological urbanism will
emerge into a way of professional working that is based on the complexity of human experience,
both observed and personal, and informed by social justice and ethics, as well as technology and
design competence.
Such a vision implies also that clients are bound into that web of complexity and human experience from which the professional is expected to make some sense of the challenges of climate
change, resource depletion, population growth and urbanisation. Goodman [14] described the professional as a client and as someone likely to be affected by the consequences of the project/assignment or his or her actions as a professional. Behind both formulations is the idea that
someone is taking responsibility and is accountable; but for what and for and to whom? This is the
subject that we turn to next.
3.2

How ethical are professional Codes of Conduct?

In the UK, the professional bodies are founded with charters, stating their purpose, backed up by
Codes of Conduct, regulations and byelaws, which variously regulate the business of the institution, the education, accreditation and the practices of its members, as well as the promotion of the
institution’s purposes to the world at large. (In other countries (e.g. in Germany) similar regulations
apply which are contained within the articles and statutes of the respective professional organisations).
Professional bodies – such as the Royal Institute of British Architects (RIBA), the Institution of Civil
Engineers (ICE), and the Royal Institution of Chartered Surveyors (RICS) – are not membership
organisations designed to promote the interests of individual members, beyond the overarching
purpose of promoting the profession as a whole. Many members do not fully understand the distinction, and the business of the institutions can be compromised by the occasional discontent of
members who feel their self interests are not being served.
There are strong similarities between the governance arrangements and their scope across the
main professional institutions; for the purposes of this paper, architects, engineers, planners and
surveyors.

Till [17] deconstructed the various elements of being an architect, and the workings of the Architects Registration Board (ARB) and the Royal Institute of British Architects (RIBA), in his recent
book, ‘Architecture Depends’. Till’s analysis [17, Chapter 10, pp. 171-188] serves also for examining the characteristics of other built environment professions.
He observes that that “one of the most commonly made mistakes is to confuse professional propriety with an ethical position, as if acting in accordance with the codes of professional conduct will
ensure ethical behaviour.”
Till illustrates how the requirements of the ARB’s and RIBA’s codes of conduct (and similar professional bodies in North America) are about reasonable standards of competence and diligence, of
keeping knowledge up to date, and prudent and honest business administration mainly in relation
to the client’s interests or those of other professionals; standards that “even my hairdresser could
meet”, and so not intrinsically ethical or even professional. He argues that ARB’s powers ‘to protect
the consumer’ are for the benefit of the client, and not the user of the building or others who may
be affected by it.
Till [17, Chapter 10, pp. 171-188] asserts that simply meeting the requirements of a code of conduct that serves only the client’s interest “may be unethical in my terms”, as it may ignore the long
term, the interests of the user, or environmental responsibility; responsibilities which may be fulfilled by an enlightened client, but which may equally be subject to pressures from the “short term,
opportunist, and potentially exploitative” demands of the market.
He has an answer to the criticism that the client pays, so is entitled to get what he or she wants, or
that “the whole idea of wider responsibilities smacks of idealism”. He maintains that social ethics
are inherent in the design of any building or place: “just to ignore them does not mean that they will
go away. Better to face up to them, and in this deal with the tension between the values and priorities attached to the professional codes and implicit in social ethics […] not to engage with the dirty
reality of short term demands is as much a form of escape as the positing of utopian proposals of a
harmonious ethic.”
Architects, planners and surveyors are therefore left rather exposed in an ethical void in which the
terms of their charters, whilst appearing to promise actions in the public interest, and codes which
regulate professional behaviour, cannot provide any moral guidance or framing for debate about
the ethics of the project/assignment or the application of their knowledge and skill to it, or to a
wider societal understanding of what they should do.
Engineers, at the Institution of Civil Engineers (ICE), are more fortunate, as their code of professional conduct is unequivocal: “The duty upon members of the ICE to behave ethically is, in effect,
the duty to behave honourably; in modern words, ‘to do the right thing…Members of the ICE
should always be aware of their overriding responsibility to the public good. A member’s obligations to the client can never override this, and members of the ICE should not enter undertakings
which compromise this responsibility…The ‘public good’ includes care and respect for humanity’s
cultural, historical and archaeological heritage, (and) to protect the health and well being of present
and future generations and to show due regard for the environment and for the sustainable management of natural resources” [18].
Moreover, Rule 3 of the Rules of Professional Conduct states that: “All members shall have full regard for the public interest, particularly in relation to matters of health and safety, and in relation to
the well-being of future generations…Members should take account of the broader public interest the interests of all stakeholders in any project must be taken properly into account, including the
impact on future generations. This must include regard for the impact upon the society and quality
of life of affected individuals, groups or communities, and upon their cultural, archaeological and
ethnic heritage, and the broader interests of humanity as a whole” [18].

All this is in addition to the basic requirements of competency observed by Till [17], and a separate
Charter for Sustainable Development based on the principle that: “Sustainable Development is
central to civil engineering and that ICE and the profession it serves must organise themselves accordingly. […] In fulfilling this role, civil engineers contribute to economic growth, to environmental
protection and to improved quality of life […] equally recognising the need to protect and enhance
the environment and to use resources in a way that does not disadvantage future generations”
[19].
This paper cannot reflect on whether civil engineers are notably and self-evidently more ethical
than others, in their professional work and as members of cross-disciplinary professional teams, or
whether they are more challenging in their relationships with clients. However, anyone employing a
civil engineer would be in no doubt about what they were getting, and what the professional body
expected of its members.
Other built environment professionals, less constrained than civil engineers, may continue to maintain that their first responsibility is to their client’s shareholder value, and indeed their own, as overriding fiduciary obligations. The charters or codes of conduct do not explicitly go as far as that, and
may, on the contrary, as in the 1881 Royal Charter of the Royal Institution of Chartered Surveyors
(RICS) describe one of the principal tasks of the surveyor as “securing the optimal use of land and
its associated resources to meet social and economic needs” [20, Clause 3]. (Note the inclusive
and mandatory ‘and’.)
However, despite the moral ambivalence identified by Till [17], taking refuge in the exigencies of
company law is no escape from his ‘dirty reality’, as the UK Companies Act expanded the duties of
directors to mirror objectives not unlike the ICE’s. Section 172 of the Act [21, Chapter 2] describes
the duty to promote the success of the company:
(1) A director of a company must act in the way he considers, in good faith, would be most likely to
promote the success of the company for the benefit of its members as a whole, and in doing so
have regard (amongst other matters) to
(a) The likely consequences of any decision in the long term,
(b) The interests of the company’s employees,
(c) The need to foster the company’s business relationships with suppliers, customers and others,
(d) The impact of the company’s operations on the community and the environment, […].
Historically, fiduciary obligation appears to have been interpreted by many investors as forcing
them to disregard such matters in fulfilling their beneficiaries’ interests. The ‘long term’ and community and environmental impact were therefore new, and intended to be ‘defensive’ and protective to ensure that directors were not regarded as being in breach of their fiduciary duty because
they had had regard to those things. However, good parliamentary drafting enables many interpretations to be made of the same words, so it is clear that Section 172 of the UK Companies Act is
also permissive, and so “provides a model for fiduciary investors to have the freedom to take a
more enlightened approach to their responsibilities. The fact that fiduciary investors are themselves shareholders makes this case all the more compelling. At present, the Companies Act ethos
of enlightened shareholder value is in direct conflict with the perception of these shareholders that
their legal obligations actively prevent them from taking an enlightened approach” [22, p. 115].
In France and Germany, mutual funds owe a statutory duty to act “in the sole interest of investors
and of the integrity of the market [23, p. 58]. Similar regard could and should have been required,
perhaps, in recent market conditions, to prevent some UK and other long-term fiduciary investors
partaking in risky or short-termist strategies which undoubtedly have compromised financial stability, without serving beneficiaries’ long-term interests.
So custodians of shareholder value and fiduciary obligations are no more exempt from considering
the tensions between markets and moral and ethical issues, or taking responsibility for their
choices and decisions, than professionals or, indeed, any other citizen.

3.3

Responsibility and Accountability for Outcomes: Future Professionals

The preceding discussion, particularly the example of the ICE, shows that the allocation of responsibility for acting in the public interest rests with both the individual professional and the institution,
and in some cases, in supporting collaborative behaviour across the built environment institutions.
What is less clear is how changes occur where the public interest imperative needs to be strengthened. Are the institutions or individual professionals the most likely and effective agents for
change?
In 2006, the main UK professional bodies concerned with planning, RICS and the Royal Town
Planning Institute (RTPI) commissioned, with others, the ‘Future Planners’ report in order to imagine the new roles and skills required of ‘planners’ to put into practice the disciplines of spatial planning, adopted as part of the UK procedural planning reforms of 2004. Spatial planning was to be
the new principal means of ordering and enabling sustainable development. There was a recognition that the professions would need to do different things, as well doing existing things differently.
According to one of the report’s interviewees, head of planning for a London council, “planners are
implementing the same system they have always implemented, but it wasn’t designed for a globalising world” [24, p. 4].
Spatial planning was therefore understood to be a more dynamic and fluid process, needing to be
constantly adaptive to the interactions between people, place and capital flows, which might now
emanate from anywhere in the world. In this context, the challenge to the planner would be to mediate the tensions between local and extra-local priorities and imperatives. The report suggested
new roles for planners, ranging from Enabler to Scenario Planner, to Provocateur, and Judge. It
gave the planner greater autonomy, but working within a framework of collective and collaborative
effort from other professionals, people and politicians, and managing knowledge flows and the
content of planning debate: a world away from the traditional functions of policy writing and development control [24].
To maintain credibility in this autonomous and highly responsible position, the planner would need
a story about his or her role that would enable others to trust them as disinterested advocate of a
better future. The authors of the ‘Future Planners’ report proposed the concept of ‘Public Value’, a
term with some political currency at the time, to move the debate about public interest beyond the
normal presumption of ‘public investment good for all, private investment good for some’. The public interest should not be taken for granted, but had to be proposed, debated and endorsed. “We
take ‘public value’ to be the achievement of democratically legitimate sustainable development […]
integrating environmental sustainability and social justice with economic growth […]. This requires
all to take a long term view. It demands a reassertion of the idea […] that the planning system aims
to pursue the public interest” [24, p. 5]. The responsibility of the Future Planner was to manage this
process of co-producing a sustainable future, and to be held accountable by all the stakeholders in
the co-production for the realisation of ‘public value’.
Public value was, however, essentially a forward looking construction of value, hard to reconcile
with the pragmatics of development economics today. Whilst most forms of investment in new development have a relatively short term investment horizon, often reliant more on short term trading
in speculative and inflationary land and asset values, both the costs of the providing for the future
and future accruals of value are routinely ignored. Planners would, therefore, have needed a revolution in practice, skills and status to put themselves and their profession into a position where this
debate could reshape the operation of markets to deliver genuinely sustainable development, in
any market, let alone one in which asset values were distorted by massive inflows of global capital
from GDP surplus countries to the GDP deficit UK and some other European countries and their
land and housing markets.
The ‘Future Planners’ report was enthusiastically received by both professionals and their institutions in the UK; some individual professionals, not traditional planners, were inspired by the ambi-

tion of the report to develop new modes of practice, and are operating effectively at the interesting
margins of professional practice. It is not surprising, though, that none of the RICS, RTPI or mainstream professional firms or public offices have yet found a way to act on any of the ideas. Assessing the future is too difficult and uncertain. Taking responsibility for it seems an unnecessary distraction, when dealing with and mostly accommodating the ‘dirty reality’ of today is the best that
can be managed.
Whereas planning does at least imply an interest in the future, the task is even harder for property
professionals, especially for valuers whose principal responsibility is to assess the price at which a
willing purchaser and vendor will agree to a transaction. The valuer's dilemma is that the task of
valuation is about the price today, based on a backward look at the evidence of previous transactions. Valuing sustainable development is a challenge not least because it has to be based on a
view of an uncertain future, and its potential risks and rewards.
There are also strong, almost moral prohibitions in their force, that prevent valuers trying to ‘shape’
markets; they may only reflect it. As with the earlier observation about planners, however, that
leaves valuers “implementing the same system they have always implemented, but it wasn’t designed for a globalising world”. However, sustainable development is now embedded fully in the
global discourse about the future of the planet. Almost every aspect of national UK and EU public
policy and an increasing body of regulatory requirements requires new development to carry the
burden of environmental and social costs of sustainability, quite explicitly internalising to the cost of
development, (and the holding of land for development), what was previously externalised or ignored as a ‘harmless’ or inconsequential by-product. Valuation practice has not yet found a way to
accommodate this view of the future.
Moreover, ‘willing’ does not necessarily also mean wise, prudent, forward looking, enlightened or
any other virtuous quality that might be the necessary precondition for promoting sustainable development. In an imperfect system, therefore, it is hard to bring transparency to any understanding
of value that does take account of the future expectations of sustainable development, and accommodate future change and uncertainty.
The authors of this paper will be exploring this idea in greater depth in their forthcoming book, ‘Beyond Price – Valuation in a changing built environment’. At this stage, the constraints on shaping
the market seem anachronistic, and only capable of hindering innovation, the development of new
knowledge and the growth of an investment market for sustainable development. Whilst valuation,
as a professional skill, may need to be as highly regulated as it currently is, the concept of value
cannot ever be value free, static or solely backward looking. Even in 1871, Carl Menger could assert that “the value of goods arises from their relationship to our needs, and is not inherent in the
goods themselves. With changes in this relationship, value arises or disappears” [25, p. 120].
Other non-valuer property professionals, from land economics, construction cost estimating and
management, building design, and land use management disciplines, as well as other built environment professionals, all possess special knowledge and insight about many possible futures,
and thus many possible future values. They might be called ‘Future Professionals’, and be responsible for speaking out and sharing that knowledge, and also the limits of their knowledge, so that all
parts of the market are better informed, both about future prospects and impacts, as well as past
performance, where that continues to be relevant. Valuers and their clients may therefore be exposed to a wider base of evidence and public and professional discourse about the social, economic and environmental characteristics of a project or assignment, and against which they may
then be held more accountable than hitherto.

4. Conclusion: Taking Personal Responsibility for the Other
In summary, one key concern within the context of challenges imposed by sustainable development to built environment professionals is that of ‘non-responsibility’. It could be argued that in addition to the so-called ‘vicious circle of blame’ (see: [26]), there is another vicious circle operating at
a more fundamental level within property and construction markets: the vicious circle of nonresponsibility. The problem is that many built environment professionals give away responsibility
and do not feel (in any way) responsible for market outcomes. For example, valuation professionals do not feel responsible since responsibility is usually ascribed to the free market’s invisible
hand. Yet, surely valuation professionals are inescapably bound into the both the causes and effects of the global financial crisis in which widely held professional and lay assumptions about the
value of property assets have been a material factor.
Also designers and builders usually do not feel responsible for the actual performance of their
buildings; responsibility is often ascribed to facility managers and users. Although almost all designers and builders would agree that creating sustainable buildings is a key priority, very few go
back (after the project has been completed) to check the building’s logbook (i.e. the actual performance) or have a role or stake in the actual performance. So what this means is that most professionals are interested in compliance (usually with a hypothetical model) but not in performance (of
the actual building). From a conceptual and methodological point of view, this is flawed [27].
In the same context, Leaman et al. [28, p. 575] argue that “the divisions of responsibility make it
difficult to close the feedback loop from building performance in use to briefing, design and construction.”
As a consequence, professional bodies and individual professionals are confronted with the unequivocal challenge of becoming more responsible and accountable for property market outcomes.
Expressed in other words, the need for a ‘new professionalism’ spans across the built environment
professions – they must find a new role in pro-active “market shaping” (see: [6]). Otherwise, built
environment professionals operate in conflict with the stated goals / constitutions of their professional bodies.
The key for solving this problem lies in fostering and providing conditions under which built environment professionals can take personal responsibility for ethical behaviour. Favourable conditions
for a change in behaviour are essential because “the same combination of people, organizations,
and physical structures can behave completely different, if the system’s actors can see a good
reason for doing so, and if they have the freedom, perhaps even the incentive, to change” [29, p.
237].
The assumption of personal responsibility is also Till’s [17] proposition. Rejecting a range of traditional definitions of ethics, he turns to Bauman [30] and his inspiration, the philosopher Emmanuel
Levinas: “Ethics is defined simply and directly as ‘being-for the Other’. To assume an ethical
stance means to ‘assume responsibility for the Other’” [30, p. 13 cited in: [17, p. 173]].
This sounds disarmingly simple. However, Bauman’s explanation ensures that readers understand
the complexity of what is being proposed: “The ethical paradox of the post-modern condition is that
it restores to agents the fullness of moral choice and responsibility, whilst simultaneously depriving
them of the comfort of the universal guidance that modern self-confidence once promised” [30, p.
13 cited in: [17, p. 173]].
Till welcomes the fact that this means that professional bodies cannot police a brand of imperfect
ethics. There cannot be a set of static ethical principles, based on “absolute correctness. Instead, it
works from within each situation, rather than imposing an abstract set of moral codes from without.
These ethics have to work with the contingencies of each context, and not attempt to stifle them”
[17, p. 173].

This proposition does not need to remain an abstract notion. An approach for taking personal responsibility has been reinforced by an earlier study in 2007 for the Royal Society of Arts (RSA)
Professionals for a Sustainable World, and has been developed further for the RIBA Building Futures in 2009 (see: [31]). This study was based on over sixty interviews with practicing professionals, clients and policy makers in the UK, exploring the relationship between ‘high quality design’
and the demands and disciplines of sustainable development. From the interviews (though not
necessarily by the interviewees) it was possible to identify three serious gaps in developing a
workable concept of ethical professional practice, based on the responsible application of acquired
specialist knowledge and skill. These are [32]:
First gap: We (as built environment professionals) are at the limit of what we know, but we do not
have much honesty about what we know and what we do not yet know. We go into projects all the
time pretending we know everything, even when we do not. We think it is professional to know
everything. To admit that you do not know is seen as unprofessional in the eyes of peers and clients. That is dishonest.
Second gap: There is no culture of explicitly learning on the job, recording what we do not know
and using the project systematically to build up our knowledge in ways that embrace all the different professionals, as well as the client and any other stakeholders in the project.
Third gap: We need a more explicit set of ethical values that must be learned, tested and sustained
in the social context of the project, within the team and in the way that team engages with the outside world. That is not to say that there can be a rigid set of ethical rules for sustainable development, as it would not be very useful if we did, as it would suggest that a ‘sustainable development’
was a finite and determinate phenomenon, whereas it is needs to be adaptive. However, it should
always be legitimate to argue, debate and test the values that we need to embody in the profession and on specific projects.
Finally, the professional institutions, even if they cannot police ethics as comfortably as their current codes, will have to find some new way of making explicit the primary duty of the professional:
responsibility for the Other.
The general duty of care to the world at large is expressly or implicitly stated in most professional
charters – public first, client second: stated but not always remembered or observed. But the
Other is sometimes also them, the professionals, so there also needs to be the idea that professionals should have to reconcile their ideas about the way they want to live personally and the way
they should behave as a professional person. They should not expect more for themselves than
they expect for the Other. That requires a social context as the place where professional and personal values, ethical dilemmas and potential conflicts of interest can be openly discussed and
tested, and where professional behaviour may then be held up to account by both peers and the
public. To do that, the roles of the traditional players may also need to be redefined and strengthened:
Citizen clients: (as suggested by Mostafavi and Doherty [16]), clients have a responsibility to be
more informed, more robust, and more permissive, in the cause of enabling sustainable development to happen. They need to become co-producers with the professionals, accept they may not
understand the question they are asking or that it is even the right question. Clients should expect
to be challenged by the professionals.
Citizen professionals: (a name suggested by Till [17]; and a role advocated forty years earlier by
Goodman [14, p. 250]: “By raising the possibilities of the humane way of producing places to live,
by phasing out the elitist nature of environmental professionalism, we can move towards a time
when we will no longer define ourselves by our profession but by our freedom as people.”

Binding the two roles together is the late Tony Judt’s injunction: “Today, when the market and the
free play of private interests so obviously do not come together to collective advantage, we need to
know when to intervene […]. As citizens of a free society, we have a duty to look critically at our
world. But if we think we know what is wrong, we must act upon that knowledge” [1, p. 206 and p.
237].
The ambition of these writers is both inspiring and difficult to live up to. However, there is no avoiding the ethical and practical imperatives on built environment professionals to act at global, national and local levels to meet the challenges of climate change, population growth and the depletion of natural resources; and, in the words of the RICS Royal Charter, “to promote the usefulness
[authors’ emphasis] of the profession for the public advantage in the United Kingdom and in any
other part of the world” [20, Clause 3].
So, professionals and their professional bodies must re-learn how to be useful.
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Summary
The implementation of sustainable development principles within the construction and property
(real estate) industry can be supported by number of different instruments such as sustainability
assessment and certification systems for new and existing buildings as well as environmental
product declarations for construction materials. Current efforts undertaken to introduce
sustainability reporting for construction and property related corporations close a key gap within
the transformation towards more sustainable construction and property markets. This is because
sustainability reporting allows (in the best case) both, to see how organisations actually perform
and describing and analysing how sustainability considerations are (1) aligned with corporate goals,
(2) implemented into production- and business-processes, (3) taken into account within the supply
chain, and (4) considered in relation to corporate product responsibilities. All this impacts on the
degree to which an organisation or company is perceived as a good corporate citizen or
sustainable business.
The paper contains an analysis and discussion of available sustainability reports from real estate
companies. The analysis reveals that until now sustainability reports from this sector largely differ
in terms of scope, quality and degree of coverage and presentation of respective sustainability
indicators. It is argued that for sustainability reports from the construction and real estate sector to
be comparable and meaningful, actor-specific / sub-sector-specific sustainability reporting formats
and standards are needed. This is because the construction and real estate sector is so diverse
and multifaceted that a “one-size-fits-all” reporting format aiming to cover all sub-sectors of the real
estate and construction industry (i.e. planning, design and engineering offices; construction product
and materials manufacturers; construction and building craft companies; housing companies; real
estate companies; property funds, Real Estate Investment Trusts (REITS) and other investment
vehicles) would arguably impair the preparation of comparable and meaningful sustainability
reports within this sector. And without comparable and meaningful sustainability reports,
stakeholders, third-parties and the public cannot assess both companies’ actual performance in
contributing to the implementation of sustainable development principles as well as the material
consequences of company activities and behaviour in socially, environmentally or politically
sensitive areas.
The paper contributes to an ongoing discussion as well as to efforts undertaken to develop and
apply sustainability reporting formats and standards for construction and real estate companies
such as the recently published draft version of a Construction and Real Estate Sector Supplement
of the Global Reporting Initiative. The paper contains recommendations on the development of
actor-specific sustainability reporting requirements for the construction and real estate sector and
discusses how to improve reporting practices in this sector. It is argued, that one key issue for this
lies in explicitly taking into account the particularities, role and possible contributions of the
respective groups of actors (reporting entities) along the construction and real estate value chain.
Keywords:

Real Estate, Sustainability Reporting, Reporting Quality, Sustainability Rating

1. Introduction and context
Sustainability reporting can be described as an instrument for portraying organisations’ and
corporations’ activities and achieved results in contributing to sustainable development as well as
in taking their responsibility towards society and the environment. Sustainability reporting stands in
a tradition of both accountability towards third parties as well as internal reporting and financial
accounting. Through sustainability reporting these former strictly financially oriented reporting and
accounting exercises are now being extended to include further aspects relating to the
environment, society and corporate governance (commonly referred to as ESG-issues). However,
the scope, aims and benefits of sustainability reporting go beyond the mere fulfilment of accounting
requirements towards third parties and the improvement of communication with stakeholders
respectively; i.e. within corporations and organisations the development and implementation of a
system for sustainability reporting supports, amongst other issues, the
formulation of as well as the agreement upon corporate goals and visions;
development and application of appropriate indicators and benchmarks;
installation of a wider controlling, information-, risk and quality-management frame-work; i.e. an
improvement of internal flows of information
understanding of and insights into the relationships between financial factors and socio-cultural
and environmental aspects.
To address this, sustainability reporting guidance has emerged that is also sector specific in nature.
A global voluntary framework for sustainability reporting has been developed by the Global
Reporting Initiative (GRI) that can be used by all organizations regardless of size, sector or
location to disclose sustainability performance information. GRI is an international, multistakeholder NGO that develops guidelines for reporting on economic, environmental and social
performance GRI’s sustainability reporting framework is developed through a unique multistakeholder consensus based process involving geographical diverse representatives from
reporting organizations and report information users drawn from NGOs, the labour movement and
investors. First published in 2000 and then revised in 2002, GRI’s sustainability reporting
framework is now in its third iteration the GRI G3 Guidelines, which were released in October 2006
[1]. While there are some core sustainability impacts relevant to all industries, there are also some
sector specific impacts. Sector specific reporting guidance is also available for some industries in
the form of Sector Supplements. GRI’s Sector Supplements are developed using the international,
multi-stakeholder, consensus based approach, also used to create the core framework for
reporting. The sector specific reporting guidance is integrated into the GRI G3 Guidelines,
complementing the existing reporting guidance.
Through sustainability reporting organizations aim to communicate information on the
organizations’ economic, environmental and social performance, and its contributions towards
sustainable development. In a sustainability report, reporting organizations commonly refer to the
wide variety of other instruments, methods and tools that help them manage and measure their
performance on specific sustainability issues, such as carbon emissions, or water usage. Within
the construction and real estate sector examples for these other instruments, methods and tools
are:
Product and object related instruments such as the description and assessment of building
products (e.g. environmental product declarations (EPD); Blue Angel) or the development and
application of systems for describing, assessing and communicating the sustainability
performance of buildings based on life cycle analyses (e.g. green labels, sustainability building
assessment schemes).
Planning- and construction process related instruments such as design for the environment,
construction site audits, or eco management and audit schemes (EMAS).
Process related instrument such as green procurement, the assessment of the economically
most advantageous tender (EMAT), or the preparation and justification of investment decisions
based on responsible property investment premises.

Contract related instrument for the arrangement of lease contracts (e.g. green leases) or for the
organisation of operator models (e.g. BOT – built, operate and transfer).
The type and manner, extent and results of an application of these instruments, methods and tools
can be described within an organisations’ or corporations’ sustainability report.

2. Key objectives & requirements for useful sustainability reports
Sustainability reports do not only have to express a commitment of the reporting entity and contain
performance information of which the reporting entity assumes importance, materiality and
comparability also have to be ensured.
This is not a new concern. For example, without focussing on a specific industry sector, Zadek and
Merme [2] argued in 2003 that “companies too often disclose information that is not used, incurring
unnecessary costs without satisfying intended audiences” and that useful sustainability reporting is
“not about dumping ever-increasing volumes of data into the laps, and laptops, of unprepared
investors and other stakeholders. […] [Instead] effective public reporting must, in short,
communicate what is important to targeted information users in ways that enable them to make
coherent decisions and take planned and timely actions relevant to their interests whether as
customer, employee, neighbour or citizen.”
Similarly, in 2004 a general ethical, social and environmental reporting-performance portrayal gap
has been identified by Adams [3] and by Hummels and Timmer [4]. They argued that current
ethical and social reporting practice does not provide investors and other stakeholders with
appropriate information to assess the material consequences of company activities and behaviour
in socially or politically sensitive areas.
And Rogers [5] commented in 2005 that “until reports that compare sustainability performance are
freely available, as ubiquitous as financial reports, we will remain lost in the quagmire of intriguing
anecdotes, unable to determine who performs better […]. In a world with comparable reports,
sustainability reporting can fulfil its true potential: providing concise, transparent information that
clearly reflects the reality of environmental and social issues, allows for benchmarking, highlights
long-term risk and opportunities, and contributes to improved levels of public and investor
confidence. […] Otherwise sustainability reporting will remain an exercise in creative writing […].”
Investigating if and to what extent the situation has now improved in industry sectors other than
construction and real estate is beyond the scope of the present paper. It is, however, clear that the
concerns about the usefulness of sustainability reports raised above still apply to the construction
and real estate industry. Why this is the case for sustainability reports from the real estate sector is
discussed in Chapter 3 below. For reports from the construction sector, Isaksson and Steimle [6]
investigated in 2009 to what extent the GRI-compliant sustainability reports of five major cement
manufacturers really address the sustainability performance of the reporting companies. The
findings of this study reveal that “the current GRI guidelines are not sufficient to make sustainability
reporting for the cement industry relevant and clear. In other words, the guidelines are not sufficient
for assuring that a report answers the questions of how sustainable a company is and how quickly
it is approaching sustainability.”
The reasons for a current lack of materiality and comparability of sustainability reports from the
construction and real estate sector are manifold; key issues arguably are the diversity and
complexity of the construction and real estate sector in general as well as the particularities of the
building “production”, operating and management processes in particular. It could even be argued
that construction, building use and real estate are three very different worlds – they just happen to
come together in the physical artifact of a building, which in turn responds to and influences the
surrounding built environment [7].
In any case, the involvement of a wide variety of different actors such as planning, design and

engineering offices; construction product and materials manufacturers; construction and handicraft
companies; asset and facility managers, etc. creates difficulties regarding the systematic
compilation, storage, updating and sharing of property specific information relevant for assessing
construction and real estate companies’ sustainability performance. In addition, the building
“production” process usually takes place on site and involves a variety of different (often smaller)
firms and sub-contractors (which usually do not have dedicated sustainability departments). And
this makes it difficult to control and assess material flows. A further important issue lays in the
circumstance that sector-specific sustainability reporting formats and guidelines are only partially
available for the construction and real estate sector or are just in the process of development.
Even though these difficulties make slow progresses in improving reporting quality in this sector
understandable, the construction and real estate industry has a major role to play in efforts
undertaken to reach society’s sustainability goals (see also [8]). For this reasons, sustainability
reports from this sector are critical. Accepting marketing-driven exercises in creative writing as
good corporate practice bears the real danger that stakeholders and the public are obscured and
that sustainability reporting becomes an – admittedly sophisticated – form of greenwashing the
industry.
Instead, sustainability reports should (1) enable and trigger internal processes for improving a
company’s sustainability performance, (2) provide a basis for internal as well as external
benchmarking within the construction and real estate sector, and (3) provide a meaningful
informational basis for both, sustainability ratings undertaken by third parties (see Chapter 4 below)
as well as for informed decision-making among investors, stakeholders and the wider public.
This requires, that construction and real estate companies in general as well as sustainability
reporting standard setters in particular, identify “information [for reporting purposes] that, if omitted
or misstated, would significantly misrepresent the organisation to its stakeholders, and thereby
influence their conclusions, decisions and actions.” [2]
Further key requirements for useful sustainability reports from the construction and real estate
sector are:
Adjustment of reporting standards and guidelines to the construction and real estate actors’
various areas of responsibility and impact (as it was said above, this sector is so diverse that its
different groups of actors can have various forms of environmental and social impact, which in
return requires tailor-made reporting standards for measuring sustainability performance; see
also Table 1 below);
Reporting / expression of quantitative property-related performance issues (such as energy
usage, etc.) in (1) absolute values, (2) as a trend, (3) in comparison to selected benchmarks
(whenever possible – a good information source in this regard is the International Sustainability
Alliance which has published preliminary performance benchmarks for this sector; see [9]); and,
most importantly, (4) by using appropriate reference values (such as m², m³, number of
occupants/employees, number of visitors, etc.). Regarding the latter issues of appropriate
reference values it is important that performance is not only expressed in relation to one
reference value only, but that – whenever possible and meaningful – performance is expressed
in relation to several reference values. This would significantly improve comparability of
sustainability reports.

3. Status-quo and Trends in Sustainability Reporting
3.1

Analysis of Sustainability Reports – Basics and Methodology

In comparison to other branches, the compilation and publication of sustainability reports within the
construction and particularly within the real estate industry has started relatively late. Reasons for
this circumstance have arguably been a lack of respective guidance, methodological basics and
standards for sector-specific sustainability reporting as well as a general lack of demand for such
information. As a consequence, only few companies from the construction and real estate sector
have published sustainability reports in the past. However, this situation is now beginning to
change: On the one hand, the (draft) Construction and Real Estate Sector Supplement of the
Global Reporting Initiative [10] provides an initial basis for sector-specific sustainability reporting.
On the other hand, the demand among investors, other stakeholders as well as service providers
(such as rating agencies) for sustainability reports from construction and real estate companies is
constantly increasing.
In order to obtain a more detailed insight into the status-quo of sustainability reporting in the real
estate sector, several sustainability reports for 2009/2010 that comply with the GRI Guidelines
have been analysed within the scope of research & development project on sustainability reporting
and management software undertaken by SAP Software AG (Germany) and SUPEC GmbH
(Germany) in close cooperation with the authors of this paper.
Companies for this analysis have been selected on the basis the GRI Reports List [11] which lists
companies (for each industry sector) that publish sustainability reports according to the GRI
Guidelines. Additional selection criteria have been that the sustainability reports are published in
English language, that sustainability reports are freely accessible through the companies’ websites
and that there is a reporting history of at least two consecutive years. By August 2010 this has led
to a selection of a total of eleven large real estate companies from the following countries: Australia,
Finland, Portugal, Sweden, United Arab Emirates, United Kingdom and the United States of
America.
(By April 2011 the number of companies that would have met these criteria has almost doubled. It
has also to be noted that by August 2010 there were further companies from the real estate sector
that also publish comprehensive sustainability reports. However, as these reports have not (as of
August 2010) been prepared to comply with the GRI Guidelines, they could not be compared and
analysed on the basis of the GRI structure of reports.)
The sustainability reports of the aforementioned eleven companies have been analysed in terms of
the scope and quality of coverage of single GRI sustainability reporting indicators. The overall
topics and indicators of the GRI sustainability reporting structure are displayed in Fig. 1. The full list
of indicators including their description and definition is contained within the GRI G3 Guidelines [1].
On that basis, sustainability reports can be evaluated in terms of their degree of coverage of
relevant indicators.
In order to evaluate the sustainability reports’ “degree of coverage” of GRI’s reporting requirements,
a simple rating methodology has been applied by which the degree of coverage of each single GRI
indicator is evaluated through a scale ranging from 0 to 5 (0 = no information on this indicator is
contained within the sustainability report; 5 = report covers all sub-components and parameters of
this indicator as defined in the Technical Protocols of the GRI G3 Guidelines). The methodology
can also be used for evaluating sustainability reports from other branches and also allows
weighting each GRI indicator according to its relative importance; this could be necessary for the
comparison / evaluation of sustainability reports for special occasions/questions (e.g. in order to
address questions of materiality for a particular sector or branch).
However, for the purpose of the present paper and in order to achieve an unbiased picture of
reporting practices in the real estate sector, the relative importance of each indicator has been
assigned an identical value. The overall, weighted rating result is then displayed through a scale
ranging from 0 to 10 and can be described as a measure of the degree of coverage and materiality
of a given sustainability report. This methodology is depicted in Fig. 2 as an example for GRI’s
group of economic indicators.
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Fig. 2 Evaluation of the degree of coverage and materiality – example [12]

3.2

Results

Sample results of this analysis of sustainability reports from the real estate sector are displayed in
following figures:
Fig. 3 shows the overall evaluation results regarding the degree of coverage of six anonymised
sustainability reports. These results provide a more global view on the structure of the analysed
sustainability reports and show that the degree of coverage is rather heterogeneous and varies
significantly between different reports. While some sustainability reports cover almost the entire
spectrum of the reporting requirements formulated in the GRI Guidelines, some reports cover
partial aspects only.
Fig. 4 shows a detailed analysis of the (un-weighted) degree of coverage regarding the group of
GRI’s environmental indicators for all eleven sustainability reports. The diagram reads as follows:
the coloured areas indicate the degree of coverage for each environmental indicator while the
numbers within the diagram indicate how many companies have reported on a particular indicator
at a given degree of coverage (e.g. the first column concerns the indicator “EN1 materials used”
and shows that nine out of eleven companies do not report on this indicator while two companies
report on this indicator at a degree of coverage of 4). It becomes clear from this analysis that while
certain environmental issues are treated in great detail others are considered cursorily only. The
reasons for the latter issue might be manifold: (1) GRI’s reporting requirements concerning these
indicators might be too inexact / ambiguous for an application within the real estate industry (e.g.
“EN 9 implications on water usage”); (2) these indicators could be considered unimportant by the
reporting companies (e.g. “EN 27 Packaging”), or (3) reporting on these indicators might appear
too complicated and is therefore avoided (e.g. “EN 19 Ozone depleting substances”).
Fig. 5 provides a detailed analysis regarding the degree of coverage as well as types of indicators
used within one single, anonymised sustainability report. It shows that there is both, diverse
coverage and also diverse usage of qualitative, quantitative and mixed indicators.
Fig. 6 shows two examples for differences in the performance metrics used to report on selected
indicators (“EN 16 total greenhouse gas (GHG) emissions”, “EN 18 GHG reduction”) across nine
sustainability reports (note that not all eleven companies reported on these two indicators) .
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Fig. 6 Differences in the performance metrics for selected indicators [12]
In summary, the analysis of eleven, GRI compliant sustainability reports from the real estate sector
leads to the following conclusions:
The analysed sustainability reports differ significantly in terms of coverage and quality.
The usage of quantitative, qualitative and mixed-indicators is not homogenous. This hampers
comparability of sustainability reports and company performance respectively.
If quantitative information is provided in order to report on performance indicators, then large
differences exist in terms of measurement units and reference/relative units. In several cases,
meaningful reference/relative units are not displayed. If performance is expressed in relation to
reference/relative units, then usually only one single reference/relative unit is used. This also
negatively impacts on comparability since specific reporting requirements / standards in this
regard have not yet been formulated.
If information on performance developments over time is provided, then the reported time series
are not comparable (even within single sustainability reports).
Regarding the materiality of the analysed reports, from the authors’ point of view, reported
indicators do not always embrace / do justice to the specific roles and potential impact on
society and the environment of the reporting companies. For this reasons, it should be
discussed if and to what extent reporting requirements should / could be tailored to the
particularities of different sub-sectors of the real estate and construction industry; e.g. planning
and design offices, construction companies, housing companies, real estate funds and other
investment vehicles, etc.
Within the present analysis, the focus has been placed on the degree of coverage of GRI’s
reporting requirements. However, an evaluation / comparative analysis of sustainability reports
concerning the achieved performance in contributing to the implementation of sustainable
development principles is hindered by the differences in the overall structure of sustainability
reports, by missing or heterogeneous performance metrics and reference/relative units as well
as by the general lack of appropriate benchmarks against which company performance could
be measured.
3.3

Recommendations for actor-specific indicators

The sustainability reports analysed in the previous section have been produced at a time when the
(draft) Construction and Real Estate Sector Supplement of the Global Reporting Initiative was not
available. So these reports have been produced on the basis of the general GRI G3 Guidelines

without specific guidance on sector specific reporting requirements. For this reason, it does not
come as a surprise that there are large differences across the sustainability reports from this sector
as indicated above.
However, even within the (draft) Construction and Real Estate Sector Supplement of the Global
Reporting Initiative the particularities of different sub-sectors of the real estate and construction
industry are, from the authors’ point of view, not (yet) adequately addressed. The authors concern
is that the real estate and construction sector is just too diverse and multifaceted and that a “onesize-fits-all” sector supplement covering all sub-sectors of the real estate and construction industry
would impair the preparation of comparable and meaningful sustainability reports within this sector.
At the moment it can also be observed that – independently from the Global Reporting Initiative –
certain groups of actors from within the construction and real estate industry are working on own
formats and standards for sustainability reporting and related CSR issues The results of the
European Housing Network (EURHONET) on the issue of CSR reporting serve as a first example
for the housing industry [13]. From the authors’ point of view, this indicates a need / demand for
reporting formats tailored specifically to the situation and particularities of single groups of actors
from within the real estate and construction industry.
For these reasons it is suggested that any effort regarding the standardisation / formulation of
sustainability or CSR reporting requirements for the construction and real estate sector sub-divides
this sector into the following groups of actors and adjusts some of the required reporting indicators
to the situation and particularities of these groups of actors:
a)
b)
c)
d1)
d2)
e)

Planning, design and engineering offices
Companies from the construction product and materials industry
Construction companies and handicraft enterprises
Housing companies
Real estate companies
Property Funds, Real Estate Investment Trusts (REITS) and other investment vehicles

In addition and due to the significance of buildings and construction works within the sustainable
development discourse, it is necessary to include and make reference to the buildings owned or
used by corporations and organisations from all other sectors or industry branches (CREM –
corporate real estate management). In this case it is, however, assumed that buildings are then
treated as a part of the sustainability reporting requirements of the respective sector or industry
branch.
In order to be able to reflect and portray the various possibilities and actions of single groups of
actors to contribute to sustainable development along the supply and value chain within the
construction and real estate sector, it is necessary to specify more specific themes and
performance measures for the sustainability reporting of the groups of actors listed above. The
following Table 1 illustrates the basic idea and procedure of developing actor specific indicators
within a particular sector or branch. It has to be noted that the Table serves as an example and
contribution to an ongoing discussion only.

Tab. 1 Selected themes for sustainability reporting (Examples and Proposals)
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4. Sustainability Rating
Over a longer period of time the issues surrounding the sustainability debate within the
construction and real estate industry have been focused on the description and sustainability
assessment of building products and materials (e.g. in the form of environmental product
declarations, EPDs) as well as of single buildings (e.g. in the form of labels and certificates). A
sustainability rating of real estate and construction companies complements this in a meaningful
way.
Private and institutional investors which are interested in responsible investing opportunities can
take such sustainability rating results of companies as an additional basis for informed investment
decision making. Such rating results are usually provided by external service providers (rating
agencies) and are often also transferred into a sustainable investment index. One example in this
regard is the Dow Jones Sustainability Index, DJSI (see: http://www.sustainability-index.com). In
order to determine which companies are included in the index, companies are divided into 57
branches. The best 10% of each branch – measured in terms of the companies’ sustainability
performance – are included in the DJSI. This methodology is commonly referred to as the “best-inclass” approach. Examples for companies that are included in the DJSI are: Lafarge (France) –
construction product industry; HOCHTIEF AG (Germany), Land Lease Group (Australia), GS
Engineering & Construction Corp. (South Korea) – construction industry; Dexus Property Group
(Australia), British Land (UK) – real estate industry.
Precondition and informational basis for the evaluation of the companies’ sustainability
performance is an environmental, CSR, or sustainability report. This explains why at the moment
and particularly in the future a comprehensive and high quality sustainability report is important –
others (e.g. index providers) rely on it, it can influence investor behavior and, as a consequence,
can impact on the economic success of companies.

5. Conclusion and Outlook
Sustainability reporting of construction and real estate companies closes a key gap within the
transformation towards more sustainable construction and real estate markets. Besides
construction products and materials as well as single buildings, the sustainability performance of
companies can (at least to a certain extent) now also be described, assessed and taken as an
informational basis for decision making of investors, stakeholders and the wider public.
However, the quality (i.e. materiality) and comparability of sustainability reports from the
construction and real estate sector is in need of improvement. At the moment, current reporting
practices and respective reporting guidelines in this sector only partially allow assessing and
understanding both companies’ actual performance in contributing to the implementation of
sustainable development principles as well as the material consequences of company activities
and behaviour in socially, environmentally or politically sensitive areas.
Two important starting points for such an improvement of reporting practices in this sector are:
(1) A shift from general and sector-specific reporting guidelines and formats to actor- / sub-sectorspecific guidelines and formats containing tailored indicators and sub-indicators; a “one-size-fitsall” reporting format for the diverse and multifaceted construction and real estate sector is not good
enough as it does not do justice to the various groups of actors’ particularities and areas of impact
and responsibility.
And (2), the implementation, specification and usage of standardised performance measurement
units and reference/relative values for key sustainability performance indicators. Both
aforementioned issues would greatly improve the usefulness and comparability of sustainability
reports from this sector and would allow a consistent usage of such reports for internal and
external benchmarking purposes.
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Abstract

The aim of this paper is to examine the roles of commercial banks in climate change risk
mitigation. Global warming is the most hazardous problem facing people and living creatures.
Tackling this crisis requires a multi-stakeholder involvement, including the business sector. The
roles of private financing are pivotal for mainstreaming sustainable business practice into core
business operation and accelerating solutions to climate change. This movement is growing rapidly
and starts becoming  ‘best practice' among banks worldwide. Banks also act as the entry points to
their clients, customers and supply chains. In this study, a bank in Europe and Australia is
compared to illustrate how their focus on sustainability values influenced their core business and
daily operation. The result is an exploration of the roles of banks in supporting climate change
solutions and achieving a sustainable future.
Keywords: corporate sustainability, climate change, risks, opportunities, a low-carbon economy.

1. Introduction
This paper focuses on the risks and opportunities that climate change brings for the financial
sector. The role of government funding to counter climate change has been commonly accepted,
but it is becoming acknowledged that the funding from the private-sector would be able to add
more value to public finance [1]. According to the estimation by the United Nations Environment
Programme Finance Initiative (UNEP FI), the cost of inaction on mitigate climate change problem
would be 14% of annual global GDP for the next 200 years. On the contrary, if we take action, the
cost would be 1%. Meaningful mitigation effort in developing countries will need $100 billion
annually [2], but the pledge by developed countries is only $30 billion per annum for the period up
to 2012. This enormous gap makes private-sector investment in a low-carbon economy essential.
First, the paper explores how sustainability should inspire corporate values and transform their
strategy in finding solutions to climate problems. Second, the paper identifies related risks and
opportunities in climate change mitigation, explore roles of banks and determines barriers of
implementation. At least twelve global banks have shown their concern in supporting a low-carbon
economy. However, this paper chose a European and an Australian bank to illustrate this. Both of
them were among the pioneers in adopting sustainability in the banking business.

2. Sustainability in Business and Corporate Responsibility
Corporations (including banks) are categorized as the fundamental cells of a modern economy.
They transform the environment and society. The critical issue is whether existing business entities
have to be modified to preserve the planet, and to promote a just society by implementing

corporate sustainability [3]. The modification of business approach, which generates long-term
shareholder value, through creating opportunities and managing risks derived from economic,
environmental and social developments is a suggested definition of corporate sustainability [4].
Firstly, according to a recent large CEO survey on sustainability, the motivating factor of
corporations to incorporate sustainability across their core business is brand, trust and market
reputation. They realized that trust in the banking sector was badly damaged by the financial crisis.
They need to regain this trust by demonstrating a culture which promotes a responsible business
conduct [5]. Secondly, corporate sustainability is required for global survival. The UN Secretary
General has repeatedly warned international business leaders not to keep locked in short-term
thinking of political election cycles and business profit-taking; captive to the old idea of choosing
economic growth or conservation [6]. Revolutionary thinking and action to secure a balanced
development to alleviate poverty and protect ecosystem is required. Existing business concepts
were proven failed to fight for this global purpose [7]. Therefore, a business paradigm derives from
a strong sustainability principle is crucial [8].
Thirdly, investors increasingly recognize that long-term shareholder value creation is a result of
implementation of the environment, social and governance (ESG) principles. Companies which
adopt strategy and management to harness the market's potential for sustainability products and
services are reducing their own sustainability costs and risks [4]. Fourthly, corporate sustainability
is also an ethical choice. Economic activity driven by the exponential growth of human population
has reached a scale that is large enough to threaten the welfare prospects of future generations.
The Global Ethic organization argued that if corporations choose to integrate sustainability
principles into their business decision and operation, it will show their responsibility [9].

Corporate Responsibility
Corporate responsibility means a willingness to include social and environmental considerations in
its business strategy. It is often used as an umbrella term for all voluntary engagements by firms.
However, neo-liberal economics argued [3] that the role of a corporation was only to maximize
short-term returns to its shareholders. Opposing views argued that those shifts brought destructive
consequences for other key stakeholders including employee, local community and the
environment. These harmful impacts resulted from a relentless drive to achieving short-term profit
at the expense of longer-term sustainability [10]. Kennedy suggested that reforms are needed to
create sustainable wealth for all stakeholder groups [11].
Sethi [12] observed three modes of corporate responsibility. First, the Social Obligation mode,
focuses on complying with regulations. Second, the Social Responsibility mode, represents an
incremental step toward better practices in cooperation with external parties. This seemed similar
to using ‘band-aids’ to support an unsustainable business model and often involves ‘green-wash’  
marketing. Third, the Social Responsiveness mode, reflects a re-examination of corporation’s  role
in society. Hart  stated  that  whether  “we  like  it  or  not,  the  responsibility  for  ensuring  a  sustainable  
world falls largely on the  shoulders  of  the  world’s  enterprises,  the  economic  engines  of  the  future”  
[13]. To act responsibly nowadays means being prepared to become part of the solutions to global
warming and its consequences.

3. Climate  Change,  What’s  In  It  For  A  Bank?
The on-going scientific debates on whether or not human activities are causing climate change
have created problems in public perception and create barriers for adaptation, mitigation and
political action from stakeholder. Referring to the Climate Change Task Force of the UNEP
Finance Initiatives, this paper takes the position that there is sufficient knowledge of climate
science and increased frequencies of extreme climate events [2]. Adaptation effort aims to reduce
the recent effects of climate change and increase resilience to future impacts [14]. Those efforts
reasonably should be financed by government in state or local level in order to increase resilience

of their citizens. However, this paper will focus on mitigation efforts, which avoid greenhouse gas
emissions in the areas of renewable energy, energy efficiency and broad-spectrum of lending and
investment. Progressive private financing gradually have more appetite to invest and become part
of bringing solution to mitigate risk of the changing climate.

3.1. How Banks Will Suffer Because of Climate Change Risks
Financial institutions will experience multi faceted impacts from increasing global temperature. It
will  not  only  affect  banks’  own  operation but also their business partners/customers. First column of
Table 1 on risks brought by climate change were revealed and summarized from the UNEP FI
online course [2], and then an analysis long term impact and related business opportunities are
further developed. Essentially, banks need to understand climate-related risks then re-examine
their operations and begin to change such as to integrate the Environment Social Governance
component including climate change into their existing risk assessment. Accordingly, they will be
able to support their clients, not only to overcome the risks, but more importantly to transform those
to develop new challenges.
Table 1: “Summary Climate Change Risks and Related Opportunities”
Risks brought by Climate Change
The increasing temperatures  changes in
season & weather  decline in crops
production  arrears in loan repayment 
agriculture will be perceived as a medium/
high risk investment  additional risk premium
in the pricing structure  higher price of food
More frequent instant, intense vast floods 
land sliding & heavy materials  excessive
property & infrastructure damage in
developing nations this damage has not
covered  by  any  extreme  weather  event’s  
insurance  property & infrastructure
developers suffer great loss. Besides, new
(unidentified) flood zone  affects insurance
industry in developed nations.
Sea level rise  vulnerable coastal megacities
 rapid increase of the displaced population
in developing countries from 1 million
nowadays to + 100 million in 2060 [2]. For
banks, a decrease in volume & value of
collateral assets located in the coastal region.
Warming global temperature  more severe
droughts  water scarcity  unstable water
supply  affects various business sectors.
More intense rainfall, flooding and landslides.
Drought  species migration  species
extinctions  ecosystem changes 
biological diversity decrease  decline in bioprospecting of flora & fauna for research &
development of consumer products &
innovation of medicines.
Regulatory risks of implementation of the
United Nations Framework for Climate
Change Convention results  affect business
deals & contracts in countries.

Related parties/
Object of impacts
agriculture
sector /
agribusiness
clients

Long term
impact
Food
insecurity

Embrace
opportunities
Contribute in
Sustainable
Agribusiness

Property
contractor,
infrastructure
developer.
Bank’  operations&
availability to
serve during
disaster period

3 major
industries
1. Water &
primary
industries;
2.Tourism &
infrastructure
3.Insurance
industry
Unemployment & social
problems.
Unmatched
value of the
collateral.
Biodiversity,
life cycle,
food chain.

Sustainable
forestry;
Hydropower;
Water& waste
management,
Sustainable
tourism,
Infrastructure
for adaptation
Microfinance;

Uncured
diseases/
illness

Biodiversity
preservation;
Consumer
products
manufacturing
Play a role in
carbon
emission
trading,
renewable
energy

- climate refugee
- decrease
quality &
quantity of the
loan’s  collateral
- entertainment &
tourism
industry;
- energy
electricity of
hydropower;
- aquaculture
business;
- manufacturers&
pharmaceutical
companies
- National bank
who is not
updated on the
international
negotiation
results

Not involve in
new
opportunities
of the Lowcarbon
Economy

CSR activity of
mangrove
planting in
coastal zones
Efficiency &
Cleaner
Technology
industry;
Food industry;

Controversy & reputational risks from not
incorporating the Environment Social
Governance & climate change risks into loan
assessment & investment appraisal process
systematically.

- Nonperforming
loans rate of
bank asset
portfolio /
exposure

Trust,
corporate
image,
brand.

Set a best
practice as a
sustaining
corporation

3.2. Opportunities and Incentives for Banks to Invest in Sustainability
The environment used to be considered as a risk factor in a bank’s   portfolio assessment.
Internationally, there is a shift from addressing climate change as a risk factor to innovating new
products/services demanded by clients toward a low-carbon economy. For example, financing
cleaner technology, energy efficiency, renewable energy such as geothermal, solar thermal, wind
farm, hydropower, new generation of bio fuels, bio mass installation, water and waste
management, biogas, marine energy of wave, ocean thermal; sustainable agribusiness and
biodiversity conservation [2]. Global banks should perceive sustainability and tackling climate
change as a source of competitive advantage and opportunities by opening up new markets [15].
Among those opportunities are the involvement in delivering several financial incentives resulting
from the UNFCCC meeting [14] such as the Global Climate Change Fund, the Adaptation Fund,
the Emission Trading Scheme such as the Clean Development Mechanism (CDM), the Joint
Implementation (JI), and Reducing Emission from Deforestation and Forest Degradation Plus
(REDD+) scheme [16]. In the World Climate Summit (the UNFCCC parallel conference of business
executives), the corporate sector argued that building a low-carbon economy can be the engine of
the global economy recovery by launching whole new industries [17]. Consequently, banks and
their clients need to build up their capacity in ready-to-implement technology and to grasp the new
business prospect [2].
Business prospects in innovative technologies can be understood through integrated “continuum”  
financing as shown in chart-1, which involves Venture Capital Company (VCC), Equity Finance
and Asset or Project Finance. The following chart on ‘Global  Trend  in  Sustainable  Energy  Finance’  
suggested the corresponding investment required [2] in each development stage of a technology
innovation.

Technology
Research

Technology
Development

Manufacturing
Scale-Up

Roll Out
(Asset
Finance)

PROCESS

Government
Venture Capital Company
Private Equity
Public Equity Markets
Mergers and Acquisitions
FUNDING
Bank Debt Market
Carbon Finance
Chart 1 “Global Trend in Sustainable Energy Finance”. – Source: http://www.sefi.unep.org

It starts with experiments in the lab which is naturally more risky. Government research
funding usually finances this. Then, in the early stage, VCC and private equity financing will
take part in their capital. This capital often comes from the third-party investors, because in
this phase, it is too risky to raise money in capital markets or to obtain bank loans. To
compensate this high-risk investment, VCC usually gets significant control over company
decisions, brings managerial/technical expertise and owns a substantial portion of the

company. In the same stage, private equity refers to investment which is not freely tradable on
a public stock market. In the following phase, a more mature technology which ready to be
scaled up in manufactures would be financed by public equity markets. During a learning
period of a “light carbon” technology, banks should closely observe those processes before
their leverage the technology in roll-out phase.

3.3. Roles of Commercial Banks in Climate Change Mitigation
Roles of commercial banks are critical, not only because they are holding and managing the flow
of capital to various investments, including low-carbon financing, but also banks are the entry
points to persuade their clients, borrowers and supply chains. In general, the role of a bank is:
a) Ensuring a  proper  use  of  the  depositors’  funds  by  investors  and  borrowers, as a financial
intermediary;
b) Sharing and managing risks of lending and investment;
c) Playing a role in corporate governance and acting as outside monitors for their corporate
clients;
d) Fostering and contributing to the general economy growth such as providing finance for
projects, industry manufacture, creating jobs, energy generation, housing construction et
cetera [18].
In the context of finding solutions to mitigate climate change, some of the roles financial institutions
can undertake are as follows:
a) Embedding sustainability into core business and operation strategies:
The Board of Directors and CEO’s commitments to mainstreaming sustainability into the
business’   policy, plans and strategies, are critical as demonstrated by the 100-most
sustainable companies [19]. While they are reorganizing to become a sustaining corporation,
they also gain the capacity to educate the circle of companies under their influences [3].
b) Developing environment/climate change policy including financing a low-carbon economy:
As financial intermediaries, banks are expected to bring in the capital flow for sustainable
energy and related industries to support a carbon-light economy. However, wider stakeholder
group that is environment activists, local communities and investors demand a shift in a
bank’s  portfolio from financing the carbon producer/other fossil fuel based energy sector [20]
to the renewable energy. This requires a continuous improvement in their environment and
climate policy.
c) Guiding and assisting corporation clients (lending and investment side):
In their role of managing risks of lending and investment, banks need to recognize and
mainstream climate change as a decision factor in their planning, strategy, business
processes and procedures. This includes revising risk assessment, credit-ratings, financing
structure, and portfolio management [2], particularly in carbon dependent sectors and
alternative energy. ‘Carbon  Principles’  (in USA) is designed to become a road map for banks
and power producers to reduce financial risks associated with GHG emission [21]. Whereas
‘Climate  Principles’  (in the Europe) guides signatory banks to manage climate risk across the
whole range of services [22] including playing a role as a carbon credit brokerage for their
clients in emission trading schemes.
d) Dealing with customers’ emerging needs of products/services:
Customers’ demands are changing. On one hand, retail banks may identify some climatefriendly goods/services to respond to consumers’ financing needs, for example, energyefficient appliances, micro-power generation (home solar panels, domestic windmills). This
equipment could have a quick pay-back period in higher electricity costs, particularly in
developing countries [2]. On the other hand, a bank also supports the product manufactures
whilst fostering and contributing to the general economy growth.

e) Becoming a carbon neutral entity and engaging supply chains:
In pertaining to achieve good corporate governance for their wider stakeholder groups,
business sector nowadays should ‘walk   the   walk’. Several global banks implement
sustainable office practices and explicitly aim to become a carbon neutral entity. They apply
a sustainable purchasing guideline in their procurement policy and engage their supply chain.
They see a return on investment from embedding sustainable practices in their operations.
More than 50% of large businesses and 25% of their suppliers saw cost savings as a result
of carbon management activities [23].
f) Contributing to the stakeholder’s network through national and international cooperation:
The private financing sector has been identified as one of stakeholder in the climate solution
framework. The business environment needs a radical change to re-focus on climate change
awareness, to review the business process, to build the relevant skills, to create an
information network and contingency/alternative market plans [3].
In a national institutional framework, a bank should be a member of the National Climate
Change Council and contribute to the National Agreement on Plan of Actions (NAPAS). They
can have a significant role in supporting the public-private partnership. Moreover, in regional
and international cooperation, banks are recommended to collaborate and act proactively as
well as become signatory/adopter of several enablers of sustainable business institutions,
namely the UNEP Finance Initiatives, the Equator Principles, the UN Global Compact [24]
and reporters of the Carbon Disclosure Project (the largest database of all relevant climate
data of corporations world-wide) [25].
Nevertheless, in implementing these roles, banks might encounter several challenges as
shown in the chosen case study and the following sub chapter.

3.4. Barriers and Dilemma Are Encountered by Banks:
In acting out those above mentioned roles, banks may face barriers and dilemma, as follows:
a) An unequal awareness of and commitment to sustainability:
Sustainability value disconnects with its practice, either on the leadership level (board of
directors), in top-bottom relationships or between inter-divisions and employees. Sustainable
practices have not been included in the Key Performance Indicator of personal and divisional
scorecards. Without a firm-commitment and equal-awareness, sustainability would only
result to a ‘green  or  blue-washing’  marketing and a tool for public relations [13].
b) ‘Business  as  usual’  paradigm of peer companies:
Competitors/peers maintain ‘business   as   usual’  activities. Yet, the low-carbon economy has
not set up a clear, firm and long term framework. That policy will shift the risk reward balance
in favour of carbon-light financing. The certainty of a low-carbon economy framework is
crucial for encouraging the appetite to invest in large-scale initiatives [26]. The UNEP FI
argued that private financing must do a commercial basis calculation and monetized ecobenefits of their involvements. If the reason for entry is only to demonstrate their corporate
responsibility and corporate image, it is not enough [2].
c) Carbon producer and fossil-fuel-based industry remain as powerful business forces:
One the one hand, banks are required to create a short-term profit for their annual financial
performance and the shareholder’s   revenue   creation.   Under   such   circumstances,   banks  
have no choice other than to finance coal power electricity and fossil-fuel-based industries
[20] which create instant revenue and profit. On the other hand, a wider stakeholder
engagement requires banks to reallocate their investment in cleaner technology financing
although the market is still in the developing stage and lending officers of the bank have to
build-up expertise [2].
d) Questioning the customer real value on sustainability:
The issue of short-term horizon versus long-term sustainable growth exists. Customers have
not yet change their unsustainable lifestyle (such as consumerism/ luxury living). They often

perceive that climate causal-effect relationships happen not in their generation or exist in
someone  else’s  backyards.  When  it  comes  to  an  additional  price  (for  example,  the  debate  on  
who should pay carbon tax); finally customers seem hesitate to pay.
e) Difficulties in implementing the sustainability principles:
A bank should start with an internal awareness raising education, acquires new talents/skills,
and an organisational change in order to integrate sustainability principles into the core
business and to bring solutions to climate change. However, some banks consider that the
top barrier is how to apply it across supply chains and subsidiaries [4].
f) Intrigues among stakeholder in national and international politics:
A global emissions reduction goal is a highly political debate on how quickly it should be
reached and by whom. This relates to strategic implications for fossil fuel production and use.
Carbon intensive and heavy industry presented in the UNFCCC negotiation, both as
observers and lobbyists with the aim of delaying agreement on emissions targets. A range of
economic argument has been advanced in suggesting [2] that if we are taking action too
soon, that will bring negative economic impacts. This contributes to the difficulty of progress
making in climate change solutions.
Al Gore and others have stated that sustainable investing, in fact, examined the ability of a
company to survive through the longer term revenue protection and sustainable competitive
advantage [27]. In this information-based economy, financial institutions need for their longstanding survival. Business entities last longer if they clearly identified their values and goals [3].
The below case studies will illustrate how banks tried to incorporate sustainability values into their
core business and perform their roles to contribute to climate solutions.

4. Case Study and Discussion
The following banks have shown a long history back to 1992 in their efforts to apply their
sustainability values. Both of their business approaches tried to create long-term shareholder
values by embracing opportunities and managing risks deriving from climate change. These
attempts have not been perfect and got some critical opinions and cynical media, but some
lessons learnt on similarities as shown in Table - 2 and differences as highlighted in point 3.1 are
worth exploring. The banks are chosen based on these criteria:
 They are both signatories of the UNEP FI statement on the environment and sustainable
development, adopters of the Equatorial Principles in their project financing assessment,
followers of the Principle for Responsible Investing of the UN Global Compact in their
investment policy, and voluntarily reporters of the Carbon Disclosure Projects;
 Their sustainability performances were carefully assessed by international sustainability ratings
agencies e.g. the Dow Jones Sustainable World Indices, FTSE4GOOD [28], ECPI Ethical
Indices, NASDAQ OMX CRD Global Sustainability 50 Index;
 They were winners of ‘Sustainability Banking Awards’  by  The IFC [29] and The Financial Times
[30] and granted international awards for their CSR program.
Table 2: “Outlining  Similarities”. Source: Bank Official Websites [31] [32]
Company
profile

Bank Y (European Bank)
Employs > 80,000 people in 72 countries in
Europe, USA, Asia Pacific & the emerging
markets. Offices in New York, London,
Singapore, Hong Kong, Sydney, Paris,
Moscow, Amsterdam, Toronto, São Paulo,
Tokyo & Mumbai. Investing in expanding
markets such as the Middle East, Latin
America, Central & Eastern Europe, Asia &
the Pacific. The top-10 banks in Europe
2010 ranked by market capitalisation.
Revenue:  2010  €  28.6  bn;;  2009  €  28  bn
Net Operating Income:

Bank Z (Australian Bank)
Employs 38,900 people in 15 countries,
mainly in Australia & New Zealand. Offices in
major financial centres including New York,
London, Singapore, Hong Kong, Sydney. A
presence in Asia (Singapore, Hong Kong,
Shanghai, Beijing, Jakarta & Mumbai), the
near Pacific (Fiji, Vanuatu, Cook Islands,
Samoa, Tonga, Papua New Guinea,
Solomon Islands). The world’s  17th  largest  
bank ranked by market capitalisation.
Revenue: 2010 $ 37.9bn; 2009 $31.16bn
Net Operating Income:

2010  €  2.33  billion;;  2009  €  4.9  billion
Total  asset:  2010  €  1,906  billion;;  
2009  €  1,500  billion

2010 $16.9 billion; 2009 $16.5 billion
Total asset: 2010 $ 618.27 billion
2009 $ 589.59 billion

a)

Embedding
sustainability
values into
core business
& operation
strategy

Statement on sustainability as the guiding
principles. It reviews & improves its
working procedures according to the
sustainability-related criteria. It established
a comprehensive Sustainability
Management System as an integral part of
business strategy. The Group
Sustainability Officer is responsible for
implementation within the Bank.

It  applies  ‘Our  Principles  of  Doing  Business’  
which promote the sustainable business
practice. It formulated an Internal
Sustainability Council (comprised of general
managers of business divisions) as a
decision making forum for direction &
progress monitoring. It formed a Board
Sustainability Committee to assist the
management board in its commitment.

b)

Developing
environment&
CC policy
including
financing the
low-carbon
economy

In 2005 it defined 3 main roles: as a
financial intermediary, an eco efficiency
manager & a climate ambassador. In 2007
it  established  an  “Environmental  Steering  
Committee”/ESC to coordinate
environmental protection activities (incl.
Eco Project Management Office) & to
benefit from synergies. In 2008 it formed
“CC  Advisory  Board”  consists of 10 experts
from business, politics & scientists of
industrial & emerging markets (Brazil &
China) to advise the management.

In 1996 it was the first bank to join the
Australian Government Greenhouse
Challenge & reported its GHG ever since. Its
‘Environmental  Advisory  Group’  manages  
the development & implementation of sectorleading energy & emission reduction
programs of operational issues. Its
‘Environmental  Co-ordinator’  ensures a
consistency in implementation of their policy
development. Its CC position statement:
Financing the transition to a low-carbon
economy.

Note:
CC = Climate
Change
c)

Guiding &
assisting
corporation
clients (lending
& investment
side)

As a Financial Intermediary creating
sustainable business opportunities &
contributing to climate related banking
products/services. Financing projects in
“green  technologies”& the renewable
resources energy projects in Europe
&USA, including 50 CDM projects.

It formed the internal Environmental Advisory
Group which incorporating environmental
consideration into the lending process for
customers.
Providing finance for environmentally friendly investments such as renewable
energy.

d)

Dealing with
customers’  
emerging
needs

Provides innovative bank products &
service solutions to fight climate change &
to create added value for society. It
realized the business opportunities of the
climate change sector & involves in
innovations.

Stated in their  ‘Principles  of  Doing  Business’
for customers: actively promoting &
developing products, services & relationships
to a low-carbon transition society, such as
investment funds; other products promoting
positive social & environmental outcomes.

e)

Becoming a
carbon neutral
entity &
engaging their
supply chains

Aims to have all operative procedures
climate neutral in 2013 onwards. It reduced
its carbon emissions by 40% from the 2007
baseline figures. As an Eco Efficiency
Manager, it invests in an eco-efficient
infrastructure & increases renewable
energy usage. In 2010 it established a
Sustainable Sourcing mechanism to
include the indirect carbon emissions
coming from the supply chain into its
calculations of the carbon footprint (such
as energy providers & paper suppliers).

Aims to reduce emission from 14,059 tons
CO2 in 2009, to 11,842 tons by 2012. It
formulated a paper purchasing policy,
recycling & paper avoidance strategy.
Sustainability performance is reflected in
personal & divisional scorecards. Long-term
partnership with Australian Conservation
Foundation to implement sustainable
workplace by its employees, then in a wider
community. Its ‘Sustainable  Supply  Chain  
Management’ policy & process sets out the
minimum standards requirement.

f)

Contributing to
the
Stakeholder’s
Network in
National &
International
Cooperation

As a Climate Ambassador, it keeps a
knowledge-based business with top-level
research departments. Establish an active
dialog with clients, employees, shareholders & public, such as the Carbon
Counter, a real-time counter of GHG
emissions in New York CBD. The Vice
Chairman/Head of ESC was appointed as
a member  of  the  UNFCCC  “High  Level  
Advisory  Group”  which  implementing the
financing of CC as agreed in Copenhagen.

In 1992, it was one of the founding
signatories to ‘Environment  and  Sustainable  
Development Statement’  of the UNEP FI.
In 2002 released a Social Impact Report that
outlined the bank's plan to meet the highest
international standards in the area of
corporate social responsibility and
sustainability. It led this bank to be the global
sustainability leader for the banking sector in
the Dow Jones Sustainability Index from
2004-2007.

4.1. Highlighting Differences of Bank Y and Bank Z
a) Embedding sustainability values into their core business and operation strategy:
The vision of Bank Z is to be clearly recognized as a global leader in sustainability. Its fiveyear strategy is regularly reviewed based on feedback from the Community Consultative
Council. The current strategies include mainstreaming sustainability to become real for
customers, working together to support community; treading lightly and managing their
environmental footprint; developing products; services and relationships to a low-carbon
transition society; practising sustainable business practices through governance and risk
management; and speaking out to advocate on sustainable business practices. Recent
research  sought  its  customers’  views  on  sustainability. The survey showed one third of their
customers thought being sustainable was more urgent than ever in the context of global
economic uncertainty [33]. Their Chief Executive added that although taking steps to become
a sustainable corporation can be tough, it is worth it. They see it as part of their duty to act
responsibly and assist in building a more sustainable economy.
In contrast, Bank Y has not yet engaged wider stakeholder in reviewing its sustainability
strategy regularly. Even so, they have formulated a statement on sustainability as their
guiding principles in daily business decisions, asset-management activities, workplace and
operational procedures according to sustainability-related criteria.
b) Developing environment and climate change policy including financing the low-carbon
economy:
Both banks regularly review their environment policy to be adaptive to climate change. Bank
Y tracks the performance of 100 largest-global company-shares and excludes stocks with the
largest carbon footprints. It also tracks the performance of the renewable energy firms. In
early 2011, this bank and the European Bank for Reconstruction and Development (EBRD)
launched an ‘Environmental   Sustainability   Bonds’   to   finance   energy   efficiency,   water   and  
waste management, and public transport in central Asia and central Europe.
Through its involvement in the New Zealand Emissions Trading Scheme and a number of
renewable energy projects, Bank Z shows continuing support in the transition to a carbonconstrained economy. Its climate strategy focuses on five key areas, namely: minimizing
direct environmental footprint; capacity building and managing climate risks; developing
products/ services that drive environmental outcomes; engaging employees in the issues;
and communicating/advocating climate change in the wider community.
c) Guiding and assisting corporation clients (lending and investment side):
Both banks implemented the ‘Equatorial   Principles’   for   their project financing and adopted
the ‘Socially Responsible Investing’ (SRI) for their investment guidance. On one hand, in
their reputational risk management Bank Y added risks connected to transactions in highcarbon industries. On the other hand, they recognized the green technology as a future
growth market. Various specialists in the bank are dealing with: structured green investment
funds, the global banking to finance manufacturers/suppliers and consumers such as a
Desertec industrial initiative which is a climate-friendly energy development in deserts of the
Middle East and North Africa (MENA) to supply energy for the MENA countries and Europe
by 2050.
Since 2000, Bank Y was a leader in the international carbon credit market. It was elected as
the first rank in CER trader in professional polls. It was the first to facilitate investment in the
Prototype Carbon Fund issued by the World Bank, CDM and Joint Implementation project.
The carbon trading in Australian is under developed. The country originated ‘the GHG
Protocol: A Corporate and Reporting standard’ as a preparation for future regulation [34].
Despite that, since 2006, Bank Z started in carbon trading, offering solutions across the
Australian, European and New Zealand carbon markets, including international offset units. It

involved in New Zealand Emission Trading Scheme and became the winner   of   the   ‘Best  
Trading House – Australasia’   and   the runner up of the ‘Best   Finance   House   – Renewable
Energy Asia-Pacific’ in 2010. They made progress on Environmental, Social and Governance
(ESG) Risk Framework policies to incorporate these risks across the business portfolio, but a
similar framework for their investment activity has not been finalised.
d) Dealing with  customers’  emerging  needs:
In managing customer needs, both banks have gone beyond the   ‘green-wash’   marketing  
differently. They follow a consistency between branding positioning with the factual business.
Together with companies and investors, bank Y realized that climate change is not merely a
social, political or moral issue, but it is also a business issue [35]. This translated numerous
sustainable investment innovations as follow: participation in emissions trading schemes;
investments in renewable energy in and out of the country; discretionary of the investments
portfolio management by incorporating a comprehensive sustainability aspects and criteria,
as well as integration ethical aspects in investment guidelines; the third-party fund offers the
issuance of a sustainability fund and a sustainable closed investment (investments in
photovoltaic facilities, in forestry, in listed companies with a focus on climate protection and
environmental technologies, shares in green buildings); collaborate   with   the   country’s  
development bank in loan approval process of the environment and climate protection
investments of the residential and industrial programs; and an asset finance and leasing
which offers their customers a wide spectrum of international class assets including aviation,
shipping, real estate, infrastructure and natural resources, renewable energy and alternative
assets such as micro finance and energy project financing in emerging regions.
In a different way, within the period of November 2009 up to March 2010, Bank Z supported
the Australian Government Green Loans Program and offering an interest-free loan for
homeowners. The program provided homeowners an opportunity to save energy cost and to
reduce water usage. Over 35,000 Australians took advantage of the free home sustainability
assessment provided by the government (valued at $250 per home), and then the Green
Loan can be utilized to make the recommended changes. This bank believed that many of
their customers choose to bank and invest with the bank because they share their views on
sustainability.
e) Becoming a carbon neutral entity and engaging their supply chains:
Bank Z believed that staff engagement is an essential tool in applying sustainable business
practice and becoming carbon neutral. It collaborated with the Australian Conservation
Foundation, which hold employee workshops on sustainable workplace and find ways to
reducing the businesses footprint. Their headquarter office conformed to the Australian
Building Greenhouse Rating. They adopted the sustainable purchasing policy. The
Sustainable Supply Chain Management code of conduct requires their suppliers to provide a
written certificate of compliance. Annually suppliers are randomly selected to participate in an
audit on their SSCM performance by an independent auditor paid by the bank.
Comparatively Bank Y has a number of initiatives showing that climate neutrality is a key
pillar of their strategy. Noteworthy was when they started refurbishment of the headquarter
towers aiming to be one of the most eco-friendly high-rise buildings in the world. They
implemented many progressive ideas to reduce 50% energy supply, 70% water consumption
and 90% CO2 emissions. They are convinced that resource-efficient solutions will pay off
from an economic perspective. This attracted worldwide attention and gained some awards:
a Green Mark GoldPlus Singapore for office interior, the LEED Platinum certification and
DGNB Gold for resource and energy efficiency, a Sustainable City Awards of The City of
London. In 2009, they obtained 69% of their electricity from renewable sources. As a result,
the bank was named as a   “Green Power Partner of the Year” by the U.S. Environmental
Protection Agency [31]. Three of their overseas offices also got ISO 14001 certification.

Bank Y regards the importance of the relationship to suppliers to maintain a consistent focus
on sustainability. They expanded systematic sustainability criteria for checking/reviewing their
suppliers to extend their sustainability goals within the supply chain effectively. The bank
refined its global inventory of greenhouse gases in accordance with the internationally
acknowledged protocol. They systematically began to incorporate carbon cost into the
financial decisions within the company and the selection of service providers. They
purchased top-grade CER certificates to neutralize the remaining emissions.
f) Contributing to the Stakeholder’s Network in National and International Cooperation on
Climate Solutions:
In May 1992 on the road to the Rio Summit that year, Bank Y and Z were among those
financial institutions which joined forces with the UNEP to catalyse banking industry
awareness to develop and promote linkages between the environment, sustainability and
financial performance so  called  “UNEP Finance Initiative statement on the Environment and
Sustainable Development” [36]. It is a strategic public-private partnership between UNEP
and nearly 200 financial institutions globally. Likewise, both banks signed the Principles for
Responsible Investment by the UN Global Compact, Bank Y also a founding member.
Bank Y participated in the World Business Sustainable Development Forum and became a
member of the Board of Directors of the Global Reporting Initiatives. Since its participation in
the Carbon Disclosure Project, this bank was among the top listed 15 percent in the Carbon
Disclosure Leadership Index (CDLI) and was reckoned as one of the three companies in the
financial sector that has dealt most effectively with the challenges of climate change. In 2009,
a Vice Chairman of the bank was appointed as a member of the High Level Advisory Group
on Climate Change assembled by the UN Secretary General. The advisory group is formed
to mobilise financing which was promised during the UNFCCC in Copenhagen.
On one hand, from 2004-2007 Bank Z was assessed by the Dow Jones Sustainability Index
as the global sustainability leader for banking sector. On the other hand, from 2005 to 2009
Bank Y was recognized as one of the top-rated (the top 1%) of 4,000 companies in 19
consecutive ratings by the Governance Metrics International (GMI) who assessed corporate
governance practices and looked at value-drivers which were not revealed through financial
analysis.

4.2. Barriers and Dilemma Are Encountered by Both Banks:
Despite its signature under various sustainability declarations, Bank Y was charged by many critics
in the public domain. It was remarkably clear that the carbon producer and fossil-fuel-based
industry remain like solid business forces for them. This bank was criticized for their participation in
co-financing both the China oil conglomerate which has been extracting oil from the crisis region of
Darfur; and the USA mining company that extracts gold and copper from Papua forest and emit
chemical contamination in Indonesia [37].
Bank Y also faced a manoeuvre from climate sceptics and deniers as one of national stakeholder.
Recently the bank collaborated with the Climate Centre at the Earth Institute-Columbia University
to publish a paper to re-address the major claims of climate change deniers. Interestingly, within a
week it got an immediate response from a university researcher which the bank then replied and
corrected two mischaracterizations notes. The bank convinced that the primary findings quoted in
the document was not significantly impacted by the technical/ methodological errors of the original
work by a climate scientist [38].
Alike, Bank Z also  faced  some  barriers  in  achieving  their  ‘ideal’  aims.  This bank is among the big
four banks in Australia. They are under pressures, to limit their funding to key industries, which are
adversely impacting on the climate. A report by Profundo (Dutch consultants) commissioned by

Greenpeace has noted that, in the last five years, Australia's leading banks include this bank
invested more than $5 billion for coal projects while promoting their green image [39]. They spend
time and money creating a corporate social environmental responsibility, at the same time they are
quietly financing new coal-fired power stations, coal mines and coal port infrastructure. The
comparison of financing for renewable energy projects to conventional mining sector, banking
sector in Australia are still not equal, balance, or proportional.
Another barrier for Bank Z is the issue of short-term horizon versus long-term sustainable growth.
The short period of the Board   of  Director’s   term  might   results   in  an   unsustainable  impact  for   the  
long term. Although this bank often claims to be a corporation concerned with environment
sustainability, unfortunately, the drive to short term profit is still there.   The   BOD’s   short   tenure
makes them focus on how to make the highest possible profit, which gave high yield for the
shareholders. In doing so, directors also gain benefit from receiving incentive bonuses in the
corresponding year performance. However, the unfavourable business decision making such as
increased mortgage interest higher than the Reserve Bank recommendation [32], could cause a
reputational risk and disloyalty from customers. A fundamental issue remains whether a
sustainable profit relates to an environmentally sustainable business practice and a positive
contribute in finding a solution to climate change.

5. Conclusion
Climate change is the challenge of our generation. Through collaborative actions, we should be
able to mitigate risks. Financiers and business sector need to add value to public sector funding,
because government capacity is limited. Integration of sustainability values into core business
strategy and operation will drive change needed to accelerate solutions to climate change.
This paper has examined six roles of commercial bank in the context of climate change. Banks are
able to support their clients, customers, and supply chains, not only to overcome the risks, but
more importantly to convert those to develop new opportunities. Nevertheless, global companies
are under pressure to act responsibly to counter climate change problem. On one hand, they need
to switch to renewable-energy power, reduce costs in the supply chain, and handle reactions from
wider stakeholder. On the other hand, they are obliged to make short-term profitability through
strong dividends and financial performance annually. How to improve the corporate social,
environmental and governance in order to achieve excellence in both sustainability and
economic/financial performance continuously is a substantial challenge.
Apparently, banks are still in the developing stages as shown by the case study. Although
sustainability principles are mainstreamed in their business approaches, and are guiding both
banks to managing risks and opportunities deriving from climate change, it seems that Bank Y has
developed more climatic innovative products/services to serve its marketplace than Bank Z.
However, employee involvement in the environmental/corporate culture in Bank Z is more
embedded than Bank Y. Even so, a lot more will need to be done and their progress is promising,
but banking sector is still far from the right path of sustainable business practices. Nonetheless, a
corporate sustainability model as suggested by Epstein [40] is needed if we are to see
environmental sustainability more successfully implemented in the Banking sector.
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Glossary and Abbreviations
CDM

: Clean Development Mechanism, a mechanism under the Kyoto Protocol through
which developed countries may finance greenhouse gas emission reduction or
removal projects in developing countries and receive credits for doing so which
they may apply towards meeting mandatory limits on their own emissions.
CDP
: the Carbon Disclosure Project is an independent not-for-profit organization. The
Carbon Disclosure is an independent, international not-for-profit organization
established in London in 2000. It holds the largest database of primary corporate
climate change information in the world. Thousands of organizations (4,700 large
companies in 50 countries and on behalf of more than 500 institutional investors)
from across the world’s  major  economies  measure  and  disclose  their  greenhouse  
gas emissions, water use and climate change strategies through CDP.
CER
: Certificate for Emission Reduction
COP 16
: Corp of Parties 16th of UNFCCC at Cancun - Mexico
CR
: Corporate Responsibility
CSR
: Corporate Social Responsibility
ESG
: Environment Social Governance
DJSI
: the Dow Jones Sustainability Index
FT
: the Financial Times
FTSE4Good : the index was included in the international ethical index. It measures the
performance of companies that meet globally recognised corporate responsibility
standards, and facilitates investment in those companies. It has been designed to
measure the performance of companies that meet globally recognised corporate
responsibility standards, and to facilitate investment in those companies.
Transparent management and criteria alongside its brand make FTSE4Good the
index of choice for the creation of Responsible Investment products [30]
GRI
: The Global Reporting Initiatives, based in Amsterdam- Netherland
IFC
: the International Finance Corporation
JI
: Joint Implementation, a mechanism under the Kyoto Protocol through which a
developed country can receive emissions reductions units when it helps to finance
projects that reduce net greenhouse gas emissions in another developed country
NAPAS
: the National Agreement on Plan of Actions in climate change
REDD
: Reducing Emission from Deforestation and Forest Degradation is a mechanism to
create an incentive for developing countries to protect, better manage and wisely
use their forest resources, contributing to the global fight against climate change.
REDD strategies aim to make forests more valuable standing than they would be
cut down, by creating a financial value for the carbon stored in trees. Once this
carbon is assessed and quantified, the final phase of REDD involves developed
countries paying developing countries carbon offsets for their standing forests.
REDD is a cutting-edge forestry initiative that aims at tipping the economic balance
in favour of sustainable management of forests so that their formidable economic,
environmental and social goods and services benefit countries, communities,
biodiversity and forest users while also contributing to important reductions in
greenhouse gas emissions.
REDD+
: REDD Plus strategies go beyond deforestation and forest degradation, and include
the role of conservation, sustainable management of forests and enhancement of
forest carbon stocks in reducing emissions.
SEFI
: the Sustainable Energy Finance Initiative <www.sefi.unep.org>
UNEP – FI
: the United Nations Environmental Program – Finance Initiatives. It is a global
partnership between UNEP and the financial sector. Over 190 institutions, including
banks, insurers and fund managers, work with UNEP to understand the impacts of
environmental and social considerations on financial performance.
UNFCCC
: the United Nations Framework Convention for Climate Change
UN PRI
: the United Nations Principles for Responsible Investment
UNGC
: the United Nations Global Compact
VCC
: Venture Capital Company
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Summary
A good investment is measured by benefits it gives in return, and so financially viable
investment is an elementary requirement for the stockholders. Cost and affordability have
been often pointed as the greatest barrier in sustainable construction development [1] and
further often brought up in the discussion about the “sustainable” or “green” investment
profitability. It is therefore important to collect market evidence to facilitate understanding and
evaluation of environmentally conscious investments in real estate.

1. Purpose
The focus of this paper is to investigate the cost side of “green” building construction and if
increased investment cost are profitable taking the reduction in operating cost into account.
The investment viability is approached by comparing investment in conventional and “green”
residential building, particularly low-energy building, using real construction and postoccupancy condition. Moreover, the paper investigates incentives needed to accelerate lowenergy residential development in Sweden.

2. Method and data collection
The key information was obtained from private and public housing companies by surveys
and personal interviews. The first survey was directed to the companies involved in
constructing conventional and low-energy housing and the second survey to the housing

companies that actively manage operation of low-energy houses. Personal interviews
allowed for better understating of low-energy construction and access to more detail data.
An investment analysis was conducted to assess investment viability of low-energy and
conventional residential buildings.
Limitations of the study comes from data availability and the number of observations, as
relatively few low-energy multi-family residential buildings have been built to date in Sweden.
The study use results from surveys, and therefore may carry certain level of subjectivity.

3. Key findings
The information received from investors and housing management companies indicate that
low-energy buildings are considered as interesting and good business opportunity and the
energy-efficient building investment are seen as strengthening company’s market position.
At present the average extra cost in low-energy buildings construction is estimated to be
approximately 5% higher than cost of conventional buildings. The cost of labour, material and
more advanced mechanical ventilation systems with heat recovery add up to higher cost.
The estimated operating cost is expected to be significantly lower thanks to reduced energy
requirement, which according to housing managers reflects the actually metered energy
consumption fairly well.
The calculated risk and uncertainty is not regarded to be higher in “green” buildings
construction. The experience, however, is significant as it increased efficiency and
profitability of low-energy residential projects. The study demonstrates that, at present
energy prices and 5% extra investment cost, low-energy buildings (passive house standard)
are an attractive investment and that the potential energy saving defray for required extra
cost.
Development of new technologies and building concepts can truly stimulate “green”
construction. The change of Buildings Regulations appears to be a significant stimulant in
accelerating energy-efficient buildings construction, which suggests that the present
regulations are too low and not motivating industry. The financial incentives, such as tax
reductions or subsidies are generally considered as an important incitement. Those forms of
stimulants can encourage investments in low-energy buildings and allow developers to gain
significant experience, which in consequence contributes in accomplishing successful
projects.
Upcoming changes in political and legal environment should be seen as important arguments
for active supporting low-energy construction. In order to meet The European Councils goals
(Directive 2010/31/EU; [26]) it is crucial to gain experience and expertise of producing energy
efficient buildings. This knowledge is also critical for organizations that wish to stay ahead
and strengthen their position on the property market.

1.

Introduction

1.1. Background
Accurately evaluating property is challenging, and seems even more so when sustainability
values are involved. Sustainability features are expected to contribute to the property value
[2], so the sustainable attributes of a building should be included in property valuation models
[3][4]. On the other hand, uncertainties concerning the financial and environmental potential
of “green” buildings contribute to doubt on the part of participants and property investors.
Financial and insurance institutions seek strong evidence of profitability in green projects [5]
before they are willing to support them. Investors and developers defend this reluctance by
expressing concerns regarding the extra cost of “green” buildings and the highly speculative
return on investment and payback period [6].
In seeking empirical evidence, a few research studies have focused on the linkage between
cost and income premium in energy-efficient and sustainable properties. Matthissen and
Morris [7] compared LEED and non-LEED certified projects and concluded that, though costs
vary between building projects, there is no significant statistical difference between LEED
and non-LEED certificated buildings; both categories include low- and high-cost buildings.
They have also pointed out that a number of factors can influence the economic results, so
comparison with an average construction budget yields little information. Schnieders and
Hermelink [8] examined residential energy-efficient buildings in Europe and concluded that
constructing a passive house costs 0–17% more than constructing a conventional house; on
average, the specific extra investment was found to be 8% of the total building cost. Other
research [9] has demonstrated that, the more environmentally friendly a building is and
therefore the higher the LEED certified level, the higher the extra cost of building green. On
the other hand, emerging results indicate that green labeled commercial buildings can
generate higher rental income [10] and that the relationship between green rating level (i.e.,
LEED) and effective rental premium is significant [11] Moreover, energy-efficiency
apartments in Switzerland have sold at a 3.5% premium over the last ten years, while
energy-efficient single-family homes commanded a premium of 7% [12].
1.2. Purpose and significance of the study
The financial rationale of “green” buildings is often questioned by practitioners, who point to
the importance of risk, construction complexity, and other real-life conditions that often have
considerable effect on investment feasibility. This paper therefore compares investments in
conventional and “green” residential property (particularly low-energy housing) using real
construction and post-occupancy conditions. The key information was obtained from private
and public housing companies in Sweden involved in constructing both types of housing.
Furthermore, we also discuss challenges related to constructing energy-efficient housing and
incentives that might be needed to accelerate development of the low-energy housing market
in Scandinavia.
The study is part of a research project investigating the comprehensive value of low-energy
housing and its investment potential. The findings should further the development of the lowenergy building market and improve present understanding of the construction and operation
of energy-efficient residential buildings.

1.3. Scope and limitations
We particularly address the cost side of investment and explore if increased investment cost
are profitable taking the reduction in operating cost into account. The investment costs have
been defined here as total investment cost, which includes construction and land cost. The
land prices may vary significantly depending on location, size, urban infrastructure etc.,
though in the paper the average land price is assumed.
Low-energy buildings requires better insulated envelope, which may increase width of walls,
and reduce ratio between living space and total built area, which in its turn influence the
amount of square maters available for sale and affect investment viability. This construction
aspect of low-energy buildings was not discussed in this paper, but shall be explored in our
further studies.
In this paper we use term investor to refer to public or private companies that build residential
buildings with apartments for rent. We refer to housing management company and we mean
organization that is responsible for maintenance and operation of the building. In cases
present here the housing management company is often part of investor’s organization. The
role of banks and financial institution is not discussed in this paper.
The study use results from survey, and therefore may carry certain level of subjectivity. The
study is also limited by data availability and the number of observations, as relatively few
low-energy multi-family residential buildings have been built to date in Sweden (Fig. 1).
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Fig. 1. Housing construction in Sweden, 2001–2009 (SCB, Statistics
http://www.scb.se; Passivhuscentrum, http//www.passivehuscentrum.se)

Sweden,

2.

Theoretical overview

2.1. Low-energy buildings
A strict definition of what constitutes a “low-energy” house or residential building is difficult to
find. It is generally assumed that low-energy buildings should consume significantly less
energy than the levels specified in the Building Regulations. The key objective of such
buildings is energy-efficient design that allows the minimization of energy consumption
throughout the building life cycle [13]. Specifications that facilitate energy-efficiency gains
include compact construction, minimum thermal bridge value, air tight and thermally
insulated building envelope and windows, and adequate choice of heating and ventilation
systems [14]. The objective of good indoor climate and energy-efficient building can be
achieved by design and construction in consideration to regional climate conditions [15].

Forum för Energieffektiva Byggnader (FEBY; the Forum for Energy-efficient Buildings), the
organization that promotes building and renovation to energy-efficient standards in Sweden,
recognizes two types of low-energy houses: passive houses and mini-energy houses.
Definitions included in the Swedish standards for passive and mini-energy houses state that
low-energy houses should aim to achieve better [16] or significantly better performance [17]
than stated in the Swedish Building Regulations.
2.2. Profit and investment viability
Objective for most companies is profit (p) which is the difference between income (i)
(discounted) and cost (c). In cases, there income is unlikely to increase (ex. property market
with controlled rent) the focus must be placed on costs. Whether or not return on invested
capital is deemed satisfactory depends on the investor’s objectives, but a potentially good
investment can be identified using equity investment models, net present value, internal rate
of return, and payback period [18]. Generally, the outcome of an investment evaluation of a
real estate development project is determined by the total investment cost, net operating
income generated on real estate, and the required rate of the return over the expected
holding period [19][20]. Net present value (NPV) can be described by the following function:
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net present value of equity
net operating income through i periods
required rate of return
expected holding period
residual value in the nth period TIC:
total investment cost

Consequently, internal rate of return (IRR) can be described as:
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3.

Method and data collection

3.1. Investors
Information about low-energy buildings in Sweden was collected through a survey and
personal interviews.
The survey questionnaire was sent to municipal housing companies that build rental housing
and to private construction companies that build housing for sale or rent. The companies
were chosen because they had experience of building low-energy housing. All respondents
were asked to answer questions from the position of an investor (i.e., client) and not that of
contractor (some companies might have participated in construction projects as contractor,
investor, or both). The number of survey recipients per company varied depending on
company size and the number of low-energy projects carried out. The survey was addressed
to chief executives (i.e., those responsible for new projects and housing development) and
project leaders. The notification of survey questionnaires were sent to 34 companies (93
people) that had participated in at least one low-energy housing project in Sweden. Answers
were collected using an on-line questionnaire from February to March 2010; thirty-four
completed questionnaires were collected for a response rate of 37%. In total respondents
represented 24 companies (i.e., 71% of the contacted companies), 16 public and 18 private.
Some of the biggest construction companies in Sweden took part in the survey, including
listed companies (e.g. Skanska, NCC, and PEAB) and large municipal housing companies,
such as Svenska Bostäder, whose 2009 turnover was approximately EUR 300 million
(http://svenskabostader.se).
Twelve face-to-face, open-ended interviews were conducted between September 2009 and
September 2010 to acquire a better understanding of the technical and economic challenges
of building low-energy housing in Sweden.
3.2.Operation and management companies
Data on the operation and management of low-energy dwellings were obtained by survey
and personal interviews. Survey questionnaire was sent to housing companies that were
identified by market research as actively managing low-energy buildings. Only multi-family
residential buildings with rental apartments were subjects of study.
Answers to an on-line questionnaire were collected from November to December 2010. Nine
people, (of 30 recipients), each representing a different housing company, completed the
survey. Additionally 8 interviews were conducted with representatives of housing
management companies in period of approximately one year, i.e. December 2009–February
2010.

4.

Results

4.1. Investment cost
Most respondents stated that the total investment cost of low-energy housing (LEH) was less
than 10% greater than that of conventional buildings (CH). Just over half of the public
companies estimated that the extra total investment cost was in the 5–10% range, while only
one quarter of the private companies gave this answer. Most of the private companies, i.e.,

approximately 60%, estimated that the extra investment cost of LEH was 5% or lower (figure
2).
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Administration costs in LEH are no higher than in conventional housing (CH), except in the
case of “reference projects”, where the increased costs often relate to organizing lectures
and on-site visits. Nearly two-thirds of respondents said that LEH construction material was
more expensive than CH material, which may relate to higher unit prices of more energyefficient material (e.g., insulation and windows). Labour and design costs are also higher on
LEH budgets (Fig. 3). The architect team, installation designer team (e.g., for HVAC), and
energy coordinators must work together to deliver a low-energy building design.
Collaboration and active engagement throughout the design and construction processes as
well as work precision may translate into more hours of work, for both the design and
building teams.
Cost which are considered to be higer in LEH than CH, by cost type
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Fig. 3. Percentage of respondents (public and private companies) who consider LEH costs to
be higher than that in CH, answers by cost type
Public and private companies’ opinions differ to some extent concerning the cost estimates.
This difference may be because private companies tend to have more production knowledge

and more accurate information about individual cost components (e.g., operation, materials,
and design). Since private companies are often contracted as development company, they
may have procurement advantages, and their workers can find savings on site during
construction by discovering innovative and practical solutions. On the other hand public
companies are more experienced in housing management activities. Public companies often
own and manage their building stock, whereas private companies less often assume this
responsibility.

4.2. Operation and maintenance costs
Regarding the estimated operating cost, most public and private companies expected
significant savings in operating low-energy buildings. This belief seems to be confirmed by
housing management companies, which also cited cost reductions of at least 20–40% for
LEH operation. The reduction in operating cost is based mainly on reduced energy
requirements. Investors anticipate that achieving the estimated energy efficiency may require
more system adjustments than usual. In practice, the technical installations are not
considered to be a particular problem. Housing managers believe that LEH installations
require just as much adjustment as do CH installations, though the need for adjustment
comes earlier in LEH than in conventional dwellings. Housing managers admit that balancing
LEH systems can be challenging, and that the biggest problems are insufficient auxiliary
heating efficiency in cases in which air heating systems were installed and adjusting the air
flow and temperature in those systems.
One third of public companies believed that low-energy buildings would require less
maintenance in the future, whereas only one fifth of private companies thought the same.
This difference in opinion may depend on differences in experience, since municipal
companies own, manage, and are in charge of operating and maintaining their building stock,
whereas private companies often do not assume that responsibility.

4.3. Assessing business uncertainty and opportunity
Neither private nor public companies regarded calculated financial risk and uncertainty as
higher in LEH than CH projects. Moreover, more private (60%) than public (30%) companies
noted that prior experience of LEH projects significantly increased efficiency and profitability
in ensuing LEH projects. This difference of opinion may be based on the extent of prior
construction experience. However, by managing and operating low-energy buildings,
municipal companies may gain knowledge and experience that allows them to reduce
operation and maintenance costs in LEH and increase efficiency in existing housing stock.
Private companies were convinced that constructing LEH is good business and that doing so
will strengthen their market position. Public companies are not as clear in their plans
regarding LEH construction, though 75% said that LEH has business potential.

4.4.Stimulants and outlook in the future
Generally private companies recognise factors as industrialization or construction
components standardization, as the elements that have the greatest effect on LEH market
development. Public companies on the other hand identified external factors as subsidies
and obligatory certification to influencing low energy building construction to a larger extent.
All respondents assigned high importance to the Building Regulations and suggested that
strengthening the Building Regulations have a strong influence (50%) on acceleration of low
energy buildings construction, which suggests that the present regulations are too low and
not motivating industry.
Interestingly, according to majority of survey respondents obligatory environmental
assessment and certification system has an insignificant effect on low energy housing
development. Only 30% of private and 45% of public companies acknowledge obligatory
environmental assessment to be an important factor. On the other hand majority of housing
management companies believe in importance of environmental rating and stating their
interest in participation in environmental assessment of their building stock.
Additionally, decrease of prices for environmentally friendly material was found to be an
important factor, but it is rather development of construction new technologies and building
concepts that can truly stimulate development of “green” construction.

5.

Investment analysis

Using feedback from investors and housing managers, we can attempt to assess LEH and
CH investments and build a life cycle costing (LCC) model that allows for differentiation
analysis. The general assumptions are presented in table 1.
The annual specific energy demand is estimated as 110 kWh/m2 reference area for CH,
according to the Swedish BBR 16 Building Regulations [21], and 50 kWh/m2 for LEH,
according to the Swedish passive house standard [17]. The analysis is done with real prices,
but we assume that energy price trend is going to hold and assume 2,5% price increase in
real terms. In LCC, we omit maintenance cost, though we deduct EUR 10 per m2 annually
from the operating income for management cost. Building management cost here refers to
activities the housing management company must undertake to ensure good building
operation; activities include administration and planning, building performance optimizing,
communication with tenants, and technical help in case of problems.
Net cash flow or net operating income (NOI) consist of income from rents, less operating and
management costs. Potential income was estimated based on the average rent for new build
public buildings in Sweden in 2009, which was approximately EUR 144 per m2 (SCB,
Statistics Sweden, http://www.scb.se); Since rent level is rather related to location and
production year than energy savings (LIND) [22], the rent is assumed to be the same in both
types of housing.
In assessing LEH and CH investment projects, the NPV (equation 1) equity investment
models is used. The holding period is 20 years and exit yield 5%. The rate of return is 3%,
somewhat higher than present government bonds ( June/July 2011 approx 2,7%, Sveriges
Riksbank, Central Bank in Sweden, http://www.riksbank.se).

.
Table 1.Investment analysis assumptions
Average total production cost for multi-family building 2009, Sweden
SCB, Statistics Sweden, http://www.scb.se) [EUR/m2]
Average rent for m2 in newly built multi-family building 2009, Sweden
SCB, Statistics Sweden, http://www.scb.se) [EUR/m2]
Extra cost required in production of LEH
Energy price - electricity [EUR/kWh]
Energy price – district heating (mean price for Sweden) [EUR/kWh] ,
(Svensk Fjärrvärme, http://www.svenskfjarrvarme.se/Statistik-Pris/Fjarrvarmepriser)
Annual energy price increase
Return rate
Exit yield
Holding period [years]

3 000
144
5%
0,1
0,075

2,5%
3%
5%
20

The analysis confirms that low-energy building is an attractive investment (table 3). The
computed NPV, in holding period 20 years, was positive and higher for LEH (EUR 178 per
m2) than that for CH (EUR 165 per m2) . The potential energy savings are sufficient to defray
the extra investment cost required in low-energy buildings.
Table 2. Base case scenario, analysis results.
Conventional building (CH)
Low-energy building (LEH) (passive house standard)
Delta (energy savings)
Additional m2 value in LEH, in the end of holding period (20 years)

NPV [EUR/m2]
165
178
13
144

Sensitivity analysis indicates that LEH are less sensitive to annual energy price changes and
that at annual energy price increase higher than 1,5% computes higher NPV for LEH than
for CH. If extra cost for LEH is 6% or higher the computed NPV is higher in case of CH
investment.

6.

Conclusion

The study demonstrates that, at present energy prices and 5% extra investment cost for lowenergy building (passive house standard), building low-energy residential building is an
attractive investment. Investors are recognizing this potential and are interested in
developing those projects in the future.
Most investors recognized the business value of low-energy buildings and expressed
willingness and readiness to invest in low-energy projects; yet the total volume of low-energy
buildings (particularly passive house standard) has been relatively low. This suggests that
building regulations and financial incentives, such as tax reductions or subsidies, may further
energy-efficient construction. Subventions or tax reductions may act primarily as “catalysts”

covering, to a certain extent, the extra cost of low-energy construction and eliminating the
initial barrier to energy-efficient projects.
Knowledge and experience lead to higher efficiency in construction projects [23]. Survey
results confirm that experience gained during prior low-energy housing projects improves the
efficiency and profitability of ensuing “green” projects. Moreover, improvements in
construction processes due to experience, competence, and ongoing monitoring [24] as well
as improvements in cost position, for example, due to better procurement, strategic
partnerships, and cost driver control [25], allow the investor and developer to control
investment costs and improve the market position. One can observe this phenomenon in
low-energy construction only if such projects are not considered as experimental attempts
but rather standard production.
Upcoming changes in political and legal environment should be seen as important arguments
for active supporting low-energy construction. In order to meet The European Councils goals
(Directive 2010/31/EU; [26]) it is crucial to gain experience and expertise of producing energy
efficient buildings. This knowledge is also critical for organizations that wish to stay ahead
and strengthen their position on the property market.
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Summary
This paper presents a model for assessing the job creation potential of energy efficiency
investments through retrofit, manufacturing and mining of raw materials for residential and small
commercial projects. It deconstructs an investment using reverse-estimation techniques, dividing
costs among the retrofit, manufacturing, and mining stages of the value/supply chain using
industry norms. Outputs from the model include numbers of retrofit, manufacturing and mining
jobs. The numbers of jobs created at stages throughout the value/supply chain are provided, and
the relationship of energy savings to levels of job creation is discussed. A hypothetical example
demonstrates higher levels of energy efficiency can be correlated with higher levels of job creation.
Key Words: Job Creation; Value/Supply Chain; Energy Efficiency; Building Retrofit

1.

Introduction

Sustainability is growing in prominence in the built environment as energy costs increase. Building
owners are better informed consumers of high performance buildings as evidenced by their
increasing use of building rating systems such as LEED, Green Globes, and Energy Star.
Coincidentally, sustainability is establishing a foothold in the policy arena evidenced by the
increased funding for programs to reduce energy consumption. For example, federal support in
the United States for sustainable initiatives increased after the recession of 2008-10. Billions of
dollars have been invested through the American Recovery and Reinvestment Act of 2009 for
energy efficiency programs, such as weatherization. Additionally, the White House has made part
of  its  agenda  a  plan  called  “Recovery  Through  Retrofit”,  where  the  plan’s  focus  is  to  develop  policy  
for residential energy efficiency retrofits and establish a universal metric for rating home energy
performance. This wellspring of funding provides an incentive for local planners to critically
examine economic development initiatives in search of sustainable job creation opportunities.
Unlike sustainability in the built environment, which has rating systems to measure and document
the performance of a building, planning does not have a clear cut method to measure the number
of jobs created by an economic development program. Furthermore, the practice of urban
planning has been criticized for its lack of identifying a definitive measurement procedure for
sustainable policy. This paper asserts that measurement of jobs created due to energy efficiency
investments in retrofits is a good predictor of success for a sustainable economic development
policy, and thus a model is needed for assessing the job creation potential of energy efficiency
investments in residential and small commercial throughout the retrofit, manufacturing, and mining
value/supply chain. The problem statement to be answered is how to calculate jobs created in the
value/supply chain for energy efficiency retrofits due to a specified level of investment.
The strategy proposed in this paper utilized industry norms to deconstruct energy efficiency
investments into labor hours, materials/products, and equipment for each major level of the
value/supply chain, which is construction, manufacturing and mining.
Energy efficiency
investments that were evaluated for job creation in this paper included the following: energy
efficient roofing systems/accessories (e.g. roof/ridge vents and radiant barriers); energy efficient
doors and windows; window blinds and thermal shades; additional insulation; weatherization (e.g.
air sealing, low flow devices, and hot water tank insulation); heating and air-conditioning system

retrofits; and, upgrades to lighting systems. Following this method of dividing and categorizing the
investment, the process of counting direct and indirect jobs will start at the project level and extend
back through the value/supply chain through manufacturing to the point of mining. The end
product will be a model that forecasts the number of installation, manufacturing, and mining jobs
created by energy efficiency investments in existing residential and small commercial buildings.
All of the basic inputs and assumptions (e.g. wage rates, markups or crew makeup) can be
modified to change the circumstances of investments in order to conduct sensitivity analyses or to
tailor the model for specific projects or scenarios. The model can be easily changed for
application in various countries. The results will be presented as a total number of jobs as well as
factors of job creation at the three main levels of the value/supply chain. The relationship of
energy savings to numbers of jobs created will be demonstrated. This demonstration is presented
as a hypothetical example that shows how retrofitting for better energy efficiency correlates with
higher levels of job creation.

2.

Literature Review

Job creation is a hot issue among environmental advocates. Numerous studies are in progress to
determine the employment impacts generated by renewable energy, green building, and building
reuse. Some focus on direct job creation results, which describes jobs created at the project level
of the investment. Others attempt to quantify the indirect jobs created through the linkage effect,
which describes job increases in supplier chains, and the induced jobs from the multiplier effect,
which describes jobs created by increases in local spending within a micro-economy. Literature
written specifically about the impacts of energy efficiency investments on job creation is scarce;
however, what has been written on the topic can be divided into three groups. The first group is
case studies and scenarios that do not provide the number of direct and/or indirect jobs created.
Results in this group focus more on the multiplier effect, where each one dollar of purchase
generates more than one dollar of economic activity. This first literature group supports an
assertion that dollars from energy savings resulting from retrofits stays in the local community and
creates induced jobs. The second group provided the number of direct and/or indirect jobs
created. Presented as numbers of jobs created per million dollars of investment, this group can be
compared to the preliminary results of this research. The third group of literature addressed the
confluence of sustainability, policy, planning, and economic development. This group builds the
context for the conflict between sustainability and urban planning and justifies the need for a
methodology to count jobs.
2.1

Literature Group #1 – Multiplier Effect

The U.S. Department of Energy [1] has produced research on energy dollars, the general theme
being that local communities benefit in many ways from reducing energy purchases. The
hypothesis is that reducing energy consumption results in savings. Noting that most often energy
is generated outside the community, the savings remain in the community for other types of
consumption, thus providing additional jobs. The results indicated that each $1.00 used to
purchase local consumer goods produced $1.90 of economic activity in the local economy. This
multiplicative effect assumed the employer paid its employees who in turn purchased more goods
using the same $1.00. The economic activity of $1.00 invested in petroleum products is about
$1.51; for utility services $1.66; and, for energy efficiency $2.23.
The Weatherization Assistance Program with the Department of Energy [2] reports the economic
benefits of saving energy. For every $1 retained in a community by reducing the outflow of energy
dollars there are $3 in multiplier benefits produced.
Schweitzer and Tonn [3] elaborated on the energy and non-energy benefits from weatherization.
They reported that each federally funded dollar invested in weatherization could produce $1.83
worth of energy benefits (i.e. energy savings, based on homes heated by natural gas) and $1.88
worth of non-energy benefits. The combined benefit is about $3.71 for every dollar spent.

2.2

Literature Group #2 – Numbers of Direct and/or Indirect Jobs Created

A study conducted in the State of Iowa [4] used input-output analysis to measure economic activity
and job creation benefits [5]. It concluded that $1 million of program spending created $240,000
worth of additional economic activity or 5.6 additional jobs.
Wiltshire et al. [6] discussed the Standards of Performance program by the United Kingdom
Energy Saving Trust (EST). This program stimulated cost-effective energy saving measures
throughout the electricity franchise market. The scheme cost £25 million over a four year period
(1994-1998). Over the four years, 394 full time jobs per year were created, half in installation and
half in project management and administration. This equated to about 10 direct jobs per $1 million
invested. A total 67 indirect or induced jobs were also created.
Fuller [7] reported how construction spending was spread over the life cycle of development, from
the initial owner’s  request  for  services through construction and going forward into operations and
maintenance. He reported 28.5 annual full-time jobs were supported for every $1 million in new
construction spending.    It  was  not  clear  if  “supported”  was equivalent to full-time employment. The
research concluded construction investments have a 3.42 multiplier.
Fei Liu and Emrath [8] summarized a study by the National Association of Home Builders (NAHB).
NAHB estimated $100,000 spent on residential remodeling created 1.11 (FTE) jobs, which was
equivalent to 11.1 jobs per $1 million. The 11.1 jobs breaks down to 5.4 construction jobs, 1.8
manufacturing jobs, and 3.9 other jobs.
The Weatherization Assistance Program Technical Assistance Center [2] reported on current
weatherization programs. The numbers of jobs reported were 52 direct jobs and 23 indirect jobs
for every $1 million investment.
2.3

Literature Group #3 – Sustainability, Policy, Planning and Economic Development

Hawken [9] commented that economists and ecologists have opposing viewpoints over
sustainable development; however, both agree inefficiency in the form of pollution from energy
consumption is costly. He postulated that improved and/or increased use of ceiling insulation and
double-glazed windows can produce the equivalent energy in savings as current oil reserve
projections  and  at  about  “one-twentieth the cost, with four times the employment per unit of energy
conserved versus the energy   consumed   by   burning   oil.” He believed offering incentives to
improve energy productivity (including efficiency) would result in job creation. Hawken et al. [10]
challenged local policy makers to innovate and make market oriented policy that lowers barriers to
fuel efficiency and promotes the business opportunities that result from the energy efficiency
policy.
Campbell [11] addressed conflicts that exist between sustainability and planning. Particularly,
tension exists between the dimensions of sustainability and the concept of sustainability in
planning in its current use is too abstract. He provided examples that may be summarized as a
classic  battle  of  ‘jobs  versus  the  environment’ and argued supporters of sustainability are vague in
providing practical examples of ways to use it in planning. Sustainability will be useful to planners
when used to  “focus conflicting economic, environmental, and social  interests.”
Krumholz [12] defined local   economic   development   as   “a   process   by   which   local   governments  
manage resources to stimulate private investment opportunities in order to generate new jobs and
taxes.”      Economic development policy does not directly create jobs, but rather facilitates the
natural process of existing businesses to hire new employees [13]. Blakely [14] explained it
focuses on endogenous solutions that use the local human, institutional and physical resources.
Support of a local economic development program typically comes in the form of financing;
however, a dilemma exists of which project(s) to support. Considering that financing is typically inpart public monies and limited, a high level of accountability in selecting a program is required.
Final decisions are often based on the perceived effectiveness of a program.

2.4

Summary of Literature Review

Literature on job creation from investments in energy efficiency was discussed. An explanation of
energy dollars was given as well as several economic multipliers for energy efficiency benefits.
The economic multipliers can be used to calculate additional economic activity resulting from
energy savings. Several studies addressing direct and indirect job creation as numbers of jobs per
million dollars were presented. Although information was limited, it was apparent a common,
straightforward method of calculating the direct and indirect jobs created in the value/supply chain
for energy efficiency investments does not exist. Discovering a common methodology to calculate
jobs created from energy efficiency retrofits would contribute to reconciling the conflict between the
classic  ‘jobs  versus  the  environment’  argument.    

3.

Methodology

This paper is orientated towards making policy and evaluating the investment alternatives after
policy has been formulated. The primary goal is to forecast the number of jobs than can be
created by investment in a particular energy efficiency policy, or to compare investment
alternatives with the intent of maximizing the number of jobs created. In all cases, the expectation
is to deliver a reliable number that represents jobs created from the project level through
manufacturing on up to mining due to some dollar amount invested in energy efficiency retrofit
activities. The secondary goal is to demonstrate the usefulness of knowing the number of jobs
calculated in the energy efficiency value/supply chain. The relationship between energy savings
and the number of value/supply chain jobs is explored, and a procedure to calculate induced jobs
from the value/supply chain jobs is presented.
3.1

Assumptions, Definitions, and Data Sources

This paper makes several assumptions. First, non-monetized benefits of an energy efficiency
retrofit encompasses household benefits (e.g. safety, health and comfort), environmental benefits
(e.g. less pollution), and societal benefits (e.g. job creation).
Second, a remodel is not the same as a retrofit. A remodel is undertaken for aesthetic or
functional purposes, whereas a retrofit is focused on reducing energy consumption.
Third, a retrofit project can have several scopes of work, and each scope of work can be thought
of as a work stream. Some work streams create more value than others. The value originates
with the customer who decides to invest in energy efficiency upgrades for a building and
manifested with the energy savings from lower utility costs. Consequently, retrofit jobs add more
value than remodel jobs because retrofit jobs facilitate energy savings. In turn, more jobs are
created from the savings; thus, retrofit activities may be thought of as value streams. Value
stream is defined as an end-to-end flow of activities that adds value for a customer. A value
stream focuses on individual work scopes, whereas a value chain considers all work scopes as a
whole. Value chains are similar to supply chains, the difference being the direction of flow. Value
chains flow from the customer to the product originator, and supply chains flow from the product
originator to the customer.
Fourth, energy efficiency retrofits are a specialty within construction and thereby characterized by
a fragmented structure with multiple processes. Calculating the number of jobs created from
investment in an energy efficiency retrofit is difficult because the value/supply chain crosses
multiple industries, each having different commonly accepted industry standards.
Fifth, this paper used R.S. Means Co., Inc. data for building estimates and costs. Davis-Bacon
wage rate and benefits data were obtained from the U.S. Department of Labor. Markups and
labor/material/equipment splits were extrapolated from statistics collected in the 2007 U.S.
Economic Census, the most recent census available. Data sets used for extrapolating markups
and splits were selected by utilizing the North American Industry Classification System (NAICS)
codes, which make distinctions between industry sectors.

Sixth, steps in the reverse estimation process will be based on the relevant industry standards for
a work breakdown structure and cost markups. At the installation level, all energy conserving
measures are performed by various subcontractors, most of whom not only do retrofits of existing
buildings and housing stock but also are engaged in new construction. These installation
subcontractors can be characterized by their activities with a fair degree of accuracy. At the
manufacturing level, product options vary greatly; therefore, fewer similarities exist between
manufacturers. At the mining level, raw materials can enter an unknown amount of supply chains;
therefore, raw material information will be generalized.
Finally, instead of using an economic multiplier to calculate direct and indirect jobs, a full-time
equivalent (FTE) method is used. This method assumes a total of 2,080 hours (52 weeks
multiplied by 40 hours per week) could be worked per year, minus a set number of holidays at 8
hours per day. With respect to this paper, it was assumed jobs are full-time and have duration of
one year. Additionally, this paper supported humane jobs and thereby assumed the employee
received two-weeks paid vacation and 10 paid holidays per year.
3.2

Procedure for Calculating Jobs

The procedure for calculating jobs is step-by-step in nature and applicable to multiple building
uses. The basic procedure to calculate jobs due to energy efficiency investments is a
deconstruction process. First, for the project level, a user determines the level (i.e. the amount)
and type of investment. The level of investment correlates to the magnitude of jobs created. The
type of investment is required in order to determine an appropriate worker wage rate (i.e.
residential wage rates are different than commercial wage rates). Second, the user determines
the base energy efficiency investment. This is accomplished by deducting a reasonable profit and
overhead based on industry standards from the original investment. The remaining balance is the
base energy efficiency investment, which the calculator divides over the Construction
Specifications Institute (CSI) divisions relevant to energy efficiency retrofit work. As a general
assumption, demolition and incidental work was considered and therefore included as necessary.
Third, the user splits the base energy efficiency investment into labor, material, and equipment
allocations based on user defined splits. Fourth, the labor allocation is converted into jobs. A job
is defined as one full year of employment and the metric used is full-time equivalent. The jobs are
allocated over four levels of craftspeople: supervisor, skilled, semi-skilled, and unskilled. An
appropriate worker wage rate was selected and loaded with health, vacation, holiday, and pension
benefits plus overhead on labor to determine the fully loaded labor rate. Worker benefits could be
adjusted for various locations. The labor allocation is divided by the fully loaded labor rate to
determine the number of hours of labor generated per year. Labor hours were subsequently
divided by 1,920 (the number of hours remaining after holidays and vacations for FTE calculations)
to determine the number of jobs per level of craftsperson. At this point, the number of jobs at the
project level has been calculated. Jobs in the material allocation will be calculated at the
manufacturing level.
The equipment calculation at the project level begins with the equipment allocation representing
the cost of renting or purchasing equipment to perform the work. First, profit and overhead is
deducted from the equipment allocation resulting in an equipment balance. Second, this balance
is divided into labor and equipment. Presumably, the majority of the split is for equipment. Third,
the equipment balance is split again over labor, materials and equipment. At this point, the
materials and equipment will be manipulated in an iterative process the same as in the
manufacturing level. Fourth, the labor allocation is spread over the relevant worker categories
provided for the manufacturing level, and the wage rates are combined with the loaded labor rates.
Fifth, the labor allocation is divided by the fully loaded labor rate to determine the number of hours
of labor generated per year. This number is then divided by 1,920 to determine the number of jobs
per category of worker for project level equipment.
For the manufacturing level, job calculations depend on the number of linkages in the
manufacturing chain. For this paper, the manufacturing chain includes retailers, wholesalers,
suppliers, fabricators, manufacturers, warehouse distributors and haulers. For simplification, this
chain is divided into three groups: sales, production, and transport. The sales group includes

retailers, wholesalers and suppliers.
The production group includes fabricators and
manufacturers. The transport group includes warehouse distributors and haulers. The number of
linkages depends upon the energy efficiency product being installed. For example, insulation is
typically purchased from a retail or wholesale material supplier; however, some HVAC equipment
may be purchased directly from the manufacturer, thereby eliminating the sales group linkage.
When a sales group linkage exists, it comes after the manufacturer. Additionally, some products,
such as HVAC equipment, are assembled with parts made by other manufacturers. The number
of production linkages is dependent upon the type of product being purchased. The transport
linkage is dependent upon the size of the project and the type of product being purchased. For
example, a contractor adding insulation to a single family residence would likely pick up the
materials, but insulation being added to multifamily units would be delivered by the
retailer/wholesaler. Consequently, the number of transport linkages is project specific. In
summary, the number of linkages that exist is specific to each industry sector that manufacturers
energy efficiency products. This research assumed that a certain number of linkages reasonably
reflected the manufacturing level for purposes of calculating jobs for policy forecasts. For
example, ‘Single Family Residential: Doors and Windows 1/2/2’ would translate as 1 point of sale,
2 levels of production (one for parts and the other for assembly), and 2 trips for transport (one for
manufacturing and the other to the sales location). The number of linkages must be determined
for each scope of energy efficiency work undertaken.
The procedure for calculating manufacturing level jobs depends on the linkage assumptions. First,
manufacturing markups for the linkages were extrapolated from the 2007 U.S. Economic Census
data. Initially, profit and overhead is deducted from the material allocation to determine the
material sales group or transport group balance, whichever is relevant for the product. Next, profit
and overhead is deducted for the production group and relevant transport groups. If multiple
production groups and transport groups are assumed, then each linkage is handled accordingly
and split for labor and materials. Second, from this materials balance, a percentage split was
applied to determine the labor, equipment, and material allocations for manufacturing. Third, the
labor allocation is spread over the relevant categories of workers: supervisor, salesman, line
operator, quality control, and packager/hauler. From here, an appropriate worker wage rate was
combined with benefits to make a fully loaded labor rate for each category of worker for each
energy efficiency product manufacturer. Fourth, the labor allocation is divided by the fully loaded
labor rate to determine the number of hours of labor generated per year. Using the full-time
equivalent procedure previously described, labor hours were divided by 1,920 to determine the
number of jobs per category of worker for manufacturing.
The equipment allocation from the manufacturing level is the cost of maintaining and replacing
equipment used in manufacturing.
The procedure for this allocation follows the basic
manufacturing steps. First, profit and overhead is deducted resulting in an equipment balance.
Second, this balance is divided into labor and materials. Although additional equipment production
linkages could exist in the materials portion, the assumption is made that only one more linkage
exists. Beyond a second linkage for the materials, it is assumed the number of jobs would be
negligible. Third, the labor allocation is spread over the relevant worker categories provided for
manufacturing, and the wage rates are combined with the loaded labor rates. Fourth, the labor
allocation is divided by the fully loaded labor rate to determine the number of hours of labor
generated per year. This number is then divided by 1,920 to determine the number of jobs per
category of worker for manufacturing level equipment. The procedure is repeated for the second
equipment production linkage stemming from materials.
The materials allocation from the manufacturing level follows a similar iterative procedure that
reflects the number of production linkages. For example, if there are three production linkages,
then the following steps must be repeated three times. First, profit and overhead is deducted
resulting in a materials balance. Second, this balance is divided into labor and materials. Third,
the labor allocation is spread over the relevant worker categories provided for manufacturing, and
the wage rates are combined with the loaded labor rates. Fourth, the labor allocation is divided by
the fully loaded labor rate to determine the number of hours of labor generated per year. This
number is then divided by 1,920 to determine the number of jobs per category of worker for
manufacturing level materials.

The number of jobs resulting from the sales, production and transport groups have been
calculated. These numbers can be added together to determine the total number of jobs created
at the manufacturing level. After performing the iterative calculations at the manufacturing level,
the remaining raw material cost flows to the mining level.
For the mining level, the procedure followed steps similar to the manufacturing level. First,
markups were based on extrapolated data from the 2007 U.S. Economic Census. Second, profit
and overhead is deducted resulting in a materials balance. Third, this balance is divided into labor
and materials. Fourth, the labor allocation is spread over the relevant worker categories. The
categories include: supervisor, equipment operator, field engineer, and labor. The wage rates for
each category are combined with the loaded labor rates. Fifth, the labor allocation is divided by
the fully loaded labor rate to determine the number of hours of labor generated per year. This
number is then divided by 1,920 to determine the number of jobs per category of worker for mining
level materials.
3.3

Job Forecasting from Energy Savings

The result of the job creation methodology is a forecast of a non-monetized benefit. Specifically,
the result is the number of direct and indirect jobs that can be created from an investment in
energy efficiency retrofits. This result can be combined with the annual energy savings to
calculate the energy savings per job. Monetized benefits can then be compared to non-monetized
benefits in a technique called the savings-to-jobs ratio (SJR). Utilizing the SJR, the jobs from
energy efficiency retrofits (JEER) can be calculated. The JEER is the total number of direct,
indirect, and induced jobs for an investment. The steps to perform these calculations are as
follows:
1) Determine the average annual utility cost ($/yr or $/m2/yr) for a building use.
2) Determine the type of energy efficiency retrofit work to be performed (e.g. weatherization,
additional insulation, etc.) and the average cost ($/m2 or $/bldg) to perform the work.
3) Based on the type of work to be performed, determine the average annual utility savings
(as a percent) based on total utility costs.
4) Calculate the total (in dollars or other currency) of the first year utility savings by multiplying
the average annual utility cost by the average percent of annual utility savings.
5) Calculate the total investment. If only the subsidized investment amount is known, then a
public-to-private investment multiplier must be assumed to increase the subsidized
investment to the total investment cost. For this paper, the subsidized investment amount
is defined as the funding provided by a government program as an incentive to participate.
The total investment cost is the sum of government dollars (i.e. the subsidy) plus private
dollars.
6) Calculate the approximate number of buildings or square meters to be retrofitted. For
example, the number of buildings is determined dividing the total investment by the
average cost per building to retrofit.
7) Calculate the total first year utility savings multiplying the average annual utility savings by
the approximate number of buildings or square meters to be retrofitted.
8) Compare the total savings to the total investment in the form of a ratio.
9) Convert the total investment amount to its equivalent number of jobs created in the
value/supply chain by utilizing the procedure for forecasting jobs discussed in chapter 3.2.
The number of jobs are calculated for the present day.
10) Divide the total savings ($/yr) amount by the total number of jobs created. This quotient is
the amount of energy savings on an annual basis that results from each job created and is
called the savings-to-jobs ratio (SJR) ($/yr/job).
11) Determine the economic multiplier that applies to the type of energy efficiency retrofit work
performed.
12) Calculate the minimum annual cost for a worker.
13) Calculate the employment multiplier. This number is determined in several steps. First,
multiply the total first year utility savings (SJR numerator) by the economic multiplier.
Second, divide this product by the minimum annual cost for an employee. Third, divide this

quotient by the number of value/supply chain jobs (SJR denominator) per the total
investment. Fourth, add one to the result to get the multiplier.
14) Calculate the JEER by applying the employment multiplier to the number of jobs in the
value/supply chain per the total investment. The resultant is the number of direct, indirect,
and induced jobs from energy efficiency retrofits, also called the JEER ($/yr/job).
3.4

Summary of Methodology

The number of jobs at each of the three major levels of the value/supply chain have been
calculated. They can be presented together as factors of job creation across the value/supply
chain of energy efficiency retrofits as well as added together to determine the total number of jobs
created in energy efficiency retrofits for a specified level of investment. The relationship between
energy savings and job creation in the value/supply chain was demonstrated using an approach
called the savings-to-jobs ratio (SJR). The total number of direct, indirect and induced jobs that
are created from an investment was estimated by calculating the JEER.

4.

Results & Analysis

The job creation effects of energy efficiency investment were modeled using the general
methodology outlined in the previous chapter. The installation job results are based on a working
model; however, the manufacturing and mining jobs are preliminary estimates. Additional
research is being performed to improve the accuracy based on empirical data. Based on
conservative preliminary results, 15 jobs are created per $1 million investment in energy efficiency
retrofits. The factors of job creation appear to be 10 jobs at the project level, 4 jobs at the
manufacturing level, and 1 job at the mining level. For use in policymaking, the results can be
presented as 10 local (direct) jobs and 5 non-local (indirect) jobs. Because the number of
suppliers for manufactured materials and raw materials is limited, it is possible to determine likely
points of origin for materials involved in energy efficiency retrofits when the project location is
known. Consequently, understanding how local investments in economic development create jobs
in the supply chain gives insight into job creation on a regional perspective.
The job creation results can be combined with energy savings to demonstrate the amount of
energy savings per job. For example, assume a local economic development agency has the
opportunity to apply for federal funding if it can demonstrate the jobs created by a program will
contribute to saving energy. The grant application asks for the following information: 1) how much
utility savings (in dollars) results for each direct and indirect job created, and 2) how many total
jobs (i.e. direct, indirect and induced) are created by the program? In this hypothetical case study,
the program is focused on single family  residential  and  uses  the  U.S.  EPA’s  “typical”  150  square  
meter home   as   the   basis   of   design.      Assume   this   home’s   average   annual utility cost is $2,200.
The home is retrofitted for low-e doors and windows (cost = $6,000), weatherizing (cost = $2,000),
and additional insulation (cost = $2,500) at a total cost of $10,500. The retrofit results in a 25%
savings of annual utility costs. Assume the public-to-private investment ratio is 1 to 3 (which is
equivalent to a multiplier of four), the government share of the investment is $1 million, and 15 jobs
are created per $1 million invested in energy efficiency retrofits. The following steps demonstrate
how to calculate the answer based on the information provided and are in an order that matches
the steps in chapter 3.3.
1) Average annual utility cost ($/yr or $/ m2/yr) = $2,200/yr
2) Type of energy efficiency retrofit work = installing low-e doors and windows, weatherizing,
and additional insulation
Total average cost ($/m2 or $/bldg) = $6,000 + $2,000 + $2,500 = $10,500/bldg
3) Average annual utility savings (%/yr or $/yr) = 25%/yr
4) Total first year utility savings per building ($/yr) = $2,200/yr x 25%/yr = $550/yr/bldg

5) Total investment ($) = $1 million (government) + $3 million (private) = $4 million
6) Number of buildings = $4 million / $10,500 per building = 381 buildings
7) Total first year utility savings ($/yr) = $550/yr/bldg x 381 buildings = $209,550/yr
8) Total Savings ($) / Total Investment ($) = $209,550 / $4,000,000
9) The preliminary result of the forecasting methodology is 15 jobs (10 project level, 4
manufacturing level, and 1 mining level) per $1 million invested. Therefore, for this
example’s  $4  million  investment:
Direct and Indirect Jobs = 15 jobs x 4 = 60 jobs
10) SJR ($/yr/job) = $209,550/yr / 60 jobs = $3,493/yr/job
11) Assume a 3.0 economic multiplier for energy efficiency retrofits in step two.
12) For this example, assume a typical employee across all market sectors makes $10 per
hour, requires a 30% labor burden, and works 40 hours per week for 52 weeks.
Minimum annual cost for an employee = $10/hr x 1.3 x 40 hrs x 52 wks = $27,040/yr/job
13) Employment Multiplier = [(((Total First Year Utility Savings x Economic Multiplier) /
Minimum Annual Cost for an Employee) / Direct and Indirect Jobs) + 1] = [((($209,550/yr x
3.0) / $27,040/yr/job) / 60 jobs) + 1] = 1.39
14) JEER (jobs) = Employment Multiplier x Direct and Indirect Jobs = 1.39 x 60 jobs = 83 jobs
The cost of retrofitting one home is $10,500; however, the program is expected to generate $4
million of spending, which translates to almost 381 homes. The utility savings for one home is
$550; therefore, the total savings equals $209,550. The savings-to-jobs ratio compared the first
year savings ($209,550) to the equivalent number of direct and indirect jobs (60) calculated for the
total investment ($4,000,000). The savings was divided by the number of FTE equivalent jobs
created in the value/supply chain resulting in $3,493 in energy savings per job per year.
Some of the job calculation approaches reviewed for this research utilized the ‘economic  multiplier’  
of investments in energy efficiency, that is how different combinations of purchasing and
investment generate more economic activity than the investment itself. The economic multiplier
effect occurs because dollars invested cascade through the local economy. Additionally, money
not spent on energy purchased from outside the community results in more money available to
local residents, thus increasing induced job creation by the multiplier effect. The typical economic
multiplier is 3.0 for retained dollars due to energy efficiency [2].
Utilizing the economic multiplier and a minimum annual cost for an employee, the SJR can be
manipulated to calculate an employment multiplier. The JEER can be found by applying the
employment multiplier to the number of value/supply chain jobs per the total investment. Although
the direct and indirect job forecasting model in this research does not calculate jobs using the
economic multiplier, the JEER does. Through the employment multiplier that utilizes the economic
multiplier, JEER indicates the equivalent of one-third FTE job could be created for each direct and
indirect job created from the total investment for this example. Although this is a hypothetical
example, if it is true, then almost 83 jobs would be created for one year for the total $4 million
investment. Furthermore, the JEER calculation demonstrates the total number of jobs from an
energy efficiency investment increases as energy savings increases.

5.

Discussion and Conclusion

This research provided a method to calculate the number of jobs created in the value/supply chain
by an investment in energy efficiency retrofits. Results were provided in a format best suited for
the policy arena. That is, 15 jobs are created for each $1 million invested, which breaks down as
10 project level, 4 manufacturing level, and 1 mining level. The ability to calculate these jobs
improves policy created for economic development in three ways. First, it allows the design
parameters of an energy efficiency retrofit policy (i.e. type of work to be funded) to be coordinated
with job creation to maximize benefits. Second, it allows the magnitude of job creation to be
forecasted before an investment is made, thereby allowing policy makers to compare policy
proposals as well as potential outcomes to goals set for numbers of jobs. Third, it improves the
knowledge on job creation in the energy efficiency value/supply chain, which could be beneficial in
strengthening economic development initiatives and joining cities or regions for combined efforts.
The results of this research can also bring a new perspective to economic development policy.
Policy that focuses on energy efficiency can compare the energy savings to job creation by
utilizing the savings-to-jobs ratio (SJR). If the typical minimum annual cost for an employee is
known or can be reasonably assumed, then an additional calculation can be made to determine
the employment multiplier. This multiplier can be applied to the number of direct and indirect jobs
per the total investment to find the JEER. The JEER is the total number of direct, indirect, and
induced jobs forecast for a given investment in energy efficiency retrofits. Demonstrated by the
JEER calculation, energy savings from higher levels of energy efficiency are positively correlated
with higher levels of job creation.
In summary, this research provides a model to forecast the number of energy efficiency retrofit
jobs for a given level of investment. The savings per building use can be estimated and compared
to the number of direct and indirect jobs created in the value/supply chain as a quotient called the
SJR. This quotient can be manipulated using an economic multiplier and minimum annual cost for
an employee to find the JEER, which represents the total number of direct, indirect, and induced
jobs that result from an investment in energy efficiency retrofits.

6.
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Summary
Organisational sustainability aims to create a cultural change within business to sustainable
behaviour and through this process encourage and support a cultural change to sustainable
behaviour within local and regional community.
Ultimately creating sustainable behaviour in business should be seen as a journey towards
creating sustainable behaviours within our community. To this end it is imperative that we
reference best practice international principles and processes to move forward globally as one.
This paper is therefore both a pathway to organisational sustainability and a case study of one
company’s journey to make meaningful cultural change across five countries and thirteen studios.
Keywords: sustainability, reporting, environmental management system, international principles,
community, sustainable behaviour

1. Introduction
Creating a cultural change in sustainable business practices requires a broader, more holistic
approach then simply adopting a sustainability policy or reporting. It requires affecting sustainable
behaviour as a basis for operating not only within the workplace, but within our communities.
Organisational sustainability is a journey not an end point. On this journey there are numerous
international principles and references to guide our process. In recent years we have also
witnessed the emergence of organisational sustainability as a mainstream requirement for not only
publicly listed companies, but for all companies who operate globally. In addition, carbon reporting,
carbon reductions and carbon offsets, to create a low or zero carbon business operations, has
evolved into an industry of its own.
Applying sustainability retrospectively to a growing organisation operating in a number of countries,
and engaging with people to adopt a different way of working is challenging. This is however our
journey. Committing to international best principles such as the UN Global Compact, Millennium
Principles and the Global Reporting Initiative are achievable at a Board or senior level, however
implementing the processes and strategies throughout an organisation and achieving these goals,
requires engagement at all levels and the identification of sustainability champions across all areas
of an organisation.

2. Organisational Sustainability
2.1

The Organisational Toolkit

Whether beginning the journey from a groundswell of employee support or company leadership,
both drivers are imperative to create cultural change within an organisation. It is also critical that
the objectives for sustainability and the principles being adopted are clear and relative to the
business and employees.
What do you need to implement organisational sustainability? This approach takes on the global to
local approach stretching from policy, to processes, to people. While good principles and
processes are required to guide the cultural change, change will not occur without engagement of
the employees and business management; the people.
Table 1 outlines the Principles, Process and People approach adopted by HASSELL over the past
two decades to adopt and embed organisational sustainability into a growing regional business
across two continents and four countries.
Table 1 Principle, Process and People
Principle

Process

People

UN Global Compact Ten Principles

Global Reporting Initiative (annual
report)

Executive Leadership

UN Universal Declaration of
Human Rights

Environmental Management
System ISO 14001:2004

Management Engagement

UNESCO The Precautionary
Principle

Carbon Reduction Strategy

Sustainability Communities

Carbon Emissions
(annual report)

Stakeholder Engagement

Social Sustainability and Activities

Sustainability Inductions and
Education

The Principles, Process and People approach is a non linear journey, acknowledging fundamental
processes of designing and planning. Our services are based on respect for our natural and built
environment and driven by employees who are passionate about sustainable environments. Our
role therefore was to define and build an organisational sustainability framework and strategy
around an existing respect for the natural and built environment.
2.2

Principles

Policies will assist employees, clients and stakeholders to understand the business sustainability
values. International principles, in existence for the past fifty years, were fundamental to the
development of the HASSELL environmental and social sustainability policy. The United Nations
principles were core to our approach to sustainability and have been reflected in the operations of
the business. Depending on the scale and purpose of an organisation, one or more of these
principles may be applicable.
The following key international principles can be accessed from the Unites Nations [1] website:
_UN Global Compact Ten Principles
_UN Universal Declaration of Human Rights
_UNESCO The Precautionary Principle (UN Educational, Scientific and Cultural Organisation)

2.3

Processes

While international principles have been in existence for many years, we are seeing ongoing
development of international standards for social and environmental reporting and greater
acceptance of these processes globally. The Global Reporting Initiative (GRI) indicators have been
adopted in many countries, with a voluntary annual record maintained by the UN Global Compact.
These programs allow for benchmarking of attitudes and cultural change across countries, and
frame up our community approach to sustainability at a global scale.
Key international principles also provide a process, guidelines or reporting indicators for business
implementation. These include:
_UN Global Compact - Global Reporting Initiative
_UNESCO - Millennium Development Goals (MDG)
_OECD - Guidelines for Multinational Enterprises
A commitment to the UN Global Compact ten principles and process for annual reporting will
provide an international benchmark and verification process for business sustainability reporting.
Businesses make a voluntary commitment to share sustainability reporting under the UN Global
Compact. This allows businesses to view international based reports in a central location. The
Global Compact principles include the four pillars of sustainability: people, health, environment and
community. In particular the pillars of environment and community relate directly to environmental
and social sustainability.
Publicly listed companies undertake corporate reporting across a triple bottom line approach. This
relates to economic, environment and social pillars within an organisation. This approach provides
a sound method of evaluating business outcomes and is being adopted by smaller companies and
service providers.
In addition to international principles and the development of policies and processes, companies
should consider the adoption of an Environmental Management System (EMS). This system forms
an international standard (ISO 14001:2004) and through a process of annual certifications,
continual improvement across the areas of environmental sustainability can be assured
independently on an annual basis to provide business and client confidence. An EMS is generally
applied to manufacturers creating a product through the use of raw materials, resources and
producing wastes. In this instance an EMS is used to reduce toxicity, excessive use of resources
and non recyclable waste. More recently however service providers have adopted an EMS to
ensure their service is sustainable and is reflected in business operations. Adopting an EMS for
business operations is as important as adopting one for product or service. In both instance this
serves to educate and improve the community; both local and regional employees, their lifestyles,
as well as the end-user.
Ultimately organisational sustainability supports education and cultural change which occurs within
the broader community. While we desire a sustainable service, we also desire a healthier and
better lifestyle. Education and awareness of the issues relating to toxicity, resource consumption
and waste, along with our changing culture can make a positive contribution to our community. An
EMS will require interpretation when applied to a service rather than a product. Importance is
placed on the area of impact of the service a company provides, and the risks, opportunities and
research in relation to these impacts.
The process may include annual reporting of environmental and social sustainability; an
environmental management system; social/community activity framework and guides; carbon
reduction strategy including energy efficiency initiatives; and annual carbon emissions reporting.
Further processes may include a research program aligned with the environmental and social
sustainability policy. An ongoing review of operational procedures and reporting outcomes will help
identify the key focus areas for continual improvement.

2.4

People

Forming a voluntary employee group focused on sustainability can be the impetus for the
beginning of the journey. Combine this with an acknowledgement by management of the
importance of a sustainability approach to the company product or service, and the journey begins.
A sustainability group provided with structure and support by management can bring about
changes to product and services delivery. This begins the process of review and awareness for
employees and creating change from the ground up can be accepted more readily then from
management. Creating long term cultural change in the way we operate as a business and within
our community takes time and requires regular reminders, set targets, and rewards. While small
change may occur at an employee level, at some point management will need to formalise a
process and provide guidance to ensure targets can be met, and continual improvements made.
Management will also need to be set targets, key performance indicators (KPIs) and regular
reporting to ensure the process moves forward, just as a sustainability community require
benchmarks, targets and regular reporting to ensure team members stay focused.
Ensuring goodwill and engagement throughout the organisation is critical to cultural change
occurring. Often we are so busy in achieving the reporting of sustainable behaviour and the
implementation of a process that we forget that this is a people driven change. It will only occur
through the positive engagement and inclusion of a work community on an ongoing basis. For
positive cultural change to occur, businesses need to implement their own sustainability
community, sourced from their employees most passionate about sustainability, and
representatives from all areas of the business. The roles may be voluntary and include the ability
to activate initiatives on a regular basis.
To create a sustainability team, a sustainability group or community needs to be established in
each workplace with a group leader, responsible for the running of the team, and a group
champion, from management, to ensure clear communications between the sustainability
community and management. Where there is more than one workplace, regular communication
between group leaders is advisable. In this way sustainability groups become the engine room for
the review and implementation of the sustainability processes and the instigators and early
adopters of new initiatives.
The employee sustainability community become the champions of sustainability processes and
educators for their workplace. To assist a sustainability induction should be created to educate
firstly all existing staff, and then induct all new staff into the sustainability commitment and process
of the business. With time and the right support these employees can be your most strident
supporters of the organisational sustainability, speaking not just internally to staff but in the broader
community.
2.5

The value of organisational reporting

In business, value can be expressed through the use of measures, some of which are quantifiable
while others are more qualitative. The frequency of measurement will depend on the technology,
systems and resources available, along with the reporting requirements of management and the
priorities for communicating outcomes to employees and stakeholders.
Quantifiable measures include data based outcomes and regular reporting such as the
environmental resource use of buildings including energy, water and waste streams, or the social
based outcomes of volunteer and pro bono activities. These measures provide a feedback loop to
the implementation teams and management, enabling further adjustments to initiatives and
programs.
Qualitative measures include employee surveys on health, productivity and the uptake of
sustainability initiatives at work and adoption into the home. Due to the management and
implementation of these types of measures they may only be conducted on an annual basis, or

only once. Alternatives to qualitative measures may be to measure against business reputation,
employee retention and attraction and employee health, in relation to business surveys, industry
awards and recognition and absenteeism and sick leave data. Through regular reporting, the value
of sustainability initiatives can be communicated to employees and management.

3. Our Journey
3.1

Developing our processes

While HASSELL is internationally recognised for our contribution to sustainable design and
planning over the last six decades, a more formalised sustainability approach for the business
across our twelve studios in Australia and Asia was required.
In 2006 we began a new stage in our journey, with a dedicated sustainability group the Sustainable
Futures Unit (SFU) created. The SFU was established to develop our sustainability expertise and
embed sustainability into the organisation. As there was already a strong sustainability community
in the form of local sustainability teams and a group wide leadership community, the SFU was able
to utilise the existing structure to activate initiatives within studios.
This began a journey of researching, writing and implementing environmental and social
sustainability into the organisation, including policies, environmental management system and
annual reporting standards carbon reduction strategies, inductions and education. As a part of this
process we engaged with other businesses within our region to assist with our development and
share our journey. In doing so, we hope to have influenced others in the design and business
community in adopting sustainable business methods.
3.2

Prioritisation of effort balanced with resources and champions

Undertaking to embed sustainability in an organisation can be a challenging task, with many
starting points. To enable progression it is important to focus on the initial driver and begin from
this point. Researching, developing and implementing strategies and guides can take many
months and depending on the size of the organisation and number of varying locations, may need
a structure for implementation among employees.
In addition it is important to identify sustainability leaders among staff, and champions within
management to implement the initiatives throughout the organisation, whether these are metrics
added to finance reporting systems, technology systems or initiatives within facility management
and service providers. With a sustainability community and sustainability leadership group in place
across all business locations we were able to focus on staged process development and
developing support and communication with management.
Our development process began with a sustainability strategy and ratification of an environmental
policy, followed by a carbon reduction strategy, carbon reporting framework and our first carbon
emissions report. With this implemented, we developed an annual reporting process with
management across the four key pillars including independent verification. An environmental
management system, including guides, checklists and forms were then developed for both our
design and planning services and our business operations. The process of developing the
environmental management system focused our attention on our environmental impacts, risks and
opportunities which led us to our next two processes. The social responsibility policy and reporting
was in response to the pro bono and volunteer work that exists within our studios. By reporting on
our social/community activities we are able to apply a consistent framework and approach across
our twelve studios.
Refer Table 1 Our Organisational Sustainability Journey

Table 1 Our Organisational Sustainability Journey
HASSELL
becomes Global
Compact
signatory
Environmental
Policy
formalised
HASSELL
Sustainable
Futures Unit
established
HASSELL
sustainability
experts
operate across
project work
and disciplines

HASSELL
Sustainability
Conference

HASSELL
Sustainability
communities
established in
Asian Studios

HASSELL
Sustainability
communities
operating in
Australian
studios

HASSELL
sustainability
initiatives
driven through
local and
regional
studios

HASSELL
Sustainability
Communites
develop
sustainbiltiy
forums

HASSELL
Sustainability
Leaders and
communities
operate across
all regions

HASSELL
sustainability
inductions
commence in
studios

HASSELL
personell
become
GBCA AP
(Accredited
Professionals)
in Australia

2000

2001

2002

2003

2004

2005

United States
Green Building
Council
(USGBC)
LEED Rating
tools avaiable

Edward Street
Brisbane
NABERs
energy rating
with onsite
solar energy
generation +
50% water
reduction,
25% energy
reduction

HASSELL
becomes Green
Building Council
of Australia
(GBCA)
Founding
Member

GBCA Green
Star Office
Design rating
tool released

GBCA Green
Star Office
Interiors rating
tool released

The Urban
Workshop
GBCA Green
Star As Built
certification

Ningbo, China
sustainable city
masterplanning
and design

VicUrban
GBCA Green
Star Office
Interior Pilot
tool

HASSELL
sustainability
survey on
Australian
business
conducted

HASSELL
Carbon strategy
and carbon
report process
developed

HASSELL
Sustainability
Strategy
developed

HASSELL
Sustainability
report, GRI
Indicators and
independent
assurance
adopted
HASSELL
Sustainability
Report
HASSELL
Environmental
Management
System
implemented

Innovation survey
of projects
coducted
Social
Responsibility
Policy formalised
HASSELL Social
st
Responsibility 1
report on
Community
activities
HASSELL
Sustainability
Report

HASSELL in
GBCA Green
Communities
rating tool
developemnt
committees
Innovation
Papers 2010
published
Social
Responsibility
Guides and
Forms adopted
HASSELL
Sustainability
Report
Presentation to
Parliament
(BEMP) Canberra

Innovation
Papers 2011
published
HASSELL
Sustainability
Report
Carbon
Reduction
Research
Program
developed

EMS certification
in Australian
studios

EMS certification
in Asian studios

HASSELL
Carbon
st
Emissions 1
Report

HASSELL
Sustainability
Conference

HASSELL
Sustainability
Conference

Knowledge &
Sustainabiltiy
research group
established

Presentation to
Parliament
(BEMP) Adelaide

2006

2007

2008

2009

2010

2011

HASSELL
Melbourne
Studio GBCA
Green Star
certification

AXA Australia
GBCA Green
Star certification

US Green
Building Council
Member
(USGBC)

SA Water,
Adelaide - GBCA
Green Star
‘World
Leadership’
Office Design
and As Built
Ceritified

ANZ Melbourne
GBCA Green
Star ‘World
Leadership’
Office Design

China Green
Building Council
(CGBC) Foreign
Membership

Santos Adelaide
GBCA Green
Star certification

LEED AP
(Accredited
Professionals) in
Australia and
Thailand
HASSELL
Brisbane Studio
– Retrofit GBCA
Green Star
certification

Deutsche Bank
Hong Kong,
LEED Certified

HASSELL
Shangha Studio
LEED certification
HSBC, Hong
Kong LEED
Certification

More than 30
GBCA Green Star
and 6 USGBC
LEED projects
completed, in
addition to
regional
environmental
ratings and
awards

3.3 The value of industry peers and verification
Adopting organisational sustainability can be undertaken by external consultants, or by training up
an internally resourced team. There are benefits in bringing expertise in to the organisation as well
as benefits of a team that already understand the organisation. However, the value of industry
peers from both local and international organisations cannot be overstated. The ability to discuss,
benchmark and understand the issues, challenges and success to be found in organisational
sustainability, allows for greater reflection, review and ultimately success in the implementation of
programs.
Additionally, obtaining independent verification and assurance is important in providing rigour and
compliance with international reporting standards. The use of reporting assurers enable greater
transparency in the adopted approach, whilst also providing internal teams with a sense of security
in the work undertaken.
During the process we developed relationships with key people in local organisations and openly
discussed issues, challenges and solutions for moving forward. Local and international best
practice organisations were referenced for their approach to carbon reporting and annual reporting
across our key pillars including environmental, people and social sustainability. HASSELL also
adopted verification and assurance process with a well respected independent assurer.
3.4

Our success and areas for improvement

Since implementation of the SFU, our team has researched, and developed more than thirty
policies, strategies, guides and reports, along with an environmental management system (EMS).
These have been implemented in all twelve studios across four countries. The sustainability
communities have actively supported the implementation process and instigated their own events,
education and initiatives.
Our success has been driven by the passion and commitment of the sustainability communities,
experts within the Sustainable Futures Unit, and executive leadership demonstrated by our
Chairman. We have driven and supported sustainability within both the design and planning
services and the organisational structure.
Successful outcomes include the following:
32% reduction in carbon emissions by the company over the four year period since our first
report in 2007.
Decrease in carbon emissions per employee and electricity consumption per square metre
Retrofitting of historical factories / warehouses into sustainable workplaces by three studios
Sustainability initiatives including energy efficiency implemented in remaining studios
Procurement of renewable electricity for 58% of company electricity across the company
Many projects either registered or certified under the Green Star or LEED rating system
In-house LEED and Green Star Accredited Professionals and Green Star Associates
Certification of our environmental management system in Australian and Asian studios
Growing reputation and engagement with industry peers and government
Improved employee attraction
Development of a Carbon Reduction Research program
Areas for improvement however, can also be found.
These include the following:
Greater communication of the annual social and environmental sustainability outcomes
Priority on sustainability induction and training
Improved focus on EMS project requirements
Improved social sustainability focus and an increase in volunteer activities
Implementation of research program particularly new research partnerships
Improved focus on engagement of our people in change

There are many incremental changes that could be made, and always improvements that could
occur with more resources and money available.
Our focus now has turned toward providing consistent approach and budget to the research work
undertaken in some studios and projects. While evidence based research has been undertaken for
many years, we have recently formalised a research approach that will allow us to partner with
universities on new research particularly focused around sustainable communities and cities.
3.5

Demonstrating sustainability in the business

The HASSELL sustainability strategy incorporated both resource consumption initiatives and
physical initiatives relating to workplace including indoor environment quality and the rating of
studios against regional building rating tools. Demonstrating sustainable workplaces to our
employees, clients and consultants provides early adoption of new initiatives. Therefore our
sustainable studio initiatives have been to review and adopt sustainable workplace initiatives in our
own studios. This has been an ongoing process over the last decade, demonstrated by our
upgrade to more sustainable workplaces in historic buildings in Melbourne (2006), Brisbane (2008)
[Ref Fig.1] and Shanghai (2010), and ongoing upgrades in all other studios related to workplace
efficiencies and improved indoor environment quality. Both Melbourne and Brisbane studios have
certified Green Star ratings by the Green Building Council of Australia while Shanghai has a LEED
Gold rating certified by the United States Green Building Council.

Fig. 1 HASSELL Studio Brisbane

In addition to demonstrating
sustainability within our own
studios, HASSELL is continually
engaging with the broader
community sharing knowledge,
lecturing and partnering with
industry associations and our
respective
Green
Building
Councils. It is seen as a
component of our broader social
sustainability
to
further
sustainability
knowledge
and
education
within
our
built
environment.

HASSELL is a founding member of the Green Building Council of Australia, Member of the US
Green Building Council and a founding member of the foreign membership scheme for the China
Green Building Council. Our personnel provide technical and design expertise on technical working
committees for rating tool development, implementation and integration committee and master
classes for the Green Building Council of Australia.
3.6
[1]
[2]
[3]
[4]
[5]
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Summary
In Europe, National policies and programmes are developed in order to fulfill Energy Performance
of Buildings Directive (EPBD), aiming to minimum energy performance for new and renovated
buildings. These policies are intended to reduce economical and environmental burdens related to
energy consumption, but they may also have various impacts on indoor environmental quality
(IEQ), occupant health, and wellbeing. However, evaluating effects of building energy efficiency on
IEQ and health are not typically included in the assessment of these policies. There is a need for
development of a comprehensive assessment protocol, and demonstrating impacts of different
types of renovation activities. The assessment includes several phases: collecting background
material, measurements, collecting information from the occupants, analyses and interpretation of
the results, and implementing the results into further assessments and policies.
Keywords: Health effects, Exposure, Energy consumption, Wellbeing

1. Introduction
In 2007 the EC prioritized the development of a sustainable integrated European climate and
energy policy in its ‘Action Plan for Energy Efficiency’ [1]. Targets set for 2020 included a 20% reduction in greenhouse gas emissions compared to 1990 levels. Improving energy efficiency of
buildings is second on the ‘indicative list of actions’ of the energy policy. The importance of buildings in environment and health policy is also evident. The Fourth Ministerial Conference on Environment and Health [2] observed the need for environment and health to be at the core of policies
on housing and energy use. The World Health Organization (WHO) resolution on environment and
health has called for policies to protect public health from the impacts of major environment-related
hazards such as those arising from climate change and housing. The Environment and Health Action Plan for Europe [3] includes housing among its priorities.
National policies and programs are developed in order to fulfill the Energy Performance of Buildings Directive (EPBD) aiming to minimum energy performance for new and renovated buildings [4].
Climate change and the need to be energy efficient are global issues; however, further complications arise from this perspective due to different energy requirements and uses in different climates

and geographic areas. Thus, assessment of policies aiming to improve energy efficiency has to
take into account regional parameters such as energy sources, population density, and climate.
The countries (Finland and Lithuania) participating in this project have distinct premises and characteristics with respect to energy use, building stock, culture, and ways in implementing national
policies within EU. National policies and programmes of interest for this study are those, which are
developed in order to fulfill EPBD.
With respect to the existing housing stock in Finland, the Housing Finance and Development Centre (ARA), under the Ministry of Environment, permits funds for energy improvements for approximately 3000 buildings annually, and estimated amount of energy saved is as much as 1.5 TWh
per year [5]. The total renovation costs of apartment buildings were 972 million € in 2009 [6] and
the focus was in buildings built from 1950’s to 1970’s (79% of all renovations).
In Lithuania, a national program for refurbishment of multifamily buildings was started in 2005; up
to 50% state support could be obtained. As a result, a total of 24,000 buildings were planned to be
refurbished with expected energy savings of 1.7 TWh per year [7]. The current economical situation has caused changes in the implementation of program, but the overall aim to improve energy
efficiency of the housing stock remains.
Whereas the national programs mentioned above, and similar ones found in almost all EU member
states, are intended to reduce the economical and environmental burdens related to the energy
consumption, the programs are also assumed to have various impacts on indoor environmental
quality (IEQ), and occupant health and wellbeing. However, evaluating effects of building energy
efficiency on IEQ and health are not typically included in the assessment of these policies. Moreover, there are almost none large-scale studies on this topic and those that exist are on national
scale only. Whereas current national policies regulate improving energy efficiency of new buildings,
in the future, regulations will be extended for existing (renovated) buildings. There lies a risk that
the hygro-thermal behavior of building structures and IEQ decrease.
Recently, WHO implemented a health-monitoring project in Frankfurt, Germany. The project aimed
to assess the potential health impacts of thermal insulation changes in residences. Preliminary
results indicated positive impacts on thermal conditions and comfort; renovation and insulation
activities did not appear to be in conflict with the health of residents in this climate [8]. However,
these results could not necessarily be generalized on a larger scale. For example in Finland, energy efficiency requirements are already high and indoor temperatures drop seldom below comfort
level [9]. Hence, such benefits of further improved insulation are not likely to be expected. On the
other hand, it has been estimated that at least some countries are seeing a downward trend in
ventilation rates due to energy conservation concerns. With policies solely focusing on creating
more air-tight dwellings, exposure to indoor air pollutants may increase. In this paper we present
the basis for an assessment protocol planned to be utilized in a minimum of two countries. It consists of three parts: building-related assessment, exposure assessment, and health assessment.

2. Building-related assessment
2.1 Energy efficiency
As a response to the climate, Northern European standards for energy efficiency are already
relatively high. For example, insulation requirements for external wall structures in Northern
European countries (inc. Finland, Norway, and Sweden) are approximately at the same level,
whereas, until recently, in many Central European countries (e.g. Great Britain, France, and the
Netherlands) they have been about 50% less, and in Southern European countries (e.g. Italy)
about 75% less. Whereas there still is some potential for improvement in Northern countries, it has
been estimated that actions taken in other parts of the Europe and highly populated areas have the
greatest impact and opportunity with respect to reducing energy loss throughout the building
envelope, and related environmental and health burdens.
In Lithuania, thermal quality of the building stock has changed significantly after the collapse of the

former Soviet Union. Since 1992 when the National Building Code was introduced, required Uvalues of the building elements are approaching the ones applied in the Scandinavian countries.
However, the buildings constructed earlier represent the old style of construction, requiring high
energy consumption for heating [10]. It has been estimated that 66% of the population live in
multifamily houses built before 1993, and financial burdens are expected due to changes in energy
supply, resulting in increase in energy prices.
Energy efficiency of buildings is depended on several factors. A fundamental factor is energy loss
through the building envelope, which is connected to thermal resistance values (U-values) of
building envelope. Table 1 shows how the typical U-values of apartment building structures have
changed in Finland [11].
Table 1. Typical U-values in Finland.
Period of
construction
1951-1960
1961-1970
1971-1980
1981-1990
1991-2000

Base floor
(W/m2 K)
0.53
0.42
0.38
0.34
0.34

Roof
( W/m2 K )
0.39
0.34
0.30
0.22
0.22

External wall
(W/m2 K)
0.70
0.55
0.38
0.28
0.28

Windows
( W/m2 K)
2.5
2.5
2.1
1.8
1.8

In Lithuania, typical U-values of apartment building structures build before 1991 are: floor (above
the ground or unheated basement) 2.17 W/m2 K, roof 0.83 W/m2 K, external wall 1.0 W/m2 K, and
windows 2.40 W/m2 K.
In addition to setting minimum requirements with respect to the energy performance of new and
existing buildings, EPBD requires EU member states to ensure certification of their energy
performance, and regular inspections of boilers and air conditioning systems in buildings. For
supporting essential requirements of EPBD and harmonization of methodology for the calculation
of the energy performance of buildings, European standard EN 15217 has been published.
Energy performance of a building is presented by overall indicator EP that is a weighted algebraic
sum of the delivered and exported energy per energy carrier. The EP may present: primary energy
(EPp), CO2 emission (mCO2) or net delivered energy weighted by any other parameter defined by
national energy policy. The EP value is usually reported on energy performance certification.
Measures improving energy efficiency / decreasing carbon dioxide emissions of buildings can be
divided into ten principles [12]:
1. Improving exterior thermal insulation
2. Improving thermal properties of windows and doors
3. Improving air tightness
4. Optimizing heating system
5. Optimizing heating control system
6. Optimizing ventilation system
7. Using renewable energy sources
8. External shadowing
9. Natural cooling
10. User’s behaviour
All of these can have impacts to indoor environment and some common impacts are listed in report
[12], without any measured verification of these impacts. However, most of the above mentioned
energy measures can be assessed quantitatively by measuring energy consumption, air tightness,
air change (ventilation) rate and other factors, which are also required for energy certification [13].
2.2 Thermal and moisture behaviour of building structures
According to our recent survey, over 90% of the Finns are satisfied with indoor temperatures during
winter, and there is no difference between Northern and Southern Finland in this respect [9]. On

the contrary, the average indoor temperature in Lithuanian non-renovated dwellings are about + 16
to + 18 °C in heating season [14].
Measurement of indoor air temperature and relative humidity (RH), in comparison to outdoor air
values, is essential for any assessment of structural conditions, IEQ, and occupant’s well-being.
Measurements of surface temperature and air leakages together with theoretical calculations and
modelling provide means for theoretical assessment for heating energy consumption, and are
useful indicators of IEQ.

3. Exposure assessment
3.1 Exposure assessment studies
Increasing insulation of building envelopes can affect IEQ in two ways: 1) improve thermal comfort,
and 2) reduce natural ventilation, which in turn may increase concentrations of pollutants in the air.
Moreover, various building material emissions may also contribute to decreased air quality. These
pollutants may be transported to other zones by ventilation, air conditioning or heating systems,
and subsequently affect inhabitants.
Buildings in the developed countries are becoming increasingly airtight as a response to more
strict energy efficiency requirements. At the same time, changes are occurring in the ways of which
household energy is supplied, distributed, and used. These changes may impact on exposure to
indoor air pollutants in residential buildings and present new challenges for professionals
interested in assessing the effects of housing on public health [15].
Good indoor air quality is important to human health because people spend a significant fraction
(over 90% in developed countries) of their time indoors. Along with particulate matter (PM), gases
such as ozone (O3), nitrogen dioxide (NO2), carbon monoxide (CO), and sulphur dioxide (SO2);
microbial and chemical volatile organic compounds (VOCs), and tobacco smoke are the most
common types of air pollutants encountered indoors [16].
The relationship between indoor and outdoor pollutants is quite important. Indoor/Outdoor (I/O)
ratios vary considerably due to differences in size-dependent indoor particle emission rates,
geometry of the cracks in building envelopes, and air exchange rates [17]. Numerous studies have
been conducted in order to assess I/O ratios of PM2.5, NO2 and TVOC [18-20]. The most
consistent finding for an induction of asthma in childhood is related to exposure to environmental
tobacco smoke, dampness and mould, and living in homes close by busy roads [21].
3.2. Limit exposure values
Many experts recommend indoor air pollutant levels to be maintained at 50% or less than the
National Ambient Air Quality Standards for outdoor air pollutants established by the Environmental
Protection Agency. World Health Organization (WHO) published European indoor air quality
guidelines in 2000 [22] and a global update in 2005 [23]. Table 2 compares these guidelines with
occupational criteria for selected contaminants.
3.3. Selected methods
In a sample of homes, assessment of exposure to environmental pollutants will be carried out by
measuring concentrations of the following parameters: particulate matter concentration (PM2.5,
PM10), combustion by-products (CO, NOx), selected organic chemicals (VOC, aldehyde) and
radon. The measurements will be performed by employing either active or passive sampling
techniques. In addition, settled dust will be collected in order to measure concentrations of mineral
fibres and microbial agents.
The PM measurements will involve direct-reading optical particle counters, providing both number
and mass particle concentration (in a range of 0.3-10 µm). CO, NOx, selected VOC and aldehyde
concentrations will be determined by passive samplers with the exposure period of 2 weeks.

Table 2. Comparison of Indoor Environment Standards and Guidelines [16, 22-26].

PM2.5
PM10
CO
NO2
SO2

WHO Air Quality
Guidelines in Europe
and global update
3
10 µg/m (1 yr)
3
25 µg/m (24 h)
3
20 µg/m (1 yr)
3
50 µg/m (24 h)
8.6 ppm (8 h)
25 ppm (1 h)
3
40 µg/m (1 yr)
3
200 µg/m (1 h)
3
20 µg/m (24 h)
3
500 µg/m (10 min)

O3
Formaldehyde
Radon

3

EU and national Limit values in
ambient air
Finland
Lithuania
3
20 µg/m (1 yr)
3
40 µg/m (24 h)
3
20 µg/m (1 yr)
3
50 µg/m (24 h)
3

10 mg/m (8 h)
3

40 µg/m (1 yr)
3
200 µg/m (1 h)
3
20 µg/m (1 yr)
3
125 µg/m (24 h)

100 µg/m (8 h)

50 µg/m

3

0.081 ppm (30 min)

50 µg/m

3

3

100 Bq/m (1 yr)

3

100 Bq/m (new
buildings)

3

120 µg/m (8 h)
3

0.1 mg/m (30 min)
3

200 Bq/m (indoor)

U.S. EPA National Ambient
Air Quality Standards
3

15 µg/m (1 yr)
3
35 µg/m (24 h)
Revoked (1 yr)
3
150 µg/m (24 h)
9 ppm (8 h)
35 ppm (1 h)
0.053 ppm (1 yr)
0.1 ppm (1 h)
0.03 ppm (1 yr)
0.14 ppm (24 h)
0.075 ppm (8 h)
0.12 ppm (1 h)
4 pCi/l

With respect to indoor pollutants, during the first sampling phase (before renovation), we expect to
estimate the contribution of outdoor pollutants to indoor environment, caused by relatively leaky
building and window structures.
The results will be expressed as ratios between indoor and outdoor concentrations. It is expected
that total particle concentrations will be higher indoors. However, the particle size distribution
measurements will allow estimation of particle sources in different size ranges. At the same time,
rather intense (less controlled) natural ventilation should serve for better dispersion of indoorgenerated pollutants. After renovation, outdoor pollutants to indoor environment could be lower.
However, the concentration of indoor-generated pollutants, such as VOCs, bioaerosols, and radon
may increase due to decreased ventilation.

4. Health assessment
4.1 Health effect studies
It has been estimated that possible reasons for the lack of studies into the effects of housing on
health may include methodological difficulties and political obstacles. There are many
methodological difficulties inherent in assessing the health effects of housing interventions [27]. For
example, response and follow up rates in studies of deprived areas are often low. A large sample
size is needed in order to obtain sufficient statistical power for analyses. Therefore, clinical
interventions may not be feasible. On the other hand, relying on self-reported health is more
subjective and prone to biases. Whereas there are a few studies examining the effects of housing
improvements on health, it has been estimated [27] that the quality of the studies identified is
generally poor. Improvements have been reported in overall self-reported physical and mental
health, as well as reductions in symptoms and use of health services.
The quality of the health effect studies may be improved by better controlling for confounding
factors, larger sample sizes, increased response and follow-up rates, and performing
multidisciplinary, longitudinal (long term) follow-up studies. Also in the subject area of this project,
large-scale studies that investigate the wider social context of housing improvements and their
comparative effectiveness and cost effectiveness are required.
4.2 Sample size
Based on the assessment, we expect to test the hypotheses related to occupant behaviour,

thermal comfort and perceived health and wellbeing, where relatively large effects can be expected
as a large number of people are registering at least some changes in the indoor environment.
However, a larger sample size is needed to be able to test the hypotheses related to more specific
health outcomes, such as cardio-respiratory health (e.g. asthma symptoms). This is mainly due to
the relatively small prevalence (<10%) of these types of health burdens in the population. For
example, in case the prevalence of recurrent wheezing among the population was 10%, and the
true odds ratio for reduced risk for wheezing was OR 0.57 [28], we would need to study
approximately 700 case subjects and 700 control subjects to be able to reject the null hypothesis
that this odds ratio equals 1 with probability (power) 0.8, where the type I error probability
associated with testing of this null hypothesis is 0.05. This reflects to that evaluation of the health
effects is complicated as many other factors (such as genetic factors and life style) are important
determinants of health. In addition, the number of confounding factors is considerable. However,
along with the potential impacts on buildings and exposures, it is important to also demonstrate the
possible effects/no-effects related to health and wellbeing, as they have a great impact on public
health and productivity (inc. costs related to health care and missed work/school days).
4.3 Selected methods
In this project, data from the occupants will be collected using structured interviews /
questionnaires, in which the occupants will be asked to self-evaluate their health status. In addition,
the occupants will be asked to complete health symptom / activity diaries during the passive
sampling period. Whereas no clinical testing of human subjects will be performed, we will aim to
collect as much objective information as possible, e.g. by specifically inquiring doctor diagnosed
diseases, required visits for emergency room, and missed work/school days due to illness.
Collecting environmental data and human health data after contact with human participants
requires consideration of the European Group of Advisers on the European Group on Ethics in
Science and New Technologies. Where is contact with human participants, this requires 1) an
informed consent for each participant, and 2) a formal approval from local ethics committee.

5. Development of assessment protocol
5.1 Research hypothesis
The research hypothesis is that improving energy efficiency of buildings has no impact on the
following factors:
• Indoor thermal conditions (temperature, relative humidity, draught)
• Risk for dampness / mould growth
• Indoor PM10 and PM2.5 concentrations
• Selected indoor VOC concentrations
• Mineral fibre concentrations
• Microbiological concentrations in settled dust
• Radon concentrations (apartments close to ground level)
• Occupant behaviour, thermal comfort and self-reported health and wellbeing.
5.2

Selection of case study building

In the first phase, the above hypotheses will be tested in 20 apartment buildings in both Finland
and Lithuania (including intervention buildings and reference buildings), in which a representative
sample of apartments (5 apartments per building) will be selected for indoor environmental
monitoring and assessment. In the second phase, the goal is to extend the assessment in a total of
50 multifamily buildings in Finland (extended assessment).
Additional case studies will be performed in a set of single-family houses and public buildings in 12 countries (additional assessment). The goal is to include a sample of 10 school buildings and a
sample of 50 houses. The number of additional case studies will be selected based on estimated
needs for testing and feasibility assessment, also in connection with testing of new technologies.

Both of these building types are important as potential areas of policy developments with respect
to energy efficiency: 1) Public buildings such as schools are directly administered by
municipalities/states and therefore any national/European policy can be effectively implemented in
this building stock. There has been a trend for increasing demands for savings related to energy
consumption in schools, which is often connected with reduced ventilation that has been
associated with student performance [29], 2) In many European countries, e.g. UK [30] current
national programmes target houses. Such policies may be more difficult to effectively implement in
a large scale, nevertheless the aim is to demonstrate that the assessment protocol is applicable,
and may be empowered by utilizing new technologies.
5.3

Selected measures

All of the impacts are primarily meditated via changes in air tightness of the building envelope
and/or air flows and ventilation, and via changes in temperatures and humidity levels. The
measurement of the indoor air pollutants will support findings from technical measurements and
link the results with the assessment of occupant health and wellbeing.
On the national level, the results expected relate to those measures used for demonstration /
assessment, including estimated effects of certain national programmes on:
1) Energy consumption: annual reduction in energy consumption (TWh/m3 per year), changes
in U-values of the building envelope, changes in energy performance related to certification
in residential buildings
2) Thermal conditions: indoor temperatures (°C), relative humidity (%).
3) Building structures: changes in risk for dampness / mould growth
4) Indoor air quality: ventilation (air exchange rate), concentrations of particulate matter,
chemical and microbial pollutants
5) Occupants’ behaviour, health and wellbeing: self-reported cardio-respiratory health,
perceived health and wellbeing, allergic diseases, thermal comfort, and activities e.g.
related to heating and ventilation (% change)
5.4

Assessment protocol

The assessment of impacts of energy efficiency on IEQ and occupant’s health involves
measurements before and after energy efficiency renovation actions. The assessment protocol
includes the following phases:
1. Study design, including building-related measurements, exposure measurements, and
health effect studies
a. Determining selection criteria for the case study buildings
b. Selection of measuring devices based on accuracy, suitability for field measuring,
possibility to combine various measurements
c. Developing occupant questionnaires and diaries
d. Preparing instructions for occupants related to activities during the measurement
period and filling in questionnaires and diaries
2. Enrolling the case study buildings, informing building owners and occupants
a. Collecting background material, including energy certificate (energy consumption
information), renovation plans, architectural and structural designs, and
investigations of building structures and their condition
b. Comparing background information to the selection criteria
c. Permission to enter in the building from the building owner of the selected buildings
d. Written consent from the occupants who are willing to participate
3. Field studies
a. Scheduling the studies aiming to minimum nuisance for the occupants
b. Measuring phase
c. Analysis, including statistical analyses
d. Conclusions
e. Reporting
4. Implementing into further assessments of renovations.

In summary, the proposed assessment protocol targets environmental problems arising from
energy consumption, and the need to control it on different levels, including EU, the countries
within EU, and their citizens. There exist possible conflicts between impacts of different policies,
including economical, environmental, and health policies, and they can be solved by optimizing the
measures / regulatory actions. Demonstration of the impacts in 2-3 European countries creates a
mechanism that can be used when directing future activities in a holistic manner. Along with
demonstrating the effects of improving energy efficiency on IEQ and health, it is possible to find the
most relevant ways to optimize building energy performance that will protect and promote public
health as well as the environment. It is also important to improve the knowledgebase in order to
support implementation of the related policies in Europe.
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Summary
A statistical survey of the Swedish building stock has been performed. One of the aims of the
survey was to investigate what it would cost to fulfil the Swedish national targets for the years 2020
and 2050 regarding energy use in residential, commercial and public buildings. To this end
information of U-values and areas of the building envelopes, building services systems, indoor
temperature and air change rate, etc. was collected. This data together with different measures to
reduce the energy demand in the investigated buildings were then used to calculate energy
savings and costs for measures necessary to reach the national targets in the most cost efficient
way. The method and some results are presented. The calculations show that in order to reduce
the relative energy demand (kWh/m2 and year) in 2050 by 50 percent, compared to the energy use
in 1995, the costs may amount to more than 200 billion €, taken as a net present value for the
calculation period of 40 years. The average investment cost for material and labour is 0.10 € per
saved kWh i residential buildings and 0.027 € per saved kWh in commercial and public buildings.
Reducing the energy demand according to the targets would reduce the Swedish emissions of CO2
with 3-4 Mton/year, at an investment cost of approximately 1 500 €/ton reduction of CO2 emissions.
Keywords: building stock, energy use, costs, statistical survey, energy reduction, CO2 emissions

1. Introduction
The Swedish National Board of Housing, Building and Planning, was in 2006 commissioned by the
government to conduct a national survey of the building stock. One of the objectives was to
estimate the costs to reach national energy reduction targets for the years 2020 and 2050. The
targets are set as a reduction of the energy use per square meter heated floor area, and the aim is
to reduce this use with 20 percent by 2020 and with 50 percent by 2050, compared to the energy
use in 1995, regarding residential, commercial and public buildings.
Since it is not possible to gather data of every single building the survey was carried out as a
statistical sample survey. The building stock was divided into three main groups; single-family
houses, block of flats, and commercial and public buildings. Using a national registry of the
building stock, buildings in 30 municipalities in four climate zones were selected. The total amount
of buildings, selected and, in the end, investigated is given in Table 1.
Table 1. The number of selected and, in the end, investigated buildings in the survey.
Type of building
Selected
Investigated
Loss
Heated floor area on a
national level (106 m2)
Single-family
1250
826
34 %
301
Block of flats
690
560
19 %
236
Commercial etc.
582
368
37 %
89 *
*School buildings are not covered by this survey

2. Methods
2.1

Collecting data

In order to assess the potential for energy savings, data were collected by on-site investigations,
measurements, study of drawings and interviews with owners and residents of the buildings. The
on-site investigations were mainly done by contracted consultants and measurements by
accredited laboratories.
U-values and areas of the building envelope were mainly assessed from drawings, supplemented
by on-site investigations. Data regarding building services systems (e.g. type of ventilation or
heating system) were determined on-site. Indoor temperature and air change rates were measured
during two weeks in each single-family house and in two apartments in each block of flats. The air
change rate was measured using a passive tracer gas method (SS-ISO 16000-8:2008).
2.2

Calculating energy savings for individual measures

A number of different measures to reduce the energy demand in the building stock were selected.
The measures aim to reduce:
heat loss through the building envelope
heat loss via the ventilation air
the use of hot tap water
electrical energy used in fans and pumps
electricity for lighting and appliances
average indoor air temperature
Thus only measures that reduce the heating demand or the (electrical) energy demand for building
services systems, lightings and appliances were investigated. Hence changes of sources for
heating supply, e.g. to exchange oil fired burners for heat pumps or district heating, was not
analysed in order to meet the national targets of energy reduction in the building stock.
The energy balances and the reduction of energy demand due to the implemented measures in
the residential buildings were calculated with a simulation tool developed at Chalmers University of
Technology (Sweden). The tool is described in [1]. The energy balances in the commercial and
public buildings were computed with a commercial tool, BV2 [2].
In the residential buildings each measure was tested in each building to determine if it was appropriate. The energy savings of all the appropriate measures in each single residential building was
then calculated as an isolated measure, one at a time. Thus the energy saving potential of each
measure in each building was determined.
In the commercial and public buildings a slightly different approach was applied. Due to lack of
data regarding ventilation rates, operating hours of ventilation, heat recovery in ventilation heat
exchangers and lighting, data from another survey [3, 4, 5] was used as input data. Since this
survey does not cover the same buildings as in the here presented survey only average values of
the missing data could be used for each category (e.g. office, hospital 8 hours or 24 hours care,
etc.). However, in order to diversify the input data, buildings were subdivided into two groups;
either as high energy end users or as low energy end users. The different measures to reduce the
energy demand were tested in the same way as in the residential buildings.
2.3

Calculating costs and assessing the cost-effectiveness

All costs are calculated from a building owner perspective. For residential buildings VAT is included
in the costs since the owners of residential buildings can not deduct this tax from their building
costs since the rent that the residential tenants pay does not include VAT. Regarding the owners of
commercial and public VAT is not included in their costs because their tenants pay VAT.

The calculations are made in real terms with a required rate of return of 4 percent. The calculation
period is 40 years and the costs are calculated as annuities of the investment cost and costs for
maintenance, in terms of prices for the year 2009. Transaction costs and other costs for the
building owner associated with energy efficiency retrofitting are not included. Some of the costs,
such as insulating facades include only the cost for the labour and the material needed for the
insulation, since it is considered that this measure is done when the facade has to be exchanged
for a new one. Thus costs for scaffoldings etc. are not included in the calculations for this type of
measures.
2.3.1 Assessing the cost-effectiveness of each measure in each building
The cost for each measure, e.g. insulation of the facades, exchange of windows, or the installation
of heat recovery of the ventilation air, was for the residential buildings obtained from two consultant
companies specialised in building costs. For the commercial and public buildings the costs of the
measures were obtained by the consultant company that also calculated the energy saving of each
measure.
Since the energy saving of each individual measure in each individual residential building had
been calculated, as well as the cost of each measure, it was possible to calculate the cost per
saved kWh of energy (SEK/kWh) for a certain measure in a certain building during the calculation
period of 40 years. In total more than 11 000 combinations of measures and buildings were
calculated in the residential buildings. In order to implement the measures in the most costeffective way all the measures were rated according to their cost per saved kWh as illustrated in
Table 2. Thus a certain measure in a certain building got a certain cost-effectiveness illustrated by
the encircled numbers in the table.
Table 2. The picture shows the cost per saved kWh (SEK/kWh) for a certain measure in a certain
building. The encircled number indicates the cost-effectiveness of the measure. The lower the
number the more cost-effective is the measure.
Building
number
1
2
3

1
0.52 7
-

Costs for measure x (SEK/kWh) in building y and its relative cost effectiveness
2
3
4
5
6
7
8
9
0.75 9
0.32 3
0.10 1 1.50 13 4.50 16
0.98 11

1.20 12

0.45 5
0.41 4

0.65 8

0.23 2
-

0.51 6

0.95 10
-

1.85 14
-

10
2.50 15
-

2.3.2 Implementing the measures and calculating energy savings in the most cost-effective order
Once the cost-effectiveness of the measures were determined it was possible to implement them
in the order that would reach the energy policy targets at the lowest costs. This time the measures
were not implemented individually. Instead if one measure was implemented in one building it
would remain when the next measure in that building was implemented. In that way the energy
saving of one measure might have an impact on the energy saving of the next measure that was
implemented. This was done until all measures were implemented and the maximal amount of
energy savings that the measures could lead to were obtained in the calculations.
The same procedure could only partially be used for the commercial and public buildings due to
lack of data from the survey. For about one third of the buildings the cost-effectiveness was
assessed according to the descriptions above. For the rest of the buildings the cost-effectiveness
of the different measures was only ranked according to the type of building and type of measure.
This means that in some buildings the measures were maybe not implemented in the most costeffective order. However, it was deemed that the impact of this procedure would not alter the
results to any greater extent.
2.3.3 Upscaling the results to the national level
Each building in the survey represented a number of other similar buildings in the same building
category, climate zone and size of municipality. Depending on the number of other buildings that

the selected one represented it had a weight according to that number. To upscale the results to
the national level, the energy savings and the costs for the measures in each building in the survey
were multiplied with the corresponding building weight.
For the commercial and public buildings this was also done. The only exception being that school
buildings were not covered in the survey, although they are part of the national energy target. To
take that into account the results for the commercial and public buildings were simply multiplied by
a factor representing the school buildings’ share of the total heated floor area for this category of
buildings.
2.4

Energy saving targets

As stated above, the targets set by the Swedish parliament are to reduce the energy demand per
heated floor area in residential, public and commercial buildings by 20 percent by 2020 and by 50
percent by 2050, compared to the energy use in 1995. Since the heated floor area, as defined in
this statistical survey, is not the same as in the official annually reported energy statistics records, it
was first necessary to determine the energy reduction between 1995 and 2005, the year 2005
being the last construction year of the buildings that this survey covers. The energy reduction was
estimated to be 3.7 percent, using the same reference period (1971-2000), for both years when
normalizing the energy use due to different climatic conditions in 1995 and 2005.
2.4.1 Energy use in residential, commercial and public buildings 2005
The total amount of energy use in residential, commercial and public buildings was in 2005,
according to the Swedish Energy Agency, 121.4 TWh (not normalized). This amount of energy was
divided in two parts, one for the residential buildings and one for the commercial and public
buildings. To do this, a survey of energy use in commercial and public buildings [3, 4, 5] carried out
by the Swedish Energy Agency was used. According to this survey the energy use in commercial
and public buildings average 241 kWh/m2/a. Thus 30.3 TWh (241·129·106) was deemed to be used
in the calculations for commercial and public building (including 40 million m2 school buildings),
and 90.1 TWh was used in the calculations of energy savings in the residential buildings.
Since the energy calculations are based on energy need, disregarding flue heat losses and other
heat losses in burners within the buildings and gains in heat pumps, and the 121.4 TWh account
for to the buildings delivered, or bought energy, the energy need for the buildings were assessed to
be 92.3 TWh in the residential buildings and 31.3 TWh (the same as the delivered amount) in the
commercial and public buildings.
One prerequisite for reducing the energy use in the buildings is that the indoor environment may
not become impaired as a result of the energy efficiency measures. After the 1973 oil crises energy
reduction measures, such as insulation of attic floors and air tightening of the building envelope,
led to problems with mould and to low ventilation rates, especially in single-family houses. The
present survey shows that the ventilation rate in the single-family houses is 0.23 l/m2 floor area and
second. Since the requirements in the Swedish building code is a ventilation rate of 0.35 l/m2 the
first measure in the energy calculations was to increase this rate in the single-family houses.
However, this increased rate led to an increased energy demand of 5.4 TWh annually. So the
energy use in the residential buildings is 97.7 TWh prior to that energy efficiency measures are
implemented in order to reach the energy reductions targets. In table 3 the necessary reduction
and allowed energy use are shown for the target years 2020 and 2050.
Table 3.Necessary reduction of energy use and allowed energy use in residential buildings in order
to reach the targets 2020 and 2050 as set by the Swedish parliament.
Target years
2020 [TWh/a] 2020 [kWh/m2] 2050 [TWh/a] 2050 [kWh/m2]
Allowed use
76.7
142.7
47.9
89.2
Necessary reduction
15.6
29.0
44.4
82.5
Necessary reduction. after
increased ventilation rate

21.0

39.2

49.8

92.7

In commercial and public buildings the energy demand prior to implementing energy efficiency
measures should be 31.3 TWh. Due to difficulties adjusting input data to hit this amount the energy
demand prior to implementing the measures was only 29.7 TWh. Therefore the necessary
reductions to reach the targets, presented in table 4, are calculated from this amount of energy.
Table 4. Allowed energy use and necessary reduction of energy use in commercial and public
buildings in order to reach the targets 2020 and 2050 as set by the Swedish parliament.
2050 [TWh.a]
2050 [kWh/m2]
Target years
2020 [TWh.a]
2020 [kWh/m2]
Allowed use
24.7
191.3
15.4
119.5
Necessary reduction

5.0

39.0

14.3

110.7

3. Results
The calculations of costs for reducing the energy use in the building sector show that the costs in
residential buildings are much higher than the costs for reducing the energy use in commercial and
public buildings. This is mainly due to the fact that in residential buildings most of the energy is lost
through the building envelope as transmission heat loss. To reduce this loss it is necessary to
insulate the building envelope, which is fairly expensive. The cost is also higher due to VAT, which
is a cost for residential building owners. In commercial and public buildings a large share of the
energy use can be reduced by adapting ventilation rates and operation hours, which is fairly cheap.
Figure 1. The solid curve shows the reduction of energy demand per annum on the x-axis and the
cost, for material and labour, in billion € per annum on the y-axis, for the residential buildings. The
dashed curve signifies that the total cost for the building owner is higher.
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Figure 2. The solid curve shows the reduction of energy demand per annum on the x-axis and the
cost, for material and labour, in billion € per annum on the y-axis, for the commercial and public
buildings. The dashed curve signifies that the total cost for the building owner is higher.
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The solid curve in the diagram in Figure 1 shows, for the residential buildings, the annual energy
savings (in TWh) due to the energy efficiency measures and the annual costs (in billion €) on the yaxis for these measures during the calculation period of 40 years. In order to reach the energy
target for 2050 it is necessary to reduce the energy demand by almost 50 TWh per year. The cost
for material and labour for this is slightly more than five billion € annually and the cost per reduced
kWh is about 0.11 €. The total cost for the calculation period, as a net present value, is more than
200 billion €. The total cost for a building owner is, however, higher. According to some studies [6,
7] transaction costs alone can increase the costs by as much as 30 percent.
The diagram in Figure 2 shows, for the commercial and public buildings, the annual energy
savings (in TWh) due to the energy efficiency measures and the annual costs (in billion €) on the yaxis for these measures during the calculation period of 40 years. In order to reach the energy
target for 2050 it is necessary to reduce the energy demand by slightly more than 14 TWh per year.
The cost for this is about 420 million Euros and the cost per reduced kWh is about 0.027 €. The
total cost for the calculation period, as a net present value, is 17 billion €.
Table 5. Costs [€/kWh] to reach energy targets in residential and commercial and public buildings.
Residential
Commercial
Residential
Commercial
2020
2020
2050
2050
Average costs to reach
0.047
0.011
0.103
0.027
targets [€/kWh]
The increase in costs is quite large when the reduced energy use is approaching the target for
2050. To go from a 40 percent reduction to a reduction of 50 percent costs in the residential
buildings on average 0.28 €/kWh for material and labour alone. Also in the commercial and public
buildings the average costs for the last ten percent to reach the target are expensive and the
investment cost for construction material and labour is about 0.085 €/kWh.

4. Conclusions
To reach the energy target for 2050, a 50 percent reduction of the energy use per m2 heated floor
area, set by the Swedish parliament for energy use in the building stock, will be fairly expensive for
residential buildings. Especially the last 10 percent are expensive, even in commercial and public
buildings are the last ten percent difficult to reach from an economic point of view. There are of
course also revenues from reduced costs for energy for the building owners, which will balance the
costs for the energy efficiency measures to some extent. Depending on the price per kWh energy
this may for some building owners result in a positive balance.
The purpose of the energy reduction is not stated by the Swedish parliament. If it is to reduce
emissions of CO2 it is an expensive measure given that the CO2 emissions from energy use in the
building sector are limited in a national perspective. In 2007 the emissions in Sweden from all
sectors were about 64 Mton CO2 and the emissions from energy use in residential, commercial
and public buildings were about 7 Mton [8]. To reduce the emissions of CO2, based on national
average emission levels per kWh of energy, would cost in the residential buildings somewhere
between 1500 and 2100 €/ton CO2, depending on if only costs for material and labour or total costs
are considered.
However, Sweden do already have a fairly high tax, 117 €/ton, on CO2 emissions, which is partly
an explanation to the low carbon emissions from the sector. In a European perspective energy use
in the building stock is responsible for 36 percent of the total amount of emissions of CO2 within EU,
according to the European Commission. In a Swedish perspective, energy use in the building stock
accounts for 10-11 percent of the total amount of CO2 emissions within the country. To reduce the
CO2 emissions further by reducing the energy demand in general is thus most likely not the most
cost effective measure for society. If the underlying purpose of reducing the energy use is to limit
CO2 emissions it is probably more cost effective to set other targets than (end) use of energy in
buildings or at least not to push the reduction as far as the present targets set by the Swedish
parliament.
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Summary
The oversupply in the office market provides more choices for occupiers. The high vacancy rate
has its impact to responsible property markets. The awareness of office occupiers’ preferences is a
relevant source for competitive edge for the suppliers. Lately, the significance of preferences
connected to the sustainability is increasing. The sustainability factors in the property sector are
often linked with the eco and energy efficiency of the real estates’. The sustainability issue, when
considering occupancy and operations in the office properties, is wide and links with, for instance
possibilities to enhance public transport.
Conventional profiles of office occupiers’ base, for instance on differentiating the organizations
based on the business area. The aim of this paper is to describe the optional profiles based on the
preferences. In the paper occupier organizations are profiled based on similar preferences
regarding the location, the real estate, and the space. The preferences related to the office location
are studied with main factors as the office submarket, accessibility by both public and private
transport, the surroundings of the office, and the services in the surroundings.
This paper presents a study based on an Internet based survey regarding office occupiers’
preferences. In the survey the respondents evaluated the importance and valuation of attributes
expressing their organizational preferences. The survey was addressed to organizations in the
Helsinki Metropolitan Area, which is the dominant office space area in Finland. The profiling was
composed based on Cluster Analysis.
Profiling office occupiers enables the property sector’s value network, both the supply and demand
side, to maintain and develop sustainable solutions. When the profiling is performed from the
preference perspective, the supplier can develop sound solutions for the preference profiles.
Further, the paper suggests a method for approaching the continuous update and development of
the profiles.
Keywords:office occupier, profile, preference, submarket, Helsinki Metropolitan Area, sustainability,
eco and energy efficiency

1. Introduction
Traditionally the commercial property market in Europe has been classified as a demand-driven
market [1]. This might change with the high vacancy rate and oversupply of office space, which
leads to the occupiers having more options. The information regarding occupiers’ preferences
becomes crucial for the players in the property sector.
Office occupiers are a key interest group for the real estate value network, for instance designers,

developers, investors and service providers. The knowledge regarding the potential and existing
customers’ needs and preferences is essential. The importance of research around occupiers’ real
estate needs and requirements has been brought up by several researchers in the field during the
past decade. [2, 3, 4]
In Finland, in the Helsinki Metropolitan Area (HMA) the need for information regarding occupiers’
preferences is crucial. The office stock in Helsinki Metropolitan Area (HMA) has increased rapidly
during the recent years. The amount of vacant office space has grown to one million square meters.
The total amount of office space in HMA is about eight million square meters. Within one and a half
year about 100 000 square meters of office space will be completed with about 15 development
projects in progress. The oversupply of office space in HMA is a crucial challenge in the Finnish
property market. The gap between prime and non-prime office submarkets and real estates has
deepened. To solve the oversupply of office space drastic actions are needed. [5, 6, 7, 8]
Markland (1995) stated that the development of information technology changes the way people
work and the spatial requirements regarding offices [9, 10]. A study from 2001 defined that the
technical attributes as cooling and air condition, indoor air quality, right lightning, information
security, communication connections, flexibility and meeting places are key attributes demanded
from the office space in the future [11]. Now in 2011, the demands have become standard level and
the fulfillment is a matter of course. The occupancy related questions involve aspects as strategy
and values of the organization. For instance, Appel-Meulenbroek et al. (2010) studied the
relationship of corporate real estate (CRE) and corporate brand, where they stated that the CRE
has an impact both directly and indirectly to the perception of the corporate brand [12].
The importance of sustainability requirements of real estates’ has been acknowledged. The
awareness of the built environment’s environmental effects has raised the demands regarding
property market’s sustainability. The sustainability attributes are often linked with the eco end
energy efficiency of the real estates. The environmental issues have been raised in many
organizations’ strategy and goals. [13] One objective of the survey was to study the value of the
preferences regarding the eco and energy efficiency attributes. Naturally, the sustainability
perspective is linked with other main factors and links with the occupancy of an office in general.
One key element is, e.g. the accessibility of the office with public transport. In the future, the
environmental issues might be directly taken into account in the decision-making processes [13].
The lease agreements might contain direct environmental clauses driving the occupiers’
performance [14]. Hinnels et al. (2008) stated that the environmental aspects could be positively
used to set targets regarding energy consumption, to communicate between the parties, as well as
to promote every day use and management of the property. [14]
Profiling the office occupiers based on the preferences enables studying the similarities and
differences as well as the key characteristics between the profiles [15]. Profiling is a way of
segmentation of the office occupiers’ in groups with similar preferences that differ from other
recognized groups [16].
Three main objectives of this study are:
-

to identify office occupiers’ preference profiles based on the preferences

-

to study the key characteristics within the profiles

-

to suggest a method for continuous update and exploiting of the profiles

The study can be categorized as a descriptive study, where the reliability, accuracy and
generalizability [17] of the study are crucial. The focus is on the office occupiers’ organizational
preferences. The study is based on an Internet based survey performed in winter 2010. The survey
was limited to Helsinki Metropolitan Area (HMA). The area is the dominant commercial office space
market in Finland [5]. The respondents evaluated the ideal office from perspectives as the
business area, willingness to pay, strategic goals, and organizational values. The survey was
addressed from the preference perspective instead of evaluating the current situation.

Profiling occupiers enable the property sector’s value network, both the supply and demand side,
to maintain and develop solutions responding to the occupiers’ preferences. For instance, the profiles enable the supplier to develop solutions for the preference profiles. The knowledge regarding
the preferences can be exploited in, for instance marketing with the valued attributes.
The paper consists of five parts starting with a presentation of the topic. Secondly, a theoretical
background of studying the office occupiers’ preferences is presented. The third part concentrates
on the utilized research method and analysis of the applied survey. The results of the study are
presented in the fourth part. In conclusion, discussion about the study and recommendations for
further studies in the field is presented.

2. Occupiers’ preferences
The organization’s resources to implement all their needs and requirements are limited. The needs
and requirements turn into preferences, when the organization decides, which needs and
requirements to implement. In the study preferences refer to the alternatives chosen and
implemented on an organizational level. The occupiers refer to the organizations; a set of deciders
or management people behind the corporate values and taking part in decision making regarding
the office premises and other corporate real estate matters. This section presents the theoretical
approach for studying office occupiers’ preferences.
The emphasis in the property sector has for several years been on the location, which is often
seen as the most important factor in the real estate’s success. Heikkilä et al. (2001) stated that the
location is an operating environment rather than an address [11]. The meaning of a good operating
environment varies between organizations [11]. Barovick and Steele (2001) highlighted the
importance of the location to serve the occupiers’ business needs [18]. Decisions regarding the
location are made based on the image of the area, the rental level/price, traffic communications,
accessibility, the organization’s existing premises, and proximity to the clients, companies within
the same business area and workforce as well as services nearby the area [11]. The evaluation of
the alternatives involves analysis based on the financial aspects and return on investment. Also,
the organization’s vision and strategy, i.e. employees’ retention and corporate values affect in the
decision-making. [4]. The role of CRE related aspects affecting the organizational performance has
been acknowledged, for instance Appel-Meulenbroek et al. stated that altogether 51 CRE aspects
link to the organizational performance [19]. This shows the extent of the occupier preference field.
The CRE field and decisions are wider than plain location selection [4].
An office needs to be accessible by public and/or private transport. In terms of accessibility by
private transport the questions relate to reaching the office by major roads as well as the parking
space. The parking facilities have been stated as the most important factor leading to occupiers’
satisfaction [1]. Markland (1995) stated that the end-user evaluate the location by the public
transport possibilities as well as closeness to retail and leisure amenities [9]. In the study
conducted by Dent and White (1998), it was found that larger organizations seek locations
outside the city centre in order to solve car-parking problems. Appel-Meulenbroek (2008)
recognized in her study that parking facilities were the most important factor leading to
occupiers’ satisfaction. Today, the office should support the new ways of working [16]. Hassanain
(2006) brought up the importance of taking into account planning of the building, layout of the
workplace, IT networking, and building service systems, when planning a flexible workspace [16].
Heikkilä et al. (2001) determined that attributes demanded from office space include data security,
flexibility, cooling and air conditioning, air quality, communication connections, right lightning and
meeting places [11].
The affects of the office location are multidimensional and usually brought up in relocation choices.
For instance, Rabianski has studied the employees’ quality of life in corporate location decisions.
The study includes demographic, economic, societal, public service and environmental information.
The study relates to the decision making rather than studying the employee quality of life in the
current office location. [20]

The development of information technology has altered the role of the office with the development
of the working appliances and the potential to work outside the office. Markland (1998)
acknowledged that the development of information technology is a major factor in changing
people’s work and requirements related to office space [10]. The alterations in the business
environment affects in the changing needs of the organizations. The importance of the work space
in the organizational development and operations has been recognized. The organizational
changes and operations affect in the working methods, which on the other hand affect in the space
utilization. This leads to demand for changes in the physical office environment. The progress
forms a continuous cycle as figure 1 reflects. [11]

Fig. 1 The continuous cycle of the of affects of development in the working environment [11]
Studies regarding profiling office occupiers’ have concentrated on the location. The profiling has
been based on the theoretical factors as the influence of factor costs, transport and communication
costs, the quality of the urban environment and agglomeration economies. The model enables
identifying the office preferences by the organization’s size and business profile. In the profiling the
level of rent and location driving the decisions are taken into account. The complexity of the
decision making rather than being plain location selection was recognized. The study highlighted
the fact that additional factors might influence the decisions increasingly. [4] Another approach has
been classifying the office submarkets [21]. In the study by Dunse et al. the statistically derived
submarkets were compared with knowledge based submarkets. The study showed that the
composition is more complex than prior thought. For instance, the submarket structure is
influenced by characteristics related to the spatial and structural property types. The study showed
that the important factors influencing the structure of the office market varied, when comparing two
markets. [21]

3. Method and analysis
The research method typically means the technique employed for studying the topic in question.
Research methods might be instruments of data collection like questionnaires, interviews or observations. The methods can refer to the tools used for data analysis, i.e. statistical techniques. [22]
The research method applied was an Internet based survey. It enables gathering a wide sample of
data [23]. The target of the survey was to collect data regarding the importance and willingness to
pay divided to the main factors and attributes from office occupiers’. The survey was seen as an
adaptable method, since profiling demands a wide amount of data. The challenges such as
accessibility related to Internet based surveys [24] were recognized and evaluated.
The target group in the study consisted of office occupier organizations employing more than 20

persons. The study was outlined to organizations in the Helsinki Metropolitan Area (HMA)
consisting of the capital city Helsinki and neighboring cities Espoo, Kauniainen and Vantaa. The
area forms the dominant commercial office space area in Finland. About eight of the total eleven
million square meters of commercial office space is located in HMA.
The survey was performed during winter 2010. The survey was focused to office occupier organizations. Personal e-mail invitations were sent to representatives in the top-level management. This
guaranteed that only representatives in the sample could respond to the survey. This guaranteed
the validity of the responses [22]. All the representatives had personal e-mail address, which ensured their competence in responding to the survey [22]. The respondents were asked to evaluate
their office related preferences from an organizational perspective. The respondents were asked
not to evaluate the satisfaction of the current situation. The survey was set from a preference perspective.
The knowledge developed from a preference survey performed in 2009 in HMA was applied in
forming the survey. The survey in 2009 was developed in multiple phases containing researcher
brainstorming sessions, a workshop with industrial specialists and performance tests. [25] The
knowledge developed from the results of the survey was applied to define the range of the main
factors and the attributes. The main factors and the attributes in the office property rating in HMA
[26] were utilized. The rating has been developed to office properties in the HMA [26].
The survey was divided to four main sectors. First the respondent was asked to evaluate
submarkets that suit the organization’s location related preferences first, second and third best. For
instance, Leishman et al. (2003) acknowledged that the occupiers’ space requirements and
preferences vary across submarkets [27]. After that the valuation of each attribute under the main
factors was asked. The main factors and the attributes within each factor are listed in table 1.
Table 1 The main factors and the attributes in the survey
ACCESSIBILITY – PUBLIC TRANSPORT
- Multiple public transport stops and comprehensive public transport routes to several directions
- Frequently operating public transport routes nearby the office
ACCESSIBILITY – PRIVATE TRANSPORT
- The office is easily reachable by major roads
- There is enough parking space available
THE SURROUNDINGS OF THE OFFICE
- The office is located in the centre of the district
- The surroundings are of high quality, clean and safe
- The image of the area is excellent
SERVICES IN THE SURROUNDINGS
- Large supply of services - There is many various services supplied in the area and/or in the
building
- Large range of services - The services are supplied by many different service providers
CONDITION OF THE BUILDING
- The building is new or like new
- The condition of the building is up-to-date
THE USABILITY AND MODIFIABILITY OF THE SPACE
- The space suits the purpose of use excellent
- Efficient use of space
- The modifiability of the space is excellent
THE QUALITY AND THE LEVEL OF EQUIPMENT OF THE SPACE
- The space is in excellent condition
- The surface materials and fixed fittings are of high quality
- The technical level of equipment is excellent and up-to-date
INDOOR CONDITIONS
- The air conditioning is up-to-date and easily adjustable

- The space contains flat level cooling
- The temperature is easily adjustable
- The acoustics is excellent
- The general lightning is adjustable in each workstation
THE ECO AND ENERGY EFFICIENCY OF THE PREMISES
- The building has energy saving and/or recovery system building techniques
- The space supports multifaceted our organization’s environmental goals
- The energy efficiency class of the building is high
- The building holds an energy certificate
- The facility management (FM) services support sustainable development and reducing the environmental load
- The premises and the landlord support sustainable development and reducing the environmental
load
The valuation of the attributes was asked with four answering alternatives (A-D) expressing the
level of importance of the attribute in question. The respondent evaluated the attribute related to
both the business operations and the organization’s willingness to pay for it. The alternative A
express that the attribute is remarkably important to the business operations and the organization
is willing to pay for the attribute. The alternative D express that the attribute is not at all important
for the organization. The Likert’s scale, where the respondents specify their level of agreement to a
statement, was applied in the survey [24]. By leaving out the neutral alternative, it was ensured
that the respondent’s took a stand. Sometimes the neutral alternative can be too attractive for the
respondent [22]. The respondent had the possibility of leaving the question empty.
The evaluation of the preferred macro location, e.g. the submarket, consisted of choosing out of 27
office submarkets in HMA the first, second and third best suitable area for the organization’s
business. The division of the submarkets was same as applied in the property rating system [26].
This enabled linking the responses with the rating of the office submarkets in HMA. The four rating
classes (A-D) have been formed based on evaluating the location, demand factors, accessibility
with both private and public transport, relative market position, and the image of the office area.
The class describes the office submarket in general, e.g. class A is excellent and D faint. [26]
The background questions, i.e. the branch of the business, the year of establishment, the turnover,
the number of personnel both in Finland and globally were collected. The elements constituted an
understanding of the organizations and the operative surroundings. The background questions
enabled analyzing the validity of the survey.
The questions regarding the importance and valuation of the attributes were applied in the profiling.
The office occupiers’ profiling was performed by Cluster Analysis. The observations were grouped
into unforeseeable groups, where the members of each group are similar and differ from other
groups [22]. The clustering was performed by K-means cluster method, which groups the
observations into groups with a criterion of their distance from the group’s midpoint [22]. The
midpoints are updated so that the observations within a group are homogenized. When applying
the method, the number of groups needs to be decided in advance [22]. The analysis was
performed with the statistical program SPSS. In the study, grouping the observations into two,
three and four groups was tested. When applying two groups, the dominance between the groups
was not equally formed and the dominance of the groups was not equal. In the case of four groups
the differences between groups became relatively small. The amount of observations was divided
regularly into groups of 52, 44 and 37 observations, when applying three groups. The sample
interpretation of the groups does not contain analysis of the distribution of dominance of the
profiles in the office market.

4. Results
The survey gathered 137 responses. 134 responses were complete and taken in the profiling. 123
responses were from private and 11 from public organizations. The survey was addressed to 1850
organizations, whose business operations focus in offices. This gives a return rate of

approximately 7 per cent.
All respondents represented the top-level management. The largest proportion, 61% of the
responses, was from organizations with less than 50 employees. 34% represented other business
services sector, which was the largest sector in the survey. Other large sectors represented were
manufacturing industry, construction, as well as trade, logistics and warehousing. 34% of the
organizations operate nationally and 28% globally.
The results of the survey are examined based on the balance figure in which the percentage share
of positive responses is deducted with the percentage share of negative responses [28]. Further in
the paper the balance figure is called the net preference score (NPS). The closer the score is to
100% the valuable the attribute is and reverse. Minus 100% shows that the attribute is not valued
[28]. Analysis of the results is performed on the attribute level of the whole sample and of the
profiles. The amounts of attributes vary between the main factors; therefore the results are not
generalized to the main factor level.
First, the general results based on the whole sample of the survey are presented. After that follows
a description of the profiles. The key characteristics as well as similarities and differences between
the profiles are demonstrated.
4.1

The whole sample

The most important attributes related to the condition of the building and the usability and
modifiability of the space. The office building does not have to be new, but the condition of the
building should be up-to-date. The purpose of use (NPS 98%) and efficient use of space (NPS
88%) as well as excellent modifiability of the space (NPS 64%) are attributes valued by the
respondent. The indoor conditions received high scores, where the up-to-date and easily
adjustable air conditioning (NPS 90%) was the most important attribute. The results show that the
flat level cooling (NPS 55%) was not as valued as acoustics (NPS 87%) and adjustability of the
temperature (NPS 84%).
The attributes under the accessibility by private transport received higher net preference scores
(NPS) than the accessibility by public transport. The least important attributes related to services in
the surroundings. The energy certificate was the only attribute, where the net preference scale
turned negative (NPS -11%). Regarding other attributes under the eco and energy efficiency of the
premises the NPS was above 50%. For instance, the net preference score was 62% regarding the
high energy efficiency class of the building. This shows the importance of energy efficiency of the
real estate. The highest scored attribute in the eco and energy main sector was the office real
estate’s support of the organization’s environmental goals (76%). Figure 2 presents the net
preference scores of the attributes of the total sample and the three profiles.

The w hole sample
-100 %

-50 %

0%

Prof ile 1

Prof ile 2

Prof ile 3
50 %

100 %

public transport stops and comprehensive routes

f requent public transport routes

reachability by major roads

parking space availability

location in the centre of the district

the surroundings of high quality, clean and saf e

the image of the area is excellent

large supply of services

large range of services

the building is new or like new

the condition of the building is up-to-date

the space suits the purpose of use excellent

ef f icient use of space

the modif iability of the space is excellent

the space is in excellent condition

surf ace materials, f ixed f ittings of high quality

technical level of equipment is excellent

air conditioning is up-to-date, easily adjustable

space contains f lat level cooling

temperature is easily adjustable

acoustics is excellent

general lightning adjustable in each w orkstation

energy saving &/ recovery system building technique

the space supports organization’s environmental goals

energy ef f iciency class of the building is high

the building holds an energy certif icate
the FM services support sustainable development and
reducing the environmental load
the premises and the landlord support sustainable
development and reducing the environmental load

Fig. 2 The net preference scores (NPS) of the attributes of the whole sample and the profiles

4.2

The profiles

Based on the cluster analysis three profiles were recognized. The profiling is similar to
segmentation, since the aim is to recognize profiles with similar preferences differing from other
recognized profiles. The number of observations in the profiles was 52 (profile 1), 44 (profile 2),
and 37 (profile 3). The profiles have been numbered in random order.
The results show that on a general level the profiles can be categorized to the demanding, the
neutral and the moderate. This interpretation would though be misleading, since the variation
between the importances of the attributes is high within the profiles. For instance, the third profile is
not moderate regarding all attributes. Regarding the up-to-date condition of the building, excellent
purpose of use, excellence of the technical level of the equipment the preferences in the three
profiles are similar. In these three attributes the net preference score was between 89-100%. The
variation in the low net preference score attributes was not congruent within the profiles. The
lowest scored attributes varied remarkably within the profiles.
4.2.1 Profile 1 – Demanding
The first profile is the most demanding of the profiles. The median of the net preference score is
87%. This means that in 50% of the attributes the preference score is higher than 87%. The
minimum value in the net preference score is 31%. The profile values the accessibility by public
transport more than accessibility by private transport. The image of the office area and its high
quality, clean and safe surrounding is valued by the profile. The location does not have to be in the
centre of the district. The services, both large supply of various services and a wide range of
services supplied by different service provides is valued. The building does not have to be new or
like new, but the characteristics and condition should be up-to-date. Besides, the profile 1 values
the eco and energy efficiency related attributes high with scores between 49% (energy certificate)
and 88% for the high energy efficiency class of the building.
4.2.2 Profile 2 – Location oriented
The second profile values the location in the centre of the district more than the other profiles. The
surroundings of the office are important for the profile with a net preference score of 100%. The
accessibility by public transport is more important than by private transport. The large supply of
services and range of services are not important. The energy certificate of the building is not
important (-50%, minimum score of the profile). Other eco and energy efficiency attributes score
between 36-67%. The eco and energy attributes are not as valued as for the profile 1. The median
of the net preference score is 67%.
4.2.3 Profile 3 – Private drivers
The third profile is called private drivers. The accessibility by private transport is highly valued with
attributes as reachable by major roads (NPS 89%) and parking space availability (NPS 95%). The
profile does not value the office in the centre of the district. The accessibility by public transport on
the other hand was not something that this profile valued. Attributes related to the usability and
modifiability of the space as well as the quality and the level equipment in the space are valued by
the profile. The third profile holds most negative scored attributes. The division of the valued and
unvalued is the highest within the profile. The median of the net preference score is 56%. The
location in the centre of the district achieved the minimum net preference score -89%. The profile 3
keeps a similar line with the eco and energy efficiency attributes as the profile 2.
4.3

Location preferences

In the survey the respondents were asked to evaluate the locations that suit them first, second and
third best from submarkets in the Helsinki Metropolitan Area. The submarkets receiving the first
suitable responses were categorized with the submarket rating shown in figure 3 [26]. This enables
analyzing the location related preferences.

Fig. 3 Rating of the office submarkets in HMA [26]
Regarding the profile 1 the most suitable submarkets were divided between the classes A-C.
Profile 2 valued the most submarkets that have been ranked to class A. The profile 3 valued the
most class C submarkets. Remarkable is that the profile 3 did not value class A, but was the only
profile valuing submarket D. Table 2 presents the division of the submarket rating classes within
the profiles.
Table 2 The profiles location preference (most suitable location) linked with the submarket rating
classes

Profile 1
Profile 2
Profile 3

Submarket rating classes:
A - excellent B - good C - medium
21 %
48 %
31 %
84 %
16 %
35 %
54 %

D - faint

11 %

5. Conclusions
The main aim was to identify office occupiers’ preference profiles based on the preferences. Three
different occupiers’ profiles were recognized with dissimilar preferences. Generally, the factors
related to the usability and modifiability of the space, the quality and the level of equipment of the
space, and indoor conditions were important to all the profiles. The respondents valued eco and
energy efficiency attributes, except for the energy certificate.
The highest variation between the profiles lies under main factors such as accessibility both by
private and public transport, the surroundings of the office and the importance of services in the
surroundings. Under the main factor condition of the building the up-to-date condition of the
building was highly valued by all profiles, while the variation in the attribute “the building is new or
like new” was much higher. The profile 1 gave “the building is new or like new” the highest score of
the profiles (NPS 62%). It was though one of profile 1’s lowest scored attributes.
Based on the sample of the survey, the profiles seem to highlight the differences in preferences

between the office areas on a larger level. This can be seen in the evaluation of the location
preferences as well as the preferences within the profiles. The finding supports the study by Dunse
et al. (2001), which highlighted in general the variation between the submarkets.
The knowledge of occupiers’ needs and preferences acquire further development. The external
and internal development order continuous understanding of the occupiers’ preferences. In the
future, it could be valuable to accomplish the survey on annual basis, which would enable
continuous understanding and update of the profiles. In order to do that, methods to increase the
response rate of the survey and new ways of enquiring data needs to be studied.
It could be valuable to study the selection processes of organizations in order to understand the
attributes weight in the decision-making. This would enable continuous update of the main factors
as well as the attributes in the survey. For instance, ten years ago the eco and energy efficiency
issues might have felt unusual in an occupiers’ preference survey. Now, the category is selfevident. This can be seen in the results, which shows that the eco and energy efficiency attributes
are valued except for the certificates, which are not common and known in Finland yet.
In addition, a method for aggregating the preference profiles with the property rating could be
developed. The aggregating method would enable combining the property rating and the
preference profiles on the real estate level. This enables, for instance development processes of
the property based on the occupiers’ preferences.
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Summary
The EU construction sector consumes 42% of the total final energy and is responsible for about
35% of greenhouse gas emissions. It is predominately characterised by SMEs (99.9%).
Nevertheless only a small amount of enterprises and thereof very little SMEs have implemented an
environmental management system (EMS), such as the EU Eco-Management Audit Scheme
(EMAS). Several studies identified certain barriers for SMEs regarding the implementation of EMS.
A sector-specific guideline on the subject of EMS for the construction sector is needed, which
helps to overcome these barriers. The structure and characteristics of such a guideline is provided,
which considers the different stakeholders, phases and activities of the sector.
Keywords: construction, environmental management system, Eco-Management Audit Scheme
(EMAS)

1. Introduction
The EU Eco-Management Audit Scheme (EMAS) is a voluntary environmental management
system (EMS) for companies and organisations. Initially developed in 1993 it aims at evaluating,
reporting and enhancing the environmental performance of enterprises [1]. The scheme was first
limited to the industrial sector but was then opened to all economic sectors in a first revision in
2001 (so-called EMAS II) [2]. A second revision in 2010 (EMAS III) aims at increasing EMAS
certification of small and medium-sized enterprises (SMEs) [3] which are numerous in the EU and
have a high impact on the environment [3]. The development of sector-specific documents with
best environmental practices and guidelines as well as a reduction of burdens and costs for SMEs
[2] are foreseen measures in EMAS III to foster the certification of SMEs.
The construction sector, which on the one hand plays an important role for the EU economy and
which on the other hand has a great impact on the environment, is predominately characterised by
SMEs [4],[5],[6]. Whereas there is a rich literature about environmental management systems and
linked drivers and barriers for SMEs in general, nearly no sector specific analyses had been
performed [3],[7],[8],[9]. For the construction sector such analyses focus on larger construction
companies, e.g. [10],[11],[12]. Literature on construction SMEs and their specific needs and
requirements of the construction sector in connection to environmental management systems is
scarce.
In the following the construction sector, its characteristics and its economic and environmental

relevance are described. Background information about EMAS and the actual repartition of EMAS
implementations in companies related to construction is provided. Opportunities and challenges for
the development of a construction sector-specific approach in connection to EMAS III are deduced.

2. The construction sector in the EU
2.1

Economic and environmental relevance

With an employment of 14.8 million people and about 7% of the total workforce in 2007 the
construction sector is the largest industrial employer in the EU and generated 10% of the GDP
[6],[13]. The 3.1 million enterprises of the construction sector are predominately small and medium
sized enterprises (SMEs) acting on a local and regional market. 99.9% of them have less than 250
employees [4] and 72.1% of the workforce was employed in micro and small enterprises with less
than 50 employees in 2006, which is a much higher share than in other non-financial business
sectors [13],[14],[15]. The construction sector includes all the activities over the life cycle of a
building/structure, ranging from the construction, over the usage stage to the end of life stage.
According to the revision 2 of the General Industrial Classification of Economic Activities in the
European Communities (NACE Rev. 2) construction activities (Section F) range from “construction
of buildings” (NACE 41), “civil engineering” (NACE 42) to “specialised construction activities”
(NACE 43) [16].
Besides this great economic importance, the construction sector and their products have a large
impact on the environment. For instance, buildings consume 42% of the total final energy and are
linked to about 35% of the greenhouse gas emissions [6]. Furthermore, the construction sector
consumes a great amount of raw materials and is connected to high share of the total waste
generation. For example, for building materials and products more than 50% of all extracted
materials is consumed and despite progress in recycling construction and demolition waste
account for about 22wt.-% of all wastes. Further significant impacts of the sector on the
environment include water consumption, odour and noise emissions as well as land use [5].
Construction activities generate major environmental impacts in all life cycle stages. As the
activities are diverse, the related impacts on the environment are as well. In the building planning
stage key aspects are fixed through the building design, such as the choice of materials, applied
construction methods, quality of the building envelope, planning for daylight use and easy
maintenance, which predetermine the environmental performance during the later life cycle stages.
2.2

Construction stages, activities and involved stakeholders

To establish a sector specific guideline for environmental management, the construction sector
needs to be analysed in detail. In Table 1 different life cycle stages of a structure, related construction activities and involved stakeholders in each stage are outlined.

Table 1 Construction stages, involved stakeholders and related major activities 1 (adapted from
[17],[18])
#

1

2

3

4

Phase description

Land use planning,
design

Construction
process

Usage,
maintenance

Deconstruction

Involved stakeholders

Major activity groups

Major direct environmental impacts
Through location selection, design and statics
major conditions for
limited environmental
impacts in the following
three phases are set

Project developers
Urban planners
Architects
Engineers/ structural
designers
Consultants of real
estate owners
Construction
companies
Craftsmen

Building/structure
location
Buliding/structure
design
Statics

Buliding/structure
construction
(envelop, interior,
electicity)

Consumption of raw
materials, energy, water
and ground water
Pollutions of the air, water,
ground water and waste
generation

Facility management
companies
Real estate owners
Users
Construction
companies
Craftsmen

Buliding/structure
operation (heating,
electricity, cleaning)
Maintenance
Refurbishment

Consumption of energy
and water
Pollutions of the air, water,
ground water and waste
generation

(De-)construction
companies
Recycling companies

Buliding/structur
deconstruction
Waste disposal and
recycling

Consumption of energy
and water
Pollutions of the air, water,
ground water and waste
generation

3. Environmental management systems (EMS)
3.1

Background and regulatory framework

EMAS and the international standard ISO 14001 for environmental management have some
elements in common. Both share the same objective and each EMAS certified enterprise fulfils the
conditions of ISO 14001 [1]. EMAS sets, however, further requirements, for instance the active
involvement of employees, continuous improvement of the environmental performance and the
publication of an environmental statement to make the environmental performance transparent
[2],[3]. Originally both systems, ISO 14001 and EMAS, were designed for large companies and did
not consider SMEs [9]. Present developments, such as EMAS III and a handbook with checklists,
as a guideline, which should make it easier for SMEs to implement ISO14001, show that the
importance of the environmental performance of SMEs is recognised [2],[19].
3.2

Barriers of implementing EMS for SMEs

Several studies were performed on practical experiences regarding the implementation of EMSs in
SMEs of different sectors. The three major internal aspects hindering the realisation of environmental practices identified in these studies are [9],[7]:

1
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General characteristics of SMEs, such as the heterogeneous nature, the size and limited
managerial capacity (e.g., for environmental training and to develop skills in this area).
Availability and lack of resources, such as workforce, time and capital, as the management
of environmental issues is not the core business and related return of investment is not certain and not transparent.
The personal interest and/or knowledge of company owner/manager in good environmental
performance practices.
These aspects or parts thereof are also closely linked to each other.
In terms of external influences, the legal framework and customer demand regarding environmental aspects were identified as the main drivers for improved environmental performance and
implementation of EMSs for SMEs. The interest of customers in environmental issues is sometimes low making it not a major driver for environmental activities in SMEs. On the one hand high
certification charges in combination with low quality in consulting and inconsistencies in the certification systems are reported as significant barriers. On the other hand the studies reveal that financial resources within the management process are less relevant, and that there is a lack in human
resources [3],[9].
3.3

EMAS repartition in the construction sector

Studies show that in general only a small share of SMEs have implemented formal EMS, such as
EMAS and ISO 14001 [7]. Related barriers were described under 3.2. In the following the repartition of EMAS in the construction sector in Europe is analysed.
In total there were 4542 EMAS registered organisations at the end of 2010 in the EU [2]. The share
of SMEs among the EMAS certified enterprises is with 80% [1] considerably lower than the share
of SMEs with 99.8% in EU-27 in 2007 [20]. 172 of all 4129 EMAS-registered organisations in 2008
belong to the construction sector, encompassing 257 sites and 18,765 employees. As shown in
Figure 1 below, around 85% of these registered organisations of the construction sector are SMEs
[17]. For mico-enterprises with less than 10 employees, which represent about 92% of all enterprises in construction sector in 2007 [15], the share is even lower showing that there are certain
barriers for implementing EMAS [21].

Figure 1 Size of EMAS registered organisations in the construction sector in the EU-27 (according
to [17])

4. An EMAS reference document for the construction sector
4.1

Framework and structure of the document

Article 46(1) of EMAS III regulation demands the development of sectoral reference documents for
EMAS, which shall include best environmental management practices, sector specific environmental performance indicators and where appropriate benchmarks [22]. According to article 46(3)
the European Commission provides a list of sectors for which sectoral and cross-sectoral reference documents shall be developed [22]. Besides construction, retail trade, tourism and public
administration have been identified for pilot documents. The general structure of these documents
follows the structure of the Best Available Techniques Reference Documents (BREFs), which have
been developed under the EU Integrated Pollution Prevention and Control Directive (2008/1/EC)
for a number of industrial sectors (cf. [23],[24]). Table 2 shows this preliminary general structure of
these reference documents, which is not totally fixed yet and might change to some extent in the
future.
Table 2 General structure of sectoral reference documents (according to [25])
Key structure elements

Defined content structure

Executive summary

Preface

Document status
Relevant legal background
Document objective
Sounce of information
Understanding and use of the document
Environmental indicators and benchmarks

Scope

General information

Available techniques reflecting Best Practice

Emerging techniques/approaches

Economic data
Environmental issues
Current policies and practices regarding
environmental and sustainable aspects
EMAS-repartition in the sector
Technique description
Achieved environmental benefits
Environmental indicators
Cross-media effects
Operational data
Applicability
Economics
Driving forces for the implementation
Reference organisations
Reference literature

Conclusion

The heterogeneous nature of the construction sector, described by the variety of different stakeholders with diverse interests, involved in multiple activities and construction life cycle stages is
very challenging for the development of such a reference document. In particular, it is difficult to
generalise the direct and indirect environmental impacts of the sector, to develop common strategies and to communicate them target specific [3].

First, the main structure of such a document needs to be determined by splitting the whole construction sector into sections. There are three main possibilities: according to the life cycle stages,
to the construction activity types or to the stakeholders involved in construction activities. In all
three cases there will be intersections between the sections regarding impacts on the environment.
As stakeholders of the construction sector usually perform a range of different construction activities and this range differs from organisation to organisation, a clear allocation to a certain stakeholder group might be difficult. The range of construction activities is very wide and therefore too
voluminous to provide a transparent and clear guideline structure. As shown in Table 1 there is a
number of life cycle stages and most stakeholders as well as construction activities can be assigned to one or several stages. Therefore, a general structure following the life cycle stages
seems adequate.
4.2

Characteristics of the reference document

The reference document has to address the environmental aspects and impacts related to certain
activities in each life cycle stage and needs to provide measures to individual stakeholders to
reduce these aspects. To overcome the barriers SMEs have with the implementation of EMS in
general, detected in 3.2, the sector specific guideline and provided measures should consider and
include the following major characteristics:
The description of options should be:
o clear
o in detail
o and easy to understand,
so that they can be performed with the knowledge of an semi-skilled worker without
required extra help and as little as much expenditure of time.
Additionally, the description should include detailed information about required time, human
resources and expenses.
If nevertheless help is required, the guideline should provide contact details for free support
connected to each measure.
For each measure, if available, the organisational benefits, such as return of investment as
well as customer benefits should be pointed out and a proposal how to communicate these
customer benefits.
Furthermore sector-specific standardised indicators of significant environmental aspects, such as
energy and material efficiency, emissions and waste and water consumption, make environmental
improvements quantifiable and transparent. The integration of these indicators in the reference
document allows SMEs measuring their own environmental performance and benchmarks within
the company over time, compared to other companies within the sector as well as positioning their
performances with respect to best practises [26].

5. Conclusion
Significant barriers exist for implementation of EMS for SMEs, which can be partly reduced with the
help of the here identified major characteristics of a guideline and included measures.
Further research is needed in the field of SMEs in the construction sector and the attitudes of their
owners/managers towards the implementation of formal EMS, their concerns and recognised
barriers as well as their expected benefits. A Europe wide survey on the basis of those performed
with SMEs, mentioned in the present paper, might provide the required information in this case.
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Summary
The Arab region has strong threats towards its communities from environmental stresses. The
threats result from population and demographic pressures, the overexploitation of land, scarcity of
water, desertification, pollution, and climatic changes. The Arab region is of the least responsible
for the production of the greenhouse gases. The region’s share of carbon dioxide emissions was
no more than 4.7 per cent in 2007. However, the region is the nearest to be a victim of climatic
change, which will have effects of water shortages; reduced agricultural production; large
population transfers to foreign countries; lower levels of economic activity and threats to national
security. Recently, there has been an increase in Arab concern about environmental issues.
Institutions, strategies, and NGOs have been set up. Although there has been a trend to coordinate
environmental policies with the UNEP, the Arabs view environmental issues as left over issues
compared to power issues. This results in limited resource allocations to environmental issues and
limited regulations to protect the environment. As building industry has the largest share of carbon
dioxide emission, the study focuses on building regulations and sustainability practice in the Arab
world. The paper aims to find out whether sustainability issues are addressed within the practice of
building and architectural professions in Arab states, whether there are any rules or regulations to
direct these professions towards sustainability, and if not, what regulations should be implanted in
the building processes to achieve sustainability in this industry. To achieve these objectives, the
plan of work includes reviewing policies and regulations related to the issuance of building permits
and carrying out a survey among architects; engineers; real estate developers and consulting
offices.
Keywords: sustainability, policies, Arab States, building, construction

1.

Introduction

There is an increasing attention in the Arab world of the acuteness of the environmental problems
that face the Arabs. The Arab region has strong threats towards its communities from
environmental stresses. The threats result from population and demographic pressures, the
overexploitation of land, scarcity of water, desertification, pollution, and climatic changes. The Arab
region is of the least responsible for the production of the greenhouse gases. The region’s share of
carbon dioxide emissions was no more than 4.7 per cent in 2007. However, the region is the
nearest to be a victim of climatic change, which will have effects of water shortages; reduced
agricultural production; large population transfers to foreign countries; lower levels of economic
activity and threats to national security [1]. The built environment has a profound impact on our
natural environment, economy, health, and productivity. Buildings affect people’s lives, the health of
the planet and transform land that provides valuable ecological resources. In the United States
alone, buildings account for 72% of electricity consumption, 39% of energy use, 38% of all carbon

dioxide emissions, 40% of raw materials use, 30% of waste output, and 14% of potable water
consumption [2].
There are concerns to improve construction practices to minimize their effects on the natural
environment. The environmental impact of construction, green buildings, designing for recycling
and eco-labeling of building materials, bioclimatic design, sustainable buildings, high performance
buildings, energy-sufficient buildings, eco-blocks, have captured the attention of building
professionals across the world who tried to minimize the adverse environmental impacts of building
industry [3]. Building performance towards sustainability is a major concern in the building industry
and environmental building performance assessment has emerged as one of the major issues in
sustainable construction [4].
In the Arab world, attention to the environmental issues began in the early 1980s as a result of the
acute environmental problems which began to hit the Arab world. By the early 1999s, a new trend
in the Arab world linked issues of the environment with security. Most Arab countries have
established institutions to deal with issues related to the environment, issued strategies for
environmental protection, developed NGOs, and issued environmental journals. Arab countries
have also signed over 64 governmental agreements on the protection of the environment such as
the three Rio conventions with sustainable development focus, the United Nations Convention to
Combat Desertification, the Convention on Biological Diversity, the UN Framework Convention on
Climate Change, and the Montreal Ozone convention. Implementation of some of these
conventions is humble for many countries due to lack of adequate resources. The Montreal Ozone
convention has achieved the most successful level of implementation in the Arab world [5]. Despite
that attention, there are no tangible policies that direct building and construction process and
professions to pay attention to sustainability issues related to real estate development. The
research importance is reflected in promoting sustainability issues in the building and construction
process in order to eliminate the problems of traditional building techniques

2. Key environmental problems in the Arab states
The way of life in the Arab countries is very far from sustainability performance. High consumption
rates, resource exhaustion, dispersed communities, gated residential development accompanied
by low densities and very luxurious schemes, social segregation, excessive use of private cars,
huge miles travelled by cars, absence of public transport systems in the daily life, huge energy
consumption in air-conditioning and transportation, excessive water usage and waste constitute
crucial problems that threaten the future of life. Unsustainable construction industry forms serious
problems with the excessive expansion and the huge increase in construction industry and real
estate development [6]. The Arab region has strong threats towards its communities from
environmental stresses. The threats result from population and demographic pressures, the
overexploitation of land, scarcity of water, desertification, pollution, global warming and climatic
changes. The Arab region is of the least responsible for the production of the greenhouse gases.
The region’s share of carbon dioxide emissions was no more than 4.7 per cent in 2007. However,
the region is the nearest to be a victim of climatic change, which will have effects of water
shortages; reduced agricultural production; large population transfers to foreign countries; lower
levels of economic activity and threats to national security [1].
Urban growth of cities and towns is creating overcrowded, unhealthy and insecure living conditions
in many Arab centers. In 1970, 38 per cent of the Arab population was urban. In 2005 is was 55 per
cent, and it is likely to exceed 60 per cent by 2020. The Arab region is least responsible for the
creation of greenhouse gases. According to the global Human Development Report (HDR) 2008
and world development indices for 2007, the region’s share of carbon dioxide emissions, which
contribute to the phenomenon of climatic change, was no more than 4.7 per cent—lower than any
other region except Sub-Saharan Africa. However, the region is becoming a direct victim of climatic
change, which will affect it in the following ways: a) water shortages; b) reduced agricultural
production; c) large population transfers to foreign countries; d) lower levels of economic activity; e)
threats to national security. According to the UNDP Global Human Development Report 2007/2008,
Egypt, Lebanon, Sudan, and the countries of North Africa could be the most affected by climate

change. An increase in the Earth’s temperature of three to four degrees would raise the sea level
by one meter, creating 6 million refugees in Egypt, with 4,500 square kilometers flooded of
agricultural land in the Delta. In the Kordofan region of Sudan, an increase in temperature of 1.5
degrees centigrade between 2030 and 2060 would reduce average rainfall by 5 per cent, leading
to a drop in agricultural production and a decrease in the production of maize by 70 per cent of
current levels. An increase of 1.2 degrees centigrade by 2020 would reduce available water in
Lebanon by 15 per cent and in some areas of Morocco by over 10 per cent [1].

3. Environment-related policies in the Arab states
Most Arab countries have established national institutions to major in issues related to the
environment, issued strategies for the protection of the environment, developed NGOs, and issued
environmental journals. Arab countries have also signed over 64 governmental agreements on
environment protection. Among the most important are the three Rio conventions with sustainable
development focus, the United Nations Convention to Combat Desertification, the Convention on
Biological Diversity, the UN Framework Convention on Climate Change, and the Montreal Ozone
convention. Implementation of some of these conventions has been humble for many countries
due to lack of adequate resources. The Montreal Ozone convention has achieved the most
successful level of implementation in the Arab world [5].
The League of Arab States (LAS) has an intensive effort to co-ordinate Arab environmental
strategies. LAS has established a Department of Environment and Sustainable Development
responsible for coordinating Arab environmental projects. A Council for Arab Ministers Responsible
for the Environment (CAMRE) was also established in 1989. At the level of NGOs the Arab
Network for Environment and Development (RAED) was formed in 1990. It comprises NGOs in
Arab countries dealing with environmental issues [5].

France

Germany

Netherlands

Norway

Sweden

+
+

+
+
+
+

+

+

+

+

+

+

+

+
+

+
+

UK

Finland

Buildings
Energy efficiency
Water efficiency
Selective demolition
Reuse building wastes
Components
Water boiler/space heating
Insulation
Water saving fittings
Wash down toilets
Materials
Raw materials/additives
Mineral wool
Substances
Arsenic components
Asbestos
Benzene
Radon
Volatile organics

Denmark

Requirement pertinent to

Belgium

Table 1 Mandatory requirements in European countries [7]

+

+
+

+

+

+
+
+

+
+
+
+

+
+
+
+

+

+
+
+
+
+

+
+
+
+

+
+
+
+

+
+
+

+
+
+

+
+
+
+

+
+
+
+

However, environmental problems in the Arab world still cause a major threat. According to Prof.
Tolba, the top Arab specialist in the environment, environmental problems have begun to impact

upon the health of present generation, and threaten the future ones. This is a result of the common
model in the Arab world that environmental issues are left over ones, which results in limited
financial allocations to deal with them. It is a result of inefficient government bureaucracies,
inadequate legislation, and the tendency to view environmental issues as technical ones that do
not create immediate threats. The Arabs need to change their environmental prototype to integrate
environment into their national security strategy. This will result in more allocations for the
environmental issues. They should think of establishing a regional environmental agency, as is the
case in Europe, to deal with the common issues [5].
Despite that attention to the environmental issues in the Arab states, there are no tangible policies
that direct building and construction process and professions to pay attention to sustainability
issues related to real estate development. While European countries; USA; Canada and many
other developed countries have established many rules; measurement tools; rating systems; and
imposed some mandatory requirements in the building and construction practices to promote
sustainability issues, Table 1, the Arab states are still far beyond in this respect. Some voluntarily
systems are created in the Gulf countries such as Pearl rating system and BREEAM Gulf, but they
are implemented as a prestigious feature of the project not as a mandatory tool to protect the
environment and promote sustainability [6].

4. The survey
4.1 Method
The questionnaire was distributed earlier this year to a number of architects, engineers,
contractors, and developers whom I knew to have some level of involvement or interest in
sustainable building. I sent out a mass e-mail request for questionnaire responses (with a website
address link and an e-mail version of the questionnaire) to approximately one hundred e-mail
addresses: some were individuals’ work addresses and some were general firm addresses. My email message was then circulated by some of these recipients to people within and outside of their
workplaces. I collected responses over the course of a four-week period. Twenty-five individuals
completed and returned the questionnaire.
4.2 Purpose of the study
The questionnaire was primarily intended to gather basic information about what some building
professionals view as the barriers to sustainable building practice, and what types of policies and
programs would be most effective in encouraging building professionals to adopt more sustainable
practices. It was also a question for determining the extent of sustainable practice in the building
professions. The data provide an investigative look at the views of a group of building professionals
who have a strong personal interest in the field of sustainable design and construction.

5. Results and discussions
Respondents are mainly from Saudi Arabia and Egypt. Most of them have more than 15 years of
work experience. Making up 68% of respondents, architects are the most represented group of
building professional targeted for this survey. Other participants include engineers 20%,
consultants 4%, interior designers 4% and contractors 4%. Respondents have been involved in
various types of building projects (commercial, residential, and institutional). Most do at least two
of these three types of work. The projects included public projects more than private ones, and the
new projects were more than the renovation ones. This background information indicates that
respondents have diverse types of project experience; their overall work experience is fairly typical
of the general population of building professionals. Respondents attended a variety of schools in
different countries. 48% of the respondents hold the doctorate degree. 75% of the PhD holders
graduated in foreign countries such as UK, USA, Canada, Germany, Belgium, and 25% graduated
in Egypt. Most of the respondents had their undergraduate studies in Saudi Arabia, some from
Egypt, and a few from Bangladesh. 68% of the respondents are very familiar with the concepts and

methods of sustainable buildings, 24% are somewhat familiar, while 8% are barely familiar with
them. In spite of being studying in many developed countries, 68% of the respondents consider
personal research as a source of sustainable building information It indicates educational programs
do not provide them with enough knowledge and that they have enough personal interest in this
area to take some time to educate themselves about it. 56% of respondents indicated
media/articles, 44% continuing education/workshops, and 32% courses as sources of information.
There were variations among the extent of the application of sustainability elements in the firms
where the respondents work. 40% of the respondents work for firms or companies that incorporate
sustainable building elements in most projects. They are most probably working in some foreign
companies. Another 40% of the respondents' firms incorporate these elements in a few projects,
while 16% their companies never incorporated sustainability elements in their projects. The
remaining 4% responded that their firms incorporate sustainability elements in every project. These
figures give an indication that sustainability issues are addressed in only some projects in current
construction development. The respondents indicated incorporating sustainable elements in the
projects are very limited. As 37.5% of the respondents think that only 20% of the people in their
profession incorporate sustainable elements in their projects, while only 8.3% of them consider
40% of the people in their profession incorporates them.
Responding to the main barriers to practice sustainability in the building profession, the major
barriers ranked descending are lack of training/education (88%), lack of expressed interest from
clients (75%), lack of technical understanding on the part of subcontractors (71%), absence of
building laws and regulations (64%), and lack of technical understanding on the part of the project
team (52%). While the minor barriers recorded were lack of interest from others on the project
teams (48%), lack of green materials suppliers (44%), sustainable building options are too
expensive (40%), and not sure where to get information on sustainable building methods (40%).
So all proposed barriers by the questionnaire were assigned a major or minor barrier and none of
them was not considered not a barrier.
The respondents indicated that the most recommended policies to become more involved
incorporating sustainable building into projects are as follows: educational programs (continuing
education, demonstration projects, case studies, academic courses) (76%), economic incentives
(utility rebates, lower interest rates, building height exemption) (72%), voluntarily sustainable
guidelines and construction standards (60%), and stricter building codes or building permitting
requirements (58%). While 60% of the respondents recommended using an international
environmental impact assessment and rating system such as LEED, the other 40% recommended
a local assessment system.

6. Final comment
Sustainability elements in building and construction industry in the Arab states are still far from
application. Education, training and development programs should be strictly directed towards
spreading, enhancing and strengthening the understanding and implementation of sustainability
principles in all sectors. New building regulations should be set to urge and encourage owners and
developers to adopt elements of sustainable buildings in their investments.

7. Conclusions
Environmental problems in the Arab world still cause a major threat. There is an increasing
attention to the environmental policies to protect the environment. Despite that attention in the Arab
states, there is no tangible policies that direct building and construction process and professions to
pay attention to sustainability issues. Results of the study reflect the reality of the process of
building and construction in Arab countries in general, and especially Egypt and Saudi Arabia.
Where there are professions and skills that can apply and adopt elements of the principles of
sustainability. Despite this, the practical reality is still far from adopting these elements in the field
of building and construction. Moreover, the study showed that the most important obstacles that
prevent achievement of the elements of sustainability in construction are lack of training and

education, the clients have lack in those elements, lack of professional contractors, lack of laws
that govern and guide sustainable buildings, and lack of professional design teams. Education
programs in the Arab countries are still far from establishing the bases of community sustainability,
and what confirms that the main source of information of sustainability for the respondents was
through their personal research. The respondents' recommendations to guide the profession of
building and construction to the bases of sustainability included care for the development and
education programs, provide economic incentives to those who embrace the implementation of
those bases, and provide reference guide and strict laws governing building practice, with the
adoption of an international environmental assessment system developed to fit with local realities
of the Arab countries.
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Summary
This paper outlines the City of Yarra’s strategy to promote Environmentally Sustainable
Development (ESD) principles in the absence of a meaningful statutory framework. With its high
environmental targets and limited State or Federal Government support, the City of Yarra decided
to explore alternative opportunities to guide environmental sustainability within the context of the
rapid growth of its municipality. This paper shares our strategic approach and lessons learned, with
organisations who are seeking more than minimum environmental compliance.
Keywords: Australia, Building, Council, Development, Government, Planning, Policy, Regulation,
Training, Yarra

1. Introduction
The City of Yarra is a Melbourne metropolitan council, which is home to approximately 80,000
residents and has one of the highest population densities in Australia. It is located immediately
north to Melbourne’s city centre and belongs to the earliest settlements in the country. The
municipality is shaped by its resident’s broad cultural backgrounds, a strong business community,
diverse architectural inheritance and old industrial areas that are slowly being transformed into
inner-city dwellings.
Australia’s strong population growth is not only reflected in the growth of its urban boundaries, but
also in infill development in established areas. While increased density is generally a very
successful approach when aiming for increased sustainability, industry and governments continue
to debate the appropriateness of Environmentally Sustainable Development (ESD) standards.
In most parts of Australia, the building development process includes two statutory milestones.
Initially, a planning permit is usually issued by a local council, which determines compliance with
the relevant planning scheme. A building permit is then issued by a building surveyor (public or
private) prior to construction commencing and upon compliance with the Building Code of Australia
(BCA). While historically the BCA has only addressed energy efficiency, planning schemes
encourage a more holistic sustainability approach, albeit without the definition of benchmarks or
specific requirements.
Unsatisfied with the existing planning framework for sustainable urban growth, the City of Yarra
decided to adopt its own environmental targets, including being carbon neutral by 2020 and to
drive the voluntary uptake of ESD principles at the planning application stage.

2. Planning and Building in Australia
2.1

Introduction

This section outlines the different objectives and requirements of the planning and building permit
stages. It discusses the sustainability considerations included and outlines the current debate
about possible changes.
A planning permit is commonly obtained during a project’s early design phase from the responsible
local council. Council’s consideration of applications is largely based on the impact on direct
neighbours and the broader community or neighbourhood. A building permit is obtained before
construction commencement and is issued by a building surveyor. The surveyor’s permit
assessment ensures that the building conforms to the Building Code of Australia (BCA), which
describes nationally consistent minimum building standards for relevant health, safety, amenity,
and in recent versions, sustainability objectives.
2.2

ESD in Planning Schemes and the Building Code of Australia

The City of Yarra is located in the state of Victoria. Here, planning schemes largely consist of a
State Planning Policy Framework (SPPF) and a Local Planning Policy Framework (LPPF). State
policies provide responsible authorities with high-level guidance on matters such as economic
development, cultural values and protection of natural resources. The LPPF contains Yarra’s
Municipal Strategic Statement (MSS) and local planning polices, which represent Council’s tools to
implement their strategic vision for the city. Any changes to the LPPF require consent from
Victoria’s Planning Minister.
The City of Yarra’s planning scheme represents holistic sustainability guidance in the key areas of
energy, water, waste and traffic. Each policy describes broad objectives and recommended
strategies to comply. An example includes the objective that ‘New development should be sited
and orientated to maximise solar energy use’ [1]. As a development only ‘should’ and not ‘must’ be
orientated to maximise solar energy use, and as no further definition for ‘maximise’ is provided, this
policy is subject to interpretation. When faced with vague terminology, such as ‘should’,
‘encouraged’, ‘minimised’ or ‘improved’, local authorities, planning permit applicants and the
community commonly place their own definitions on these terms. Not only does this create
conflicts between the different parties but also demonstrates the Government’s limited attempt to
improve development’s environmental sustainability.
In contrast to a planning scheme, the Building Code of Australia (BCA) focuses on the integrity of a
building with limited consideration to its adjacent environment. Since volume 2006, environmental
sustainability has been addressed through a building’s operational energy efficiency (5 Star
Standard for Housing [2]). Issues such as water, materials, waste or traffic remain unconsidered.
Although relatively low in comparison to other OCED countries, the BCA sets clear benchmarks for
the thermal performance of building envelopes and the efficiency of major building services.
2.3

When and Where should ESD be Addressed?

The current debate around ESD considerations at the planning stage includes advocates for and
against changing the existing framework. Arguments from both sides address issues such as:
Timing – when should ESD in the building design process be addressed?
Holistic ESD approach – can Australia afford to only regulate energy efficiency?
Design costs – is it too onerous to address ESD in both statutory milestones?
Construction costs – will increased ESD standards hinder or drive Australia’s population
growth and economic prosperity?
• Construction standards – how will ESD standards impact on Australian’s living standards?
•
•
•
•

The City if Yarra strongly believes that in spite of industry concerns, ESD should be considered
during a building’s early design phase.

3. Promoting ESD Beyond Minimum Compliance
3.1

Introduction

The City of Yarra has adopted strong environmental targets. By 2012, it is expected that the
municipality will have reduced its energy and water consumption by 25% (based on 2000/01 data).
Council has also set an ambitious target to achieve carbon neutral status for Council operations by
2012 and zero net emissions for the broader Yarra community by 2020. While it is acknowledged
that a large percentage of emissions come from the existing building stock, it is also anticipated
that due to strong urban growth, new buildings will make a considerable contribution.
In order to achieve these environmental targets, the City of Yarra cannot solely rely on State and
Federal planning regulations to drive the required efficiency improvements. Therefore, Council
decided to develop and implement its own strategy to promote environmental sustainability in the
absence of a meaningful statutory framework.
3.2

The Strategy

In late 2009, Yarra City Council employed its first Environmentally Sustainable Development (ESD)
Advisor. The key objective of the role was to integrate ESD principles into Council planning
processes to maximise environmental outcomes for all new developments. Due to the described
lack of clear planning provisions in regard to ESD, enforcing compliance with existing regulations
was clearly not enough when aiming for ‘carbon neutrality’.
Without a meaningful statutory framework for ESD, we had to rely on voluntary action, albeit with
the common prejudice that ESD comes with a luxury price tag. But how do we sell a concept
where benefits are commonly so far removed from initial investments? How do we sell a voluntary
program that will add to an already convoluted planning application process? And can we sell the
program if our staff are not convinced of its value? By answering these questions, we developed a
strategy that focuses on the following three steps:
1. Awareness
In order to achieve quick and major improvements, we acknowledged that Council’s ESD
Advisor alone would be unlikely to be able influence the 1,500 planning applications
processed annually. We decided that the entire statutory planning team (approx. 25 staff)
would need to become strong ESD advocates. To increase the leverage of our efforts even
more, we also defined the need to build improved networks with other councils, government
bodies and industry groups.
2. Assessment
We acknowledged that just by creating awareness about ESD, we would not achieve any
major change. Therefore, we decided to introduce an ESD assessment program into the
planning application assessment process by adopting the Sustainable Design Assessment in
the Planning Process (SDAPP) framework [3], which had previously been developed by the
Municipal Association Victoria (MAV).
3. Advocacy
Having tailored and launched the SDAPP program on 1 March 2011, the program remains
largely voluntary, as it has not been formally incorporated into the Yarra Planning Scheme.
With the aim of turning voluntary action into a statutory requirement, we developed a draft
ESD Local Planning Policy. Should the policy gain approval from Victoria’s Planning Minister,
our advocacy and encouraging efforts would finally be transformed into a mandatory
statutory framework.
The following sections (sections 4-6) of this paper will outline the three strategic steps in more
detail. The final section (section 7) will discuss the lessons learned and our future steps in
promoting environmental sustainability.

4. Creating Awareness
4.1

Introduction

When aiming to sell a product or service, common marketing theories outline the need to create
awareness about a consumer’s own need and about available products or services that will fulfil
that need. In our case, we not only had to create awareness amongst our consumers - planning
permit applicants - but also amongst our sales team – statutory planning staff.
4.2

ESD Staff Training

Statutory planning staff have had a great interest in shaping the urban environment through the
provision of planning guidance and decisions but have had limited knowledge about the
environmental consequences. To enable staff not only to understand and assess Environmentally
Sustainable Development (ESD) principles but also to advocate for their application, we decided to
invest in the development and provision of ESD training for staff.
The ESD training for staff started in early 2010 and has since been held on a fortnightly basis. The
one-hour sessions are mandatory for all staff and aim to build an understanding of common ESD
principles. Sessions are either conducted by Council’s ESD Advisor, internal Council experts or
external guest speakers. The sessions were grouped into three blocks and to date have included
the following topics:
1. ESD Opportunities
• Introduction ESD Advisor
• Understanding Melbourne’s Climate
• Influencing Indoor Environment Quality
2. ESD Principles
• Mains Water and Storm Water
• Influencing Heat & Cooling Loads
• Façade Technologies
• Natural and Artificial Light
• Natural and Artificial Ventilation
• Heating & Cooling Strategies
• Urban Design
• Energy Sources and Production
• Workshops
3. ESD Applications
• ESD Assessment of a Planning Application
• Introducing the Sustainable Design Assessment
in the Planning Process (SDAPP) Program
• Introducing ESD Planning Assessment Tools
• Practicing ESD Planning Assessment Tools
• ESD Customer Service Training

Fig. 1 Statutory Planning - Role Play,
ESD Customer Service Training

The regular ESD training has enabled our team to gradually build knowledge about sustainable
design principles, including understanding of common design trade-offs and synergies. The team
has developed confidence in communicating the benefits of ESD and are guiding applicants in
achieving better sustainable building design outcomes.

4.3

ESD Knowledge for Applicants

In parallel to training our staff, we also identified the need to educate our planning permit
applicants and the wider community on ESD principles. Due to a lack of examples and clear
expectations, requests for ESD information were commonly unfulfilled. As a result, we started
developing a suite of easy accessible ESD fact sheets for our community. These fact sheets focus
on ESD matters relevant to the early building design process and explain Council’s ESD ‘best
practice’ expectations. The fact sheets cover the following topics:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Indoor Environment Quality
Energy Efficiency
Water Resources
Stormwater Management
Building Materials
Transport
Waste Management
Urban Ecology
Innovation
Ongoing Building and Site Management
Melbourne Climate
External Shading
Green Roofs
ESD Rating Tools
Finding Green Services and Products

All fact sheets comprise of either two or four pages, have a common layout and follow the same
structure. The content structure reflects the ADKAR model, which is commonly used for change
management strategies:
Awareness:
Desire:
Knowledge:
Ability:
Reinforcement:

of the need for change through positive or negative facts e.g. about
Australia’s scarce water resources.
to support and participate in the suggested change e.g. highlighting the
financial benefits of saving energy.
about how to change: the body of the fact sheet.
to implement the knowledge: providing internet links to other information
sources.
to sustain the change: outlining minimum legal requirements and ‘best
practice’ council standards.

Once completed, applicants and residents can either collect these fact sheets as hardcopies or
download them from Council’s website. To reinforce Council’s priority to achieve its environmental
targets, we are also aiming to post these fact sheets to architects, planning and ESD consultants,
working in the City of Yarra.

5. ESD Assessment Program
5.1

Introduction

Several Melbourne Councils started or have already expressed the need to accelerate the uptake
of Environmentally Sustainable Design (ESD) principles in their planning application process. The
Council Alliance for a Sustainable Built Environment (CASBE) was founded in 2009 and initiated
the development of a common framework for ESD assessments in the planning process. The
Sustainable Design Assessment in the Planning Process (SDAPP) framework [3] had just been
completed when the City of Yarra decided to adopt and tailor the program to its municipality’s
needs. Although we did not agree with all parts of the framework, we decided that priority should
be given to a common approach across all councils and that our resources should target the
continual development of the program and its tools.

5.2

Program Development

Having decided that Council would adopt the SDAPP framework, we needed to answer two key
questions: (1) What should trigger the ESD assessment of a planning permit application? and (2)
What ESD information should be provided? In order to answer these questions, we conducted the
following research:
• Feedback from staff and applicants who previously conducted informal ESD assessments as
part of their applications
• Comparison of other council’s ESD assessment programs, triggers and resources
• Identification of the typical spread of planning applications received at the City of Yarra.
Through this research we not only confirmed what our program would be aiming for, but also
recognised our resource limitations. We decided to initially launch the program with lower
requirements for fewer applications, as this would ensure sufficient resources to support, promote
and monitor the new program.
5.3

Program Details

The City of Yarra’s SDAPP program
differentiates
between
three
planning
application categories and two submission
requirements. The three categories cover the
following applications:
• Large - Residential developments of 10 or
more dwellings and non-residential
developments (including alterations and
additions) of a building with a gross floor
area of more than 1,000m2
• Medium - Residential developments of 2-9
dwellings
and
non-residential
developments (including alterations and
additions) of a building with a gross floor
area between 100m2 and 1,000m2
• Small – All planning applications other
than described in the categories Medium
and Large.
Large applications are requested to submit a
Sustainable Management Plan (SMP), medium
applications are requested to submit a
Sustainable Design Assessment (SDA) and
small applications are not currently requested to
provide any ESD information.
Both, the SDA and SMP address 10 Key
Sustainable
Building
Categories.
These
categories are consistent with the first 10 fact
sheets, outlined in section 4.3. ESD Knowledge
for Applicants.
The major difference between an SDA and SMP
is that an SDA can be prepared by applicants
themselves through the use of free web based
tools while an SMP consists of a detailed report,
commonly prepared by an ESD consultant.
Fig. 2 Yarra City Council’s SDAPP Categories
and ESD Assessment Process

5.4

External Marketing

During the development of the SDAPP program we
realised that informing applicants about the program’s
existence would not be enough to ensure its success.
We acknowledged that, just as with any other voluntary
action, we would have to highlight the key benefits and
emphasise the ease of participation in the program. We
defined different target groups, the information required
and the likely sources these groups would access to
obtain information. A summary of our communications
strategy for the SDAPP program launch includes:
• Branding – development of a recognisable identity
• Media – advertisements and press releases to
industry magazines and local papers
• Publications – City of Yarra’s own community
news (print and email)
• Fact Sheets on 10 Key Sustainable Building
Fig. 3 SDAPP Branding Example
Categories and other ESD issues
• SDAPP web pages
• Example SDA and SMP submissions on the web pages
• Information email to regular applicants
• Email signature for all staff, introducing the new program
• Industry presentations
The positive feedback from industry and other councils has confirmed that extensive marketing has
been a major component of the program launch’s success. The concern that applicants would not
participate as they did not know or did not understand the SDAPP program has been unfounded.
5.5

Internal Support

By the time the SDAPP program had been launched, statutory planning staff had been trained in
the application and assessment of common ESD principles. However, in addition to the information
already provided we defined the following training and support needs:
• ESD Customer Service Training – a training session to help staff communicate the benefits
and requirements of the new SDAPP program.
• ESD Tool Training – training sessions that introduced staff to free web based ESD tools,
which applicants are likely to use for the preparation of their SDAPP submissions.
• Development of a ‘cheat sheet’ that facilitates the incorporation of ESD considerations into
the existing planning application process.
• Setting up of a simple to use monitoring and reporting mechanism.

6. Continual Advocacy
6.1

Introduction

The development of an Environmentally Sustainable Design (ESD) assessment program and the
City of Yarra’s advocacy for ESD principles has started to deliver a positive reaction. Applicants
who were already passionate about ESD were finally able to follow a formal structure. Additional
early program participants have been applicants who have discovered their own benefits.
A greater challenge remains in relation to those applicants who strongly believe that ESD should
only be considered by the Building Code of Australia (BCA) and regard the submission of ESD
information during the planning process as an onerous council request. This section outlines the
City of Yarra’s approach to establishing a formal statutory framework for ESD considerations.

6.2

ESD Local Planning Policy

To achieve participation from all planning applicants, Yarra City Council requires a strong legal
framework that mandates the submission of ESD information. Mandating the submission of ESD
information would not only maximise the environmental performance of the municipality’s built
environment, but would also free-up internal resources. While our current efforts focus on
advocacy of a voluntary process, with a mandatory framework our resources could be used to
support applicants in achieving even greater sustainability outcomes.
Following the example of three other Melbourne Councils, Yarra developed a draft ESD Local
Policy, which largely reflects the already introduced SDAPP program. As outlined in Section 2.2
Planning and Building in Australia, local councils rely on State Government consent to amend their
planning schemes. Council has now requested the Minister for Planning to approve an amendment
to the Yarra Planning Scheme to introduce the policy. But as the topic (ESD in planning schemes)
remains controversial, a decision is unlikely to be made in the near future.

7. Discussion – Lessons Learned
7.1

Introduction

The City of Yarra’s approach to promote Environmentally Sustainable Developments (ESD) in the
absence of a meaningful statutory framework has led not only to great initial success but also
enables us today to share and reflect on lessons learned. The following discussion focuses on
three key learning outcomes:
• Working with planning applicants,
• Statutory planning staff engagement,
• ESD communications strategy.
7.2

Working with Planning Applicants

During the early development phase of the Sustainable
Design Assessment in the Planning Process (SDAPP)
program, we reviewed various other ESD programs
and standards to set our own program expectations.
We decided that setting initial ESD benchmarks and
requirements relatively low would work in favour when
aiming for a high level of voluntary participation. Once
applicants discovered the ease of participation and
had realised the benefits, we would start lifting the bar.
We believe that had we set initial benchmarks and
requirements higher, we would have continued working
with a smaller group of ESD leaders, without ever
reaching the critical mass.
The SDAPP program implementation was largely
founded on the feedback from repeat planning
applicants, including consultants and developers, who
were previously involved in informal ESD assessments.
Both the feedback and the initial program uptake have
shown that the majority of applicants are not against
the inclusion of ESD considerations in the planning
application process. We confirmed that highlighting the
benefits to the applicant and communicating the
program’s transparency, consistency and simplicity is a
key component of our strategy’s success.

Fig. 4. Staff Member Advocates
SDAPP Program at Statutory
Planning Counter

7.3

Statutory Planning Staff Engagement

While it is a Council decision to drive environmental sustainability throughout its municipality, it is
the responsibility of staff to develop and implement the strategic approach. We learned that the
absence of a meaningful statutory framework does not only apply to planning permit applicants but
also to our statutory planning staff. Advocating for ESD is not part of a standard job description and
therefore could have easily been interpreted as an inconvenient addition to an already high
workload. As statutory planning staff represent the major contact for any planning permit applicant,
it turned out to be vital to obtain their cooperation. In the end it is the following key points that will
enable the City of Yarra to make an impact on the sustainability of its built environment:
•
•
•
•
7.4

ongoing ESD training;
continual consultation on key decisions;
provision of accessible documents and guidance; and
the message that ESD improvements would be the result of a great team’s efforts.
ESD Communications Strategy

The fact that we are working in a largely voluntary realm created the idea that selling
environmental sustainability requires the same communications strategy as any other luxury
consumer good. Vitamin supplements for example would not sell if consumers were not convinced
that these would improve health and were worth every dollar spent. The inclusion of ESD
principles needed to be an easy choice with the clear message: ‘this is good for me and my quality
of life’. The creation of an interesting brand logo in the form of a grass house helped to catch
people’s initial attention. The following information, be it through our website, fact sheets or
industry presentations, creates further interest to participate in the City of Yarra’s new SDAPP
program.
7.5

Monitoring and Evaluation

With the SDAPP program being launched only four weeks ago, we are starting to record
applicant’s participation. We have developed a simple reporting mechanism that is now integrated
into the existing reporting scheme. We obtain data on application’s program eligibility, program
participation and timing of participation. This data will allow us to understand at what point of our
program we are achieving the greatest uptake and in what areas our program will have to improve.
7.6

Concluding Recommendation

We have learned that despite the lack of a meaningful statutory framework, it is possible to drive
environmental sustainability beyond minimum compliance. As so often in Australia, change related
to environmental sustainability continues to be driven by grassroots movements, rather than by
State or Federal Government regulations. As long as members of the broader community and the
driving team take ownerships of the suggest changes, forward thinking will reap the desired
benefits.
7.7
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Summary
The  stakeholders  in  the  delivery  and  management  of  a  building  will  be  affected  in  different  ways  by  
what   government   authorities   and   policy   makers   adopt   or   implement   to   reduce   greenhouse   gas  
(GHG,   or   ‘carbon’)   emissions.   The   implications   of   generally   broad   policy   decisions   –   such   as  
indirect   carbon   pricing   (e.g.   via   regulations   including   energy   building   codes,   technology   adoption  
incentives,   etc)   and/or   formal   carbon   pricing   schemes   (e.g.   carbon   tax   or   an   emissions   trading  
scheme  [ETS])  –  on  building  and  construction  industry  stakeholders  are  not  well  understood.  This  
paper   explores   the   potential   implications   of   these   general   policy   approaches   on   stakeholders  
based  on  quantitative  analysis  of  a  commercial  building  project  in  Melbourne,  Australia,  which  has  
been   designed   and   constructed   to   achieve   a   very   ambitious   carbon   emission   reduction   target  
compared  to  common  practice.  The  incremental  costs  (who  pays),  the  carbon  emission  reductions  
and  value  (who  benefits)  are  compared.  The  results  showed  us:  (1)  It  is  possible  to  achieve  carbon  
neutral   or   even   carbon   positive   during   the   life   cycle   of   commercial   buildings   in   Australia   when  
proper  techniques  are  applied.  (2)  Some  of  the  low  carbon  techniques  in  the  building  industry  can  
achieve   carbon   emission   with   negative   incremental   cost.   (3)   If   there   are   no   carbon   reduction  
policies,  most  of  the  incremental  costs  are  beard  on  the  investors,  while  the  users  gain  most  of  the  
benefits  of  the  application  of  low  carbon  techniques.  Carbon  reduction  policies  are  needed  in  the  
building   industry.   (4)   Just   using   regulations   and   econmic   incentives   are   not   enough   for   carbon  
emission   reduction   in   the   building   industry.   Carbon   pricing   policies   are   needed   to   kick-start   the  
green   and   low   carbon   building   industry.   (5)   The   changes   in   the   balance   of   benefits   and   costs  
among  stakeholders  can  either  hasten  or  impede  the  transformation  of  the  building  industry  into  a  
greener   and   lower   carbon   future.   Further   quantitative   researches   on   the   design   of   the   carbon  
pricing  policies  are  important  research  gaps.
Keywords:   carbon  mitigation  policy,  the  building  industry,  cost  analysis,  stakeholder

1. Introduction
Nowadays,  more  countries  are  trying  to  apply  different  policy  approaches  -  indirect  carbon  pricing  
instruments  (e.g.  regulations  including  energy  building  codes,  technology  adoption  incentives,  etc.)  
and/or   formal   carbon   pricing   schemes   (e.g.   carbon   tax   or   emission   trading   scheme   (ETS))   -   to  
guide   the   industry   and   market   towards   carbon   emission   reduction.   The   advantages   and  
disadvantages   of   different   kinds   of   policies   have   been   analysed   [1,2].   However,   many   studies  
ignored   details   about   the   impact   of   the   policy   instruments   on   the   market   structure   and   the  

stakeholders   in   the   building   industry.   Quantitative   researches   about   the   impact   of   the   policies   on  
the  life  cycle  of  the  low  carbon  buildings  are  very  rare.
This  research  analyses  the  potential  implications  of  the  general  policy  approaches  on  stakeholders  
based   on   quantitative   analysis   of   the   Pixel   Building,   a  commercial   building   project   in   Melbourne,  
Australia,  which  has  been  designed  and  constructed  to  achieve  a  very  ambitious  carbon  emission  
reduction  target  compared  to  common  practice.  The  carbon  emissions  and  costs  information  of  the  
Pixel  Building  during  its  whole  life  are  analysed.  The  carbon  emission  responsibilities  and  interests  
of   the   stakeholders   of   the   Pixel   Building   are   quantitatively   sorted.   Then   the   impact   and  
effectiveness  of  different  carbon  emission  reduction  policies  are  analysed  based  on  the  results.

2. The  general  information  of  the  Pixel  Building
The   Pixel   Building   is   located   at   Grocon’s   Carlton   Brewery   site   at   the   northern   end   of   Swanston  
Street,  Melbourne,  Australia.  It  is  designed  carbon  natural  and  water  balanced  to  archive  the  goal  
of   Australia’s   first   carbon   neutral   commercial   office   building.   The   Pixel   Building   has   1136.4   m2  
gross   floor   area,   999.2   m2   net   floor   area,   837.4   m2   net   leasable   area   with   three   floors   and   a  
basement.   The   Pixel   Building   applied   a   lot   of   green   technologies   such   as   the   green   architecture  
design,   rooftop   garden,   water   neutral   system,   vacuum   toilets,   fresh   air   system   and   so   on   to  
achieve   low   energy   operation.   In   this   research,   we   only   take   the   techniques   below   into  
consideration  because  they  can  reduce  carbon  emission  directly.  Meanwhile,  the  carbon  emission  
reduction  by  the  techniques  and  the  cost  information  are  easy  to  obtain.  The  techniques  are:
Groconcrete:   A   new   structural   concrete   was   designed   and   developed   by   Grocon   which   has   the  
ability   to   decrease   the   embodied   carbon   within   the   concrete  mix.   The   average   embodied   carbon  
factor  of  Groconcrete  is  0.086  ton  CO2-eq  per  ton  Groconcrete,  compared  to  0.115  ton  CO2-eq  per  
ton  concrete  which  is  the  average  common  concrete  embodied  carbon  factor  of  Australia.
Tracking  and  fixed  Photovoltaic  panels:  A  tracking  device  was  installed  to  orient  the  panels  towards  
the  sun  at  all  times  of  the  year,  thus  to  maximise  the  performance  from  the  panels.  Some  fixed  PV  
panels  are  also  installed.
Wind   turbines:   The   turbines   are   protected   by   worldwide   patents   and   outperform   all   other   1kW  
turbines  in  production  worldwide.
Anaerobic  digester:  The  methane  produced  by  the  system  from  the  toilet  and  kitchen  waste  is  used  
as  the  energy  source  for  the  hot  water  heaters  on  the  roof  of  the  Pixel  building.

3. The  carbon  emissions  of  the  Pixel  Building  during  its  whole  life
3.1

The  boundaries  and  assumptions

The  carbon  emissions  of  the  Pixel  Building  during  its  whole  life  are  not  all  real  data.  The  embodied  
carbon  emission  of  the  building  materials  and  the  carbon  emissions  during  construction  stage  are  
calculated   based   on   real   data   from   Grocon.   However,   the   carbon   emissions   during   its   operation  
stage   are   all   simulated   or   assumed   due   to   the   lack   of   real   data.   The   dynamic   thermal   modelling  
software   used   for   simulation   is   a   full   dynamic   energy   simulation   software   package   called   Indoor  
Climate  and  Energy  (ICE).  It  is  distributed  by  Equa  (a  Swedish  company)  and  has  been  BESTEST  
verified.  The  real  operation  data  may  be  obtained  after  a  few  years.  
The  Australian  carbon  emission  factors  data  used  for  calculation  are  obtained  from  the  Life  Cycle  
Inventory   (LCI)   database   in   LCADesign   [3,4,5],   Lawson’s   embodied   energy/carbon   data   and   other  
publications   [6-10].   The   carbon   emission   factors   of   the   concrete   used   in   the   Pixel   Building   are  
obtained  from  the  data  that  Grocon  provided.  The  carbon  emissions  of  the  Pixel  Building  during  its  
whole  life  cannot  and  don’t  have  to  take  everything  into  consideration  for  emission  analysis.  So  the  
boundaries  of   the   carbon   emissions  calculation  need   to   be   set   up.   In  this   research,  the  following  
assumptions  were  made:
(1)

The  life  span  of  Pixel  Building  and  its  main  structure  is  50  years.  The  carbon  emissions  in  

construction  are  supposed  to  happen  in  0  year  old  of  the  Pixel  Building.
(2)

In  the  maintenance  of  the  Pixel  Building,  the  component  materials  are  to  be  replaced  when  
their  life  expectancies  are  reached.

(3)

The   efficiencies   of   the   renewable   energy   system   such   as   solar   photovoltaic   (PV),   wind  
turbine  and  anaerobic  digester  are  considered  to  be  100%  during  their  life  time.

(4)

The   quantities   of   the   materials   from   the   renewable   energy   system   (e.g.   PV   solar   panel)  
have  been  calculated  and  added  into  the  construction  materials  data.

(5)

The   carbon   emissions   from   the   refurbishment   work   are   neglected   due   to   the   huge  
uncertainty.

(6)

The  detailed  energy  consumption  calculations  in  the  occupancy  or  operational  stage  have  
been  based  on  a  number  of  tools  and  methods,  with  the  primary  aim  of  meeting  the  base  
building   energy   consumption   data   requirements   for   Green   Star   rating.   The   carbon  
emissions   from   the   energy   consumptions   of   the   office   equipment   and   appliances   (e.g.,  
computers,  printers,  etc.)  have  not  been  included  due  to  lack  of  data.

(7)

The  carbon  emissions  calculations  include  the  carbon  emissions  from  all  the  sources  based  
on  LCA  method  for  the  products  and  materials,  but  only  include  the  carbon  emissions  from  
energy  consumption  for  construction  and  operation.

(8)

The  carbon  emissions  from  some  sources  such  as  Freon  in  air  conditioners  or  refrigerators  
are  neglected  due  to  the  huge  uncertainty.

3.2

The  carbon  emissions  analysis

Using   the   BGP   Building   Fabric   Component   Life   Manual   as   a   reference   for   the   life   expectancy   of  
the  construction  materials,  the  embodied  carbon  emissions  of  building  materials,  construction  and  
maintenance   for   the   Pixel   Building   during   its   whole   life   are   also   evaluated.   The   total   embodied  
carbon  emissions  of  the  Pixel  Building  during  its  whole  life  have  been  estimated  to  be  about   328  
ton  of  CO2-eq.  This  is  1.37  times  compared  to  240  ton  of  CO2-eq  for  the  newly  constructed  Pixel  
Building.  The  contributions  for  each  major  material  group  are  presented  in  Fig.  1.
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Fig.  1  Relative  contributions  to  the  total  embodied  carbon  emissions  of  the  newly  constructed  Pixel  
Building  and  during  its  whole  life  (50  years)  
Carbon   emissions   in   building   materials,   construction,   maintenance   and   operation   of   the   Pixel  
Building  during  its  whole  life  (50  years)  are  then  evaluated.  The  carbon  emissions  of  operation  for  
the  Pixel  building  is  negative  because  of  the  application  of  the  renewable  energy  system  such  as  
solar  photovoltaic,  wind  turbine,  anaerobic  digester  and  so  on.  During  a  50-year  life  span,  the  total  
carbon   emissions   of   the   Pixel   Building   are   -198.2   ton   of   CO2-eq.   The   contributions   of   carbon  
emissions  in  each  life  stages  of  the  Pixel  Building  are  presented  in  Fig.  2.
In   the   materials   and   construction   stage,   the   carbon   emission   comes   from   the   initial   construction  
materials  (cradle  to  gate),  the  energy  consumption  of  supplying  transportation  (gate  to  site)  and  the  
energy   used  for   construction   works.   In   the   maintenance   stage,   the   carbon   emission   comes   from  
the   recurring   construction   materials   for   refurbishment   work   (cradle   to   gate)   and   the   energy  
consumption  of  supplying  transportation  (gate  to  site).  Carbon  emissions  from  the  energy  used  in  
of   the   refurbishment   work   are   neglected   due   to   huge   uncertainty.   In   the   operation   stage,   the  
carbon   emission   comes   from   the   energy   consumption   of   the   end   users.   The   renewable   energy  
produced  by  the  solar  photovoltaic,  wind  turbine  and  anaerobic  digester  is  calculated  as  negative  
carbon   emission   to   offset   the   consumption   of   fossil   fuel.   The   total   carbon   emission   of   the   Pixel  
Building   is   the   sum   of   the   carbon   emissions   from   construction   stage,   maintenance   stage   and  
operation  stage  in  50  years.
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Fig.  2  Carbon  emissions  during  the  whole  life  (50  years)  of  the  Pixel  Building
The   cumulative   carbon   emissions   over   the   Pixel   Building’s   life   are   presented   in   Fig.   3.   The  
embodied   carbon   emission   from   the   materials   and   construction   is   328   ton   CO2-eq.   The   carbon  
emission  from  the  end  use  energy  consumption  is  658  ton  CO2-eq.  The  carbon  emission  from  the  
renewable   energy   system   is   -1184   ton   CO2-eq,   which   also   means   that   the   renewable   energy  
system   can   cause   1184   ton   CO2-eq   emission   reduction.   The   total   carbon   emission   of   the   Pixel  
Building  during  its  50-year  life  is  -198  ton  of  CO2-eq.
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Fig.  3  Cumulative  carbon  emissions  during  the  whole  life  (50  years)  of  the  Pixel  Building

4. The  cost  analysis  of  the  Pixel  Building  during  its  whole  life
4.1

The  boundaries  and  assumptions

In   this   research,   the   cost   of   the   real   Pixel   Building   and   an   imaginary   Pixel   Building   without   low  
carbon  techniques  (named  as  X  Building)  are  analysed  and  compared  to  identify  the  effect  of  the  
low   carbon   techniques.   Many   low   carbon   techniques   are   applied   in   the   Pixel   Building.   However,  
only   the   cost   information   of  the   techniques   below   are   considered   and  analysed   corresponding   to  
carbon  emissions  analysis.
Groconcrete:  The  comparison  of  the  prices  of  the  Groconcrete  and  normal  concrete  is  presented  in  
Table   1.   The   price   of   Groconcrete   is   about   82%~84%   of   the   price   of   the   same   grade   normal  
concrete  in  Australian  market.  We  assume  that  all  the  prices  of  Groconcrete  are  83%  of  the  prices  
of  the  normal  concrete  with  the  same  grades.
Table  1.  The  results  of  the  carbon  emission  analysis  of  the  Pixel  Building
The Grade of the Concrete
3

Price  of  Groconcrete  (AU$  /  m )
3

Price  of  Normal  Concrete  (AU$ / m )

15 Mpa

32 Mpa

40 Mpa

103

126

136.5

125

151

161

Tracking   and   fixed   Photovoltaic   panels:   All   the   cost   for   PV   systems   is   AU$   100000.   The   life  
expectancy   is   25   years   according   to   the   limited   power   warranty   of   the   product.   It   means   the   PV  
systems  will  be  replaced  at  the  25th  year  of  the  Pixel  Building’s  life.
Wind   turbines:   All   the   cost   for   wind   turbines   systems   is   AU$   100000.   The   life   expectancy   is  
assumed  as  25  years.
Anaerobic  digester:  All  the  cost  for  anaerobic  digester  systems  is  AU$  40000.  The  life  expectancy  
is  assumed  as  50  years.
The   domestic   electricity   price   in   Victoria   of   Australia   is   AU$   0.1625/kWh.   The   average   domestic  
price  of  natural  gas  is  AU$  0.01069/MJ.  Some  other  assumptions  about  the  cost  are  made:
(1)

The  discount  rate  is  assumed  as  5%  according  to  some  of  the  recent  researches  [11,12].

(2)

The   inflation   and   the   fluctuations   of   the   energy   price   are   not   considered   due   to   huge  
uncertainty.

(3)

The  incremental  operation  costs  of  the  renewable  energy  system  are  not  considered  in  this  
research  due  to  the  lack  of  data.

(4)

The   price   inflation   of   replacing   the   materials   or   equipment   of   the   Pixel   Building   is   not  
considered  due  to  huge  uncertainty.

(5)

The  price  of  electricity  from  the  renewable  energy  system  is  the  same  as  normal  electricity  
(AU$  0.1625/kWh).

4.2

The  cost  analysis

The   total   construction   costs   of   the   Pixel   Building   during   its   whole   life   have   been   estimated   to   be  
about   6.629   million   AU   dollars.   This   is   1.18   times   compared   to   5.625   million   AU   dollars   for   the  
newly  constructed  Pixel  Building.  The  contributions  for  each  major  item  are  presented  in  Fig.  4.
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Fig.  4  Relative  contributions  to  the  total  costs  of  the  newly  constructed  Pixel  Building  and  during  its  
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The   operation   NPV   costs   of   the   Pixel   Building   and   the   X   Building   (an   imaginary   Pixel   Building  
without   low   carbon   techniques)   during   50-year   life   span   are   compared,   as   presented   in   Table   2.  
Due   to  the   electricity   produced   by   the   renewable  energy   systems   such  as  PV   systems   and   wind  
turbines,   the   NPV   operation   cost   of   the   Pixel   Building   is   negative.   It   means   during   the   operation  
stage   of   the   Pixel   Building,   the   users   or   the   occupiers   may   earn   money   by   selling   the  
supernumerary  electricity  produced  by  the  renewable  energy  systems  to  the  public.  During  the  50year   operation   stage   of  the   Pixel   Building,   34230  AU   dollars   can   be   earned  by   the   application  of  
the   renewable   energy   systems.   If   the   Pixel   Building   didn't   have   the   renewable   energy   systems,  
43363  AU  dollars  will  be  spent  during  its  operation  stage.
Table  2.  The  operation  costs  of  the  Pixel  Building  and  the  X  Building  during  50-year  life  span

Electricity

Natural Gas

NPV Operation Cost of the
Pixel Building (AU$)

NPV Operation Cost of the X
Building (AU$)

Consumed during
Operation

21623

21623

Produced by
Renewable
Energy Systems

-76075

/

Consumed for
Heating & Cooling

20222

20222

Consumed for Hot
Water

/

1518

-34230

43363

Total

The  whole  NPV  costs  during  all  the  stages  of  the  Pixel  Building  and  the  X  Building  during  50-year  
life   span   are   compared,   as   presented   in   Table  3.   The   total   costs   of   the   Pixel   Building   and   the   X  
Building   are   almost   the   same.   The   cost   of   materials,   construction   and   maintenance   of   the   Pixel  
Building  is  more  than  the  X  Building.  However,  the  cost  during  operation  stage  of  the  Pixel  Building  

is  saved  compared  to  the  X  Building.
Table  3.  The  whole  NPV  costs  of  the  Pixel  Building  and  the  X  Building  during  50-year  Life  Span
The Pixel Building (1000 AU$)

The X Building (1000 AU$)

Materials & Construction

5624.6

5585.3

Maintenance

1004.2

945.1

Operation

-34.2

41.8

Total

6594.5

6572.3

4.3

The  incremental  cost  for  carbon  emission  reduction  analysis

The  incremental  costs  for  carbon  emission  reductions  by  the  low  carbon  techniques  applied  in  the  
Pixel   Building   are   analysed.   The   carbon   emission   reductions,   the   incremental   NPV   cost   of  
construction,  facility  and  operation,  the  unit  incremental  cost  for  emission  reduction  are  presented  
in  Table  4.  The  prices  of  Groconcrete  are  lower  than  normal  concrete.  So  the  incremental  cost  for  
emission  reduction  by  Groconcrete  is  negative.  The  unit  incremental  cost  for  emission  reduction  by  
the   bio   digester   is   the   highest.   The   reason   is   that   the   methane   produced   by   the   bio   digester   for  
domestic  hot  water  can  be  replace  by  natural  gas,  the  price  of  which  is  quite  low.
Table  4.  The  Unit  Incremental  NPV  Cost  of  the  Pixel  Building  during  50-year  Life  Span  for  Carbon  
Emission  Reduction  by  the  Low  Carbon  Techniques
Carbon
Emission
Reduction
(ton CO2-eq)

Incremental
Construction &
Facility Cost
(AU$)

Incremental
Operation
Cost
(AU$)

Total
Incremental
Cost
(AU$)

Unit Incremental
Cost for Emission
Reduction
(AU$/ton CO2-eq)

Groconcrete

65.6

-200762

0

-200762

-3059.1

PV Panel*

470.8

129530

-30740

98790

209.8

Wind Turbine

705.6

129530

-45335

84195

119.3

Bio Digester

24.1

40000

-1518

38482

1597.8

*  The  carbon  emission  reduction  for  PV  panel  is  that  the  carbon  emission  reduction  caused  by  the  renewable  
electricity  minus  the  embodied  carbon  emission  of  the  PV  panels.

5. The  responsibilities  and  interests  analysis  of  the  stakeholders
In  this   research,   only   the   investors   and  the   users   of   the   Pixel   Building   are   considered   to   simplify  
the   analysis.   The   carbon   emissions   and   the   costs   of   the   investors   include   the   materials,  
construction   and  facilities   of  the   newly   constructed   Pixel   Building.   The   carbon  emissions  and  the  
costs  of  the  users  include  the  maintenance  (materials,  construction  and  facilities)   and  the  energy  
consumption  of  the  Pixel  Building.  
The  incremental  costs  and  carbon  emission  reductions  of  the  stakeholders  during  the  50-year  life  
span  of  the  Pixel  Building  are  presented  in  Table  5.  Most  of  the  incremental  costs  are  beard  on  the  
investors,  only  the  carbon  emission  reductions  from  the  application  of  Groconcrete  (65.6  ton  CO2eq)  happen  during  the  construction  stage  of  the  Pixel  Building.  The  users  gain  most  of  the  benefits  
of   the   application   of   low   carbon   techniques.   Although   the   users   need   to   undertake   the   cost   of  
replacing   the   renewable   energy  facilities   (59061   dollars),  they   can   earn  the  money   by   selling   the  
supernumerary  electricity  produced  by  the  renewable  energy  systems  to  the  public  (77593  dollars).  
Meanwhile,  the  users  can  also  obtain  1200.5  ton  CO2-eq  reduction  during  the  operation  stage  of  
the  Pixel  Building.
Apparently,   a  building   with   low   carbon  techniques   is   a  bad   business  for  the   investors.  The   users  

will  definitely  welcome  the  building  which  can  even  make  money  for  them.  If  the  investors  and  the  
users  are  the  same  stakeholder,  the  government  department  for  example,  using  proper  techniques  
low   carbon   buildings   are   good   choice.   However,   for   most   of   the   commercial   and   residential  
buildings,   the   investors   and   the   users   are   two   different   stakeholders.   This   problem   will   block   the  
development  and  spread  of  low  carbon  buildings.  So  the  carbon  reduction  policies  are  needed  in  
the  building  industry.
Table  5.  The  Incremental  Costs  and  Carbon  Emission  Reductions  of  the  Stakeholders
Investors
Incremental Construction & Facility Cost (AU$)

Users

39238

Incremental Maintenance Cost (AU$)

59061

Incremental Operation Cost (AU$)

-77593

Total Incremental Cost (AU$)
Carbon Emissions Reduction from Construction & Facility (ton CO2-eq)

39238
65.6

Carbon Emissions Reduction from Operation (ton CO2-eq)

Total Carbon Emission Reduction (ton CO2-eq)

-18532
1200.5

65.6

1200.5

6. The  effect  of  the  carbon  reduction  policies  of  the  building  industry
6.1

Regulations

The  regulations,  such  as  appliance  standards,  building  codes,  procurement  regulations,  mandatory  
audit   programs,   mandatory   labelling   and   certification   [2],   will   regulate   the   designers   and   the  
constructors   to   use   low   carbon   techniques.   For   the   Pixel   Building   case,   the   carbon   emission  
standard  for  concrete  may  be  regulated  by  the  material  standards  or  procurement  regulations  for  
some  kinds  of  specific  projects  (such  as  the  government  invested  projects).  The  investors  have  to  
choose  the  concrete  with  low  embodied  carbon  emissions.  In  this  case,  the  prices  of  Groconcrete  
are   even   lower   than   normal   concrete.   So   the   regulations   for   this   can   be   very   easy   to   be  
implemented.  However,  in  most  of  the  situations,  the  prices  of  the  low  carbon  techniques  are  quite  
expensive.   The   investors   have   to   bear  the   incremental   costs  to  comply   with  the   regulations.   The  
government  need  to  assure  the  good  support  of  execution  enforcement  because  nobody  will  throw  
the  money   away   if  there   is   no   proper   enforcement.   Another   problem  for  regulations  is   that   in   the  
building   industry,   regulations   such   as   building   codes   or   appliance   standards   frequently   lag   years  
behind   technical   innovation.   Meanwhile,   the   regulations   can   only   affect   the   investors.   The   users  
would  not  be  encouraged  to  buy  the  low  carbon  emission  buildings.  So  just  using  regulations  is  far  
from  enough  for  carbon  emission  reduction  in  the  building  industry.
6.2

Economic  incentives

Economic   incentive   instruments   include   capital   subsidies   grants,   subsidized   loans   and   special  
funds,   etc.   [2]   In   the   Pixel   Building   case,   the   government   could   subsidize   the   investors   for   the  
application   of   PV   systems   or   wind   turbines.   The   original   cost   of   the   low   carbon   facilities   can   be  
reduced  by  the  subsidies  for  the  investors.  Other  forms  of  the  incentives  can  also  be  applied,  such  
as   the   preference   for   property   taxes   or   floor   area   ratio.   The   property   buyers   can   also   be  
encouraged   by   economic   incentives,   such   as   the   preferential   loan   interest   rate.   However,   the  
economic  incentives  can  not  be  applied  in  wide  range.  Because  the  governmet  can  not  afford  the  
subsidies   to   all   the   investors.   Only   demonstrative   projects   can   be   supported   by   the   government.  
So   using   econmic   incentives   is   also   not   enough   for   carbon   emission   reduction   in   the   building  
industry.
6.3

Carbon  pricing  policies

Market   based   GHG   mitigation   policy   instruments   put   a   direct   price   on   carbon   emission,   such   as  
government   imposed   tax,   emission   trading   market   or   a   hybrid   of   taxes   and   emission   allowance  

prices[1].    When  carbon  emission  reduction  has  real  value,  both  the  investors  and  the  users  will  be  
affected.  The  government  may  set  a  proper  price  or  emission  allowance  for  carbon  emissions  and  
distribute  the  carbon  emission  responsibilities  to  the  investors  and  the  users  according  to  a  certain  
proportion.  This  method  will  decrease  the  original  incremental  cost  for  the  low  carbon  techniques.  
The   investors   will   try   to   apply   more   advanced   techniques   to   reduce   more   carbon   emission   to  
reduce  the  construction  cost  or  even  make  money  from  it.  The  users  also  would  like  to  choose  low  
carbon   buildings   to   reduce   the   energy   cost   during   the   operation   of   the   buildings   or   even   earn  
money  from  the  buildings.  Carbon  pricing  policies  are  positive  to  promote  the  early  introduction  of  
new   technology   and   kick-start   a   new   market.   Carbon   pricing   policies   can   also   effectively   impact  
people’s  awareness  and  behaviour  for  carbon  mitigation  in  a  long  term.  The  whole  building  industry  
will  transform  into  a  green  and  low  carbon  industry  under  the  push  of  the  market.  However,  how  to  
set   up   a   proper   price   or   emission   allowance   for   carbon   emissions   and   the   proportion   of   the  
responsibilities  need  a  lot  of  further  research.  The  authors  will  go  on  the  quantitative  research  on  
this  orientation.

7.

Conclusion

This  research  analysed  the  potential  implications  of  the  general  policy  approaches  on  stakeholders  
based   on   quantitative   carbon   emission   and   cost   analysis   of   the   Pixel   Building,   a   commercial  
building   project   in   Melbourne,   Australia,   which   has   been   designed   and   constructed   to   achieve   a  
very   ambitious   carbon   emission   reduction   target   compared   to   common   practice.   The   results  
showed  us:  (1)  It  is  possible  to  achieve  carbon  neutral  or  even  carbon  positive  during  the  life  cycle  
of   commercial   buildings   in   Australia   when   proper   techniques   are   applied.   (2)   Some   of   the   low  
carbon  techniques  in  the  building  industry  can  achieve  carbon  emission  with  negative  incremental  
cost.  (3)  If  there  are  no  carbon  reduction  policies,  most  of  the  incremental  costs  are  beard  on  the  
investors,   while   the   users   gain   most   of   the   benefits   of   the   application   of   low   carbon   techniques.  
Carbon   reduction   policies   are   needed   in   the   building   industry.   (4)   Just   using   regulations   and  
econmic  incentives  are  not  enough  for  carbon  emission  reduction  in  the  building  industry.  Carbon  
pricing   policies   are   needed   to   kick-start   the   green   and   low   carbon   building   industry.   (5)   The  
changes  in  the  balance  of  benefits  and  costs  among  stakeholders  can  either  hasten  or  impede  the  
transformation  of  the  building  industry  into  a  greener  and  lower  carbon  future.  Further  quantitative  
researches  on  the  design  of  the  carbon  pricing  policies  are  important  research  gaps.
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Summary
Museums have traditionally been strong in terms of social sustainability. The very nature
of their respective mission, long-term preservation of objects for the benefit of present
and future societies is enshrined in their international code of ethics. The objective of the
research was to examine whether these ethics also extended to environmental aspects.
Therefore, this paper focuses on an analysis of implementation of environmental
sustainability in a selection of UK government funded museums. To this end, a
comparative study of current implementation of environmental sustainability of the
building stock of selected leading government sponsored museums in the UK has been
carried out. Through thorough analysis of both the legal context and a quantitative and
qualitative assessment of awareness, existing strategies and practical implementation
the study explored the drivers and barriers for museums to become more resource
efficient.

Abstract
The concept of ‘green museums’ is a relatively recent phenomenon in the UK. The
research conducted demonstrated that with regard to environmental sustainability the
museum sector is still trying to come to terms with an area that hitherto has not been
part of their core activities. Main issues identified were lack of best practice guidance
and of sufficiently qualified staff, changing staff behaviour and commitment of senior
staff.
The paper is based on a comparative study of current implementation of environmental
sustainability in the building stock of selected leading government sponsored museums
in the UK carried out in 2010. Through thorough analysis of both the legal context and a
quantitative and qualitative assessment of awareness, existing strategies and practical
implementation the study explored the drivers and barriers for museums to become
more resource efficient.

The study sample selection for this paper was primarily based on the European
Commission’s ‘Cultural Statistics’ list of the five most visited museums for the UK which
lists the Tate, the British Museum, the National Gallery, the Natural History Museum and
the Science Museum (European Commission 2007, p.44) [2]. These correspond with
2008 statistics by Visit England’s listing of the top 10 visited museums in England (Mills
2010, p.49). For the purpose of this paper, the Victoria & Albert Museum was included
as it forms part of the ‘South Kensington Cultural and Academic Estate’ 1851 ‘Invest to
Save’ project and as one of the early pioneers within the field of sustainability it
represents a solid and interesting case study. All selected museums are so-called NonDepartmental-Public-Bodies (NPDBs) and as such depend on direct sponsorship by the
Department for Culture, Media and Sport (DCMS). In addition, a wider group of smaller
and regional museums that have been part of dedicated government and local authority
initiatives were used as points of reference where of relevance.
Key areas that were examined include the difficult nature of the actual fabric and
structure of the six museums and their respective building operations such as lighting,
heating, ventilation and cooling set against the background of collection management
standards.
Given their size and complexity it is not surprising that as buildings most museums tend
to be very energy intensive. Their respective Display Energy Certificate (DEC) ratings
range from a respectable C rating for the National Museum of Science and Industry to a
very low G rating for Tate Modern. Most of the 19th structures are in the D to F range.
The British Museum originally also had a G rating but by implementing energy savings
initiatives has managed to improve the rating to F and is hoping to be able to move to E
during the course of 2010. In addition, some older museums are listed buildings and
have been through various phases of extension, reconstruction, conversion and often
consist of structures built at different stages with differing building techniques, employing
different building materials making a holistic approach to energy management quite
challenging.
Most museums, especially those built in the 19th century but also those of more recent
date are extremely complex structures with large, open spaces. Out of the six selected
UK museums, The Tate, the Victoria & Albert Museum and the National Museum of
Science and Industry are multi-branch museums making an organisation-wide roll-out of
strategies targeted at improving environmental performance and carbon footprinting
even more complicated. With exception of the Science Museum and of Tate Modern, all
museums in the sample group are either Grade I listed or Grade II listed (British Listed
Buildings 2010) [4] and therefore subject to special restrictions as they ‘may not be
demolished, extended or altered without special permission from the local planning
authority’ (ibid.). This obviously makes any alteration projects aimed at increasing their
environmental performance more challenging, especially for those museums in the
Grade I category.
The construction history of the museums adds another complicating factor in terms of
energy conservation. Most of the museums have been through various phases of
extension, reconstruction, conversion and often consist of structures built at different
stages with differing building techniques, employing different building materials which
make a holistic approach to energy management quite challenging.
In addition, from an operational point of view, museums are ‘mixed use’ buildings as they

generally consist of a gallery or exhibition space section that underlies strict
environmental controls, visitor facilities such as restaurants, cafes, gift shops, artwork or
object storage facilities with specific climate conditions and finally administrative office
space. Galleries and storage facilities need to be kept in the same temperature and
relative humidity range around the clock, every day of the year. All museums included in
this research are on average open eight hours every day of the year with the exception
of Christmas and New Year’s Day, which means that they have very long operating
periods.
However, as the research showed that not simply museums’ building fabrics are
challenging but the specific way they are operated and managed and how they are
restricted by collection care standards.
The research validated a number of assumptions such as the fact that art museums
usually lag behind their more science focused counterparts and that only museums that
have successfully begun to address environmental sustainability at operational level are
in a position to interact with the public on the topic. However, it also pointed to serious
gaps within communication strategies even within those museums that are considerably
more advanced than their peers as none of the museums has a direct link to a dedicated
sustainability from their home page, thus with regard to environmental sustainability they
fall short of the educational outreach role which is traditionally part of their social
mission.
Political and financial pressure have played a key role in putting museums on a path of
greater environmental sustainability and in view of the recent UK public sector funding
cuts, these considerations will gain even more importance as museums will need to
strive for more resource efficiency to further reduce their running costs. However, the
research findings highlighted that they will only be able to achieve this if funding policies
are better aligned and do not actually prevent them from saving energy as it is the case
with conflicting policies in the area of environmental care standards.
As yet, there is no BREEAM rated museum in the UK as essentially there is no museum
specific rating tool, there are however examples of LEED certified museums in the
United States. Whilst most of these are new constructions, there are now case studies of
LEED certified historic existing museums - proof that it is possible to find solutions to
successfully ‘green’ older type museum buildings.

1.

Introduction

This paper is based on a comparative study of current implementation of environmental
sustainability in the building stock of selected leading government sponsored museums
in the UK carried out in 2010. Through thorough analysis of both the legal context and a
quantitative and qualitative assessment of awareness, existing strategies and practical
implementation the study explored the drivers and barriers for museums to become
more resource efficient.
Whilst there is a growing body of academic articles on the topic of environmentally
responsible museums, as yet only a handful of books exist, mainly published in the
United States, an indication that the very concept of ‘green museums’ is a relatively
recent phenomenon in the UK. One of the most recent ones among them is ‘The Green
Museum: A Primer on Environmental Practice’ by Brophy and Wylie published in 2008
[1], which, whilst firmly rooted in the American museum landscape, offers useful
guidance by drawing on lessons from a couple of best practice case studies.
This paper relied heavily on online reference material on the Museums Association
website, both on information freely available to the public as well as documents
restricted to association members such as articles published in Museums Journal and
Museums Practice or the online Sustainability practice section. Other primary sources
for this paper were museum or museum sector related, heritage body and UK
government websites, both sector and general newspaper articles as well as a number
of conference presentations.
Essentially, the literature used for the research falls into three categories: 1. government
documents, codes and standards, 2. practical information pertaining to improving
museum’s environmental information and 3. discourse about collection standards and
the future of collections or of museums more generally.
The study sample selection for this paper was primarily based on the European
Commission’s ‘Cultural Statistics’ [2] list of the five most visited museums for the UK
which lists the Tate, the British Museum, the National Gallery, the Natural History
Museum and the Science Museum (European Commission 2007, p.44) [2]. These
correspond with 2008 statistics by Visit England’s listing of the top 10 visited museums
in England (Mills 2010, p.49) [3]. For the purpose of this paper, the Victoria & Albert
Museum has been added as it forms part of the ‘South Kensington Cultural and
Academic Estate’ 1851 ‘Invest to Save’ project and as one of the early pioneers within
the field of sustainability it represents a solid and interesting case study. All selected
museums are so-called Non-Departmental-Public-Bodies (NPDBs) and as such depend
on direct sponsorship by the Department for Culture, Media and Sport (DCMS). In
addition, a wider group of smaller and regional museums that have been part of
dedicated government and local authority initiatives were used as points of reference
where of relevance.
Key areas that were examined include the difficult nature of the actual fabric and
structure of the six museums and their respective building operations such as lighting,
heating, ventilation and cooling set against the background of collection management
standards.

Given their size and complexity it is not surprising that as buildings most museums tend
to be very energy intensive. Their respective Display Energy Certificate (DEC) ratings
range from a respectable C rating for the National Museum of Science and Industry to a
very low G rating for Tate Modern. Most of the 19th structures are in the D to F range.
The British Museum originally also had a G rating but by implementing energy savings
initiatives has managed to improve the rating to F and is hoping to be able to move to E
during the course of 2010. In addition, some older museums are listed buildings and
have been through various phases of extension, reconstruction, conversion and often
consist of structures built at different stages with differing building techniques, employing
different building materials making a holistic approach to energy management quite
challenging.
Most museums, especially those built in the 19th century but also those of more recent
date are extremely complex structures with large, open spaces. Out of the six selected
UK museums, The Tate, the Victoria & Albert Museum and the National Museum of
Science and Industry are multi-branch museums making an organisation-wide roll-out of
strategies targeted at improving environmental performance and carbon footprinting
even more complicated. With exception of the Science Museum and of Tate Modern, all
museums in the sample group are either Grade I listed or Grade II listed (British Listed
Buildings 2010) [4] and therefore subject to special restrictions as they ‘may not be
demolished, extended or altered without special permission from the local planning
authority’ (ibid.). This obviously makes any alteration projects aimed at increasing their
environmental performance more challenging, especially for those museums in the
Grade I category.
The construction history of the museums adds another complicating factor in terms of
energy conservation. Most of the museums have been through various phases of
extension, reconstruction, conversion and often consist of structures built at different
stages with differing building techniques, employing different building materials which
make a holistic approach to energy management quite challenging.
In addition, from an operational point of view, museums are ‘mixed use’ buildings as they
generally consist of a gallery or exhibition space section that underlies strict
environmental controls, visitor facilities such as restaurants, cafes, gift shops, artwork or
object storage facilities with specific climate conditions and finally administrative office
space. Galleries and storage facilities need to be kept in the same temperature and
relative humidity range around the clock, every day of the year. All museums included in
this research are on average open eight hours every day of the year with the exception
of Christmas and New Year’s Day, which means that they have very long operating
periods.
However, as this paper will illustrate, it is not simply museums’ building fabrics that are
challenging but the specific way they are operated and managed and how they are
restricted by collection care standards.

2. International and national Legal framework
To understand the drivers for museums to adopt more environmental management
strategies it is important to examine the existing and emerging legal framework with
regard to any specific compliance issues that may directly affect the way museums
approach their environmental performance especially in the area of energy conservation
and reduction of greenhouse gas emissions.
With the adoption of the 2007 Energy and Climate Change Package (European
Commission 2010) [5] EU Member States agreed that by 2020 they would achieve a
20% reduction in greenhouse gas emissions below 1990 levels, a 20% of reduction of
primary energy use through the introduction of energy efficiency measures and that 20%
of energy consumption would be derived from renewable energy sources.
In addition to having to meet the EU reduction targets and its commitment under the
Kyoto Protocol which entered into force in 2005, with the adoption of the UK Climate
Change Act on 18th November 2008 which stipulates emission reductions of at least
80% by 2050 [6] compared to 1990 levels, the UK became the first country in the world
to commit to a long-term greenhouse gas reduction target framework.
Ever since the 2006 integration of the ‘Conservation of Fuel and Power’ element into
Part L of the UK building regulations that introduced new energy performance
requirements (Planning Portal 2010) [7], a number of specific pieces of legislation that
directly impact both the public and private sector art market building stock have been
adopted and implemented.
One of them is the new Carbon Reduction Energy Efficiency scheme under which any
organisation qualifies that consumes more that 6,000MWh/year from 100KW metering
systems or the equivalent to an annual electricity bill of about £500,000. NDPBs will
have to participate if they meet the inclusion threshold.
Under the EU Energy Performance of Buildings Directive (EPBD) which has as it main
objective the improvement of the energy performance of buildings within the European
Union (European Commission 2002) [8] and which specifically addresses the public
sector’s role to lead the way, so-called Display Energy Certificates (DECs) have been
applicable for all public buildings since April 2008 with certificates to be displayed from
October 2008. The Victoria & Albert Museum, the Imperial War Museum, the Natural
History Museum and the British Museum all volunteered to take part in a piloting
scheme.
There is also stronger insistence for government buildings on achieving ‘excellent’
certification in the Building Research Establishment Environmental Assessment Method
(BREEAM) for new buildings with all of these having to be zero carbon by 2019 as
permission to build will not be granted to government departments otherwise. All major
refurbishments of government buildings need to achieve a ‘very good’ rating.
Lighting intensive premises like museums will also soon have to adapt their lighting
systems as the EU wants to phase out all incandescent light bulbs by 2016 and have
them replaced with energy saving lamps (European Commission 2009) [9].
Furthermore, since the introduction of the UK government’s ‘Waste Strategy 2000’

(DEFRA, n.d.) [10] first introduced ambitious reduction targets for waste going to landfill
and recycling, tighter targets also represent an area that heavily impacts on museums’
daily operations.
2.1

The DCMS and the implementation of environmental sustainability in the UK
museum sector

Following the publication of the 1999 UK government sustainable development strategy
‘Quality of life counts’ (DEFRA 1999) [11], the year 2002 marks the beginning of formal
work by the DMCS regarding its approach towards NDPBs’ handling of environmental
sustainability.
This work can be divided into three main phases: 1. awareness raising and network
building (2002-2004), 2. show-casing of first results and dissemination of information
about funding implications (2004-2006) and 3. concrete target-setting for individual
museums and organisations (2008 – to date).
The DCMS’s Sustainable Development vision in 2002 calls on arts organisations to
increasingly contribute to sustainable development and explicitly mentions
…developing […] corporate social responsibility strategies and green
housekeeping schemes, realising the potential in large projects […] to
include innovative design solutions which incorporate sustainable
development principles, aesthetically and environmentally, utilising the
ability of the arts to communicate and motivate people about sustainable
development… (DCMS 2002) [12].
Building on the 2002 document, Estelle Morris, Minister for the Arts, Department for
Culture, Media and Sport announced in the 2004 DCMS Sustainable Development
Strategy that
…sustainable development will feature actively in our considerations as we
move forward into the 2004 spending round, and in discussions with our
Non Departmental Public Bodies as their funding agreements come up for
review (DCMS 2004, p.14) [13]
and the Sustainable Development Policy Statement within the strategy clearly states that
the DCMS will promote sustainable development by
…actively encouraging DCMS’ sponsored bodies to identify sustainable
development priorities for themselves and, where appropriate, their
sectors, and to develop plans to address these (ibid.).
Two years later, the DCMS Sustainable Development Action Plan of 2006 [14] highlights
the sustainable development targets for 2006 which include holding awareness raising
seminars for DCMS and NDPBs whilst increasing the number of funding agreements
between DCMS and sponsored bodies which incorporate sustainable development
targets. In the context of funding it also calls on Lottery distributors to ensure that funded
projects further strengthen the objectives of sustainable development.
With Permanent Secretaries suddenly having found themselves personally accountable

for the ‘Sustainable Operations on the Government Estate (SOGE)’ (DEFRA 2008) [15],
the year 2008 marks an important and decisive year. Spurred on by the imminent
adoption of the UK Climate Change Act, the year saw heightened levels of activity both
within the sector, reflected by the growing number of articles and dedicated events
devoted to the subject and at DCMS level, culminating in the publication of the third and
most recent DCMS Sustainable Development Action Plan for the period 2008-2011
which effectively cascaded the need for stepping up efforts to meet the challenging UK
reduction targets down to museum level. The plan stresses that
…in preparation for active reporting, which will be required from all Non
Departmental Public Bodies as the target dates draw closer, we are
strongly advising the bodies associated with us to look seriously now at
how they might report on the categories listed. […] We would like all our
bodies to improve monitoring and targeting of energy and utilities
consumption, via improved data collection and additional sub-metering
where appropriate, as a necessary step to the reduction of carbon and
greenhouse gas emissions (DCMS 2008, p.21) [16].
Table 1 illustrates specific individual targets and tasks for the six museums that form the
basis of the comparative study. The growing emphasis the DCMS places on
environmental sustainability of museums is also reflected in table 2 which gives an
overview of incorporation of specific sustainability criteria within funding agreements with
individual museums for the same period. However, as both this review and the targets in
table 1 illustrate, there does not seem to be a consistent DCMS approach to museums
within the sample selection. Neither the British Museum nor the National Gallery have
been given any targets nor is sustainability listed as a criterion in their respective funding
agreements with the DCMS. As the research illustrated these are also the two museum
organisations that have the weakest online presence and least involvement in crosssector activities with regard to implementing environmental stewardship.
Even though the sustainability criteria in all of the funding agreements are rather vague,
the scope of the individual objectives of the different museums nevertheless vary greatly
from a non-committal ‘to operate in a sustainable, environmentally, socially responsible
way’ (National Museum of Science and Industry) to having to report back on ‘actions
being taken to promote sustainability and mitigate the effects of climate change’ (Victoria
& Albert Museum and Natural History Museum). This is all the more surprising, as one
would expect a science-orientated museum to have more ambitious targets than a
museum of the decorative arts. In fact, as Brophy and Wylie point out, science or naturerelated museums as a rule are usually quicker to make environmental practice as part of
their mission and engage with the public on the issue (Brophy and Wylie 2008, p.1) [1]
whereas as a rule art and history museums find this significantly more difficult.

Organisation
Victoria &
Albert
Museum

Aim
To be increasingly an
environmentally
sustainable
organisation through:
carbon management;
sustainable
procurement; effective
waste management;
FuturePlan
developments

Timescale
By March
2008

Action
Baseline established for
travel/transport carbon
footprint
Staff awareness and
participation project
launched
Sustainability Policy
revised and agreed

By May
2011

Energy carbon footprint cut
by 20% compared to
2005/06
Energy carbon footprint cut
by 25% compared to
2006/06
Travel/transport footprint
reduced by 5% compared
to 2008/09

Tate

National
Museum of
Science &
Industry,
Natural
History
Museum,
Victoria &
Albert
Museum

Calculate a full carbon
footprint for all Tate
sites including Tate
Enterprises in 2008

Jun 2008Jan 2009

Installation of an
innovative waste heat
recovery system at
Tate Modern

Jul 2008Mar 2012

Communicate more
widely the progress of
the South Kensington
Low Carbon Futures
project that aims to
reduce carbon
emissions by 10%
between 2005 and
2009

Jun 2008Mar 2009

Work with the Carbon Trust
to develop a complete
carbon footprint

Work with EDF Energy,
architects and engineers on
Transforming TATE
Modern project to pilot new
waste heat recovery
technologies
Disseminate information
about aspects of the
project:installation of
electrical sub-metering
systems to monitor and
manage energy and carbon
consumption
Research into longer-term
opportunities to reduce
energy consumption and
carbon emissions
Awareness raising
campaign/s for staff and

Organisation

Aim

Timescale

Action
public
Any other carbon-reduction
measures

National
Museums
Directors’
Conference

Tate to lead initiative
to reconsider
national/international
museum standards for
environmental controls

Issue to be
discussed
by NMDC
in early
October

Director of Tate has
support of the European
Directors Group to form a
working group to consider
changes to international
standards

Table 1 Individual targets and tasks for museums and art organisations; source: DCMS
Sustainable Development Action Plan 2008-2011 (2008, p.36) [17].
Museum

Sustainability part of
2008/11 funding
agreement with
DCMS?

Objective

British Museum
[17]

No

Not applicable

National
Gallery[18]

No

Not applicable

Tate [19]

Yes

Tate aims to become more
sustainable by showing what a
museum can do through best practice
and leadership.

Victoria &Albert
Museum [20]

Yes

DCMS expects the Victoria & Albert
Muse7m to be able to report in its
Annual Report progress against the
areas of greatest priority to Ministers.
These include […] actions being
taken to promote sustainability and
mitigate the effects of climate
change.

National
Museum of
Science and
Industry [21]

Yes

To operate in a sustainable,
environmentally, socially responsible
way.

Natural History
Museum [22]

Yes

DCMS expects the NHM to be able to
report in its Annual Report progress
against the areas of greatest priority
to Ministers. These include […]
actions being taken to promote
sustainability and mitigate the effects

Museum

Sustainability part of
2008/11 funding
agreement with
DCMS?

Objective

of climate change.

Table 2 Evaluation of funding agreements between the DCMS and NDPDs with regard
to sustainability criteria (based on individual funding agreements with museums).
In conclusion, the analysis of the evolution of DCMS’ policies from a more generic vision
paper to concrete target setting showed that the very policy framework must be seen as
the main driver for efforts at NDPB level to improve their individual environmental
performance but that there are certain inconsistencies in the DCMS’ approach to
individual museum’s targets and funding conditions. More importantly, it also illustrated
that.

3.

Does the UK museum sector care about environmental
sustainability?

Against the background of the wide-ranging regulatory framework, in theory museums
may actually not have much choice whether they adopt a more sustainable approach in
their thinking and operations and as British Museum director Neil MacGregor stressed in
April 2009 (British Museum 2009) [23], environmental sustainability has become
absolutely fundamental to what museums do. But does this actually mean museums are
taking fundamental proactive steps towards becoming more resource efficient?
The International Council of Museum’s (ICOM) definition of a museum as a
…non-profit, permanent institution in the service of society and its
development, [which is] open to the public, which acquires, conserves,
researches, communicates and exhibits the tangible and intangible
heritage of humanity and its environment for the purposes of education,
study and enjoyment… (ICOM 2008) [24]].
in addition to what Merriman (2004, p.14) [25] calls museums’
…inter- and intra- generational equity
should put them naturally in the fore-front of sustainability. And as Martin explains
…many museums, historic buildings and science centres can already claim
to be making a contribution to the social objective through education and
learning work, socially-inclusive projects, and as resources for the
enjoyment and understanding of cultural heritage … (Martin 2006, pp.46)
[26].

Looking at the existing ten core principles within the 2002 Museum Association’s Code
of Ethics in table 3, whilst they may not actually mention the word ‘sustainability’, they do
however have a strong reference to sustainability principles albeit biased towards the
social dimension.
Museums Association

Sustainability relevance

2002 Code of Ethics

Environmental

Social

Economic

Core Principles
Focus on public service

X

Encourage people to
explore collections for
inspiration, learning and
enjoyment

X

X

X

Consult and involve
communities, users and
supporters

X

Acquire items honestly and
responsibly
X
Safeguard the long-term
public interest in the
collections

X

Recognise the interests of
people who made, used,
owned, collected or gave
items in the collections
Support the protection of
natural and human
environments

X

X

Research, share and
interpret information related
to collections, reflecting
diverse views

X

Review performance to
innovate and improve
X

X

X

Table 3 Museums Code of Ethics core principles evaluated according to their relevance
to sustainability principles (Museums Association 2002) [27].

In the meantime, the Museum Association has also drafted a set of specific principles for
sustainable museums listed in table 4 that are currently under revision.
To flourish sustainably, museums:

Sustainability relevance
Environmental

Social

Value and protect natural and cultural
environments and are sensitive to the
impact of the museum and its visitors on
them.

X

X

Strive for excellence, building deep longterm relationships with a range of
audiences.

X

X

Acknowledge the legacy contributed by
previous generations and pass on a better
legacy of collections, information and
knowledge to the next generation.

Economic

X

X

Manage collections well, so that they will
be a valued asset for future generations,
not a burden.

X

Make the best use of energy and other
natural resources and minimise waste,
setting targets and monitoring progress
towards them.

X

Consider the potential for demonstrating
and encouraging sustainable development.

X

X

X

X

Contribute responsibly to the social,
cultural and economic vitality of the local
area and wider world.

X

X

Develop staff, offer satisfying and
rewarding employment and learn from their
experience and that of others.

X

Respond to changing political, social,
environmental and economic contexts and
have a clear long-term purpose that reflects
society's expectations of museums.

X

X

X

Plan long-term, take full account of
sustainable development in all their
activities and policies and work within
available resources.

X

X

X

Join with other museums, and other
organisations, in partnerships and mergers,
where it is the best way of meeting their

X

To flourish sustainably, museums:

Sustainability relevance
Environmental

Social

Economic

purpose in the long term.

Table 4 Museums Association draft principles for sustainable museums evaluated
according to their relevance to sustainability principles (Museums Association
2008) [28].
By drawing on the findings of the 2008 Museums Association’s consultation on
sustainability and museums which coincided with the peak of DCMS policy activity in this
field and parts of a survey carried out by De Montford University for Renaissance East
Midlands and MLA East Midlands (2009) [29], it was assessed whether in practice
museums actually care and whether there are any gaps and barriers for museums that
would need to be addressed by either policy makers or senior museum staff to integrate
environmental sustainability more successfully into their daily operations.
3.1

Analysis of findings of the Museums Association consultation

The Museums Association is an active proponent of the natural role of museums and
sustainability. In parallel to its aforesaid consultation it also organised a targeted
campaign that consisted of a series of workshops and conferences as well as discussion
papers and articles in Museums Journal and Museum Practice.
The consultation campaign included workshops across the UK and a downloadable
discussion paper in addition to a printed summary leaflet that was sent to its members.
The actual consultation paper comprised 28 questions [30] and was grouped into a
section inviting comments on the draft set of sustainability principles and 7 thematic
clusters.
The objective of questions within the economic cluster ‘economic sustainability: taking
the long view’ was to make respondents think about down-sizing and streamlining
museum activities whereas the environmental cluster ‘environmental sustainability: going
green’ addressed more practical implications of ‘going green’ and the social
sustainability related questions summarised under the heading ‘social sustainability:
local and global communities’ explored how museums could become socially
responsible enterprises and addressed Corporate Social Responsibility issues such as
supporting the local community and economy and meeting international responsibilities.
Thematic cluster 5 ‘sustainability as a museum message’ addresses the potential
outreach and educational leadership role museums could have by ‘encouraging public
understanding of sustainability’ and by ‘leading society and setting the highest
standards’. The most challenging and controversial issue facing the museum sector is
covered under cluster 6, ‘collections: an irreplaceable asset or an under-managed
burden?’ while cluster 7 ‘working sustainably: staff, skills and knowledge’ deals with
knowledge sharing and up-skilling of staff working in the sector. Finally, the open
question ‘managing growth or going slow: is there is a sustainable future?’ was designed
to encourage respondents to develop a vision for the long-term future of museums.
Issues identified during the consultation are very similar to those in other non-museum
sectors. As figure 2 illustrates the most important single issue for respondents was the

need for more practical information and best practice case studies, followed by
leadership commitment and changing staff behaviour and training seminars and
networking opportunities.

Fig. 1 Consultation respondents’ priorities regarding Museums Association’s perceived
role concerning mainstreaming of sustainability in museums’ daily operations and
planning
The results from the consultation clearly indicate that against the background of
tightening reduction targets by the DCMS, first and foremost practical considerations of
how to implement environmental strategies, energy management in particular, were of
concern to respondents and to a lesser extent those questions that dealt with social
aspects or the development of a long-term vision for museums.
Consultation responses also showed marked differences in perception of difficulties for
improving overall sustainability and for improving environmental sustainability, which as
table 5 highlights were perceived as more difficult by respondents and were therefore
regarded as high priority issues.
Barrier

Perceived difficulty to
improve overall
sustainability

Perceived difficulty to
improve environmental
sustainability

Costs and resources

45%

75%

Staff attitudes

25%

70%

Historic and listed buildings

17%

30%

Table 5 Difference of perception of respondents to improve overall and environmental
sustainability (based on Museums Association 2008 report figures) [31].
That practical considerations were of higher priority was also reflected by respondents’
suggestions for improving the overall sustainability of the museum sector that included

procurement measures such as encouraging main museum-specialist suppliers to
rethink their product lines with sustainability criteria in mind and to make use of more
environmentally friendly display material and shipping crates.
3.2

Analysis of findings from the MLA ‘Green Museums’ Report

In contrast to the Museum Association consultation, the survey carried out as part of the
East Midlands ‘Green Museums’ initiative was solely focused on practical environmental
criteria affecting daily operations which may also explain the relatively high response
rate (40%) as 91 completed questionnaires of the 240 that had been sent to regional
museum were returned (see table 6).
According to its results, an encouraging 80% of museums in the East Midlands are
already taking important steps to improve their environmental impact and nearly three
quarters accept their educational role with regard to environmental issues.
Green Museums Survey Question

Percentage of
respondents

Active awareness of environmental footprint and action taken to reduce
environmental impact?

35%

Systems in place for recycling?

80%

Regular procurement of recycled goods?

60%

Organisation of environmentally themed events or activities?

42%

Table 6 Results from the ‘Green Museums’ survey based on findings of the ‘Green
Museums’ report (2009) [29].
On site visits and interviews suggested that actually more than the 35% of museum sites
might be actively engaged but they may not recognise their activities as being ‘green’
and another 45% of museums have basic environmental practices but without an overall
strategy. The rest responded that their inconsistent approach did not represent a formal
level of engagement.
As figure 3 suggests, whereas 35% of museum respondents are active, a mere 5%
could be described as having environmental activities fully embedded in their operations.
Participating museum sites fall into 5 categories, ranging from ‘entry level’ to
‘embedded’, the former having more of a ‘common sense’ approach and the latter
having fully embraced environmental thinking into their overall museum philosophy and
strategy. The findings also indicated that whilst at ‘entry level’ activities were more selfcentred, the more advanced museums are, the more likely they are to assume an
outward facing educational role with regard to environmental issues. This will also

become evident in my comparative analysis of the six London based museums in
chapter 6.4, suggesting that despite differences in size and status the challenges for
national and regional museum are the same.

Fig. 2 Level of museum site engagement (MLA 2009, p.2) [29].

4.

An overview of specific challenges regarding
implementation of environmental sustainability for
museums

At the time of the research, the Victoria & Albert Museum was the only museum in that
has its carbon footprint in the public domain even though the DCMS published a ‘DCMS
group carbon footprint assessment’ report in April 2008 and stresses that ‘the
assessment of an organisation’s carbon footprint is an important part of any campaign to
cut greenhouse gas emissions. Without such knowledge it is difficult to understand the
relative size of the opportunities in each area of activity or measure improvements.
Carbon footprinting exercises also help raise awareness of the need to cut emissions,
both within management and through the publication of results, within the wider
workforce’ (Walshe et al. 2008, p.1) [32].
Davies describes a carbon footprint as the first step to improving a museum’s
environmental performance. Essentially, if museums have information gaps to with
regard their individual operational aspect’s energy use, it is extremely difficult to develop
an improvement and investment strategy targeting areas with inefficiencies and as
Davies points out, funders increasingly expect carbon footprints (Davies 2010) [33].
Looking at the Victoria & Albert Museum’s carbon footprint in figure 3, by far the largest
part stems from utilities, in other words electricity, gas and water (75%) and to a much
lesser extent from headline and touring exhibitions (5%) and business travel (2%).

Fig. 3 Total carbon footprint for the Victoria & Albert Museum for 2007/08
Source: Victoria & Albert Museum [34]
Whilst there already exists a number of notable initiatives aimed at greening temporary
and mobile exhibitions, as the Victoria & Museum’s carbon footprint illustrates, the issue
is of lesser significance in terms of carbon emissions and was therefore not the focus of
the research.
4.1

The challenge of running resource efficient museum building operations
against a background of collection care standards

There are no real recent statistics about how much museums use for lighting. Lighting in
galleries and display areas is a complex issue. The level of light needs to be carefully
balanced to allow visitors to properly see the objects whilst at the same the objects need
to be protected from damaging overexposure. Different criteria apply for administrative
parts, public and external spaces where it is much easier to go for energy efficient
options but the fact remains that lighting in museums is a significant cause of energy
use. Martin mentions a 1992 survey of 43 UK museums that ‘suggested that energy use
accounted for 6% of total operating costs. Within this total, just over three quarters was
consumed by heating and lighting together, and just over a third by lighting alone’ (2009,
pp. 40) [35]. However, whilst the price of fuel has almost quadrupled since 1992
potentially leading to substantial increases in the proportion of lighting within total
operating costs, Martin believes that this proportion may actually have decreased due to
greater efforts in energy conservation and technological developments in the field of
lighting and lamp ballasts.

But much more so than lighting, heating and air-conditioning are probably the most
significant consumers of fossil fuels by galleries and museums’ (Serota 2008) [36].
Intensive use of heating and air-conditioning in museums has their origin in the required
standardised temperature and humidity that represent one of the biggest challenges in
terms of environmental performance management at museum level. Museums use a lot
of air conditioning for control of ambient conditions and microclimates in gallery and
exhibition areas. Museums are not closed systems. Their objective is to attract visitors
and this virtually eight hours every day of the year in varying weather conditions. A large
group of visitors on a rainy cold day can considerably influence the delicately balanced
indoor thermal and humidity loads. This is obviously more critical for museums that
house delicate and fragile collections than those that exhibit 19th century machinery or
parts of 1960ies spaceships that may have completely different tolerance levels. Even
within museums that hold more fragile objects there will always be galleries that are
more sensitive to climate fluctuations than others, not that this is making the tasks of
energy managers working in museums any easier.
A research paper by the University of Naples on the topic of ‘HVAC systems to control
microclimates in museums’ illustrates the dilemma museums find themselves in when
having to meet both stringent energy saving targets and environmental control standards
for collections they are custodians of.
In order to preserve the artworks, the museum requires a ‘flat line’ for
temperature and humidity around the clock, a far more stringent
requirement with respect to average commercial buildings (Mazzei et al.,
no date) [37].
This is also increasingly being recognised by leading museum directors, with Jones and
Serota leading the debate. Over the past two recent years there have been increasing
demands from museum directors to relax the standards and the debate was reignited
following Maxwell Anderson’s decision to take the Indianapolis Museum of Art (IMA) of
the so-called ‘gold standard’ for environmental collection care in February 2010. Existing
standards can trace their origin to emergency measures taken in view of aerial
bombardments of the UK during WWI and WWII. Following WWI, storage of British
Museum collections in underground rail tunnel, first studies on the impact of humidity on
works of art were underway in the 1930ies but results were inconclusive and scientists
and conservationists were soon overtaken by events as the outbreak of WWII
necessitated large scale evacuation of a significant number of galleries and museums
that were now stored in ‘environmentally stable slate quarry caves in Wales with no
discernable changes in their condition’ (Anderson 2010) [38]. After the war the
approximate temperature and humidity conditions in these Welsh caves became the
gold standard’ for climate control in museums (ibid.). Soon scientific studies such as
those by Plenderleith and Philippot on ‘Climatology and conservation in museums’
(1960, p. 243-289) [39] finalised in 1960 underpinned the legitimacy of these
assumptions.
Anderson emphasises these assumptions were challenged by revised guidelines by the
work by Erhardt and Mecklenburg at the Smithsonian Institution in 1994 that allowed

higher fluctuations both in humidity and temperature ranges for all materials. Anderson
accepts the need for exercising a level of environmental control, however, he argues that
the current levels are disproportionate in their demands and welcomes the work
currently being done Serota and Jones and the International Institute for Conservation
(IIC 2008) [40].
The fact that current and future lenders who had been notified by the IMA of the changes
have not withdrawn their commitment to lend is a positive sign that there is a real shift in
museum thinking with regard to environmental collection control standards. Recognising
that ‘efficiency is based on true need, not perceived need’ (Brophy and Wylie 2008,
p.92) [1], Serota is very critical of ‘existing guidelines on relative humidity and
temperature [that] are expressed in a form that assumes the need for air-conditioning’
(2008) [36] not only making a significant contribution to museums’ carbon emissions but
also resulting in high operational costs. Jones, the key driver for the Victoria & Albert
Museum’s successful carbon reduction strategy, citing examples of oil paintings having
had to travel across Europe for centuries, argues that most objects are actually quite
resilient. He demands that
…more effort [ought] to be put into understanding the real environmental
performance of existing spaces so that a range of strategies for improving
their environmental performance can be tried out’ and advises ‘those
commissioning new and refurbished spaces to specify the use of low tech
and low energy methods to create reasonably stable environmental
conditions (Jones 2008) [41].
Jones also points out that most plant installed to meet standards like BS5454 rarely
function as intended and that the computer modeling which is used to predict
performance in new or existing refurbished spaces is rarely checked against known
historic data of similar spaces. For a museum director, traditionally more concerned with
art history and collections, Jones displays an astonishing level of insight in the more
technological and building management related facet of running a museum in a more
environmentally friendly way (Jones 2008) [41].
He further criticises funding bodies such as the Heritage Lottery Fund (HLF) for
demanding strict adherence to the standard condition thus creating a situation whereby
government sponsorship is dependent on achieving carbon reductions and lottery
funding is only available when museums adhere to strict collection care standards as
illustrated in figure 4. He stresses that
…museums, galleries, archives and libraries which […] look to external
funders for assistance with the capital cost of renewing their displays or
stores are effectively required to install plant designed to control the
environment within tight limits. The consequence is that such schemes
have a high carbon footprint, resulting both from the embedded energy in
elaborate and expensive plant which requires regular maintenance and
replacement on a 15 year cycle, and high energy to run the plant. […]
Museums’ urgent need to reduce their carbon footprint would need to be
balanced against their strong duty to preserve their collections (Jones
2008) [41].

Fig. 4 Inconsistencies in funding conditions for museums with regard to achieving
environmental sustainability
Whilst Martin argues that existing standards such as BS5454 are difficult to achieve
without air-conditioning (2008, pp. 46) [42], he also concedes that these may actually be
‘holding museums back from doing more to save energy’ (ibid.). Whilst amendments to
this standard are expected after the adoption of a new EU standard for ‘Conservation of
cultural property’ CEN/TC346 [43] which is still under development, museum directors
having to reconcile energy saving targets and being seen to be adequately caring for
their collections and those on loan of other museums.
Proof of existing alternatives to using traditional methods of mechanical temperature and
humidity control are the new Medieval & Renaissance Galleries at the Victoria & Albert
Museum representing a passive approach to humidity control by making use of the
massive construction of the building and sophisticated control mechanisms to minimise
fluctuations in humidity such as the installation of solar shading in the glass roof
structure as illustrated in figure 5. At the design stage of a new space for its medieval
and renaissance exhibits, the Victoria & Albert Museum decided against installing airconditioning or dehumidification plants which would have necessitated major alterations
to the listed building’s fabric. The brief to the design team was to develop a low energy
environmental control system that would give priority to object conservation over
occupant comfort.
Subsequently a complex humidity control system with additional solar shading was
developed that has turned to be very effective for the specified relative humidity targets
for more than 94% of the year which is a performance comparable with what would
typically be achieved by a close control mechanical air-conditioning system (Bingham
and Walker 2009) [44]. With regard to human comfort, Bingham admits there are periods
of hot and cold ‘which could be considered uncomfortable in a conventional space’ but
as he continues ‘for around 68% of the time, conditions are maintained at what would be
generally be considered comfortable temperature levels’ (ibid).
By opting for this passive approach, the museum not only managed to save around 30%
in energy use but also to reduce capital investment and subsequent running and
maintenance costs.

Fig.5 Passive approach to humidity control in the new medieval & renaissance galleries
at the Victoria & Albert Museum (source: author’s own).
Moreover, during a debate in May 2010, it emerged that ‘in reality probably few
museums new or old managed to maintain the narrow standard year round’ (Pes 2010)
[45] and that the British Museum had already revised its internal guidelines in 2007 and
is now working to a wider benchmark of relative humidity, applying a case by case policy
arguing that different objects have different requirements.
What this shows is that museum directors and their senior curatorial staff in future will
have to get much more knowledgeable about available alternatives and that it is
important to approach this issue more holistically across the whole museum organisation
by fostering dialogue and cooperation between ‘all the stakeholders who collectively
share responsibility for display and care of collections, as well as having a responsibility
for the wider environment’ (Serota 2008) [36] such as the sustainability task force of
senior staff, curators, conservators and facility managers Jones has successfully set up
at the Victoria & Albert Museum which formed the basis of the graphic in figure 6. Top
level commitment is another crucial issue as a lack of understanding of the real
environmental conditions at museum staff level can become a real problem when ‘no
one in a senior position really takes the trouble to understand the significance of the data
in question’ (ibid.).
However, museums need also to be clearer about how well and for how long they want
to look after collections by asking their target audiences, staff, board members and
funders about the value they put on preservation of individual objects.

Fig. 6 Museum staff from key departments working towards the common goal of carbon
reduction
A survey regarding 8 UK museums carried out by Merriman in 2004 illustrates that over
the past two decades museum collections have continued to expand and that at the time
of his research there was very little evidence of
…any clear strategy indentifying the means by which museums might close
the widening gulf between the needs of collections management and the
resources required to meet those needs (Merriman 2004, p.13) [25].
According to Merriman
…the path towards sustainability has to begin with a fully strategic
approach to collections management, which includes programmes of
community engagement, documentation, storage improvement, acquisition,
and disposal (ibid., p.14)[25].
Disposal from museum collections is highly controversial but even unused collections
need to be stored in environmentally adequate conditions resulting in use of heating and
air-conditioning and as Jane Glaister, a former president of the Museums Association
criticises, most collections are ‘not displayed, published, used for research or even
understood by the institutions that care for them.’ The 2004 MA consultation ‘Collections
for the Future’ whilst asking respondents’ views on disposal mainly focused on issues
such as collaboration, clarification of the use of museum collections, more ambitious and
better targeted collecting did not include environmental impact considerations of holding
collections (Glaister, n.d.) [46].
However, as a positive move, the Museum Association has decided to encourage the
Heritage Lottery Fund and other funders to not just fund single acquisitions but also to
fund long-term development strategies of collections. The NFA in its Audit 2000 came
across 19 objects which had been acquired with their financial assistance, which were

held in storage without access to anybody, not even curators (National Museum
Directors’ Conference 2003, p.7) [49].
The National Museums Directors’ Conference’s ‘Too much stuff?’(2003) report
summarises this debate very poignantly by stating
…when beautiful works of art are not on show the public interest suffers.
Museums which hold such works and which are unable to display them
should certainly ask themselves, and be asked by others whether it makes
sense to hold on to them [and] there has to be considerable confidence in
its value to future generations to justify present preservation (National
Museums Directors Conference 2003, pp.5) [47].
Or as one respondent of the Museum association’s consultation poignantly remarked
…it is pointless showcasing history to the world if it costs the earth
(Museums Association 2008) [31].
Options for a more effective use of collections include increasing collections’ mobility
and open stores shared and jointly operated by several museums. Another possibility is
the creation of virtual museums by putting collections, exhibited ones and ones held in
storage, online, making them accessible to millions around the world, thereby reaching
out to communities that may otherwise never be able to see and appreciate the objects
in situ. However, this comes at an environmental cost as well as increasing online
presence also means an the need for increased server capacity, in other words an
increased energy use not only because of more energy intensive equipment but also
through more need for cooling in server areas.

5.

The ‘green museum league table’ – benchmarking six
leading UK government funded museums

The final part of the research looked at how six leading UK museums have approached
the issue of environmental sustainability since 2005 and how they communicate about
environmental sustainability online. The objectives was to establish whether there were
any marked differences between these museums and which of them could be described
as ‘green champions’ on the basis of their formal commitment, activities to date and
public outreach.
In view of the high number of visits to websites of DCMS funded museums, indicating
the strong online presence and popularity of the museums examine, a review of
museum websites and online documents according to a set of six criteria as illustrated in
table 7 was carried out.

Museum

Sustainability
issues
signposted
on home
page?

Sustainability
policy
prominently
displayed on
museum
website?

Sustainability
section in
online
annual
report?

Online
communication
of museum's
activities
dedicated to
environmental
sustainability?

Online
educational
outreach with
regard to
sustainability?

Online
communication
about special
events
programme or
exhibits
dedicated to
sustainability?

British
Museum
National
Gallery
Tate

Victoria
& Albert
Museum
National
Museum
of
Science
&
Industry
Natural
History
Museum
Good level of online communication and relevance
Medium level of online communication and relevance
No online communication

Table 7 Benchmarking of six leading UK government funded museums with regard to
online communication about environmental sustainability
Taking the six aforesaid criteria a detailed research of each individual museum’s website
was carried out which assessed the amount of available information about the museum’s
engagement with environmental sustainability and the relevance of the content whilst
also allowing for the overall subject focus of the museum, i.e. art, history or sciences.
The research was not always very straightforward as all museums have references to
sustainability in very different locations on their respective websites, some under
governance, some in the press or in the events section and only one had a dedicated
webpage listing all its achievements and ongoing projects. In most cases relevant online
material was only accessible either by using museum website search engines or Google
to find relevant online material.

Effectively, with regard to the six museums that formed part of the research there were
two groups with the Victoria & Albert Museum, the Natural History and the National
Museum of Science & Industry in the lead and the Tate, the British Museum and the
National Gallery with only limited online communication about any activities relating to
environmental sustainability suggesting that these are still at what the ‘Green Museums’
report calls ‘entry level. As already previously highlighted, the latter two also have rather
weak environmental sustainability targets in terms of their funding agreements.
The clear distinction between science or natural orientated museum organisations and
art and history museums validates Brophy’s and Wylie’s theory that the former generally
have fewer problems to communicate about ‘green’ issues as it is closer to their subject
matter and that they are also more likely to be early adopters of environmental
performance improvement measures (Brophy and Wylie, 2008, p.1) [1].
The Natural History Museum supports various initiatives such as the ‘I do’ [48] climate
change coordination and the ‘100 Hours of Carbon Saving’ campaigns [49]. The latter is
organised by The Chartered Institution of Building Services Engineers (CIBSE) and is
targeted to raise awareness about actions organisations can take to reduce their carbon
footprint. It won a Green 500 Platinum Award in the Green 500 scheme [50], an initiative
of the Mayor of London that recognises London based organisations that are taking
action to reduce their carbon emissions and like the Victoria & Albert Museum it also
took part in piloting the DEC scheme and participated in the 1851 ‘Invest to Save’ [51]
project .The museum communicates openly about its initiatives and is ISO14001
certified. Furthermore, it has an excellent educational online section called ‘Take action’
with practical advice on energy saving, reduction of carbon footprint, greening travel and
transport, local initiatives, buying habits and recycling as well as useful links. It also
operates a ‘green’ online gift shop.
The National Museum of Science & Industry participated in the so-called 10:10
campaign [52], which is a pledge by individuals and organisations to cut their carbon
footprint by 10% by the end of 2010 and in Earth Hour 2010. At operational level it has
managed to cut 24 % of carbon emissions in 2008/09 following the installation of UPVC
double glazing, roof insulation, solar panels on the roof of the Energy Hall in 2004 and of
a Combined Heat Power (CHP) system in 2000. It is now planning the installation of the
world’s first Aquifer Thermal Energy Storage System.
As was to be expected for a science museum, it is very strong in terms of educational
outreach with a number of online games around energy savings for children of all ages
as well dedicated energy and climate change web pages. In terms of exhibitions its new
Climate Science Gallery will be opened at the end of 2010 with a 3 year supporting
events programme.
However, as table 7 illustrates, the Victoria & Albert Museum is an exception to this rule
as it is definitely the most advanced museum within the sample group in terms of
communication and actual relevance of content. This leads to the obvious question why
an art and design museum should be particularly dedicated to environmental
sustainability. The simple answer is that the museum has been very fortunate in not only
having ‘top level commitment’ and a dedicated staff task force but also already started to
measure and improve its performance at a very early stage of policy development and
has been involved in a number of cross-sectoral sustainability initiatives thus benefitting
from best practice exchange of information. It is a member of the Green 500 Scheme

and was awarded a Gold Green 500 Award in 2009 in recognition of its efforts to reduce
its carbon footprint by 20% compared to 2005 levels. Since 2006, the museum has
shared a Combined Heat and Power system (CHP) with the Natural History Museum
and is also part of the 1851 ‘Invest to Save’ project. Furthermore, it has been involved in
the Carbon Disclosure Project (CDP), an initiative that aimed to help participating
organisations to understand the part played by their suppliers in their overall carbon
footprint as well being part of the ‘100 Hours of Carbon Clean Up’. The Museums also
runs a number of ‘green’ staff incentive schemes and has organised an event around
ethical fashion. Finally, as already mentioned, its director is closely involved in ongoing
work on environmental care collection standards through the MNDC and the Bizot
Group. However, regrettably, not even the Victoria & Albert Museum, despite having the
only dedicated comprehensive sustainability webpage in the whole sample group, had a
‘sustainability’ button on its home page.
The benchmarking exercise also confirmed the conclusions drawn from the MLA East
Midlands survey, namely that museums that are still struggling to improve their
environmental performance, are more inward-facing and do not tend to reach out to the
wider public. The results in table 7 therefore also reflect the respective stages of
development of strategies to improve their own resource efficiency within museums.

6.

Conclusion

The research conducted demonstrated that with regard to environmental sustainability
the museum sector is still trying to come to terms with an area that hitherto has not been
part of their core activities. Main issues identified were lack of best practice guidance
and of sufficiently qualified staff, changing staff behaviour and commitment of senior
staff.
However, political and financial pressure have played a key role in putting museums on
a path of greater environmental sustainability and in view of the recent UK public sector
funding cuts, these considerations will gain even more importance as museums will
need to strive for more resource efficiency to further reduce their running costs. This
they will only be able to achieve if funding policies are better aligned and do not actually
prevent them from saving energy as it is the case with conflicting policies in the area of
environmental care standards.
The research validated a number of assumptions such as the fact that art museums
usually lag behind their more science focused counterparts and that only museums that
have successfully begun to address environmental sustainability at operational level are
in a position to interact with the public on the topic. However, it also pointed to serious
gaps within communication strategies even within those museums that are considerably
more advanced than their peers as none of the museums has a direct link to a dedicated
sustainability from their home page, thus with regard to environmental sustainability they
fall short of the educational outreach role which is traditionally part of their social
mission.
As yet, there is no BREEAM rated museum in the UK as essentially there is no museum
specific rating tool, there are however examples of LEED certified museums in the
United States. Whilst most of these are new constructions, there are now case studies of
LEED certified historic existing museums - proof that it is possible to find solutions to
successfully ‘green’ older type museum buildings.

7.
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Summary
The paper is discussing form of sustainable tall buildings especially for those require significant
efforts to integrated concerns of environmental impact and economic benefits from sustainable
approaches to ensure low energy consumption and CO2 emissions.
Form generation achieved through sustainable design approach is becoming increasingly
important, as we think more about the environment and energy conservation. As we try to
preserve the changing environment, energy conservation turns into a priority.
Because buildings account for a large proportion of energy use, architects and engineers must
focus on energy efficient design. In addition to that, buildings are one of the heaviest consumers of
natural resources and account for a significant portion of the greenhouse gas emissions that affect
climate change.
It is important to design efficient structures and functional architectural forms. Integrating them
with energy efficiency strategies is essential to achieve a sustainable building: a hybrid using the
least amount of resources to create a healthy and environmentally friendly building. Such a
sustainable form of tall building is only possible with close integration across different construction
disciplines.
Therefore, it is more important to understand the energy strategies and try to integrate them into
the building form to have great advantage of sustainable design. Thus, it is critical for a
sustainable form generation to support building energy conservation by developing new ideas to
enhance building energy efficiency.
In this paper, we review examples of sustainable tall building illustrating the interaction between
architectural forms, energy efficiency and provide analytical survey of the significance of adaptable
use of sustainable solutions on the current practice of tall building.
Keywords: Sustainable Building Design, Tall Building, Renewable Energy, Form Generation

5. Introduction
As we try to preserve the changing environment, energy conservation turns into a priority.
Because buildings account for a large proportion of energy use, architects and engineers must
focus on energy efficient design. According to US Green Building Council, buildings use 40% of
raw materials globally, buildings use 13.6% of all potable water, buildings represent 72% of U.S
electricity consumption, and buildings represent 38.9% of U.S. primary energy use [3]. In addition
to that, buildings are one of the heaviest consumers of natural resources and account for a
significant portion of the greenhouse gas emissions that affect climate change. In the U.S.,
buildings account for 38% of all CO2 emissions. It is important to design efficient structures and
functional architectural forms. Integrating them with energy efficiency strategies is essential to
achieve a sustainable building: a hybrid using the least amount of resources to create a healthy
and environmentally friendly building. Such a sustainable form of tall building is only possible with

close integration across different construction disciplines.
Table 1 Energy Consumption in the office building (Electricity)
Energy Use
Heating and Hot water
Cooling
Humidification
Fans, Pumps and Controls
Lighting
Office Equipment
Computer Rooms
Catering
Other Electrical

Electrical Loads (KWh/m2)
201
41
23
67
60
32
105
24
15

Source: Tall Buildings and Sustainability (W. Pank, 2002)

One of the difficulties to pursue sustainable design was the cost of the project. Experience
suggested that ideal integration of systems to achieve maximum benefit of sustainable design with
less long term premium although it requires marginal initial premium at initial stage. Sustainable
design is not always be achieved by develop new system or relied largely on state of art
technology. Sometimes, there is a tendency to overestimate the benefits of certain energy
solutions that may not work as planned or that may become difficult to modify once the building is
built. Therefore, it is more important to understand the energy strategies and try to integrate into
the building form to have great advantage of sustainable design. At the same time, a structural
system accounts for thirty percent of the total building cost and is of a primary design focus. Thus,
it is critical for a sustainable form generation to support building energy conservation by developing
new ideas to enhance building energy efficiency.

6. Review of Sustainable Buildings
The Chicago Spire, a 150 story tower designed by architect Santiago Calatrava, has an unusual
building facade formed by its pointed floor plan which is twisted 360 degrees around its axis
towards the top (see Figure 1). In this tower, the exterior skin doesn’t express the structural
system of the building. It was difficult to integrate an exterior structural system with the twisted
building facade because structures tend to lose their stiffness and bearing capacity when
excessively twisted. Therefore a conventional internal core structure was designed.

Fig. 2 Chicago Spire, Chicago, USA (source: Chicago Spire LLC) and its floor plan
Sustainable structural systems often depend on the architectural forms of the building. Structural
and architectural forms may be combined to reduce material use. For example, stiffened
architectural forms will have good structural performance as well. This idea was used in a

research project at the College of Architecture, Illinois Institute of Technology (IIT) (see Figure 2).
The structural validity of this particular form comes from maximizing the moment of inertia at the
base of the building. In this project, the architecture and structure work together to reduce the
gravity and lateral loads on the building. In addition to great structural performance, this
architectural form could be used to enhance building energy performance. Some ideas are
proposed later in this paper

Fig. 3 Student thesis project (source: Master’s Thesis Program, IIT)
Scale has a great impact on the selection of an architectural form, structure, and energy efficiency.
To a great extent, scale determines the choice of a structural system and a form. Frequently, a
building form can be perceived as an expression of the structural system. For example, a tall and
slender building will require a structural system that responds well to the dynamic nature of wind.
These requirements may restrict geometric forms, such as dramatic setbacks or excessive twisting,
as they cannot withstand certain dynamic forces.
Some energy technologies in buildings can be very dependent on the structure that houses them.
In 1997, the first author introduced an innovative structural system for a 600 meter high tower
based on the solar chimney technology developed by Schlaich from Stuttgart, Germany, in the
early 1980s (Figure 3). The tower structure was a very tall tube supported by multiple cables
anchored to the ground. At the bottom of the tube, the air is heated by the sun in glazed collectors.
The tube channels convective hot air from its bottom to the top which generates energy when it
passes through small turbines. The taller the chimney, the more electrical energy can be produced.
The structure for a solar chimney would have to be extremely tall, which is challenging from
economic and construction perspective.

Fig. 4 Model of a 600 meter high solar chimney and its cross sectional plan representing a
porous organic form (source: the M. Elnimeiri)

Sustainable structures may use nonconventional renewable materials such as bamboo. In the
Tjibaou Cultural Centre in New Caledonia, by architect Renzo Piano, bamboo was successfully
utilized as a primary structural material (Figure 4). Besides being a naturally renewable
construction material, bamboo was an abundant local material, which significantly reduced
embodied building energy. This form and structure can also be explored for tall building
construction.

Fig. 5 Tjibaou Cultural Centre, Nouméa, New Caledonia (source: Renzo Piano Building
Workshop)
Today, more efficient structures are being developed. Efficient structures, such as diagrid, have
been used recently on two projects by architect Norman Foster: the Hearst Tower in New York
(Figure 5) and the Swiss Re Tower in London (Figure 6). In both cases, the structural systems
were located near the buildings’ exterior and were expressed on the facades.
A good example of the combination of structure and architectural form highly responsive to its
environment is The Met, a 69 story residential tower in Bangkok (Arch Daily 2009). The building
structure consists of a series of closely spaced parallel shear walls (Figure 7). The shear walls
form three clusters of residential units, separated by air gaps. Along the building height, the
clusters are connected by sky bridges supporting gardens or community spaces. The air pathways
between the three clusters of residences allow free air movement, thus providing the building with
natural ventilation. The shear walls’ layout also allows cross ventilation inside the residential units.
In addition to ventilation, the air pathways between the shear walls reduce wind force impact on the
structure. Recessed windows and hanging gardens also provide shade which helps avoid
overheating in the hot and humid Bangkok climate.

Fig. 6 Hearst Tower, New York, USA (source: Foster and Partners) and its floor plan

Fig. 6 Swiss Re Tower, London, UK (source: Foster and Partners) and its floor plan

Fig. 7 The Met, Bangkok, Thailand (source: Arch Daily) and its floor plan
Another example of sustainable structural and architectural integration is the Cocoon Tower in
Tokyo by Tange Associates (Tange and Minami 2009). This 50 story tower is a vertical campus
housing Tokyo high education institutions (Figure 8). The building structure consists of an inner
core and three elliptical diagrid frames located at the perimeter. The diagrid frames are rigidly
connected only at the base and at the top. Each of the three diagrid frames houses a classroom at
every floor. The circular space between the exterior structures forms a series of three story
atriums stacked on top of each other. The atriums serve as student lounges or enclosed school
yards.
Masdar Headquarters is designed as the world’s first large-scale, mixed-use “positive energy”
building which produces more energy than it consumes (E-architect 2008). The structure of the
building is composed of conical towers enclosed in diagrid (Figure 9).
Apart from supporting floor loads and providing lateral bracing, the towers serve as building
atriums. The diagrid laced atriums create stack ventilation, and are reminiscent of such elements
of Islamic architecture as wind towers and Arabic courtyards. The large roof is used for solar
energy generation using photovoltaic arrays. The building will use sustainable materials,

integrated wind turbines, and additional systems to generate energy and reduce waste. Although
the Masdar Headquarters is a mid rise building, the same ideas could be easily applied to the
design of tall buildings.

Fig. 8 Cocoon Tower, Tokyo, Japan (source: Archicentral) and its floor plan

Fig. 9 Masdar Headquarters, Abu Dhabi, UAE (source: E-architect) and its floor plan

7. Integrated Form of Sustainable Tall Building and applied Technologies
Although the integration of many of technologies into tall buildings is still at the experimental stage,
increasing numbers of designs and some completed projects utilize technologies such as building
integrated wind turbines (BITW), photovoltaic cells (BIPV), co generation and tri generation
systems, fuel cells and ground source heat pumps to reduce primary energy consumption. While
current practice of tall building design integrating technology and building form, one must be
understood that there are shifting from conventional building design to sustainable building design
in regarding nature imposed to the building. Table 2 shows comparison between conventional and
sustainable building design before state of art technologies applied to the building.
By concerning locality and climate seriously, system and solutions were provided by available
resources.
Table 3 shows 6 design cases from recent practice in tall building design. Each design explained
by types of resource and applied system to achieve enhanced energy performance and

sustainability.
Each project indicated its sustainable solution by resources, differ from conventional building, all
designed with both active and passive way of energy conscious design solution.
Table 2 Comparison of Conventional and Sustainable Building Design
Conventional Building

Sustainable Building

Reflect light

Absorb light

Cuts into the wind

Capture the wind

Insulate from solar energy

Absorb and use solar energy

Shed Rain water

Capture and use Rain water

Produce waste water

Store, treat and re-use waste water

Mixed-use district, Beach Road, Foster + Partners, Singapore
The scheme incorporates commercial, residential, retail and two high end hotels, as well as a
direct ‘green’ link to an MRT station. Offering a light and comfortable environment, the canopy is
articulated by ribbon forms that flex above the primary circulation routes and public spaces and dip
near the edges reflecting the changes of use beneath it. The ribbons rise up the exposed east and
west elevations of the developments where they form a series of vertical louvres. These filter the
sun and provide a framework for the planting which will transform the developments into a series of
vertically linked green spaces. The buildings forms and slanted facades are oriented to catch the
prevailing winds and direct air flow down to cool the ground level spaces.
60-70 St Mary’s Axe, Foggo Associates, U.K
One of the latest buildings proposed to be built in london's business district is 60 70 st mary’s axe
designed by foggo associates. already dubbed the 'can of ham' the building has been designed as
an asset to its local surroundings rather than london at large. the 18 storey design will be used
mainly as offices covering 17,843 sq m with some retail space at ground level. planning permission
This distinctive semi elliptical new 90 metre, 24 storey office building will provide good natural light
penetration whilst minimizing solar gain and delivering an impressive low carbon solution and
BREEAM excellence.
Iris Bay tower, Atkins, Dubai
A 170m high, 32-storey tower comprises two identical double curved shells, rotated and
cantilevered over the podium. The tower is elevated above a four-story perforated podium which
floats over a double height arcade.
4 times Square, Fox & Fowle, USA
The 4 times Square Building is an environmentally responsible building. All building systems and
construction technology have been evaluated for their impact on occupant health, environmental
sensitivity, and energy reduction, making Four Times Square the first project of its size to adopt
state of the art standards for energy conservation, indoor air quality, recycling systems, and the
use of sustainable manufacturing processes. The building features environmentally efficient gas
fired absorption chillers and a state of the art curtain wall with excellent shading and insulating
performance. The air delivery system will provide 50% more fresh air than industry codes, and a
network of recycling chutes will serve the entire building

Table 3 Integrated Form of Sustainable Tall Building and applied Technologies

Mixed-se district, Beach Road
Foster + Partners
Singapore

60-70 St Mary’s Axe
Foggo Associates
U.K

Sheth Tower
Atkins
Dubai

Solar: Daylight, BIPV, Shade
Wind: Natural ventilation,
Stack ventilation
Geothermal:
Ground Source Heat Pump
Water:
Water Recycle System,
Rainwater Harvesting

Solar: Daylight, BIPV, BIPV
Wind: Natural ventilation
Geothermal:
Energy pile, Heat Storage
,

Solar: Daylight, BIPV
Wind:
Natural ventilation,
Stack ventilation
Geothermal:
Ground Source Heat Pump
Water: Water Recycle System,

4 times Square
Fox & Fowle
US
Solar: Daylight, BIPV,
Wind: Natural ventilation
Mechanical:
Hybrid HVAC,
FuCell,

Pearl River Tower
SOM
China
Solar: Daylight, BIPV, Shade
Wind:
Natural ventilation,
BIWT
Geothermal:
Ground Source Heat Pump
Water:
Water Recycle System,
Mechanical:
Hybrid HVAC, Fuel Cell

Anara Tower
Atkins
Dubai
Solar: Daylight, BIPV, Shade
Wind:
Natural ventilation,
BIWT
Mechanical:
Hybrid HVAC,
Fuel Cell
Other:
Sky Garden, Community space

Pearl River Tower, SOM, China
By reducing the building’s energy consumption through a combination of the building’s site
orientation, a high performance building envelope, day lighting, and building control systems. By
rotating to the east, the tower takes advantage of midday sun while the effects of late day sun on
the larger, southern horizontal exposure are minimized. The south facade’s low E glass, double
layer curtain wall system reduces heat gain, which leads to less demand on the HVAC systems.
Anara Tower, Atkins, Dubai
The design combined with its orientation, the 100 storey plus mixed use project is spanning almost
five million square feet. The design of Anara Tower will answer the environmental challenges
posed to modern day skyscrapers by maximizing water and energy efficiency; and potentially
including renewable sources of energy, in addition to conforming to the internationally recognized
LEED certification requirements.

8. Conclusions
Tall building is still important icon of the city. However, to be more attractive to the future, tall
building design should be overcome its limitation and minimize negative aspect on environment. In
the past, tall buildings always develop with new materials, structural system and innovative
architectural ideas. Those technological innovations impose great impact on tall building industry
for both positive and negative aspect. By nature of tall building, it is very difficult to achieve low
energy building. And currently, we are facing with serious environmental issues including global
warming caused by CO2 emission. It is strongly required to use sustainable concept and
applicable technology for reducing energy consumption and CO2 emission those consequently
affect the form of tall building.
Recent practice shows possible adapt use of sustainable design concept for tall buildings.
Although 6 projects shown in this paper were still immature stage, however, it indicated significant
to aware the problems in tall building design.
The paper suggests some building concepts to enhance architectural form design development
regards to energy efficiency strategies integrated with sustainable technology. A successful
sustainable tall building can only be achieved by collaborative design process during the design
process with other discipline. It is time to integrate energy strategies with architectural form
generation through sustainable design strategies.
For the future tall building, new sustainable building form will provide innovations and enhanced
creativity to the building design while it contributes to our clean environment.
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Summary
As the societal awareness on sustainability is gaining momentum worldwide, the higher education
sector is expected to take the lead in education, research and the promotion of sustainable
development. Universities have the diversity of skills and knowledge to explore new concepts and
issues, the academic freedom to offer unbiased observations, and the capacity to engage in
experimentation for solutions. There is a global trend that universities have realized and responded
to sustainability challenge. By adopting green technologies, buildings on university campuses have
the potential to offer highly productive and green environments for a quality learning experience for
students, while minimising environmental impacts. Despite the potential benefits and metaphorical
link to sustainability, few universities have moved towards implementing Green Roof and Living
Wall on campuses widely, which have had more successful applications in commercial and
residential buildings.
Few past research efforts have examined the fundamental barriers to the implementation of
sustainable projects on campuses from organizational level. To address this deficiency, an ongoing research project is undertaken by Queensland University of Technology in Australia. The
research is aimed at developing a comprehensive framework to facilitate better decision making for
the promotion of Green Roof and Living Wall application on campuses. It will explore and highlight
organizational factors as well as investigate and emphasize project delivery issues. Also, the
critical technical indicators for Green Roof and Living Wall implementation will be identified. The
expected outcome of this research has the potential to enhance Green Roof and Living Wall
delivery in Australian universities, as a vital step towards realizing sustainability in higher education
sectors.
Keywords: Green Roof, Living Wall, university, sustainability, organisation, project delivery

1. Introduction
Sustainability is gradually becoming a guiding paradigm in response to the challenges of recent
environmental degradation, social change and economic development. Higher education
institutions can take an active part in creating a sustainable future, by virtue of their moral
responsibility, social obligation, and their own needs to adapt to new circumstances. Universities
have the greatest capacity to define, analyse, and examine sustainability issues while taking a
leadership role in developing creative ways to respond to them [1]. Through education, research,
practical demonstration, as well as through economic and social change, universities can play a
significant role as a leader in the sustainability movement [2].
As a result, many universities have made high-level commitments to sustainability in the last
decade [3]. However, due to the infant state of sustainable development in universities, there is a

very low-success rate in translating their promises into reality [4]. The gap between the theoretical
assumptions and real-life practices of sustainable projects in universities is significant. Previous
research attributed the discrepancy to various reasons such as the lack of awareness, funding
constraints or technical problems. But few studies looked in depth into the fundamental factors
from the organizational perspective. To rectify this problem, an on-going research project
introduced in this paper is being undertaken in Queensland University of Technology. This
research intends to examine the general organizational environment of Australian universities, as
well as investigate project procurement issues and identify technical indicators for Green Roof and
Living Wall application. Synthesizing all the information, finally, a set of decision-making guidelines
to promote green innovations such as Green Roof and Living Wall deliverables in higher education
institutions will be developed.

2. Higher education and sustainable development
The most widely accepted definition of sustainable development is “…to meet the needs of the
present without compromising the ability of future generations to meet their own needs” [5].
Despite the ambiguity and variety existing in the demonstration of sustainability, the influential
concept of the Triple Bottom Line provides three pillars of “society, economy and environment” to
measure sustainability universally. In addition, sustainability is treated as a process rather than an
end-state [6]. The essence of sustainability is reflected in the process of continuous adaptation to
continuous demands and changing situations. Nowadays, pursuing sustainability has become a
prevailing trend in every field. It is generally agreed that sustainability should be introduced,
incorporated, embedded and implemented [7].
There is a growing consensus that higher education institutions have responsibilities for taking a
lead in achieving a sustainable future [4, 7, 10]. Although sustainability has been controversial for
decades, it provides universities an opportunity to confront their core values, their practices, their
entrenched pedagogies, the way they design programs for students’ learning, the way they think
about and allocate resources as well as their relationship with the broader community [8]. Bakker
argued that the historical tradition of universities assigns them the responsibility for analysing and
challenging ideas and conventions, conducting research, developing new technologies and
educating future leaders and citizens [9]. As Cortese explained, ‘‘universities bear profound
responsibilities for increasing awareness, knowledge, technology, and tools to create an
environmentally sustainable future. Universities have all the expertise needed to develop an
intellectual and conceptual framework for achieving this goal. They must play a strong role in
education, research, policy development, information exchange and community outreaching to
help create an equitable and sustainable future [10].”
The role of universities in society puts them in an ideal position to lead sustainable development by
exploring sustainability education in the classroom and serving as living laboratories and role
models of sustainable practices [11]. By the example of its physical plant, a university can give
students an understanding of the interrelationship between decisions and the natural environment,
and thereby model behaviours and attitudes that encourage environmental responsibility [12].
Universities can prepare future professionals who develop, lead, manage, teach, work on and
influence society’s sustainable development. As an extremely influential aspect of society [13],
universities have a significant influence on the community and indeed on the whole of society in
regard to sustainable practices as demonstrated in figure 1.

Fig.1 The Role of University in the Pursuit of Sustainability [7]
Not only do higher education institutions have an obligation to enhance the performance and
operational efficiency of their own facilities in “demonstrably sustainable ways” for educational
purposes, but also these practices bring economic and environmental benefits. There are clear
incentives for universities to “go green”, such as opportunities for saving money, demonstrating
new and clean technology, and increasing student learning and social responsibility [14].
Consequently, promoting sustainability in tertiary education is high on the agenda in recent years
and become one of its core missions.

3. The benefits of greening campuses
As part of the built environment, universities can nowadays be regarded as “small cities” due to
their large size, population, and the various complex activities taking place on campuses, which
have some seriously direct and indirect impacts on the environment [15]. Kellyn suggested that
colleges and universities generate greenhouse gases, wastewater, and hazardous waste, and their
operations can contribute to sprawl and environmental injustice [16]. The significantly close
relationship between campuses and built environment indicates the imperatives for “greening”
campuses. Habib and Ismaila clearly pointed it out that a sustainable university should have a
healthy campus environment, with a prosperous economy through energy and resource
conservation, waste reduction and an efficient environmental management, and promotes equity
and social justice in its affairs and export theses values at community, national and global levels
[15].
Greening campuses has raised increased attention to universities because of many potential
benefits to associate stakeholders. Not only should universities green their campuses to reduce
their “ecological footprint”, but a green campus can save substantially on expenditure. The U.S.
Green Building Council now reports that an average school with a green campus will save about $
100,000 in direct costs annually [17]. 23 conservation initiatives at 15 U.S. institutions of higher
education each saved between $ 1, 000 and $ 9 million, with total annual savings at $ 16.8 million
[18].
On the other hand, today’s students are sophisticated consumers who choose universities in the
same way that they shop for anything else. When students make a decision for choosing a
university, it is clear that the campus environment is an important feature which influences
students’ attraction to and satisfaction with a particular institution [19]. Results from the 2007 NoelLevis Student Satisfaction Inventory, which gathered opinions from over 87,000 students in the
U.S., indicated that 51.8% of community college students consider campus appearance as an
“important” or “very important” factor that influenced their decisions to enrol in universities. In
another survey of 16,000 university applicants and parents of applicants conducted by the

Princeton Review, 66% indicated that a university’s commitment to the environment could impact
on their decisions.
Besides the positive image-building and attraction to potential students, as an ideal microcosm of
society, higher education institutions can demonstrate how to achieve goals for sustainability that
will have an impact on the be transferable to other sectors of society [20]. Learning doesn’t just
begin and end at the classroom door, which indeed happens consciously or unconsciously
everywhere. Simply informing individuals about the environment does not necessarily provide
sufficient impetus for changing behaviours [21]. Through greening their campuses, colleges and
universities can teach and demonstrate the principles of awareness and stewardship for the natural
environment [12]. A visible green campus can serve as a living laboratory of environmental
consciousness which is able to influence the attitudes and behaviours of the target audience, who
are the future professionals, experts or policy makers. The connection between the educational
mission and social role of the university, particularly related with the physical environment, has
been used as a rationale for campus greening [9].
Therefore, university campuses are undergoing a transformation to the high-tech, sustainable
campuses. Among various strategies of promoting sustainability in higher education, delivering a
green campus environment is invariably top on the agenda for universities as a critical pathway to
sustainability. While projects and programs in education, research, and outreach and partnership
have been in operation since the early 1970’s, sustainability initiatives on campus, also called
“greening the campus”, began to flourish just a decade ago [22].

4. Green Roof and Living Wall for green building initiative
The proliferation of sustainability in universities demands more sustainable practices to actualise
the commitments. An important parameter for the success of sustainability on campus is the
visibility of the project. A doctorate dissertation discussed that on-campus buildings are considered
to be the most visible among sustainable sustainability initiatives on campuses, where facility
construction and renovation seeks to match some definition of sustainable best practice [17].
Moreover, on-campus buildings are responsible for the highest consumption of material resources
and energy, so that they have a significant impact on the environment [15]. Buildings in the
education sector have the potential to offer highly productive, green environments that utilize
converged and integrated technology to deliver high quality learning experience for students [23].
Increasing interest in green building strategies and sustainable development has sparked a
growing interest in Green Roof projects [24]. The term “Green Roof” refers to roofs covered with a
layer of impervious membrane, which is topped with soil and vegetation in order to optimize the
site-specific and community environmental benefits [25]. Similar to Green Roof, Living Wall is
vegetation that either partially or fully covers a building façade or other vertical structure [26] to
enhance environmental benefits and aesthetic appearance which is particularly effective for
buildings with small roof area but large amounts of vertical surfaces. The perfect integration of
these green and innovative technologies can turn the unsightly grey concrete into green oasis: “It
allows man to re-create a living system very similar to natural environments. It’s a way to add
nature to places where man once removed it [27]”.
4.1 The Green Roof and Living Wall’s concept and evolution
Although Green Roof technology is relatively new and waiting for wider application, their origins
can be traced back into the distant past [28]. The earliest known use of rooftop vegetation can be
traced back to mud-brick temples (known as Ziggurats) constructed in approximately 2500 BC. The
Hanging Garden of Babylon which was most likely built around 600 B.C. is probably the most
spectacular and historically renowned rooftop garden. The modern trend of Green Roofs started in
Germany in 1960’s. Compared to other developed countries like U.S.A, Germany and Japan,
Australia lags behind in the Green Roof industry with only very few in existence.

The image of ivy climbing on the façade of a building is the precursor of the idea of a Living Wall of
today. Past generations have understood the microclimatic benefits of plants associated with built
forms as they provide shade and climate control. About 2000 years ago, people in the
Mediterranean region used vines to cover the back yards of palace as the earliest form of vertical
gardens. A French botanist named Patrick Blanc designed the first notable modern Living Wall for
a Spanish museum, which was so successfully that worldwide acceptance followed. Like Green
Roof, the use of Living Wall is also expanding rapidly, and many successful examples can be
found in countries such as France, Japan, Singapore, the USA and Canada. However, in Australia,
Living Wall is still an emerging technology with few established large commercial examples [29],
even in Australian universities.
4.2 Multiple benefits of Green Roof and Living Wall
Green Roof technology is one possibility for reducing the environmental impact of a building [28].
Much research has been conducted on Green Roof technology and benefit assessment. Green
Roof is widely acknowledged for their multiple benefits, such as increasing roofs’ lifespan, better
thermal insulation, attenuation of noise levels, and reducing stormwater flows, to name just a few.
Living Wall, “Green Wall” or “Bio-Wall”, which is used interchangeably, can significantly enhance
the visual and physical integrity of buildings with natural elements by providing the similar benefits.
Both Green Roof and Living Wall are able to bring significant benefits environmentally,
economically, socially and educationally as indicated in Table 1:
Table 1 Multiple benefits of Green Roof and Living Wall for on-campus buildings
Environmental

Economical

•

Storm water runoff
reduction

•

•

•

•

Thermal
performance
Improvement of air
quality
Noise attenuation

•

Fire prevention

•

Reduction of “Urban
Island Heat” effect
Biodiversity increase
Electromagnetic
insulation

•

•
•

•
•

Social

Educational

Prolong the life
span
of
roof/building
facades
Save energy costs

•

Aesthetic value

•

Potential for a
living laboratory

•

•

Potential for “Urban
Agriculture”
Improvement
of
property value

•

Therapeutic
effects
Create
recreational area
Social space

Potential for a
research tool
Potential for new
classes
“Showcase”
of
universities’
sustainability
efforts
Improvement of
universities’
images
as
a
sustainable
university

•

•
•

•

5. A proposed decision-making framework
Although we should expect a university to “practice what it preaches” [10], they have been rightly
criticized as being “too timid” and in Australia, universities have been slow to implement
sustainability policy and practice, even slower than industry in many instances [4]. They are
supposed to be at cutting-edge, but they sometimes hesitate to adopt sustainable technological
innovations. According to the statistics from Green Roof Australia, among the existing 25 Green

Roof projects in Australia, the only two are in Charles Sturt University and University of Melbourne
respectively.
According to a very extensive literature including journals, conference paper, reports, dissertation
and booklets, very few of them discussed about organizational issues. For example, one of the
leading journals in the field-International Journal of Sustainability in Higher Education (IJSHE)
featured many papers discussing the necessity, benefits and challenges of delivering sustainability
in higher education, but these papers rarely examined the possibility of organizational environment
of universities plays a role in inhibiting green technologies on campus. Table 2 listed the number of
papers grouped according to categories of coverage.
Table 2 A basic classification of papers in IJSHE from year 2000-2010
Categories
Sustainability discussion (concept, indicators and assessment)
Policy and regulations
Teaching and research
Management and strategy
Organizational assessment
Case studies

Number of Papers

Coverage

57
14
112
41
7
32

21.7%
5.3%
42.6%
15.6%
2.7%
12.1%

In addition, because the “greening of higher education institutions” is a complex and relatively new
field of research, studies should be able to establish the various factors causing the reluctance to
greening and thereby help higher education institution realize that “going green” has numerous
advantages [14]. Decision-making for sustainable development in the built environment requires
new approaches that are able to integrate and synthesize all the dimensions and different point of
views, in a holistic manner [30]. Based on the research gap identified from our literature review, the
potential outcome of this on-going study is to develop a comprehensive framework which examines
the organizational environments of Australian universities that shape the context for sustainable
project delivery. Similarly, project delivery method systems in universities need to be investigated
as they determine the project operation phase. Due to the limited understanding of Green Roof and
Living Wall in Australia, some key technical issues will also be considered in order to facilitate the
project implementation as a benchmark.


Organizational environment

As Pittman (2004) has shown, an organization is much like a living system [31], providing the
necessary context in which all the activities take place. An examination of sustainability
perspectives from an organizational perspective will assist sustainability practitioners and
administrators in higher education institutions to develop a more balanced view of sustainability
and how to implement it [32], especially universities own unique characteristics such as multistructure [33], complex governance [34] and unique culture [35]. This study will draw upon the
literature of organizational structure, culture, and leadership style and so on.


Project implementation

Project delivery is a process that begins with the decision of an owner to conduct the construction
and continues until the design and construction teams transfer the facility to the owner for
occupancy. “A project delivery method defines the relationships, roles, and responsibilities of
project team members and the sequence of activities required to complete a project [36]”. There
are several recognized project delivery methods including Design-Bid-Build (DBB), Design-Build
(DB) and Construction Manager At-Risk. The difference between these methods is mainly the
timing and method of bringing the contractor into the project delivery process. Understanding
project delivery systems and determining which is the most appropriate one in the unique
environment of the university is of great importance.



Technical issues

Green Roof and Living Wall are still emerging in Australia. Given the significant differences in
rainfall, temperature, available substrates and suitable vegetation in Australia [37], the specific
technical considerations which are needed here for their design and implementation have not fully
examined. The technical challenges involved with the Green Roof and Living Wall projects are of
importance to the successful application. The mostly- discussed technical concerns of Green Roof
are the roof membrane, protective and insulation layer, drainage layer, filter layer, substrate,
vegetation and fire prevention. Living Wall systems have different technical requirements including
vegetation choice, irritation and maintenance structure and so on. Figure 2 illustrates the
preliminary framework which comprehensively combines three aspects of organizational
environment, project implementation and technical issues.
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Fig. 2 Preliminary model of Decision-making for Green Roof and Living Wall
Application
In response to this proposal, a comprehensive survey is taking place in QUT now, including the
semi-structured interviews, which intend to identify and categorize organizational factors, project
delivery method and technical issues concerning the adoption of Green Roof and Living Wall. The
interviews, being conducted currently, are designed to obtain information from Australian
universities and the Green Roof industry. The interview respondents will include environmental
officers, sustainability managers and project managers from 25 Australian universities. Another
group of participants will be selected from designers and engineers from Green Roof companies,
who are supposed to provide the technical information about Green Roof and Living Wall in
Australia. Following this, a Delphi study will be employed as the examination and rating tool to
evaluate the importance of each indicators extracted from the pre-Delphi interviews and existing
literature. A preliminary framework will be developed followed by the validation of case studies.
Finally, a decision-making framework to promote Green Roof and Living Wall application in
Australian universities will be established.

Literature
Study

Interview
s

Delphi
Study

State
Problem

Explore
Factors

Rank
Factors

Identify
Objectives

Categorize
issues

Case
Study

Identify
Critical
Indicators

Validation

Research
Design

Information
Flow

Preliminary
Discovery

Decisionmaking
Framework

Fig.3 Research Plan and Information Development

6. Conclusion
Compared with the pace of sustainability education, the development of sustainable campuses is
lagging behind in general. Despite of many tangible benefits, there are few exemplar projects that
are able showcase the environmentally responsive operation of campus facilities. Universities have
the responsibility to practice what they preach and lead by examples. One area gaining increasing
attention is the application of green technologies on campuses, with Green Roof and Living Wall
(GRLW) delivery as a primary example. To pursue these applications, universities need to be
equipped with an appropriate tool to facilitate better decision making and project implementation.
An on-going research undertaken at QUT investigates the organizational environment of Australian
universities and produced a preliminary decision making model, that integrates both project
delivery and technicality issues of GRLW application. Based on this model, a Delphi Study is
planned to identify critical factors and appropriate decision making mechanism for GRLW adoption
on campuses. The expected outcome of this research will be a comprehensive framework that will
aid universities in the adoption of green technologies on campus buildings. It will also stimulate
further sustainability oriented education, research and facility operation which will be an integral
part of the whole blueprint of “sustainable future”.
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Summary
If governments and businesses are to successfully address the government’s ambitious CO2 reduction targets, then it will be imperative that energy efficient measures address the existing housing stock; currently the majority of the European housing stock falls towards the bottom of the energy efficiency rating scale on the EU Energy Performance Certificate. Yet little information exists
about energy-relevant behaviour of households. In order to understand energy efficient renovation
in practice, the paper reports the findings of an on-going research project on the retrofit in the UK
social housing sector. The paper draws on a case study of the winning Technology Strategy
Board’s ‘Retrofit for the Future’ competition entry in Cambridge. The upgrade strategies improved
the home Energy Performance Ratings to ‘A’, radically reduced carbon dioxide emissions
(17kg/m2/yr) and provide Affordable Warmth for the occupants. Policy recommendations to facilitate the acceptance of energy measures and long-term behavioural change in the social housing
sector are drawn from the identification and removal of barriers.
Keywords: retrofit, energy efficiency, social housing, energy use behaviour, energy policy

5. Introduction
The UK government strategy ‘Warm homes, greener homes’ aims to cut household carbon
emissions by 29% by 2020. By 2015, every household should have loft and cavity wall insulation
and by 2020, up to 7 million homes more substantial improvements such as solid wall insulation or
renewable energy technologies [1]. The UK social housing sector provides affordable housing for
households with an average income of less than £11,000 a year. In total a 29% reduction in the
emissions from 2008 levels is expected from the social housing sector by 2020 [2]. Saving targets
are driven by the fact that around 20% of houses in the UK is estimated to suffer from
energy poverty [3].
Understanding how an energy efficient retrofit works in practice is vital in lowering the overall
household energy consumption. This paper investigates how an ‘A’ energy performance rating can
be reached in a retrofit, considering energy efficiency measures, the use of solar energy and the
characteristics of household energy use behaviour. The paper is not limited to energy simulations
but draws on real data from the winning entry to the ‘Retrofit for the Future’, an on-going project

funded by Technology Strategy Board (TSB) in 2009/2010. The team consisted of PRP Architects,
Hill Partnerships and the Cambridge City Council and Cambridge University. The paper aims to
answer the following research questions:
3. How is the level ‘A’ energy rating performance achieved in a social housing retrofit in the
UK case study?
4. How do policy instruments like Smart Meters and Feed-in-Tariffs (FIT) facilitate energy savings in the social housing sector in the UK?
Technical measures and the retrofit process are described in section 2. Section 3 focuses on the
current UK policy strategies and their effectiveness in social housing. Conclusions are drawn in
section 4.

6. Achieving the level ‘A’ energy rating
The case study is located in a social housing area at the southwest side of Cambridge city, in
Trumpington (Fig. 1). The social housing scheme, which today is partly owned by the Cambridge
City Council, was built in the 1950s by the British Steel Homes company as part of the large
housing development. Most houses in the area are three-bed semi-detached properties (86 m2
floor area), constructed using a steel frame (BISF) structure. Most of the households receive
housing benefits, are considered as ‘fuel poor’ (paying more than 10% of their household income
for energy) and, due to their economic situation, are pre-pay meter (PPM) clients, with high energy
tariffs than in a traditional contract. As a part of the Technology Strategy Board (TSB) ‘Retrofit for
the Future’ competition, the case study was retrofitted and monitored as a prototype for other
social housing in the area. The retrofit strategy had to be feasible and replicable on a mass scale
to any house of this type in any location in the UK. In total 36,000 BISF houses and 1,500 steel
framed Howard Houses were built after the war in the UK. I
The retrofit strategy provided substantial improvements to the thermal performance of the external
fabric of the house, changes to the building services and the introduction of microrenewables. It
improved the case study’s energy performance rating (EPC) to ‘A’ and aimed to reduce the annual
carbon dioxide emissions to below 17kg/m2/yr and primary energy consumption to below
115kWh/m2/yr. An air permeability value of 5 m3 /(h.m2) was targeted after a pressurization test was
conducted, according to which the measured air permeability of the dwelling was 13,58 m3/(h.m2)
under pressure of 50 Pa.

Fig. 1 The case study house in Trumpington before the retrofit (09.03.2010) (left) and the house
during the open day (15.07.2010) (right)
In order to achieve a tighter building envelope, and an ‘A’ rated performance for the case study
house, the following measures were considered necessary and applied:

Building fabric
The existing external render in the ground floor and cladding in the first floor were removed,
revealing the steel structure. High levels of insulation were added to the walls the walls were rerendered. Additional insulation was placed in the roof and the parts of the ground floor, which were
not suspended and not of solid construction. 200mm of phenolic foam was applied to the walls (Uvalue of 0.12 W/m2K); and 350mm of mineral wool in the roof (0.12 W/m2K). 25mm of Aeorogel
was placed under the floorboards in the hall, the living room and the dining room (0.43 W/m2K).
The existing double-glazed windows were replaced with the uPVC triple-glazed ones (U-value of
1.1 W/m2K) in order to align the windows with the new cladding and to reduce cold bridges. The
external doors were also replaced with triple-glazed (U-value of 1.5 W/m2K) security doors.
Building services and micro-renewables
In order to achieve an ‘A’ energy performance rating, the following installations were added:
- A high-efficiency, low-emission balanced flue gas boiler (with a flue gas heat recovery) to serve
the existing radiators;
- A waste water heat recovery unit to the bath and shower;
- 3m2 of solar collectors to provide solar thermal;
- 22.5 m2 of polycrystalline PV systems to generate electricity;
- A mechanical extract ventilation (continuously running) with a user controlled boost in the
kitchen and the bathroom, and trickle ventilators in the new windows;
- New recessed LED lighting, which required a considerable amount of work in ceilings
throughout the house;
- An energy display system including an interactive touch screen interface to educate and
increase the awareness of the tenants;
- ‘A++’ energy efficient white goods in the kitchen.
The retrofit includes an installation of seven polycrystalline PV panels with a surface area of 3.3m2
each (1.2m*2.8m) and a rated output of 2,7 kWp. The PVs were placed in the optimum tilt of 32°
and 20° respectively, with no shading from the surroundings. The case study house has a WestEast oriented roof, estimated to achieve an annual PV yield of 1,876 kWh, depending on the
tenants’ energy use behaviour and an effective load matching. After the installation of the PV
panels, electricity generation was closely observed for two weeks in July 2010. According to the
actual PV meter readings, the system had a mean daily generation rate of 5.6 kWh and a monthly
output of 175 kWh. The electricity generation for July was 23% lower than assumed by the
simulation software, displaying a considerable difference between the projected and actual supply.
Process
The case study household was chosen in a competition held by the Cambridge City Council
between the eligible houses for the project. The construction period took nine weeks. The tenants
and their two youngest children were living in the house during the whole process. For a period of
three weeks the work would simultaneously occur in several places, in the kitchen, the living room
and the bathroom leaving little space for tenants and restricting them to one room. According to the
tenants, the retrofit was “difficult” and “disruptive, especially after the first two weeks when the work
started inside the house”. Main inconveniences were a lack of a private space for the family and
the presence of the youngest child on the site, especially when the noise levels were high. The
tenants would prefer to have been moved somewhere else during the weeks that intensive work
was taking place in the house interior (“it is very important for the family either to move out during
this period or to have a caravan in the garden”); this could also provide more space for workers
and accelerate the construction process. The fact that the architect of the project and the official
project manager were not locally based proved to be a drawback that caused a series of problems
and a delay on the initial work schedule. The physical presence of a contractor and project
designers on site is invaluable, and the use of locally based firms a wise choice in terms of efficient
time and construction management.
Characteristics of the household’s energy use behaviour
In order to get an idea of the actual energy consumption after such a retrofit, the case study was
monitored using data loggers and comfort surveys before and after the construction works. Data
loggers were calibrated before the study taking temperature measurements at 10-minute intervals

for 24 hours during seven days, before and after the retrofit. Pre-retrofit recordings show a large
standard deviation in temperatures indicating an unstable and a rather uncomfortable indoor
environment (Fig. 2). Although the couple spend most of the time at home, they say they turn the
heating on in winter for only 5.5 hours a day at 20oC. Fig. 2, however, shows that indoor
temperatures are very high, indicating that the heating must have been set above 20oC, possibly at
25oC. Thermal questionnaires, which were completed by the occupants three times a day, show
that the children had less tolerance in temperature change and had the highest mean comfort
temperature, they also wore less clothes than the parents at home.

Fig. 2 Pre-retrofit temperature recordings in the case study
The monitoring process was repeated after the retrofit was completed, after the wall U-value had
been improved from 2.10 W/m2K to 0.12 W/m2K. Fig. 3 shows that the indoor temperatures are
more stable than before the retrofit. Temperature variation during one day is less than 5ºC and
temperatures measured in different rooms are closer to each other (less than 3ºC difference).

Fig. 3 Post-retrofit temperature recordings in the case study

7. Policy strategies
After the retrofit, a Smart Meter that has a touch screen featuring an interactive graphic display
connected to all the electrical appliances, the lighting circuit, the heating system and the PVs, was
placed. Driven by the 2006 EU Energy Services Directive, the Department for Energy and Climate
Change (DECC) has announced that gas and electricity Smart Meters will be rolled out by energy
suppliers to every home in Britain by the end of 2020. During the first visit after the retrofit, the
meter was not yet fully installed and operated in the default mode, and in the second visit the
tenants had deactivated it because of the interference with the Internet connection. The tenants
expressed no interest in the meter. The fact that they had not personally invested in that
technology could be one reason for the lack of motivation. Contrary to the Smart Meter, however,
the tenants showed a great interest in the new ‘A++’ rated kitchen appliances, read the instructions
and operated them successfully right after the renovation. The tenants felt more confident with
white goods they were already familiar with than with the new installed ones. Technically Smart
Meters are advanced but the user interface of the systems leaves a lot to be desired; at this
moment the meters tend to give raw, unprocessed data in figures.
Due to high costs (nearly £6,000 per installed kWp) PVs, as installed in the case study, remain
unaffordable in most social housing retrofits. In order to address this barrier, the Feed-in Tariffs
(FIT) for electricity came into force in the UK in April 2010. The policy requires energy suppliers to
pay householders who generate their own electricity from renewable or low carbon sources. For
solar power the Feed-In Tariffs vary from 29.3 to 41.3p/kWh, depending on the type and size of the
PV system and the date of installation, with a period that can be 25 years. Judging from the PV
meter readings after the retrofit, it was estimated that the monthly economic benefit from the PVs
in July will be approximately £72, with the generation tariff (FIT) of 41.3p/kWh. This will fall by
approximately 81% during the winter months. Based on the simulation, the household should be
able to get up to half of their electricity from PVs and thus for free, resulting at an annual saving of
around £775. In the case study the benefit of any extra electricity sold to the grid will go to the
owner, the Cambridge City Council. If a household is categorized as fuel poor, a tenant could gain
the profit from selling any surplus electricity to the grid. Such an economic incentive could trigger
their interest in the system efficiency, promote load matching and in the long term (if combined with
appropriate education and feedback) lead to a behavioural change – and from a broader
perspective contribute to social cohesion in deprived areas. In this case, however, there is a need
to consider capital funding of PV array.
Like the case study household, in total 12% of all energy customers in the UK (mostly low-income
or in debt) households are on pre-pay meters and pay higher energy prices than if they were on a
contract. In the case study area, families topped up their meter with around £20 weekly during the
heating season. There was no indication on speculation on increasing energy prices or interest
rates. In the context of this case study, the theory of Uitdenbogerd et al. that energy relevant
household behaviour seems to be of habitual character rather than rational seems correct [4].

8. Conclusions
This paper investigated the implementation of an energy efficient retrofit in social housing and the
related energy use behaviour in a case study in the UK. The conclusions are drawn based on the
on-going the ‘Retrofit for the Future’ project funded by the Technology Strategy Board (TSB).
Finding out long-term behavioural patterns is the focus in the further monitoring of the case study
that will continue until 2012. The energy efficient retrofit, which improved the building to an ‘A’ level
energy performance rating, provided the occupants with a more stable and satisfactory indoor
thermal environment, and a lower energy bill. This was achieved by increasing thermal insulation
and air-tightness levels to minimise the heat loss and cold bridges from the building envelope,
supported by the installations of an energy efficient boiler, PVs, LED lighting and ‘A++’ rated white
goods. The other similar BISF houses owned by the City Council in the area will follow the example
of the case study house and be upgraded in a similar although less complicated strategy based on
the experience gained (i.e. leaving out the replacement of the existing double-glazed windows and
the kitchen refurbishment to save both time and costs). The additional insulation and the LED

lighting seem to be more robust, cost and time effective measures and do not ‘require particularly
green tenants’. Despite the Feed-In-Tariffs and the Renewable Heat Incentive (RHI), PVs and solar
thermal systems remain expensive technologies for social housing and require special briefing for
occupants. Despite their original motivation, the tenants found the retrofit process difficult and
disruptive. The long duration of the retrofit was considered as a barrier also by the design team,
who commented that in future projects the length should be decreased, while the occupants should
be clearly informed in advance how the process is going to affect them. Further training for the
planning authorities and more accurately priced costs by the contractor were two other important
point of improvement.
The case study demonstrated the challenge of reaching the savings in the existing housing where
nearly every house, budget, occupants and the design team are different. General barriers to
energy efficiency that remain after the retrofit are: high thermal comfort standards, high occupancy
and an increasing number of (entertainment) electronic appliances. It should be noted that these
barriers are not technical or mechanical but cultural, and may offset energy savings from technical
measures unless energy and planning policies recognise the importance of energy use behaviour.
In the case study, despite being a fuel poor household and pre-pay meter clients who end up
paying more for their energy, the tenants’ energy use is characterised by high indoor temperatures
(reaching 25 degrees during the heating season) and a significant number of entertainment
appliances, every member of the family has a TV set - children even have their own mini-fridge.
Despite economic constraints, there seems to be an acceptance of energy wasting behaviour that
is passed on to the next generation who has even higher expectancy of comfort. Policy instruments
like Feed-In-Tariffs and Smart Meters are based on the rational choice models that assume people
make rational decisions but in practice, there seems to be irrational economic behaviour.
Furthermore, there was a lack of interest in feedback technology; the tenants became instantly
confident with the new electrical appliances but did not interact with the technology unfamiliar to
them, such as PVs and the Smart Meter. This indicates the need for support in the use of new
equipment without precedents if the government policy of Smart Meters is to be successful.
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[3]
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Summary
There is a increased attention regarding sustainable policies in Taiwan. The government of Taiwan
takes this public investment seriously and makes efforts in the sustainable legislation. The green
building regulation not only bring into the Taiwan National Building Code and under a specific
chapter, but also indicates that the new construction must use green material for over 30% of total
floor area; furthermore, the government also gives an impetus to “Green Building Certificate” and
“Green-Building Material Certificate” which reward the developers and enterprises who are
devoted to sustainable development. Also, “Sustainable Campus Project” is one of the principle
sustainable policies in Taiwan. “Sustainable Campus Project” is focus on both sustainable
hardware and software development of elementary and junior high schools in Taiwan. This public
investment on educational facilities would like to achieve 1) energy-saving, 2) green products or
materials popularizing, 3) health of school children, and 4) sustainable education.
In this paper, we took the project of replacing T5 high quality illumination in classrooms of all
elementary and junior high schools in Chung-Hwua county in Taiwan as a case study and used
CVM to evaluate it. The CVM (Contingent Valuation Methods) is a widely used evaluation methods
for passive-use values, which are referred to those properties without a real market. Therefore, this
paper will address the comprehensive value regarding energy saving, green product popularizing,
health of school children, and sustainable education including a real market value and a nonmarket value, and also examine the appropriateness of government tax expenditure to provide a
reference for other cities in Taiwan.
Keywords: T5 lighting, CVM, Classroom lighting

1. Introduction
Recently, the sustainable issue becomes a popular topic in Taiwan. The Ministry of Education in
Taiwan implements the “Sustainable Campus” to provide school-age children a sustainable,
ecological and healthy campus environment. Since school-age children study in the classroom for

a long period of time, the quality and efficiency of the lighting facility is extremely important in the
classroom. During the year of 2008, almost all high school and elementary school had replaced the
traditional lighting into the T5 high quality illumination. The government expected to promote the
energy-saving products, to implement the sustainable education, and to improve the studying
environment and the visual health by replacing the energy-saving lighting in schools.
The high school and elementary school students spend about 8 hours a day in the school in
Taiwan. Generally, the illumination of natural lighting will decreased rapidly after 4 o’clock in the
afternoon, and because of the urban texture, the buildings of the school closed to each other in the
city, or the different locations of every classroom, the natural lighting of indoor environment is
insufficient. Thus, the lighting quality of the classroom influences the healthy standard strongly.
Beside to increase the quality of illumination and to reduce illness caused by the glare, the
sustainable lighting system needs to reduce the consuming of the energy resource and to confirm
that the process of production is environmental protected. Many school buildings are quite old and
so does the lighting facilities in Taiwan. The performance of old illumination is declining and the
power consumption is increased; the power consumption of old products is twice of the new
products. However, the energy-saving products with high efficiency cost more than the traditional
products. For example, the Electrical and Mechanical Service Department in Hong Kong has
experimented the power consumption of T5 and T8 illuminations. The result shows that, in an
ideally situation, compared to T8 traditional illumination, the T5 high quality illumination could save
about 35% energy. If a set of traditional illumination is about 600 NTD (New Taiwan Dollar),
replacing the T5 high quality illumination will need 4 years to balance the price margin while there
is no loss or damage of the lamp during the time. Therefore, the value of the T5 high quality
illumination will need careful evaluation and calculation.
Hence, the sustainable products are mostly as the same situation as the T5 illumination, which is
not an immediate profit, and mostly with invisible profits such as health and energy-saving. In this
paper, the researchers took the case of illumination replacing on campus by using CVM
(Contingent Value Method) and attempt to seek for the appropriate sustainable policies evaluation
method according to the WTP (Willing To Pay), which could help implementing the sustainable
policies successfully.

2. Methods
2.1

The evaluation of the resource value

The total value of the resource value could basically divided into use value and non-use value; the
previous one is the practical use of resources while the next one is that human beings all know the
resource but never give a value (Wu et.al. 2001). Therefore, The Ministry of Education
implemented replacing the high quality lighting facilities with three evaluation factors, which were
the “human factor”, the “energy-saving”, and the “sustainable value” (Fig. 1).
The evaluation of the resource value is to monetize the value of the natural resource for inform the
public and the government the relative value of the natural resource (Wu 2001). In this paper, the
Contingent Valuation Method (CVM) was used to calculate non-market price value, such as the
sustainable educational value and the health value.

Fig. 1 The Total Value of Replacing T5 Illumination

2.2

Contingent Valuation Method

The value which has a market could determine by the practical exchanged price, whereas the nonmarket price was calculated by either a resembling market price or hypothetical evaluated tool,
such as the Contingent Valuation Method (CVM) (Chen et.al. 2003). The concept of the CVM was
originated since 1974, which Ciriacy-Wantrup provides a direct interview method to calculate the
value of the natural resource while the CVM builds a fictitious market through the survey that
reveals the value which the participants thought (Chen, 2003).
The CVM could divided into the open-ended contingent valuation method, the sequential bids
method, the dichotomous choice method which also known as closed-ended contingent valuation
method, and payment card format. The results of these methods would be slightly different from
each (Lu, 1990), and the dichotomous choice method causes the inaccuracy compared to others.
Therefore, this paper is based one the dichotomous choice method to determine the price of the
factors.
2.3

The procedure of the investigation

This research was operated in coordination with the Lighting Eye-Protection Project in Zhanghua
County in Taiwan during the period of illuminations replacement. Firstly, the project was proceed
from September, 2008 to October, 2008, and then proceed from December, 2008 to January, 2009
in the second section. The CVM survey and the interview was carried out in February, 2009 to
April, 2009.
This study defined the price as the tax revenue. If the participants were willing to pay for the price
which the researchers proposed, the price will increase for the second inquiry. On the other hand,
if the participants were not will to pay for the price, the price would decrease for the second inquiry.
The price of the origin is 50 TND, and the second inquiry will increase or decrease 50% for each.
The first survey will set the price range which the most percipients could accept (Fig. 2).
The dichotomous choice method will provide the second willing-to-pay price by the first inquiry.
The price of the first inquiry refers as
. If the participants represent that they are willing to pay,
then the price would increase to be
; the opposite would be
(Fig. 3).

Fig. 2 Price range
Original Price

Unwilling to pay

Unwilling
to pay

Willing to pay

Willing
to pay
Unwilling
to pay

Willing
to pay

Fig. 3 The dichotomous choice method

3. Results
3.1

The analysis of the CVM

The Survey
The participants for the original prices setting survey were 30 parents or guardians from Ta-Tung
Elementary School in Zhanghua County, which has partaken in the Lighting Eye-Protection Project.
The amount of valid samples is 28. The original prices for the first inquiry are 50 NTD (New Taiwan
Dollar), 100 NTD, 200 NTD, 300 NTD, 400 NTD, 500 NTD (Table. 1), and the prices of the second
inquiry decrease or increase 50%.
Awareness of the healthy and sustainable education
The total amount of the survey for the parents’ awareness of the healthy and sustainable education
is 470, and the valid samples are 352; the amount of the survey for the general public’s awareness
of the healthy and sustainable education is 289, and the valid ones are 213.According to the
results of the survey, the most parents and the general publics were outside of the condition about
the sustainable policies. This showed that the policies promoting was not effective, and thus, both
the parents and the publics’ awareness of the sustainable education is relatively low (Table. 2).
Table 1 The original prices distribution list
Price (NTD)
No price
10
50
100
150
200
250

Amount of survey
7
1
1
4
5
2
1

Price (NTD)
300
400
450
500
600
750

Amount of survey
3
3
1
0
0
0

Table 2 The average of the awareness of the sustainable education
Questions
The awareness of the Lighting
1. Do you know about the T5 high-efficient illumination?
2. Do you know that the schools in Zhanghua county have replaced the
old illuminations to T5 high-efficient illumination?
The awareness of the Lighting

1. Do you think that the T5 illumination could rise the quality of learning?
2. Do you think that replacing T5 illumination could protect the sight health
of students?
3. Do you think that the sustainable education is important?
4. Do you think that schools replace the sustainable facilities is helpful for
promoting sustainable education?
5. Do you think that the children could spread the sustainable information
to others outside the school?
6. Do you agree to increase tax slightly for supporting the sustainable
education?

Average
Yes=1
Parents
1.39
1.64

No=2
Publics
1.43
1.62

Very disagree=1, Not so
disagree=2,
Slightly
agree=3, Agree=4, Very
agree=5

Parents
4.00
4.20

Publics
-

4.51
4.27

4.31
4.08

4.23

3.96

3.63

3.43

CVM evaluation
Though the CVM dichotomous choice method, the amount of the parents who would like to
increase the tax for supporting the government replacing the illuminations is higher the amount of
general publics. About 44% of the general publics were not willing to pay for the illumination
replacement project. The general publics would like to increase 67.699 NTD for the tax revenue for
the T5 illumination replacing plan while the parents would to increase 147.272 NTD. The average
of the willing to pay is 117.27 NTD. (Table 3 and 4, Fig. 4, 5, and 6)
Table 3 The distribution list of the willing-to-pay price
Price
(NTD)
Not agree
10
50
100
150
200
300
400
450
600
total

Parents
Amount
72
19
37
61
42
45
41
17
10
8
352

Percentage (%)
20.5
5.4
10.5
17.3
11.9
12.8
11.6
4.8
2.8
2.3
100

Publics
amount
94
12
24
34
23
18
6
1
1
0
213

Percentage (%)
44.1
5.6
11.3
16.0
10.8
8.5
2.8
0.5
0.5
0
100

Table 4 CVM list
Parents
Publics
Both

Median (NTD)
100
50
100

Fig. 4 The Parents’ willing-to-pay diagram

Fig. 5 The Publics’ willing-to-pay diagram

Average (NTD)
147.27
67.69
117.27

Fig. 6 Both Parents and Publics’ willing-to-pay diagram
Table 5 the total value of the willing-to-pay price

Parents
Publics
Both

Willing to pay
price (NTD)
147.272
67.699
117.24

The total value (NTD)
About 109,410,000
About 53,410,000
About 88,410,000

Economic benefits
conformation
Yes
No
Close

4. Discussion
According to this study, in Taiwan, over 60% parents and publics do not aware or understand the
sustainable education policies which are promoted by the government. The result indicates that the
people are still lack of the sustainable knowledge. As the results shows, most parents agree that
replacing T5 illumination could raise the quality of studying and be helpful for implementing the
sustainable education. However, the willing-to-pay price of both parents and the publics is
relatively low, which shows that the citizen still do not understand the value of the non-market
resource.
Addition, if the willing-to-pay price (A) times the population of the tax payment 700,000 people, and
plus the T5 illumination energy-saving calculation, while 3609 classrooms have replaced the
illuminations (illumination amount is 21 per room, and the saving expenses is 148.14 per
illumination), the willing-to-pay tax revenue of the parents could cover the funds of the Lighting
Eye-Protection Project implemented by the government. (Table 5 and Equation 1)
The Total Value = [700,000 X A]+[3609 X 21 X 148.14]

(1)

Therefore, this paper that address the comprehensive value regarding energy saving, green
product popularizing, health of school children, and sustainable education including a real market
value and a non-market value, and also examine the appropriateness of government tax
expenditure to provide a reference for other cities in Taiwan.
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1. A rettrospective view of the sustainab
ble development in the world
Ever since
e the end of
o the 20th century, su
ustainable developmen
d
nt has beco
ome one off the majorr
themes of world deve
elopment. As
A early as the oil crissis in the 1970s, the term sustain
nability hass
onomics, i.e
e. the realizzation of gro
owth in economic activvities needss
been applied in the sccope of eco
ndition of no
ot destroyin
ng the ecollogical environment[1]. In June 1972, the UN
U held the
e
the precon
United Nattions Confe
erence on Human
H
Environment (U
UNCHE) in Stockholm,
S
Sweden, which
w
is the
e
first world summit on global environmental issues, elevating and delivering environmen
e
nt issues att
he first time
e[2]. Since then, the world bega
an to set off
o a green
international political field for th
erm sustaina
able develo
opment wass proposed in
i this conte
ext.
movementt, and the te
esentation of the term
m sustainab
ble develop
pment and current acccepted defiinitions are
e
Formal pre
sourced fro
om the stud
dy report, Our Common
n Future, de
elivered on a meeting held
h
in Tokyyo by World
Commissio
on on Envirronment an
nd Development in 19
987[3]. Afterr over 20 years
y
of de
evelopment,
people havve clearly noticed the h
harm and th
hreats to hu
uman survivval caused by the dete
erioration off
ecological environment and glob
bal warming
g. Mankind has also gained profo
ound undersstanding off
me docume
ent of 2005
5 World Summit (60th
the definitiion of sustainable devvelopment. An outcom
session off the United
d Nations General
G
Ass
sembly) pointed out th
hat the interrnal relation
ns between
the three pillars of sustainable
s
developme
ent, economic sustain
nability, soc
cial sustain
nability and
ental sustain
nability, sho
ould be interdependentt and mutua
ally reinforc
cing[4]. In 2006,
2
at the
e
environme
meeting he
eld by the International World Conservation
C
n Union (IU
UCN) in Zurich, W. M. Adams[5]
made a re
e-thinking on
o the defin
nition of sustainable developmen
d
nt and prop
posed that the currentt
three pillars of susta
ainable devvelopment are unbala
anced (Fig. 1), while the weake
est pillar iss
ental sustain
nability.
environme

e relationsh
hip among the
t three piillars of susstainable de
evelopment (from left to
t right: the
e
Fig. 1 The
theory, the
e reality, and
d the chang
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water saving, material saving and land saving. The notice also proposed to develop an
evaluation standard for green building. Subsequently, the Ministry of Housing and Urban-Rural
Development (MOHURD) issued the Evaluation Standard for Green Building
GB 50378-2006 in March 2006. In August, 2007, the MOHURD announced the provisional
technical guidelines for the GB50378
and the application
program for China Green Building Label (GBL)
. In 2008,
the official organization for promoting GBL, the China Green Building Council, was founded under
the MOHURD. The series of initiatives indicated that China has built up her own system for green
building evaluation. Since then, a green war has quietly started between GBL and LEED in the
Chinese market.
In accordance with the building type, the GBL is mainly divided into two categories - residential
buildings and public buildings. The public building in GBL includes three types of building - office,
retail and hotel[9]. In accordance with the life cycle of buildings, from demolition, design,
construction, operation to maintenance, the certification of GBL is classified into two labels, the
Green Building Design Label and the Green Building Label. The former evaluates items in design
stage and the latter evaluates all items form demolition to operation stage. In accordance with the
grade of labels, it is classified into three levels from low to high - one-star, two-star and three-star.
In July 2008, China announced the first batch of projects which has obtained the Green Building
Design Label. Up till December 2010, there are a total number of 113 certified projects (Fig. 3), in
which 103 are GBDL and 10 are GBL (Fig. 4).
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Fig. 3 Statistics of the one-star, two-star and three-star projects from 2008 to 2010 (Source: Green
Building Research Center, CSUS)
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Fig. 4 Statistics of the GBDL and GBL certified projects from 2008 to 2010 (Source: Green Building Research Center, CSUS)

In Figure 3 and 4, it shows that the amount of the certified green buildings has a rapid acceleration
in 2010. There are several factors that affect this phenomenon. Firstly, both the GBL system and
the China Green Building Council are too new to the market that needs time for implementation.
Secondly, the economic crisis in 2008 and the high extra cost for green building design and
construction become a barrier to the real estate developers at the beginning. Thirdly, in 2010,
which was the last year of the China 11th Five-year National Development Plan, the MOHURD set
a target of 300 certified projects to the CGBC. This leads to a large amount of promotions and
advocacy by the CGBC and its local chapters because of the top-down pressure. This may be the
most important reason for the rapid growth.
2.2

The development of LEED in China

The U.S. LEED system was issued by USGBC in 1998. After eleven years’ development, in April
2009, the U.S. LEED launched a new version of LEED – LEED V3. It is formed by three parts,
which are LEED 2009, i.e. "Reference Guide" (2009 version), LEED Online, i.e. the online
application and evaluation system, and Certification Model, i.e. the professional certification
agency[10]. The introduction of V3 aims, firstly, to integrate and optimize the resources of the
LEED system, increases the consistency and accuracy of the authentication system. Secondly, the
new version aims to improve the user friendliness and the user speed of the LEED Online
application system. Thirdly, it aims to adjust and revise the overall scores with a clearer
specification of each credit in the LEED 2009 Reference Guide.
The US LEED system began to enter the Chinese market in 2001[11] (Fig. 6). The first registered
LEED project was in 2001, which is office building of the Ministry of Science and Technology of the
PRC – the ACCORD21 energy saving demonstration building in Beijing. It also became the first
LEED certified project in China in 2005. It is sarcastic that the Chinese government building has to
use the U.S. LEED system for green building certification. At that moment, the Ministry do not have
a second choice and this building becomes an inducement for the birth of GBL in 2006.
Based on the public project data from the USGBC, from 2001 to 2010, China had 124 LEED
certified projects and 452 LEED registered but not yet certified projects (Fig. 5 and Fig. 6). From
2008 to 2010, there are in total 118 LEED certified projects in China, which are just 5 more projects
compared with the GBL. Although the GBL system was launched 8 years later than the LEED
system, its development is as fast as a high-speed train. From the statistics above, it indicates that
the competition between GBL and LEED in China has started since 2008. In addition, most of the
LEED certified projects are offices or factories set up by foreign companies in China. In contrast,
currently, most of the GBL certified projects belong to domestic enterprises.
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In the face of the great pressure of energy saving and greenhouse gas emission reduction, and the
increasingly social concerns and user requirements for enterprises environmental responsibility,
green and energy-efficient building has become an un-forbidden and a non-reversal trend, and an
effective solution to meet the goal. In China, under the circumstances of the national GBL system
co-existing with the international LEED system, how should all interests-concerned stakeholders
make choice? How can architects differentiate the two systems? Which system is more suitable for
the local contexts in China? The following section will compare the GBL for Public Building and the
LEED 2009 for New Construction in their evaluation scopes, evaluation baseline, and scores
distribution, discuss the differentiations of the two systems, and prove that the GBL is a better
system for a developing country.

3. Comparison on GBL 2007 for PB and LEED 2009 NC
3.1

Evaluation scopes

Evaluation scopes of both the GBL 2007 for PB and LEED 2009 for NC (projects outside the U.S.)
consists of 6 (5+1) aspects. In the GBL system, the five major aspects can be summed up as
“four savings and one environmental protection (4S + 1E
)”, which are “Land
Saving, Energy Saving, Water Saving, Material Saving and enhancing the Indoor Environmental
Quality (IEQ)”. The last aspect of the GBL system is the “Operation and Management (O&M)”. In
the LEED system, the five major aspects are the same as the GBL system. The last aspect of the
LEED system is the “Innovation in Design (ID)”. The O&M aspect and the ID aspect are the major
differences in evaluation scopes.
In the GBL 2007 for PB, the O&M aspect will be mainly assessed in operation stage. Although the
LEED 2009 for NC does not have such aspect, some of credits in the O&M aspect can be found in
the other aspects of the LEED system. For example the prerequisite 5.6.3 of the in O&M aspect,
which requires the project to design the space for collection and storage of the recyclables and
wastes, there is also a same prerequisite in the Material aspect in LEED system. In addition, the
O&M credits can also be found in LEED 2009 for Existing Building. The reason for setting up the
O&M aspect is due to the low operation and management quality in China, as a developing
country. It needs the O&M aspect to educate the estate managers how to maintain the
performance of green buildings.
In the LEED 2009 for NC, the principle of the ID aspect is to encourage the project team to achieve
innovation design, new technology and exceptional performance. These are not designated by
LEED system, and the project team has to seek and define the possibility to achieve the ID credit.

In contrast, the GBL system does not have the ID aspect. Instead, the GBL system has the Optimal
Credits in each of the six aspects, which shares the same aim to enhance the performance of
green buildings. However, all Optimal Credits in each aspect are designated. This will restrict the
innovation for the project design and the use of new sustainable technologies. The other difference
between the ID credits and the Optimal Credits is that the ID credits in LEED are bonus while the
Optimal Credits in GBL have to count for the final certification.
Table 1 Evaluation aspects in GBL 2007 PB and LEED 2009 NC (project outside the U.S.)
System

Evaluation Aspects

GBL

Land Saving

Energy
Saving

Water
Saving

Material
Saving

Indoor
Environment
al Quality
(IEQ)

Operation &
Management

LEED
2009

Sustainable
Sites (SS)

Energy &
Atmosphere
(EA)

Water
Efficiency
(WE)

Materials &
Resources
(MR)

Indoor
Environment
al Quality
(IEQ)

Innovation in
Design

3.2

Evaluation baseline

In the GBL 2007 system, the evaluation credits are divided into three categories – “prerequisite,
general credits and optimal credit”. In contrast, the credits in the LEED 2009 are divided into
“prerequisite, credits and bonus credits”. Prerequisite is the basic item that must be satisfied in the
certification process, that is, a baseline to ensure the minimum environmental performance of a
green building. Table 3 lists the number of prerequisites of the two systems in five major evaluation
scopes, using the GBL 2007 for public buildings and LEED 2009 for new buildings as example.
Table 2 Number of prerequisites in GBL 2007 PB and LEED 2009 NC
Site

Water

Energy

Material

IEQ

Total

GBL 2007

5

5

5

2

6

23

LEED 2009

1

1

3

1

3

9

As can be seen from Table 3, there is a great difference between the amount of prerequisites of the
two systems. Firstly, GBL 2007 has total 23 prerequisites, which are about 2.5 times of the total 9
prerequisites of LEED 2009. Thus, the minimum requirement of GBL 2007 is much stricter than
LEED 2009 on green building rating, especially in Site aspect and Water aspect. High-threshold
setting has a certain guarantee over controlling the basic quality of green buildings. Second, the
distribution of prerequisites of the two systems focuses on different aspects. In the LEED system, it
has more prominent emphasis, focusing on energy and IEQ aspects, each aspect has three
prerequisites. The other three aspects are relatively loose, and each of them has only one
prerequisite. In contrast, the GBL system has a relatively even distribution of the number of
prerequisites in IEQ, Site, Water and Energy aspect. However, in the Material aspect, there are
only two prerequisites.
By the comparison above, we can see that the two systems hold quite serious attitudes toward
energy and indoor environmental quality, because energy consumption is the major source of
carbon emissions in building, while Indoor environmental quality is a minimum health guarantees
for human beings daily activities within the building. For GBL 2007, besides the energy and IEQ
aspect, it pays equal attention to Site and Water aspects, while these two aspects fail to be put on
an emphasis position in LEED 2009. This is determined by the difference in the national conditions
of land safety and water resources in China and the United States.

Overall, both systems set the minimum requirements for green building rating, but due to the
different conditions in the two countries, China pays more attention to land-and-water conservation
than the United States. Thus, GBL 2007 reflects the characteristics suitable for China.
3.3

Score distribution
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Fig. 7 Scores distribution of each evaluation aspects in GBL 2007 and LEED 2009 (calculated by
converting the full score into 100 points)
In this section, it only compares the general credits in both systems in the five major aspects. The
full score of the five major aspects in GBL 2007 and LEED 2009 is different. In order to compare
the score distribution and weighting of each evaluation aspect, the comparison converts the full
score into 100 points as shown in Figure 7. The scores of each category of GBL 2007 have even
distribution Scores of the five rating categories are relatively close to each other, and energy
saving category is highlighted, accounting for 29% of the total score; water-saving category has
relatively low score, accounting for 14% of the total points. In contrast, LEED 2009 has distinct
preference for the Site and Energy aspects to have higher scores, respectively accounting for 35%
and 26% of the total points, while Water aspect has relatively lower scores, accounting for 10% of
the total points. Consistent with the prerequisites, Energy aspect is the most important part for the
two systems.
Comparison on the Site aspect, the prerequisite in GBL is stricter than LEED system, while in
general credits, LEED have more scores than the GBL system. As discussed in the last section,
the baseline on Site safety in GBL is more stringent than LEED system because of the
consideration of the national standards requirements. For general credits in the Site aspect, the
differentiation between the two systems is major in the alternative transportation and parking
capacity. In alternative transportation, both systems encourage the use of public transportation
within a walkable distance from the site entrance. Besides, LEED concerns more of the alternative
transportation in the use of bicycle and the electronic car to reduce carbon emission from private
transportations. Furthermore, LEED encourages carpool or vanpool to reduce the design of
carpark. These two points are also important for China because the number of private cars have
increased by two times from 2005 to 2010. It becomes a challenge for building designers and
planners when implementing green building.

4. Discussion
Both the China GBL system and the US LEED system are popular in China. As a volunteer based
green building evaluation tool, the GBL and LEED have to compete with each other to win the
support from real estate developers, building designers, and end users. From 2008 to 2010, the

certified projects of both systems are nearly the same. However, the GBL certified projects are
mainly from the domestic developers while the LEED are from the international companies. How
could China GBL explore the international market and enhance itself to turn into an international
green building certification brand, become an important research topic for the China Green
Building Council.
From the comparison of the two systems in their basic system settings, assessment aspects,
performance baseline and scores distribution, they have several similarities, such as, the four
“savings” and one “environmental aspects”, the setting of prerequisites and general credits, and
defining the energy aspect as the most important part in a green building. These similarities can
also be found in most of the green building evaluation tools in the world. These can be concluded
as the basic principles of a green building rating system.
However, the differentiations of the two systems are various not only the basic settings but the
detail requirements of each credit. In this paper, it only discussed a few of the differences, such as
the different emphasis on prerequisite and general credits in site aspects. In China, site safety
becomes a key issue for government and urban planning departments because lots of projects do
not pay much attention to the site safety issue, such as the threaten form radon in the earth which
may do harm to the building users. Although the LEED system is more popular in the world as an
international brand, the China system is more suitable for and fits the local context. The green
building design cannot just focus on the active strategies. The core of a green building design is to
understand the local conditions of the project site and surroundings and select the adaptive design
strategies form both active and passive ways.
In conclusion, as a developing country, China has just started her path on green building
developments. To catch up with the developed countries, China needs to revise and develop a
system that can reflect the characteristics of developing countries and compare and learn from
different advanced system from different countries.
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Summary
Climate change is the most severe challenge of humankind facing in this century, and it threatens
the humankind's sustainable development. Based on green building (GB), Archilife Research
Foundation proposed a practicable approach to realize sustainable building (SB) at SB2002
conference. This approach combined GB with symbiosis to form a sustainable formula,
SB=GB+Symbiosis. The concept of SB, however, only solves the building's sustainability. It can not
ensure energy savings and carbon reductions in the life cycle of a building, and furthermore it also
can not completely mitigate the negative effects originated from climate change. After detailed
analysis, we conclude the key point to achieve sustainability is whether resident's lifestyles are
sustainable or not. During the process of achieving sustainable lifestyles, we think that digitization
is an important method. Digital life (DL) can reduce energy consumption and acquire needed
resources through the Internet. The value of DL is that people with information literacy have the
freedom to choose their residences which are suitable for live and can avoid disasters resulted
from climate change. Owing to the importance of digitization, this paper proposes a brand-new
formula, SL=SB+DL, for sustainable life (SL) based on the prior researches. This formula means
that the achievement of SL must introduce DL into SB. For constructing DL, this paper suggests
eight policies according to Taiwan's digitization experiences: (1) extending wireless networks; (2)
developing digital content industry; (3) establishing e-commerce infrastructure; (4) reinforcing
digital rights management mechanisms; (5) integrating identity authentication mechanisms; (6)
eliminating digital divide; (7) popularizing computer skill training; and (8) preventing computer
crimes. Combining DL with SB, we believe that SL can be realized in Taiwan. Besides, Taiwan's
experiences on SL can be shared with other countries because they are the important methods to
against climate change.
Keywords: digitization, digital life, sustainable life, climate change, public policy

1. Introduction
Climate change is the most severe challenge of humankind facing in this century, and it threatens
the humankind's sustainable development. Because of more and more violent weather events, the
Pioneer Team of Archilife Research Foundation (ARF) announced the "Pioneer Statement" in 2006.
"Pioneer Statement" indicated that "digitization” and “symbiosis" are two important paths to
improve ethnic survivability for overcoming climate change [1].
About the role of symbiosis in sustainable building, the secretary general of ARF, Judy Chin-Ying
Huang, has announced a practicable formula, SB=GB+Symbiosis, at SB2002 conference [2]. It is
possible to realize sustainable building by combining green building with symbiosis. This concept

was experimented on “Archilife Symbiosphere One Center (ASOC)” from October 2002. Through
the symbiotic cycling which include vertical planting system, nucleic acid meal, dry toilet, and
compost (Fig. 1), the ASOC can reduce, reuse and recycle resources. Moreover, it also creates a
healthily living environment.

Vertical
planting system

Compost

Nucleic
acid meal

Dry toilet

Fig. 1 Symbiotic cycling in ASOC
ASOC mainly focused on symbiosis in the first three years of the experiment. Although the
residents of ASOC have equipped with digital devices and the Internet (Fig. 2); however, their
digital living capacities must be enhanced according their living experiences. If the residents of
ASOC can not earn a living through digitization, urban lifestyle is not easy to change. Therefore,
combing symbiosis with digitization will help the realization of symbiotic living mode.

Fig. 2 Digitization in ASOC
Owing to the importance of digitization this paper proposes a new formula for sustainable life (SL),
SL=SB+DL, based on Huang’s formula, SB=GB+Symbiosis. The new formula means that
sustainable life is equal to sustainable building (SB) plus digital life (DL). In order to achieve
sustainable life, we must understand the importance of the digital life, its meaning, and its values in
symbiosis. Then we can design appropriate strategies to realize sustainable life.
The remainder of this paper is organized as follows. Section 2 describes digitization and
competitive advantages. Section 3 discusses the relationship between digital life and sustainability.
There are five sub-sections in this section including “digitization is a part of sustainability”, “digital
life”, “the role of digital life in symbiosis”, “the values of digital life”, and “from digital life to
sustainable life”. Section 4 proposes the policies for constructing digital life based on Taiwan’s
digitization experiences. There are four sub-sections in this section including “the construction

elements of digital life”, “the advantages of digital life in Taiwan”, “Taiwan's challenges of entering
digital life”, and “Taiwan's policies on digital life”. Finally, conclusions are given in section 5.

2. Digitization and competitive advantages
Humankind can invent, create and use tools, including physical tools, text, language, etc., which
are the important factor that they are different from animals and can dominate the earth. The
quality of tools also determines the outcome of competition between ethnic groups.
From the survivability competitions between Cro-Magnon and Neanderthal in the Europe,
Neanderthal depended on their amazing adaptation capabilities to conquer bitter climate and
dominate Europe up to 250,000 years. However, Neanderthal can not compete with Cro-Magnon
after all because Cro-Magnon's strategies on survivability were better than Neanderthal’s ones.
The main reasons are threefold. Firstly, Cro-Magnon is superior to Neanderthal in thinking.
Secondly, Cro-Magnon has richer language and culture, i.e. they have the advantages on
communication. Thirdly, Cro-Magnon can use tools which enable them to choose their residences.
In addition, they can organize larger groups up to 100 people for exchanging goods or forming an
alliance.
Since the mid-twentieth century, the invention and application of digital tools is the significant factor
undoubtedly in the progress of human civilization. When we explore about the future competition
tools, digitization is the most important tool in knowledge-intensive era.
The term of digitization is often used when diverse forms of information, such as text, sound,
image or voice, are converted into a single binary code. Based on this point of view, digitization is
generated by information technology. In recent years, the network technology makes the
information and knowledge dissemination faster than before, and its impact is broader.
From the viewpoint of tool using, possession and use tools can indeed form a competitive
advantage. In the future of information technology, networking and digital world, if a group of
people can use digital tools effectively, then they will have more competitive advantages than
others.

3. Digital life and sustainability
3.1

Digitization is a part of sustainability

Sustainability is not only the goal of many researchers, but also the direction of humankind efforts.
From the industrial revolution in the eighteenth century to date, industrialization and urbanization
has shaped today's urban environment. Millions of people or thousands of people are gathered in
the metropolitan areas. These phenomena make human’s living environments unsustainable.
To make urban sustainability, “Melbourne Principles for Sustainable Cities” had been proposed at
an international conference sponsored by United Nations Environment Programme (UNEP) on
April 2, 2002 [3]. Subsequently, it had been incorporated into the Agenda 21 of Earth Summit 2002
in Johannesburg [4]. There are ten principles as follows: (1) provide a long-term vision for cities
based on: sustainability; intergenerational, social, economic and political equity; and their
individuality; (2) achieve long-term economic and social security; (3) recognize the intrinsic value of
biodiversity and natural ecosystems, and protect and restore them; (4) enable communities to
minimize their ecological footprint; (5) build on the characteristics of ecosystems in the
development and nurturing of healthy and sustainable cities; (6) recognize and build on the
distinctive characteristics of cities, including their human and cultural values, history and natural
systems; (7) empower people and foster participation; (8) expand and enable cooperative networks
to work towards a common, sustainable future; (9) promote sustainable production and
consumption, through appropriate use of environmentally sound technologies and effective
demand management; and (10) enable continual improvement, based on accountability,
transparency and good governance.

Although aforementioned principles declared the functionalities of sustainable city and provided a
strategic framework for thinking and action, these principles did not consider the city should be
transformed into scattered living mode and the importance of introducing digitization. For
sustainability, ARF has proposed the seven steps of sustainability which are tree planting,
ecological surveys, resource recycling, environmental indicators monitoring, urban planning,
symbiotic building and symbiotic life. In these steps, symbiotic life is the final step. In symbiotic
living, however, digitization and symbiosis are complementary roles.
Symbiosis can shape the scattered living mode. Then, the metropolitan can be deconstructed so
that the city population has the opportunity away from the city and no longer live in the existing
urban environment. In the sustainable scattered living mode, digitization can support the operation
of symbiosis. It also makes people communication efficiently, exchanging information easily, and
obtaining resources conveniently. Therefore, digitization is a part of sustainability.
3.2

Digital life

Digitization creates a kind of new living mode. People in this living mode have the freedom to
choose their residences and lifestyles. Digital life is based on computer and network technologies,
and it can change our social environments, lifestyles, and work models tremendously. The
characteristics of digital life are threefold. First is intelligence. Intelligence technologies allow
devices or systems with partial human intelligence, which can replace human labor. Second is
personalization. People can announce their individual demands through the Internet, and then
service providers can also obtain customer demands from it. According to customer demands,
service providers can customize their products or services for each customer. Third is networking.
All products in the Internet would be given distinctive features; and everything will be directly or
indirectly connected to the Internet.
About digital life researches, the Media Lab of Massachusetts Institute of Technology (MIT) is the
most famous organization in the world. The Media Lab has three research fields which are organic
network, 10X, and common-sense computing. Its research topics include eRationality, objectbased media, synthetic neurobiology, personal robots, computing culture, sociable media,
biomechatronics, information ecology, tangible media, software agents, viral communications, fluid
interfaces, society of mind, smart cities, responsive environments, human dynamics, affective
computing, lifelong kindergarten, cognitive machines, speech + mobility, and music, mind and
machine [5]. However, we can not induce an overall concept about digital life from above research
topics, and we also can not easily find the relationship between above research topics and
sustainable life.
Mitchell has mentioned that the new living mode in the 21 century will be the type of combining
dwelling and office, closed social neighborhood, a vibrant regional community life, equipped with
electronic conference facilities, and distributed production, marketing and distribution. In network
community, information exchange gradually replaces material exchange through unseen
information flows. Virtual city will release the cultural and geographic restrictions [6]. SOHO (small
office/home office) and video conference can reduce the traffic pollution and make the population
gradually moving to the suburbs. Therefore, the boundaries between work and leisure will
gradually disappear. Due to more time at home, community development becomes more important.
Community will become a self-sufficient unit which covers the work, leisure, entertainment,
procurement, culture, education and other activities. All activities will be linked with other
communities through the Internet.
Digital life is indispensable in the future lifestyle. Digitization allows residents to access information
and obtains resources from the world faster than before. It is also able to convey resident’s digital
products to the world, and improve their quality of life. Moreover, digital life provides people an
opportunity of re-thinking and choosing their residences.
3.3

The role of digital life in symbiosis

In the symbiotic villages, digital life can support the operation of symbiosis from the following four

perspectives.
1. Creating network linkage among villages. In symbiotic villages, residents adopt self-sufficient
living model. Digital content exchange is the main transactions among residences and material
exchange is secondary. Through digitization, symbiotic villages can set up mutual information
linkage with others.
2. Sharing internal information. Digital life and symbiotic life is knowledge-intensive. Therefore,
residents access knowledge and share experiences must be facilitate. Digitization can construct
a high-performance knowledge-sharing mechanism which can record and share residents’ living
experiences and related knowledge.
3. Establishing digital living platform. The digital content is the main output in digital and symbiotic
life. By the output of digital contents, the residents can make a living or obtain digital contents
from outside. Information technology and digital device will help residents to establish digital
living platform.
4. An indispensable tool in symbiotic villages. People with digital capabilities will have the
opportunity to make a living in cyberspace and no longer depend on traditional city functions.
Digital life is the essential capability by which people can leave cities and operate the symbiotic
living.
3.4

The values of digital life

The values of digital life have twofold. Firstly, digital life can help people to operate symbiotic living.
Secondly, digital life can mitigate the negative influences caused by climate change.
Symbiotic villages are different from the existing urban residences. Because of geographically
scattered, different villages can utilize digitization to create the linkage between them. In digital life,
people use the Internet to obtain and convey information or knowledge, work at home, and
produce or sell digital products and services. People located in different villages can resolve most
matters through the Internet. Therefore, civil engineering budget can be controlled. Besides,
digitization provides rich digital contents which can satisfy the well-being of residents, enhance the
spiritual civilization, and thus reduce material and energy consumption.
By the characteristics and capabilities of digital network, people increase their freedom of choosing
residence. They are no longer bounded by the city functions and also can avoid the urban
problems caused by high-density population such as Severe Acute Respiratory Syndrome (SARS)
in 2003 and large-scale influenza in recent years. Therefore, digital life will help people to operate
symbiotic living and can help them out of trouble.
In the meantime, people face climate change which will cause “violent weather" and
"desertification". These phenomena means that "livable place" and "arable land" will continue to
reduce, disasters will occur frequently, and food supply will be severe shortage. Additionally, fossil
fuels will gradually depletion so that the existing lifestyle of urbanization based on industrialization
can not be continued. Our goals of endeavor will be establish an “oasis” which can keep trees and
retain water under climate change. It is also the effective solution to mitigate the negative
influences resulted from climate disasters.
Digital life provides the freedom of choosing residence, and symbiosis provides the high-efficient
symbiotic cycling. Combining digital life and symbiosis will led people with these abilities to choose
their suitable residences for avoiding disasters caused by violent weather, to establish selfsufficient scattered living mode, and then to against climate change. The values of digital life allow
people who are gathered in the city because of industrialization gradually leave the city due to they
have digitization capabilities.

3.5

From digital life to sustainable life

Digitization is a part of sustainable. Combining digital life with sustainable building is the path to
achieve sustainable life. Sustainable building unify both inside and outside of a building including
ecology, green, and health concepts for achieving overall integration with environment. There are
many research papers had been published in previous Sustainable Building international
conferences; however, sustainable building can not fully achieve the goal of sustainable life.
Sustainable life was created to be a vehicle and an advocate for sustainable practice, ecological
design, and compassionate action [7]. When building toward sustainable architecture, the lifestyle
of residents must also be sustainable.
ASOC sets more rigorous standards than Nordic eco-villages and hope using symbiosis and
digitization to construct a sustainable living mode which is suitable for the sub-tropical climate. It
means that living not only be operated by symbiotic skills (localization), but also be operated by
digitization skills (globalization). This new concept will increase residents’ competitive advantages
when they are facing global competition. Therefore, digital life is the residents’ living mode in
sustainable building when they would like to achieve sustainable life.
Symbiosis is a method of transforming green building to sustainable building, and digitization is an
important factor for achieving sustainable life. Digitization provides residents to realize sustainable
life which is the real goal to be pursued by residents. Therefore, using digital life to link sustainable
building and sustainable life will form a brand-new formula, i.e. "Sustainable Life = Sustainable
Building + Digital Life (SL=SB+DL)". The residents of sustainable building can use digital devices
to make a living and then to enter the sustainable living mode.

4. Construction of digital life
4.1

The construction elements of digital life

There are three basic elements for constructing digital life which are hardware, software, and
people (Fig. 3).

Digital Life
Hardware

Software

People

Integrated digital creation
Information literacy
platforms
Convenient knowledge storage
Moral and law-abiding spirit
and sharing mechanisms
Digital devices
Knowledge-intensive learning
Establishing Internet
environments
communities
Complete e-commerce
Network identity
platforms
authentication mechanisms
Effective communication
Information and network
High-quality network
tools
security mechanisms
specialists
Digital networks

Fig. 3 The basic elements for constructing digital life
1. Hardware. Hardware is the essential devices for digital life which include digital networks, digital
devices, and effective communication tools.
(1) Digital networks. Digital network is the backbone of scattered living mode which can link
internal and external people. Within the residence, the main network is wired networks by
which a secure and reliable network environment can be constructed. Among residences,

the main network is wireless network by which the cost of network construction can be
downed and the breakdown probability caused by natural disasters also can be reduced.
Besides, the redundant and fault tolerance mechanisms must be consideration between
wired and wireless networks.
(2) Digital devices. For digitization, digital devices with high-speed computing capability should
be provided for residents. These devices include computer workstations, personal digital
assistants, handheld devices, video conferencing facilities, and information storages. They
can satisfy the needs of computing and information storage.
(3) Effective communication tools. Face-to-face communication is the main method within the
village. However, digital communication tools are necessary when residents would like to do
synchronous or asynchronous communication with residents located on other villages.
Moreover, digital communication tools make the human interaction more diversity and
effectively.
2. Software. Software can support the operations of digital life. They include integrated digital
creation platforms, convenient knowledge storage and sharing mechanisms, knowledgeintensive learning environments, complete e-commerce platforms, and information and network
security mechanisms.
(1) Integrated digital creation platforms. Digital content is the main outputs in digital life. The
integrated digital creation platforms are importation tools to support digital creation. These
platforms will be installed into personal digital devices. When they are coupled with back-end
computation resources provided by workstations, they can support the residences of
symbiotic villages engaged in multimedia editing, writing, publishing, and so on.
(2) Convenient knowledge storage and sharing mechanisms. Digital and symbiotic life is
knowledge-intensive. Therefore, the mechanisms for knowledge storage and sharing must
be established. In addition to storing the knowledge required to support living, the
residences can obtain knowledge and share their experiences.
(3) Knowledge-intensive learning environments. The existing education system is sub-division,
and it is inadequate to cope with the knowledge-intensive life. Therefore, the omniscience
leaning mechanism is necessary which allows residents to learn and absorb knowledge from
diversity fields for living needs.
(4) Complete e-commerce platforms. The most convenient way to output digital contents is
through network transactions. Network transactions must have complete e-commerce
platforms and electronic payment mechanisms which can ensure creator’s benefits. In
addition, e-commerce is also the main method to exchange or purchase physical products
between villages.
(5) Information and network security mechanisms. The Internet not only brings convenience, but
also brings security threats. These threats come from external and internal and that may
cause damages of hardware or software, destroy valuable information, affect group interests,
and violate personal privacy. Therefore, the construction of information and network security
mechanisms is necessary.
3. People. People are the main body of digital life. They must have information literacy, and
possess moral and law-abiding spirit. For mutual support, they must establish internet
communities among different symbiotic villages. To identify the users in the Internet, network
identity authentication mechanisms are necessary. Furthermore, high-quality network specialists
play the important role in the operation of digital life.
(1) Information literacy. To enter the digital world, information skills are essential. These skills
include hardware concepts, software applications, and information searching, interpretation
and identification capabilities.
(2) Moral and law-abiding spirit. Due to the digitization features, crime prevention, investigation
and forensics are not easy to do. Therefore, improving residents’ moral standards is the top
priority. Its goal is to reduce cyber crime in cyberspace, and increase the positive benefits of
digitization.
(3) Establishing Internet communities. In symbiotic living, each village's population is not much.
Through the establishment of virtual communities, these communities will be communication
platforms among residents located in different villages. They also form the mechanism for
mutual support.

(4) Network identity authentication mechanisms. Because of the characteristics of the Internet,
the establishment of trust relationships among people is different from the real world.
Generally, the Internet is anonymous and non-contact that lead to network frauds or crimes.
Therefore, the complete network identity authentication mechanisms are necessary. They
allow Internet users to engage in network activities with the correct identity.
(5) High-quality network specialists. Network specialists have the responsibility to maintain the
operation of digital devices and networks. However, they can also engage in illegal
behaviours. Therefore, network specialists should not only have the technical ability, but
must have high ethical standards.
With enough digital hardware and software, people who have digital capability can use digitization
to do their living in symbiotic villages. In this living mode, residents use digital devices to record,
storage, and share knowledge and experience of symbiotic living. Furthermore, the residents
through the digital network can handle most of the external affairs, they can obtain needed
information and knowledge from the Internet, and then they can create digital contents through
digital creation platforms and use e-commerce to exchange digital contents or required materials.
Finally, residents can achieve mental and material satisfaction, and they will engage in sustainable
life based on scattered living mode.
4.2

The advantages of digital life in Taiwan

In the past, Taiwan had put many resources in the information infrastructure. Compared to most
countries, Taiwan has many advantages of entering digital life. These advantages include cheap
supply of information products, more complete information infrastructures, continued expansion of
network resources, gradually complete e-commerce environments, equitable distribution on digital
opportunities, and higher information advantages.
1. Cheap supply of information products. Taiwan's information products are cheaper than other
countries because Taiwan has cumulated many R&D and manufacture experiences. Therefore,
people living in Taiwan can get cheap digital devices. Their cost of entering digital life is
relatively low.
2. More complete information infrastructure. In the past years, Taiwan has the National Information
Infrastructure (NII) plan, the e-government program, the challenge 2008 six-year national
development plan, and the new ten projects. These plans allowed Taiwan has good information
infrastructure.
3. Continued expansion of network resources. In addition to the wired network, Taiwan continues
to set up the wireless network, such as Wi-Fi, 3G, WiMAX, and so on. The expansion of wireless
networks provides seamless network connectivity.
4. Gradually complete e-commerce environments. In recent years, the amount of e-commerce
transactions in Taiwan is continuing growing. It shows that e-commerce transaction system in
Taiwan has become more mature.
5. Equitable distribution on digital opportunities. Taiwan's global "Digital Opportunity Index (DOI)"
evaluated by the International Telecommunication Union (ITU) is ranked the seventh in 2007. In
the Asia-Pacific area, Taiwan is ranked the fourth [8]. According to a statistics compiled by
Council for Economic Planning and Development (CEPD), Executive Yuan, Taiwan, Taiwan's
digital opportunities is higher than the international standard. The average of global Gini
coefficient in the Internet usage is 0.671. This coefficient in Taiwan is 0.259.
6. Higher information advantages. According to the World Economic Forum (WEF) statistics,
Taiwan's "Networked Readiness Index (NRI)" is 5.30, and it is ranked the thirteenth in the world
[9]. In addition, according to Brown University survey, Taiwan's e-government is also better than
other countries.
Based on above descriptions, Taiwan’s digital advantages depend on the experience of

manufacturing information products, the resources input in digitization, continuing expand network
infrastructure, the mature e-commerce environments, equitable distribution of digital opportunities,
and superior information capabilities. Therefore, Taiwan will have the advantages of entering digital
life compared to most of countries.
4.3

Taiwan's challenges of entering digital life

Although Taiwan has the relative advantages of entering digital life compared to most of countries,
there are several challenges remain to be overcome. These challenges include: (1) the Internet
and computer penetration is still to be improved; (2) there is still a gap on digital divide between
urban and rural; (3) computer crime is increasing; (4) e-commerce mechanisms still need to be
strengthened; (5) digital rights management (DRM) technology must be established; (6) digital
content industry is still to be transformed; (7) network identity authentication mechanism is still to
be integrated; and (8) the knowledge base for storing life wisdom is still to be established.
1. The Internet and computer penetration is still to be improved. According to the ITU statistics,
Taiwan's Internet penetration rate is 60% in 2006 which is ranked the end of the Four Asian
Dragons. Taiwan’s Computer penetration rate is 53% in 2005. Although it is ranked the
nineteenth in the world, it is still ranked in the end of the Four Asian Dragons.
2. There is still a gap on digital divide between urban and rural. The digital divide refers to the gap
between people with effective access to digital and information technology and those with very
limited or no access at all. It includes the imbalance both in physical access to technology and
the resources and skills needed to effectively participate as a digital citizen. The developed
countries are committed to eliminate the digital divide. In Taiwan, the digital learning conditions
of rural residents are significantly less than that of urban residents.
3. Computer crime is increasing. In Taiwan, computer crime is more diverse than traditional crime,
and it is also a new guilty tool. Therefore, how to guard the security in cyberspace will be the
focus of government policies.
4. E-commerce mechanisms still need to be strengthened. Taiwan's e-commerce transactions are
vigorous growing, and e-commerce environment has become more complete. However, there
are many mechanisms remain to be established such as micropayment, network taxation,
cross-border payment mechanism, and so on.
5. DRM technology must be established. DRM is indispensable for protecting digital contents.
Digital contents are the major output and the source of income in digital life. They must have
proper protection mechanisms. However, these mechanisms are not mature enough in Taiwan.
6. Digital content industry is still to be transformed. In symbiotic living, the production of digital
content will focus on knowledge-intensive products such as symbiotic living, living experiences,
and improving viability or satisfying well-being products. In Taiwan, these products have not
included in the national project about developing digital content industry.
7. Network identity authentication mechanism is still to be integrated. In Taiwan, the network
identity authentication mechanisms are not integrated between public and private sectors. This
will be detrimental for the development of related applications, e.g. e-commerce transactions,
and trust among the members of virtual communities. Therefore, related mechanisms should be
established and integrated.
8. The knowledge base for storing life wisdom is still to be established. When people face climate
change, they must have convenient methods to access information or knowledge for
survivability. Therefore, the sharing mechanism for knowledge and wisdom must be established.
However, it has not developed in Taiwan yet.

4.4

Taiwan's policies on digital life

In order to achieve digital life in symbiotic living, Taiwan must make efforts to improve the defects
on digitization. In the meantime, this paper suggests that Taiwan's public policies on digitization are:
(1) extending wireless networks; (2) developing digital content industry; (3) establishing ecommerce infrastructure; (4) reinforcing DRM mechanisms; (5) integrating identity authentication
mechanisms; (6) eliminating digital divide; (7) popularizing computer skill training; and (8)
preventing computer crimes. (Table 1)
Table 1 The suggestions for Taiwan's public policies on digitization
Categories
Hardware
Software

People

Policies
Extending wireless networks
Developing digital content industry
Establishing e-commerce infrastructure
Reinforcing DRM mechanisms
Integrating identity authentication mechanisms
Eliminating digital divide
Popularizing computer skill training
Preventing computer crimes

1. Extending wireless networks. Wireless networks can reduce the breakdown possibility of wired
networks due to disasters caused by climate change. Combining satellite communication,
mobile phone, and wireless network, a seamless communication platform will be constructed
which can ensure information transmission and support disaster rescue. Of course, the location
of long-range base stations for wireless network should be carefully assessed to avoid damages
caused by natural disasters. Besides, network security is also important.
2. Developing digital content industry. The future items of digital content industry should focus on
establishing the knowledge base of climate change, such as desertification situation, native
culture, and so on. Teaching materials about symbiosis and digitization should continually
publish in the future. These materials include sustainable life situation, virtual reality, and
omniscience learning system.
3. Establishing e-commerce infrastructure. Many e-commerce mechanisms in Taiwan are not
mature, such as micropayment, Internet taxation, cross-border transactions, and transaction
arbitrations. These mechanisms must be determined as soon as possible.
4. Reinforcing DRM mechanisms. DRM is a basic method to ensure that creators of digital
contents can obtain their benefits. Related standards and regulations must be developed in
order to encourage the creation of digital contents.
5. Integrating identity authentication mechanisms. Currently, the network identity authentication
mechanisms in Taiwan are not fully integrated. Therefore, the government should lead their
integration for correctness and efficiency on authentication. The integrated mechanism is very
useful to carry out e-commerce and Internet democracy, such as electronic voting.
6. Eliminating digital divide. The digital divide between urban and rural areas must be removed as
soon as possible so that the people who would like to engage in digital life can obtain digital
tools and resources.
7. Popularizing computer skill training. Information Technology (IT) education can quickly foster
people with digital capabilities which are required for entering digital life. If IT education can be
started early even in their childhood, people will have better competitiveness in the long term. In
addition to basic digital skills, IT education must emphasize information literacy, morality, and
especially on law-abiding spirit.
8. Preventing computer crimes. Laws are the bottom line for crime prevention. In addition to

continued upgrading of computer crime prevention and forensic technologies, laws must make
progress and conform to social situations. Therefore, the laws for the requirements of digital life
must legislated by government as soon as possible.

5. Conclusions
Sustainable building combines both symbiosis and green building. After injecting digitization, the
residents of sustainable building will have the opportunity to achieve sustainable life. Therefore,
digitization is an indispensable tool and capability in sustainable life and it is also essential in
symbiotic living. If there is no digital life, the symbiotic scattered living mode can not be achieved.
In the meantime, humankind is facing climate change, violent weather events, and possible largescale epidemic diseases. To avoid the possible disasters, humankind must be away from the city to
seek a sustainable lifestyle. Digital life based on symbiosis can reduce material demands and
energy consumptions. It also can gradually replace the people, logistics, and cash flows with
information flow. Residents get digital contents and physical materials from the world through ecommerce. These virtual and physical products can rich their life, help communications among
different villages, and enhance their competition advantages on survivability. The impact of climate
change makes the livable places and arable lands continuing to shrink. The most important value
of digital life is that digital life provides the freedom for people to choose their residences, and thus
enable them out of trouble.
Through understanding Taiwan's advantages and challenges on digital life, Taiwan government
must extend wireless networks, develop digital content industry, establish e-commerce
infrastructure, reinforce digital rights management mechanisms, integrate identity authentication
mechanisms, eliminate digital divide, popularize computer skill training, and prevent computer
crimes. We believe that these efforts will make Taiwan having more abilities and advantages than
other countries to achieve digital life. Combining digital life and symbiotic technologies, scattered
symbiotic lifestyle will be possible in Taiwan.
Besides symbiosis features, the competitive advantages resulted from digital life will be an
important factor for ethnic survivability in the future. After grasping the capability of digital life,
Taiwan will have better guarantee of ethnic survivability when facing climate change. In other
words, the future will be the competition between the people who can utilize digital tools and who
can not utilize digital tools. Taiwan's experiences on sustainable life can be shared with other
countries because they are the important methods to against climate change.
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Summary
This study is the research regarding the local industries revitalization of the communities, where
the economical structures changed during the past decades and are forced to activate the local
indutries, around the Hu-Shan Dam in Taiwan. The research mentioned the orientation of
activation methods from the three different community aspects regarding life, production and
ecology. By using the “Fuzzy Delphi Method” and “Analytic Hierarchy Process” from the
professional evaluation methods, the study attempts to structure the “aspects of evaluation” and
“weight values” of activation methods of community industries for related professionals, such as
academic organizations, governments, and non-profit organizations, who attempt to reform the
communities. The researchers intend to discuss how those related professionals consider the
implementation of sustainable policies while they devote to the “Community Integrated
Development” projects. The results of this study brought out the hidden feedback regarding
appropriateness and priority of implementing sustainable policies while constructing the
revitalization of community industries, which could provide a reference when the government
establish the policies for sustainable issue.
Keywords: Community Industry, Fuzzy Delphi Method, Analytic Hierarchy Process

1. Introduction
The industrial economical structure of Taiwan had been transformed since 1960s, which caused
that the productivity of villages declined and the manpower for agriculture was aged. The
advantages of the originated local industries were disappeared. The local industry is the reveal of
the local lifestyle, the history and the culture, which means that the revitalization of the community
industry has attached with the local economy. After World War Ⅱ, many local areas in Japan
initiated the “New Homeland Movement” and the “Building Community Movement”. These
movements not only raised the local economical industries, but upgraded the whole local living
environments.
The industrial activity is the core of the local economic development, which provides living
opportunities for local citizens and presents a symbol of local culture. According to the target of the

community development, for improving the living level of the community, the incomes of
inhabitants need to be increased. Therefore, the development of materials and resources will be
the first priority regarding the community development.
The “Community Integrated Development” was first proposed in Taiwan in 1993, which was
originally from the “Community Building” of Japan, the “Community Architect of the U.K., and the
“Community Design of the U.S. Hsu(1985) mentioned that the first priority of the Community
Integrated Development is to increase the income of the citizens. Also, Lin(2006) indicates that the
higher participation rate of the community residents is, the more positive the influences of the local
industries are. Therefore, the Local Revitalization from the inside of the communities will drive the
Community Integrated Development efficiently to reach “the Culturalized Industry and the
Industrialized Culture”. Thus, how to integrate the local cultural industrial resources into community
development is the essential issue of local revitalization.
According to above, the main priority of the “Community Integrated Development” is the production
issue, and the cultural issue, so called life issue, is following whereas ecological issue seems not
to be the main criterion of the community development in Taiwan. Thus, in this study, the
researchers took the community around the Hu-Shan Dam in Taiwan and intended to structure the
“aspects of evaluation” and the “weight values” of activated methods for the community industries,
and provide the references for the professionals who would like to devote to the community
integrated development.

2. Literature review
According to the social economic structure changed rapidly, the old community clasped while the
new community formed immaturely. This led to the lack of the social cohesion. The Council of
Cultural Affairs in Taiwan proposed the “Community Development Policy” in 1993, which attempted
to improve the social cohesion problem by focusing on culture development, and then the new
phrase- the “Community Integrated Development” was declaimed in 1994.
The Professor, Miyazaki Kiyoshi, claimed that the issues of the community were divided as
“people”, “culture”, “land”, “scenario”, and “industry”. First, the “people” issue means to satisfy the
needs of the community residents, to manage the relationships, and to create the welfare.
Secondly, the “culture” issue is the extension of the local history and culture, the promotion of the
cultural activities, and life-long education. Next, the “land” issue is the preservation of the
geography environment. The following issue “scenario” means to develop the community public
spaced and to operate the living area sustainably. The last issue “industry” is the collective
management of the local industries and economical activities, and the development and marketing
of the local real estate.
“Culture Industry” was first mentioned in Fordist’s mass production & mass consumption, and was
spread out by the global economic system of 21 century. The technology and the internet
construction, the global economy, the worldwide broadcasting, the international tourism, and the
landscaping reform the cultural consuming types and values of human beings. Therefore, the
western countries developed a flow of “Culture Industry” as the main strategy of Symbolic
Economy and Urban Regeneration, which is expected to rise the local economy, the
competiveness between villages, and the spirit of cultural life.

3. Methods
3.1

The object

The study took 3 villages (Hu-Shan Village in Douliu, Mei-Lin Village in Douliu, and Chessboard
Village in Gu-Kung) around the Hu-Shan Dam as the research objects (Fig. 1).

Fig 1 The geometrical locations of the selected villages

3.2

Field study

Because of the differentiations between each community, this study starts from the field study by
researching the references, investigating the communities and interviewing the inhabitants to
construct the database of these communities.
3.3

Quantitative research

Reliability Analysis
(1) Single individual sample: filtering by AHP.
(2) Single group sample: evaluating by Kolmogorov-Smirnov.
Validity Analysis
(1) Single group sample: to realize the subjects’ opinions for the aspects of evaluation and to
provide the basis of the judgement of the professionals though the Kolmogorov-Smirnov.
(2) Two or more group sample: to compare the differentiations of the results of the single group
sample analysis.
α-Cut set and Fuzzy Delphi Method
α-Cut set is to build a boundary for making fuzzy collectives become specified collectives. Fuzzy
Delphi Method is a professionals determined method. In this study, the researchers used the α-Cut
set to indicate the variation of the local industrial revitalized factors, and the Fuzzy Delphi Method
to filter the evaluated methods of professionals’ opinions at the first section.
Analytic Hierarchy Process (AHP)
This paper used the AHP to filter the evaluated methods of professionals’ opinions at the second
section, which could structures the weight values, to compare the weight values, and also, to
connect the weight values of the evaluation factors for understanding the differentiations of the
weight values of the community industrial revitalized factors.

4. Results
4.1

The analysis of the first section

Valid Samples
According to the Delphi Method, the validity of surveys is determined by:
(1) The survey is blank or missing filled.
(2) The answer is considered as a obvious regularity, which is without the degree.
Thus, the total retrieved amount of survey is 35. The valid samples are 34 while the invalid sample
is 1. The percentage of the validity samples is 97%.
Aspects of evaluation
The steps of the selection of the evaluated factors by Fuzzy Delphi Method are:
(1) Build the triangle fuzzy evaluated factors selection.
(2) Delete the disagreed options.
(3) Establish the thresholds.
Table 1 The evaluated options selective result
Original options
Disagreed
Stage selection
Maximum
Average
Minimum
Fuzzy number (6)
Result

4.2

1-1
0
pass
10
7.94
6
7.83
pass

1-2
0
pass
10
7.58
5
7.76
pass

1-3
0
pass
10
6.9
3
7.7
pass

1-4
1
pass
10
8.09
6
8.28
pass

2-1
0
pass
10
6.25
2
6.76
pass

2-2
0
pass
10
6.32
2
6.96
pass

2-3
0
pass
10
5.5
1
5.52
--

3-1
3
pass
10
6.3
0
8.92
pass

3-2
3
Pass
10
6
0
8
pass

The analysis of the second section

Valid Samples
The valid samples of the second section are 33, which are determined though the AHP (C.I.).
Aspects of evaluation
(1) Consistency Index and Consistency Ratio
The index shows that the consistency ratio is 0.1, which means that the assessed value of all
subjects achieves the level of consistency. The C.I. and C.R. shows in Table 2.
Table 2 Consistency Index
Hierarchy
Main criterion
Secondary Life aspect
criteria
Productive aspect
Ecological aspect

C.I.
0.001
0.001
-0.01
0.001

Result ( 0.1)
Meet
Meet
Meet
Meet

C.R.
0.0002
0.002
-0.01
0.001

Result ( 0.1)
Meet
Meet
Meet
Meet

(2) Analysis of criteria weight values
Table 3 AHP weight value analysis
Main criterion
Life aspect

Weight value
0.4435

Productive aspect

0.3249

Ecological aspect

0.2316

Life

Production

Fig. 2 AHP weight value analyses

Fig. 3 AHP weight value analyses

Secondary criterion
Integrated infrastructures
Extension and creation of activities
Planning of social welfare
Structuring productive structure and system
Marketing of creative development
Preservation of eco-environment
Ecological education and training

Ecology

Weight value
0.4545
0.2829
0.2626
0.515
0.485
0.4591
0.5409

(1) Life aspect
The relative weight value of the “Life aspect” is 0.4636, which is the first criterion of the main
criteria. It is 2 times of the “Ecological aspect”, which is the last of the criteria. The force of the
community development originates from the awareness and participation of inhabitants. When the
higher the consensus of inhabitants is, the more positive influence of the community industrial
development is. The “integrated infrastructures” is at the first place of the “Life aspect”, which
indicates that the most essential development is community facilities and securities.
(2) Productive aspect
The “Productive aspect” is at the second place of the aspects of evaluation. Using the local
industrial resources wisely and structuring the co-operated system between communities are the
crucial concepts, and then developing the local brands with the local characteristic by the training
and assistance of related organizations would also improve the community development.
Structuring productive structure and system is at the first place of the “Productive aspect”, which
indicates that, for revitalizing the local industries, the most important issue is to integrate the local
resources and organizations and to enhance the co-operate system in communities.
(3) Ecological aspect
Compared to the “Life aspect” and the “Productive aspect”, although the “Ecological aspect” is at
the last place of these criteria, its weight value is only 0.0588 lower than the “Productive aspect”,
which shows that, the “Ecological aspect“is as important as the “Productive aspect”. The ecoenvironment needs to be maintained while the local industries develop. This also presents a
humble attitude towards the environment. In this aspect, the criterion of “Ecological education and
training” is at the first place. Therefore, the inhabitants’ learning and cognitive of the ecoenvironment plays an important role on the implementation of sustainable development.

4.3

The analysis of the weight value in local revitalization from the professionals with different backgrounds

Consistency Index and Consistency Ratio
The index shows that the consistency ratio is 0.1, which means that the assessed value of all
subjects achieves the level of consistency. The C.I. shows in Table 4 and 5.
Table 4 Consistency Index
Professional groups
Hierarchy
Main criterion
Secondary Life aspect
criteria
Productive aspect
Ecological aspect

C.I.
Non-Profit
organization
0.002
0.007
0.003
0.003

Government
0.0003
0.0005
0.0005
0.002

Academic
organization
0.0008
0.0001
-0.002
-0.001

Results
( 0.1)
Meet
Meet
Meet
Meet

Table 5 Consistency Ratio
Professional groups
Hierarchy
Main criterion
Secondary Life aspect
criteria
Productive aspect
Ecological aspect

C.R.
Non-Profit
organization
0.003
0.01
0.003
0.003

Government
0.0005
0.0008
0.0005
0.002

Academic
organization
-0.001
0.00001
-0.002
-0.001

Results
( 0.1)
Meet
Meet
Meet
Meet

Analysis of criteria weight values from the professionals with different backgrounds
Table 6 Weight values from the professionals with different backgrounds
Criteria
Life aspect
Productive aspect
Ecological aspect

Non-Profit Organization
0.4599
0.4039
0.1362

Government
0.2891
0.3424
0.3685

Academic Organization
0.5079
0.2219
0.2702

Fig. 4 Weight values from the professionals with different backgrounds
According to the results, all professionals think that the “Life Aspect” is the most important criteria
regarding the Community Integrated Development. Both government and the academic
background professionals refer that the “Ecology Aspect” is more important than the “Productive
Aspect” whereas the non-profit organizations consider that the “Productive Aspect” has the higher
weight value than the “Ecological Aspect”. ( Table 6 and Fig. 4)

5. Discussion & Conclusion
The implementation of the sustainable policies needs participation of all the residents. However,
the sustainable knowledge of general residents is still exile, which led to the difficulties of
implementing. Therefore, this study intends to enforce the sustainable education though the weight
value analysis by the “Community Integrated Development” projects.
Due to the transformation of industrial economical structure in Taiwan, the productivity of the rural
area decreased rapidly and the population of these villages becomes aged. These villages mostly
locate at the boarder areas where the economical industries are limited and the young manpower
is flowing out. This leads to the depression of the local industries and the unbalanced gap between
urban and rural areas.
The government in Taiwan, proposing the “Community Integrated Development” plan, tries to reactivate these unbalanced villages though the technology and knowledge of professionals.
According to the results, although the “Ecological aspect” is at the last place of the criteria, the
difference between these aspects is very small. It presents that most professionals has pay
attention on the ecological issue, especially regarding the implementation of ecological education
and training. Therefore, the study pointed out that both residents and the professionals refer the
life issue will the first priority of the community development. Thus, how to integrate the ecological
or sustainable policies with the life aspect policies and educate inhabitants to believe that
sustainable policies could lead the life quality rising will be the crucial issue for the government and
the academic professionals.
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Summary
This paper relates the result of a first research phase that can be assumed as an important starting
point for a broader research activity included in a national project named “L’umanizzazione delle
strutture socio-sanitarie: la nuova dimensione dell’architettura ospedaliera” (The building hospital
humanization: a new era of health care facilities) funded by the Italian Ministry of Health.
Politecnico di Torino (DINSE Department) and University of Florence (TAeD Department) are the
partners of the project - Prof. R. Del Nord and Prof. G. Peretti responsible.
This first phase has been developed with Prof. R. Torta and his staff Dr. Antonella Varetto and Dr.
Daniela Palmisano of Psiconcologia Department, Azienda Ospedaliero Universitaria San Giovanni
Battista, Turin, that we thank for the technical advice and for their invaluable work with the
photographs questionnaire data collection and analysis.
The research is aimed at developing new “perceived quality tools” and “measured quality tools”
addressed to health care facilities. The former relates to a methodological approach in order to
obtain patient participation in the physiological & comfort evaluation of facilities, such as: day
hospital room, patient room and waiting room. The latter relates to an overall assessment of
environmental quality by means of an audit checklist.
Keywords: humanization, hospital buildings environmental quality, patient-centered design, social
sustainability

1. Introduction
The theme of humanization in hospital environments is a topic of great interest to designers and
decision makers. It is focused on the centrality of human needs and closely related to social
sustainability.
The increased attention to patients’ needs, not only in terms of physical, therapeutic and relief
aspects, but also psychological and social ones, led towards new fields of research focused on
patient-centered design.
Many studies demonstrate the relationship between the spatial arrangement of the hospital
environment and the potential support to the healing process [1] [2].
In the hospital environment many factors can exercise an influence on the mood, stress levels and
well-being of patients and their families: art [3] [4], nature [5] [6], music [7], light and colour [8], etc.

Nowadays thousands of papers and articles demonstrate how an aware design can improve the
environmental quality and social sustainability of health care facilities through the evaluation of
single environmental factors [9]. Nonetheless the simultaneous relationship among several
environmental factors on psycho-emotional reactions of patients does not seem to be offering
sufficient evidence.

2. Objective and scientific approach
The paper deals with the development of two assessment tools addressed towards the evaluation
of spatial units, building systems and devices, as well as furniture, with regards to patients’ wellbeing and comfort. Such needs can be summarised in humanization needs.
One tool was focused on the “perceived quality” and related to a methodological approach in order
to get patient participation in the physiological & comfort evaluation of facilities, such as: day
hospital room, patient room and waiting room. A satisfaction survey has been given to patientssample on the basis of clinics and individual characteristics. The satisfaction survey follows a set
pattern: pictures and specific questions defined according to psychologist experts of oncology
patients’ social and human needs.
The other one was focused on “measured quality” related to an overall assessment of
environmental quality by means of an audit check list. The audit procedure was developed with a
set of suitable needs and “factors”. The checklist is helpful for an evaluation both in new and
existing hospital buildings.
The above mentioned tools were used and tested in facilities for cancer services. Such areas of
interest were carefully selected cause of patient sensitivity; nevertheless most of the outcomes can
be extended to different typologies of healthcare facilities.
A multidisciplinary approach was adopted as a methodology reference in the research project.
Several experts, from different scientific sectors, were involved from the beginning of the survey
(architects, interior designers, medical staff, psychologists and sociologists).

3. Evaluation of health care settings humanization
3.1

Perceived quality tool: the patient-centered environmental questionnaire survey

3.1.1 Specific aims
The former goal of the present study was to assess the relationship between the spatial
arrangement of the hospital environment and patients’ sense of well-being.
The latter goal was to evaluate the influence of psychological states, in particular anxiety and
depression, on the health care facilities perception.
The evaluation has been divided into two phases: the start-up phase, developed in order to test the
assessment methodology, and the implementation phase, developed in order to extend the sample
survey and the statistical analysis results.
3.1.2 Questionnaire development
The questionnaire was based on photographs. The use of photographs as an evaluation tool of
patients’ experiences in health care facilities was used because previous researches supported the
validity of this technique [10].
Black and white pictures (10 x 15 cm) show the following health care environment:
- day hospital room;
- patient room;
- waiting room.
The selected health care environments are representative of psychological and well-being needs in
a paradigmatic oncology experience.
For each room, three pictures with advanced furniture and building systems were collected in

association with a traditional picture (4 pictures for each room, for a total of 12 pictures).
Initially each patient is asked to rank the four pictures in order of preference. Then the patient must
explain the reason for his/her preference for the first choice.
The methodological approach was based on the following procedure:
- for each room two architectural and environmental features are analysed (e.g.: “space model”
and “view”);
- each architectural and environmental feature is combined with two antithetical design options,
related to different psychological and social needs (e.g.: “open space” in association with “social
interaction/informal support” and “room” in association with “privacy”);
- all the possible design option combinations are taken into account (e.g.: “open space” + “outdoor
view”; “open space” + “staff workstation view”; “rooms” + “outdoor view”; “rooms” + “staff
workstation view”). See table 1 and figure 1.
Table 1 The patient room. Relations between architectural and environmental features, design
options, psychological and social needs.
Room

Patient room

Architectural
environmental
features
1. Beds number

and Design options

2. Perceptive-sensorial
atmosphere

Psychological
social needs

1A. Single room

Privacy

1B. Double room

Social interaction/
informal support
Familiarity

2A. Low-tech room
(non institutional,
domestic)
2B. Hight-tech room

and

Clinical competence/
health and safety

Fig. 1 The patient room. Picture on the left put in association the design options 1A and 2A (see
table 2); picture on the right put in association the design options 1A and 2B.
3.2

Measured quality tool: the patient-centered environmental audit

3.2.1 Specific aims
The aim of the patient-centered environmental audit is to measure factors of the hospital
environment associated with patient well-being.
Audit is a well known technique aimed at monitoring the quality of care and services provided in a
hospital building. In particular the checklist developed was addressed to evaluate the patient needs
in relationship with the physical environment, such as furniture, signals, art presence, colour, etc.

It is based on a systematic review of international literature in order to identify the main
environmental factors that keep patients well and stimulate the mind. The checklist is helpful for an
assessment both in new and existing hospital buildings.
Audit checklists are now being undertaken in the day hospital rooms, in the patient rooms as well
as in the waiting rooms. The selected rooms are analyzed by the same means as the abovementioned questionnaires.

Fig. 2 The San Giovanni “Antica Sede” hospital’s waiting rooms located in Turin (Italy). The
selection was made for different room typologies and several furniture available in the rooms
themselves.
3.2.2 Audit checklist framework
For each room audited an apposite data collection protocol was developed. Each protocol is
organized as follows:
- Part 1 – General information;
- Part 2 – Checklist;
- Part 3 – Post-evaluation questionnaire.
Part 1 should provide information about: the building location, size and scale, the period of
construction as well as the number and types of refurbishments.
Part 2 can be assumed as the “core” of the audit protocol where the building systems, building
devices and the building furniture are evaluated by auditors (designers, decision makers, etc.).
The checklist is organised on a hierarchy sequence of environmental factors, related to
psychological and social patient needs (i.e. social interaction/informal support, familiarity, privacy,
form of leisure/avoidance, etc.). See table 2.
Each factor enables the evaluation of an aspect that contributes toward the assessment of the
room’s patient-centered environmental quality performance.
The selected factors can be immediately measured or controlled during the audit. An analytic
assessment is not required in order to reduce the audit time.
Table 2 Example of Psychological and social needs and Factors in waiting room.
Psychological and social needs

Factors

Social interaction/informal support

Seats organized in small groups (i.e: vis-a-vis, to form a circle,
etc.)
Enough space and seats to allow the permanence of multiple
caregivers for each patient during the waiting time

[…]
Familiarity

Comfortable and domestic seats and furniture
Variety of lighting options (controlled, natural, skylights)
[…]

Form of leisure/avoidance

Access to window views of nature
Audio – video distraction
[…]

[…]

[…]

Part 3 involves a post-evaluation questionnaire that must be completed by the auditor. The postevaluation questionnaire includes information regarding the auditor him/herself (designers,
decision makers, etc.); the time required for the evaluation; the total and partial scores; the
appropriate factors able to illustrate the room's problems; other problems relating to the room, but
not brought out by the evaluation.
It is expected that the forthcoming results will yield critical subjective assessments of the method,
leading to a fuller understanding of its limits and potential.

4. Results and discussion
Some important results concerning the activity carried out bring attention to some factors
necessary to address the next activities, as follows:
- the further improvement of the tools developed aimed at the assessment of perceived quality and
measured quality;
- the extension of research activity boundaries to other social categories involved in the care and
the services provided, such as staff, patient’s family, etc.
- the development of guidelines in order to improve the social sustainability and the humanization
in hospital buildings. Such guidelines should be addressed towards the project of new and existing
hospital buildings.
The activity so far can be assumed as an important “first” outcome within a broader research
project. In the near future new technical tools aimed at decision-making activities need to be
planned and executed. Thus the health care facilities could improve their social sustainability and
reach important humanization targets.
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Summary
In order to meet EU regulations on sustainability, Sweden has adopted 16 environmental
objectives, covered in national legislation. Some Swedish cities have chosen to go further in local
regulations, profiling themselves as progressive within the field of sustainability.
In this paper, we analyze the municipal quality programs on sustainability from the three major
cities in Sweden; Stockholm, Gothenburg and Malmö/Lund, focusing on policy making, project
indicators and post-project evaluation. These documents are used as contractual agreements
when developers bid to build on public land.
The processes have started as political initiatives. In Stockholm, the work is led by the central
administration, but all departments develop separate programs with regulations within their
respective fields of responsibility. In Gothenburg, three city departments collaborated to produce
one joint program. In the south part of Sweden the neighbouring cities of Malmö and Lund
collaborated with Lund University to produce a document with regional impact.
In Gothenburg, they chose one level of mandatory requirements. In Stockholm they work with two
levels; mandatory requirements and more ambitious goals. In Malmö/Lund, they use three levels,
depending on the location of the site and the ambitions of the developer.
The case studies show that work on sustainability can be organized as part of ordinary quality
assurance work, using the same procedures. By strategically choosing subjects to regulate and
proper metrics, there is a possibility on the municipal level to use information produced for national
reporting, thereby reducing extra work. In Malmö/Lund, they use a web-based platform to shape a
transparent process, challenging the private actors to compete with ambitions in a transparent
process, reporting their ambitions and final results as rose-shaped diagrams on a web-based
platform, open to the public. .
The guidelines produced by the Swedish Environmental Management Council could serve as a
model for Swedish municipalities in their work to produce municipal quality programs on
sustainability.
Keywords: sustainable development, requirements, quality program, building regulations

1. Introduction
In order to meet EU regulations on sustainability, Sweden has adopted 16 national environmental
objectives, covered in national legislation. Some Swedish cities wish to profile themselves as
progressive in the field of sustainability, and have developed local quality programs, with higher
ambitions than the national legislation.
Sweden have a governing history of self-ruling cities with a high degree of independence. The
medieval regional laws were united on a national level in 1734, but this legislation did not include
the building sector, since it was considered too diverse to be unified nationally. It was not until 1874
that we had a national legislation on building in Sweden, and then still with a high degree of local
regulations. [1]
There is a great impetus for municipal regulations within the field of sustainability, both ecologic,
economic and social. A more sustainable development will reduce the stress on local technical
infrastructure and reduce the costs in a life-cycle perspective. Global climate effects may be
impossible to solve in a local environment, but this is where they are being produced, and
experienced. It is therefore a question of quality of life for the inhabitants. Some cities have very
successfully managed to brand themselves as green or sustainable, and thereby created a
competitive advantage. In Sweden, the city of Växjö for example, have reached international media
impact  as  “the  greenest  city  in  Europe”,  as  a  result  of  a  conscious  community  effort. [2]
It is also known already today that the EU directives will put increasing demands on the building
sector regarding sustainability in the near future, aiming towards a zero energy standard for new
housing in Europe in 2020. This will mean that national legislation will have to impose rapidly
increasing demands in the coming years, soon forcing all cities to follow the progressive examples.
In this paper, we analyze the situation in the three major cities in Sweden: Stockholm, Gothenburg,
and Malmö, together with Lund, based on three case studies. We have made a document analysis
on their municipal quality programs for sustainable development, focusing on the following criteria:
Policy making: who took the initiative? How have these programs been produced?
Project indicators: what subjects have been regulated? What are the metrics?
Post-project evaluation: How are the projects evaluated? What happens if stated
requirements are not met?
Since these regulations go further than national legislation, they cannot be enforced when a private
client builds on private land. The cities instead use their power and positions as major property
owners, setting an example to private actors and shaping the market. The requirements are used
as contractual demands when a developer wants to build on public land.

2.

Case studies

2.1

Stockholm

In a Swedish context, the city of Stockholm made pioneering work in the field of sustainability in the
1990s. Based on a political initiative, the City Planning Board, the Real Estate Administration and
the Environment and health administration produced a guiding document on “Ecological
Construction”. In 1997 this was turned in to a municipal “Program for eco-friendly Construction”,
mainly focused on the production of new housing. This program was in mandatory use and
continuously revised until 2007. The document still exists, but today it is only used on a voluntary
basis. It has served as a model for other Swedish cities, such as Gothenburg and Malmö, when
they developed their local programs.

The program is a 43 page long document, covering seven subjects: durability, environmental
impact, health and well-being, damp and moisture, noise, use of energy, and use of resources.
Before starting construction, the building client should provide documentation to the City Planning
Board that all requirements have been met during the design phase.
When construction is completed, the client should provide documentation on any deviations from
the program, on measured noise levels and measured air leakage.
When the building has been in use for two years, the building client should provide documentation
on actual energy consumption, based on metering. They should also make a survey on indoor
climate quality, reaching at least 75 % of the residents.
This information should be provided to the City Planning Board. Failing to
requirements could influence the chances to get access to public land in future
completed in compliance with the program could compete for a yearly award,
building, as a way to market the program, challenge the developers and
awareness on sustainability.

meet the stated
projects. Projects
Best eco-friendly
raise the public

The actual document has a somewhat confusing lay-out, mixing requirements, recommendations
and goals in a way that makes it hard to distinguish what is necessary from what is optional.
Requirements  are  written  either  as  general  design  guidelines  (“electrical  and  magnetic  fields  from  
permanent   electrical   installations   should   be   minimized   within   the   building”),   procedural  
requirements (“there shall be a documented   system   for   quality   assurance”),   or   performance  
indicators (“estimated energy consumption should not exceed 125 kWh/m2”). For the survey on
indoor climate, the requirement was just to actually perform the survey and reach at least 75 % of
the residents. The goal was to reach a 90 % customer satisfaction (air quality, thermal comfort,
noise level and light conditions are good or acceptable).
In   November,   2007,   the   City   Council   adopted   a   new   “Environmental   Program   for   the   City   of  
Stockholm 2008-2011”,  defining  six  major  environmental  objectives  and  a  number  of  more  detailed  
sub-objectives. All city departments are expected to find measures to meet the objectives within
their fields of responsibility.
Within the field of construction, the Stockholm City Development Administration in 2010 adopted a
new requirement document, “Requirements and Goals on Energy 2010”, where they list four
objectives:
increase the number of low-energy housing
increase the production of renewable energy
focus on long-term quality and environmental assurance
improve the knowledge on energy consumption in new housing by monitoring actual
consumption
In this seven-page document, they work with regulations on two levels: binding requirements
(threshold levels) and goals stated as ambitions. Requirements should be met in all projects citywide. The goals are more ambitious and based on experiences from a limited number of
geographically designated ecological development areas, such as Norra Djurgårdsstaden. The
requirement that will have the most immediate impact is on estimated energy consumption: they
have chosen to put their limit 30 % lower than in present national legislation, 75 kWh/sqm instead
of 110. This is based on recommendations from the Swedish Environmental Management Council,
SEMCo (see below), a governmental expert body on environmental and sustainable procurement.
There should be individual metering of water and electricity for all tenants, and actual consumption
should be reported by the building client to the national Swedish Energy Agency, using their webbased report system eNyckeln. The city of Stockholm shall have the rights to access these data to
monitor performance.
Work is in progress in all city administrations, led by the City Executive Office, to develop specific
objectives to meet the overall environmental within all fields of responsibility.

2.2

Gothenburg

The city of Gothenburg  adopted  their  program  “Eco-friendly Construction Gothenburg: Program for
Housing”   in   November 2009, modelled after the Stockholm example. The program has been
produced in cooperation between the Real Estate Board, the City Planning Board and the
Environmental Board, where the Real Estate Board had the overall responsibility. They started the
process by investing what had already been done in the city, presenting ten model projects of
sustainable development. They have also used the guidelines from SEMCo (see below), making
the actual program easy to read, with clearly stated requirements, documentation and
responsibilities.
In the 41-page long document, they regulate the same subjects as Stockholm, just in another order:
durability, health and indoor climate, environmental impact, use of resources, noise protection, use
of energy, and damp and moisture.
In Gothenburg, there is just one level of regulations, listed as guidelines and considered mandatory.
They have the same combination of design guidelines, procedural and performance criteria as
Stockholm had in their earlier “Program for eco-friendly Construction”. On energy, they have higher
ambitions than Stockholm, allowing just 60 kWh/sqm.
Before signing a contract for building on public land, the client should prove that they have an
environmental and quality plan for the project, conforming with the requirements. Before
construction starts, there should be documentation that the requirements have been met in the
design phase. After completion, any deviations should be reported, and there should be
documentation on measured noise levels, air leakage and technical solutions for avoiding
problems with damp and moisture. The building client is also required to provide an end-user
manual on sustainability, with information on how the building is supposed to work and be
maintained.
Since the Gothenburg program still is fairly new, the experiences of using it is yet limited. It
received a somewhat sceptic acceptance from the market actors on presentation. The actual
outcomes are yet to be shown. Overall, it has a fairly pragmatic approach, focusing to a large
extent on self-control and self-documentation. What is new, compared to the Stockholm precessor,
is a stronger focus on end-users and maintenance. The production phase is only a fraction of a
building’s   life-span, and the environmental impact is much greater when in use than during
production. It is therefore of great importance that end-users are informed and understand the
intentions and practical use and maintenance of the building.
2.3

Malmö and Lund

In the south part of Sweden, the neighbouring cities of Malmö and Lund have produced a
requirement program with regional impact, in collaboration with Lund University. In a step-by-step
process they are gradually covering more and more subjects. Starting in 2008, they agreed on
requirements on four subjects: energy, indoor climate, damp and moisture, and urban biological
diversity. The ambition is to gradually add more subjects such as choice of materials, durability,
climate adaption, and sustainable transports.

Requirements are set on three levels: A, B and C, where C is the basic level. Level B is labelled
Good Choice, and level A is Best Alternative. expected to be met in all projects. Level C is
mandatory and expected to be met in all projects. For certain important properties and locations,
higher levels may be required. In open competitions between different possible developers, the
level of ambition can be used as one criteria for choosing a winner. The building client is expected
to present data on ambition (before signing the contract), result (after completion), and metered
data when in use (after second year).

Fig. 1 Ambition rose for a housing project in Malmö, scoring a modest 6 points with a focus on
energy performance

Building clients can compete with ambitions to reach the higher levels. When bidding for a project,
ambitions are declared for every subject and counted: C-level gives 1 p, B-level gives 2 p and Alevel gives 3 p. These ambitions are presented in rose-shaped diagrams and presented to the
public on a web-page. [3] After completion, the result is to be presented in the same way and can
thus be compared to ambition. After two years, actual outcome based on metering is added in a
third rose, giving a clear and easily readable depiction of the project outcomes and qualities. By
choosing this public way of reporting they have achieved a process with a high level of
transparency, open to the public and challenging to the ambitions of the market actors.

Fig. 2 A housing project from Lund, scoring 12 points with A-level ambitions on all subjects
On energy, the mandatory level is a modest 90 kWh/sqm. For B-level, they refer to the minienergy-housing definition made by FEBY (Forum for Energy-efficient Buildings), allowing 70
kWh/sqm. For A-level, the client has to reach the passive housing standards defined by FEBY,
allowing 50 kWh/sqm. [3]

3.

Discussion and Conclusions

As can be seen from the case studies, there are both similarities and differences between the
documents and regulations in the three cases. Stockholm did a pioneering work in the 1990s, and
their first document has served as a model for both Gothenburg and Malmö/Lund. The successors
have however improved a lot on both form and content, and the first Stockholm version today
seems outdated, an impression confirmed by the fact that it is now only used on a voluntary bases.
Looking at policy making, these processes start as political initiatives. In Gothenburg, the program
has been produced by three municipal agencies collaborating to produce one document. In
Stockholm, the process is lead by the City Executive Office, and then every special administration
produce regulations within their own field of expertise. In Malmö/Lund, they made a joint process
between two cities to reach a better regional impact, and involved the university in the process.
It is clear from the case studies that work on sustainable development have similarities with quality
assurance, and thus can be organized as part of ordinary QA work. Many of the regulations in the
programs have the character of procedural requirements, defining responsibilities and demands on
documentation. To a large extent this is done as self-control and self-reporting. The Swedish
municipalities seem reluctant to expand the administrative duties with a new level of control. There
are also examples of ways of getting municipal access to facts that the building clients have to
report on a national level, such as energy consumption, thereby double-using information that has
to be produced anyhow. Other regulations have the form of design guidelines, referring to

established practice, and thereby emphasizing their importance. In some areas, such as noise and
energy consumption, there are performance indicators based on metering. The examples on
energy, ranging from 90 to 50 kWh/sqm, illustrates however, the lack of national consensus on
what levels to choose.
Project evaluation is mostly based on limited metering, focusing on metrics such as noise levels
and energy consumption. The earlier Stockholm example shows one way of using “softer” metrics,
such as customer satisfaction surveys, as part of the regulations and evaluations. The Malmö/Lund
example shows, by far, the most interesting way of using these quality programs as a way to
stimulate competition among the actors, in a process with a high degree of transparency. The roseshaped diagrams on ambitions and outcomes are easily readable, and illustrates the qualities in
the projects, even to a reader not familiar with the different requirement levels.
A final conclusion from a Swedish perspective is fairly optimistic: lots of work have been done
within the field of sustainable development, and there are a number of interesting examples to
learn from. For a Swedish city, wanting to adopt a municipal program on sustainable development,
the SEMCo 41-page guideline document, published in December 2009, could serve as a good
guiding document, covering most relevant areas, with suggested requirements and definitions of
responsibilities.
In the county of Jönköping, the County Administrative Board is just initializing a project together
with Jönköping University, aiming to support the municipalities within the county in a collaborative
work to produce a regional quality program on sustainable development.
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Summary
Generally, the insulation performance (U value) of window is lower 5-7 times than wall and the heat loss
through window may account for 20-45% of the total heat loss of building. If the insulation performance of
building window would be raised two times in Korea, the building energy can be reduced additionally by about
30%. The proportion of window area in building outer-cover in Korea, however, continues to increase, which
can result in the barrier of the increasing building energy performance.
As for the regulations related to window in Korea, the standard performance was adjusted upward by 30% in
the 2008 High Efficiency Equipment Certificate System and additionally by 30% in the 2008 Energy Saving
Design Criteria of Building Code. Given the home and overseas conditions including the implementation of
climate change convention, however, the insulation performance of window should be raised continually and
systematically for increasing the building energy performance. Accordingly, a method to enhance the performance additionally by 30% is being implemented in the Building Code on February 2011 and an energy performance-rating system is being prepared to implement on January 2012.
This Study analyzed the insulation performance and the air-tightness performance data with regard to 255
windows which are usually being used now in Korea. On the basis of this analysis, this Study tried to discuss
the performance-rating mark system which is scheduled to be implemented in 2012.
Keywords: Window, Insulation, Grade system, Korea

1. Background
Windows have the unique functions such as mining, solar radiation acquisition and view. For these reasons,
the insulation performance of window is lower 5-7 times than wall and the energy loss through window may
account for up to 20-45% of the total building heat loss. According to the existing study results, if the insulation
performance of window would be raised by 2 times compared to the existing standard, the building energy is
expected to be reduced additionally by about 30%. Figure 1 shows the proportion analysis on the energy loss
occurring at high-rise apartment houses in Korea. Figure 2 shows the building energy reduction effect according to window insulation performance in residential buildings. Recently the proportion of window area in building outer-cover, however, continues to increase. The energy loss through windows is highlighted to be a big
barrier in enhancing the building energy performance.
When it comes to the regulations regarding windows in Korea, the standard performance was adjusted upward by 30% in High Efficiency Equipment Certificate System (standard required) on April 2008. The standard
was adjusted upward additionally by 30% in the 2008 Energy Saving Design Standard (mandatory standard)
of Building Code. Given the home and overseas conditions, however, the performance should be enhanced
continually and systematically for increasing the building energy performance. Accordingly, the Building Code
is being implemented with strengthening additionally by 30% on February 2011. In addition, the energy performance-rating mark system of window is scheduled to be implemented on July 1, 2012.

This Study tried to discuss on the window insulation performance situation in Korea and the window energy
performance-rating mark system which is scheduled to be implemented in 2012, based on the data with regard to the insulation performance and the air-tightening performance of 255 windows which are usually being
used in Korea. The window-rating system presents the minimum consumption-efficiency standard and the
energy consumption-efficiency rating standard (plan) to building windows with big energy loss and then purposes to supply the high-efficiency windows and to enhance the related industry’s technology.

Fig. 1 Energy loss proportion in high-rise apartment
houses in Korea

Fig. 2 Energy reduction effect (residential houses)
according to the enhanced window insulation performance (U value)

Table 1 Window market status in Korea
Section

Domestic window and curtain-wall market by year (100 million won_

Year

1999

2000

2001

2002

2003

2004

2006

Window and curtain-wall

32,749

35,837

44,447

50,577

54,673

57,446

62,000

The total window market scale including window market excluded from the statistics is anticipated to be
bigger 1.5-2 times than the above-mentioned statistics.

2. Window insulation performance standard required in building code
Korea is driving the construction of green homes and green buildings for the “low-carbon green growth”, the
national policy. The building energy efficiency usually results from the minimization of unnecessary heat loss.
The window in building is the biggest part causing heat loss and is targeted for the energy efficiency.
According to the policy implementation for driving the window energy consumption efficiency-rating system
and for supplying the high air-tightening, high insulation windows, which are the recommendation of IEA in
2008, the window energy-related technologies have been developed. Then high-performance and highefficiency window-related technology is recently being developed and released, but the raised cost of highefficiency window results in the burden in terms of the real market activation.
Table 3 shows the methods to strengthen each step-specific insulation performance to windows. The thermal transmission coefficient of window increased from 3.84 W/ K in 2001 to 3.0 W/ K in 2008 and again 2.1
W/ K in 2011. Table 2 shows the standard values of region-specific window insulation performance.

Table 2. Enhanced window insulation performance status in Korea Building Code
Thermal transmission rate
(based on central part)
Step
[Units: W/ K]
First step
(2001)

- 3.84 or less (every building)

Note

- Thermal bridge barrier applied
- Air layer 12mm induced

- 3.0 or less (apartment house)
- Low-E glass applied
Second step
- 3.4 or less (buildings excluding apartment - Air layer 12 mm expansion and settlement
(2008)
house)
induced
- Low-E glass settlement
- 2.1 or less (apartment house)
- Gas injection glass and triple glass
Third step
- 2.4 or less (buildings excluding apartment High-efficiency window supply induced
(after 2011)
house)
- Window energy performance-rating mark
system implemented
Table 3. Region-specific thermal transmission rate performance standard in Korea Building Code
(Units: W/ K)
Region
Building part

Window and
door

Apartment
In case of direct house
facing to ambient
Besides apartair
ment house
Apartment
In case of indirect house
facing to ambient
Besides apartair
ment house

Central region

Southern region

Jeju-do

2.10 or less

2.40 or less

3.10 or less

2.40 or less

2.70 or less

3.40 or less

2.80 or less

3.10 or less

3.70 or less

3.20 or less

3.70 or less

4.30 or less

3. window insulation performance certificate system status
Korea has implemented the “High Air-tightening Insulation Window” certificate system since July 1998 under
the “Regulation on High Efficiency Energy Equipment Supply” publicized in the Knowledge and Economy Ministry. According to the current performance standard of high efficiency window at building window and window
frame used at the point facing to ambient air, the thermal transmission rate is 2.632W/ or less (thermal
transmission resistance 0.380 K/W or more) according to KS F 2278 regulation and the ventilation rate under air-tightening level is Level 2 or less (2 /h ) according to KS F 2293 regulation.
As of 2011, around 50 window companies and 500 window products have acquired the certificate. The current certificate performance standard of high air-tightening insulation window can be said to be lower compared to the advance nations’ insulation performance of 1.5 ~ 2.0 W/ K. Especially, given the window insulation performance required in Passive Hause or zero-energy building, which are now being constructed centering on Europe and North America, is 0.8 W/ K or less, the current high-efficiency certificate performance
standard needs to be improved.
It’s worth noting that the market demand with regard to the high-efficiency window with the insulation of
around 1.5W/ K is now sharply growing in Korea. The thermal transmission rate in the window applied actually to apartment houses is assumed to be around 4~1.6 W/ K.

Fig. 3 Window’s thermal transmission rate status

Fig. 4 Window’s thermal transmission rate frequency

Fig. 5 Window’s air-tightening performance status

Fig. 6 Window’s air-tightening performance frequency

Fig. 7 Window frame-specific (aluminum, PVC) thermal
transmission rate distribution

Fig. 8 Window glass-specific thermal transmission rate
distribution

4. Window energy performance-rating mark system
1) Coverage
It’s used at the point facing the ambient air of building as the window set under KS F 3117 regulation and
applied to the window area with over 1 and the window set sold with combined frame and glass.
2) Performance-measured method
Test is performed with air-tightening through thermal transmission rate and KS F 2292 regulation measured
under the KS F 2278 or ISO 8990 regulation (the thermal transmission rate is represented by W/ K.
3) Minimum consumption efficiency standard
The windows with the thermal transmission rate over 3.4 W/ K under KS F 2278 and ISO 8990 regulation
should not be produced or sold in Korea.

Table 4. Minimum consumption efficiency standard and consumption efficiency-rating standard
Window set: Maximum thermal transmission rate standard (unit: W/(

K))

Maximum thermal transmission rate

Section

From January 1, 2012 (scheduled)

Thermal transmission rate under KS F 2278 regulation
for KS F 3117 window set

3.4

Table 5. Consumption efficiency-rating index
(The thermal transmission rate measured under KS F 2278 regulation is set as the consumption efficiencyrating index.)
R(consumption efficiency-rating index) =

Thermal transmission rate (W/( K))

Table 6. Consumption efficiency-rating standard
R
Air-tightening
R = 1.0

Grade

Grade 1

1

1.0 < R = 1.4

Grade 1

2

1.4 < R = 2.1

Grade 1 or upper
(Grade 1 or 2)

3

2.1 < R = 2.8

No question

4

2.8 < R = 3.4

No question

5

4) Energy consumption efficiency-rating label and energy consumption efficiency-labeling method
- Product-specific label and labeling method
(Example)
Heat transmission rate: 0.74W/(
K)
Air-tightening: Grade 1, 0.35 /h
Glass composition: Double-layer glass 24
(Low-E glass 6 + air layer 12

+ common glass 6 )

Fig. 9 The rating system mark of
energy consumption efficiency

5. Expectancy effect on window energy performance-rating mark system
1) It’s expected that the Korea’s window-related industry would be enhanced according to the inducement of
the window energy performance-rating mark system and that the sustainable technology development and
supply of the high-efficiency windows would be promoted and activated.
2) It’s expected that the industry competitiveness, which is lower compared to the advanced nations, would be
enhanced and the basis to contribute to and to participate in the international energy efficiency would be built.
3) It’s possible to use the system as the concrete action plan of construction sector related to energy saving
and climate change convention.
4) It’s expected to contribute to the implementation of green home and green building, the Korea governmental policy vision. Table 7 shows an example of energy effect simulation through DOE interpretation program.

Table 7. Heating energy reduction effect according to window's thermal transmission rate (apartment houses,
32 pyeong, based on Seoul)
Window’s thermal transmission rate [kcal/ h ]
Unit
3.2

2.9

2.6

2.3

2.0

1.7

Heating consumption unit
[Mcal/ ]

127

117

108

99

92

85

Reduction compared to
base case [Mcal/ ]
(Reduction rate, %)

(0)

10
(7.8)

19
(15)

28
(22)

35
(28)

42
(33)

Reduction amount [won]
Based on 32 pyeong type

-

33,792

64,204

94,617

118,272

141,926

Reduction amount calculation: 1Mcal/ × energy unit cost (won/Mcal) × 32 pyeong × 3.305 /pyeong
32 won/Mcal (local heating applied) is applied to Energy unit cost.

6. Conclusion
The window market including curtain wall in Korea is anticipated to reach 6 trillion won per year. This Study
purposes to supply the high-efficiency windows and to enhance the related industry power through the minimum consumption efficiency standard and the energy consumption efficiency-rating standard (plan) about the
building windows with big energy loss, and the study contents are as follows:
1) The actual demand over high-efficiency windows has recently increased according to the increased demand on energy and residential environment improvement;
2) The related industries (glass, frame, ancillary materials and so on) within Korea are concentrated into the
technology development with regard to high insulation and high air-tightening windows;
3) The system and policy over windows have entirely been arranged, so the social consensus over the market
change is being built towards high efficiency windows; and
4) Accordingly, given the various conditions, the social necessities and the supply effects at home and abroad,
the window-energy minimum consumption efficiency standard and the energy consumption efficiency-rating
standard system presented by this Study is judged to secure very excellent environment conditions.
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Summary
Climate change has been defined, theorised and studied by the natural sciences. Social sciences
have recently begun to encroach on the same field. As a consequence, social and natural sciences
and others are now co-operating in climate change discourses, resulting in new methods, theories
definitions and experts evolving in the field. Despite this, understanding of the social impacts of
climate change remains vague. This paper is based on the interviews conducted in the main
project run by the University of Eastern Finland (2010): “Social impacts of climate change and
climate adaptation in Finnish rural areas” [16]. The targets of the project were 1. To study the
social and community impacts on different areas affected by climate change and climate
adaptation policies, and 2. To examine how different actors evolve in the climate change
discourses in Finland. In this paper I concentrate on further discussion of the conclusions prompted
by question 2. This question opened up a whole new way of thinking concerning bottom-up
approaches to various kinds of social impacts.
The research approach of the main project made use of futures studies and social impact
assessment studies. The principal method was an argumentative Delphi method with 15 different
kinds of actors (NGO, scientists, authorities) from various areas of Southwestern Finland. The
social impacts of climate change are varied and closely bound to ecological and economic impacts:
fear and safety, cultural diversity, cross-cultural understanding, well-being, responsibility and trust,
sustainable urbanisation, etc. [16] In this paper I examine the results in greater detail; for example,
co-operation among different actors is considered extremely important, yet the often implicit NGO
knowledge is still seen as problematic in terms of reliability for decision-making procedures, among
others. It seems that new methods, tools and space are needed to transform the knowledge of
different actors with respect to action against climate change. The psychosocial impacts of climate
change have yet to be considered in Finland; nevertheless, new actors, such as the parishes, are
now participating in climate change discussion [16].
Keywords: social impact, climate change, psycho-social impact, welfare state, actor

1. Introduction
Stern [2] reports that climate change is causing unprecedented market failure, with fatal
consequences for the global economy. Societal disintegration and crises, such as wars over
(clean) water, are set to emerge in the near future. The Stern report calls for immediate action and
for an investment to protect climate change (proposing 1% of global GDP). Stern estimates that if
the response to climate change is not taken seriously, there would be about a 5–20 per cent
permanent fall in gross domestic product. Because of the nature of climate change the poor and
disadvantaged will suffer most: ecological impacts will have cumulative and integrated social
impacts. One of the concrete proposals of Stern's report is the development of an environmental
tax, inter alia, to minimise social impact.

Social impact can be defined as "an impact on human individuals, community and society which
causes changes in human welfare or in its distribution. The change may be a development for the
better or for worse, depending on the viewpoint and on the values being applied. The impacts on
individuals, community and society are mentioned separately in the definition, as the significance
of any given impact may be quite different at the level of the individual than, for example, from the
so-called ‘public interest’ point of view" [17].

2. The aim of the paper
This paper is based on the interviews conducted in the main project run by the University of
Joensuu in Finland (2010): “Social impacts of climate change and climate adaptation in Finnish
rural areas”. The targets of the project were 1. To study the social and community impacts on
different areas affected by climate change and climate adaptation policies, and 2. To examine how
different actors evolve in the climate change discourses in Finland. In this paper I concentrate on
further discussion of the conclusions prompted by question 2. This question opened up a whole
new way of thinking concerning bottom-up approaches to various kinds of social impacts.
The research approach of the main project made use of futures studies and social impact
assessment studies. The principal method was an argumentative Delphi method with 15 different
kinds of actors (NGO, scientists, authorities) from various areas of Southwestern Finland. The
social impacts of climate change are varied and closely bound to ecological and economic impacts:
fear and safety, cultural diversity, cross-cultural understanding, well-being, responsibility and trust,
sustainable urbanisation, etc. [16].

3. Discussion
In this paper I examine the results in greater detail; for example, co-operation among different
actors is considered extremely important, yet the often implicit NGO knowledge is still seen as
problematic in terms of reliability for decision-making procedures, among others. It seems that new
methods, tools and space are needed to transform the knowledge of different actors with respect to
action against climate change. The psychosocial impacts of climate change have yet to be
considered in Finland; nevertheless, new actors, such as the parishes, are now participating in
climate change discussion [16].

Introduction
According to the National Climatic Data Centre (NCDC) the combined global land and ocean
surface temperature anomaly for March 2010 was 0.77°C (1.39°F) above the 20th century average,
resulting in the warmest March since records began in 1880. The previous record was set in 2002
when temperatures were
0.74°C
(1.33°F)
above
the
20th
century
average.
(http://www.ncdc.noaa.gov/sotc/global/2010/3.) [1]
In Finland, at least, the belief of ordinary people in the onset of climate change is nevertheless at
stake after two cold and very snowy winters. The question is one of the differences in knowledge
between ordinary people and experts with regard to scaling, and to differentiating between implicit
and explicit knowledge. The paper thus concentrates primarily on these differences, in order to link
the knowledge layers in the search for ways to act in the face of climate change.

Figure 1. Temperature Anomalies 2010.
Nicholas Stern’s [2] report on the threats and risks of climate change has led to global political
debate, and to news headlines hardly ever achieved by the climate change scientists themselves.
As a consequence, global warming is now admitted for discussion among citizens, organisations,
and politicians, and as the subject of multidisciplinary research projects tackling climate change
through phenomena- or problem-based approaches.
Stern [2] reports that climate change is causing unprecedented market failure, with fatal
consequences for the global economy. Societal disintegration and crises, such as wars over
(clean) water, are set to emerge in the near future. The Stern report calls for immediate action and
for an investment to protect climate change (proposing 1% of global GDP). Stern estimates that if
the response to climate change is not taken seriously, there would be about a 5–20 per cent
permanent fall in gross domestic product. Because of the nature of climate change the poor and
disadvantaged will suffer most: ecological impacts will have cumulative and integrated social
impacts. One of the concrete proposals of Stern's report is the development of an environmental
tax, inter alia, to minimise social impact.

Climate change has neither the face nor the “body” of a welfare state which would allow blame to
be laid at the door of any individual person or tangible object. Resistance is against something
invisible, yet everywhere. Our understanding of the social aspects of climate change is meagre and
fragmented. One unrecognised aspect of the social dimension is highly relevant: namely, its
significance and role in climate change mitigation and adaptation.
Ilkka Hanski [3, 4] writes that globalisation shrinks the world, both ecologically and politically.
Discussions on climate change draw us all, at least for the moment, under the same umbrella:
extreme weather conditions and the specific local consequences, followed by the opportunity to
wonder and be horrified at a particular catastrophe, is shared knowledge and experience which
links us globally. Understanding of the usefulness of this at the operational level, however, eludes
us.
But what are the social impacts of climate change? Does this mean that the universal welfare state
should guarantee equality and fairness, and satisfy a range of human needs and goals now and in
the future, in spite of climate change? Or is it the case that, faced with climate change, the state
now requires entirely new ways of acting?
The Nordic welfare model, of which Finland is part, is characterised by the strength of equality and
fairness among its constituent members. Here the public sector assumes an important role. The
system is based on the principle of equal treatment of citizens irrespective of sex, status, race,
age, or educational background. The public sector occupies a quasi-monopoly position in many of
the welfare services, such as education and social services, as well as in environmental services
production, and the financing of these is mainly handled through the tax system [5, 6.]
Since 1980, however, criticism of the welfare state has increased considerably, among other things
over taxation, where some actors believe the system is leading to inefficiency in public service
production [7]. Almost concurrent with discussion on the welfare state has been ongoing debate on
the ecological crisis, both in Finland and elsewhere. The setting up of the Ministry of Environment
in the 1980s was an attempt to focus and intensify environmental aspects in policy procedures [8].
Until then, the ecological crisis and that of the welfare state had yet to encounter one another in
political structures, programmes or policies. The idea of the Risk Society [9] that emerged in the
1990s shed a whole new light, on the ecological crisis [10] in particular, but also on the criticism of
the welfare state.
During the 1990s, tropospheric ozone depletion and climate change research attracted Finnish
actors across a broad front, in government organisations and media fields as well as in science.
The Finnish Research Programme on Climate Change SILMU (1995-1996), for example, brought
about practically the first "collision" of the natural and social sciences in the field of research.
This does not mean, however, that social policy would have entered the field of environmental
sciences. Today there is still only a tenuous connection between the two, even in the face of major
challenges, such as climate change and the ageing society. Social policy turns inwards. The
principles of equality and fairness have yet to meet in a common environmental and social policy
arena [11,12].
Reasons for this may be such as [12, 13]: "Words change meaning (elevator words)" [14]. This
refers to a continuous supply of new kinds of definitions and terms being introduced in the field of
climate change, but actors in different fields not having a shared understanding of the content. The
first step is to accept the different understandings of the terms. Another is to accept equal footing,
with no one expert better placed than the next when seeking, for example, solutions to the social
impacts of climate change [15]. Furthermore, far from filtering through to the everyday life
experience of Finnish citizens, climate change remains merely a dynamic concept, phrase or
slogan with no tangible social impacts.

This paper is based on the interviews conducted in the main project run by the University of
Joensuu in Finland (2010): “Social impacts of climate change and climate adaptation in Finnish
rural areas”. The targets of the project were 1. To study the social and community impacts on
different areas affected by climate change and climate adaptation policies, and 2. To examine how
different actors evolve in the climate change discourses in Finland. In this paper I concentrate on
further discussion of the conclusions prompted by question 2. This question opened up a whole
new way of thinking concerning bottom-up approaches to various kinds of social impacts.
The research approach of the main project made use of futures studies and social impact
assessment studies. The principal method was an argumentative Delphi method with 15 different
kinds of actors (NGO, scientists, authorities) from various areas of Southwestern Finland. Although
the case study of the main project was located in Southwestern Finland, the vagueness of content
in the overview of the social impacts of climate change leads me to continue in this paper from
where the project left off. The discussion has started, but is still very weak. The social impacts of
climate change are varied and closely bound to ecological and economic impacts: fear and safety,
cultural diversity, cross-cultural understanding, well-being, responsibility and trust, sustainable
urbanisation, etc. [16]. In this paper I examine the results in greater detail; for example, cooperation among different actors is considered extremely important, yet the often implicit NGO
knowledge is still seen as problematic in terms of reliability for decision-making procedures, among
others. It seems that new methods, tools and space are needed to transform the knowledge of
different actors with respect to action against climate change. The psychosocial impacts of climate
change have yet to be considered in Finland; nevertheless, new actors, such as the parishes, are
now participating in climate change discussion [16].

Social Impacts and Climate Change
What, then, are social impacts? Social impact can be defined as "an impact on human individuals,
community or society which causes changes in human welfare or in its distribution. The change
may be a development for the better or for worse, depending on the viewpoint and on the values
being applied. The impact on individuals, community and society are mentioned separately in the
definition, as the significance of any given impact may be quite different at the level of the
individual than, for example, from the so-called ‘public interest’ point of view [17].
Social impact assessment (SIA) has been developed specifically for urban design projects and for
drafting strategic programmes. In this case, the basic idea of social impact assessment – for the
purpose of decision-making – is to examine the impact of a particular function or action on the wellbeing and life of people and communities, as well as on the wider social environment. At the same
time, there is the opportunity to assess in turn the impacts of the social environment on the action
being examined. In the language of Impact Assessment, "action" usually refers to highly specific
buildings or projects, technological development and experimentation, but can also refer to a more
general plan, programme, broader policy direction, legislation or any other project that may have a
significant impact on society and humans [18].
The impact of climate change on humans (and on poverty and social disadvantage) can be
examined by assessing the impact of social change, i.e. by identifying the changes [18]:
people's way of life (how they live, work, play and interact with each other), and
their culture (shared beliefs, habits, values, language and dialect);
community (its cohesion, stability, traits, services and conditions);
political system (the opportunity for people to participate in decisions affecting their own
lives, and the current stage of democratisation and related resources);

environment (the availability and quality of food and the level of risk, adequate sanitation,
physical safety, use and control of natural resources, the quality of used air and water);
health and welfare; personal wealth; fears and hopes (perceptions of safety and of the
future).
In brief, we can say that SIA is carried out in order to
clarify and foresee changes affecting the people’s quality of life and regional
development;
assess or foresee the ability of communities to adapt to changing circumstances;
assess the meaning and significance of changes to the various parties involved [18].
Branch et al. (1984) write that the direct impacts refer to changes in the working conditions of
people or the regions, income, resources, health, public safety and standards. Direct impacts do
not just mean the immediate impacts of an operation, but the social changes affecting the entire
region (changes in population, employment). Thus, the regional impact of climate change, for
example, on certain individuals and their means of livelihood, or on the well-being of a certain
group of people in a particular region, could constitute such a direct impact.
Branch et al [19] continue that social structure, organisations and networks are to be seen as a
social environment, where changes lead to different kinds of impacts. Changes or breakdowns in
networks inevitably influence human welfare to some degree. When wishing to identify and
evaluate the impacts of climate change on community structure, it may mean, for example, that we
consider changes to the structure of a community dependent on Lapland tourism from the
perspective of climate change (such as a shorter snow season).
Branch et al [19] further state that the constituents of well-being are the portrayal of the community
social structure, and of the information derived from community resources, from the perspective of
well-being and the quality of life. Community resources and social structure are the factors that
create the foundation for the well-being of the community and its members. General indicators of
welfare, health and employment fail to take account of aspects of people's perceived well-being,
such as fears or hopes. Mapping of empirical climate change data for various communities based
on the experiences of individual people is a challenge we can get to grips with through social
impact assessment.
Adaptation is a multidimensional phenomenon requiring knowledge and understanding, not only of
the direct and indirect impacts of potential climate change but of mitigation and socio-psychological
impacts.
In summary, we can say that the social impacts of climate change should be taken carefully into
account when consideration is given to the context, i.e. impacts are proportional to space, time and
place. The social impacts of climate change may be connected with global warming or rain-related
impacts, but the distribution of these impacts within a particular region among the different people
and communities, and among their everyday activities and well-being, is often strongly linked to
their social and cultural context.
To contextuality, Vanclay [20] specifically adds experientiality. The experiencer may be a
community, a society, a certain population group, a family or an individual. Moreover, people in
different stations in life experience social impacts in different ways in different life situations, and
even in the different roles they inevitably adopt. Experiences of climate change among individuals,
communities and societies are very different. They may be powerfully linked to the socio-cultural
context, so that various fears related to climate change appear to differ in different spaces (time or

place). The fears of Finnish farmers are probably very different from any that Indonesian farmers
may have. A merely top-down pressure for change creates a critical resistance when bottom-up
knowledge of everyday activities has been overlooked.
Various cumulative and integrated impacts, in which ecological and social impacts are intertwined,
should be taken seriously. Policy procedures must therefore incorporate not only the economic
cycle, SIA and technology development, but also a range of human needs and aspirations in
relation to climate change challenges.
What adaptation measures does an ageing Finnish population require against the sudden onset of
heat waves or floods or other extreme weather conditions? What, with the sea level rising, of the
fear and despair of coastal residents – how should they protect themselves?

A discussion note
Consideration of the impacts of climate change on different individuals, communities and societies,
will inevitably raise the subjects of welfare, equality, acceptability and safety. Unlike a problem
restricted to a particular time or place, climate change is both temporally and geographically
unforeseeable, and the future appears to us very strange and distressing.
Climate change is a global problem that does not stop at national or institutional boundaries.
Mitigation of and adaptation to climate change is pertinent to the everyday lives of every one of us.
Social and health actors can play an important part in shaking up attitudes, practices and everyday
activities related to climate change. This pioneering role demands know-how with regard to the
whole phenomenon of climate change and to translating it into the language of the actors in the
social and health care sector: what will be the impacts of mitigation and adaptation on the
vulnerable? Climate policy has become part of social policy – and vice versa. Scientific-technical
knowledge is unable to gain a hold on the challenges of climate change by itself, and expertise in
the fields of social welfare and health care has become a necessary part of discussion and action.
Economic prosperity and technological advancement are the Janus face of climate change. Belief
in techno-economic solutions for combating or adapting to climate change is, for Western society,
the “philosopher’s stone” of the moment. But what if this is simply glorified technical know-how,
lacking any psycho-social perspective? The latter will be essential for a comprehensive
understanding of climate change and its consequences, allowing access to expertise in history,
cultural studies and medical resources, among others, when planning mitigation measures.
When talking about climate change, there is no reason to limit the discussion to the level of
individual countries – understanding of the complexity of climate change may instead be fostered
through continent-wide discussion and commitment. What are the impacts of extreme weather
phenomena on vulnerable citizens in the EU? Heat waves cause deaths in Finland, too.
Understanding the social aspects of climate change requires a deeper appreciation of the human
being as a psycho-social creature. A mental model, and a comprehension of the basic needs from
the psychological point of view, will help in understanding the human potential for combating
climate change. Välimäki and Lehtonen [21] describe the psychological perspective of basic
human characteristics of human behaviour, such as safety, fear, shame, or the desire to purge
feelings of shame by harming or destroying something, and the consequent feelings of guilt. If we
are wanting to think about human activity in climate change mitigation and adaptation, it is
essential to achieve an understanding of human behaviour [22] and the psycho-social essence of
human beings. A technical understanding of climate change is not enough. We must understand
people as psycho-social actors. Climate change constitutes an uncertainty. Uncertainty in turn
raises fears, but fears do not lead to action. Action normally takes place once the damage is done.
Clearly, we need an appreciation of the human mental model in order to understand how to get

people to act. If climate change remains an abstract, without tangible consequence for everyday
life, how will this be possible?
A social and health care expert outlined a personal view at a seminar organised by the Finnish
Federation for Social Welfare and Health (2008): "The poor are not interested in climate change,
only in bread and money" [11]. Should "limited resources be torn from social and health care for
this kind of (climate change) work? This lies beyond its scope." At what point during the impacts of
climate change will people be turned into welfare customers? Health impacts are more easily
measured than social impacts, but is climate change at all a matter for Finnish welfare state social
policy?
To apportion blame or create alarm will be of no help when discussing practical measures for
climate change. It ought to be possible to get people to act before someone is harmed, but in the
absence of a concrete understanding of the behaviour of human beings, no measure will be
permanent or long-lasting.
Examining urban or rural areas from the climate change point of view, what will Finland look like in
2030? Who will be living close to rivers and battling against serious flooding? Or whose source of
livelihood or mental health will be suffering because of snowless winters? Or will extreme weather
conditions bring insect pests to ravage the farmers’ crops? It has been shown that security
aspects, religion and psycho-social impacts will be playing a visible role in Finland in the near
future [16].
Be that as it may, an entirely new kind of social vulnerability will be caused by climate change,
perhaps one that lies beyond our powers of anticipation. There will be a range of possible and
probable unwanted future paths, seen from the perspectives of various people. This is why social
and health care actors, among others – including a broad cross-section of ordinary citizens –
should be actively involved in the climate change debate. Climate policy and social policy should
be linked together. New kinds of NGO actors are indeed emerging in the Finnish climate change
arena: parishes have already begun to act on climate change programmes. What if volunteer
firemen, for example, or sports societies, were to enter the fray? These groups connect with a
broad range of potential actors, not merely territorially, but socially, possessing a basic
understanding of the psycho-social aspects of the human being as actor.
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Summary
In the design of floor systems a wide range of various aspects of sustainability have to be taken
into account in parallel. The present report analyses selected floor systems regarding these criteria
and outlines new developments for improving the sustainability of floor systems. The mechanical
properties are enhanced by using composite effects or pre-stressing. These solutions have to be
combined with the integration of a piping system to create thermo-active building components for
energy efficient heating and cooling, acting mainly via the ceiling. For flexible installations openable
cavities (access mainly from the floor) are needed. The integrated approach of these systems
requires a high degree of prefabrication.
Keywords: floor systems, sustainability, multi-storey buildings, DGNB

1. Introduction
In the design of floor systems a wide range of various aspects of sustainability have to be taken
into account in parallel: A flexible building use asks for long spans with minimized number of
columns or massive walls, for low-exergy heating and cooling systems the large surface is
beneficial, the mass of the slabs is the only relevant thermal inertia in modern office buildings.
Additionally, acoustic aspects have to be considered, the floor system should provide a flexible
routing to cover future demands concerning building services and IT and the quality and the
quantity of the used materials referring the environmental impact (eco-balance) is of interest, too.
The multiple impacts on the sustainability assessment of the flooring systems will be shown
exemplary based on the german DGNB system to point out the advantages and disadvantages of
the different solutions in this context.

2. Floor systems and sustainability
2.1

Relevant sustainability criteria for floor systems

The definition of what “sustainability” is, has become more precise and more common during the
last few years. Sustainability covers the three areas “ecology”, “economy” and “social/functional”.
The existing sustainability assessment methods are based on criteria lists, which ask for details for
describing the main areas.
Floors are important in this context because they are responsible for about 60 to 80 % of the building mass. According to the german DGNB-label, floor systems are involved in 20 criteria of 34 criteria in total; due to different weighting factors they influences 56 % of the overall result [1].
The following criteria are of particular interest within this context:
Ecology:
- Eco-balance (production, use-phase, end of life)

Economy
- Life-cycle costs
- Flexibility in use
Social / functional
- Thermal comfort (impact by thermal inertia)
- acoustics
2.2

Developments for improving sustainability of floor systems

Improving sustainability of buildings is in general a task for the whole building design and not for a
single element. Nevertheless, key elements for a whole building like floor systems have an substantial impact on the sustainability, therefore it is valuable to look at these elements in detail.
Combining several aims in one technical solution offers good opportunities on this way. Two examples illustrate this way of thinking:
a)
Composite decks with profiled steel sheets
Composite decks based on profiled steel sheets combine the following effects (beneath others):
The use of profiled steel sheets reduces the mass of concrete, depending on the shape of the steel
sheet (Fig. 1). Furthermore, longer spans can be realised and a third benefit is given by the fact,
that the effective thermal inertia is higher due to the enlarged surface. This leads to better thermal
behaviour, in particular in the summer case. Advantages in the three main areas of sustainability
can be ascertained.

Fig. 1 Composite deck [2]
The effective thermal inertia was studied in detail for various profiles available on the market (Fig.
2 – Fig. 4). For these deck systems the effective thermal inertia was determined based on an FEMsimulation and compered with the results of a conventional flat concrete slab. The simulation uses
a sinusoidal temperature curve in the room below the deck element (Tmin = 18 °C, Tmax = 26 °C=.
The heat, that is stored in the deck element in a quasi-stationary state (after 10 periods), was determined.
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Fig. 4 ArcelorMittal Cofrastra deck [2]
Fig. 5 compares the maximum heat flux qmax into the different composite deck systems (and for
comparison: a massive concrete deck of 10 cm, at which there is no remarkable difference in the
thermal behaviour between 10 cm and 20 cm, e.g.). Additionally, the total heat per m² (qk) is shown.
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Fig. 5 Comparison of thermal performance – composite decks and massive concrete slab
This diagram shows, that the effective thermal inertia is about 20 % higher for the profiled composite decks. The load bearing capabilities of these floor systems are considerable higher, thus a
positive effect on the whole building assessment can be expected [5].
b)
Thermo-active pre-stressed hollow core slabs
Pre-stressed hollow core slabs have large spans and reduced mass. Pre-stressing leads to a
higher utilization of the capabilities of concrete. The combination with thermal activation by an integrated pipe system gives added value: The deck element becomes an energy efficient an low cost
heating and cooling system.

Fig. 6 Fabrication of thermo-active concrete slab (on site)

Fig. 7 Fabrication of thermo-active hollow-core slab (in shop)
Fig. 7 shows the fabrication of thermo-active pre-stressed elements in shop. Numerical investigations (Fig. 8) and practical testing (Fig. 9) of these elements verified, that the thermal performance
of these elements is positive: the thermal intertia is sufficient for typical use of office buildings, the
thermal resistance from the pipe to the surface and the equability of surface temperature are sufficient for an energy efficient use of these elements.

Fig. 8 Thermal performance of thermo-active hollow core slab (FEM-result)

Fig. 9 Infra-red survey of thermo-active hollow core slabs in test rig.
Finally, also for this floor system advantages in the three main areas of sustainability can be ascertained: Improvement of span and load bearing capabilities, reduced need of natural resources and
positive impact on the energy efficiency.

3. Discussion
Perhaps it is not directly obvious, that floor systems have a significant impact on the sustainability
assessment of a building, but it can be shown that floor systems are relevant for a wide range of
sustainability criteria.
Remarkable progress is possible, if improved performance in different areas can be realized in
parallel. The two examples combine larger spans with reduced need of material and a positive
effect concerning thermal and energetic behaviour.
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Extended abstract
Timber is an environmentally friendly building material that is both renewable and
reusable, though being combustible by nature meant historically it has been viewed
in some parts of the world as an inferior structural material to steel and concrete in
multi-storey construction. Buildings are responsible for a substantial amount of
material and energy consumption. The environmental properties of materials aren’t
traditionally a design or construction priority and typically cost, performance
characteristics and aesthetics have governed the choice of structural materials. This
trend is beginning to change as the issues associated with climate change continue
to come to the forefront and governments and industry look for ways to assuage its
effects. Choosing environmentally sustainable building materials is beginning to
become a client and tenant expectation and industry is starting to follow suit. Life
Cycle Assessment studies have outlined when timber is used as an alternative
structural material to steel and concrete the overall environmental impact of the
building can be reduced.
In Australia timber products have generally not been considered a viable option for
multi-storey construction. Two major barriers to increased market share of timber use
in non-residential construction in Australia are overall designer confidence and fire
performance. As a result there are limited examples of multi-storey timber framed
buildings in Australia with concrete and steel primarily being used for structural
elements. This has also been largely determined by the evolution of Australian
building codes, where building codes have evolved on a state-by-state basis. They
were largely based on English building codes, where the prescriptive requirements of
the building code were typically not favourable to timbers use in multi-storey
construction. This originates from the “Great Fire of London” where it was decreed
that all buildings would be made of non-combustible materials such as stone and
masonry. In Australia on July 7, 1997 performance based codes were introduced in
the Building Code of Australia (BCA). Performance based Alternate Solutions were
introduced to allow innovative new structural systems and designs that didn’t meet
the standard Deemed-to-Satisfy compliance criteria an opportunity to obtain approval
under the BCA.
This paper critically analyses the impact the BCA has on multi-storey timber buildings
in Australia specifically in relation to fire, acoustic, structural and energy
requirements. The paper also identifies the Sections/Parts of the BCA that would
typically require a performance-based Alternate Solution in order for a timber building
to gain code approval. One of the original purposes of performance-based codes
was to facilitate cost savings in building construction. In Australia any building 4

storeys or higher requires an Alternate Solution and this actually has the potential to
significantly increase costs, due mainly to increased design fees. The methodology
adopted for the study was case study, and two building case studies were used to
demonstrate the impact that building regulations in Australia have on the viability of
large multi-storey timber buildings. The first case study is a virtual design of an 8storey Cross Laminated Timber (CLT) residential building in Victoria, Australia. The
second building case study is a redesign of a previously constructed 9 storey
concrete office building in NSW, Australia, which uses laminated veneer lumber
(LVL) as its structural elements. The two building case studies were used to
demonstrate the Sections/Parts of the BCA requirements that typically require an
Alternate Solution and the two building case studies were able to outline the different
requirements in obtaining building code approval between the different states in
Australia. Data collection was achieved through document analysis and semistructured interviews with a number of building professionals. The interviews were
transcribed and a thematic analysis was performed to establish relevant issues and
comments in regards to the Sections/Parts that would typically require an Alternate
Solution for timber use in the BCA. Also through the use of the case studies it was
outlined that there are different code requirements for CLT and LVL. As there is no
mention of CLT in the BCA or any Australian Standard, a multi-storey building
proposing to use CLT would potentially require a structural Alternate Solution, which
is typically very rare for anyone to do in Australia. The timber office-building case
study was able to demonstrate the fact that in Australia there are no requirements for
acoustic performance, though in residential buildings there is. It is important to note
that even though are no acoustic code requirements, there is still an expectation from
a tenants’ comfort perspective.
A number of strategies have been suggested to potentially allow easier more cost
effective avenues for timber to obtain building code approval in Australia. Firstly
CodeMark certification was looked at as a possible option. It is described as a third
party scheme that has been developed to support the use of new and innovative
building products, through the use of an internationally recognised process. Products
can be assessed for compliance with the requirements of the building codes of
Australia and New Zealand. The main issue with CodeMark certification is that it
requires significant testing and associated costs to achieve a certificate of
compliance, and even though timber elements such as LVL and CLT have the
potential to achieve certification, the high associated costs is typically the
responsibility of manufacturers. Though manufacturers would be hesitant to outlay
the costs if they aren’t going to see an increase in demand for their product and
designers are hesitant to use the timber in large buildings due to increased
complexity in achieving code compliance. Secondly Proposals to Change the BCA
was looked at as another avenue to allow the BCA to be more accommodating to
timber construction. This option was deemed to be more of a long-term solution to
the issue.
The paper is able to demonstrate that currently under the BCA there are a number of
options available for timber buildings to be constructed essentially to any height,
provided that a performance based design is developed to meet the necessary
Alternate Solution performance requirements. This paper also outlined the difference
code requirements between different states i.e. NSW and Victoria. It also outlined
there are different code requirements between residential and commercial timber
construction and also between CLT and LVL. With the rising costs of steel, concerns
over carbon emissions of building products and increasing site constraints timber has
the ability to provide not only a more environmentally sustainable product though due
to its prefabricated light weight nature it has the ability to potentially increase
productivity, decrease construction waste and limit OHS issues on site due to the

lower number of workers needed to construct the building. It has been demonstrated
that current buildings codes in Australia allow timber buildings to essentially be
constructed to any height and as more efficient designs and cost effective code
compliance options such as CodeMark certification are developed the use of timber
in multi-storey buildings in Australia can become a more viable alternative to steel
and concrete buildings.
Keywords: Timber, fire regulations, building codes, Alternate Solutions, CodeMark
certification

1. Introduction
Timber has great potential opportunities in multi-storey buildings due to its high
strength to weight ratio, light prefabricated nature and its environmental attributes.
Engineered wood products are starting to gain interest within the construction sector,
as they have more uniform mechanical and physical properties compared to solid
sawn structural timber products [1]. Two potential areas for timbers use are
commercial offices and residential construction. Multi-storey office buildings typically
consist of large open plan spaces with long span floors supported on beams and
columns Laminated Veneer Lumber (LVL) has potential to be used for the structural
elements in such buildings. LVL can be either a solid section or fabricated into a
hollow section for use in new innovative post-tensioned technology, which improves
seismic performance and can provide the ability to achieve longer spans with smaller
beam depths [2]. Multi-storey residential buildings typically consist of relatively short
span floors supported on walls from the previous floor, generally with a significant
number of separate rooms on each floor. Cross Laminated Timber (CLT) has been
successful throughout Europe and is being earmarked as having the greatest
potential to compete with steel and concrete in North America [3]. CLT allows for
rapid construction erection and extremely close tolerances, though CLT has some
issues such as it uses a significant amount timber that is not subjected to any
mechanical forces and it has limited unsupported spanning capabilities.
Buildings are responsible for a substantial amount of material and energy
consumption and whilst environmental properties of materials aren’t traditionally a
design or construction priority [4], with cost, performance characteristics and
aesthetics being the main items that decide material selections in buildings [5].
However, as climate change continues to come to the forefront and governments
look for ways to assuage its effects such as passing legislation to address the issue,
choosing sustainable environmentally friendly building materials is beginning to
become owner and tenant expectations. All levels of government in Australia are
beginning to introduce legislation to mitigate the impacts of climate change; recent
studies [6] outline how a Carbon Pollution Reduction Scheme if implemented could
have a large impact on the building construction industry in Australia in the future.
The greatest contributor to greenhouse gases and in turn climate change is carbon
dioxide (CO2) emissions, where 30 – 50% of total CO2 emissions throughout the
world are produced by the construction and operation of buildings [7]. The selection
of materials used in the buildings has the potential to reduce energy consumption
and CO2 emissions in buildings and there have been a number of reports [8,9] that
have demonstrated timber to be a more environmentally friendly material than steel
and concrete. This is because trees have the unique ability to sequester carbon
dioxide from the atmosphere, which is in turn stored in wood materials once they
have been manufactured and they typically require less energy during
manufacturing. The National Association of Forest Industries [10] showed that
Australian forests have the potential ability to provide 20% of Australia’s total carbon

abatement targets by 2020.

!
In Australia timber products have generally not been considered a viable option for
multi-storey construction. Bayne and Taylor [5] found that historically two of the
major barriers to increase market share of timber use in non-residential construction
in Australia are overall designer confidence and fire performance. This lack of
confidence in using timber amongst designers stems from a multitude of issues such
as, lead times, cost implications, connection details, availability, commercial risk, lack
of assistance, inadequate training in timber design and poor marketing [5]. A number
of authors [11,12] have highlighted that fire regulations are typically the major
obstacle to the use of timber in multi-storey buildings.The culture of multi-storey
timber buildings has a long history throughout the United States and Europe. Many
four-storey and higher timber buildings have been constructed in those countries
such as Murray Grove and the Norwich Academy in the UK. Throughout Europe
timber-framed walls have been utilised to achieve fire separation between
apartments in residential buildings, though in Australia under prescriptive
requirements typically fire-separating walls between abutting residential building
have to be constructed out of a non-combustible materials. In Australia there are
limited examples of multi-storey timber framed buildings with concrete and steel
being primarily used for structural elements. This has been largely determined by the
evolution of Australian building codes. Building codes within Australia have evolved
on a state-by-state basis, and were largely based on English building codes, where
the prescriptive requirements of the building code does not like timber buildings in
multi-storey buildings which historically dates from the “Great Fire of London” when it
was decreed that all buildings would be of non combustible materials such as stone
and masonry.

!

In this study, the objective was to look at how code regulations impact the use of
timber in multi-storey buildings in Australia and to determine whether or not an 8storey timber residential and a 9-storey timber office building could be constructed in
Australia and also to identify how the Building Code of Australia (BCA) influences
such buildings. This paper does not intend to outline what is involved or how to
develop a Performance Based design but rather outline what Section/Parts of the
BCA that affect timber buildings and in turn require a Performance based Alternate
Solution. The study also endeavours to show where different compliance regulations
exist in the BCA for different building classes and also different states i.e. NSW and
Victoria have their own amendments to building regulations and through the use of
the case studies these differences are able to be pointed out in reference to multistorey timber buildings.

2. Building Code of Australia (BCA)
The BCA was first released in 1991 in Australia and was prescriptive in nature, such
that there was no opportunity for new and innovative buildings to be constructed if
they didn’t meet the prescribed Deemed-to-Satisfy provision. Then in 1997
performance based alternatives were introduced, to allow designers to deviate from
prescriptive provisions, provided that testing and other analysis can be documented
to establish that an Alternate Solution is able to satisfy code’s performance
requirements.
2.1

BCA Structure

The way the BCA is set up currently is that buildings have to comply with all
sections/parts outlined, with some Australian Standards also referenced in the BCA

as being mandatory requirements. As illustrated in Figure 1 meeting the performance
requirements of the BCA can achieve by one of two ways,
1. Deemed-to-Satisfy provisions are the traditional prescriptive measures where
minimum requirement set out in the BCA must be complied.
2. Alternate Solutions allow new innovative buildings designs to be established
and provided the designers/builders can demonstrate the adequacy of the
design it has the potential to meet performance requirements as set out in the
BCA. Currently under the BCA any timber building greater than 4 storeys in
height has to be designed through the use of an alternate solution.
Fig. 1 BCA structure

(Source BCA 2010)
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There are a number of different types of buildings and these are catergorised in the
BCA under different classes, as outlined in Table 1. In Australia it has been outlined
there are significant opportunities for timber construction in class 2 – 9 buildings, with
class 2 and class 9b and 9c being a prime area of opportunity for increased use due
to their inherent scale and function. A survey of building professionals and timber
suppliers to establish what factors helped or hindered the sale and use of timber in
class 2 to 9 buildings. The study outlined that building regulation requirements were
considered to be one of the key factors that hindered the use of timber in buildings
[13].

!
Table 1 BCA building classes
Building Class

Building Function

1

Single dwelling unit, detached or attached, not one above
another
Residential building with 2 or more sole occupancy units,
usually one above another
Hotels, motels, boarding houses etc
Residential part of classes 5, 6, 7, 8 or 9
Office building
Shops, restaurants, showrooms etc
Car parks, store buildings or wholesalers
Factory and laboratory
Public buildings: 9a health care, 9b public assembly, 9c aged
care
Ancillary building

2
3
4
5
6
7
8
9
10

2.2

Performance based – Alternate Solutions

Performance based Alternate Solutions provide timber buildings in Australia that
don’t meet the prescriptive Deemed-to-Satisfy requirements an avenue to become
code compliant. In order to comply with all Sections/parts of the BCA it is necessary
to determine whether an Alternative Solution meets all the relevant BCA performance
requirements by:
a) Identifying the relevant Deemed-to-Satisfy provisions of each BCA
section/part that is to be the subject of the Alternative Solution;
b) Identifying the performance requirements from the same sections/parts that
are relevant to the identified Deemed-to-Satisfy provisions; and
c) Identifying performance requirements from other sections/parts that are
relevant to any aspects of the Alternative Solution proposed or that are
affected by the application of the Deemed-to-Satisfy provisions that are the
subject of the Alternative Solution.
Section A0.8 Alternate Solutions outlines that an Alternate Solution must be
assessed according to one or more of the assessment methods, which are outlined
below
a) Evidence to support that the use of a material, form of construction or design
meets a Performance Requirement or a Deemed-to-Satisfy Provision; and/or
b) Verification Methods such as;
- The Verification Methods in the BCA or
- Other methods that the local government or other appropriate authority
accepts; and/or
- Comparison with the Deemed-to-Satisfy Provisions; and/or
- Expert Judgement.
An alternate solution will only comply with the BCA if the assessment methods listed
above have been adequately satisfied and used appropriately to determine
compliance with performance requirements. Also where many Alternative Solutions
fail is in not ensuring that associated Deemed-to-Satisfy and Performance provisions
throughout the BCA are also considered where a proposal might impact upon it.
To meet the fire requirements under the BCA any timber building 4 storeys or higher
in height requires an Alternate Solution in order to be compliant under the BCA. This
in turn could potentially turn people away from developing multi-storey timber
buildings, as associated design consultancy fees would be high for “one off” projects.
In developing an Alternate Solution a performance based design approach is needed
and an engineer is responsible for developing a design that will have the ability to
meet the specified performance requirements. In todays building design in Australia,
sound insulation and acoustic performance particularly in residential buildings tends
to govern the choice of timber-framed construction to a greater extent than fire
requirements, particularly from a clients perspective where they are living in a class
2, 3 or 9c multi-storey residential building [14]. This is evident as acoustic/sound
issues are a day-to-day issue where as fires are a potential risk, which are not
guaranteed to occur. This is why under current BCA legislation there are
performance requirements for acoustic design in residential buildings whereas in
commercial buildings there are currently no acoustic/sound performance
requirements in class 5,6, 9a and 9b buildings [15]. Hence for a residential building
an Alternate Solution will need to be developed for a residential building though not
for an office building.

3. Methodology
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In this study, the objective was to look at how code regulations impact the use of
timber in multi-storey buildings in Australia and to determine whether or not an 8storey timber residential and a 9-storey timber office building could be constructed in
Australia and also to identify how the Building Code of Australia (BCA) influences
such buildings. This paper does not intend to outline what is involved or how to
develop a Performance Based design but rather outline what Section/Parts of the
BCA that affect timber buildings and in turn require a Performance based Alternate
Solution. The study also endeavours to outline where different compliance
regulations exist in the BCA for different building classes and also different states
i.e. NSW and Victoria have their own amendments to building regulations and
through the use of the case studies these differences are able to be pointed out in
reference to multi-storey timber buildings.
Two case study buildings have been used to outline the process of obtaining building
code compliance and to specifically outline, which sections of the BCA require
Alternative Solutions for timber structural systems. Multi-storey timber buildings are a
relatively new technique, and as the investigation is focused on contemporary
phenomena within real life contexts the case study as empirical inquiry is found to be
a suitable option [16]. Data collection was achieved through document analysis and
semi-structured interviews with building professionals including a building consultant
who was well versed and specialised in BCA compliance, a senior fire engineer with
15 years experience and project manager with extensive experience in the
management of both residential and commercial office buildings were also
interviewed to obtain their views on the BCA in relation to timber buildings. The
interviews were transcribed and a thematic analysis was performed to establish
relevant issues and comments with specific performance based applicable to timber
in the BCA and these findings are incorporated into the case studies.

4. Case Studies
4.1

Case Study 1 – Class 2 Residential building - CLT panel structural system

This virtual building design is an 8 storey residential building with levels 2 – 8
constructed out of CLT using platform construction, with the ground floor constructed
out of concrete. The building has a proposed location of Victoria, Australia. This
building design would be classed as a class 2 building and the Sections/Parts of the
BCA that may typically require an Alternate Solution are outlined in Table 2.
Designers i.e. fire engineers, acoustic specialists etc are employed to develop
solutions to meet the requirements set out in 2.2 Performance based – Alternate
Solutions. Then once the Alternate Solution design has been produced it is then
forwarded to review by the Building Appeals Boards in Victoria, which has an
independent statutory board of industry representatives who have an aim to achieve
building safety, amenity and sustainability outcomes matched to community goals.
These designs are then presented to the Building Appeals Board in Victoria who
make judgements on the solutions and whether they adhere to the performance
requirements. The decision cannot be appealed (except on a point of law). Some
variations in the Victorian legislation that is relevant to timber are that internal load
bearing walls do not require fire rating and may be combustible, and also apartment
entry doors do not have to be fire rated. This building has been designed to be less
than 25m in overall height as it is much easier to achieve approval in regards to fire
safety of the building. Also in conjunction with the Building Appeals Board the chief

officer of the fire brigade has 10 days to respond to the Alternative Solution and he
has jurisdiction to disapprove of the design if it was deemed to not meet the
necessary requirements.
Table 2 BCA Alternate Solutions for case study buildings
BCA Performance Requirement

CASE STUDY
1

CASE STUDY
2

Part B1 - Structural Provisions

✔

Section C – Fire Resistance

✔

✔

Section D – Access & Egress

✔

✔

Part F1 – Damp and Weatherproofing

✔

✔

Part F5 – Sound Transmission and Insulation

✔

Section J – Energy Efficiency

✔

4.2

Case Study 2 – Class 5 Office building – LVL post and beam structural
system

Fig. 2 Buildings timber structural system

This building case study is a virtual redesign of a building that has previously been
constructed in concrete. The building is situated in NSW, Australia and the timber
redesign building is based on a series of gravity only frames and lateral load resisting
shear walls as shown in Figure 2. LVL has been proposed for use as the timber
structural elements for the building. This building design would be classed as a class
5 building and the Sections/Parts of the BCA that may require an Alternate Solution
are outlined in Table 2. Designers i.e. fire engineers, acoustic specialists etc are

employed to develop solutions to meet the requirements set out in 2.2 Performance
based – Alternate Solutions. Then once relevant engineers i.e. Fire Engineers have
developed the required Alternate Solution design for the building and an expert peer
review is required, who comments on the design and essentially gives the design the
OK from a technical viewpoint. Then finally the design has to be given the go ahead
by the NSW fire brigade service and finally has to be signed off by the building
certifying authorities.
A few things to point out in case study 2 that are different to case study 1 are; firstly
as the office building is recognised as a class 5 building under the BCA, as is
outlined in Part FC class 5 buildings don’t require any acoustic requirements.
However, even though under building regulations there aren’t any minimum
requirements, clients do expect a certain level of acoustic performance and comfort
and this in turn should be reflected in the building design, particularly for the floors
and walls. Another key potential issue for this building design in comparison to
building case study 1 is that as it is over 25m in height and is classed as a high rise
building there are a number of additional fire engineering requirements including
sprinklers throughout, stair pressure, fire isolated stairway, emergency lift, zone
smoke control system etc. Also there may potentially be issues with the NSW fire
brigade giving a timber building over 25m the go ahead as they may have concerns
to the safety of their fire fighters as typically when a building is over 25m they fight
fires in buildings from the inside as their hoses and ladders don’t have capabilities to
fight fires in buildings over 25m.

5. Strategies
5.1

CodeMark Certification

The Australian Building Codes Board (ABCB) in consultation with the New Zealand
Department of Building and Housing (DBH), State & Territory governments, industry
groups and prospective certification bodies set up the CodeMark certification
scheme. It is a third party scheme developed to support the use of new and
innovative building products, through the use of an internationally recognised
process in which products can be assessed for compliance with the requirements of
the building codes of Australia and New Zealand. The certification allows a product to
essentially gain approval under Deemed-to-Satisfy provisions of the BCA, which
through the issue of a certificate of conformity is able to provide confidence and
certainty to regulatory authorities and also the market. In order to obtain CodeMark
certification an organisation must apply through a certification body such as SAI
Global, Global-Mark Pty Ltd and CertMark Australasia. The requirements for
evaluation & certification of products are set out in the CodeMark scheme rules and
essentially any organisation can obtain approval provided it is able to demonstrate to
the certification body that their particular product meets the relevant requirements.
Certificates of Conformity can be achieved for a material, form of construction or
design and in order to achieve conformity existence and maintenance of a ‘Product
Quality Plan, testing of a sample or samples that are representative of the Product
that are used or installed. Also factory and/or construction site audits are typically
required to ensure that compliance is being achieved and is capable of being
maintained [17].
In regards to timber use as structural elements in multi-storey buildings CodeMark
certification has the ability to help reduce costs and time associated with such
projects across a range of performance requirements. If a Certificate of Conformity is
achieved for a timber system in relation to fire performance requirements it would

then negate the need for a fire engineer to develop an Alternate Solution on future
buildings, which is a costly and time consuming process. The issue at present is that
there are relatively high costs involved to achieve CodeMark certification (circa
$50,000 to $100,000) and in relation to timber it would most probably need to be the
manufacturer who is responsible for this investment; keeping in mind that
manufacturers aren’t going to spend the time and money to achieve certification if it
isn’t going to result in an increased demand for their products/systems. In essence it
is catch 22 situation as building designers in Australia as outlined in survey results
[13] see building regulations requirements as one of the key factors that hinders the
use of timber in class 2 – 9 buildings. In turn CodeMark certification could be a good
avenue to provide an easier way to achieve BCA compliance in multi storey timber
buildings, though unless designers show an interest and increased demand for
timber buildings above 4 storeys in height, timber manufacturers aren’t necessarily
going to invest the money into CodeMark certification. Also an important thing to note
is that Certificates of Conformity are only valid for 3 years.
5.2

Change to BCA Legislation

The ABCB has a process in place called ‘Proposals for Change’ (PFC), which allows
technical proposals the opportunity to change the BCA. In order to maintain
appropriate thoroughness and consistency the Council of Australian Governments
regulatory principles is used. In order for a PFC to be considered there must be a:
- A description of the proposal
- An explanation of the problem it is designed to resolve
- How the proposal is expected to solve the problem
- Who will be affected and how they will be affected; and
- Any consultation that has taken place
If a proposal is considered to have merit the Building Code Committee (BCC) may
recommend that the proposal be included in the next draft for public review. If the
BCC considers the proposal as being complex in nature, it may suggest that further
research, analysis and consultation is performed. Proposing to change the BCA to be
more receptive to timbers use in multi-storey buildings was considered by one of the
building consultants interviewed as being a medium to long-term goal, whereas
CodeMark certification is more short-term objective.

6. Conclusion
!

It has been demonstrated that currently under the BCA there is an avenue available
for timber buildings to be constructed essentially to any height. This is provided that a
performance based building design is developed that meets the necessary Alternate
Solution performance requirements and is then signed off and given the go ahead by
the Fire Brigade and the Building Certifier who essentially at the end of the day
assumes the liability of signing off the design. At present in the BCA there are a
number of areas where timber does not meet the Deemed-to-Satisfy requirements
and the development of Alternate Solutions is usually a costly exercise. In order to
address this issue strategies including CodeMark certification and proposals to
change the BCA to be more accommodating to structural timbers use in multi-storey
buildings have been considered as a way to provide a more cost effective and viable
option over the medium to long term for structural timber to obtain code compliance.
With the rising cost of steel, concerns over carbon emissions of building products
and increasing site constraints, timber has the ability to provide not only a more
environmentally sustainable product but create other benefits due to its prefabricated

light weight nature and subsequent ability to potentially increase productivity,
decrease construction waste and limit OHS issues on site due to the lower number of
workers needed to construct the building. It has been demonstrated that essentially
the code allows timber buildings to be constructed to any height and as more efficient
designs and cost effective code compliance options are developed the use of timber
in multi-storey buildings in Australia can become a more viable alternative to steel
and concrete buildings.
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Summary
This paper utilizes a product certified by Green Building Material Label (TGBML) in Taiwan on
comparing the benchmarks of emission, test methods and compounds with other green building
material labels, especially focusing the analyte on HCHO and VOCs.
The results show that the product can pass the benchmarks of the three labels. According to the
variances on the environmental condition settings (including temperature, ACH and RH), test
methods and kinds of specified compounds, we discover that the low-emission performances of
the same product are apparently different.
This paper shows an attempt to figure out the critical points to bridge the gap on TGBML products
and others green material labelling systems. By embedding the bilateral architecture-oriented and
user-oriented concept, the benefits of healthy, ecological, recyclable, and high-performance green
building materials are expanded to advance the quality of domestic construction environment and
facilitate the performances of the citizens’ healthy living environment.
Furthermore, for internationalization, the exchanges in the global platform and the technological
coordination are based to gradually achieve cooperative agreements in order to benefit excellent
domestic manufacturers from developing international markets.
Keywords: Taiwan Green Building Material Label (TGBML) System, benchmarks of low emission
products

1. Introduction
Taiwan is crowded, and has a unrestrained land-use.
In addition, to pursue a healthy and zero-carbon
effect as well as promote the well beings of human
health, the ‘Action Plan for Eco-cities and Green
Buildings’ proclaimed by the Council for Economic
Planning and Development is taken as the guidelines
in Taiwan, and also ‘Promotional Project for
Expanding the Green Building Material Label System’
implemented by governments aim to continuously
update and improve the assessment system and
techniques of TGBML.
In order to integrate and connect Taiwan Green
Building Label (TGBML, see as Figure 1) with other
label systems, this paper tries to submit a possible
scheme for bridging the gap by a certified TGBML
low-emission product with other green building
material labelling evaluation mechanism.

Fig. 1 Marks for 4 categories of Taiwan
Green Building Material Label (TGBML)

2. THREE TYPES OF GREEN BUILDING MATERIAL LABELLING SYSTEM
At present, the existing assessment system in Taiwan includes the Chinese National Standard and
the Commodity Inspection Rules formulated by the Bureau of Standards, Metrology and Inspection,
which stipulate the general performances of the products, and also the environmental protection
assessment system which includes the Green Procurement System and the Environmental
Protection Label System formulated by Environmental Protection Administration as well as the
Green Building Label, totalling nine kinds of criteria for green buildings, which set out the
stipulations over the ecology, energy-saving, waste reduction and health of the newly-constructed
buildings.
Test methods of different green building material labels are as follows: ’GREENGUARD–ASTM
D5116, ASTM D6670, ASTM D6196, and ASTM D5197’,’EMISSION CLASS FOR BUILDING MATERIAL (M1 label)–ISO 16000-3,ISO 16000-6,ISO 16000-9,ISO 16000-11 and internal method
numbers:9810,9811,9812,2808,4430 and 8400’ and ’Taiwan Green Building Material Label –
’ASTM D5116-97’. The results show that the product can pass the benchmarks of the three labels.

3. METHODOLOGY
On a statistical basis, we get the test values of 288 low-emission products certified by TGBML. The
average emission rates of HCHO and VOCs are as follows: HCHO=0.0028 mg/m2*hr, and
TVOC=0.0683 mg/m2*hr. (Benchmarks of low-emission product of TGBML are as follows:
HCHO=0.08 mg/m2*hr, and TVOC=0.19 mg/m2*hr)
By using random sampling, we pick up a product (emulsion painting) and send it to 3 testing
incorporations authorized by different building material labels to assay the compounds.
3.1

Results for the sample testified by GREENGUARD testing methods

The paintings and coatings sample tested, which has TVOC, formaldehyde, and total aldehyde
emissions predicted to likely meet the GREENGUARD Children & Schools criteria. The data were
modelled to the GREENGUARD office and classroom environments using a standard wall usage
loading and assumed decay parameters.(See as Table 1,2, and 3 below)
Table 1 Results for the sample testified by GREENGUARD testing methods.

Compound

24 HR Emission
Factor(mg/m2 Hr)

Certification Criteria
Children &
GREENGUARD
Schools
0.5mg/m3
0.22mg/m3
3
0.05mg/m
0.0135mg/m3

168 HR Predicted Concentration
Children &
GREENGUARD
Schools
0.01mg/m3
0.004mg/m3
3
<0.001mg/m
<0.001mg/m3

TVOC
0.0336
HCHO
BQL*
Total
0.0032
0.1mg/m3
0.043mg/m3
<0.001mg/m3
<0.001mg/m3
Aldehydes
*BQL=Chemical below quantifiable level of 0.1ug based on a standard 45L air collection volume

Table 2 IVOCs Results for the sample (emulsion painting) testified by GREENGUARD testing methods
CAS number
Compound Identified
Emission Rate ( g/m2 Hr)
71-36-3
1-Butanol
35.1
124-19-6
Nonyl aldehyde(Nonanal)
3.1
142-96-1
n-Butyl ether
3.0
66-25-1
Hexanal
2.4
123-86-4
Acetate,butyl
2.2
141-32-2
Butyl acrylate
2.0
*BQL=Chemical below quantifiable level of 0.1ug based on a standard 45L air collection volume

Table 3 Selected Aldehydes Results for the sample (emulsion painting) testified by GREENGUARD
testing methods
CAS number
Compound Identified
Emission Rate ( g/m2 Hr)
4170-30-3
BQL*
2-Butenal
75-07-0
BQL*
Acetaldehyde
100-52-7
BQL*
Benzaldehyde
5779-94-2
BQL*
Benzaldehyde,2,5-dimethyl
529-20-4
BQL*
Benzaldehyde,2-methyl
620-23-5
BQL*
Benzaldehyde,3,4-methyl
123-72-8
BQL*
Butanal
590-86-3
BQL*
Butanal,3-methyl
50-00-0
BQL*
Formaldehyde
66-25-1
Hexanal
3.2
110-62-3
BQL*
Pentanal
123-38-6
BQL*
Propanal
*BQL=Chemical below quantifiable level of 0.1ug based on a standard 45L air collection volume

3.2

Results for the sample testified by the system of Emission Classification of Building
Materials

The results can be summarised within the scope of M1 classification as follows. The emission rate
after 28 days was below the classification threshold of 200 g/ m2*hr for VOC, below the
classification threshold of 1 g/ m2*hr for carcinogens, below the classification threshold of 50 g/
m2*hr for formaldehyde, below the classification threshold of 30 g/ m2*hr for ammonia. The tested
product complies with the requirements of M1 for the tested parameters. (See as Table 4 below)
Table 4 Emission measurements for the emission classification of building materials
Compound Identified

Emission Rate ( g/m2 hr)

TVOC

4.6

Single VOCs C6 to C16
Single VOCs outside the frame C6
to C16
Formaldehyde

4.6
-

Annotation
g/(m2 Hr) as toluene equivalent between C6 to C16
3,4-Dichloro-benzenamine
No single VOC’s detected
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Compound Identified
Ammonia
Carcinogens,SER 1 g/m2
Sensory evaluation

3.3

hr

Emission Rate ( g/m2 hr)
25
1
0.2

Annotation
g/(m2 Hr) as toluene equivalents
Average of acceptability

Results for the sample testified by Taiwan Green Building Material Label
(TGBML)testing methods

The selective sample tested, which has TVOC and formaldehyde emissions predicted to likely
meet the TGBML standards. (Benchmarks of low-emission product of TGBML are as follows:
HCHO=0.08 mg/m2*hr, and TVOC=0.19 mg/m2*hr)(See as Table 5 below.)
Table 5 Results for the sample (emulsion painting) certified by TGBML
Compound
TVOC
HCHO

TGBML Standard
(mg/m2 Hr)
0.19
0.08

Emission Rate after 48 Hr
(mg/m2 Hr)
0.105
0.002

48 HR Predicted Concentration
(mg/m3)
0.084
0.002

4. COMPARISONS and CONCLUSION
4.1

Comparison for the sample (emulsion painting) testified between GREENGUARD and
TGBML

Table 6 shows the contrast between the two labelling system. We discover the TVOC emission
rate had been influenced strongly by environed conditions, such as the setting of temperature
(TGBML=25 ; GREENGUARD=23 ) and air change rate. The above leads to the TGBML testing value of TVOC emission rate presenting much more higher than GREENGUARD.
Table 6 Comparison for the sample (emulsion painting) testified between GREENGUARD and
TGBML
GREENGUARD
Emission Rate
Concentration
(mg/m2 Hr)
(mg/m3)
TVOC
0.0336
0.01
HCHO
BQL*
<0.001
Total Aldehydes
0.0032
<0.001
1-Butanol= 35.1,Nonyl aldehyde (Nonanal)
IVOCs
=3.1,n-Butyl ether =3.0, Hexanal=2.4, Acetate,butyl=2.2, Butyl acrylate=2.0
2-Butenal, Acetaldehyde,Benzaldehyde,
Benzaldehyde,2,5-dimethyl,Benzaldehyde,2Selected
Not necessary requirements
methyl Benzaldehyde,3,4-methyl, Butanal,
Aldehydes
Butanal,3-methyl Formaldehyde, Pentanal,
propanal=BQL, Hexanal=3.2
*BQL=Chemical below quantifiable level of 0.1ug based on a standard 45L air collection volume
Compound

4.2

TGBML
Emission Rate
Concentration
(mg/m2 Hr)
(mg/m3)
0.105
0.084
0.002
0.002
Not necessary requirements
Benzene =0.002,Xylene=0.054,
Ethylbenzene =0.013, p-Xylene
=0.008, p-Xylene =0.007

Comparison for the sample (emulsion painting) testified between M1 label and TGBML

Table 7 shows the contrast between the two labelling system. We find that values testified by
Emission Classification of Building Materials are much more lower that that of TGBML. Furthermore, in order to promote mutual accreditations between TGBML and M1 label may set a priority
on the testing items of TGBML, such as ‘Carcinogens, SER 1 g/m2 Hr’.
Table 7 Comparison for the sample (emulsion painting) testified between M1 label and TGBML

Compound
TVOC
HCHO
Total Aldehydes
IVOCs
Selected Aldehydes
Single VOCs C6 to C16
Single VOCs outside the
frame C6 to C16
Ammonia
Carcinogens,SER
1 g/m2 hr
Sensory evaluation

TGBML
Emission Rate Concentration
(mg/m2 Hr)
(mg/m3)
0.105

0.084

0.002
0.002
Not necessary requirements
Benzene =0.002,Xylene=0.054,
Ethylbenzene =0.013, p-Xylene
=0.008, p-Xylene =0.007
Not necessary requirements
Not necessary requirements
Not necessary requirements

M1 label
Emission Rate ( g/m2 Hr)
4.6(0.0046 mg/m2 Hr)
g/(m

2

Hr) as toluene equivalent between C6 to C16

5(0.005 mg/m2 Hr)
Not necessary requirements
Not necessary requirements
Not necessary requirements
4.6
3,4-Dichloro-benzenamine

No single VOC’s detected

Not necessary requirements
Not necessary requirements
Not necessary requirements

25
1
g/(m

2

Hr) as toluene equivalents

0.2
Average of acceptability

In section 4.1, we discover the ‘TVOC emission rate’ had been influenced strongly by environed
conditions. Such settings of temperature and air change rate lead to the TGBML testing value of
TVOC emission rate presenting much more higher than GREENGUARD. The mutual
accreditations between TGBML and GREENGUARD may set a priority on the testing items of
TGBML and also adaptive benchmarks for the climate condition in Taiwan.
In section 4.2, we find that values testified by Emission Classification of Building Materials are
much more lower that that of TGBML. Furthermore, in order to promote mutual accreditations
between TGBML and M1 label may set a priority on the testing items of TGBML, such as
Carcinogens, SER 1 g/m2 Hr .
This paper reveals that the product certified by Taiwan Green Building Material Label (TGBML) can
pass the benchmarks of other 2 building material labels. In order to promote a healthy IEQ
environment in Taiwan, these results may provide stricter low-emission benchmarks and
suggestions of other compounds which can be added to the prerequisites of tests in Taiwan.
By embedding the bilateral architecture-oriented and user-oriented concept, the benefits of healthy,
ecological, recyclable, and high-performance green building materials are expanded to advance
the quality of domestic construction environment and facilitate the performances of the citizens’
healthy living environment. Furthermore, for internationalization, the exchanges in the global
platform and the technological coordination are based to gradually achieve cooperative
agreements in order to benefit excellent domestic manufacturers from developing international
markets.
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Summary
As a means to explore appropriate roles for building regulation in responding to the diverse
challenges of climate change, an international workshop was organized by the Inter-jurisdictional
Regulatory Collaboration Committee (IRCC) and the International Code Council (ICC) and held in
Boston, Massachusetts, on October 20, 2010. A brief summary of the key points identified by the
Workshop speakers in their presentations, an overview of the Workshop discussion, and a
summary of the common issues, approaches, schemes, strategies and solutions that resulted are
presented and the benefits to this type of international sharing of views at a building regulatory
level are presented.
Keywords: Building regulation, climate change adaptation, GHG reduction

1. Introduction
It has been well documented that buildings are a significant contributor to greenhouse gas
emissions through energy used in buildings and embodied in building products, and that steps are
needed to reduce the contributions to climate change from the built environment. In addition,
buildings will need to adapt to changes in climatic conditions, including new weather patterns,
rising sea levels, and increased storm frequency and severity. These challenges are not new, and
many countries are implementing plans to reduce overall energy usage, to take advantage of new
technologies aimed at reducing dependency on fossil fuels, and to develop more climate-resilient
building solutions. However, from a building regulatory perspective, most of these measures are
targeted at new construction, and existing building stock presents a far bigger impact and
challenge. In addition, there are different approaches being pursued in various countries, each with
challenges associated with performance metrics, mandatory versus voluntary requirements, and
enforcement. New building systems, components and types of construction also pose challenges,
particularly for approval within prescriptive building regulatory systems.
To explore these and related topics, the Inter-jurisdictional Regulatory Collaboration Committee
(IRCC) and the International Code Council (ICC) assembled a group of leading national and
international experts and policy officials to provide their perspectives. The IRCC includes fourteen
of the lead building regulatory agencies and organizations of thirteen countries. Created as a
means to facilitate international discussion on issues related to the development and promulgation
of functional, objective-based and performance-based building regulation, a principal aim of the
IRCC is to foster a common understanding of the international building regulatory environment,
while also promoting the global exchange of information, and a more open environment of inter-

jurisdictional commerce in building design and construction. The IRCC meets twice a year to
discuss other emerging issues and to share experiences between members. In recent years, the
IRCC has held a workshop in conjunction with many of their meetings to facilitate discussion and
solutions on topics of interest to the global building regulatory community. For more information
about the IRCC, its members, workshops and other activities, including presentations for this
workshop, see www.IRCCbuildingregulations.org.
The ICC is a membership association dedicated to building safety and fire prevention. ICC
develops the codes and standards used to construct residential and commercial buildings,
including homes and schools. The International Codes, or I-Codes, published by ICC, provide
minimum safeguards for people at home, at school and in the workplace. The I-Codes are a
complete set of comprehensive, coordinated building safety and fire prevention codes. Building
codes benefit public safety and support the industry’s need for one set of codes without regional
limitations. Fifty states and the District of Columbia have adopted the I-Codes at the state or
jurisdictional level. Federal agencies including the Architect of the Capitol, General Services
Administration, National Park Service, Department of State, U.S. Forest Service and the Veterans
Administration also enforce the I-Codes. More information is available at www.ICCsafe.org.

2. Framing the Problem
The first session of the workshop aimed to frame the climate change challenge and the opportunities for building regulation. The issues discussed ranged from the dire situation with respect to climate change to the changes needed in the building regulatory system to respond appropriately.
2.1

Building Sector Strategies for Reducing GHG Emissions under Extreme Conditions

A considerable number of papers produced by the Intergovernmental Panel on Climate Change
(IPCC) and others have outlined the science behind climate change predictions, probable impacts,
mitigation measures and possible adaptation. In his problem-framing presentation, Nils Larsson,
Executive Director, International Initiative for a Sustainable Built Environment (http://www.iisbe.org/)
outlined some key links between climate change and the building sector and then to suggest some
possible responses for rapid reduction of greenhouse gases under emergency conditions [1].
In setting the stage, Larsson noted that while the World Resources Institute (WRI) estimates that
buildings are directly responsible for 15.3 percent of global GHG emissions [2], when one adds to
this a share of industrial emissions (for materials) and for road transport, a very conservative
estimate of building-related GHG share would be in the range of 20 percent to 25 percent; higher
in developed countries. This argues strongly that the building sector is a main target for GHG
reduction. In addition, there is not much time to act. One of the sobering aspects of the work done
by the IPCC is their exposition of the time scales involved. IPCC demonstrates that CO2 emissions
today have a positive feedback on global mean temperature that lasts for over 100 years, and the
resulting sea level rise due to thermal expansion lasts well over 1,000 years [3]. Therefore, even if
action to reduce GHGs is immediate, the effects of current emissions are still to come.
Unfortunately, climate change is not the only challenge that will be faced by the building industry
during the next century, as several factors will converge to make the life of developers, designers
and builders especially difficult [4]. Fuel costs and possible shortages will create problems for
automobile owners, especially for those who want to emulate the North American pattern of living
in outer suburbs with one car per adult occupant. There may be respite in cost hikes in the form of
greatly increased fuel efficiencies or car-sharing, but no general solution save that of increasing
densities in such areas to a point where public transport becomes economical, something that will
take decades. The building sector also faces competition for fossil fuels with, for example, natural
gas being used for power generation and space heating, as well as for the production of fertilizers.
These issues will be complicated by the recession, which on the one hand makes it harder to find
construction funding, while on the other hand government is trying to stimulate construction-related
employment. All the while, demographic changes will shift demand for types of dwelling units,
which may alter the value of existing buildings to a considerable extent.

The overall situation is that, although impressive efficiency gains are being made in building and
equipment performance, excess consumption is wiping out these gains. More troubling is that
consumption is culturally determined, and cultural changes usually require a decade or more of
substantial information and incentives. Some regions and countries, especially in Europe, have
responded in a positive way, but major private sector emitters are not likely to respond to a
sufficient degree, especially not within the very small narrow window of opportunity for mitigation
that still exists. We therefore face a possibility of massive disruption of agriculture and industry and
living and working conditions, possibly by mid-century and certainly by the end of the century.
Although we all want to look for a happy ending, we are not likely to avoid this fate unless there is
a major paradigm shift. The assumption for the type of major events related to climate change that
are likely to occur during the next decade include coastal storms with related storm surges, inland
storms, flash floods, droughts and major forest fires. If a series of such events take place in firstworld regions within the next decade, with extensive damage and multiple deaths, it is likely that
the imminence of climate change will finally be accepted by the majority of media and decisionmakers. Based on the history of catastrophic events of other types, we can assume that the shock
effect will open the minds of the public and elites to radical measures. But such openness will last
only for a few weeks, and desperate leaders will grab whatever plans are available. The result
could be hasty, ad-hoc and poorly considered action.
Some of these consequences can be avoided if quick and decisive action takes place, but such
responses are likely to be effective only if action plans have been developed before the emergency
occurs, and are ready for immediate implementation. Even though some government and many
private-sector organizations have not been willing to take meaningful mitigation steps to date, they
might be willing to prepare contingency plans for rapid reduction, as part of a due diligence
process. Such plans must support very rapid reductions in GHG emissions over a short time-frame
– something like 75% over 5 years – but varying with the sector and specific cases. To be available
when the time comes, such plans must be voluntarily developed now by a variety of public- and
private-sector organisations, so they will be ready when needed. A large number of contingency
plans will need to be prepared by individual governments and private-sector organizations, to cover
most key sectors of the emission-producing economy, a number of which were outlined [1,4].
2.2

Emerging Climate and Energy Realities Require Evolutionary Regulatory Change

Given the dire situation outlined by Larsson, the discussion then turned to roles which could be
played by the building regulatory community. The tone for this discussion was set by Mr. David
Eisenberg, co-founder and leader of the non-profit Development Center for Appropriate Technology
(http://www.dcat.net/) in Tucson, Arizona since 1992. His three decades of building experience
range from troubleshooting construction of the steel and glass cover of Biosphere2, to building a
$2 million structural concrete house, a hypoallergenic structural steel house, and masonry, wood,
adobe, rammed earth, and straw bale structures. Since 1995 he has led the effort to create a
sustainable context for building codes as a former two-term member of the U.S. Green Building
Council Board of Directors, founder and chair of the USGBC Code Committee, and recent member
of the ICC Sustainable Building Technology Committee, which created the first draft of the
International Green Construction Code (IgCC).
While he noted that the approaching “perfect storm” of climate change coupled with peak energy
(and other resource and ecological and human health concerns) presents enormous challenges,
Eisenberg also noted that it presents similarly large opportunities, and that the need to address the
impacts of buildings on the environment and to explicitly include the protection of future
generations in building regulations has never been clearer [5]. Past assumptions about appropriate
categories and understanding of risk, climate stability, the availability of adequate and affordable
supplies of energy, water and other critical resources, and about the ability of current regulations,
regulatory thinking and structures to cope with emerging realities all need careful reconsideration.
The emerging carbon and energy constrained future demands a new regulatory mindset — one
that is anticipatory, whole-systems-based, and able to balance risks in different spheres of activity,
timeframes, locations and types. The building regulatory realm must retool in order to facilitate

continuous change rather than its historic tendency to preserve the status quo, enabling innovation
based on more comprehensive understanding of risks and more integrated approaches to
addressing and balancing them. This will require new and more cooperative relationships between
innovators and regulators, management of risks inherent in change, and development of protocol
for real-time learning from iterative innovative projects. It will also mean more support for local and
regional resource utilization and research support for lower-tech, low-impact technologies and
approaches.
Eisenberg presents the view that our current fragmented approach to addressing and thinking
about risk is the riskiest way to address risk. At least in the U.S., he notes, we have not developed
any systematic way of identifying and balancing incremental risks – say at the building site – with
systemic risks in the larger community or region or world. We have ignored the existence of
cumulative harm and of limits – system limits, resource limits, ecological and human health
thresholds, and we have failed to build any kind of anticipatory or precautionary functions into our
regulatory processes, waiting instead for problems to grow to enormous proportions and levels of
seriousness before taking regulatory action. While our modern building codes are extraordinarily
good at enabling us to design and build buildings that rarely burn down, fall down, trap people in
emergencies, expose them to raw sewage, electrocute them, let them fall from high places,
suffocate them too quickly, and so forth, we think we have eliminated or greatly reduced the risks
associated with buildings. What we've actually done is move those risks in space and time. We've
moved them away from the building site out into all the natural systems on the planet – our life
support systems, and from the present to our children and grandchildren and all the future
generations of all the other species on whose welfare our welfare also depends.
Addressing these concerns are not so simple, he cautions, as regulatory thinking is often like
looking through a microscope: we can see important risks to people in and around buildings, but
important as they are, these building or project scale risks completely fill our field of view. While
these risks are very important, because they are risks to real people, outside the field of view are
other risks are being created that are many orders of magnitude greater - generalized and
distributed risks to billions of people that can't be seen through that lens. Unfortunately, risk
management is not an either-or situation - we have to learn to address all these risks at the same
time. What is needed is a more complete and balanced regulatory response to address and
balance all these risks together. This requires a change in approach. The main navigational tool in
the current regulatory realm is the rear-view mirror, and since we rarely have preventive or
precautionary regulatory structures with anticipatory capabilities built into them, we lose the chance
to deal with new risks when they're small and manageable – or better yet – avoidable. Worse,
emergent risks or new kinds of risk tend to be problematic for the regulators and so they are often
reluctant to acknowledge them or respond to the need for change. At this point in time, it seems
increasingly clear that in order to safeguard the public from hazards attributable to the built
environment the new minimum standard must be to enable the most significant and rapid transition
to sustainable practices that we can manage, not to maintain the status quo. Change is risky but
Eisenberg does not think it is nearly as risky as continuing to do what we have been doing. Our
regulatory systems need to become much more outcome and performance based, with the goal of
enabling the best outcomes rather than just preventing the worst ones. We will need to relocalize
many things as we find it increasingly difficult to drag resources around the planet and process
them to whatever standards we used to consider essential. We will need to find ways to use more
local and regional resources, reuse buildings and materials, and overall, be much more careful
with what we use. The regulatory realm will need to mirror the shifts happening at the leading edge
of integrative design and sustainable and regenerative building and development.
2.3

Evolving Energy Codes from Prescription to Real Performance: The Need for Whole
Building Target-Based Codes

Following the lead of David Eisenberg, Ms Cindy Jacobs, Senior Advisor, Commercial and
Industrial Buildings Branch, Climate Protection Partnerships Division, US Environmental Protection
Agency (EPA) Office of Air and Radiation, provided an overview on EPA’s ENERGY STAR
approach (http://www.energystar.gov/). Ms Jacobs was able to provide a very comprehensive
overview of the program, having managed the commercial and government outreach efforts for

ENERGY STAR and expanded ENERGY STAR’s energy performance scale, including the addition
of new features and greater usability as well as more widespread use in the commercial real estate,
grocery, hospitality, retail, and municipal sectors.
Echoing statistics identified by Larsson above, Jacobs noted that commercial buildings account for
about 20% of U.S. energy use and greenhouse gas emissions, which is projected to grow at about
1.8 percent per year over the next 25 years: more than in any other sector [6]. This is a concern
for several reasons, not the least of which is that the average energy intensity (energy per square
meter) of existing buildings has not improved in recent years – even as energy codes have
tightened substantially. After a decline from 1979 to 1986, the average energy intensity of
commercial buildings remained roughly the same through 2003, the most current year that
nationally representative data were collected. One reason for this disconnect is likely the current
structure of energy codes, which focuses on tightening prescriptive standards for building
components, rather than on reducing whole building energy use. Existing codes do not allow
building designers to establish a whole building energy target that can be tracked from design
through operation, providing both a goal for those involved in design as well as a feedback
mechanism. This is not indifferent to the observations made by Eisenberg. Furthermore, Jacobs
provides data that suggest some buildings which are modeled at design to perform better than
code actually use more energy than average buildings [6, 7].
Jacobs notes that awareness of the gap between energy performance estimated at design and
once a building is operating is growing as more local governments and states require whole
building energy benchmarking of existing buildings. What is needed, she suggests, is a new
approach to energy codes – one that sets whole building energy use targets at design, and
requires that buildings demonstrate they are meeting the targets once in operation. Coming up
with the right targets is not a simple task, but a far more productive use of code designers’ effort
than ratcheting up prescriptive standards for only part of the building, for diminishing – or no –
returns.
The EPA ENERGY STAR energy performance rating evaluates the performance of buildings that
use all types of energy. To compare diverse commercial buildings equitably, it was determined that
the ratings must express the consumption of each type of energy in a single common unit. To
accomplish this, EPA has determined that source energy is the most equitable unit of evaluation
[8]. Source energy represents the total amount of raw fuel that is required to operate the building,
incorporating all transmission, delivery, and production losses, thereby enabling a complete
assessment of energy efficiency in a building. To estimate source energy, one also has to know
site energy totals for each fuel, the amount of heat and electricity consumed by a building as
reflected in utility bills. In brief, site energy may be delivered to a facility in one of two forms:
primary and/or secondary energy. When primary energy is consumed on site, the conversion to
source energy must account for losses that are incurred in the storage, transport and delivery of
fuel to the building. When secondary energy is consumed on site, the conversion must account for
losses incurred in the production, transmission, and delivery to the site. The factors used to restate
primary and secondary energy in terms of the total equivalent source energy units are called the
source-site ratios. EPA uses national average ratios to accomplish the conversion to source energy
because ENERGY STAR is a national program and because the use of national average sourcesite ratios ensures that no specific building will be credited (or penalized) for the relative efficiency
of its energy provider(s).
With this common metric, building energy performance can then be tracked as well. This is
accomplished through EPA’s Portfolio Manager [9], which helps building owners and managers
track and assess energy and water consumption within individual buildings, as well as across
entire building portfolios, allowing them to benchmark building energy performance, assess energy
management goals over time, and identify strategic opportunities for savings and recognition
opportunities. This combination of performance metric, monitoring and feedback allows for much
better assessment and modification of building energy performance than a static regulatory
approach alone.

3. Regional and Country Approaches
In this session, speakers from Asia, Europe and North America provided perspectives on climate
change adaptation and response in regional and national building legislation.
3.1

The 2010 European Energy Performance of Buildings Directive (EPBD) and its Implementation in France

Leading off the discussion on regional and country approaches to building regulatory approaches
for addressing the impacts of climate change, Dr. Jean Carassus, Professor at Ecole des Ponts,
Paris Institute of Technology, and Coordinator of CIB TG66 – Energy and the Built Environment,
provided an overview of the European Energy Performance of Buildings Directive (EPBD) and its
adoption in France, including motivation, implementation and process.
Carassus began by noting that the European Energy Performance of Buildings Directive (EPBD)
N°2010/31/UE of 19 May 2010 updates, for the 27 Member States of the European Union, the
Action Plan which was established eight years ago by Directive N°2002/91/EC (16 December
2002). Key aspects derive from the December 2008 energy action plan, which defined three
ambitious objectives for 2020: (1) unilateral decrease of 20% of green house gas emissions
between 1990 and 2020, (2) a decrease of 20% of energy consumption between 1990 and 2020,
and (3) a share of 20% of renewable energy in 2020 (9 % today) [10]. Carassus noted that the
motivation for action is in part the market failure noted by Sir Nicholas Stern, who noted that
“climate Change is the greatest and widest-ranging market failure ever seen.” [11] Challenges
include the fact that the market is blind because no price signal is available, and within Europe, a
‘cap and trade’ system is available only for the manufacturing industry and not for the construction
and property industry, despite that fact that the construction and property industry represents 36 %
of GHG emissions and 40 % of energy usage in the European Union. In trying to address these
concerns, the the European Energy Performance of Buildings Directive (EPBD) N°2010/31/UE of
19 May 2010 updates impose the following on member states [10]:
‘nearly zero’ carbon and energy for new buildings in 2020 (2018 for new public buildings)
Strengthening the role and the quality of Energy Performance Certificates, which will be compulsory in advertisements for sale or rent
Display of Energy Performance Certificates in public buildings (compulsory in 500 m² buildings,
250 m² in five years)
minimum energy performance requirements for new buildings and major renovations, with lowering of the 1000 m² threshold for existing buildings when they undergo a major renovation
lowering of the threshold for Energy feasibility studies in new buildings
strengthening the role and the quality of Heating Ventilation Air Conditioning inspections
benchmarking to achieve cost-optimal levels
Moving on to the situation in France, Carrasus noted that after the 2007 Presidential election there
was a national negotiation undertaken between government, local authorities, employers, unions
and environmental associations about four topics: climate change, biodiversity, environmental risks,
and health risks. This negotiation, or “Grenelle de l’Environnement” as it is called, resulted in
mobilization of the main national bodies on the topic of climate change regulation. The result was
new French policy formalizing the implementation of European Directive through the “Grenelle”
laws of 3 August 2009 and 12 July 2010. The result has been a huge quantitative (and qualitative)
jump for construction and property sector [10]. For new buildings, the target for 2012 thermal
regulation is the 2005 thermal regulation energy consumption value minus 50%, with the target for
2020 being the 2005 thermal regulation level minus 100%. There is also a “Positive Energy
Buildings” requirement that equates to minus 70% of 2005 levels plus 30% renewable energy
produced by the building.
For existing buildings, the targets are also ambitious, with a target 2020 existing stock consumption
equal to the 2009 building stock energy consumption minus 38% (from 240 KWh/m²/y to 150
KWh/m²/y primary energy), with existing public buildings having a 2020 target of 40% lower energy

consumption and 50% lower greenhouse gas emissions from 2009 and levels. In addition, starting
in 2011, energy performance is required in advertisements relating to the sale or rental of real
estate, there will be compulsory green leases in non residential buildings more than 5000 m²,
requirements for carbon analysis integrating users transport for all private firms of more than 500
employees and public bodies of more than 250, and starting in 2012, labeling of pollutants and
requirements for real estate asset consumption and emissions to be controlled by local authorities
Climate and Energy Territorial Plans. Targets for existing buildings aside, Carrasus sees
addressing existing buildings as a challenge, and suggests that a mix of four types of instruments
is needed to adequately address the challenge in France:
1. Control and regulatory instruments, including normative measures such as appliance standards
and building codes, as well as informative instruments, such as mandatory audits,
2. Fiscal instruments and incentives, including tax exemptions/reductions, grants, and subsidized
loans,
3. Economic and market-based instruments, such as energy performance contracting and energy
efficiency certificate schemes, and
4. Support, information and voluntary action, including voluntary certification and labeling, voluntary and negotiated agreements, public leadership programs, initial and continuous training
programs for property and construction professionals, and awareness raising, education and
information campaigns.
In the end, Carassus noted that three main lessons can be defined from the French situation. First,
the driver of energy efficiency of buildings is political; especially since energy efficiency is for the
moment seen as a market failure. Second, the contents of laws and political decisions depend on
mobilization of public and social bodies in society. Third, the implementation of laws and public
decisions is hard to control, especially for renovation of existing building stock.
3.2

Steps to a Tighter Energy Code for Spain by 2011

A perspective on the energy requirements in the Spanish building code was provided by Mr. Jose
Antonio Tenorio Rios, Senior Engineer, Technical Building Code Coordinator, Eduardo Torroja
Institute for Construction Sciences, Spain. Mr. Tenorio Rios noted that the Technical Building Code
was published in 2006 as the regulation that buildings must satisfy [12]. However, in 2007, Energy
Certification became mandatory of new buildings in Spain in conformity with Directive 2002/91/EU
of the European Parliament, as outlined by Dr. Carassus. In 2010, a review of the Directive
(2010/31/EU), named RECAST, was published with the aim to promote the improvement of the
energy performance of buildings within the European Union, taking into account outdoor climatic
and local conditions, as well as indoor climate requirements with cost-effectiveness criteria, with an
objective that in December 2020, all new buildings are nearly zero-energy buildings.
At present, the Spanish Building Code has an objective that energy savings and thermal insulation
be used to ensure the rational use of the energy needed for the building to be run properly. This is
to be accomplished through compliance with five Performance Requirements: restriction of energy
demand, efficiency of heating and cooling systems, energy efficiency of lighting systems, a
minimum solar contribution for domestic hot water, and a minimum photovoltaic contribution for
electric energy. These objectives are stated in performance language as follows.
With respect to restriction of energy demand (Performance Requirement HE1), buildings are to be
designed with a shell of characteristics so as to sufficiently limit the energy demand required to
ensure thermal comfort in relation to the temperature of the room, the use of the building and
summer and winter conditions, as well as insulation and inertia characteristics, air permeability and
exposure to solar radiation, reducing the risk of the appearance of condensation on surfaces and
in gaps which could have a negative effect on these characteristics, whilst dealing appropriately
with heat bridges in order to limit heat losses or gains and to prevent internal hydrothermal
problems.
For the efficiency of heating and cooling systems (Performance requirement HE 2), buildings are to

be equipped with suitable heating systems designed to ensure the thermal comfort of their
occupants, limiting the output of the systems and of their equipment. Likewise, Performance
Requirement HE 3, energy efficiency of lighting systems, requires buildings to have energyefficient lighting systems adapted to the needs of their users, having a control system allowing
lighting to be adjusted to the actual occupation of the area, in addition to a regulation system
making optimum use of the natural light, in areas meeting particular conditions.
With respect to Performance Requirement HE 4, minimum solar contribution for domestic hot water,
the code requires that in buildings with an expected domestic hot water demand, part of the
heating energy requirements resulting from this demand shall be met by incorporating systems for
the collection, storage and use of low temperature solar power adjusted to the overall solar
radiation of their location and to the demand for hot water in the building. The values resulting from
this requirement shall be considered as minimal, without prejudice to more stringent values which
may be established by the competent authorities and which contribute to sustainability, taking
account of the actual characteristics of their local environment. Similarly, Performance
Requirement HE 5, minimum photovoltaic contribution for electric energy, requires that where
required by the code, systems be incorporated for the collection and conversion of solar power into
electricity by photovoltaic processes for their own use or to feed power to the network.
Within the Spanish situation, it seems that the Performance Requirements are generally
appropriate for meeting the new EU requirements. However, there will be a need to move some
buildings to higher levels of performance to meet the near zero energy requirement through
increased energy efficiency of the building envelop and systems, and by additional contribution of
renewable energy contributions to buildings (e.g., solar).
3.3

Codifying the Minimum Tenets of Sustainability Is Harder Than You Might Think!

To provide an overview of the model code approach to addressing the impacts of climate change
in the United States, Mr. Darren Meyers, former Technical Director, Energy Programs, Architectural & Engineering Services, International Code Council, USA, spoke to the draft International Green
Construction Code. Meyers set the stage by discussing recent trends, which have shown American
developers/owners taking a more active role in demanding environmental stewardship in the development of their communities and the design and construction of energy efficient, green buildings, much as conscientious consumers now demand of the products they buy [13]. In many respects, he noted, green buildings reflect a commitment to the environment that has become a necessity in this era of climate change and energy-insecurity. Furthermore, many see conserving the
energy embodied and consumed in the planning, construction, operation, adaptation, re-use and
de-construction of buildings as a way in which communities might reduce greenhouse gas (GHG)
emissions created in processes that power the machines that condition, ventilate, illuminate and
provide potable hot water to buildings, and power the appliances and office machines that advance
worker productivity in those buildings.
These trends, noted Meyers, along with motivation from the federal government and others,
provided motivation for the development of the ICC International Green Construction Code (IgCC),
a minimum standard for energy-efficiency and sustainability in construction. While energy codes
and standards have existed for buildings for some time, including ICC’s International Energy
Conservation Code [14] and ASHRAE Standard 90.1-2007 [15] and voluntary programs such as
LEED provide market-based incentives, the aim of the IgCC is to safeguard the environment,
public health, safety and general welfare through the establishment of requirements to reduce the
negative potential impacts and increase the positive potential impacts of the built environment on
the natural environment and building occupants, by means of minimum requirements related to:
conservation of natural resources, materials and energy; the employment of renewable energy
technologies, indoor and outdoor air quality; and building operations and maintenance [16]. In the
United States, it is the combination of focusing on the conservation of natural resources, materials
and energy, addressing indoor air quality and comfort, and tackling the operation and maintenance
issues all in one document that sets the IgCC apart from the existing energy-focused codes,
standards and voluntary methods.

In many respects, the intersection of design, operation and maintenance is one of the key aspects,
with the aim to try and incorporate the lifecycle performance into the code. Requirements that the
owner is responsible for seeing that the building is operated and maintained at the design
performance level, with period reporting requirements, provides the type of feedback loop that is
necessary to achieve performance targets for the life of the building. Provisions for existing
buildings aim to extend the reach of the IgCC to buildings which undergo major renovation or
expansion, thus expanding the buildings addressed by the code. While many see such feedback
loops as important, Meyers notes they do raise questions such as [13]: to what extent do architects
have the capacity to audit buildings for energy use/performance; does a true third-party
relationship exist between Commissioning Agents, if they were assigned the traditional role of a
special inspector (engineers); and whether code enforcement officers have the jurisdiction to issue
“certificates of compliance” (opposed to certificates of occupancy) tied to municipal, performancebased surety bonds. In considering the aims of the IgCC, and the future move to more outcomebased requirements, a major hurdle which needs to be addressed in not whether outcome-based
codes can be developed, but when they eventually are developed, can they be effectively enforced
given the current state of U.S. building regulatory community, or will that need to change as well?
3.4

Overview of Massachusetts Building Energy Code and Stretch Code Option

From the broader perspective of the model IgCC developed for adoption across the US, the next
presentation focused on what one state, Massachusetts, was doing with respect to energy
regulation for buildings. Presenting the overview was Mr. Marc Breslow, Director of Transportation
and Buildings Policy, Executive Office of Energy and Environmental Affairs, Boston, MA, who
among other duties, currently represents the state of Massachusetts on the Climate Change
Steering Committee of the New England Governors-Eastern Canadian Premiers.
As Darren Meyers noted, there is a growing trend to be more environmentally conscious in many
states, Massachusetts among them. This was recognized by government with passage of the
Green Communities Act in 2008 [17]. With passage of the Green Communities Act, Massachusetts
moved to adopt the ICC International Energy Conservation Code [14] and ASHRAE Standard 90.1
[15] to address energy performance regulation in residential and commercial buildings. In addition,
the state took the opportunity to provide communities with the opportunity to go beyond code
minimums by also including a ‘stretch code’ option [18]. The ‘stretch code’ allows cities and towns
to choose a more energy efficient option based on the performance requirements in the IECC, the
Home Energy Rating System (http://www.resnet.us/home-energy-ratings), and EPA’s ENERGY
STAR options for homes (http://www.energystar.gov/index.cfm?c=new_homes.hm_index). For
commercial buildings, performance requirements as outlined in ASHRAE Standard 90.1 are the
basis. Overall, Breslow noted that this option increases the efficiency requirements in any
municipality that adopts it, for all new residential and many new commercial buildings, as well as
for those residential additions and renovations that would normally trigger building code
requirements. A brief overview of the energy code and ‘stretch code’ can be found at
http://www.mass.gov/Eoeea/docs/doer/gca/MA%20stretch%20code%20Wed19%20webinar.pdf
3.5

Development Policy, Building Regulation and a Sustainable Built Environment – A
Singapore Perspective

The workshop then moved onto a set of presentations that considered a broader perspective with
respect to sustainable built environments and climate change adaptation. The first presentation in
this area was given by Mr. Ong See Ho, Deputy CEO (Building Control) of the Building and
Construction Authority (BCA), Singapore. Mr. Ong noted that although Singapore is a small and
densely populated city-state, with a land area of about 700 square kilometers and accommodating
nearly 5 million people, it has been consistently rated by international organizations as one of the
most liveable cities in the world with a strong economy. In order to sustain economic growth and
our quality of life in a highly built-up city-state, the key challenge faced is to ensure that
development continues to go hand-in-hand with efforts to preserve our environment.
To address this need, an Inter-Ministerial Committee on Sustainable Development (IMCSD), which

consists of government leaders from key sectors, is leading the national effort on developing
holistic strategies towards sustainable development for Singapore. Targets set by the IMCSD are
aggressive, including 80% of buildings in Singapore to attain at least BCA Green Mark Certified
rating (http://www.bca.gov.sg/GreenMark/green_mark_buildings.html) by 2030, with a 35%
improvement in overall energy efficiency from 2005 levels by 2030 [19]. As part of this effort, the
BCA has formulated sustainable strategies for the building and construction industry. They include
a combination of initiatives involving changes to building regulations, incentives and awards, R&D,
training, promotion and educating the industry to look not just at business case to green our
buildings but also corporate social responsibility towards sustainable development.
On the incentive track, the government has set aside $20 million to help encourage increased
Green Mark ratings for new construction, and $100 million for existing buildings. The scheme for
new buildings is based on a per square meter value, resulting in larger incentives for larger
buildings. For existing buildings, the incentives relate to increases in operational efficiency of air
conditioning systems and overall reductions in energy usage. There is also a $50 million fund to
intensify and encourage research and development aimed at making green building technologies
more viable and cost effective, thus increasing the uptake in the market. With respect to training
and education, the BCA has a target of training 18,000 to 20,000 green specialists within the next
10 years, and plans to address consumer and industry knowledge and education regarding
building energy performance. On the regulatory side, new targets have been set for the Green
Mark levels that new construction needs to meet, raising the levels by 10% across the board. With
so much of the building stock being existing buildings (90%), the coupling of regulatory changes
and Green Mark incentives, along with consumer awareness of the lifecycle energy costs for
buildings, are intended to work together to reach the energy reduction and green building targets.
3.6

Climate Adaptation in Sweden

The focus then switched back to Europe, where a discussion on the approach to climate
adaptation in Sweden was provided by Mr. Nikolaj Tolstoy, Head, Construction and Management
Unit, The National Board of Housing, Building and Planning (Boverket), Sweden. Here, the focus is
not on the energy performance of buildings, but on the conditions that buildings in may face in the
future as a result of changing climatic conditions. In many respects this is much more challenging
than the energy issue, since it is not just a building issue, but a community planning issue as well.
As such, in the considered view of Boverket, adaptation through planning and construction can
help to reduce the negative and inevitable consequences of climate change, such as flooding,
landslides, landslips and erosion [20]. To help the market, Boverket published a report on how the
planning and construction legislative framework, primarily the Planning and Building Act 1987 (as
amended), can be used in the work on adapting the built environment to a changing climate
(www.boverket.se/Global/Webbokhandel/Dokument/2009/klimatbroschyr_engelsk_31Aug.pdf).
The first step is for local communities to conduct a hazard, risk and vulnerability analysis (HRVA)
aimed at understanding how their communities and buildings may be at risk and from which
hazards. This would then inform discussions with stakeholders on challenges and adaptations that
may be helpful. This might include constructing buildings on pillars, so to offset flooding
expectations, or provide warning or mitigation for landslides, or other such technical measures. It
may also inform planning decisions, such as restricting new development in high hazard or risk
areas. The process is also helpful for identifying and addressing concerns with existing buildings,
allowing for structural retrofit, installation of flood control measures and other such strategies.
3.7

Adaptation of the Dutch Building Sector to Climate Change

The theme of adapting to climate change in Europe was carried on by Dr.ir. IJsbrand van Straalen,
a senior researcher at the Netherlands Organization for Applied Scientific Research (TNO).
Echoing previous speakers, van Straalen noted that climate change is hot news, and that there is
great concern about the origin of the change in global temperature, with policy makers are
developing plans to reduce CO2 emissions worldwide. This has recently translated into attention
for adapting ourselves to the consequences of climate change, with the predicted increase in sea
level and extremes in precipitation justifying the need for research in The Netherlands [21].

While there is great concern about the potential of climate change, less attention is currently paid
to the consequences that such climate change may have on our buildings. In design, climate
effects are taken into account by applying building regulations and design codes. These codes are
based on analysis of past observations and generally do not include trends in climate influences.
Recent research of TNO considers this omission, and a first attempt to understand the extent of
the problem has been made.
At present, it has been observed that climate change may be having an effect on material durability,
structural safety and indoor environment [21]. One potential concern is the increased deposition of
salt, which can lead to corrosion. Bio-colonization is another threat, with increased algae, mold and
mildew. Bio-deterioration may also be a concern, with faster rates of material breakdown. These
factors, alone or on combination, can lead to potential structural damage, and with moisture
penetration inside of the building envelop, lead to increased interior environmental hazards as well.
Further interior environment concerns relate to increased temperatures, which may lead to more
mechanical air conditioning, which carries some risks associated with indoor air quality as well.
Depending on how climate change manifests, there may be increased wind, rain and snow loading
on buildings. Sea level rise, of course, is a concern for the Netherlands as well.
Research is underway and proposed aimed at quantifying the problem and developing new
solutions, with a particular focus on durability of building materials, the effect on the indoor climate
and the possible effects on structural loads. The combined effects of climate parameters is
complex, and adaptation in the building sector will require modifications around material choice,
design detailing, indoor air quality control, and structural resilience to climate-related loads.

4. Education and Applications
The final aspect of the workshop presented examples of how education and awarenes can be
used to promote better market awareness of problems and stimulate solutions, and an example of
a innovative approach for sustainable construction.
4.1

Educational Tools to Succeed in the Climate Change Challenge: Solar Decathlon Initiative in the USA and Europe

Providing a focus on education and awareness, Mr. Javier Serra, Deputy Director General for Innovation and Quality in Building, Directorate General for Architecture and Housing Policy, Ministry
of Housing, Spain, provided an overview of the Solar Decathlon challenge, and the 2010 Solar
Decathlon Europe, with which he was intimately involved.
As Serra explained, the Solar Decathlon was created by the US Department of Energy in 2000
with the aim to challenge collegiate teams to design, build, and operate solar-powered houses that
are cost-effective, energy-efficient, and attractive [22]. The winner of the competition is the team
that best blends affordability, consumer appeal, and design excellence with optimal energy
production and maximum efficiency. To date, four challenges have been held with increasing
impact and success in both national and international scenes. The idea of having a Solar
Decathlon in Europe emerged while the Technical University of Madrid (UPM) Team was in
Washington preparing its participation in the 2007 US Solar Decathlon competition. Discussions
soon followed, and a “Memorandum of Understanding” was signed between the US Government
and Spanish Government, which committed the Spanish Ministry of Housing to organize, together
with the support of the US Department of Energy, a Solar Decathlon Europe (SDE) competition, in
years 2010 and 2012, alternating with the American competitions in 2009, 2011 and 2013. The first
SDE started with a RFP in September 2008 and had its final phase of competition in Madrid over
the period 18-29 June 2010. The SDE was a big success, with 17 University teams from three
continents competing to be the best in ten contests. More information about the Solar Decathlon
and SDE can be found at http://www.solardecathlon.gov/ and http://en.sdeurope.org/ respectively.

4.2

Energy and Resource Efficient Prefabricated Multi-Storey Timber Houses

As an example of the type of innovation possible when taking a broader, performance-oriented
approach to sustainable design, Mr. Ulrich Forster, Civil Engineer and Head of the Technology
Department for Rhomberg Bau GmbH, Austria, provided an overview on the development of the
LifeCycle Tower – a timber based energy and resource efficient high rise building system [23].
According to Forster, the aim of LifeCycle Tower is to obtain maximum economic efficiency, at the
same time develop a standardized system for prefabricated buildings. All targets set for this project
are highly ambitious. A multi storey complex incorporating up to 30 floors with a timber based
structure is meant to be erected. Additionally the timber building will profit from the energy and
resource efficient way of building and the unique facade system of high comfort and energy
performance. The building is mainly developed in a building-block type of system to secure clear
cost structures, resulting in a future oriented product incorporating all aspects for a sustainable
town development. This will be extremely interesting for investors as well as for city/town planners.
The aim is to have an entire, complete system, which will be brought to market on an international
level, consisting of three closely linked components: facility management, facade and construction.
By introducing an integral planning process both economical and ecological factors have similar
impact on the product; whereby the environmental impact of the product is measured by CO2
quantifications followed by certifications. Timber will be an extremely attractive material for the
construction industry, due to current and future rising energy and raw material costs. But limitations
in building codes and different regional restrictions complicate the utilization of this sustainable
system in supra-regional project developments. A high rise building which is defined by energy and
resource saving concepts and simple timber building-block systems follow the philosophy of
sustainability, which is the future. Additional information about the LifeCycle Tower can be found at
http://www.creebyrhomberg.com/en/products/lifecycle_tower/.

5. Summary and Steps Forward
Climate change is a global policy issue. There are numerous studies which point to the significant
contribution of the built environment to greenhouse gas (GHG) emissions, the possible weather
and climate changes associated with continued GHG emissions, and the need to take quick and
purposeful responses. While it is the role of others to investigate and address some of the bigger
challenges associated with climate change, the building regulatory community can play a
significant role in helping to reduce GHG emissions associated with the design, construction and
operation of buildings, and to implement planning, design and operational measures targeting both
resource efficiency and resiliency to effects of climate change. The role for the building regulatory
community can range from implementing regulatory changes associated with sustainable planning
and development practices and GHG reduction through material selection, energy efficiency and
increased use of renewable energy, to fostering innovative technology solutions to resource use
and efficiency, to raising awareness of the construction sector and of building occupants in general.
As one looks to the countries represented, there are common views on the problems and
directions for regulatory involvement. Buildings contribute significantly to GHG and targets for
decreased energy usage / increased efficiency, with movement towards nearly zero net energy
buildings a common theme. In reaching desired targets, the focus is on performance – not
prescription – with measurable performance metrics that can be monitored and used as
operational feedback over time. While the market plays an important role as well, the building
regulatory community can foster more rapid transition to better performing buildings through
support for research and development, incentives to help with the particular challenges associated
with existing construction – the largest contributors to the problem, facilitation of new technologies
for resource efficiency and resilience, and proactive public awareness campaigns aimed at
changing habits and making more informed consumer choices.
With common challenges and opportunities, there is a significant benefit to international exchange
of information on these topics amongst the building regulatory community. While the regulatory
structure and specific sector needs may vary by country, such forums provide the opportunity to

hear and understand concerns, identify and discuss strategies, and learn about the challenges,
opportunities, and success associated with building regulatory change, implementation, monitoring
and performance related to climate change and the adaptations that are needed for the built
environment. The IRCC looks forward to continuing to promote such international discussions and
to help provide a global platform for perspectives, actions and activities related to building
regulatory policy on this and other emerging issues that will impact the built environment.
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Summary
The windows play an important role in ensuring the comfort of indoor climate conditions. On one
hand, they influence to a large extent the heating/cooling demand of buildings, on the other hand
they are an irreplaceable source of daylight. This dual role of the windows makes assessment of
the overall energy efficiency of windows very difficult. Commonly used factor for windows thermal
efficiency is the heat transfer coefficient U. This factor, however, does not describe the full balance
of the window. In fact, windows are also a source of solar heat gains and allow air infiltration. That
means that the lowest U-factor does not guarantee the best thermal performance. In this paper a
method for windows energy rating system in Poland is proposed, that is based on an annual
windows thermal energy balance.
Keywords: energy certificate, energy efficiency, windows

3. Windows thermal energy balance during the heating season
Energy efficiency of a window can be determined based on the heat balance. Note, however, that it
depends not only on the parameters of the window itself, but also on environmental parameters
such as the temperature difference or the intensity of solar radiation. For this reason, two windows
with identical properties can have different thermal balance depending on the operating conditions.
Figure 1 shows the heat balance (for a heating season in Warsaw) for a typical dual-pane window
filled with air and a single low-emission layer (U= 1.6 W/m2K, gw = 0.47).
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Fig. 1 A typical dual-pane window (U= 1.6 W/m2K, gw = 0.47) heat balance for various orientations
in Warsaw
According to the results, the window has a negative energy balance only in case of four months
during the heating season. This means that characterization of its properties only on the basis of
the heat loss coefficient can lead to wrong decisions regarding the selection window. In order to
properly compare various construction solutions of windows, the energy balance of considered
windows should be compared, not their particular parameters. Figure 2 presents a sample
comparison of three different windows constructions based on their thermal balance, during a
standard heating season in Warsaw.
Following parameters has been assumed for the three window types:
− Type - 1 - Uw = 2.6 W/m2K, gw = 0.53 (dual pane window, no low-emission layer, filled with
air)
− Type - 2 - Uw = 1.6 W/m2K, gw = 0.47 (dual pane window, single low-emission layer, filled
with air)
− Type - 3 - Uw = 1.1 W/m2K, gw = 0.35 (triple pane window, two low-emission layers, filled
with Argon).
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Fig. 2 Thermal balance comparison of three window types for various orientations in Warsaw

The results shows that the best balance of heat during the heating season is attained for most of
the orientation in case of the second type of window (the exception is the northern orientation
where the window Type-3 has a slightly better balance). Note, however, that the results are based
on a simplified heat balance of the windows. In fact, it is not usually possible to use 100% of solar
heat gains as the rate of heat gains utilization depends on the energy performance of the building.
It's, however, hard to imagine, to perform time-consuming calculations of the whole building energy
performance in order to compare windows energy efficiency. Thus, there is a need to develop a
simple system of certification of windows, based on the energy balance that takes into account
both the loss and gains related to a utilization.

4. Windows energy certification systems in Europe

Czech Republic

source: www.primatravels.com

source: www.odyseja.com.pl

source: www.victoriatravel.com.pl

There are several national certification systems of windows in Europe. Assignment of a window to
one of the energy classes, together with a reference energy balance of the window should provide
prospective buyers information about the actual benefits of the application of a particular solution.

Denmark

Finland
• windows classification

• 7 classes – from A to G

• 3 classes – from A to C

• 7 classes – from A to G

• Eref = 282,4 x gw – 98,7 x (Uw + Lw)

• Eref = 196,4 x gg – 90,36 x Ug

• Eref = 140,4 x Uw – 160 x gw + 50 x L

source: www.w-spodnicy.pl

source: www.blogi.szkolazklasa.pl

• glazing classification
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• windows classification

Slovakia
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Great Britain

• windows classification

• windows classification

• windows classification

• 7 classes – from A to G

• 7 classes – from A to G

• 7 classes – from A to G

• Eref = 266,6 x gw – 96,6 x (Uw + Lw)

• zaleŜy tylko od U

• Eref = 218,6 x gw – 68,5 x (Uw + L50)

Fig. 3 Windows/glazing classification systems in Europe
Presented certification systems, to a lesser or greater extend include the components of the window energy balance. In the Czech Republic, Finland, Slovakia and the UK certification systems are
based on the reference energy balance of windows for a heating season, taking into account the
heat loss through transmission, air leakage and heat gains from solar radiation. In Denmark, the
certification scheme covers only the glazing packets and takes into account heat loss transmission
and solar heat gains, while the windows in a certification system in Sweden is based solely on the
value of the heat transfer coefficient.

5. Proposal for a windows classification system in Poland
The energy balance of a window depends not only on the parameters of the window itself but also
on climatic conditions and the energy performance of the building (due to differences in the lengths
of heating and cooling seasons and utilization levels of heat gain in buildings with different
construction). Therefore there is a need for a representative data set that will take into account
local climate and building construction characteristic.
In this study a single reference house (with three building envelope energy standards) is used to
calculate the length of the heating and cooling season. This type of building is representative for
Polish single family building stock. It has 5 rooms, 2 bathrooms, a kitchen and a toilet. There is a
garage for one car in the building. Technical data of reference house are shown in table 1.
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Table 1 Proposal for windows energy classification in Poland
Total net area
Building volume
Roof slope
Ground floor area
Area of the first floor
Usable area of the first floor (h>1.9m)
Ventilation and infiltration airflow

value
199.81
745.0

unit
m2
m3

40.0
99.9
99.9
67.0
288

°

m2
m2
m2
m3/h

The total window area of the reference house is assumed to be 17% of the heated floor area. For
distribution of vertical and roof windows see table 2.
Table 2 Window distribution for reference house
Orientation
N
E
S
W

Façade
[%]
13
29
20
38

Roof
[%]
33
0
67
0

The window distribution is representative for a typical Polish residential house.
Three cases of building envelope construction thermal properties of the reference house are used:
− new building – building envelope coefficients are taken from building design,
− building WT2008 – building envelope coefficients are taken from present Ordinance of Minister of Infrastructure on the technical requirements for buildings and their location building
design,
− building from 70s – building envelope coefficients are taken from Ordinance of Minister of
Infrastructure on the technical requirements for buildings and their location building design
PN-64/B-03404 and PN-74/B-03404.
The certification system should include all the parameters determining the energy balance of the
building throughout the year, so that the information obtained from the certificate as much as possible corresponds to the actual benefits. The presented schemes are not complete, because they
focuse on the heating demand, not taking into account cooling demand nor the the benefits the use
of natural lighting. Therefore there is a need to develop a certification system that takes into account other aspects of the influence of windows on building energy performance.
The energy balance of windows depends not only on window parameters and climatic conditions
but also on the energy performance of the building, due to the differences in the lengths of seasons and the heat gains utilization factors for different constructions. For this reason, it is required
to use a reference house that will be a basis for further energy calculations. Using the parameters
of the reference building it is possible to express the energy balance equation of the window, for
heating and cooling season as:

E ref ,heating = I heating ⋅ g − Dheating ⋅ U

(1)

E ref ,cooling = I cooling ⋅ g − Dcooling ⋅ U

(2)

where:
Eref,heating
Eref,cooling
Iheating
Icooling

- window energy balance for the heating season [kWh/m2]
- window energy balance for the cooling season [kWh/m2]
- utilizable solar irradiation during the heating season [kWh/m2]
- utilizable solar irradiation during the cooling season [kWh/m2]

g
U
Dheating
Dcooling

- solar energy transmittance of the window [-]
- heat transfer coefficient of the window [W/(m2·K)]
- heating degreehours [kKh]
- cooling degreehours [kKh]

The main problem associated with the development of a certification scheme is to provide the reference values of degreehours and utilizable solar irradiation, that will be based on both local climatic conditions and building characteristics. Due to significant differences, it is not possible to
develop a single set of reference conditions for the entire area of the European Union, however, it
is possible to develop a set of reference conditions for the individual member countries (or zones),
including Poland. Assumption that the net energy gain ranking for specific windows will be similar
for various locations is crucial for the proposed rating system. In order to identify climatic conditions influence on the windows rating classification, three different locations have been analyzed.
The locations have been chosen according to a simplified windows energy balance calculations
made for 60 different locations in Poland. As a result three data sets have been chosen for three
different locations:
- Tarnów (warmest climate),
- Warszawa (medium climate),
- Suwałki (coldest climate).
Table 3 shows windows rating for the three locations, where two best and worst performing windows have been distinguished using a colour system.
Table 3 Ranking of 12 different roof windows for various locations in Poland.
Window type
1
Uw
0.80
U value - 45
0.95
degrees
g - value for the
0.21
window
Location/Energy
balance heating
[kWh/m2]
Tarnów
10
Warszawa
9
Suwałki
6
Location/Energy
balance cooling
[kWh/m2]
Tarnów
1
Warszawa
1
Suwałki
1
Primary energy
factor [kWh/m2]
Tarnów
8
Warszawa
6
Suwałki
6

2
0.80

3
1.0

4
1.0

5
1.2

6
1.2

7
1.2

8
1.3

9
1.4

10
1.4

11
1.6

12
1.6

0.95

1.2

1.2

1.2

1.4

1.4

1.5

1.6

1.6

1.8

1.8

0.28

0.28

0.35

0.32

0.35

0.42

0.44

0.35

0.42

0.35

0.42

4
4
1

9
8
9

3
3
3

6
5
5

7
7
8

1
1
2

2
2
4

11
11
11

5
6
7

12
12
12

8
10
10

3
3
3

2
2
2

8
8
8

4
4
4

7
7
7

11
11
11

12
12
12

6
6
6

10
10
10

5
5
5

9
9
9

3
1
1

9
9
7

4
3
2

5
5
5

7
8
8

1
2
3

2
4
4

11
11
10

6
7
9

12
12
12

10
10
11

For analyzed locations the rating of windows is similar, meaning that a good window in Tarnów will
also be a good window in Suwałki or Warszawa. Therefore using a single representative location
for Poland is possible. Table 4 presents a sample reference data set for Poland.

Table 4 Proposal for the reference parameters for the windows certification scheme in Poland
Utilizable irradiation
Facade windows
Roof windows
Ih
Ic
Ih
Ic
kWh/m2 kWh/m2 kWh/m2 kWh/m2
229.0
91.7
319.6
146.5

Degreehours
Dh
kDh
96.1

Dc
kDh
4.6

Using the reference values for various window types heating and cooling reference energy balance,
windows can be classified according to their performance. As it might be difficult to use two separate labels, an overall annual energy performance may be defined as follows:

PEref ,total = − Eref ,heating ⋅ PRFheating + Eref ,cooling ⋅ PRFcooling
where
PRFheating
PRFcooling

(3)

primary resources consumption factor for heating [-]
primary resources consumption factor for cooling [-]

In Table 5 results of energy balance calculation for 12 different window types are presented. The
windows compared include simple solutions with standard frame double glazed (without low emission surface) windows and up to high-end technological solutions with thermally insulated frame
triple glazed with low emission surfaces.

Table 5 Proposal for the reference parameters for the windows certification scheme in Poland
Facade windows
Type

Uw

1
2
3
4
5
6
7
8
9
10
11
12

W/(m2K)
0.8
0.8
1.0
1.0
1.2
1.2
1.2
1.3
1.4
1.4
1.6
1.6

gw

Eh

Ec

Roof windows
Ep

U45

- kWh/m2 kWh/m2 kWh/m2 W/(m2K)
0.21 -28.7
15.6
58.1
1.0
0.28 -12.7
22.0
42.5
1.0
0.28 -31.9
21.1
68.7
1.2
0.35 -15.9
27.5
53.1
1.2
0.32 -42.0
23.9
86.0
1.2
0.35 -35.1
26.6
79.3
1.4
0.42 -19.1
33.0
63.7
1.4
0.44 -24.1
34.4
72.4
1.5
0.35 -54.3
25.7
105.5
1.6
0.42 -38.3
32.1
89.9
1.6
0.35 -73.5
24.8
131.8
1.8
0.42 -57.5
31.2
116.2
1.8

gw

Eh

Ec

Ep

- kWh/m2 kWh/m2 kWh/m2
0.21 -28.9
26.2
70.1
0.28 -6.6
36.5
49.8
0.28 -25.8
35.5
76.1
0.35 -3.4
45.8
55.7
0.32 -13.0
41.4
64.4
0.35 -22.6
44.9
82.0
0.42 -0.3
55.1
61.6
0.44 -3.5
57.6
68.9
0.35 -41.8
44.0
108.2
0.42 -19.5
54.2
87.9
0.35 -61.0
43.1
134.4
0.42 -38.7
53.3
114.1

According to the results the best performing facade windows, during the heating season, were
windows with Uw=0.8 W/(m2K) and gw=0.28, however the difference in performance
Uw=1.0 W/(m2K) and gw=0.35 or Uw=1.2 W/(m2K) and gw=0.42 is very small. Windows with very low
U values (e.g. 0.8-1.0 W/(m2K)) are quite expensive, thus making them economically inefficient
compared to the low improvement in energy performance as compared with standard/low energy
2 layer windows.

In case of roof windows ranking, the results are even more significant, as the best performing
window type, during the heating season, were windows with U45=1.4 W/(m2K) and gw=0.42. That
makes installment of windows with a lower U value completely unreasonable.
The aim of the rating system is to develop a scheme that helps consumers to choose the best
performing windows taking into account energy performance during both heating and cooling
seasons. If there is both a heating and a cooling demand, it is possible to use a combined heatingcooling energy efficiency indicator. In this study a primary energy consumption value has been
proposed that allows an estimation of total environmental impact of windows.
Based on the classification results ranges for various energy classes may be defined (Table 6).
Note that in case of the energy performance during the cooling season the best rating can be
achieved using movable solar shading devices that significantly reduce the amount of solar
radiation that needs to be cooled.

Table 6 Proposal for windows energy classification in Poland
Label
A
B
C
D
E
F
G

Heating
kWh/m2
>0
0 to -10
-10 to -20
-20 to -30
-30 to -50
-50 to -70
<-70

Cooling
kWh/m2
<0
0 to 10
10 to 20
20 to 30
30 to 40
40 to 50
>60

PE total
kWh/m2
<0
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100
>100

Presented windows certification systems and the analysis indicate that windows with a lower Uvalue are not necessarily the best performing windows as they significantly reduce the amount of
obtained solar energy in the heating season. As it is impossible to individually calculate an actual
energy performance of each window system, there is a need for a simple windows certification
system, in each member country, that will provide the most accurate data concerning windows
energy performance.
Thermal performance of windows is not the only aspect that should be taken into account, windows are an important source of natural daylight that allows for reduction of electricity consumption
for lighting, therefore a method of daylight potential implementation into the windows rating system
should be developed. Windows are also providers of natural ventilation, thus improving the indoor
thermal climate and reducing cost/energy consumptions for mechanical ventilation. That leads to a
necessity of further research that will allow development of an accurate but simple windows certification system that may be easily adopted by all countries.
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Summary
This report introduces a worldwide pioneering experience in incorporating sustainability measures
into a national code for concrete structures, in this case the EHE08 standard [1]. Annex 13 from
said code defines how to measure the contribution of concrete structures to sustainability by
means of the so-called Index of Structural Contribution to Sustainability (abbreviated in Spanish as
ICES). The calculation of this index is based on value analysis and the methodology of the MultiAttribute Utility Theory (MAUT). The applications of this index carried out so far have produced
positive results.
Keywords: concrete structures, sustainability assessment, MAUT, MCDM, value analysis, MIVES,
EHE08

1. Introduction
Most of the current codes for structural concrete only highlight technical and functional aspects.
This also includes the most spread ones, both at international [2], [3], and national level [4], [5]. At
the most, the associations or institutions behind them, influenced by the increasing interest
towards sustainability, propose some recommendations [6]. The usual approach is disaggregated,
that is, on the one hand the technical aspects are dealt with, and on the other hand, in a
dissociated document, the environmental, economic and social aspects are addressed.
During the revision of the Spanish code [7], with a view to preparing a new version [1], at first a
small incorporation of environmental aspects directly into the body of articles was considered.
Subsequently, a specific system for the assessment of the structure from the point of view of
sustainability, by means of the Index of Structural Contribution to Sustainability (ICES), was
developed.
The aim of this paper is to introduce the main aspects regarding how to measure the sustainability
of concrete structures, as have been incorporated into the recent Spanish code on structural
concrete, EHE08 [1]. It must be noted that the same approach was later followed for the revision of
the code for steel structures EAE-11 [8].

2. The sustainability approach of EHE08
2.1

Raison d’être

Nowadays, “sustainability” is a term assumed by society which can be applied to all fields; however,
it has not been developed at the same level in all of them. On the other hand, even though it is true
that sustainability is widely discussed, it is also true that the developments as to how to measure it
are clearly a step behind.
Sustainability is a global concept, not specific to concrete structures, which requires the fulfillment
of a series of economic, social and environmental criteria. In recent years, the different social
agents have been showing an increasing sensitivity towards those aspects related to the protection
to the environment and the achievement of sustainable development.
In this sense, far from considering construction as an innocuous activity, public opinion tends to
perceive it as one of the main factors contributing to the alteration of the natural environment. One
must bear in mind that the economic dimension of the activity related to concrete structures can be
around 2.4 % of Spain’s Gross Domestic Product (GDP) for the year 2007, as regards industrial
sectors only related to the materials and products included in the EHE code (the construction
activity itself is not included).
Consequently, when an in-depth revision of the Spanish standard EHE was proposed, the
Administration, by means of the so called Permanent Commission on Concrete, which is the public
institution in charge of its development, thought it necessary to introduce several considerations
about the possible contribution to sustainability of the project and execution activities of concrete
structures [9].
2.2

Aspects considered

The incorporation of sustainability into the new version of the EHE code is mainly approached through
environmental aspects both within the body of articles and in Annex 13, which deals with the Index of
Structural Contribution to Sustainability (ICES).
The body of articles includes some inspiring principles, such as: the rational use of energy (both for
the production of the construction materials and for the execution), the use of renewable resources,
the use of recycled products, the minimization of the impacts on nature as a consequence of the
execution, and the creation of healthy work areas. All of this is fulfilled through direct action measures
such as: the possibility of using recycled aggregates, or water coming from the washing of the tanks
at the concrete plants, the promotion of industrial by-products, etc., as well as the quantification of
those measures.
On the other hand, Annex 13 defines an index of contribution of the structure to the sustainability
(ICES), obtained from the index of environmental sensitivity of said structure (abbreviated in Spanish
as ISMA), establishing procedures for estimating them whenever the Owner decides to do so
(voluntary nature), given the novelty of the system. In fact, this is a novelty not only at a national
level, but also at an international level.

3. Methodology used in Annex 13
3.1

Existing assessment systems

The existing assessment systems in the field of sustainability are predominantly directed at the
environmental aspects and their impacts. In this respect [10], several authors have been working
along those lines within the field of value analysis, the contents of which are related to the following
methods:
Thorough analysis of the life cycle incorporating weights from impacts at the different levels
(criteria-indicators), as in the case of: GBC-GBTool, PromisE (Finland), BREEAM
(England), ESCALE (France), Eco/Quantum (Holland), EcoEffect (Sweden), LInx (Canada),
and MIVES and VERDE in Spain.
Assurance of actions (checklist) as in the case of LEED (USA).

Quantification of impacts by means of “eco-points” (used in order to establish comparisons
and improve the environmental design), such as ENVEST (BRE-UK) or the eco-efficiency
concept used in CASBEE (Japan). These methodologies of Life Cycle Environmental Cost
Analysis (LCECA) refer to the balance between the cost/expenses and the ecological
benefit.
3.2

MIVES method

In order to define the ISMA of a concrete structure, Annex 13 of the EHE code uses the MIVES
method [11][12]. This method was initially developed in Spain within the field of industrial
construction [13][14], but with the aim of adapting it to any construction typology, in aspects such
as localization, materials, energy and water consumption, construction solutions, etc.
The MIVES method has its own special features, lacking in other sustainability assessment
methods. It does not only focus on costs or product data, but also analyzes economic, social and
environmental requirements, with the possibility of incorporating other types of requirements, and
doing so at any stage of the life cycle of a construction or building.
Among all the methods previously mentioned, MIVES is the only one which combines multi-criteria
decision making and multi-attribute utility theory (MCDM, MAUT), with the concept of value
function [15] in order to standardize the indicators with different units (very typical of a global
comparison), or of a qualitative instead of quantitative nature, among other cases.
MIVES encompasses the upward process of assessing indicators and weighing sub-levels,
effectively integrating the set of indicators, criteria, requirements and fields of assessment
proposed, and thus emerging as a dynamic and convenient method.
The numerical results obtained in the process of assessment of alternatives are readily
interpretable, making it possible to carry out comparative studies in order to reach conclusions
regarding the improvement of the sustainability in the construction projects.

4. Index of Structural Contribution to Sustainability (ICES)
The Index of Structural Contribution to Sustainability (ICES) of the EHE08 starts from a prior
assessment of the Index of Environmental Sensitivity (ISMA). Generally speaking, a structure has a
higher value in terms of sustainability when it combines the requirements defined in the EHE with the
following aspects:
the optimization of the consumption of materials, using smaller amounts of concrete and
reinforcements,
the extension of the service life of the structure, which leads to a higher amortization during
this period of the possible impacts caused at the execution stage,
the use of cements:
which incorporate industrial by-products, such as the mineral additions allowed by the
current regulations,
obtained through processes incorporating raw materials which release less CO2 into the
atmosphere,
obtained through processes which consume less energy, especially through the use of
alternative fuels, which makes it possible to save on other primary fuels and enables
waste valorization;
the use of aggregates originating from recycling processes,
the use of water recycled at the concrete-mixing plant itself,
the use of steels:
originating from the recycling of iron waste (scrap),
obtained through processes which release less CO2 into the atmosphere,
showing a better exploitation of their own resources, such as for instance their own slag;
the establishment of voluntary environmental certification systems in the processes of
manufacturing for all the products used in the structure and, particularly, in the processes of
manufacturing concrete at the mixing plant and reinforcement at steelworks, including its

transportation to the site,
the use of products with officially recognized quality marks ensuring that the basic
requirements of the structures are adequately met with the least possible degree of
uncertainty,
the observance of preventive criteria in addition to the requirements established by the
applicable regulations on health and safety at work,
the application of innovative criteria increasing the productivity, competitiveness and efficiency
of the structures as well as user accessibility to these,
the minimization of the potential impacts on the environment resulting from the execution of
the structure (noise, dust, vibrations, etc.), and
in general, the use of as little material resources as possible.
All this can be organized into a decision-making tree like the one proposed in figure 1, which assigns
certain weights to each element of the decision, with the aim of obtaining the value index.
Type of concrete used (50%)

Type of basic
products (22%)

Type of reinforcement used (50%)
Rationalization of the reinforcement (25%)

Optimization of
basic products
(33%)

Products
60%

Specified control level (75%)
Use of recycled aggregates (33%)

Preservation of
resources (45%)

Measures to
reduce impacts
40%

Optimization of the binder (67%)
a). Optimization of the cement
b). Additions to the concrete

Impact on human
environment (25%)

Measures for control of impacts (100%)
Measures for waste management (67%)

Impact on natural
environment (75%)

Measures for water management (33%)

Fig.1. Decision-making tree for the calculation of the ISMA according to EHE08 [1]
The value of the indicator for each of the alternatives is obtained by means of a value function,
defined by general consent of the group of specialists who made up the work team which
developed the model. The value function used [15] depends on five parameters, the different
variations of which produce the whole array of usual shapes: concave, convex, linear or S shape.
The parameters defining the type of function are: Ki, Ci, X max., X min. and Pi (Equation 1 for
increasing functions). The value of B in Equation [1] is calculated using the five values previously
mentioned (Equation [2]).

Vind
where: X
X

min

B 1 e

Ki

X X min
Ci

Pi

[1]

is the minimum abscissa of the interval for the alternatives in the case of the indicator
under assessment.
is the abscissa of the indicator under assessment (different, or not, for each
alternative).

Pi

is a shape factor which defines whether the curve is concave, convex, linear or has an
S shape; concave curves are obtained with values of Pi < 1, convex or S-shaped
curves appear if Pi > 1, and values of Pi = 1 produce nearly straight lines. Besides, it
also determines approximately the slope of the curve at the inflection point.

Ci

is close to the abscissa of the inflection point.

Ki

is close to the ordinate of the inflection point.

B

is the factor which ensures that the function remains within the value range from 0 to 1.
This factor is defined by equation [25.2].

B

1 e

Ki

X max X min
Ci

Pi

1

[2]

where X max. is the abscissa of the indicator which generates a value equal to 1 (in the
case of increasing value functions).
Alternatively, decreasing functions, that is, functions with the maximum value in X min, can also be
used. The only difference in the value function is that the variable X min is substituted by the
variable X max and the corresponding mathematical expression is thus adapted. In the case of the
study proposed, the two most common shapes of the value function are “decreasing-linear” and
“decreasing S”. Table 1 presents the values of these parameters for each of the indicators shown
in figure 1.
Table 1. Parameters of the value functions for each criterion.
Bi

ki

Ci

Ai

Shape of Vind

Type of concrete used

1.02

-0.500

50

3.00

smooth “S”

Type of reinforcement used

1.02

-0.500

50

3.00

smooth “S”

Rationalization of the reinforcement

1.06

-0.450

35

2.50

medium “S”

Specified control level

1.05

-1.800

40

1.20

sharply convex

Use of recycled aggregates

1.10

-0.200

2

1.10

smoothly convex

Optimization of the binder

10.50

-0.001

1

1.00

straight

Measures for control of impacts

10.50

-0.001

1

1.00

straight

Measures for waste management

1.21

-0.400

40

1.60

very smooth “S”

Measures for water management

1.10

-0.400

50

2.60

smooth “S”

Environmental Criteria

The approach to ISMA by means of a tree is totally adaptable in order to incorporate economic
aspects (introduced in an indirect way) or social aspects, even though in this case the EHE
approaches it in a simplified way by means of the following approximation:
ICES = a + b * ISMA

k * ISMA 1

[3]

where: a is the social contribution coefficient, obtained from the sum of the coefficients indicated
in table 2, according to the applicable indicators
b is the contribution coefficient due to the extension of the service life, obtained on the
basis of:

b
where: tg

tg
t g , min

1,25

[4]

is the service life actually observed in the project for the structure, within
the ranges established in article 5 of the EHE

tg,min

is the value of the service life established in section 5.1 of the EHE for
the corresponding type of structure

k is the coefficient which takes into account the particular characteristics of the type of
structure, adopting a value of k=1.50 in the case of civil engineering works and a value
of k=2.00 in the case of construction works.
Table 2. Values of the social contribution coefficients
Indicator considered
The Constructor applies innovative methods which are the
result of RDI projects carried out in the last 3 years
At least 30% of the staff working on the execution of the
structure have taken specific training courses on technical,
quality or environmental aspects
Voluntary health and safety measures are adopted in
addition to those established in the regulations for the
execution of the structure
A public website specifically devoted to the work is created
in order to inform the population; the website includes its
characteristics and completion deadlines as well as its
economic and social implications
The structure is part of a structural work declared to be in
the public interest by the competent public authority

In project

In execution

a1 = 0

a1 = 0.02

a2 = 0

a2 = 0.02

a3 = 0

a3 = 0.04

a4 = 0.01

a4 = 0.02

a5 = 0.04

a5 = 0.04

The contribution of the structure to the sustainability can be classified on the basis of the ICES,
according to the levels given in table 3, where level A is the maximum end of the scale (maximum
contribution to sustainability).
Table 3. Levels of classification with ICES
Level A:

Level B:

Level C:

Level D

Level E

0.81 ICES 1.00

0.61 ICES 0.80

0.41 ICES 0.60

0.21 ICES 0.40

0.00 ICES 0.20

From the point of view of its practical implementation, two stages for the calculation of the ICES
index are proposed. The first one corresponds to the design stage, when the design ICES is
measured, necessarily requiring the measures to be later evaluated to be:
included in the specifications and other design documents, and
economically assessed in the budget.
If either of these two conditions is not fulfilled, the subsequent indicators will not be assessed, or they
will be a step below.
The second stage would correspond to the end of the work, at the moment of its reception. The aim of
this is to ensure that the degree of fulfillment in the execution coincides with the design prescriptions,
fulfilling that ICESdesign ICESexecution.
During the work, there may appear uncertainties which might change the values of some of the
elements considered in the decision. Therefore, a policy of changes is allowed, provided that other
compensation measures will be introduced at the end and, consequently, the ICESexecution will be
higher or equal to the one initially proposed in the design.

5. Final comments and conclusions
The approach taken in Annex 13 of the EHE08 has proved to be successful in several applications,
both in the field of construction [15], [16], [17], and in civil [18], [19] and industrial engineering [12],

[13]. Nevertheless, its use is not yet very widespread. The recent incorporation of an Excel
program of said annex may facilitate to a great extent the further development of the method
proposed.
It should be highlighted that the methodological proposal collected in the EHE08 is a pioneering
experience at an international level for dealing with the sustainability of concrete structures in
regulations, which opens a new road for the future, also extended to steel structures in the case of
Spain [7].
Lastly, it must be noted that the tree shown in figure 1 is suitable for the analysis of the structure as
a whole, but does not discriminate properly when it is used in order to make a sensitivity study of
only one of its branches (that is, of one of its indicators) or of one single component (instead of the
whole structure). In other words, each decision requires its own decision-making tree, on the basis
that a well-defined tree leads to a high degree of accuracy in the decision.
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Summary
A plethora of labels, standards and tools for assessing the sustainability of buildings has been
developed over the past decades, both with national and international scope and often competing
for the attention of the building community, commercial developers and policy makers. While these
assessment systems are meanwhile based on sophisticated models to calculate energy
consumption, environmental impacts and (to a lesser extent) the economic costs over the life-cycle
of buildings, the social dimension of building sustainability usually is given a rather symbolic lip
service. However, recent years have seen several efforts to find ways for integrating the social
dimension of buildings into assessment tools and standards. Notable examples are ISO norms of
TC 59/ SC 17 (ISO 21929) and the European norm of CEN/TC 350 (prEN 15643-3) with the aim to
harmonize the sustainability assessment of buildings at a European scale and to balance the
environmental, economic and social dimension of building sustainability.
In our article we will discuss these efforts of integrating social sustainability dimensions into
assessment tools in a manner largely analogous to environmental and economic impact
assessments. We will suggest and discuss a matrix to structure possible elements of the social
sustainability of buildings in parallel with environmental and economic dimensions by organising
social sustainability issues along the life-cycle of buildings (from social impacts of the production of
building materials and components to the construction process, the use and end-of-use phase of
buildings) and the ‘system-level’ of social impacts (from social aspects of building use to social
impacts of the building on its neighbourhood / urban environment and the broader impacts of the
building on society at large). Before the backdrop of this structure we will systematically compare
different attempts of standards and assessment tools to deal with social sustainability issues.
Keywords: CEN/TC 350, Building assessment, Social aspects, Social performance, Social life
cycle assessment, BREEAM, LEED, DGNB, LENSE, TQ

1. Introduction
The environmental performance of buildings has been high on the political agenda for many years.
Indeed, the impact of the building sector on our overall energy and resource consumption but also
on the national economy and public health is enormous. Not only do buildings consume up to 40%
of primary energy (and are thus a main source of greenhouse gas emissions), but they also
account for roughly half of the material flow of industrialised societies (water excluded) and
construction activities are responsible for about 10% of GDP. National building codes thus usually
include some regulation on energy efficiency, safety or health issues – either at the level of specific
parts of the buildings (e.g. u-values of windows, building envelopes; VOC emission of building

products) or increasingly with a more performance-based approach such as the EU building
directive which assesses the energy performance of the whole building and prescribes minimum
energy performance requirements at national level for new buildings and renovation.
While such regulations aim to set minimum levels for a few sustainability-relevant parameters,
more complex and differentiated assessment systems have been developed during the 1990s.
First “green building” assessment systems like BREEAM in the UK and LEED in the U.S. emerged
and production of building materials was inventoried (BEES, Athena). Joint international schemes
such as the ‘Green Building Challenge’ (GBC) have been suggesting procedures to assess the
sustainability of buildings focusing on issues such as energy use, land use and environmental
loading (e.g. waste) but also on quality of indoor environment (air quality, daylight), controllability of
systems and location and transportation, or loading on immediate surroundings.
However, the main emphasis of these assessment systems is on environmental performance and
this is also where the most advanced tools have been developed. In contrast to environmental and
economic dimensions of sustainable buildings, social dimensions have been given much less
consideration. Nevertheless, as we will point out later, efforts have been increasingly made in
recent years to include social aspects of sustainability in assessment schemes and standardisation
procedures. Among the examples are a recent ISO norm on social sustainability (ISO 26000) and
an ongoing CEN Technical committee on the sustainability of construction works (TC 350) with a
subgroup (Working group 5) particularly dedicated to social sustainability issues which should be
treated on the same footing like environmental and economic dimensions of sustainability.
In this paper we will review current attempts to include social sustainability considerations into
building assessment schemes. In order to structure the analysis of social sustainability in analogy
to environmental and economic sustainability assessment we suggest a framework of analysis
which allows us and to either identify missing themes of social sustainability analysis or draw
together debates on social sustainability of construction works led in different research contexts
and communities.
Our paper is structured as followed: In a first step we suggest a matrix to situate elements of social
sustainability in a broader framework. Before this background we then analyze how social
sustainability is dealt with in different building assessment systems, in standardization and in
related scientific debates (e.g. in social life cycle assessment). In a conclusion we identify ‘blind
spots’ of such assessment procedures and challenges to integrate social sustainability dimensions
in a comprehensive and practical way into sustainability assessment systems.

2. A framework to map debates on the social sustainability of buildings
In the center of our attempt to structure possible elements of social sustainability is the building
and the building site. Assessments of environmental and economic dimensions of sustainability
increasingly include the whole life-cycle of the building and not only refer to the costs and
environmental impacts of the building itself, but also the materials used, costs of demolition or
recycling etc. Moreover, such assessments often consider different levels or scopes of impact –
from local immissions to global impacts of greenhouse gases, or costs for the building owner vs
impacts on the regional or national economy. To make social sustainability assessment better
compatible with the assessment of its environmental and economic dimensions we will organise
relevant aspects of social sustainability along these two dimensions as well.
On the one side it will be examined along its life cycle, i.e. from social impacts of the production of
building materials and components, the design phase (including all sub-stages), to the construction
process, the use and finally the end-of-use phase. During use the normal “everyday case” and
maintenance activities are distinguished. On the other side social issues related to the building and
building site shall be organised according to the ‘system-level’ of its impact, i.e. from social aspects
of building use to social impacts of the building on its neighbourhood / local environment and the
broader impacts of the building on society at large.
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Fig 1: Matrix of social issues of buildings (translated from [1])
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We suggest as a result a matrix that may be used to map issues of social sustainability currently
considered in different assessment systems, to identify the whole range of relevant impacts, to
specify system boundaries of social impacts considered and to find ‘blind spots’ of current social
sustainability assessment procedures. Impacts are not only loadings but also benefits, and as a
more general term aspects shall be used that include also demands, needs and visions of today’s
and future stakeholder groups. Centred around the building the main stakeholder groups are

• users of the building (who regularly stay inside the building and building site, e.g. inhabitants
in residential buildings or employees in office buildings),

• neighbours of the building (who are personally affected by the building and building site as
far as loadings or benefits reach) and

• society, e.g. people being barely affected, social systems and organisations (e.g. workers in

building materials industry usually spent only a small part of their hours of work to produce
the goods for a specific building).

The matrix contains the impacts and aspects in those cells of the life cycle of the building when
they occur, i.e. it is not relevant when the decision is made or who came to the decision but who is
affected and when is he/she affected.
Often interactions are found, e.g. inhabitants that drive a car and contribute to the traffic around the
building and need the public transport infrastructure that is provided by local authorities.
Interactions are separated to the stakeholders (public transport is an aspect of the inhabitants and
of the society/community).
The matrix is intended to support a comprehensive compilation of criteria. It does not show the
origin of loadings nor preferred solutions. The building’s ability to reduce loadings on environment
or society and to reach benefits is the scope of a subsequent assessment which is carried out on
the basis of criteria and indicators that have to be defined according to social negotiation
processes and values.

3. A review of social sustainability in current building assessment
systems
In this section we will review some major building assessment schemes with respect to their
consideration of social sustainability issues. Our matrix above will rather serve as a backdrop on
which issues may be relevant than as an instrument to draw detailed maps of the criteria sets
these schemes use to assess social sustainability.
In practice, assessment of buildings is often driven by marketing reasons to profit from a high
sustainability rating of the building. A range of schemes have emerged in the last 30 years that
fulfill this market need, among them BREEAM (UK), LEED (US) and others. The focus of building
assessment schemes was clearly on the ecological impacts even if human needs especially indoor
quality and questions of wider scope like proximity to public transport and local services were also
integrated. Nevertheless this still has to be seen as an effort to widen the environmental
perspective rather than being a fundamental conceptualization of social sustainability with an own
set of criteria. BREEAM and LEED are representative for the environmental orientation of building
assessment being also the oldest schemes dating from 1990 and 1998, respectively. In the
Austrian TQ Tool – a scheme that was introduced a decade later – criteria with an explicit social
background were included, e.g.: A high share of daylight in winter was endorsed for reasons of
higher living quality; criteria like private spaces (balconies, etc.), common spaces and facilities of
the site (waste bins, room for buggies, etc.) became part of the assessment. More recent
assessment schemes (SB Tool 2007, LENSE 2007 and DGNB 2008) even more adjusted to the
importance of social and the economic themes. The LENSE concept was the first to advocate a
clear-cut three pillar differentiation of the criteria set.
All building assessment schemes introduce main criteria groups, often called categories. The
status of social issues is dependant on these categories, their scope and their systematic order. A

central point in setting up an assessment system is the decision on the list of criteria. On the one
hand, relevant issues have to be considered which reflect the general claim and orientation of the
system and which are influenced by societal and stakeholder’s values. On the other hand, criteria
have to be practical and not too complex to be accepted by professionals and in the market.
Several other considerations are also important like being scientifically sound or to encourage
improvements and learning by the design team.
It is by no means clear-cut what constitutes a ‘social’ riterion in contrast to economic or
environmental issues. Criteria may be genuinely social (like cultural aspects), but in most cases
they have also environmental implications and/or economic implications. It enhances its
attractiveness if more than one goal can be achieved by a criterion. An example is daylighting
which may be advantageous with respect to the wishes and needs of building users while at the
same time reducing electricity consumption and hence environmental loads. In the following
analysis it shall be counted as a social criterion, if evaluation is directed towards social aspects or
impacts on humans. If only the environmental or economic impact is evaluated it is not counted.
E.g. water reduction measures certainly have an impact on users in terms of convenience and in
some countries its scarcity increases due to rising demand. Usually only the consumed amount of
drinking water is evaluated and given credits, though. As long as the criterion is evaluated without
putting it into a social context or concern, it is not treated as a social criterion in our analysis. Some
of the environmental loadings also have direct health impacts, e.g. NOx emissions from burning of
fossil fuels not only contribute to acid rain and global warming but aggravate asthmatic problems
and cause health problems by contributing to ozone formation. These effects affect all people from
the building’s surroundings dependent on wind and climatic conditions.
In the following we will give a short overview on how social sustainability issues are dealt with in
the most prominent sustainability assessment schemes for buildings.
BREEAM [2] intended to be primarily an environmental assessment. Apart from the
health&wellbeing chapter environmental protection is given as the aim and the background for
each criterion. Further benefits like reduction of running costs, improving working and living
environments, etc. are stated in general documents rather than in the technical guides.
The main BREEAM categories [2] are

•
•
•
•
•
•
•
•
•

Energy and carbon dioxide emissions,
water,
materials,
surface water run-off,
waste,
pollution,
health & wellbeing,
management,
ecology.

Several items include also social subcategories sometimes even going beyond the matrix’ cell
entries: Under the ‘energy and carbon dioxide emissions’ category additional rooms are valued,
like a drying space, a home office room and cycle storage. All criteria are reasoned with
environmental concerns, but a yes/no evaluation (e.g. “Is it possible to establish a home office?”) is
not quantifying environmental loads but rather indicating accepted (also on the market) additional
features of the dwelling, hence ‘social’.
All in all 35 criteria are assessed; 11 being primarily social aspects, and 8 being partially or at least
slightly of social relevance. Among the latter is the responsible sourcing of materials which is
evaluated by checking the percentage of re-used material, of products manufactured under an
EMS (Environmental management system) and of certified materials. Timber has to be FSCcertified, thus ensuring also its social stewardship.
LEED [3] puts environment protection in the first place, but health concerns and durability are also

very important. The main categories are:

•
•
•
•
•
•
•
•

Innovation & design
Location & linkages
Sustainable sites
Water efficiency
Energy & atmosphere
Materials & resources
Indoor environmental quality
Awareness & education

Subject areas that can be assigned to social issues are found under various headings: 15 criteria
of a total of 38 are social criteria, another 5 have social implications. The criterion ‘environmentally
preferable products’ subsumes not only the use of recycled products but also low emission
products for health concerns. Many of the social criteria are derived from the indoor environment
quality section which rewards a carefully installed, advanced HVAC system delivering better indoor
air conditions.
The Austrian TQ system [4] identifies as the main criteria [5]:

•
•
•
•
•
•
•
•
•

Protection of resources (Ecological Aspects),
Reduction of loads for people and the environment (Ecological aspects),
Usability for users and inhabitants (Social aspects),
Longevity of the building (Social aspects and economic aspects),
Security (Social aspects),
Quality of the planning process (Economic aspects),
Quality assurance of the construction period (Economic aspects),
Infrastructure and equipment of the building (Social aspects),
Costs for investment and operation (Social and economic aspects).

The Austrian assessment system contains a total of 30 criteria, 15 of which are addressing social
issues and another 6 have implications on people in the building. All of them reside in the Figure 1matrix’ “central cell” (column “use”/ row “user”), with exception of the traffic criterion (relevant also
for neighborhood) and maintenance. TQ comprises also some social benefit criteria e.g. provision
of common spaces like playground and recreation room, private spaces like balcony or garden.
DGNB of Germany (Gütesiegel der Deutschen Gesellschaft für nachhaltiges Bauen [6]) has 61
single criteria in 6 main categories (ecological quality, economical quality, sociocultural & functional
quality, technical quality, process quality and site quality). It is by far the most comprehensive
assessment system currently in use. Social aspects can be found in sociocultural & functional
quality; several also in technical quality, process quality and in site quality (access to public
transport, image of location, etc.). Almost all aspects within the Figure 1-matrix are covered by
DGNB. In particular, DGNB is explicitly covering the end-of-use stage of the building. Only
BREEAM is also covering end-of-use implicitly by referring to BRE’s “Green guide” material rating
that is accounting for a 60 year life-time.
LENSE [7] subsumes all criteria under the main headings “environmental”, “social” and “economic”.
“Social” categories are occupant’s wellbeing, accessibility, security and social&cultural value.
Occupant’s wellbeing comprises besides health and comfort issues also private spaces and
occupant satisfaction (to assess via post occupancy monitoring). Under the “economic” part
externalities like local employment opportunities and use of locally produced materials are
assessed.
Social issues that are part of all of these assessment systems are health and comfort. and home
user guide. Other subjects are only covered by some systems like e.g. accessibility, safety and
security and proximity to public transport. The matrix essentially covers all these subjects. The vast
majority of criteria of building assessment systems is located in the matrix’ centre (user/use stage).

4. Social life cycle assessment for sustainable buildings
In addition to existing building assessment schemes we also want to draw attention to current
discussions about social life cycle assessment (SLCA) which does not particularly focus on
buildings but may be of high relevance for the social dimension of future building assessment
schemes.
At the moment only the foundations of SLCA are being developed: The Life Cycle Initiative Project
group on SLCA presented a milestone in 2009, the Guidelines for Social Life Cycle Assessment of
Products [8]. Some papers were published recently that address social issues in LCA [9, 10, 11,
12].
Social life cycle assessment (SLCA) analyses which are the positive and the negative social and
socio-economic impacts that are linked to the life cycle of a product (which can be either a good or
a service). Just as in the environmental-LCA (E-LCA) all life cycle stages of the product are taken
into account, starting from the raw material acquisition, to the production stage of the product, the
use and maintenance of the product and the final disposal (recycling and /or waste management).
All infrastructure, transport processes, energy supply, of course all pre-products and even capital
goods contribute; this means that also their input flows (energy, man power and materials) and
their output flows (like emissions) and thus their share on the product’s impacts are accounted for.
According to the ISO framework (ISO 14040 and ISO 14044) the phases for conducting a LCA are
(1) Goal and scope definition, (2) Life cycle inventory analysis, (3) Impact assessment and (4)
Interpretation. These phases are also followed in SLCA. But while (environmental-)LCA describes
mainly physical quantities like kg emissions SLCA also considers semi-quantitatively and
qualitatively characterized aspects.
Social impacts can be consequences of biophysical pressure like e.g. indoor emissions or of social
relations that appear during the life cycle of the product. Social impacts may be positive (benefits)
or negative. It is important to also include the positive impacts to encourage performance beyond
compliance with laws, international agreements certification standards, etc. [13]. This is also a
difference to the environmental-LCA where impacts are usually not beneficial. In environmentalLCA it is also not important where and when exactly any emissions occur. They contribute to the
global effects. Social impacts on the contrary always affect (certain) people. Sometimes they can
hardly be dispersed to the whole group. Also the data on social impacts of a process are very
specific to the where and when of this process: The quarry, the factory, the lorry and the route it is
taking they cause impacts specific to the geographical location and to the organisations rather than
to the process in general. Generic or ’average industry’ data sets can not cover these ‘regionalized’
and often semi-quantitative or qualitative data.
The development of SLCA draws on elements that are set by human rights, life cycle thinking (e.g.
for procurement decisions of authorities), and corporate social responsibility. Instruments and
methods of related fields are often further elaborated and provide inputs for SLCA, too, e.g. the
working environmental LCA (WE-LCA) and social impact assessment.
An important constituent of SLCA is the stakeholder concept. A stakeholder is defined according to
ISO DIS 26000:2010 as individual or group that has an interest in any decision or activity of an
organization. Stakeholder engagement is an activity undertaken to create opportunities for dialogue
between an organization and one or more of its stakeholders, with the aim of providing an informed
basis for the organization’s decisions.
In SLCA, categories (impacts, like working conditions and rights, health, security, etc.) are in a first
step assigned to stakeholder groups – typical stakeholder categories are “worker”, “consumer”,
“local community” and “society”.. These categories are also (partially) present in the Figure 1Matrix and serve to structure the impacts and aspects of the construction sector. But as a matter of
fact at the moment there is far too little information available on construction product level, let
alone on a building’s materials and components to perform a SLCA for a building. Methodology has
to be developed further and much more data have to be generated until SLCA can provide a basis

for social impact categories in the performance assessments of buildings and construction works.

5. The CEN/TC 350 standards of social performance of buildings
The EC has mandated CEN to develop a series of harmonized standards for sustainability
performance assessment of buildings and construction works using a life cycle approach. The
purpose is to enable comparability of the results of assessments. A harmonized ecology standard
e.g. should guarantee that the greenhouse warming potential (GWP) of a building is the same no
matter for which assessment system it was calculated (given the same input data).
The work program of CEN/TC 350 is shown in figure 2. On framework level principles,
requirements and guidelines for the sustainability assessment is provided in four standards (which
will be similarly structured and with accordant contents) for the environmental, social and economic
performance. As indicated the technical characteristics and the functionality are not covered by the
standards, as this is beyond the scope of CEN/TC 350. The technical and functional performance
are taken into account by reference to the functional equivalent. Functional equivalent are
buildings of the same building type and use (e.g. office buildings) with the same required service
life and under the same climatic conditions. It serves for meaningful comparison. Further
information to be included in the functional equivalent is the size of the building, patterns of use
and required technical and functional characteristics (like accessibility, fire safety, etc.).
However in the social assessment of buildings it should be assessed to what extent conventional
technical and functional characteristics are exceeded compared to regulatory minimum. Smart
architectural design might achieve synergies to reach a high rating in several social categories.
To carry out the assessment the building as a whole has to be considered. Only at the building
level it is possible to provide scenarios on the (anticipated) use, maintenance requirements of the
next decades and other scenarios like future (climate) conditions, etc. , i.e. to calculate the impacts
of the whole building life time. Indicators for the social performance are usually calculated at
building level. Examples are e.g. the thermal comfort or acoustic performance which depend on
the building plan and not only on the building materials and construction. Fig. 2 also shows the
CEN/TC 350 standards on product level. Information on social aspects during production is still
very fragmentary and not ready for standardization being dealt with at the moment e.g. in CSR
(corporate social responsibility) voluntary strategies of businesses. Some information from EPDs
(Environmental product declaration) will also be valuable for social (health and comfort)
assessment.
The social categories that are identified in the social framework standard prEN 15643-3 are

•
•
•
•
•
•
•
•

health and comfort
Safety and security
Accessibility
Adaptability
Maintenance
Loadings on neighborhood
Sourcing of materials and services
Stakeholder involvement

Indicators and calculation method are described in the standard to be developed in CEN/TC 350
WI (Work item) 015 (see fig.2). Indicators have to be either be quantitative or quantifiable by a
checklist approach.
Further information on CEN/TC 350 and the standards of ISO TC 59/SC 17 (“Sustainability in
building construction”) can be found in [14].

Figure 2: Work programme of CEN TC 350 (according to EN 15643-1:2010)

6. Conclusions
Environmental assessment of buildings and constructions is already quite advanced: it is based on
Life cycle assessment (LCA) being the scientific framework. Social life cycle assessment has until
now not been applied to buildings as very complex products assembled from a variety of materials
and components. The main potential of SLCA lies in the capability to deal with social (damage and
midpoint) categories like human toxicity, occupational health, corruption, stress at workplace,
unemployment, etc. Statistics provide already now a considerable amount of data, but the pathway
for impacts on humans and society is not always firmly established yet. Issues that are still poor
covered are e.g. cultural aspects and some of the benefit categories like e.g. personality autonomy
and development, safety, etc. However, SLCA and related methodologies provide the methods to
identify ‘hot spots’ of social relevance, like child labour or illegally employed construction workers.
These issues are of utmost importance for sustainability assessment of buildings and construction
work.
Building assessment systems are much more practical at present. Concerning the social criteria
these are usually of a “design guideline” type rather than performance indicators. Indicators of the
first kind are formulated by sustainability goals and benchmarks that can be directly transferred to
design and technical decisions and evaluated with a (check-)list of options resulting in a gain of
credits for measures that were taken. Most categories and issues are focussed on the building
users (e.g. inhabitants or staff) and the influences exerted from the building, its fabric (materials),

its systems and its design. The challenge for a comprehensive social performance assessment of
buildings however is to find indicators and values for indicators. Benefits are harder to quantify
than loadings.
The building assessment systems also provide important clues and support for the further
development and differentiation of the matrix’ content. E.g. the LENSE category “occupant
satisfaction” should be investigated further. The intent of this criterion is to account for user
experience to improve the internal environment creating it more comfortable and productive. A
further development of the matrix will be necessary as soon as product level information has to be
integrated.
Matrix has been found to be capable to reflect all social issues that are presently integrated in
building assessment systems. The Matrix respectively a slightly different version is currently used
to locate the social issues dealt with in CEN/TC 350/WG 5 (Social performance) in an informative
annex of prEN 15643-3.
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Theme: 6 Social sustainability and environmental ethics
Title: German and European approaches to Sustainable Construction
Extended Abstract

Sustainable Construction has been identified as one of six innovative lead markets within the
Lead Market Initiative for Europe [LMI2007] and hence is considered of high economic and
societal value. The European Lead Market Initiative identified the following markets: EHealth, Sustainable Construction, Protective Textiles, Bio-based Products, Recycling, and
Renewable Energies. The policy instruments deal with standardisation, regulation, public
procurement, and supporting activities, see Table 1.
Table 1: Lead markets and policy tools of the European Lead Market Initiative
Lead Market
Policy Tools
Standardisation
Legislation
Public
Complementary
Area

Sustainable
Construction

Labelling
Certification
EU
recommendation
for interoperability
2nd generation
Eurocodes

Protective
Textiles

SME involvement
in standardisation

Technical
harmonisation

Bio-based
Products

Product
performance
standards

Recycling

CEN packaging
standards

Inventory of
legislation
affecting the
sector
Waste framework
directive

Renewable
Energies

Minimum energy
performance
standards

Mandatory
national targets
for 2020

E Health

Procurement

Action

Exchange of best
practice

Call for network of
procurers

Screening of
national building
regulations

Network
contracting
authorities
Network
contracting
authorities
Encourage green
public
procurement

EU patient smart
open services
pilot founded
Upgrading of
skills of
construction
workers
7 research
projects selected
for funding
Advisory group for
bio-based
products

Encourage green
public
procurement
Improve
knowledge on
demand barriers

Eco-innovation
observatory
Overview of all
programmes and
funds

The Lead Market Initiative Sustainable Construction aims at accelerating the access of
citizens and business to more sustainable building features with enhanced quality of life and
working conditions. The Action Plan [LMI2007a] presented a list of measures to further
stimulate sustainable construction in Europe. Within the framework of the European Lead
Market Initiative Sustainable Construction (EU LMI SC) different studies were initiated by the
European Commission to analyse the regulatory and standardisation framework for
sustainable construction.
A holistic view on sustainable construction was chosen as basis (Fig. 1).
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Fig. 3: A holistic approach - areas of sustainability criteria
For the European member states it was analysed which sustainability criteria are regarded in
the context of environmental, economic, socio-cultural and functional, technical, process and
local qualities, which relate to different stages of the life-cycle of a structure. It also is
considered in which way named sustainability criteria are regulated by European, national
and regional building regulations; by private or governmental initiatives. As different member
states focus on different criteria the national approach and strategies to enhance
sustainability also are considered.
The paper briefly introduces the European Lead Market Initiative Sustainable Construction;
gives an overview of activities on European standards on sustainable construction aspects –
and then shows some comparison of approaches to sustainable construction of different
Member States which comprise activities on the legal framework, research and development,
fiscal measures, life cycle assessment methods, good practice, governmental actions,
coordination bodies etc.
The paper provides a good overview of different strategies and focuses on sustainable
construction in the member states. Trying to analyse effective measures as well as showing
deficits and problems which still have to be solved – and how a European approach might be
helpful for further enhancing sustainability in the construction area.
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German and European Approaches to Sustainable
Construction
1

Introduction

Within the framework of the European Lead Market Initiative Sustainable Construction (EU
LMI SC) different studies were initiated by the European Commission to analyse the
regulatory and standardisation framework for sustainable construction. A holistic view on
sustainable construction was chosen as basis. And, for the European member states it was
analysed which sustainability criteria are regarded in the context of environmental, economic,
socio-cultural and functional, technical, process and local qualities, which relate to different
stages of the life-cycle of a structure. It also was considered in which way named
sustainability criteria are regulated by European, national and regional building regulations;
by private or governmental initiatives. As different member states focus on different criteria
the national approach and strategies to enhance sustainability also were considered.
The paper will briefly introduce the European Lead Market Initiative Sustainable
Construction; give an overview of activities on European standards on sustainable
construction aspects – and then show some comparison of approaches to sustainable
construction of different Member States which comprise activities on the legal framework,
research and development, fiscal measures, life cycle assessment methods, good practice,
governmental actions, coordination bodies etc. Background information about form of
government, demographic development, regional aspects etc. are mentioned as well.
This paper will provide a good overview of different strategies and focuses on sustainable
construction in the member states, but also specially show the German systems and actions
being taking comparing it with other member states and considering conformity with
European regulations. Trying to analyse effective measures as well as showing deficits and
problems which still have to be solved – and how a European approach might be helpful for
further enhancing sustainability in the construction area.

2

European Lead Market Initiative

Within the Lead Market Initiative for Europe [LMI2007] Sustainable Construction has been
identified as one of six innovative lead markets which are considered of high economic and
societal value. The European Lead Market Initiative identified the following markets: EHealth, Sustainable Construction, Protective Textiles, Bio-based Products, Recycling, and
Renewable Energies. The policy instruments deal with standardisation, regulation, public
procurement, and supporting activities, see Table 1.

Table 1: Lead markets and policy tools of the European Lead Market Initiative
Lead Market
Policy Tools
Standardisation
Legislation
Public
Complementary
Area

Sustainable
Construction

Labelling
Certification
EU
recommendation
for interoperability
2nd generation
Eurocodes

Protective
Textiles

SME involvement
in standardisation

Technical
harmonisation

Bio-based
Products

Product
performance
standards

Recycling

CEN packaging
standards

Inventory of
legislation
affecting the
sector
Waste framework
directive

Renewable
Energies

Minimum energy
performance
standards

Mandatory
national targets
for 2020

E Health

Procurement

Action

Exchange of best
practice

Call for network of
procurers

Screening of
national building
regulations

Network
contracting
authorities
Network
contracting
authorities
Encourage green
public
procurement

EU patient smart
open services
pilot founded
Upgrading of
skills of
construction
workers
7 research
projects selected
for funding
Advisory group for
bio-based
products

Encourage green
public
procurement
Improve
knowledge on
demand barriers

Eco-innovation
observatory
Overview of all
programmes and
funds

The Lead Market Initiative Sustainable Construction aims at accelerating the access of
citizens and business to more sustainable building features with enhanced quality of life and
working conditions. The Action Plan [LMI2007a] presented a list of measures to further
stimulate sustainable construction in Europe. It was expected through this framework to raise
awareness and acceptance about sustainable construction. Some important aspects of
sustainable construction which are addressed in the Action Plan [LMI2007a] are listed in the
following:
Legislation
Screening of national building regulations
Expand the scope of the Energy Building Performance Directive
Analyse the innovation potential of EU and national legislation on innovative
approaches in construction
Public Procurement
Develop guidance for the choice between EMAT and the Lowest Price for the use of
Life Cycle Costs in Construction works
Promote Life Cycle Assessment for construction products (“Environmental Product
Declaration”) and for buildings (standardisation)
Standardisation, Labelling, Certification
Develop voluntary performance targets
Develop European standards that allow taking into account sustainability aspects in
construction design (e. g. expand the scope of Eurocodes)
Define the framework for technical assessment adapted to a rapid certification of
innovative products to sustainability criteria
Complementary actions
Business cases for an effective supply chain
Identify relevant contractual, management, financial and insurance arrangements

Anticipate the future qualifications and skills needed to uptake innovation in
construction
The construction sector is highly regulated at national level, in particular, with respect to
safety, health, welfare and convenience for people in and around buildings, the protection of
environment, the energy economy and health & safety conditions at construction sites.
Builders, design services and specialist contractors have to observe building regulations. The
legislation in this field and its enforcement (control of application and building inspection) are
within the competence of Member States, often with considerable power given to regional
and local authorities according to the respective constitutional and administrative systems.
These responsibilities are rather fragmented within various administrations. Moreover, the
construction sector is characterised by a complex supply chain with various players having
competing interests.
EU legislation influences to a large extent the scope and formulation of the requirements of
the national technical regulations. For example, the Construction Products Directive and the
recently finalised Eurocodes (European standards for structural design of buildings and other
engineering works) represent a significant step towards a more integrated market for
construction products and for architectural and engineering services.
For the European Lead Market Sustainable Construction a steering group heading three
working groups was established, see Fig. 1.

Steering Group

WG 1
Regulatory and
standardisation
framework

WG 2
Life cycle costing
and
public procurement

WG 3
Strategies for
sustainable
construction

Fig. 1: General Structure – Steering Group and working groups of European Lead Market
Initiative Sustainable Construction.
WG 1 “Regulatory and standardisation framework” focused on the screening of national
regulations/initiatives on sustainability in building regulations and construction design. For the
originally planned WG 2 “Life cycle costing and public procurement” it is to mention that the
topics related to that working group had been already covered by a study launched be
European Commission, (i.e. “Life cycle costing as a contribution to sustainable construction:
a common methodology”, by Davis Langdon, UK). Hence, WG 2 was cancelled. WG 3
“Strategies for sustainable construction” shows some overlaps with WG 1 “Regulatory and
standardisation framework”, hence, several meetings were organised as joint meetings.
This paper predominantly deals with actions carried out by WG 1 “Regulatory and
standardisation framework”. These put a focus on the screening of national building
regulations to identify domains in which to integrate a performance based approach. Several
questionnaires were sent to the Member States and a study “Screening of National Building
Regulations” was carried out by PRC Bouwcentrum International and Delft University of
Technology, Netherlands financed by the European Commission [Ver2010].
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Regulations

In a strict sense ‘regulation’ means legally binding provision. As such requirements are
drawn up differently in different European member states and regions a broader term of the
definition is used. In this paper it rather the idea to show which sustainability criteria are
regarded as most important and in which way they are being addressed in different member
states. As sustainability criteria have to be considered with all complexity it is rather the
whole of the national strategy and the pack of relevant ‘regulations’ which should be
considered. For this reason in this paper or in the studies carried out [Sch2010], [Ver2010] all
sorts of ‘building regulations’ whether or not they are legally binding are considered, e.g.
International and European treaties, strategies, policies, legislation, regulations,
guidelines, standardisation activities;
Central or state/regional laws, regulations, decrees, ordinances;
Local government planning and building regulations and plans;
Requirements (mandatory or advisory) imposed by insurance regimes or professional
registration bodies;
‘quasi-mandatory’ standards, codes, approved documents and guidance and other
documents which have a ‘deemed to satisfy’ status, referred to formally or by
accepted custom and use by other instruments or by the control authorities [Ver2010].
International standardisation activities, which are directly related to certain issues of
sustainability in construction, are performed by the International Organization for
Standardisation (ISO) within the Technical Committee Sustainability in building construction
(TC 59/SC 17), created in 2002. The working groups established are shown in Table 2.
Table 2: Working groups of TC 59/SC 17
Subcommittee / Working Group Title
TC 59/SC 17/WG 1
General principles and terminology
TC 59/SC 17/WG 2
Sustainability indicators
TC 59/SC 17/WG 3
Environmental declaration of products
TC 59/SC 17/WG 4
Environmental performance of buildings
TC 59/SC 17/WG 5
Civil engineering works
This Technical Committee Sustainability in building construction has published the following
standards related to sustainable construction so far:
ISO 21931-1:2010
Sustainability in building construction - Framework for methods of assessment of the
environmental performance of construction works - Part 1: Buildings [ISO-2010]
ISO 21930:2007
Sustainability in building construction - Environmental declaration of building products
[ISO-2007]
ISO/TS 21929-1:2006
Sustainability in building construction - Sustainability indicators - Part 1: Framework
for development of indicators for buildings [ISO-2006]
ISO 15392:2008
Sustainability in building construction - General principles [ISO-2008]
Further information, i.e. work programme, business plan and documents, is provided by the
International Organization for Standardization (ISO) on its webpage [ISO2011].
At European level especially the Technical Committee Sustainability of Construction Works
of the Comité Européen de Normalisation (CEN / TC 350) addresses sustainability of new
and existing buildings. CEN/TC 350 is responsible for the development of voluntary
horizontal standardized methods for the assessment of the sustainability aspects and for
standards for the environmental product declaration of construction products.

The standards will be generally applicable (horizontal) and relevant for the assessment of
integrated performance of buildings over its life cycle. The standards will describe a
harmonized methodology for assessment of environmental performance of buildings and life
cycle cost performance of buildings as well as the quantifiable performance aspects of health
and comfort of buildings. Most important task of CEN TC 350 is the development of Standard
prEN 15643 Sustainability of construction works with four parts, i. e. Part 1: General
framework; Part 2: Framework for the assessment of environmental performance; Part 3:
Framework for the assessment of social performance; Part 4: Framework for the assessment
of economic performance, see Table 3.
Table 3: CEN / TC 350 Published standards, and standards under development
Reference
Title
Comment
Published standard
CEN/TR 15941:2010 Sustainability of construction works Environmental product declarations Methodology for selection and use of generic
data
EN 15643-1:2010
Sustainability of construction works - Assessment 89/106/EEC (No) 1)
of buildings
Part 1: General framework
EN 15643-2:2011
Sustainability of construction works - Assessment 89/106/EEC (No) 1)
of buildings
Part 2: Framework for the assessment of
environmental performance
Standards under development
prEN 15643-3
Sustainability of Construction Works 2012-01 2)
Assessment of Buildings
Part 3: Framework for the assessment of social
performance
prEN 15643-4
Sustainability of Construction Works 2012-01 2)
Assessment of Buildings
Part 4: Framework for the assessment of
economic performance
FprEN 15978
Sustainability of construction works - Assessment
2011-10 2)
of environmental performance of buildings Calculation method
FprEN 15942
Sustainability of construction works 2011-02 2)
Environmental product declarations Communication format business-to-business

1)
2)

Sustainability of construction works Assessment of social performance of
buildings - Methods

Under Drafting
2013-04

Citation in the Official Journal of the European Union OJEU
Under approval, date of approval

In conjunction with the European Lead Market Initiative the Technical Committee CEN / BT
WG 206 was established to test, adapt and develop existing European standards in terms of
sustainable construction. BT/WG 206 carried out a strategic review of the CEN portfolio of
construction standards to identify the potential for improving the collective contribution to
sustainable construction, existing and new. In its final report [CEN2010] CEN/BT WG 206
has identified several actions needing further attention. The final report was approved in
October 2010 and the group has been maintained for a further 2 years period (under the
revised scope: 'implementation of the CEN contribution to the EC lead market initiative on
sustainable construction'), to monitor and encourage attainment of the recommended
actions.

There are numerous regulations like REACH etc. which are related to sustainability in the
one or other way. Fig. 2 shows the complexity of these interrelations. It is not the aim of the
paper to analyse these regulation systems; but at this point it can be already mentioned that
high complexity was considered a problem by most partners within the studies carried out
related to the topic of ‘screening of building regulation’.

Fig. 2: The interrelationship between the Lead Market Initiative, CEN/TC350 standardisation
work and other European initiatives [BSI2011]
In addition to international and European regulations at national level a more detailed
framework for sustainable construction, tailored to national needs, is provided by national
and regional laws, regulations, standards and guidelines. Moreover, national laws transfer
European Directives into national law. The analysis shows that national laws and regulations
with regard to sustainable construction, in general, address mainly ecological aspects and in
particular, energy aspects.
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Sustainability Criteria

Sustainability in construction was chosen as a lead market as the construction market
accounts for 10% of GDP and 7% of the workforce. More than 50% of all materials extracted
from earth are transformed into construction materials and products. Sustainable solutions in
residential and non-residential buildings as well as in infrastructure constructions are
included in this lead market area. It involves for example efficient heating installations, indoor air quality systems and issues related to elderly persons' independence [LMI2007].
These are only some of numerous sustainability criteria which are addressed in different
regulations. Hence, first step was to list sustainability criteria and name relevant national
building regulations for different Member States. These can be found in [Sch2010]
Furthermore, the studies carried out characterise how sustainable development objectives
are integrated and implemented in the building regulatory systems of the EU-27, assess the
coherence and efficiency of this process at national level and with respect to EU policies and
legislations, and identify possible coordination mechanisms at EU level which could enhance
the definition, administration, enforcement and efficiency of the systems with respect to
sustainability criteria.
Some of the following results presented in the paper base on the study “Screening of
National Building Regulations” [Ver2010]. Within this study interviews with key stakeholder
organisations (such as private consultancy/engineering company, government, non profit
organisation, non-governmental organisation) were carried out and the answers to a
questionnaire were analysed. Information for these was provided by 23 Member States of the
EU-27.

A holistic approach was chosen in order to list, sort and analyse the information on
sustainability criteria. This approach conforms to European standardisation on sustainable
construction. The three main areas are ecological quality, economical quality, social quality,
while functional/technical quality usually shows an interrelation with one of the three
mentioned qualities, see Fig. 3.
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Fig. 3: A holistic approach - areas of sustainability criteria
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Table 4 below shows sustainability criteria somewhere addressed by 23 member states
analysed within the study “Screening of National Building Regulations” [Ver2010].
Table 4: Sustainability criteria with a holistic approach [Ver2010]
Sustainability criterion
Description / considered aspects
Ecological quality
Energy

Water

Waste and pollution

Protection of biodiversity and
natural environment
Minimization of the use of
resources

Energy performance; use of renewable energy sources;
Implementation of energy efficiency techniques (e. g. low-energy
light bulbs);
Thermal insulation;
Reduction of air permeability
Water conservation techniques;
Implementation of water efficiency techniques (e. g. low-water
flush toilets);
Water metering
Minimisation of waste during construction;
registration of waste production (e. g. in site waste management
plan);
Recycling of waste;
Limitation of CO2/ozone depletion gases
Conservation of flora, wildlife and natural habitats on site
Use of recyclable and renewable materials;
Refurbishing and redeveloping of existing buildings instead of
demolition and new development

Economical quality
Enable business to be efficient
and competitive
Support local economic
diversity
Provide employment
opportunities
Technical execution and quality
of the construction process

Reduction of energy consumption;
Reduction of waste production;
Reduction of water use during construction;
Construction of adaptable buildings
Density of development (e. g. min/max number of dwellings per
area);
Mixed land use;
Use of local material/goods in construction
Use of local labour in construction
Technical execution (building the construction);
Limitation of construction time (planning)

Social quality
Adhere to ethical standards
during development
Provide adequate local services
and facilities
Provide housing that meets
needs
Integrate development in local
context
Conserve local heritage
Access to green space

Ethical trading throughout supply chain;
Provision of safe and healthy work environment
Information to local community during construction activities;
Provision of space for training workmen;
Provision of local schools, health facilities, and social facilities
Development of a mix of tenure types;
Provision of affordable housing;
Provision of housing for elderly people
Provision of transport links to local context;
Links to adjacent neighbourhood
Re-use of locally valued buildings
Green space within certain distance

Technical quality
Design optimisation

Building envelope
Health, comfort and user

Shape of exterior;
Aesthetics;
Planned service life of structure or building services;
Space per occupant and/or dwelling
Moisture/water protection;
Wind protection;
Electro-magnetic shielding
Indoor air-quality;

satisfaction
Usability for disabled
Structural safety

Thermal comfort in winter/summer;
Acoustic comfort;
In-door daylight;
Accessibility for disabled
Structural safety of the construction;
Fire resistance;
Safety of construction during fire

In general, sustainability criteria are considered in different MS with different priorities and
differing measures. In some member states only a few of these sustainability criteria are
considered, while in other member states there are even more sub-criteria, or criteria are
sorted in different ways, e. g. within certification systems as BREEAM [BREEAM2011], LEED
[LEED2011] and DGNB [DGnB2011], BNB [BNB2011].
The following tendencies can be described:
All studies carried out within WG 1 “Regulatory and standardisation framework” of the Lead
Market Initiative Sustainable Construction showed that all member states regard aspects of
ecological quality. Ecological quality by far receives most attention in the different regulatory
frameworks analysed; yet, differences exist in the attention paid to different criteria. Usually
in most countries regulations are designed in a top-down process. In some countries this
process often rather seems to be carried out in co-operation between government and
industry, or is led by industry. Even if sustainability criteria are addressed by several member
states there are still significant differences in addressed objects (e.g. new buildings, existing
buildings, industrial buildings), assessment methods, regulation etc.
Ecological Quality
Within the area of ecological quality most addressed criteria are related to energy and waste.
All member states have introduced regulations related to energy performance of buildings
and sub-criteria as listed in Table 4. These regulations often have a background by EU
directives. In most countries these regulations are drawn up by the federal government.
Depending on the particular governmental system; in some countries regulations are drawn
up on a regional level, or are drawn up on national level and then are adopted on regional
level. Regulations related to energy are set up as a performance-based or goal-based
regulations in nearly all countries.
The limitation of waste is widely addressed in the construction regulatory frameworks,
presumably as a result of implementation of the Waste Framework Directive.
The topic of water conversation (sub-criteria are listed in Table 4) receives only limited
attention. If there are regulations, these are usually drawn up on national level.
The protection of biodiversity on building sites is widely addressed in the construction
regulatory framework of the countries analyzed; again a driving force can be found in EU
directives.
The minimisation of the use of resources so far hardly is regarded in the regulatory
frameworks as analysed. Some countries already are developing requirements/standards,
and furthermore this topic will be addressed in the EU Construction Products Regulation and
is already taken up by the works of CEN/BT 206 and CEN/TC 350 [Ver2010].
Economic Quality
Economic quality as criterion of sustainable construction receives only little attention in the
building regulatory framework. Hardly any country has regulations related to effectiveness
and efficiency of business – usually, these aspects are considered to be a matter of the
market. Regulations to support local diversity are usually related to zoning and planning
(density of development, mixed land use); there are only very few regulations for the use of
local materials or goods. None of the member states has referred to the use of local labour in
construction activities in any regulations. There are some regulations on construction
management which are usually set up on national level. The level of education and/or
experience of builders are addressed in nearly all member states [Ver2010].

Social Quality
The different aspects of social quality receive different attention within the member states as
some sustainability criteria are addressed in almost all member states whilst others are
sparsely regarded.
Mostly addressed are the criteria conservation of local heritage, integration of development in
local context, provision of adequate local services and facilities, provision of housing that
meets the needs, while the adherence to ethical standards during development is hardly
addressed. This aspect has a direct relationship with doing business and hence might be
enforced by public-private initiatives. Also, the EU could raise awareness by promoting public
procurement, which is one of the tasks within the EU LMI [LMI2007a].
For most of these criteria no direct background in EU directives was identified. Hence, there
is no rule to what level of government the related regulations are set [Ver2010].
Functional Quality
Most criteria as listed in Table 4 are rather traditional as related to health, safety and usability
and hence, are regarded by the members states analysed.
Regulations on design optimisation and building envelope apply in most countries. They are
usually set on a national level and have no background in EU directives. Regulations to
ensure the planned service life of structures and of building services are considered of
importance and might need more attention in future.
Regarding health, comfort and user satisfaction in most countries there are regulations that
apply to indoor air quality, thermal comfort in winter and summer, acoustic comfort, indoordaylight entry.
Accessibility of buildings for disabled is considered in all member states analysed and was
perceived by some of them to have a background in EU directives.
Also, safety aspects are regarded in all countries.
Most considered sustainable aspects are ecological aspects, including local and global
environmental impacts, energy efficiency, waste management, recycling and demand in
space, implemented in national and international legislation. Also, aspects of technical
quality, such as fire protection, acoustics, thermal and moisture protection are addressed by
most countries. These aspects are not only regulated somewhere, also they are enforced,
while other criteria in practice are not enforced, partly due to missing consequences if
existing regulations are not regarded. On a country level (sometimes even regional level)
there are varying approaches to different aspects of sustainable construction regulation.
Where one topic is regulated in performance-based terms and faces strict enforcement (e.g.
energy performance) another topic may very well be regulated in prescriptive terms and
facing hardly or no enforcement at all [Ver2010]. For this reason initiatives and measures,
which were considered efficient in bringing forward the idea of sustainable construction are
discussed in the following.
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Activities and Strategies

In the following some of the results of the studies, which comprised questionnaires and
interviews with stakeholders of different background from 23 Member States, are
summarised. Especially those measures which were considered most effective in supporting
sustainability in the construction sector are highlighted. Anyhow, a one-size-fits-all solution to
sustainable construction to all member states is not realistic. Future framework or action on
European level should provide enough freedom for the member states to include national,
regional and local circumstances. For these reasons, in the following a list of activities related
to sustainable construction is given – but no interpretation or evaluation is given if practicable
in general or for European level.

National strategy and central coordination of SC
A national central coordination connected to a national strategy of sustainable construction
was identified by more or less all participating member states as one central element to
reduce administrative burdens and to support the development of sustainable construction.
In those countries where a central coordination exists, it is usually performed by a public
institution, by a ministry on national level.
Implementation of a building certification system
Voluntary and complementary programs provide a major role in sustainable construction.
Especially the certification systems, which are commonly used already, are important. On
European level mostly known are LEED [LEED2011] (which was developed by the U.S.
Green Standard, but also is applied in Europe) and BREEAM [BRE2011]. The building
certification system BREEAM was first developed in the United Kingdom; it encompasses
social and environmental aspects of buildings. In Germany the certification systems DGNB
[DGNB2011] and BNB [BNB2011] were developed. BNB is the governmental evaluation
system including most aspects of sustainable construction compared to other approaches,
with a special focus on LCA. This system is being further developed regarding other
construction types and is compulsory for new federal buildings. Besides this governmental
system, also private building certification systems can be approved by the government, like
e.g. the DGNB.
Other member states have no national certification system. They either have other strategies
or they adopt and further develop already existing certification systems for their country
specific conditions.
Communication and information, e. g. central information platform
To communicate sustainable construction and to make it transparent and measurable, some
member states designed guidelines for sustainable construction. Here, clear indicators and
benchmarks are set, which were named as main driving forces within the answers of the
questionnaires and interviews.
Furthermore, national information platforms and databases had been established by some
countries to publish and spread information about state-of-the-art and future developments in
sustainable construction to society and to enhance collaboration within sustainable
construction between experts. As essential future developments within this field, availability
of data to calculate LCC and to make LCA more transparent and easy applicable and
additionally enhanced communication of good practice to increase the awareness of existing
sustainable buildings had been mentioned.
A European information platform for collecting information on voluntary and complementary
activities and good practices will be helpful.
National regulatory framework
Building related regulations set by the European Commission are not jet implemented within
the national legislations by all Member States. Nevertheless some countries have
established already further legislations, regulations and standards for the building sector
going even beyond set limits by the EU and extending addressed aspects by including for
instance reduced land usage and accessibility. The regulatory framework is identified as one
of the most important matters to support sustainable construction within the questionnaire.
There are areas which seem not proper for sustainability regulation, like areas which are
properly the domain of criminal law (ethics), social policy (social housing), economic aspects
(which are subject to market forces), competition policy (industry economics) or urban
planning (mixed tenures, etc).
In many countries there is a difference between ‘formal regulation on paper’ and actual
compliance and control of regulation in practice. Overall, all countries do, to a certain extent,
address at least some of the topics related to sustainable construction. They do so however
in their own way.

National initiatives and measures
Most countries show to some extent a certain kind of national strategy regarding an overall
sustainable development touching aspects, such as energy efficiency and reduced resource
consumption in general.
Rather all participating countries have one or more incentives, provoked by public or joint
public-private actors/authorities with a major focus on energy efficient performance of new
and existing buildings.
Some countries mentioned also exclusively privately initiated measures in this domain.
Several member states support also other aspects of sustainability. Some countries set a
high standard regarding all sustainable aspects; encompassing ecological, economical,
socio-functional, technical and process qualities, for new public buildings and private
institutions push for instance environmental product declarations. Some emphasise on
communicating life-cycle-assessment in building design.
Financial incentives are present in all member states, whereas the main focus is put on
energy efficiency and renewable energies. In addition, there are numerous subsidies for
single aspects which can be related to sustainable construction. In general, financial
incentives were identified as good driving forces and diverse recommendations had been
made to change, adjust and expand these incentives to make them more suitable and
efficiently.
Research activities
Research activities related to construction and sustainability are usually performed within all
participating countries. The greatest focus is put on energy efficiency, on instruments to
enable LCA and systems to evaluate the environmental or even sustainable performance of
building. Some countries moreover initiate research and further developments in tools to
evaluate the sustainable performance of buildings. Some smaller countries pointed out that
big construction companies do most research centralised in their mother countries.
Driving forces and effective measures to enhance and support sustainable construction
As the three major driving forces,
a national strategy for sustainable construction with clear guidelines, coordinated by a
central governmental body,
a functional and performance-based regulatory framework as well as
functional and overall incentives
was identified.
Recommendations had been made by the participating countries to improve the existing
conditions. To enhance efficiency and facilitate innovations, legislations/regulations should
be functional by setting ends but not fixing the means. Additionally, they have to be
assessable to future changes. The regulations for the design and evaluation of tender
documents should emphasis on the selection of the most sustainable proposal. Only few
legislations/regulations should be defined and those should be strict. Furthermore, a
consistent regulatory framework is essential, connected with little and then very early prepublished changes, so that the actors can rely on and plan with it in the long-term.
Consistency is also an important issue regarding EU-wide defined criteria and limits for
certain aspects of sustainable construction, whereas different local conditions need to be
considered. Incentives should be functional, supporting certain ends, instead of focusing on
means. Moreover, different incentive types, such as subversions, tax reduction and good
insurance conditions, a collective support by several ministries and an emphasis on all
aspects of sustainable construction was asked. Another driving force, named by most
countries, is communication and information transfer through a central information platform.
Especially transparent and easy understandable information and tools to calculate LCC and
LCA are required. Communication of available incentives and critical evaluation of existing

best practice is helpful to reduce barriers restraining sustainable construction. Voluntary
building evaluation/certification systems are identified as effective measures, when they are
in compliance with EU and national regulations, easily and cost-efficient applicable and
adoptable to future changes. Finally a change in the attitudes of society and extended
knowledge of experts is necessary for the future development in sustainable construction,
which can be reached by respective education and training.

6

Summary and Outlook

Sustainable Construction was defined as one of the Lead Markets within the European Lead
Market Initiative. The consideration of sustainability criteria in construction is highly complex
and an assessment with holistic approaches is a rather new process. In some member states
there are already complex systems and helpful strategies, sometimes driven by government
or co-operation between government and industry. There some European Directives which
were the driving force for national regulations to topics which are part of the holistic
approaches to sustainable construction. A co-ordination of different European activities which
relate to sustainable construction seems to be required.
Even though there are significant differences in the process of regarding sustainability in the
construction sector between the member states the European Lead Market Initiative with its
actions being taken (studies, data and networking platforms, workshops, etc.) helped to raise
awareness of the topic. Sustainability in general, in for the construction sector in special will
surely still gain of importance in the future.
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Summary
The Auditing Instrument for Sustainability in Higher Education (AISHE) is an assessment instrument developed specifically for higher education. In this paper this tool was used as an instrument
for self- evaluation in a university in south of Brazil. This paper shows the results of AISHE application at Passo Fundo (UPF) university, specifically about the education module. The research
was carried out in conformance with the following steps: adaptation of the method; application of
the tool to the coordinators, students and teachers; construction of the graphs; calculation of the
medians and analysis of the results. The AISHE method is based on the PDCA circle (PLAN-DOCHECK-ACT). Within the first three categories are criteria available in accordance with the five
stages (sustainability level): stage 1: activity; stage 2: process; stage 3: system; stage 4: chain;
stage 5: society. The results show significant differences between the courses, demonstrating a
lack of strategic vision and university management that, in general, is a common characteristic on
all   courses.   The   ideal   would   be   if   the   evaluations   reached   stage   5,   the   ‘society’   level.   From   the  
point of view of sustainability of the university, within the priorities of action for improvement in the
fields of attention, there is necessity for effort on the initial management process. The planning
stage on what regards the formulation of policy and vision, considered as a basis for the other activities, should be strong and understood in a systemic way for all the institution courses.
Keywords: Sustainability, evaluation, higher education, auditing instrument, graduation course.

1. Introduction
The Dutch Foundation for Sustainable Development in Higher Education developed a tool for
evaluating  sustainable  development  in  universities,  in  the  year  2000.  It  was  called  “Evaluation  Tool  
for  Sustainability  in  Higher  Education”,  or  “AISHE”.  It  can  be  used  in  an  entire  university  or  just   a
part of it (faculties, courses).
AISHE was tested and validated in Holland and Switzerland and the results published in 2001.
Since then it has been extensively used in Holland, Belgium and Switzerland. Based on AISHE, a
certificate was defined by DHO. This certificate of Education for Sustainable Development (ESD)
was awarded to around 60 education programmes in universities. Many changes in higher
education took place between 2001 and 2008 and, as a consequence, DHO decided to reconstruct
the evaluation tool; an international group of universities and organizations from a university

network began developing AISHE 2.0, a tool for evaluation and the granting of certificates to higher
education institutions in relation to the application of sustainable development. The tool is a
reconstructed version of the previous AISHE (1.0), developed by DHO [1] and [2].
The first version serves as a reference in regard to education for sustainability, while the second
version also extends to the operation of infrastructure, research and the relationship between
society and the university. The qualitative indicators of the AISHE model are based on a quality
management model developed by the European Foundation for Quality Management and backed
up by the Dutch Institute of Quality Management. For this reason it is called EFQM (European
Foundation for Quality Management).
The original EFQM model was developed to be used in business companies, for example, in
industry. One adaptation was created by a Dutch group of universities for the appropriate
education for Higher Education (EFQM-HE). Instead of themes on production processes, the
themes in the new version are relative to educational processes. Following the EFQM-HE model,
the AISHE tool is based on the PDCA cycle (plan, do, act and check), a clear and efficient form of
ISO 14001 standard [1] and [3]. Figure 1 shows the fields of attention: each field of attention
consists in four criteria.

Fig. 1 AISHE fields of attention and criteria (adapted of [1]).
In 2008, the University of Passo Fundo (UPF) committed itself to participate in a group of universities that applied the AISHE 2.0 tool in its internal and external localities, together with other universities from different countries. The aim of this article is to evaluate environmental sustainability at
UPF through its graduation courses, using the AISHE method.

2. Method
The University of Passo Fundo, in south of Brazil, is a community university with around 20 thousand students, 1000 teachers and 800 employees, located in 7 campuses with 54 graduation
courses, 7 technical courses, 45 specialization courses, 7 master degree courses and 1 doctorate.
The focus of the study was the 40 graduation courses of the institution, 30 of which participated in
the research, which represents 75% of the population in focus. It should be noted that, at this stage
of the research, the 14 higher education technical courses were not included.
The research was performed according to the scheme presented in Figure 2.

Fig 2. Research scheme
The AISHE methodology was applied to campus I in Passo Fundo for the graduation course coordinators, with the presupposition that these people would be the most likely to respond in relation
to their courses as they are directly involved in the day-to-day activities and are very familiar with
them.
Criteria established in AISHE evaluation were answered individually by coordinators, with the help
of explanatory tables for each criterion, with the possibility of fitting them according to one of the
possible stages. For the appraisal of results, AISHE methodology allows the use of punctuation
median.
After that a quickscan, in the form of a questionnaire, was used for professors and students, with
the aim of validating the data obtained with coordinators. This questionnaire is also part of AISHE
methodology, consisting in aspects related with sustainability criteria. In total, 60 professors and 90
students took part. The amount was defined in such a way to allow research and the sample was
selected randomly, taking into consideration all courses in the institution.

3. Results and discussion
3.1

Sustainability evaluation according to coordinators

Table 1 presents the sustainability level attributed by coordinators to each one of the criterions
when the situation of their course was evaluated. Also, the medians of courses, criteria and attention fields were presented, all of them analysed in a row.
Table 1 General results of the 30 graduation courses at UPF University according to AISHE methodology

Figure 3 results from the median of each criterion in relation to the points attributed to the total sum
of the evaluated courses. The criteria for the educational methodology (3.2) showed the best
results, reaching Stage 3, which signifies that the teaching and learning methodology gives the
student the opportunity to encounter real situations that gives rise both to reflection and
development of his/her future professional development in a sustainable fashion.
The interdisciplinary criteria (4.2) attained in Stage 2, show that the curriculum is structured in such
a way that the subjects covered by the courses are interconnected. The other criteria of this field of
attention (4.1 curriculum; 4.3 stage, graduation; 4.4 specialist) were met in Stage 1. This
demonstrates that analysing the interdisciplinary criterion by itself does not make it possible to say
that the subject of sustainability is embraced by the courses satisfactorily.
The criterion vision (1.1) presented a median of intermediate value between stages 1 and 2,
meaning that the administration has taken a position on sustainability, even though it was only
implicitly, because it offers work opportunities with objectives which, beyond this awareness, can
bring concrete consequences for the University, albeit through individual actions. It can also be
observed that both this awareness and sustainability cease being merely implicit when they are
formulated in documents.
The   Students’   criterion   (5.2)   considers   the   existence   of   university   data   concerning   students’  
perception in relation to the sustainability of the institution. As the university did not make

significant data available for valuation, the values stated in the evaluation of this criterion were low,
resulting in a median value equal to zero.

Fig. 3 Median of sustainability levels in the AISHE evaluation criteria.
3.2 Evaluation of the different perceptions from professors and students about sustainability in the institution
In  order  to  evaluate  the  professors’  and  students’  points  of  view on what regards sustainability at
UPF University, questionnaires that contained nine aspects were used. These aspects were related
to the presence of sustainability in the institution. They embraced issues such as the presence of
sustainable development in courses curriculum, the existence of specialists in the subject, the
observance of guidelines for internal environmental management, the consideration of aspects
related to sustainability when evaluations are performed, the fact of being informed about
sustainability in their field of expertise and the preparation of graduate students to act in favour of
sustainability.
In the questionnaires, professors and students had the following as options of answers: don’t  
agree, neither agree nor disagree, partly agree, or agree. As they were dealing with positive
aspects, when the option “agree” was chosen, it can be considered that sustainability is present,
the same way the option “don’t   agree” denotes a presence without much significance of
sustainability.
The sum of the answers for each one of the evaluated aspects by professors and students allows
quantifying their different perceptions. Figure 4 presents this data. In the global analysis it can be
observed that for students the most elevated percentages fit the answers “neither   agree   nor  
disagree”  and  “partly  agree”,  whereas for professors “partly  agree”  and “agree” were the levels of
perception with greater incidence of answers.

Fig. 4 Percentage of students and professors answers for each perception level.
The  greatest  incidence  of  students’  answers  as  being  “neither  agree  nor  disagree” shows a lack of
knowledge about the reality of the university, as well as an insecurity of students on what regards
their opinion about those aspects. A lack of efficient communication that was stated in coordinators
evaluation can also be related to these answers. The fact that students do not know about what is
done in the university makes them unable to state something about the subject.
In the case of professors, the greatest percentages were attributed to “partly  agree” and “agree”,
which means they are more involved in the everyday life of the university, they have a greater
knowledge about the actions that are being developed. Another possible analysis is the one that as
the aspects involve personal issues, the professors may have attitudes in favour of sustainability
individually and this makes them give positive answers.
It is also important to highlight that the perception levels “don’t   agree”   and “agree”, represent
respectively the lowest percentages, which confirms the positioning of uncertainty towards what
the university has been doing when seeking its sustainability.

4.5 Comparison among the coordinators, professors and students
The aspects evaluated by professors and students from the use of the quickscans are related to
one or more criteria of the AISHE methodology that was answered by coordinators. This way it was
possible to compare the opinion of students, professors and coordinators about the same subject,
this is presented in Table 2.

Table 2 comparison between coordinators, professors and students.

4. Conclusion
The use of indicators is important in order to evaluate the stage of the university towards its
environmental sustainability. Regarding teaching, the focus of this research, Universities de Passo
Fundo presents many differences among its courses, which shows a lack of strategic vision in the
management of the university on this theme. This may be related to a lack of prioritisation of the
subject in the administrative agenda.
There is great dispersion in actions, some courses perform more sustainable actions than others,
and this can be clearly seen in the opinions of coordinators. The specificities of each course
cannot be unconsidered, once this is a characteristic that tends to particularities and may justify
some results. However, there are criteria that could have been evaluated more positively, for all, if
there was a planning in the university that defined means to improve the environmental
sustainability in the courses.
In relation to the application of the AISHE to the course coordinators, it has been noticed that on
numerous occasions difficulties arise in the understanding of certain terminology used in the
questionnaire, a fact that corroborates the results of other researches, which may well reflect a
general lack of familiarity in some areas.
When the opinions of coordinators, professors and students are compared, it can be observed that
professors were the most positive group of the three evaluated because they partly agreed with

most of the aspects related to the presence of sustainability in the institution. The students
showed insecurity in the moment they were asked to affirm something about sustainability at UPF,
showing a lack of knowledge about the subject or even about the actions that are being developed
in   the  university.   This   became   clear   once   most   of   the   students’   answers   were   “neither  agree  nor  
disagree”. The negative evaluation of coordinators in some points may be explained by the fact
that the criteria are wider than the aspects. These are more specific and related to personal
attitudes, this way making criteria more dependant of an administration that goes beyond the
power of coordinators.

References
[1]

AISHE. 2001. Auditing Instrument for Sustainability in Higher Education. Dutch
Committee on Sustainable Higher Education. December 2001.

[2]

ROORDA, N. 2008. Introduction to AISHE 2.0. In: Environmental Management of
Sustainable Universities - EMSU, 5, 2008, Barcelona. Available at:
http://www.surfgroepen.nl/sites/dhoserver/aishe/aishe2/default.aspx.
Access in: 3 dec. 2008.

[3]

ROORDA, N. 2008. Assessment, policy development & certification of education for sustain
able development: AISHE 2.0. In: Environmental Management of Sustainable Universi
ties - EMSU, 5, 2008, Barcelona. UPC/UAB/RCE, 2008. 493-502.

A Methodology to Develop Judgment Skills
in Sustainable Architectural Education
Paul Kenny
Lecturer
UCD Architecture
University College Dublin
Ireland
paul.kenny@ucd.ie

Vivienne Brophy
Lecturer
UCD Architecture
University College Dublin
Ireland
vivienne.brophy@ucd.ie

Summary
Students of sustainability, in particular architectural students, are faced with a vast body of
published work that forms an important part of their reference library. The employment of
precedent is, traditionally, central to the education of an architectural student, introducing them to
exemplary projects of all types. However many of the buildings published and purporting to be
‘sustainable’ or ‘green’ lack rigorous and impartial review. In the absence of such credible evidence
how is a student, or for that matter, a professional, to know that a particular building is an authentic
exemplar upon which to base research or teaching.
This paper presents a project and the methodology used by second year architectural students in
University College Dublin. It was designed to instil a strong sense of discernment in the student,
developing critical and research skills that enable them to differentiate between an authentic
sustainable exemplar and one over which there might be doubt.
The project first asked each student to arrive at their own definition of sustainable architecture.
This was then tested by applying it to three ‘sustainable’ projects of their own choice. They were
then asked to choose the most credible of those three and apply a specifically developed
environmental rating system, supplied to them, against which to assess their chosen exemplar.
The objective and result of the project was to develop within each student the ability to research
authoritative information online, in books and journals and to use this to support and argue for
authentic exemplars of sustainable practices in architectural design. The highest rated case
studies were then available to the whole class as genuine examples of the highest international
standard in sustainable architectural practice.
Five exemplars were then published in a national sustainable construction magazine, Construct
Ireland, along with the methodology developed for the project and used in their assessment.
Keywords: Architecture, Education, Sustainability, Precedent

1. Introduction
Over the past two decades the practice of ‘sustainable architecture’ has become accepted and
virtually mainstream and the basis upon which many practices now engage with clients. As with
any architectural genre, there are good and bad examples. Given the role of precedent in
architectural education it becomes paramount that one can be differentiated from the other.
In the design studio and in the teaching of the history of architecture, the use of precedent has
played a central role in many schools since the establishment of Ecole des Beaux-Arts, through
the post-modernist period and to today [1]. Precedent can also play an important part in the

teaching of subjects such as environmental science, technology and any others related to
sustainable architecture. They represent part of the past but are equally a part of the present,
archetypal models and exemplars. To the student they become a potential source of enrichment for
ideas. They can be formative influences based on a clear and correct idea of what is good for the
environment, in raising awareness and developing insight, learning from earlier experiences by
systematic and explicit analysis [2]. Equally important is that students gain insight into the
importance and technique of precedent analysis by self-discovery in working out exercises, not just
by learning 'how to'.
Precedent can present to the architectural student a history of architectural responses to
environmental and ecological challenges. In doing so, the student must be equipped with the
correct method of analysis in order to understand how to appropriately use such exemplars in
informing their own work. Today’s architectural solutions require a broader knowledge and so
precedents chosen are also important, maintaining an awareness of history along side that of
ecology and technology, of all-embracing solutions [3]. The student must remain cognisant of the
interrelatedness of environmental issues with those of buildability, ascetic, culture, history, etc.
Publications abound with examples of so called sustainable buildings. But when many are
examined more closely it is clear that only a few of the many environmentally related issues are
addressed and sometimes not well at all. There remain many questions about what sustainable
architecture is and means and what role it plays in arriving at solutions to future needs. As greater
numbers of so-called sustainable buildings are constructed a problem arises – how to differentiate
between those that are actually sustainable and worthy of being considered precedents and those
that are not. Numerous award schemes reward such projects but even these have a widely varying
array of criteria against which they are judged. As such, award programmes are not immediately
comparable or, possibly, even credible. It is fundamentally linked to the question ‘What is
sustainable architecture?’, one to which there are, currently, many answers.

2. The Project
This paper presents a project undertaken by architectural students designed to develop those skills
of discernment previously discussed. The students undertaking the project were in their second
year of the University College Dublin (UCD) Architecture programme. It was a joint project
involving both the ‘Architectural Technology’ and ‘The Indoor Environment’ modules and was
supported by these lecture-based programmes. The students would have already taken
introductory equivalents in their first year of study. The programme at UCD is a five-year degree,
conforming to the European Bologna model and recognised by the Royal Institute of the Architects
of Ireland (RIAI) and the Royal Institute of British Architects (RIBA). In 2011, the programme
celebrates 100 years of architectural education in Ireland.
The projects ultimate aim was to develop the skills required by an architectural student to be
discerning and objectively judgmental when considering the merits of sustainable building projects.
Furnished with a clearer understanding of what sustainable, ecological or even passive might
mean, students are better equipped to apply critical judgement both while in education but also as
practicing professionals.
The assigned project was designed to achieve a number of stated objectives. While a number of
definitions of sustainable architecture might be given to a student it was important that, before
considering a critical analysis of an actual project, each one took time to explore the range of
issues involved. To that extent, students were asked to arrive at their own definition of sustainable
architecture and to justify it. The unstated objective was to bring to their attention both the extent of
issues involved but also, in many cases, their interrelatedness. It was also considered important
that each student worked through and arrived at their own definition and not simply adopt an
existing one without question. The project consisted of three stages:
Stage 1: A Definition of Sustainable Architecture
In this stage of the project each student was given the opportunity to develop their own
understanding and define what they understand by the term ‘Sustainable Architecture’.

Stage 2: A Brief Review of Three Example Buildings
Each student chose three project case studies which were critically reviewed against their own
definition of sustainable architecture. In each case they presented background information such as
when the building was built, by whom, where, a description of the building and its function and
context (e.g. urban, etc.) and a list of features which justified its inclusion among the three.
In choosing their case studies the students were encouraged to look widely across both
contemporary and historical projects on the understanding that many recent sustainable
innovations are actually well ground in both historic and vernacular architecture including passive
solar principals, natural ventilation techniques and thermal inertia, for example. The object was not
to find that single building exemplar that was likely to be the saviour of the planet - it doesn’t yet
exist - but one which might inspire innovation and creativity and, importantly, appropriate to its
climatic and cultural context.
Stage 3: A Detailed Review of One Case Study
The final stage of the project was a detailed study of one of the examples included in Stage 2. For
this building the student employed the provided environmental rating system to assess the merits
and demerits of the chosen example. All evidence used to support the assertion that it was
sustainable had to be appropriately supported through references to authoritative information
sources.
The final submission, approximately 5000 words, consisted of all three stage reports, appropriately
illustrated and included a single reference section. Five exemplars of the project were then chosen
for publication in a national sustainable construction magazine, Construct Ireland [4], along with
the methodology developed for the project and the assessment technique used.

3. Assessment Tools
The assessment method developed for use in stage three of the project was intentionally kept
broad in its consideration of the issues. Students did not have direct access to the buildings
selected nor did they have the detail required to carry out a LEED [5] or BREEAM [6] style
assessment. Instead, students relied on published material only as they might in professional
practice. Reliance on this material alone also emphasised for the students the often variable
quality of such sources and the need for authoritative support.
The method itself was not dissimilar to many commonly used environmental assessment methods,
such as LEED and BREEAM. It was a credit based system, divided into sub-categories reflecting
the scale of issues relative to a project. It also included elements from and influenced by the
overall approach taken in the Wells regeneration based checklist. This was originally developed by
Malcolm Wells in 1969 and later published in his better-known ‘Gentle Architecture’ [7]. This
method has been further developed by the Society of Building Science Educators [8] and is
available in numerous languages. It was presented to the students as a list of 20 modified and
loosely defined criteria and augmented by a scoring spreadsheet and a more graphical
representation of the credits based on the Arup SPeAR method diagram [9].
3.1 The UCD Sustainable Building Rating System Checklist
Each criteria was marked on a scale of -100 to +100 in increments of 25, after the Wells method,
and recognised and penalised negative impacts as well as rewarding positives. Criteria were
divided into three sub-categories reflecting scales of influence and were as follows:
A - GLOBAL
1. A Planetary Exemplar: A bad example for world architecture or a good example for world
architecture
2. Harmony: Differentiates man-made and natural or conflates man-made and natural
3. Ecological Footprint: Doesn’t care about its impact or does care about its impact.
4. Life Cycle: Ignores the bigger picture or considers the bigger picture

B - THE SITE
5. Air Quality: Pollutes air or cleans air
6. Water Quality: Pollutes water or cleans water
7. Rainwater: Wastes rainwater or stores rainwater
8. Site Condition: Is built on a greenfield site or is built on a brownfield site
9. Waste: Dumps wastes unused or consumes wastes
10. Site Density: Decreases density or increases density
11. Transportation: Requires fuel-powered transportation or requires human-powered
transportation
12. Microclimate: Intensifies local weather or moderates local weather
13. Proximity: Is a bad neighbour or is a good neighbour
C - THE BUILDING
14. Building Form: Large volume to surface area ratio (sprawling) or small volume to surface area
ratio (compact)
15. Natural Light: Excludes natural light or utilises natural light
16. Passive Energy: Uses mechanical heating/cooling or uses passive heating/cooling
17. Energy Performance: Unconcerned with energy performance or monitors and improves
energy performance
18. Human Comfort: Produces human discomfort or provides human comfort
19. Indoor Air Quality: Pollutes indoor air or creates pure indoor air
20. Reusability & Recyclability: Very little is reusable/recyclable or a lot is reusable/recyclable

4. Results
While the stated objectives of the project were achieved there were some interesting and
unexpected results. The general selection of projects did not include, to any great extent, those
more obvious and widely disseminated international examples. The students, having undertaken
stage one of the project, were more critical of what appeared to be an over-emphasis on a
technical approach to issues of sustainability. While the UCD architectural programme does have
strong technical and environmental component modules, it also has a strong socio-cultural
emphasis in both the ‘History & Theory’ and ‘Design Studio’ modules. The result was a welcome
and an informed mix of projects exhibiting wider architectural qualities in addition to environmental
ones.
Five projects are presented here, reflective of some of the more insightful choices by students. In
particular, examples well outside their normal climatic and cultural environments attracted their
attention. Examples of vernacular architecture are included in part of their first year course and
would have had some influence but it was clear that students understood the need to respond
appropriately when faced with climatic and socio-cultural differences. The Druk White Lotus School
is a widely know exemplar but the Gando School in Burkina Faso is less so. The inclusion of Alto’s
Paimio Sanatorium reflects the students’ interest in a particular historical period as well as
architectural qualities relating to light and health while the reference to the Zero Carbon House in
Birmingham, of their own culture and contemporary issues of reuse. William McDonough’s Oberlin
College is a more contemporary example and well documented. From the examples chosen it was
also striking that the scale of many buildings was small to medium, more human in scale. It was
clear that international architecture award schemes were widely used by the students in selecting
their projects thus emphasising the importance of these being suitably critical in their respective
selections and as a source of inspiration to others.
In the final assessment the environmental scores calculated by the students, being based on a
wide range and quality of published information, could not be considered as comprehensive and so
were taken as indicative only.

Table 1: Examples of projects selected by students
Druk White Lotus School
Building function:
Location:
Architect:
Client:
Date completed:
Distinctions:

Further information:
Gando School
Building function:
Location:
Architect:
Client:
Date completed:
Distinctions:
Further information:

Oberlin College
Building function:
Location:
Architect:
Client:
Date completed:
Distinctions:

Further information:

Paimio Sanatorium
Building function:
Location:
Architect:
Date completed:
Distinctions:
Further information:

ZCH Birmingham
Building function:
Location:
Architect & Client:
Date completed:
Awards:

Further information:

Primary and Secondary School
Ladakh Valley, India
Arup Associates
Drukpa Trust
2000
Best Education Building, Best Asian Building
and Best Green Building, World Architecture
Awards 2002.
http://www.dwls.org/

Primary School
Gando, Burkina Faso
Diébédo Francis Kéré
Gando Village Community
2001
Aga Khan Award for Architecture, 2002-2004
http://www.akdn.org/akaa_award9_awards_detai
l2.asp

Study centre
Ohio, USA
William McDonough and Partners
Oberlin College, Ohio
1998
AIA Top Ten green Buildings 2002
US Dept. of Energy One of 30 Milestone
th
buildings of the 20 century
http://www.oberlin.edu/ajlc/ajlcHome.html

Sanitorium
Paimio, Finland
Alvar Aalto
1933
UNESCO World Heritage Site
www.nba.fi/tiedostot/c760469d.pdf

Ext. and retrofit of semi-detached dwelling
Birmingham, UK
John Christophers Associated Architects
2010
Code for Sustainable Homes Level 6
RIBA regional award for architectural excellence
http://zerocarbonhousebirmingham.org.uk/

5. Conclusions and Acknowledgements
The project presented set out to highlight to students the importance of authoritative information,
critical analysis and judgement when considering projects as exemplars and thus as precedents of
sustainable architecture. Underpinning the project was the development of a deeper understanding
of the issues related to the delivery of environmental architectural solutions while, at the same
time, remaining mindful of the broader issues of architectural ascetics, history, culture, etc.
The projects selected by the students showed a great awareness of these issues and the
importance of design responses not only based on technical solutions. Climatic and cultural
contexts were also considered of importance, as was scale. From this it was clear that while, as a
result of the project, the students learnt to be more critical and judgemental about what constitutes
sustainable architecture, they also revealed an already well-developed sense of architectural
quality and how issues of environment form one part of a multifaceted approach to what might be
considered precedents of sustainable architecture.
Finally, the authors would like to recognise the efforts made by the second year students of UCD
Architecture and the support and co-operation of Construct Ireland magazine editor, Jeff Colley.
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Summary
At the Norwegian University of Science and Technology (NTNU) in Trondheim, an international
interdisciplinary MSc programme in Sustainable Architecture started in Fall 2010. The programme
is based on long experience with graduate and post-graduate courses in the field, which are now
being bundled into one holistic education.
The MSc programme aims to educate building professionals in the use and development of
competitive methods and solutions for existing and new buildings that will contribute to lowering
GHG emissions related to the production, use, management, and demolition of architecture in a
life-cycle perspective. This is ensured through the close collaboration with the national research
centre on zero emission buildings [1].
Throughout the two years of the MSc programme, a holistic perspective stresses the many
architectural expressions and possibilities encompassed within a zero emission built environment.
Within each of the theory and project courses, high demands are made towards integrated design
strategies to ensure usability and synergy of the design with its surroundings and users. The
students are continuously trained in interdisciplinary co-operation enabling them to integrate these
routines in their professional practice.
The paper describes the learning aims, course structures and pedagogical methods of the MSc
programme. In addition, it focuses on first experiences with respect to the transfer of high-quality
research and practice experiences in Norway and abroad. Student outcomes of the first two
semesters are evaluated against the objectives and projected learning outcomes. Lessons learned
will be an important asset in the further development of the course content in the coming years.
Keywords: Include list of keywords (maximum of ten keywords)

1. Introduction
Architecture and the built environment exert a large influence on GHG emissions by means of
transportation and land use planning, lifestyle and consumption, development of better materials
and components, and life-cycle management of natural resources [2]. Therefore, there is need for
a development of holistic architectural policies that can lead society to a more sustainable use of
resources and adapt to future climate challenges. This requires for the building profession to act as
change agents to improve the manner in which society defines quality in the built environment.
How should educational institutions prepare their students for this reality? How should we educate
architects, engineers and other building professionals to be able to contribute to this political goal

in an optimal manner [3]?
At the Norwegian University of Science and Technology (NTNU) in Trondheim, an international
interdisciplinary MSc programme in Sustainable Architecture started in Fall 2010. The programme
is based on long experience with graduate and post-graduate courses in the field, which are now
being bundled into one holistic education [4].
The MSc programme aims to educate building professionals in the use and development of
competitive methods and solutions for existing and new buildings that will contribute to lowering
GHG emissions related to the production, use, management, and demolition of architecture in a
life-cycle perspective. This is ensured through the close collaboration with the national research
centre on zero emission buildings [1].

2. Master course
2.1

Aims

Throughout the two years of the MSc programme, a holistic perspective stresses the many
architectural expressions and possibilities encompassed within a zero emission built environment.
Within each of the theory and project courses, high demands are made towards integrated design
strategies to ensure usability and synergy of the design with its surroundings and users. The
students are continuously trained in interdisciplinary co-operation enabling them to integrate these
routines in their professional practice.
The paper describes the learning aims, course structures and pedagogical methods of the MSc
programme. In addition, it focuses on first experiences with respect to the transfer of high-quality
research and practice experiences in Norway and abroad. Student outcomes of the first two
semesters are evaluated against the objectives and projected learning outcomes. Lessons learned
will be an important asset in the further development of the course content in the coming years.
2.2

Course outcome

During the semester the students developed the ability to create a low-energy building that
satisfies aesthetic, technical and social requirements. They gained knowledge of building,
neighborhood and urban design including the interactions between built form, transportation and
land use, energy supply and generation, lifestyle and consumption, climate change and resource
scarcity. The role of the architect in creating a physical framework for a low-carbon society became
clear: the interaction between people, buildings and the environment on different levels of scale
and time. In particular, the students gained:
The ability to synthesize complex requirements of building function, structure, and physics
into a holistic design in order to provide health, comfort and well-being.
A thorough understanding of the changing role and responsibility of building professionals in
society. This includes a continuously updated knowledge of and critical attitude towards the
industries, organizations, regulations and procedures involved in developing sustainable
building projects.
The knowledge and skills required to transform various performance criteria into a coherent
design during the different stages of the life cycle of a building project. This includes the
design skills to negotiate stakeholder requirements within the constraints imposed by
environmental specifications, cost factors and building regulations.
An understanding of the investigation, assessment and evaluation required to achieve a
low-carbon project, including the ability to develop and follow-up an environmental program
that takes into account aesthetics, technical requirements and social factors.
2.2.1 Content of course
As a result of the success of the course and the increasing pressure on our environment the
Norwegian University of Science and Technology decided in 2010 to start a new 2-years Master
program on Sustainable Architecture. It is seen as an important step to raise awareness among the

architectural profession to put the issues related to energy and architecture on the top of the
agenda. A holistic approach to building our future is needed and the building profession of
architects and engineers that has the abilities to do this has to be shaped and educated now.
The 2-year program consists of three consecutive semesters with project and theory courses,
followed by a fourth semester during which the MSc thesis is to be written:
2.2.2 First semester:
Climate and built form
Climate and built form design
Concepts and strategies related to energy efficient, sustainable and zero emission buildings
and built environment
2.2.3 Second semester:
Integrated energy design
Energy systems and services and their integration in architectural design
Sustainable building materials and components
2.2.4 Third semester:
Design of zero emission buildings
Use and operation of zero emission buildings
Elective course
2.2.5 Fourth semester:
MSc thesis
For further information on the Master course visit the NTNU website.
2.3

Pedagogical methods

In order for future building professionals to be able to translate the climate and resource
challenges in society into a fitting architectural form, they need to not only know about the use and
development of sustainable building methods and solutions, but, above all, to be able to integrate
this knowledge into their every-day design routines. The students need to become creative, active
professionals who are able to keep themselves updated on relevant theories, understand how they
interact, and currently update their design routines according to this new knowledge.
The course structure is allowing for different types of research and experiments in theory and
design. Regular interactive workshops with discussions among peers and with the teaching staff
help the students become more conscious of their own knowledge and beliefs. An individual
research essay each semester allows the students to develop their own scientific potential. In the
design studio, interdisciplinary design teams give the students the opportunity to continually test
their own ideas in co-operation with others, and explore their professional, social and cultural
behaviour. In this manner, the students get familiar with different ways in which to work
professionally with the built environment, and get a good foundation to mix and recombine the
different elements into a meaningful whole.
In addition to design experience and theory, evaluation and reflection form an important part of the
students’ learning environment. In order to create well-functioning architecture, the students need
to be able to build a thorough knowledge of a project’s local climate and site as well as its cultural
history and recognize the consequences of the existing structures and dynamics for the design of
their project. They need to know how to start a project with specifying well-defined performance
goals, not by choosing a particular type of technology as the core solution. The students also need
to be able to analyse the performance of building projects in reality, such as the measured energy
efficiency of a project, and the patterns of use in and around buildings. Case studies, discussions
of different environmental modelling schemes and methods of analysis therefore form an
integrated part of each semester.
Each semester is structured to divide the total of 30 credit points into three courses. Two courses
are theory courses with 7.5 credit points each and a project course counting 15 credit points. One
of the theory courses is closely linked to the project course while the other theory course is linked

to the topic of the semester.
2.3.1 First semester
The first semester starts off with a theory course on concepts and strategies in sustainable
architecture, in which the students learned to identify, understand and analyse terminology,
principles and challenges related to sustainable architecture. The course provided a broad scope
of issues ranging from insight in the history of sustainable architecture to a discussion of the most
up-to-date concepts of zero-emission buildings and built environment. Different levels ranging from
building to community and urban areas are discussed, including an introduction to issues such as
land use, green infrastructure, traffic, and urban storm-water management and the corresponding
challenges and strategies related to mitigation and adaptation to climate change and resource
scarcity. Also policy and economic challenges posed by innovative building strategies in society
were included. After an intensive series of lectures and workshop discussions, the students picked
a topic for their individual research essay, which they defended orally at the end of the semester.
The first semester is focusing on the influence of climate and built form. Climate and built form is a
combined design and theory course of 22.5 credits in which the students learn to design a range of
projects in accordance with the resources and limitations posed by local site conditions, indoor and
outdoor climate. The project course Climate and built form design had as design task a concept for
the Solar Decathlon Europe competition 2012 [5]. The theory course was focusing on climate and
site analysis, passive energy strategies, and active energy strategies. Here, the theory course
intended to give an introduction into the topics and the introduction of building performance
simulation while a deeper study of the issues was expected in the design studio together with
exploring its relations to architecture. A reflection exercise at the end of the semester was asking to
reflect on three environmental issues in their designs. Table 1 gives the 4 topics that were
discussed most within the student groups.
The other theory course “Concepts
Table 1 Four most popular student topics chosen in the and strategies related to energy
efficient, sustainable and zero
reflexion exercise in the first semester
emission
buildings
and
built
Topic
Number of students
environment” was based on lectures
Materials
8
and a self study of the students with
Natural ventilation
6
submission of an essay on a freely
chosen topic within the course. This
Flexibility
4
ensured on the one hand to provide
Passive solar heating
4
the students with the possibility to
study a topic in more depth. On the other hand there was no mechanism that helped to prevent
students to choose that topic they felt most comfortable with and had most prior gained
understanding.
2.3.2 Second semester
The second semester has a structure similar to the first, with a 22.5 credits combined design and
theory course on integrated energy design, and an additional 7.5 credits theory course on
sustainable building materials and components.
The integrated energy design courses aimed to teach the students how to integrate energy
systems in architectural design, and to practice the interdisciplinary procedures necessary to
ensure a successful functioning of these systems in architecture. The project course “Integrated
Energy Design” had a transformation project as task. An old school building had to be transformed
into a passive house and strategies for net zero energy should be presented [6]. The theory course
“Energy systems and services and their integration in architectural design” was trying to give the
necessary technical background. Lectures were covering Building physics, renewable energy
systems, ventilation and daylight design and were taught in co-operation with the Faculty of
Engineering Sciences and Technology at NTNU. At the same time energy performance simulation
was further deepened. A mixture of lectures, exercises and workshops provided theoretical
background in building systems and services and their integration in architecture to provide a good
indoor climate in a resource-efficient manner. Also integrated design methodology, evaluation tools
and user behaviour were discussed. A particular point of focus was formed by challenges related to
the renovation of existing buildings and cultural heritage sites. Based on these theoretical insights,

the students designed a range of projects with focus on integrated energy design and
interdisciplinary co-operation between building professionals. The projects addressed domestic
and non-domestic buildings, as well as new and existing building structures. The students’ grades
are based on their project work as well as a written theory exam.
The other theory course on sustainable building materials and components, was arranged as a
series of lectures and workshops and provided the students with in-depth knowledge of a wide
range of building materials and their correspondent construction methods, and the consequences
they have on GHG emissions during the building’s life cycle: production, transportation,
construction, waste, operation, maintenance and cleaning, renovation, reuse, recycling and
demolition. It was based on lectures and a self study of the students with submission of an essay
on a freely chosen topic within the course. It tried to get the students more involved into actual
research work. For this reason a number of researchers were asked to guide students in their
essay.
Both theory courses tried to include the Solar Decathlon Europe competition project into the course
work. In the “Integrated Energy Design” course the students were asked to develop energy
budgets and strategies to reach a net zero energy building, both in Madrid, Spain (for the
competition) and Trondheim, Norway (for market viability after the competition). The theory course
“Sustainable building materials and components” used the Solar Decathlon Europe competition
project as a case for all sorts of research tasks, from building in a life cycle prospective to
advanced facade design studies.

3. Challenges
There were a number of challenges that the course and the design project made obvious. The
challenges discussed here can be categorized into three major subjects, the students, the staff,
and the pedagogy.
3.1

Students

All students were architecture students from various countries. Different cultures and languages,
professional ethics provided a colorful setting and interesting discussions. But the various
international backgrounds of the students made it difficult to define sustainable goals as these are
depending on the specific cultural and social settings. Architectural traditions come also into play
when energy conservation or energy efficiency should be applied. Students had different
professional experience with different specializations. While two third of the students had a
Bachelor degree one third of the students had different engineering backgrounds. Interdisciplinary
working which is seen as an important element of integrated planning was enriching the group
discussions. But the evaluation schemes of architectural design were frequently questioned by the
engineers due to their traditionally stricter sets of evaluation criteria.
The course tried to build on the traditions of architecture and engineering disciplines. At the same
time it tried to draw knowledge both from researchers and practitioners. This provided some issues
with regard to depth of detailing, both construction and technical details. Where should the test of
buildability stop? What kind of details do the students have to present, what principle can be used
(which rule of thumb can be applied in the specific situation) and to which extend should the
applicability be tested (with advanced building performance simulation tools)?
3.2

Interdisciplinary and international staff

When it came to teaching staff it became obvious that a larger teaching team including permanent
staff and PhD students and postdoc research fellows was very beneficial. However, different
cultural backgrounds and nationalities need a common understanding of the hierarchy of issues
that need to be addressed in the design project. Here, regular teachers meetings, especially set up
for discussing this topic, help to foster this common understanding.

The envisioned co-operation with other faculties and universities is another challenge. The ideal
goal is to complement curricula and competencies from other disciplines. Since the course was
offered at the Faculty of Architecture and Fine Arts it is obvious to find those at the Faculty of
Engineering. Especially engineering courses that focus on energy and buildings can help to
complement the architectural curriculum. One exercise in the second semester was
interdisciplinary run with a Master course on climate technology (ventilation). The task was to
establish an energy budget for a planned building and groups were built from both courses solved
the task in different ways. However, finding the right balance of content and competency remains a
challenge.
Co-operation with external organizations, building owners can help to provide realistic project
assignments and direct contact with clients. However, the teachers have to draw from the specific
case and teach the general conclusions that can be made based on the realistic project
assignment.
3.3

Pedagogy

Given the insight that a main task of future architectural research should focus on quantifying
architectural qualities and qualifying engineering quantities this has to begin with the development
of a common language for architects and engineers. The course structure supports group work in
different design stages that will enable participants to develop energy efficient design solutions and
to effectively communicate them between the different domains (architecture and engineering) .
The figure below illustrates the communication needs in different design stages.
This leads to the largest challenge in providing students with a comprehensive understanding of
the state of the art of sustainable design. Covering theory, practical training and research in one
course remains a challenge due to the differences in depth and a lack of easy to use tools that
support the design process. Applying e.g. passive solar energy strategy from theory to a working
building element that is integrated into the architectural concept is still often a unique piece of art.
Problem based learning is a well proven technique that is usually applied in architectural design
studios. However, energy in architecture addresses quantitative design parameter and in the end
falsifies buildings that do not perform energy efficiently. The theory for the design of sustainable
architecture does exist, we can show beautiful examples and yet, the pedagogical style to
establish sustainable design is still under development.

4. Discussion
4.1

The first two semester

The challenges mentioned above are only some examples of the plentiful of the complex
interaction of a very large set of physical components. The integration of these interactions on
behavioral simulation poses major modeling and computational challenges that have to be
discussed. Its ability to deal with the resulting complexity of scale and diversity of component
interactions has gained building simulation a uniquely recognized role in the prediction,
assessment and verification of building performance. But as designer limits and scope of accuracy
of building simulation is important to know. One can say that building simulation discipline is
continuously evolving and maturing and improvements are continuously taking place in model
robustness and - fidelity. As a result, the discussion has shifted from the old agenda that focused
on software features to a new agenda that focuses on the effectiveness of and team based control
over simulation tools in building life cycle processes [7]. However, user behaviour’s influence on
energy consumption becomes even more prominent in very low energy buildings. If a designer
limits his work to the use of standardized sets of user profiles and operation hours he will always
design sub optimized buildings. On the other hand, a building design that is tailored towards the
specific user looses a lot of possibly flexibility. Here, more collaboration with the Faculty of Arts and
Humanities is needed which is planned for the third semester.
The collaboration between different Faculties needs to be developed further. E.g. the collaboration

with the Faculty of Engineering, here the engineering master course on climate technology
(ventilation) provided an excellent platform to exchange viewpoints and possible solutions during
the early design phase. However, the feedback from a joint exercise on energy budget calculation
showed that more time is needed to form effective group work. Students felt uncomfortable working
together without knowing each other “good enough”. Some joint workshops and site visits might
help to overcome these issues.
The poetry of architecture, it’s inherited aesthetics and the overall expression of a building in its
specific context is challenging to teach when the engineering principles need to be obeyed in order
to create sustainable architecture. How to teach this? And most importantly, how to evaluate
students’ performance? Is it more important to proof that a building will perform perfectly or does it
have to be a strikingly beautiful building? Definitely, it has to strive to be both, a masterpiece of the
art of engineering and of architecture. But the relationship between engineering facts and
architectural beauty remains unclear. More ground research is needed in order to identify the most
important factors that influence sustainable design.
4.2

The next two semester

During the third semester, the students are offered a combined theory and design course on the
design, use and management of zero emission buildings throughout the entire life cycle of the
project. The course is provided in co-operation with the Faculties of Arts and Humanities, and
Engineering Science and Technology. The students learn about environmental management,
planning and procurement of the construction site and building project, as well as user participation
in the design and operation of low-energy architecture. The various evaluation criteria of
environmental classification tools are discussed along with specific quality control and
documentation methodology. Contracting alternatives are investigated for their effect on the overall
environmental and economic performance of the project. In addition, the students are asked to
design a project that integrates strategies for energy, emissions, materials and users into highquality architecture.
During the third semester, the students need to choose one elective course at other faculties at
NTNU or another educational institution, in order to prepare themselves in the best possible
manner for their thesis work. The elective course may for example be related to environmental
policy, economics, project management, or user participation.
During the final semester of the curriculum, the students work on their thesis project, based on
their individual professional interest and the elective course they have taken earlier. The scope and
topic of the thesis is adapted to the particular professional background of each of the students.

5. Conclusions
The M.Sc. in Sustainable Architecture equips the students with extensive knowledge and
experience that prepare them for a challenging, rapidly changing profession. There is a dire need
for an architectural policy that encompasses the new technological opportunities while improving
quality of life and reducing environmental impact. The development of a zero-emission built
environment creates a new physical framework for large parts of society, reflecting cultural values,
existing structures and the new layers of the future.
Theoretical challenges are plentiful when recognizing that the physical state of a building is the
result of the complex interaction of a very large set of physical components. The integration of
these interactions on behavioral simulation poses major modeling and computational challenges
that have to be discussed. Its ability to deal with the resulting complexity of scale and diversity of
component interactions has gained building simulation a uniquely recognized role in the prediction,
assessment and verification of building performance. The relationship towards design that extends
beyond principles and develops truly integrated design solutions remains unclear. Here, the MSc
course will give important input and discuss the issues related to building design. An architecture
that does not look for definitive solutions and permanent projects, but for structures that can

continue to adapt to the need of society and citizens. More architecture for less CO2.
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Summary
This paper examines the development of perceptual constructs amongst students at the National
University of Singapore, looking specifically at how sustainability is learnt over five years in the
Master of Architecture degree programme at the Department of Architecture. Changes to the
curriculum in recent years have seen increasing emphasis on subjects pertaining to the
environment, including a sustainability specialisation track in the upper years. Surveying students
from each year’s cohort, this study offers a snapshot of changing perceptions, allowing for
comparison between years and across tracks. Findings suggest that there is a clear progression of
environmental knowledge that, in the lower years, is linked with climate response and materials; in
the upper years this aligns itself with abstract ideas such as design approach and regionalism.
Students opting for the sustainability track show a marked difference in thinking compared with
students who opt for the mainstream track. It is noteworthy that not all knowledge acquired
translates in preference. This study, compared with a similar study carried out in the United
Kingdom in 1990, suggests that architectural style is no longer the dominant construct that it was;
students instead identify many projects by the name of the architect. Sustainability, as a construct,
is also closely associated with regionalism, i.e. buildings in which climate, site and materials are
key drivers. These findings are discussed in the context of architectural education and integration
of technical knowledge into design curriculum.
Keywords: Education, Singapore, Architects, Pedagogy, Sustainability

2. Introduction
2.1

Sustainability and Professional Practice

Sustainable design is seen by the building industry in Singapore to refer to the application of
technical knowledge to the design process, where design becomes an act of performance
optimisation. Singapore’s Green Mark rating tool for buildings, launched in 2005, with its emphasis
on engineered efficiency, has raised questions about the role of the architect in the making of the
sustainable built environment (Kishnani, 2010). The simplification of building performance to a few
quantifiable indicators, it is argued, undermines the pursuit of holistic solutions that are needed for
a truly sustainable future. This fragmentation of domain knowledge can be traced to the education
of architects where technical knowledge, such as construction and envirornmental systems, is
seen to be secondary to the pursuit of ‘good’ design as defined by mainstream thinking in design
schools (Cheah, 2008).
1.2

Architectural Education in Singapore

Concerns about climate change, coupled with a better understanding of how the built environment
exacerbates the crisis, have prompted schools of architecture to rethink what is taught and how
(Vale & Vale, 2010). At the Department of Architecture (DoA), National University of Singapore, a
curriculum review of the undergraduate programme in 2006 resulted in the revamping of
environment modules in the lower years plus the introduction of a new technology and
sustainability specialisation track (DTS) for the upper years. Students, pursuing a professional

degree programme must, at the end of their 3rd year, decide between DTS track and the
mainstream Design track (Cheah, 2008).
At the DoA, as in many schools elsewhere, design is taught primarily in the studio setting. Each
semester, groups of 10 to 12 students work on a design project under the guidance of teaching
staff. Students acquire domain knowledge through lecture modules which are seen to support
studio learning. Students also absorb values and attitudes in studio, often from positions adopted
by their tutor.
1.3

The Formation of Constructs

Studies have shown that architects characterise and evaluate buildings differently from laypersons
(Devlin & Nasar, 1989) and other professional groups (Valadez, 1984). Such differences can be
attributed to their education (Whitfield & Wiltshire, 1982) and experience (Hershberger, 1980) since
architects spend a greater amount of time studying the built environment, reflecting on style and
critiquing design (Devlin & Nasar, 1989).
In a 1990 study by Wilson and Canter, it was found that ‘style’ was the predominant construct used
by students of architecture, across the years, in the United Kingdom. Comparing students in lower
years with those in upper years, it was found that the former used more concrete and physical
concepts to describe a building; the latter relied on complex and abstract concepts. The authors
concluded that architectural education was a process of socialisation in which knowledge learnt is
tempered by values that are promoted by the profession and design media.

2. Approach
2.1

Sampling of Participants

Eighty five randomly selected students from the DoA were invited to participate in the study. This
was made up of 15 students each from the first three years (lower years) and 20 students each
from the 4th and 5th years (upper years). Of the 40 students making up the upper years, half were
from DTS, the remaining from the Design track. Students were interviewed individually for about
half an hour each.
2.2

Multiple Sorting Procedure

The Wilson and Canter study relied on the Multiple Sorting Procedure (MSP) for generating data.
Participants were asked to organise – or sort – elements into groupings. Comments made by
participant in rationalising the basis of each sort provide clues to their constructs, i.e. the
framework or criteria an individual applies to the task. MSP-generated data was found to be more
meaningful than conventional survey techniques in which questions asked can represent a
researcher’s bias (Adams-Webber, J.R., 1970). Wilson and Canter used 26 photographs of wellknown buildings as elements of their study; participants were asked to sort in two ways.
In a 'free-sort' the criterion and number of groupings are not stipulated; the participant decides for
him/herself the basis for each grouping, how many groupings there are, how many elements are
placed in each. In a 'structured sort', the researcher provides the criterion for the sorting task and
prescribes a limit on the number of groupings.
At the end of either sort, the participant is asked to explain the basis of his/her groupings; what is
said is recorded and analysed.
In this study participants were asked to sort photographs of 25 well-known buildings (see appendix
for list of buildings). Three sorting tasks were prescribed in the following order:
Sort 1 – Free Sort

Participants are asked to sort the photographs into any number of groupings on the basis that
buildings in each grouping are similar to each other in some way. At the end of the sort they are
asked to explain commonalities within each grouping in their own words. There is no prompting by
the researcher. Results from this can be used to infer how each individual reads a building, i.e. the
knowledge that frames his/her understanding of Architecture.
Sort 2 – Structured Sort on the basis of Preference
Participants are asked to sort the same photographs into 5 groupings on a 5 point preference scale,
where group 1 is buildings they dislike and group 5 is buildings they like. There is no limit to how
many buildings per grouping. At the end of the sort they are asked to explain commonalities
between buildings within each grouping in their own words. This sort seeks to establish what is
valued by the participant.
Sort 3 – Structured Sort on the basis of Sustainability
Participants are asked to sort the same photographs into 5 groups on a 5 point sustainability scale
where 1 represents buildings deemed ‘not sustainable’ and 5 represents buildings that are
sustainable. At the end of the sort they are asked to explain commonalities between buildings
within each grouping in their own words. This sort seeks to establish criteria affecting assessment
of sustainability.
Participant comments for each sort are recorded. For the structured sorts, assignment of a building
(1 to 25) to a grouping (1 to 5) is entered into spread sheets.
2.3

Hypothesis

In the Wilson and Canter study, it was hypothesised that architectural style would be the principal
criterion affecting socialisation into the profession. In other words, students are taught year on year
to view a building as a product of a particular style. Buildings selected for their study represented
dominant styles of the 1980s. The primary scale was Modern versus Post-Modern. A secondary
scale was Hi-Tech versus Vernacular, seen as offshoots of the two main styles.
In the present study, it is hypothesised that students will recognise a building by the name of the
architect – representing a brand in design – replacing style as the primary construct. It is expected
that they will differentiate Classic and Contemporary works by well-known architects. A secondary
scale is Sustainability versus Regionalism. This hypotheses, plus images selected, are based on a
review of design magazines read by students at the DoA.
2.4

Data Analysis

Comments from all sorts are recorded, grouped and labelled. Content analysis of words spoken
seeks out a commonality of meaning and relies of the researcher’s familiarity with architectural
vocabulary. The researcher decides if, for instance, words like ‘circular plan’ and ‘irregular shape’
to describe a building are in effect describing the construct ‘Form’.
Frequency of use for each construct is tabulated. Higher frequency is assumed to be an indicator
of greater importance placed on the construct.
Data from two structured sorts – entered into spreadsheets – are used to generate MDS plots in
SPSS. Each building shows up as a point on these plots where the distance between two points is
an indicator of the similarity/difference in the way a group thinks about the two buildings.

3. Findings
3.1

Emerging Constructs

Sixteen constructs were extracted from the Free sort:
Environmental, Form, Typology, Evaluation, Well-Known, Construction, Materials, Contextual,
Design Approach, Style, By Architect, Era, Technology, Language, Scale, Economics
Seventeen constructs were extracted from the Preference sort:
Evaluation, Design Approach, Environmental, Form, Construction, Language, Contextual, WellKnown, Materials, Taste, Technology, Typology, Scale, Era, Scale, By Architect, Economics
Ten constructs were extracted from the Sustainability sort:
Design Approach, Materials, Longevity, Functionality, Energy, Technology, Climate Response,
Contextual, Scale, Costs
Refer to Appendix for words used to describe each construct.
3.2

Lower vs. Upper Years

Participants from lower years took more time to complete the exercise; they also had fewer
constructs and used less complex vocabulary in describing their thinking. They resorted to simpler
evaluations based on what is visible of the buildings in the photograph – the presence of a
technology or feature. In the upper years, the exercise took less time to complete; there was an
increase in the number of constructs used. Many had prior knowledge of the buildings and relied
on abstract ideas, such as ‘Design Approach’.
The 'Environmental' construct in the lower years is used to describe climatic strategies or presence
of environmental systems; by year 5, students rely on words like "vernacular" and "tropical".
This finding concurs in part with the Wilson and Canter study (1990) in which a simliar progression
was noted, moving from tangible physical ideas in the lower years to more abstract concepts in the
upper years.
3.3

Free vs. Preference Sort

In the Free sort, representing what students know, the three most repeatedly used constructs for all
years are ‘Environmental’, ‘Form’, ‘Well-Known’. The ‘Environmental’ construct was used an
average of 1.92 times per participant. In the Preference sort, representing what students’ value, the
three most significant constructs were ‘Evaluation’, ‘Design Approach’ and ‘Environmental’.
‘Environmental’ drops to third place and was used half as much – 0.83 times per individual –
suggesting a lower order of importance. This suggests that on the question of Environment, there
is a gap between what is learnt and what is valued.
3.4

DTS vs. Design Tracks (Years 4 and 5)

A dichotomy emerges between students from the two tracks. Across both years, the DTS cohort is
consistently stronger that its Design cohort in several constructs in the Free sort: ‘Language’,
‘Technology’, ‘Well-Known’ and ‘Environmental’. The Design cohort is stronger than its DTS
counterparts in two constructs in the Preference sort: ‘Contextual’ and ‘Design Approach’. The
DTS bias towards technical knowledge – represented by two constructs in the Free sort – can be
linked to curriculum. Students in the DTS track focus on building performance both in studio
settings and lecture modules. Design tracks students seem to have a stronger set of preferences
linked with Approach and Context.
Interestingly, there is little difference in frequencies between the two tracks in the Sustainability sort.
Both view ‘Design Approach’ and ‘Materials’ as key traits of a sustainable building. This seeming

parity is challenged in the MDS analysis that follows.
More sustainable

Less sustainable

3.5

MDS Plots for Sustainability sort

The plot for DTS track students shows a distinct
separation of more sustainable from less
sustainable (see Fig. 1) - see appendix for list of
buildings and the numbers that represent them

Figure 1 MDS Plot showing 25 building-points; DTS track
More sustainable

Less sustainable

The same plot for Design track students cannot be
easily partitioned (see Fig. 2). This suggests that
Design students are not as quick to differentiate
buildings on the basis of sustainability.

Figure 2 MDS Plots showing 25 building-points; Design track

More sustainable

Sustainable and Regional

Less sustainable

Classic

Contemporary

The hypothesis that the plots would show clusters
representing buildings by well-known architects is
evident in the DTS plot. Clusters in this plot (see
Fig 3) are, by and large, consistent with the way in
which they were grouped by researcher with a
couple of exceptions. Notably, the plot suggests
that the Regionalism is not seen as a standalone
idea; it shows up here instead as being embedded
within the larger idea of Sustainability.

Figure 3 MDS Plots of Year 5 DTS showing clusters according to research hypothesis

4. Discussions
4.1

Does curriculum affect knowledge and preference?

There is clear evidence that it does. The list of constructs offered up in the Free and Preference
sorts by both DTS and Design track students that can be co-related directly to modules they are
taught.
4.2

Does knowledge equal preference?

There appears to be a gap between what students learn and what they like. The question then is
‘what shapes preference?’ This gap may be rooted in the pedagogical gap between studio and
lecture modules. Students taught, say, climatic design in lecture are apt to ignore them in studio if
the studio tutor does not encourage passive integration at the drawing board. In other words,
lectures build on knowledge, studio shapes preference.
4.3

Does sustainability equal technical knowledge?

The Sustainability sort suggests that technical knowledge is important but that sustainability is also
viewed against broader constructs relating to contextualism and conceptual thinking. Confirming
this mix, the MDS plot shows projects with regional character (Rozak House) alongside projects
with more technological approach (Beddington Zero Energy Development)
4.4 Are well-known architects seen to be sustainable?
The grouping of contemporary icons – such as Frank Gehry’s Walt Disney Concert Hall and OMA’s
China Central Television Headquarters – at the low end of the sustainability scale on the MDS plot
(Fig 3) suggests that luminaries of the profession are not seen to be sustainable. It is noteworthy
that two projects by the same architect – Norman Foster’s Universiti Teknologi Petronas and
Supreme Law Court of Singapore – end up at opposite ends of the sustainability scale, suggesting
that students are increasingly discerning and do not judge a project on the basis of the architect
alone.

5. Conclusion
The fragmentation of knowledge in building sector in Singapore is cause for concern, in particular
for its impact on the pursuit of holistic sustainable outcomes. The role of education in bridging gaps
is critical to producing architects who can straddle technical and humanistic aspects of
sustainability.
At the Department of Architecture (DoA), National University of Singapore, a curriculum review of
the undergraduate programme resulted in the revamp of environment lecture modules in the lower
years plus the introduction of a sustainability specialisation track for the upper years.
Since the revamp, teaching staff in the sustainability track have sought to reconcile ‘technical’
knowledge, with its practical considerations and objective validation, with the subjective, often
esoteric, aspirations of architecture. This study seeks to understand the impact of these changes in
pedagogy and curriculum
The study has found clear evidence that curriculum affects constructs. The list of constructs
offered up in the sustainability track students and others can be co-related directly to lecture
modules they are taught. Students seem to acquire domain knowledge through these lecture
modules, whilst they absorb values and attitudes in studio, often from positions adopted by their
tutor. The dichotomy of what is learnt and what is preferred suggests that pedagogies of lecture
modules and studio-based design are not yet fully integrated in the teaching of architecture
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Appendix
A1 Buildings used in the sorting tasks
A review was carried out to identify buildings are well known to students at the DoA. Twenty five
well-known projects were selected.
A1.1 Sustainable Architecture
1. T.R. Hamzah & Yeang; DP Architects. National Library of Singapore. Singapore. 2005.
2. T.R. Hamzah & Yeang. Menara Mesiniaga/IBM Tower. Kuala Lumpur, Malaysia, 1992.
3. DesignInc with City of Melbourne. CH2 Melbourne City Council House 2. Melbourne, Australia.
2006.
4. Phooey Architects. Children’s Activity Centre. Skinners Playground, South Melbourne, Australia
2007.
5. Jourda Architects (Paris); HHS Planer + Architekten BDA, Kassel (DE). Mont-Cenis Academy,
Herne Sodingen. North Rhine, Westphalia, Germany. 1999.
6. ZEDfactory . Beddington Zero Energy Development (BedZED). Hackbridge, London, England.
2002.
7. Mario Cucinella Architects. SIEEB: Sino-Italian Ecological and Energy Efficient Building
Tsinghua University. Beijing, China. 2006.
8. Glenn Murcutt. Marika Alderton House. Yirrkala Community, Eastern Amheim Land, Northern
Territory, Australia. 1994.
A1.2 Contemporary Masters
9. Frank O.Gehry. Walt Disney Concert Hall. Los Angeles, California, USA. 2003.
10. OMA / Ole Scheeren & Rem Koolhaas. China Central Television Headquarters (CCTV and
TVCC). Beijing, China. 2010.
11. Herzog & de Meuron; Arup Sport and China Architecture Design & Research Group. Beijing
National Stadium. Beijing, China. 2008.
12. MVRDV. "WoZoCo" Housing for Elderly. Amsterdam, Holland. 1997.
13. Foster + Partners. Supreme Law Court of Singapore. Singapore. 2006.
14. Foster + Partners. Universiti Teknologi Petronas. Trono, Perak, Malaysia. 2004.
15. Foster + Partners. Gherkin Tower/ Swiss Re Building. 30 St Mary Axe, London. 2004.
A1.3 Classic Masters
16. Frank Lloyd Wright. Fallingwater / Edgar J. Kaufmann Sr. Residence. Pennsylvania, USA.
1934.
17. Le Corbusier. Villa Savoye. Poissy, France. 1928-31.
18. Louis Kahn. Salk Institute for Biological Studies. La Jolla, California, USA. 1959-1965.
19. Pei Cobb Freed & Partners - I.M. Pei. OCBC Centre. Singapore. 1976.
20. I.M.Pei. Pyramide du Louvre. Paris, France. 1989.
A1.4 Regional Architecture
21. Kerry Hill Architects. Singapore Zoological Gardens Entrance Plaza. Singapore. 2003.
22. Kerry Hill Architects. Genesis Building. Singapore. 1994-1997.
23. WOHA. 1 Moulmein Rise. Singapore. 2003.
24. WOHA. Alila Resort Uluwatu. Bali, Indonesia, 2009.
25. Troppo Architects. Rozak House. Batchelor, Australia. 2001.

A2 Constructs emerging from sorting tasks
A2.1 Free Sort + Preference Sort
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Style - Formal labelling of architectural styles or the descriptive identification of it, e.g.
vernacular, modern
Form - Geometric descriptions of the building, its shape, curves, planes
Evaluation - Value judgements/ feeling of participants towards the buildings regarding its
aesthetics, characteristics, experience or function
Design Approach - Strategies used by the architect to achieve the desired outcome/the
architect's intention and view towards the design
Materials - Materials used in the building, e.g. concrete, glass, wood
Typology - Function, programme of the building, e.g. residential, office; or the type of building,
e.g. skyscraper
Scale - Size or comparison of sizes
By Architect – Name of architect
Era - Time where the building belongs to for example old vs. new/classic vs. contemporary or
with reference to a time frame e.g. recent, modern, historic
Construction - Elements and components of the building as well as its detailing, techniques or
methods used to construct building
Contextual - Able to place the building to a certain location, also refers to its level of
responsiveness to the site/surroundings/environment
Environmental - Buildings that are deemed to be sustainable, concern itself with nature and
the environment; 'Green Buildings'
Language - Poetics of architecture, architectonics, spatial quality
Well-Known - Buildings that are iconic, monumental or learnt through curriculum
Technology - Active and passive systems that support the building functions, e.g. Air-con,
photovoltaic cell,
Economics - Costs of building, money matters

A2.2 Sustainability Sort
1.

Energy - Refers to ideas of energy usage to operate the functions of the building or the
embodied energy of materials used for building
2. Climate Response - Taking into consideration location's climatic conditions when designing;
architectural elements/features that respond to climate
3. Materials - The type of materials used in the building, eg. concrete, glass, wood
4. Scale - With reference to size or comparison of sizes
5. Contextual - Able to put the building to a certain place or location, also refers to its level of
responsiveness to the site / surroundings / environment
6. Functionality
- Catering to the programme and the needs of users, whether it fulfils the
requirements of the users or the function/ programme/intention; purpose
7. Design Approach - Refers to the strategies used by the architect to achieve the desired
outcome/ the architect's intention and view towards the design
8. Longevity - How lasting is the building in terms of lifespan of its materials till deterioration, level
of maintenance or usage till replaced
9. Technology - Active and passive systems or approaches that support the building functions,
e.g. air-con, natural ventilation, photovoltaic cells
10. Costs - In relation to costs of building, operational costs or lifestyle
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Summary
The academic activities conducted at the Department of Civil Engineering (more specifically at
NORIE, sector of the Post-graduate Programme dealing with Construction), of the Federal
University of Rio Grande do Sul, started fourteen years ago, with the inclusion of sustainability
principles into undergraduate disciplines of Civil Engineering, at the same time that MSc and
PhD students were also offered a menu of two or three different disciplines to choose from.
This often led to practical application of the taught subjects, becoming prototypes (low-cost
housing, schools, environmental education centre) that were assessed and monitored, in
several ways, by students of different levels. This paper intends to describe how our activities
related to the teaching of Sustainability in the Built Environment, evolved in recent years,
being nowadays taught in four different Brazilian universities, as well as in Uruguay and
Paraguay, all at a postgraduate level. At the same time, the discussion on sustainable
construction matters, in a Latin American context, has been made possible through a series of
biennial Conferences, which started in Rio Grande do Sul, in 1997, and later taken to different
Brazilian States, the last two to more than 500 attendants. In the discussion we illustrate one
of the above mentioned students´ projects that was materialized.
Keywords:

Sustainability; teaching; environmental design; environmental education; low
impact; school building; bioclimatic design.

4. Introduction
In the introduction of one of his books, David Orr[1] refers to a list of environmental impacts
that crossed his desk while he was writing it. He ponders that:
!In reality there is not such a thing as a !side effect or externality". These things are
threads of a whole cloth. The fact that we see them as disconnected events or fail to
see them at all is, I believe, evidence of a considerable failure that we have yet to
acknowledge as an educational failure. It is a failure to educate people to think broadly,
to perceive systems and patterns, and to live as whole persons".
John Lyle, founder of the Center for Regenerative Studies, at Cal Pol, Pomona, says that:
!# much $ perhaps all $ of the information that inundates our lives is either irrelevant to
anything that truly matters or is misleading. Concerning the great questions of our
times, most people $ including most of the professionals and technical class $ remain
poorly informed. The tendency to deny a difficult and ominous reality as long as
possible is extremely tempting".

Lyle[2] adds that:
The way of understanding and ordering natural processes # does not correspond with
the conventional breakdown of knowledge into academic disciplines as they have
developed since the Enlightenment. Academic disciplines are narrowly defined areas
of knowledge and expertise with jealously guarded boundaries having little to do with
the realities of natural processes. For this reason the thought required in
understanding, planning, designing, and managing human ecosystems is necessarily
multidisciplinary. It requires teams of people knowledgeable in a range of different
disciplines. Even more importantly, it requires the ability to define the connections
among disciplines and to organize the disparate fragments of information from different
disciplines into integral wholes. Moreover, it requires a level of interaction among
experts that can deal with both the creative possibilities of regenerative systems and
their inherent and inevitable limitations. It is inherently interdisciplinary".
I agree with such statements and I feel challenged, as a teacher, to find ways of both
contribute to the increase of knowledge on sustainability of those interested, that attend our
courses. We have been trying this, in parallel to the invitation to listening to our classes, also
by involving them in a diversity of activities that, we believe, would help to fill this gap in
knowledge, or as stated by the above authors !to educate people to think in a larger context"
and !to understand, plan, design and manage ecosystems". At the same time, looking for
ways to make both teaching and learning a more pleasant experience, thus contributing to
what might be a better education.
The sought for such objectives led NORIE to develop a series of activities, always looking at
what was happening in the international context, in such a way to be close to the state-of-theart in the area. These activities were reflected in a series of papers [3-11], that not only describe
our achievements, but also reflect the way we understand sustainable buildings and
communities, in a holistic and systemic way.

5. Activities developed at NORIE
Some of the activities we conduct, aiming at more sustainable buildings and communities
have already been described in previous papers[8,9,11]. Briefly describing the context where we
are in, at the Post-Graduation Course on Civil Engineering, open not only to civil engineers,
but also to those with a degree in architecture and agronomy (sometimes with the addition of
one or more biologists), our activities are developed within the frame of two specific areas:
Construction and Environment. Here we share activities with colleagues working in areas such
as construction materials and construction management.
2.1 Teaching
Specifically in the area of sustainability six disciplines are regularly offered at NORIE to
students: Sustainable Communities, Building Performance, Regenerative Design,
Environmental Urban Management, Environmental Perception and Sustainable Landscaping.
In order to get a MSc degree, post-graduate students are required to register in a minimum of
eight disciplines of 45 hours each (total of 24 credits), along a full academic year (divided in
three trimesters). During a second year (in case of aiming at a Master degree), or remaining
years (if in a doctorate scheme), students are required to conduct a research while they
concentrate on the completion of their dissertations or thesis, respectively.

In the development of their studies and projects, we try to transfer to the students the
inspiration received on different issues, from distinct authors, such as: education and ethics David Orr[1]; regenerative design - John Lyle[2]; sustainable construction - Chrisna du
Plessis[12];The pattern language - Christopher Alexander[13]; the spirit of the place Christopher Day[14]; the four elements - Brenda and Robert Vale[15]; living buildings - Jason
McLennan[16]; cradle to cradle approach - Bill McDonough[17]; permaculture $ Bill Mollison[18];
healthy buildings $ Steve Curwell[19], among many others.
Students are also challenged, during the whole of the course, to work on different construction
scales: starting with materials and building components, up to whole municipalities, that latter
in their dissertations and thesis result in a diversity of themes, spanning from less toxic
products for lumber treatment to non-conventional materials (adobe, straw-bale,# ), and from
Brazilian native indigenous construction to urban metabolism# Besides that students are
trained to think design in a holistic and systemic approach, cooperating in interdisciplinary
teams, and mostly when working in the urban scale, to cover distinct subjects like energy
efficiency, wastes management, water, transportation, food production and urban morphology.
In all six disciplines in the area of sustainability students are required to work in
interdisciplinary groups, where they are challenged with actual demands from a diversity of
clients, where, at the end of each trimester, they are asked to submit a real-life design project,
developed at the level of, at least, a conceptual project. Their achievements are shared with
the other existing groups, in a public presentation, sometimes delivered directly to the client
These have resulted in very rewarding results as some have been materialized[3-7,10].
These opportunities require them to exercise the recognition of the spirit of the place, and
nurtured by it they practice to tune their projects to the demands of a particular site. This is the
first step always performed in the beginning of a new project that is later followed by a
charette (Fig. 1) $ very appropriately referred to by Wilson et al.[20] as !a mechanism for
significant %cross-fertilization!of ideas".

Fig.1. Several groups sharing ideas at two stages of a NORIE´s charette.
Presently, besides the courses at NORIE, we deliver short courses associated to the three
first disciplines mentioned above, in three other Brazilian universities (long distance diploma
course in Brasilia, MSc and Diploma in Goiania and Doctorates in Santa Catarina and
Paraíba) and also in MSc courses in Uruguay and Paraguay. We should start lecturing, also
this year in Peru (Trujillo) and possibly in Chile.

Short courses on sustainability, not related to MSc courses, were offered in the recent past in
Salvador (State of Bahia) and in the neighboring countries of Peru (Lima and Arequipa),
Bolivia (Cochabamba and La Paz) and Paraguay (Asunción).
2.2 Research
Activities related to sustainability of the built environment started in 1997, with the design and
construction of a more sustainable housing settlement for low income people. Previously to
that, in July 1995, we organized an International Design Ideas Competition on the topic of
Sustainable Housing for the Poor, that was co-sponsored by PLEA - Passive and Low Energy
Architecture and the Brazilian Association of Technology for the Built Environment. The results
of this competition led to a research project aiming at applying the principles of sustainability
into the design of a local settlement. At the same time some disciplines in the field started to
be offered, first to post-graduate students that would be working in the project and later
extended to both postgraduate and undergraduate students. Also in 1997 we organised the
First Brazilian Conference on Sustainable Buildings and Communities, counting with the
presence, as Invited Speakers, of John Lyle and Bill Rolley, both involved in the creation of
the Center for Regenerative Studies, above mentioned, and of Steve Curwell, at the time
leading the BEQUEST European project on Sustainable Cities.
From then on, many of the studies developed by the postgraduates in the different disciplines
were translated into real life constructions, like a low cost house prototype, a housing
settlement, three schools and an education and demonstration centre. Almost all of these had
their performance assessed, either in a discipline or as the object of a MSc dissertations or
PhD thesis. One of these materialized projects is briefly described in the Discussion, in
heading 3.
2.3 Conferences
Following the 1995 Design Ideas Competition, mentioned earlier, a Working Group in
Sustainable Development was created, in the same year, inside the Brazilian Association of
the Built Environment in order to join efforts, to share and disseminate knowledge on
Sustainable Buildings and Communities. This led to the First Brazilian Conference on
Sustainable Buildings and Communities, in 1997, and to the Second, in 2001, both organized
by NORIE and held in the State of Rio Grande do Sul. Since the second conference we made
it Latin American, thus inviting colleagues from neighboring countries, as the challenges in
most countries in the region are very similar.

Fig. 2. Delegates at a recent Conference, having a hands-on experience.
In recent issues of the conference on Sustainable Buildings and Communities (since 2007)
several options are open to the participants (Fig. 2) to enroll in practical short courses on nonconventional constructional systems (bamboo, adobe, etc.).

Led by the same Working Group, a Biennial Design Ideas Competition was launched in the
1997 Conference, that was named after the Agronomist José Lutzenberger - that can be said
to have started the environmental movement in Brazil, that received the Right Livelihood
Award, also a former Secretary of the Environment and one major Brazilian environment
activist - as !Bienal de Sustentabilidade José Lutzenberger". The series of biennial Design
Ideas Competitions started in 2007 and in 2011 will be held for the third time. The Biennial
was conceived to contribute to raise the consciousness of participant students and
professionals on two major issues that we believe can make a major contribution to
sustainability in Brazil, and also considering our responsibility as teachers paid by our society
and the low quality of what is being built in Brazil, mainly to those supplied by the public
sector: low cost housing and schools.

6. Discussion
Below we illustrate how the principles described above fit into a recent development of
NORIE, the Frei Pacífico Primary School[21]. This building was designed by NORIE counting
with postgraduate students of different areas and built# !to respond to urgent needs from the
district of Itapuã, municipality of Viamão, for a new school. Approved by the community´s
Participatory Budget, the process of the new school design was based on sustainability
principles. The design strategies incorporates several !more sustainable" technologies and
seeks minimizing environmental impact materials, in harmony with the environmentally
preserved area nearby, and promoting the valuation of the cultural local values which reengages the community with its traditions and conveys the importance of natural
environmental preservation. The project was developed to fulfill the needs of the school
community in a more sustainable way. The design faced the challenge of putting together
environmental technology, social participation and socio-cultural values, with a lower budget
compared to the conventional public schools of the city. This was possible using local !soft"
techniques and materials of low environmental impact and encouraging the participation of the
local community in the construction. The insertion of !more sustainable" principles was
contemplated in the phases of design and construction"[21].

Fig. 3. Community participation in the discussions preliminary to the design of the
school.
This project tried to demonstrate the advantages of applying sustainability criteria and of
creating a more adequate atmosphere for environmental education in a school. It was
expected that its materialization would allow the transfer of technology to other municipalities,
making clearer the sustainability principles. The project aimed at integrating the whole
community, including teacher and children, proposing not only an universal accessibility, but
also cultural activities, opportunities for practicing sports and environmental education, to the
whole of the local community.

Since the first steps of the design process there was a close contact with the school
community (Fig. 3), aiming at understanding their expectations and making clear to them the
characteristics of a more sustainable school. Therefore, the project was developed in a
participatory way, which breaks up with the conventional way of designing, by involving the
school community, supplying the specific demands of final users (students and teachers) and
contractors (Secretary of Education). It began with the local community participation in the
municipal budget, and its inclusion among the priorities to be achieved. Meetings and
interviews were accomplished with the school community (parents, students, teachers and
employees) to present the principles of a more ecologically sustainable project and to know
their expectations regarding the new school. The insertion of sustainability principles
happened both in the design and construction phases and was also added into the
recommendations for the subsequent operation of the school. A new ethical approach was
adopted - the concern with all of the children, of all species, for the whole time[17].
3.1 Concepts and guidelines used in the school design
According to the authors of the project[21], the following concepts and guidelines guided the
project:
3.1.1 Culture and Architecture

Fig. 4: General perspective of the project and bioclimatic strategies
In the design of the school an attempt was made to create a link with the previous local
indigenous culture occupation, recognizing it as an example of a healthy relationship with the
environment, showing principles to be rescued. The designers tried to point out to the careful
attitude of the natives, as a testimony that it is possible a more harmonious relationship with
nature. The design incorporates this attitude through the rational use of the available
resources, intelligent preservation of the existent vegetation and cultivation of ecological
vegetable gardens. Floors and a fountain were designed in such a way to become an
expression of artistic elements and of the respectful relationship with the local flora and the
fauna. The use of local materials, the simplification of forms and constructive techniques; the
use of bio-climatic strategies (solar orientation and natural ventilation); the peripheral
disposition of the buildings on a center of collective conviviality (looking for inspiration in the
form of the indigenous village), were also design tools (Fig. 4). Another local reference is the
Portuguese Architecture, also present in the neighborhood $ with their !door and window"
houses covered with mud tiles $ that was considered more appropriated for the forms and
materials.

3.1.2 Sustainability and Architecture
The insertion of concepts of environmental education in the design emphasizes the human
being's relationship with nature and the necessity that it occurs in a sustainable way, providing
the users an experience throughout space, as a form of comprehension and respect for the
world that surrounds them. In this way, educational solutions appeared in the project directly
related with the eco-literacy concept, so relevant, mainly for a school that is located close to
an ecological sanctuary. The proposal of sustainability for the school is made present in the
respect for the environmental characteristics of the plot (prevailing winds, available solar
radiation, topography and existing vegetation), by the possibility of use of natural resources
(local materials, rainwater and local production of food) and the cyclic flows (Fig. 5) of energy
and materials (rainwater, wastewater, food, composting, # ). With this aim $ a sustainable
approach $ the design proposal tried to implement technologies that take sustainability into
account, with strong emphasis on environment and social inclusion, so to make them
adequate and accessible to the school efficiency, as a whole:
a) exploration of solar radiation as source of energy and climatic conditioning;
b) exploration of natural ventilation, for a better habitability;
c) use of local constructive materials: granite stone, ceramic brick, eucalyptus wood;
d) organic forms conjugated with orthogonal forms, making possible the diversity;
e) use of recycled materials;
f) use of the thermal inertia in the construction;
g) appropriate space disposition of the construction in relation to the existent
vegetation and topography;
h) use of rain water as a resource

Figure 5: Cyclic flow of energy and materials
i) separation of the black and gray waters, with their polishing in a pond by means of
biological treatment, after preliminary filtering;
j) composting of the organic residues, improving the characteristics of the soil, in
vegetable gardens and orchards.

Besides the internal space of the Classrooms and Laboratories, the school students were
supposed to become in direct and permanent contact with environmental education, through
the exhibition of techniques of clean and efficient strategies for food production, as well as the
best use of the natural resources and the sustainable management of the generated residues.

Fig. 6: Architectural proposals for Frei Pacifico School
4.1.3 Amusement and Architecture
With this guideline, the conception of spaces aimed at allowing and stimulating, the creativity
to flow and the enabling student's learning in different ways, not only in the classrooms, as in
the leisure and conviviality spaces. The use of different materials, the use of colors and the
integration of architecture and landscape elements, as well as the production of food in the
vegetable gardens, handled by all users of the school, are instruments used in the
materialization of this principle.
3.2 Recent developments regarding Frei Pacífico Primary School
The school construction finished in 2007 (Fig. 7), with the students having their first classes in
the new school at the start of the school calendar, in March 2008, with the materialization of
the majority of the project guidelines.

Fig. 7: Frei Pacifico School, in the beginning of 2008, ready to be occupied.
3.2.1 Education
Whenever possible, we return to Frei Pacifico School trying to convey to students and
teachers the principles of sustainability adopted in the school design, as shown in Fig. 8,
where two of the students architects meet them, and even some parents at the school.

Fig. 8. Architects explaining to local community the principles of sustainability adopted
in the school design.
In the same way there is the contribution to education of new post-graduate and
undergraduate students and to the public, in general, attending to our speeches. To both
audiences, by showing them that it is possible the materialization of new schools aligned with
the principles of sustainability. But to our students, in addition to that, by making the new
school a type of laboratory. The latter is achieved by taking those students enrolled in the
discipline of Building Assessment, as happened in two consecutive years, to evaluate the
school performance in terms of thermal, luminous and acoustic comfort.
3.2.2 Research
Since the start of the development of the school design, up to now, one PhD thesis, and five
MSc dissertations were developed having their focus in the school. The thesis look at the
sustainable design strategies adopted for the school as one of the case studies integrating a
larger study on sustainable architecture. Three of the MSc dissertations studied the thermal,

acoustic and luminous performance of the school, along a whole year; a fourth dissertation
developed a Post Occupancy Evaluation at the school, applying interviews to school staff,
students and their parents, assessing the extent to which the new school responded to their
expectations. A fifth MSc dissertation is to be finished in a few months and looks at the whole
process of design applied to this particular school, trying to formulate guidelines to improve it.

Fig. 9. New playground and the Frei Pacifico School.
Recently, as a follow up, some postgraduate students were hired to design a more sustainable
playground, using locally available soft materials, that was implemented on the grounds of the
school.

7. Conclusion
The paper intended to show, through some examples, the part NORIE has been playing in the
education of engineers and architects, both at the Federal University of Rio Grande do Sul
and, more recently, started playing at other South American universities. As mentioned above,
NORIE has been demanded by the public (students, professionals and the public, in general)
and institutions (both private and public) to transfer to them a knowledge that is internationally
available, on the one hand, and to translate this knowledge into practical applications, on the
other hand.
In the paper we tried to share some of our experiences on teaching sustainable architecture
and construction, when and as much as possible, to multidisciplinary students groups. From
the obtained results: an increasing number of applications for enrollment in NORIE, from all
over Brazil, in the same way as from other Latin American countries; the students satisfaction
with the course; the increasing demand for consultancy and demonstration projects, as well as
from the media; we believe the chosen path for teaching has been seen as attractive and
successful.
It is possible to say that, from our experience in teaching at higher education institutions, both
in Brazil and in South America, and from contacts with academics, in the conferences we have
been organising, the application of sustainability principles to the construction sector falls far
behind its availability in the literature and academic institutions worldwide. With basis on the

outcomes of the Latin American conferences we have been organising in Brazil, it is possible
to say that the majority of the academic technical departments, throughout Latin America, that
should be offering their students the necessary design tools and fundamentals for sustainable
design, do not seem to realize how urgently changes are needed in the seek for a sustainable
civilisation. Considering the share of the construction sector on all sorts of impacts $ on each
step of the production chain $ it would be extremely important to make architects and
engineers, the main actors in this global play, in same extent as those that are directed
involved in activities leading to the shaping of the built environment, aware of the need of their
participation and responsibilities. How to do that and how to better educate? We do not have
an answer. As perhaps happens everywhere, teachers usually are not trained to do that and
we just can hope to be going in the right direction, while we try to better educate#
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Summary
The importance of safe and sustainable water supply and sanitation to human health and wellbeing is undisputable. Water supply and sanitation are an essential part of our built environment. In
Finland water and sanitation services have generally been considered to be reliable. However,
changes in the operational environment are presenting challenges to their sustainability. Many of
the challenges will require further competencies of the personnel.
This paper discussed the generic sustainability competencies recognised in interviews with more
than 60 representatives of stakeholders of engineering education, and a wide literature survey.
Furthermore, the aim is to reflect these generic competencies and their relevance in the built
environment and especially water supply and sanitation services.
Key sustainability competencies are considered to be basic understanding of the contested,
complex and dynamic concept of sustainable development, holistic understanding, knowledge on
the challenges of sustainable development, understanding of the material and energy flows,
systemic thinking, willingness and ability to critical thinking, creativity, ethical understanding,
shared expertise and collaboration skills.
Keywords: sustainable development, sustainability, water supply, sanitation, engineering

1. Introduction
The importance of safe and sustainable water supply and sanitation to human health and wellbeing is undisputable. In Finland water supply and sanitation services have generally been
considered be reliable and Finland has placed near or at the top in several international
comparisons of the water sector such as the Water Poverty Index [1]. However, changes in the
operational environment are presenting challenges to the sustainability of water and sanitation.
According to results of a survey, Finnish experts of water and sanitation consider the biggest
challenges facing the field to be aging infrastructure, vulnerability and risk management, human
resources and know-how, and research and education [2]. Many of these top challenges are
directly linked to competencies but responding to the other challenges will also require further
competencies of personnel. Ensuring the sustainability of water services also in the future will thus
require development of education.
The role of education is seen to be crucial in a transformation to a more sustainable society and
there has been a lot of discussion on how sustainable development should be taken into account in
all fields and levels of education. For example, Finland has created a national strategy to
implement sustainable development in education [3] and the United Nations has declared 2005–

2014 a Decade of Education for Sustainable Development to highligt the importance of this issue.
As Cruickshank and Fenner [4, p. 112] furthermore remind “engagement with sustainable
development must include the improvement of the built environment, which serves the most basic
human needs in terms of shelter, water supply and sanitation, and infrastructure to enable social
organization”. Thus, it can be argued that one the key issue is what are the competencies needed
to ensure sustainable development of the built environment and how the education system should
be developed to provide these sustainability competencies.
The aim of this paper is to discuss sustainability competencies in the field of water supply and
sanitation. Results of a Finnish research project on engineering education and sustainable
development will be used as a backbone of this paper. In the research project generic sustainability
competencies of engineers were defined based on semi-structured interviews of 66 stakeholders
of engineering education and experts on sustainable development, and based on an extensive
literature survey [5]. This paper will introduce these results and discuss their relevance in the field
of built environment and especially water supply and sanitation services.
The paper will start with an overview and theoretical backgroud of how sustainable development
can be understood in this context. Next, the generic sustainability competencies will be discussed
from the point of view of water supply and sanitation. Finally some concluding remarks are
presented.

2. The concept of sustainable development in built environment
Before discussing the relationship of sustainable development and built environment, it is
necessary first to discuss what is meant by sustainable development itself. Sustainable
development has been widely used ever since the 1980s and it can be said to encompass all fields
of life from public to private sector and civil society. However, what the term actually means is still
debatable and contestable, and the concept is unfortunately too often used without considering
what it really embodies [6, 7]. It can be
argued
that
the
most
important
.
sustainability competence would be to
profoundly understand the concept as
understanding is the prerequisite for
sustainable development to become
Society
meaningful.
Sustainable
development

When defining sustainable development,
people most commonly refer to the
definition by the World Commission on
Environment and Development (the soEconomy
Environment
called Brundtland Commission) according
to   which   “sustainable   development   is  
development that meets the needs of the
EnviEcopresent without compromising the ability of
ronmennomic
future generations to meet their own
tal
needs”  and  furthermore  specifying  the  key  
concepts  of  needs  as  “the  essential  needs  
Fig. 1 Traditional representation of sustainable
of   the   world’s   poor,   to   which   overriding  
development
priority   should   be   given”,   and   “the   idea   of  
limitations imposed by the state of
technology  and  social  organization  on  the  environment’s  ability  to  meet  present  and  future  needs”  
[8, p. 43]. Based on this definition, at least, intergenerational and intra-generational responsibility,
and the limitations of environment’s  carrying  capacity  are  key  issues  in  sustainable  development.  
In addition to the Brundtland definition, many also refer to the three pillars or spheres of
sustainable development: environmental, social and economic (see Fig 1. for the traditional
representation on sustainable development). However, this representation has been criticised as it
gives the false impression that society, environment and economy are on the same hierarchical

level and all are to be given equal importance. Furthermore, as Gough and Scott [9] point out this
representation suggests that it would be possible to have a society independent of the interrelationships with the natural environment even though molecules constitute every one of that
society’s   individual   members. It also suggests that there would be a sphere of social life entirely
separate from economic institutions, actions, causes and consequences. Similarly, it suggest that
there could be economic activity independent of society and environment, and environment
unattached to socially constructed understandings and free of economic significance. Gough and
Scott [9, 10] furthermore argue that this traditional representation strengthens the old divisions and
segmented view of being able to divide the world in segments that can be examined in isolation
from other. It is dependent upon a reductionist and mechanistic view of the world. It is manifested
in the traditional view of organising research and education in disciplines.
Many authors, however, have argued that this old world view is not suitable and that we need a
paradigm shift if we are to take sustainable development seriously [e.g. 9, 10, 11]. It is a very
common view that instead sustainable development presumes systemic thinking [e.g. 12, 13, 14,
15]. Systemic thinking is seen necessary to get a holistic understanding: to see the
interconnections between human and natural systems and to be able to take into consideration the
temporal and spatial dimensions of sustainable development. Figure 2 depicts sustainable
development from systemic perspective in which
environment (natural systems) and human systems
(society, economy, culture) form a nesting system. This
Environment
representation still refers to the same division or
segments as the traditional view, but it tries to show the
Society
hierarchical relationships of the systems. Environment
forms the basis of all life and, thus, it provides the
Economy
context and boundaries in which everything else is set.
Within the natural system, humans have created society,
which operates according to cultural norms, legislation
and institutional regulations. Society, then again has
created economic systems to serve its purposes. [4]
The challenge is that both the natural and human
Fig.2
Environment,
society
and systems are complex and dynamic, and thus, the
mechanistic and reductionist ways of thinking are not
economy as nested systems
adequate. Furthermore, as Carew and Mitchell [16]
have noted, sustainable development is elementarily ethical. It is about what we value and what we
consider worth striving for. Our values are not static. Thus, the whole concept of sustainable
development is complex and dynamic. It is impossible and not even desirable to come up with
static definition for sustainable development or some exact rules and principles that could guide us
to sustainability. Due to the vagueness of the concept, many have deemed it as meaningless.
However, others have compared it to other concepts such as liberty and justice, which cannot be
exactly defined. Even if people cannot agree on an exact meaning, it does not mean that there is
no meaning at all [17].
Due to the ambiguity of sustainable development, it is a challenge especially to engineers and
natural scientists, as they have traditionally focused on exact quantifiable facts [18, 19]. According
to Mulder [20], many have argued that as sustainable development cannot be exactly defined and
quantified, it cannot be taught in engineering education. However, it can be argued that it is
actually the ambiguity of the concept that should be embraced in engineering education as it can
be a powerful tool of thinking, and it can help understand the systemic and complex world.
Sustainable development can be viewed as a fresh and challenging frame of reference for thinking
about everything engineering is and does [9]. As Cruickshank and Fenner [4] argue engineering is
intimately affected by sustainable development but also vital to it. The World Commission on
Environment and Development [8] has characterised technology as the key link between humans
and nature, that needs to be reoriented if the challenges of sustainable development are to be
tackled. Furthermore, Cruickshank and Fenner [4] argue that engineers work at the interface of
human and natural systems, providing infrastructure at the boundary of society and environment,
and providing products where society interacts with economy. Thus, it would be engineering is

crucial in sustainable development.
The basic idea of sustainable development has been discussed in this section. Next, attention is
turned to some key competencies associated with sustainable development. These generic
competencies are then reflected on the built environment and especially water supply and
sanitation engineering.

3. Sustainability competencies
In the research project on Finnish engineering education and sustainable development, all
interviewees agreed that sustainable development is something of great significance and that it is
an important competence for every engineer in the future. Similarly, the American Society of Civil
Engineers (ASCE) [21] have concluded that sustainability is something that all civil engineers need
to understand. As was discussed in previous section, understanding of sustainable development is
probably the most important sustainability competence. However, other competencies are needed
to support this understanding.
3.1

Knowledge on sustainable development

Competencies can generally be divided into knowledge, skills and attitudes. Knowledge on
sustainable development consists of basic understanding of the natural and human systems. One
key issue about these systems is the understanding of material and energy flows and cycles in
them, e.g. the water cycle in biosphere and human influence on it. Harremoës [22] argues that
energy is basically the ultimate measure of sustainability when considering the sustainability of
water and waste management. Furthermore, important sustainability knowledge is basics about the
challenges of sustainable development, and the cause effect relationships associated with them.
Most often named challenges of sustainable development include demographic changes (e.g.
population growth, ageing), globalisation (e.g. mobility, interdependence), climate change and
energy production, unsustainable use of natural resources (e.g. depletion of biodiversity,
generation of waste, energy consumption and production, inequity in the use) and depletion of
social capital (e.g. inequality, poverty, social exclusion). All of these challenges are either directly or
indirectly connected to each other. Thus, a holistic view is required.
3.2

Holistic understanding

Having holistic understanding or seeing the bigger picture is a significant aspect of sustainable
development competencies [e.g. 4, 23, 24]. One needs to understand both the natural and human
systems and their interactions, furthermore one needs to be able to think about the effects of
activities in the long-term and globally. As was discussed, systemic thinking is one key competence
to achieve this holistic view. Many do argue against holism as they see that it would jeopardise
expertise in technical knowledge and skills. However, it needs to be understood that holistic view
does not imply that everyone would be experts of everything. Instead, one needs to have basic
understanding of the context of ones own work and relating it to others.
Holistic view and integrated approaches are also highlighted in the field of water supply and
sanitation services [e.g. 25, 26]. Varis and Somlyódy [27] argue that water should be seen as a
part of continuum of management of natural resources and human societies. According to Grigg
[28] water supply systems are changing from centralised, slow-reacting and supply-sided, to a
distributed, flexible, and faster-acting one that practices demand management. Thus,  “total  water  
management   is   needed”.   Grigg argues that this creates new demands on the competencies of
water sector professionals, e.g. managing more complex systems and taking into account the
sometimes contradictory expectations of different stakeholder groups.
As the challenges of sustainable development are not clearly cut to be solved by any one
profession or discipline alone, cooperation is needed. This puts emphasis on the competences of
sharing  one’s  own  expertise,  communication  and  interaction  skills. According to Hurley, Ashley and
Mounce [25] for sustainable water services, communication between and across professional
domains and also with wider population is needed. ASCE [21] argues that civil engineers should

have the skills to communicate with technical and non-technical audience, convincingly and with
passion.
What needs to be acknowledged in association with the skills of cooperation and shared expertise
is that they are not only about the actual skills of how to do it, but an important part is related to
attitudes. There needs to be willingness to listen to other and to respect and tolerate their views
and values [see also 21]. Furthermore, the fact that technology alone does not suffice and
engineers cannot act in isolation from society needs to be acknowledged. One important
competence thus is to recognise one’s   own   role   in   society   and   understanding the limits and
possibilities  of  one’s  own  expertise  and  appreciating the expertise of others [5].
3.3

Ethical considerations

As was discussed before sustainable development is inherently ethical concept: intra- and
intergenerational responsibility are at the heart of sustainable development. In the field of water
and sanitation services, the different uses of water and how they are valued and prioritised is an
example of ethical consideration [28].
Herkert [29] sees that sustainable development brings the responsibility of a profession to the
foreground. Also ASCE [21] has highlighted the importance of civil engineers understanding the
codes   of   ethics   and   the   profession’s   responsibility to hold paramount public health, safety and
welfare.  Again  the  emphasis  is  on  understanding  one’s  own  professional  role  in  society,  and  seeing  
the possibilities and limitations.
3.4

Critical thinking and creativity

The challenges of sustainable development can be characterised as complex and wicked
problems that cannot be solved by simple technical solutions, like the traditional end-of-pipe
technologies. As has been discussed collaboration across disciplines is needed. In addition,
completely new ways of thinking are necessary. Thus, critical thinking, creativity, innovativeness
and entrepreneurship are often considered [5].
Values and attitudes are essential part of the sustainability competencies [5]. However, sustainable
development is not about enforcing a certain way of thinking or certain values, but encouraging
people to think for themselves [9, 30].Critical or reflective thinking can be a tool to uncover and
discuss personal and societal values [31]. It would be important to recognise values and interests
that guide our behaviour, but to also appreciate the pluralism of values [32].
In Finland in the field of water supply and sanitation large centralised systems seem to be favoured
at the moment. It is debatable, however, whether these centralised systems are optimal in all
situations. The water sector can be described as rather conservative and it could benefit of critical
and creative thinking. As Palme [33] points out, it would be advantageous from the perspective of
sustainability to critically examine the existing water systems to better respond to future challenges,
such as recycling of nutrients and pressures posed by climate change.
Focus on (technical) problem-solving has traditionally been one of the key competencies of
engineers [35]. However, especially considering sustainable development it has been deemed
necessary to include also problem-definition. Engineers should not only solve problems defined by
others, but actively participate in determining what the relevant problems to solve are [36]. For
example, Pietilä, Katko and Seppälä [36] call for discussion on the ultimate purpose of water
supply and sanitation services instead of focusing merely on different technical options.

4. Concluding remarks
It can be concluded that engineers have a key role in sustainable development, as they work at the
interface of natural and human socio-economic systems. Infrastructure systems are significant in
guaranteeing the well-being of citizens. Thus, sustainability competencies are essential to future

professionals working in the built environment. Key is to understand the natural and human
systems, their interactions such as the material cycles and energy flows.
Sustainability competences are not about adding new content to the already over-crowded
curriculum, but about new ways of thinking. First of all, important is to understand and appreciate
the contested, complex and dynamic nature of sustainable development. Furthermore, supporting
sustainability competencies; systemic and critical thinking, communication skills, shared expertise,
creativity, responsibility, and all in all, values and attitudes, are to be combined with the fieldspecific core technical competencies. Professionals of water supply and sanitation will still have
strong core technical competencies which are supported by these sustainability competencies to
better respond the the challenges of sustainable development, globalisation and in general, the
complexities of the world.
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Summary
Sustainable and cost-optimized real estate can only be planned, built and used if the
interrelationships existing between occupancy costs and their underlying drivers can be confirmed
and translated into the practice of real-estate management. This empirical study determines and
quantifies the relevant factors impacting on occupancy costs (e.g. water, heating energy, electricity)
of schools and sport facilities in Germany by multivariate regression analysis to provide detailed
cost indicators for an internal or external benchmarking and to help property owners identifying
how they can better reduce occupancy expenditures.
Keywords: occupancy costs, water, heating energy, electricity, benchmarks, buildings, multivariate
analysis, financially sustainability

1. Background
Over the past few years, extensive changes in German education policy have required that
significant investments be made in both the development and maintenance of schools. This has
resulted not only in higher occupancy costs - as a result of increased administrative costs, costs of
utilities, waste disposal, cleaning and maintenance - but also a growing contingent of concerned
investors. Municipalities like Stuttgart (Germany) see these changes as cost burdens negatively
impacting both the short and long-term benefits on their real estate investments. For municipalities
the problem of occupancy costs cannot be solved fast enough, however for that to happen it is
important to determine what comprises and drives these expenditures.
According to DIN 18960:2008 [4] occupancy costs encompass the following cost types:
• Capital costs (e.g. external funds, equity capital, depreciation)
• Real estate management costs (e.g. labour costs, material costs, external services)
• Operating costs (e.g. costs of utilities, waste disposal, cleaning and maintenance of the building
and external structures, inspection and maintenance of technical installations, security and
control services, taxes)
• Maintenance costs (e.g. costs of maintenance of the building, technical installations, external
structures and interiors)
Capital costs are directly related to the size of the initial investment and almost represent about
60% of the total amount of occupancy costs [5]. Also, when planning operating costs it is important
to note how the underlying costs are sequenced. The reason is that the planning process is based
on discounted cash flows, which leverage the amount of expenses as well as discount periods and

interest rates. Knowing what costs are coming in at what time allows one to better take advantage
of these variables. In refer to Pfarr [2] the amount of occupancy costs always depends on the
following factors:
•
•
•
•
•

Usage (e.g. type, standard, intensity of use)
Building characteristics (e.g. geometry of the building, durability of technical installations)
Strategies (e.g. maintenance strategies, outsourcing rates)
Location (e.g. topography)
Market dynamics (e.g. capital market, real estate market)

2. Defining the problem
While the interrelationships between occupancy costs and their drivers can be in principle
described, transferring that information into the practice of real estate management, to create an
agreed upon standard for mitigating occupancy costs, has proven to be rather challenging. The
simple reason is that there are no set design rules or basic conditions for planning, building or
using real estate. Further complicating the situation is that it is nearly impossible to forecast what
the total size of occupancy costs will be. Referring to investment costs this forecast uncertainty can
be determined. According to Ruf [1], in Germany the discrepancy between the initial assumptions
around investment costs and the final confirmed costs runs as high as 20-30%. In refer to
occupancy costs, the need for statistically valid data is evident in order to produce accurate
estimates and reliable benchmarks.

3. Objective
Sustainable and cost-optimized real estate can only be planned, built and used if the
interrelationships existing between occupancy costs and their identified drivers can be confirmed
and translated into practice. This empirical study seeks to make such a confirmation by quantifying
the relevant drivers of occupancy costs. Based on these findings it will be possible to create
occupancy cost benchmarks for early project phases and to accurately forecast occupancy costs.
The study will examine occupancy costs and all the factors that go into those costs, of 150
municipal buildings. Contained therein, will be descriptions of the relevant cost drivers, the design
rules and basic conditions for planning, building and using financially sustainable real estate.

4. State of the art
In Germany, the examination of occupancy costs comes primarily from two sources. First, there is
the research done by Horst Küsgen in the 1970’s [6] and then there is Siegel and Wonneberg’s [7]
empirical study showing how occupancy costs affect commercial buildings. There have been
further discourses on the subject, most notably in the 1990’s when facility management companies
started publishing incidental cost analyses for office buildings, see Office Key Report [8] and
OSCAR [9]. In Switzerland, FM Monitor [10] published the first full-cost survey of office buildings
(pom+Consulting AG, 2007). While the company identified benchmarks and cost drivers, it took a
very narrow view of occupancy cost - ignoring capital and maintenance costs - which diminished
the significance of the results. There is also research being done on occupancy costs in other
countries. To see how it compares with what has been uncovered in Germany and Switzerland,
please see table 1.
The most extensive work being done on this subject comes from the GSD Graduate School of
Design at Harvard University [11], which recently looked at 1,2 million accommodation units to
better understand how occupancy costs impact real estate investments. With the focus on
residential buildings, the location represents a relevant cost driver in the design of the study. For
this study especially the specifications of the data analysis are important.
The described researches present the different field of studies in which occupancy costs are

partially investigated. The most relevant approach to this study is done by Stoy [5] who has a
similar focus - commercial real estate versus municipal buildings - and leverages DIN 18960:1999
[12] when detailing the relevant cost drivers.

Table 1 Studies and identified cost drivers of occupancy costs
Study

Data base

Reviewed cost types

Categories of cost drivers

Siegel und Wonneberg, 1977 [7]

110 office buildings

•

Real estate management costs

•

Building characteristics

•

Occupancy costs

Kalusche, 1988
[14]

Siegel und Wonneberg, 1977

•

Capital costs (incl. provision)

•

Building characteristics

•

Real estate management costs

•

Occupancy costs

•

Maintenance costs

•

Real estate management costs

•

Building characteristics

•

Occupancy costs

•

Utilization

•

Maintenance costs

•

Real estate management costs

•

Strategies

•

Occupancy costs

•

Building characteristics

•

Maintenance costs

1,2 million accomodation units

•

Real estate management costs

•

Location

•

Occupancy costs

•

Environment

several investigations
(et al. office
buildings.)

•

Occupancy costs

•

Strategies

•

Maintenance costs

•

Building characteristics

•

Utilization

several investigations
(et al. office
buildings.)

•

Real estate management costs

•

Utilization

•

Occupancy costs

•

Maintenance costs

116 office buildings

•

Capital costs (incl. provision)

•

Building characteristics

•

Real estate management costs

•

Strategies

•

Occupancy costs

•

Location

•

Maintenance costs

BMI, 1999 [15]

BMI, 2000 [16]

GSD, 2003 [11]

BMI, 2003 [17]

BMI, 2003 [18]

Stoy, 2005 [3]

Jones Lang LaSalle, 1996-07 [9}

pom+Consulting
AG, 2003-07 [10]

7 office buildings

2 office buildings

413 office buildings (2007)

1.242 objects
(2007)

•

Real estate management costs

•

Strategies

•

Occupancy costs

•

Location

•

Maintenance costs

•

Real estate management costs

•

Utilization

•

Occupancy costs

•

Environment

•

Building characteristics

5. Approach
5.1

Framing the topic

This study only focuses on those occupancy costs that directly impact the building. Operational
labour costs or material expenses are not considered, because there is a greater chance of
optimizing costs during planning and building (compare Pfarr, 1976, page 23-24 [2]). It should also
be pointed out that the study only looks at relevant costs drivers, which require a less detailed cost
structure (comparable to DIN 276:2006 [13]).

5.2

Definition of relevant factors of the investigation

During the preparation of the study it was important to define the most appropriate cost structure.
In addition to the cost structure of the project partner the following sources give a guideline to
structure occupancy costs:
•
•
•
•
•
•
•
•
•

DIN 18960:2008 [4] User costs of buildings.
VDI 6009:200 [19] Facility Management.
GEFMA 200:2204 [20] Costs of Facility Management, Cost structure for GEFMA 100.
CEEC:2004 [21] European Code of Measure.
DIN 276:2006 [13] Building costs.
ISO 15686:2007 [22] Buildings and constructed assets, Service life planning, Part 5.
BCIS - Standard Form of Property Occupancy Cost Analysis (1991) [23].
NEN 2632:1980 [24] Working costs of buildings, Terminology and classification.
ÖNOMRM B 1801-2:1997 [25] Civil engineering and building construction costs.

Additionally to the definition of the dependent variables (occupancy costs), also the independent
variables (cost drivers) are differentiated. The definition of cost drivers comes from secondary
literature and expert interviews with all relevant industry stakeholders, e.g. investors, architects and
facilities managers.
5.3

Collecting the data

The collection of data formed the main part over the course of the study. The study examines
occupancy costs and all the factors that go into those costs, of around 150 municipal schools and
sport facilities in Germany. Contained therein, will be descriptions of the relevant cost drivers, as
design rules or basic conditions for planning, building and using financially sustainable real estate.
In general three types of data are collected:
• Investigation of general data
• Investigation of the dependent variables (occupancy costs)
• Investigation of the independent variables (cost drivers)
Once the data is collected, a system is designed that allows a uniform examination of each of the
data sets. Regarding the occupancy costs (dependent variables) the cost structure of the project
partner is cross tabulated with that of the investigation to develop a structure that can be uniformly
applied to all occupancy costs. In reference to the defined cost drivers the independent variables
are listed in a data entry form to consistently investigate 150 schools and sport facilities.
5.4

Analyzing and describing the data

Based on statistical pre-analysis, the data is analysed by conducting a series of multivariate
regression analysis, which have proven to be an appropriate approach to investigate cost
indicators. The description of data will be framed by methods of descriptive statistic (median,
upper- and lower quartile). Contained in the descriptions will be an overview of the data that had
been collected and also remarks on outlier statistics.

6. Discussion and Conclusions
The introduced models to forecast occupancy costs (e.g. water, heating energy, electricity) verify a
good quality and comply with all sufficient conditions for providing consistent, unbiased and
efficient estimates. As an example, the proposed model to estimate heating energy consumption
indicates an increase of 84% in heating energy consumption for facilities with indoor swimming
pool in comparison with those facilities not having this additional sport facility.

In addition, the integrity and transferability of introduced models are evaluated, performing power
analyses to discuss the probability of inferences about examined population parameters. However,
the statistical power and significance of single cost drivers have to be discussed for the practice of
real-estate management.
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Summary
Under the development of sustainable construction, recycling the building and construction demolition waste (CD&W) has become a global trend. Normally, a building is demolished on site into debris, producing mixed with concrete, bricks, metal, plastic, paper, glasses, wood, and so on. Debris
is then hauled to a treatment plant for treatment and recycling. If demolition waste is highly mixed
in the very beginning, the operating cost for recycling it in the treatment plant will be high and thus
the recovery rate low. In addition, the recycled materials from demolition waste frequently prevent
them from becoming a valuable ingredient. For instance, it will be very difficult to completely separate concrete from bricks and wood in the demolition waste if they were mixed at the first place.
Consequently, the concrete waste can only be recycled and used for backfill or landfill, instead of
being aggregate of concrete to make higher value pre-cost concrete products.
According to field visits and interviews with owners, now in Taiwan, there are no concrete principles for owners. Though some owners have the concept of recycling, concerning about factors
such as time and cost, they usually take full-scale demolition, producing tons of construction wastes. With this kind of demolition, lots of recyclable resources requires further processing or are regarded as hybrid construction wastes, which disadvantages the decrement and reuse of construction waste.
Through the field visits in demolition building sites and literature reviews, we conclude preliminarily
that the elements of green demolition assessment have four major categories: Reduce and Recycling, Energy Conservation, Environmental Protection and Safety Precaution. Furthermore, sixteen
appraisal items are identified. Safety Precaution, one of 4 initial categories of green demolition
assessment, has to conform to legislations and regulation concerned. Therefore, this item needs to
be obtained. Fuzzy Delphi method is first employed in this study to identify the major categories
and their corresponding items for assessing the “greenness” of a demolition project. AHP (Analytical Hierarchy Process) method is then conducted to determine the weighting of major categories
as well as that of the sub items in each category.
This paper conducted field visits in 3 different demolition sites in an attempt to understand individual difference in each case according to construction methods, classification, contract value and
etc. Also, through green demolition system, we will examine whether the result can reflect the actual situation of construction. When the appraisal system for the assessment of green demolition is
applied in the building demolition, it reflects the results of the actual situation of demolition site.
Furthermore, from the amount of contract value in three cases, if the contractor is eager to win the
bidding with lower price and to earn more profits, demolition building must be organized systematically and wastes should be recycled well so as to increase the value of waste-reuse and to accomplish the main goal of this study.
This study proposes an appraisal rating system to assess the “greenness” of a demolition project.
The appraisal system for the assessment of green demolition developed in this paper aims to begin reuse-orientated demolition under the circumstance of lowest environmental load and safety

and to achieve the optimization of recycling and reuse of demolition wastes so as to achieve the
goal of sustainable environment.
Keywords

Demolition, Green, Recycling, Appraisal

1. Introduction

Under the development of sustainable construction, recycling the building and construction demolition waste (CD&W) has become a global trend. Normally, a building is demolished on site into debris, producing mixedwith concrete, bricks, metal, plastic, paper, glasses, wood, and so on. Debris
is then hauled to a treatment plant for treatment and recycling. If demolition waste is highly mixed
in the very beginning, the operating cost for recycling it in the treatment plant will be high and thus
the recovery rate low.
In addition, the recycled materials from a very demolition waste frequently prevent them from becoming an ingredient for a higher value produce. For instance, it will be very difficult to completely
separate concrete from bricks and wood in the demolition waste if they were mixed at the first place.
This Green Demolition has been developed to provide an appraisal system for government agency
and industry audiences that are interested in environmentally and socially responsible management of demolition wastes. It includes the diversion of the maximum amount of materials from
landfill disposal and maximising social and economic benefits to the community.

2. The Development of Green Demolition

With the trend of sustainability and resource recycling, every nation is encouraged to use “green
demolition.” Its main purpose is to sell all the recycled and reused construction waste, a process
through which profits can be made. A cost-efficient and market system will be established.
Take Re-Use Consulting, a US company, as an example. Before a house is demolished, the
materials of the house that are worth of keeping will be evaluated. From owner’s point of view,
recycled materials can be sold for profits or provided to the new construction for reuse in order to
decrease the cost. From Re-Use Consulting’s point of view, besides fees generated from
demolishing the house, the company can resell the materials for the owner and earn the
commission, increasing its profits. On April, 2008, Re-Use Consulting demolished a 90-year-old
house, which was 220 level ground and 44 level ground of garage. The company cleaned out a
great number of materials that can be resold and reduced 80% of the garbage, which saved 4/5 of
garbage handling fee. Compared to the method of using the excavators to demolish it directly, the
owner saved US$ 20,000. Especially when a company wants to get rid of the materials that are
treated as garbage as soon as possible, profits will be much huger.
Meanwhile the Government of San Diego in 2008 passed the law of “Improvement of Rate of Recycling and Reuse,” aiming to transport at least 50% of demolition waste to the recycling center;
also, construction company needs to propose the plan for recycling and to file the quantity of recycling and reuse of materials. If there are toxic pollutants in the recycled material waste, such as
lights fixtures, fluorescents and asbestos, they have to be processed more carefully.
According to field visits and interviews with owners, now in Taiwan, there are no concrete principles for owners. Though some owners have the concept of recycling, concerning about factors
such as time and cost, they usually take full-scale demolition, producing tons of construction
wastes. With this kind of demolition, lots of recyclable resources requires further processing or are
regarded as hybrid construction wastes, which disadvantages the decrement and reuse of construction waste.
Accordingly, the objective of this paper is to build an “Appraisal System for Green Demolition”,
which is suitable for the environment of our country through the field visits in demolition building
sites and literature reviews. With this appraisal system, the idea of “Green” will be included in the

demolition stage in the full-life cycle of construction so as to achieve the goal of sustainable
environment.

3. Methodology

Through the field visits in demolition building sites and literature reviews, we conclude preliminarily
that the elements of green demolition assessment have four major categories: Reduce and Recycling, Energy Conservation, Environmental Protection and Safety Precaution. Furthermore, sixteen
appraisal items are identified. Safety Precaution, one of 4 initial categories of green demolition
assessment, has to conform to legislations and regulation concerned. Therefore, this item needs to
be obtained.
This research is based on Fuzzy Delphi method to sieve out the factors. The factors which reach
the standard are included in to the evaluation system. The analysis of AHP questionnaire generates the relative weight and the level of the importance as the foundation of the evaluation framework.
The subjects of this questionnaire are the experts on these following aspects: industrials,
government institutions and academia. In the first stage we collect 34 questionnaires in total: 24 for
industrial professionals, 5 for governmental institutions and 5 for academia. The average of
working experience is 10 years. In the second stage, 32 questionnaires return: 20 for industrial
professionals, 5 for governmental institutions and 5 for academia. The average of working
experience is 10 years. The weighted result of each assessment element will be shown in the
following paragraph.

4. Establish the Framework of Evaluation

The objective of this research is to develop an appraisal system for the assessment of green
demolition. Literatures about construction steps and waste handling for building demolition are
reviewed. The four major categories identified are 1) reduce and recycling, 2) energy conservation,
3) environmental protection and 4) safety precaution.
Table 1 Reduce and recycling
Index

Thorough check of
the waste

Deconstruction

Exam Content
Before deconstructing and demolishing a building, we should check and
record all sorts of materials of the building
List clearly the categories of the materials of demolition and deconstruction.
Quantify and estimate reused and recycled materials which might be
produced in the process of deconstruction or demolition.
Check the potential hazardous materials generated by the building to
take prevention.
Plan the procedures of demolition based on recycling
Plan to deconstruct the original devices or parts from the original building.
Because those parts will be reused, they should be marked and carefully
deconstructed to avoid any damages.
In deconstructing, the joint and the part where the materials are put together should be paid extra attention. Workers must minimize the damages
to those materials and devices.
Make sure the workers and the sub-contractor has been well-trained and
well-instructed, as well as getting the job done with appropriate deconstruction skills.
Specialized engineers should be always at the site to supervise the deconstruction.
Maintain completeness of the building structure when deconstructing.
Systematically remove decoration, furniture, mechanical and power
equipments.
Deconstructing in the following orders: roof, the partitions of non-load
bearing wall, exterior wall, floor and the foundation.

Credits

0~17

0~14

Index

Recycling

Final Disposal

Exam Content
Try to move the unreconstructed parts from higher place to the ground
before the deconstruction, and take apporiate action to make sure everything is safe.
There are 9 categories of deconstructed objects: metal, board, cable and
wire, Ceramic, glass, steel, concrete, brick, construction hybrid material.
Protect the deconstructed parts that can be reused as brand-new materials during the process of deconstruction to make those things still useful.
nd
The area to pile the waste should be planned to avoid the 2 round procedure and offer sufficient space to maintain efficient process.
Plan the storing space for separating the waste materials at the scene for
classification.
Stored materials should be clearly labeled with classification and quantity. Security measures should be provided to prevent damage.
nd
To avoid the 2 round process, dismantled materials can be reused in
the same construction site during the new construction.
After classifying the stored materials, legal rubbish disposal stations will
handle the recycling and re-usage.
Plan recycling project which includes the categories of recycling items,
partners, recycling methods and rates.
The materials that can’t be recycled should be taken care by legitimate
manufacturers, abiding by legal procedures.

Credits

0~22

3

Table 2 Energy conservation
Index
Effective Usage of
Energy
Effective Usage of
Alternative Energy

Exam Content
Use energy-saving method of construction.
Use equipments with energy saving and economic on gas.
Use alternative energy, such as solar energy, wind energy and etc., in the
construction.

Credits
0~5
0~2

Table 3 Environmental protection
Index

Water Pollution
Protection

Air Pollution Protection

Noise and Vibration Protection
Historic Relics

Exam Content
Make sure the deconstruction won’t do damage to sewer system,
groundwater and ecology.
Discharge of waste water must be permitted by authorities.
Discharge of wastes, volatile matter, mineral, oil, lube and toxic detergent
into the sewer is not allowed. Appropriate procedure should be taken
during the construction.
Discharge of water with suspended materials into the sewer is not allowed or affects the environment.
The process of treating or discharging the water content suspended or
harmful materials should obey related environment laws.
During construction, the emission of the dust must be controlled. Water
sprinkle is needed dusting construction process to reduce the dust.
Materials or wastes should be covered or sprinkled with water to avoid
dust.
Containing the production of dusts should be carried out on every temporary road.
Emission of waste gas emission is controlled during the construction.
During demolition and deconstruction the protection measures need to be
taken to avoid the air pollution outside the construction site.
Noise made during the construction or by the machine shouldn’t be louder than the limitation of the law.
The vibration produced from construction can’t affect the structure and
the safety of adjacent buildings.
If there are historic relics during demolition, related authorities should be

Credits

0~4

0~6

0~4
0~7

Index
Protection and
Maintain
Plants at Site Protection
Green Fence

Remove the
Harmful Waste

Exam Content
immediately informed and protective measures must be taken.
Trees and plants which are originally at the site must be maintained, unless there are other purposes.
Afforest the site after the demolition.
Inlay or frame green plants on the fence.
Before demolition and deconstruction, polluted or hazardous materials
should be removed according to the environmental law to take safety
actions in order to reduce risks during the treatment process.
When demolishing the asbestos, it should be damped unless obvious
difficulty occurs.
Owners should set up a place in the previous construction site for putting
the asbestos with lidded containers.
Asbestos and products made by asbestos should be taken care through
flying-solidify method.

Credits

0~2
0~2

0~12

Table 4 Safety precaution
Index
Personnel of Labor Safety and
Health

Labors’ safety
Protection

Safety Precautions in Construction Site

Exam Content
Contractors should have personnel of labor safety and health based on
the scope and the quality of the demolition. They should take the training
courses of labor safety and health hold by government organizations.
Contractors must provide the equipments qualifing the safety standard,
such as safety helmets, goggles, gloves, masks, safety belts and so on.
Laborers must be protected according to the safety standard and obtain
job permit.
Related trainings are needed when laborer conduct highly dangerous
works, such as electrical engineering, hot work, machine manufacturing
and so on.
Safety training for the laborers is needed before breaking ground.
Contractors should provide necessary insurance for laborers.
The scaffold used in construction needs to conform to safety standard. It
should have considerably bearing capacity. If necessary, additional protective measures are required.
Ensure high standard of construction site safety. Fences which are not
lower than 2 meters should be built around the site. The exits of construction should be restrained.
The pedestrian walk should be covered with the construction scaffolding;
in order to prevent dusts and falling items, protective screening should
enclose the structure of building.
During the demolition of on-the-ground and underground structures, supporting facilities should be mapped out so as to avoid sudden collapse
and settlement.
Contractors should establish standard operating procedure (SOP) of
emergency management in case of accidents.

Credits
P
P
P
P
P
P
P

P

P

P
P

Note: P ( Prerequiste )
By interviewing expert in industries, government and academia, this paper explores whether
evaluation of the green deconstruction fits the reality. Integrating what the experts said, we have to
consider if every factor is suitable when practicing in the reality but it’s difficult to actually apply
some of the categories in the construction project. This paper argues that the reason why many
eco-friendly concepts and technology cannot be applied is because people just think it’s
unpractical to the reality. This research involves the indexes into the evaluation categories in order
to hope the index system would realize the concept of green demolition, not just to evaluate
whether current construction project fits the reality. Hence, it will be necessary to actually practice it
in the future and promote the sustainable construction.

5. Case Study

This paper conducted field visits in 3 different demolition sites in an attempt to understand
individual difference in each case according to construction methods, classification, contract value
and etc. Also, through green demolition system, we will examine whether the result can reflect the
actual situation of construction. The fundamental information of cases is shown as Table 5.
Table 5 The Case Database
Database
City
Type
Structure Type
Duration
Contract Amount

Case A
Taoyuan
School
Reinforced Concrete
building
35 days
NT $-126000

Case B
Taoyuan
House
Reinforced Brick Building
30 days
NT $150000

Case C
Taipei
House
Reinforced Concrete
building
28 days
NT$ -30000

(1) CASE A
Case A is the reinforced concrete building. During demolition, the contractors move furniture first
and destroy the valuables such as doors, windows, inner decoration and metals. This case is
mainly brick wall partition; thus, they use excavators to break the brick walls, dismantle the
reinforced concrete building and draw out the steels. Therefore, there are 7 categories: steel,
concrete, aluminium window, cable and wire, metal, board, and construction hybrid material. The
demolition processes and classification are shown as Figure 1.

Fig.1 CASE A
(2) CASE B
Case B is reinforced brick building. Before demolition, the contractors remove only the furniture,
dismantle the building with excavators directly, and then disassemble the steel. There are 4 main
categories in case B: steels, bricks, concrete, metals, and construction hybrid materials. The
demolition processes and classification are shown as Figure 2

Fig. 2 CASE B

(3) CASE C
Case C is a reinforced concrete building. While demolition, the contractors remove furniture first
and dismantle doors, windows and decorations. However, parts of decoration are not
deconstructed completely, and then structure is dismantles. There are 6 kinds of deconstruction
items: steel, concrete, metal, brick and concrete, waste wood and construction hybrid material. The
demolition processes and classification are shown as Figure 3.

Fig. 3 CASE C
From the cases above, we know that in case A the contractors are careful about the process of
deconstruction of structure and inner decorations; thus, classification is much clearer. In case B,
the inner decoration is not deconstructed, but the contractors dismantle the whole building directly.
Therefore, the items in case B that can be categorized are less than those of the other 2 cases and
large amount of construction waste is produced. In case C, the inner decoration is not demolished
completely and during structure demolition concretes are mixed with bricks; thus, the items which
can be categorized are less than those of case A.
In addition, we analyse from the contract amount which the contractors provide. From Figure 5-1
the contract amounts in case A and C are negative, which means that the contractors need to pay
feedback money to the owners. The main reason is that usually the bidding in demolition
engineering is won by those who bid with the lowest price. Accordingly, in the competition among
contractors, if the contractors take the cost from demolition waste recycling as a feedback and
reward parts of feedback to the owner, the opportunities for the contractors to win the bid will
increase. Relatively, if the contractors want to increase the income from recycling, during the
deconstruction the procedure of demolition and classification should be organized systematically
so that the demolition wastes can be sold with better price and decrease the cost of rubbish
disposal.
From the result of case study above in this research, we presume that case A fits well with the spirit
of “green demolition.”

6. Conclusion

In this paper, through the field visits in demolition building sites and analysis of literature reviews,
we conclude that the elements of assessing green demolition have four major categories: reduce
and recycling, energy conservation, environmental protection and safety precaution and sixteen
appraisal items are identified.
When the appraisal system for the assessment of green demolition is applied in the building
demolition, it reflects the results of the actual situation of demolition site. Furthermore, from the
amount of contract value in three cases, if the contractor is eager to win the bidding with lower
price and to earn more profits, demolition building must be organized systematically and wastes
should be recycled well so as to increase the value of waste-reuse and to accomplish the main

goal of this study.
This paper suggests that Taiwan can continue to promote “green demolition” in the future, establish
the system of “green demolition logo,” and set up related coordinated measures as well as the
rules of merit awards in order to increase constructors’ intention. The Green Demolition Logo
designed by this study is as the Figure 4.

Fig. 4 Green Demolition Logo

7. References
[1]

[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

Rong-Yau Huang , “Development of an Appraisal System for Sustainable infrastructure”, Public Construction Commission Report, Taiwan, ROC, 2008.
Rong-Yau Huang, ”Development of Specification for Construction and Building Demolition of
Public Projects” Architecture and Building Research Institute Report, Taiwan , ROC, 2006.
Shu-Chuan Chang, “A Study of Hazard Management of Temporary Building Support and
Demolition”, National Taipei University of Technology, ROC, 2006.
Rong-Yau Huang,” Strategic Planning and Development of Sustainable Construction Policy in
Taiwan”, Public Construction Commission Report, Taiwan, ROC, 2002.
Cheng-Hung Yeh, ” Development of An Appraisal System for Green Highway Construction” ,National Central University, ROC, 2004.
PAI,TIEN-FU, “Study on Management Strategies for Building Demolition Wastes”, National
Taipei University of Technology, ROC, 2004.
Teng, J.Y. and Tzeng, G.H., “Connotation and Application of AHP (Book One)”, Journal of
the Chinese Statistical Association, Vol. 27(6 ), pp.5-24, 1989.
Teng, J.Y. and Tzeng, G.H., “Connotation and Application of AHP (Book Two)”, Journal of the
Chinese Statistical Association, Vol. 27(7), pp. 1-18, 1989.
Buckley, J.J.,“Fuzzy Hierarchial Analysis,” Fuzzy Sets and Systems, Vol.17, pp.233-247,
1985.
“Code of Practice for Demolition of Buildings”, Buildings Department, Hong Kong, 2004.
Associate Director University of Florida Center for Construction and Environmen, “A GUIDE
TO DECONSTRUCTION”, Florida Department of Environmental Protection Innovative Recycling Grant Program January, 2003.
“DECONSTRUCTION: THE FIRST STEP IN GREEN BUILDING”, New York Waste Match,
2004.
“DEMOLITION - Easy Guide to Waste Reduction”, ECOND DRAFT FOR COMMENT FROM
INDUSTRY, 2009.
Esherick, Homsey , “Design for Deconstruction and Materials Reuse” , Center for Construction and Environment, Gainesville, 2003.
Michael Pulaski, Christopher Hewitt and Michael Horman, “Design for Deconstruction”, Modern Steel Construction, 2004.
Patrick J. Dolan, Richard G. Lampo, and Jacqueline C. Dearborn, “Concepts for Reuse and
Recycling of Construction and Demolition Waste”, USACERL Technical Report , 1999.
Patrick Willette,”Green Demolition Gaining Ground”, California Builder and Engineer, 2008.
The Pennsylvania State University, University Park, ”GREEN DEMOLITION CERTIFICATION ”, PA 16802, USA , 2006.

Architecture as a Framework for Action and Change:
Community Participation Strategies for Brøset, Trondheim.
Eli Hatleskog
PhD Candidate
NTNU
Norway
eli.hatleskog@ntnu.no

Summary
The planned suburb of Brøset, Trondheim aims to make environmentally friendly living easy. This
research will investigate whether architecture can be used as part of an active process enabling
the community to participate in changes to their neighbourhood.
This ‘action research’ is an investigation of engaging practices in architecture while the ‘research
by design’ has been assisted by the works of students. These studies will, in turn, influence the
construction of a live project, built in collaboration with volunteers and the general public.
This paper will discuss the conclusions raised from the student works and suggest ways forward.
Keywords: active community process, architecture students, research by design, engaging
practice

1. Introduction
The planned future suburb of Brøset in Trondheim, Norway, has a strong vision. It aims to make
environmentally friendly living easy and cut the CO2 emissions of its residents to less than 3 tonnes per year. As a pilot project of the Framtidens Byer (Cities of the Future) initiative, it hopes to
become a model for multidisciplinary planning processes in Norway.
"The new suburb of Trondheim, Brøset, will be carbon neutral. Built from healthy materials and
using little energy, Brøset will make an integrated and future-oriented suburb. The work in Brøset
will be given full priority in Cities of the Future and should become a model for future urban development.” [1]
Alongside the formal targets and planning process, this PhD research will investigate whether architecture can be used as part of an active community process enabling people to both learn about
sustainable living and initiate change at a local level. This ‘action research’ aims to observe, reflect
and act upon the live processes at Brøset in order to both understand and influence them.
This project focuses upon the processes required for the co-design, construction, use and management of a community participation building project on site. The observations, reflections and
actions of a specially designed unit of architecture students have enabled a phase of ‘research by
design’. In turn, the evaluation and modification of these early stages hopes to lead to the design

of a framework for community actions at Brøset. In order for the local community to take ownership
of the site, they will be encouraged to both participate in and drive the design, construction, activity
programming and management stages of the build. This will be done in the belief that the acts of
building, making and participating can help to support the overall vision of government by sparking
involvement in the processes at a local level.
The PhD research is split into three main phases, each which require different levels of engagement and the involvement of different actors. The initial phase used the work of students in order to
conduct ‘research by design’ and the following two phases hope to build upon this in a live situation.
These phases of ‘action research’ hope to firstly, to gain the relevant permissions and funding for a
framework for community actions in dialogue with official bodies and potential sponsors; and secondly, build and manage the live project in collaboration with volunteers and the general public.
This paper will give an overview of the processes at Brøset, before discussing the questions and
conclusions raised from the student works. The students were asked to reflect upon the work that
they produced and the processes that they adopted. As a result of these reflections, this research
supports the idea of creating a framework for community actions at Brøset. It is proposed that this
framework will be built on site in the summer of 2011 and take the form of a community garden with
accompanying dining and meeting place.

2. Brøset
The Brøset project has a dedicated research group, set up for its support. This group is based at
the NTNU and SINTEF Building and Infrastructure. It comprises architects, engineers, planners
and sociologists. This group has, to date, tried to involve the general public in a number of ways.
Alongside some exhibitions and breakfast lectures, focus group interviews have been conducted
by a fellow member of the research group. Interviews have allowed for information to be gathered,
but they have not sought to directly affect opinion toward the proposed development on site. The
construction of a communally built and managed structure will have somewhat more active aspirations. It is hoped that through the nonverbal acts of making and building, attitudes towards what
sustainable living requires can evolve and new understandings of what is relevant to the particular
problematics of the site at Brøset may, in turn, be developed.
There have been many experts involved so far, in the development of the future suburb. The masterplan for Brøset was the subject of a multidisciplinary parallel commissioning process led by NAL
Ecobox and Trondheim Planning Office. During the pre-selection phase, 30 multidisciplinary teams
comprising specialists in pertinent fields, were narrowed down to four. These four teams were then
responsible for proposing a masterplan.
The four teams were asked to investigate energy, waste, transport, lifestyle issues and planning
processes. As part of the process they were required to participate in workshops during which they
were encouraged to work together openly, ask questions and discuss each other's ideas, alongside
invited researchers, experts, observers and other interested parties.
This parallel commissioning process was adopted instead of conducting a traditional architectural
ideas competition. It differed from an ‘architectural idea competition’ in a number of ways:
·
·
·
·
·

Architects were not given primacy, each team had to be comprised of different disciplines
and appraisals of the multidisciplinarity of each team were used to filter the 30 teams who
applied, down to the four who were selected.
The four teams were paid for their time and contribution to the process.
The teams saw each other’s ideas at the workshops and could adapt their own proposals
accordingly.
They received critique and written feedback in response to their ideas.
No single project needed to be judged the winner.

In order for the project to be deemed a success strict targets were set, "The green suburb will accommodate between 1200 and 2500 residential units. That equates to between 2500 and 5000
residents. The vision is that each resident at Brøset shall cause less than of 3 tonnes C02 emissions per years - in comparison to 8-11 tonnes elsewhere in the district.” [2]
To achieve these targets, a high degree of planning and organisation has been implemented at a
strategic level. The involvement of national bodies, the local council, experts and, of course, the
participating teams, gives reason to believe that the resultant masterplan will be a highly considered and a workable solution.
On the 21st of January, 2011, the four participating teams submitted their proposed masterplan
ideas for the site at Brøset. Since no single proposal will necessarily be crowned the winner, the
designs shall, instead, go out to public consultation, with a view to determining an ideal response
or composite solution. This leaves the process at a somewhat critical juncture, can the momentum
from the commissioning process so far, be pushed forward in some form or another, or does it stall
under the pressures of decision making, site procurement and finance?
This research suggests that the general public can also assist the process, the people who may
choose to live at Brøset one day have equally valid perspectives and opinions, as those of the experts. They may, in fact, be at a slight advantage, through being distanced from the politics and
research surrounding the project and at liberty to think of solutions that may otherwise be overlooked.
One issue, however, that most of the teams did not overlook was the benefit of growing food on
site. In fact, as a result of the process there has been near consensus amongst the teams, experts
and researchers that ‘something’ tangible should begin as soon as possible in order to keep the
momentum of the process going. Rather than leaving this ‘something’ solely in the hands of the
experts, the opportunity arises to allow the local community to engage hands-on with the project.
The first work intends to be a communally built and managed kitchen garden and dining space.
This structure will try to both generate public activity on site, at the same time as informing people
about the submitted masterplan proposals. The construction aims to be the first space developed
towards the future suburb and start development at Brøset in a small way. Rather than thinking
directly of masterplanning strategies, 3 tonnes, or the greater visions of government, it hopes simply to become a first step. As such, the construction is not intended to be a determined vision or
even a plan, but can, instead, be thought of as a seed of intention from which future spaces and
relationships could evolve.
There has been a long tradition of growing food at Brøset, this heritage was the catalyst for the
idea of creating a kitchen garden with accompanying dining and social space. In earlier times, patients at the asylum onsite, which is due to be relocated, grew large amounts of food which supplied the city. Instead of suppressing the negative associations of the asylum, the project hopes to
reframe them in an ecologically aware and modern way. If the site performed as a successful
kitchen-garden in the past, then this could provide the new carbon neutral suburb with a valuable
production resource.
On site there are some temporary buildings. These are currently being used as a children’s nursery
school. The kitchen-garden project hopes to involve the children from the nursery. This could see
the dining space being used as an outdoor classroom during the day with a curriculum of activities
developed.
Since the build intends to involve so many different actors, it begins to question the role of an architect in contemporary design. Standard modernist design typically regarded the architect as saviour, the city was, "designed once and forever by means of the application of knowledge and talent

by trained scientists and leading intellectuals." [3] This top-down process saw the architect elevated in their own esteem and distanced from the general public. The first space at Brøset hopes
to look at the situation from a different angle, from the bottom-up, regarding the city as a participatory social construction. David Harvey elaborated on this theme when he wrote, "What are the real
possibilities for you the architect in your position in society, not as hero who is going to save society,
but as worker who is engaging practices that have the possibility of opening up new ways of doing
things here and there".[4]

3. Engaging Practices
There is currently a movement in architecture towards architectures of social engagement, where
small scale local works aim to implement big changes from the bottom up. "The active participation
of the community lends these endeavours additional value. Each project is the result of a dialogue
in which the architect cedes parts of his or her authority to others, marking an important departure
from the modernist ideal of the architect as a mastermind who designs everything from teapots to
entire metropolises." [5]
Thus, when aspiring toward engaging practice, two main issues arise: what form does the dialogue
take and what degree of authority ought the architect cede?
Typically a dialogue refers to a conversation between two or more people. From this, one may assume that it requires a common language of understanding. It may then be seen to be a linguistic
exercise. Problems arise, however, when discussing issues of design purely through words since it
is not unheard of for people to assign words personally affected meanings. For example, the term
‘spacious’ may mean something quite different from one person to another. As such, a dialogue
between those persons, whereupon it was decided that something should be ‘spacious’, need not
necessarily be a productive exercise.
To combat the ambiguity of word based discussions about design, the architect typically generates
drawings and other visual aids for use during discussions with the public. There are, of course,
potential problems in this approach, since not everyone can read drawings and neither sketches
nor computer generated images are necessarily true to life.
In order to see if engaging practice could be less vulnerable to varying interpretations and misunderstandings, this research focuses upon ‘ways of doing’ rather than simply modes of dialogue.
This is done in the belief that where issues can be discussed and agreed upon, a different level of
understanding and engagement can be achieved through doing something.
For example, it may not be difficult to get people to agree that they want to implement change, or
nod at pictures depicting change. This does not mean, however, that they will know how to make
that change. By allowing people to implement change themselves through an act or series of actions, words and drawings are no longer required and an appreciation can evolve that depends not
on semantics, but upon practice.
In his 2008 essay, ‘The Right to the City’, David Harvey argued that the freedom to act within to
alter and shape our cities was a much neglected human right, since in changing our cities we could
effectively change ourselves. [6]
The, “question of what kind of city we want cannot be divorced from the question of what kind of
people we want to be […] The right to the city is, therefore, far more than a right of individual access to the resources that the city embodies: it is a right to change ourselves by changing the city
more after our heart’s desire.” [7] In this sense, the right to the city, or indeed the right to the future
suburb, offers the opportunity for a community to redefine itself through democratic engagement in
the creation of urban form. And so, with regard to engaging practice, it is perhaps no longer perti-

nent to ask what the architect must cede, so much as how an architect can help to enable the public to gain collective power over the processes of urbanisation in a neighbourhood.

4. Research by Design
Since Brøset is a live project, the outcome of which this research is hoping to influence, the studies
fall under the banner of ‘action research’. Where ‘action research’ aims, “to modify reality while
observing and processing theoretical modifications”, [8] a result of this will be to modify reality, the
researcher is an integral part of the research and not an ‘impartial’ observer.
Action research is conducted through cycles of observation, action, evaluation and modification.
These cycles are used to gather understanding and build theories. This type of research is in contrast to traditional forms of theory building, which test hypotheses.
Where a social scientist conducting ‘action research’ may intervene in the world directly, an architect would use the skills of the profession to design buildings which could intervene on his or her
behalf. In this sense, the architect conducts ‘action research’ through design with the intention of
modifying reality. As such, ‘research by design’ is a subset of ‘action research’ that designers can
implement to investigate and design objects which may then be positioned in a real-life (live) situation, with a view to changing that situation.
The first phase of research was conducted mainly in an academic setting, so that thoughts and
ideas could be articulated and tested before embarking on a live project. Design studies were
made by students as part of a specially designed course for fourth and fifth year architecture students. The course ran for 16 weeks in the autumn of 2010 and twenty one students elected to take
part.
The programme of study which the students followed was designed by myself in the months preceding the beginning of the course. As such, the student works were channelled by a timetable
which had been created especially to assist the process. This timetable was constructed in the
understanding that the students would be working on the project for a set time, that they would not
necessarily have a large skill base behind them and at the end of the course they would be assessed and graded. In this sense, the students were not volunteers, even though they did choose
to take the course, so much as obliged to participate and could not be expected to follow the project through to the live build, unless of course they wanted to.
Not only was the course used to test ideas and designs, it also gave the opportunity to reflect upon
and discuss those ideas, with a view to directly influencing the design of the live build. As such, at
the outset of the student works, the design of the live build could not have been anticipated. This is
where ‘action research’ can be seen to differ from traditional methods. It was assumed that from
the student works ideas would be generated, which could then be used toward the later stages of
the project. Their ideas would effectively be used to take small steps into the unknown. Successful
‘action research’ uses a series of cycles of observation, action, reflection and modification to enable these small steps and the students’ works comprised an early round of observation, action
and reflection.
During this time, the students were asked to conduct design investigations as a means of generating and documenting ideas, towards a first space at Brøset. The aim was to generate knowledge
through design investigations, development and communication. Through, “systematic enquiry
whose goal is knowledge of, or in, the embodiment of configuration, composition, structure, purpose, value and meaning in man-made things and systems.” [9]

In his 1999 essay, ‘Design Research: A Disciplined Conversation’, Nigel Cross noted that there
was something of a schism between art research and scientific research, with one being reflective
and subjective and the other rational and objective. Rather than trying to conduct design research
solely according to the terms of art or science research, Cross suggested that design may instead
perform, “as a discipline in its own right”, [10] with its own intellectual culture. He proposed this in
the belief that, “there are forms of knowledge peculiar to the awareness and ability of a designer,
just as the other intellectual cultures in the sciences and arts concentrate on forms of knowledge
peculiar to the scientist or artist”. [11]
Cross proposed that knowledge could be created through design in three ways; that it lay in the
person, the process and also the product.
It could, he claimed, be found in the person, as a latent ability. “We often overlook the fact that
people are naturally very good at design”. [12] Thus, studies of how people design, empirical or
theoretical, could generate knowledge. Following on from this, design education allows the acts of
learning to be observed and reflected upon and provides a potential source of new understanding.
Knowledge could also be generated, according to Cross, through the process of design and the
methods of generating, modelling and refining ideas. Knowledge was thus generated through the
identification of the acts or techniques required to determine the issues and solve problems alongside the ability to communicate these acts to others.
Lastly, Cross claimed that knowledge was also present in the designed object itself. Design expresses a will to make a situation easier or better. This is done through the design of objects which
make complex tasks or situations easier to navigate. Successful design makes things simpler, as
such, all of the complexity and problems that the object seeks to resolve are part of its embedded
knowledge. As too are each preceding object, the testing, adaption and refinement of which led to
the ‘final’ object. “This is certainly true for craft based design: traditional crafts are based on the
knowledge implicit within the object itself of how best to shape, make and use it”. [13]
The benefit of design research with regard to the multidisciplinary intentions of the Brøset project is
that design knowledge, “resides firstly in people: in designers especially, but also in everyone to
some extent”.[14] This means that where there may be some difficulty for a scientist wishing to
conduct a useful discussion about their work with the general public, a designer can construct dialogues around a design which take advantage of a common latent design understanding. In this
way, the designer can mediate between any number of disciplines and even the undisciplined.

5. Student Works
The student works took inspiration from a study trip to London during the London Festival of Architecture. [14] This biennial celebration of the city’s architecture tries to involve the public in events
and installations. In 2010, the festival covered a range of sustainable themes from creating a theatre made from reclaimed materials, a food exchange, and a plant adoption program to an urban
orchard. Generally speaking, public participation in these installations required little or no planning
or commitment. The installations were instead enjoyable, sociable ways of filling free time. As such,
the works did not seek to preach to or judge people, they simply provided them with fun, sustainable alternatives to what was already on offer.
In the case of the Union Street Urban Orchard, a disused site in Southwark was filled with temporary structures, apple trees and a number of free activities and workshops over the summer
months. At the end of the season, the apples were pressed at a harvest party and all of the trees
and plants were donated to members of the local community. Taking the urban orchard as inspiration, the students split into groups and were asked to question what the first space of a similar initiative would do if located at Brøset. Naturally, there are differences in both climate and culture

between London and Trondheim, as such what works in one situation need not necessarily work in
the other.
The initial student brief was to design a structure which could involve the community in and around
Brøset through activities, events and workshops. Since the designs were to be used by the local
community, they would ideally be involved in the design, construction and management stages. In
addition, materials had to be sourced locally, which were either free or borrowed.
The works that the students produced were designed in the knowledge that an installation was
eventually to be constructed at a scale of 1:1 to mark the opening meeting of the Brøset parallel
commissioning process. This installation was intended as a showcase of ideas about how a community build could be realised at Brøset. As such, considerations had to be made as to what was
possible, which materials could be sourced, how could they be delivered to site, used in construction, dismantled and removed. This, in turn, required the students to go out into the city and talk to
potential suppliers and users.
During the early ideas phase of the project, group meetings were held to discuss potential ideas,
events and materials. From these discussions it became clear that phasing should be applied to
any build, so that the local community need not be responsible for everything. Instead a framework
could be designed and build by volunteers which then could be filled with community activities and
events. It is, after all, fairly time and labour intensive to build a structure and not everyone would
have the time or inclination to join in. Also, given a blank canvas, people may not know where to
begin. However, when provided with a space in a framework to fill it may be easier to start to imagine how to fill it.
The student works reflected upon differing levels of engagement. Some of them investigated
themes of growing, cooking, eating and recycling alongside various other outdoor activities. One
project tried to tackle the theme of people travelling out of the city at weekends to spend time in
holiday homes (hytte). This traditional Norwegian pastime has resulted in many holiday homes
being scattered across the countryside.
The student solution was to design a grid-work of columns arranged around a central fireplace for
cooking, with an initial exemplary structure demonstrating how to build around the columns (see
Fig. 1). The grid framework was intended to be constructed by volunteers. Following this, advice
and materials were to be provided, so that members of the public could come and build their own
holiday homes on site.

Fig. 1 Timeout - Brøset, Student Design Work

At the ideas review, held with a Skype video link to a member of the team who had built the Union
Street Urban Orchard, many questions arose. Where it was an interesting idea to create an inspirational framework, which could allow people to feel engaged without overwhelming them, how could
you manage what was built? Would there be a requirement for discussion or voting upon plans?
What would need to be controlled? Could people build whatever they liked? What sort of activities
could encourage people to build? Who would want to build and where, when and how could they
be encouraged to do so? Also, where would the materials for construction come from and would
there need to be storage space and an accompanying workshop? As such, the logistics surrounding a community build became a key point of discussion.
Another of the teams designed a communal kitchen made from reclaimed doors and waste products from a local newspaper press (see Fig. 2). The students created a cooking space and large
table, which could be filled with activity across the various meal times in a day. The structure itself
opened or closed, as a result of the reclaimed doors used in construction, depending upon the
weather, season or activity program. Since the main structure was intended to be built by volunteers, public participation in the structure was limited to cooking and eating.

Fig.2 Community Kitchen, Student Design Work
In total there were five student teams who each presented a 1:10 scale model of their concept for
the ideas review. The students were asked to work in the medium of models, since it allowed them
to discuss and move around parts as a group. Following the ideas review, a group discussion was
held to explore the best themes to pursue in a 1:1 installation. During this round table discussion,
the pros, cons and practicalities of each idea, allowed for a composite design of ideas to be generated that was applicable to a city centre location.
The installation had to be practical with regard to the availability of materials. Since it was easy to
get old car tyres and pallets in the city alongside some reclaimed building materials, these became
the major building components. Given that the installation was to be located in a central location
and lasting only a few days, time was too short to conduct community consultation, however, the
build gave insight into the logistics of gathering and assembling materials within a short time span.
Following the sketch design, materials were sourced and delivered to the university campus, so
that the students could test how to build with them. Then the materials were moved to site, con-

struction of the installation took two days. Some events were held over 3 days. It was then dismantled in the space of a morning and all of the materials collected for recycling.

6. Student Reflections
The student works were intended to investigate both what a community participation project might
look like at Brøset and how such a project could be organised and built. During the ideas phase
the students split into 5 groups, each of these teams made a proposal for the site. The five proposals had a number of common themes: each used locally sourced reclaimed and recyclable materials, the designs relied upon volunteers to build a framework and each proposal suggested community activities.
Following the ideas phase, a round table discussion was held to determine the best elements from
each proposal. These were combined in an installation design. This design was then tested and
materials sourced before being built by the students full scale. At the end of the works, each student was asked to fill in a survey outlining their thoughts and responses to the project.
Throughout the process, the students were encouraged to discuss ideas openly during group
meetings and be as active, or inactive, as they chose. Despite being accorded freedom to design
what they liked, the resultant ideas proposed, had many similarities. Not least, they were all based
around a simple rectilinear grid and, all but one, did not respond to site conditions. This may have
been as a result of shyness in the group dynamics. One student lamented later that, “if I were to do
this project again, I would have pushed for designs that I thought were more interesting”. [15]
The final design for the installation was generated as a result of a round table discussion. The intention was that a fully democratic design process would keep everyone engaged and willing to
take part in the construction of the installation. The students agreed that open discussions were a
good thing since everyone was present and, “it also gave a reflection of our peers’ opinions on the
designs”. [16] However, “everyone seemed to agree on most things”. [17]
Where the assumption had been that open discussions would keep the students engaged, the
converse was revealed in the surveys. Most of the students stated that they would have preferred it
if there had been a winner of the ideas phase with one stating that there were, “too many opinions
maybe it would have been better with one winner” [18] and another, “we should have chosen one
project and amended it together”. [19]
Following on from this, a number of the survey responses suggested that some students lost interest when it came to the installation build, “a lot of people didn’t show up.” But, “we were still
enough people to get the work done and it turned out good!” [20]
Upon reflection, the students suggested that despite being given the freedom to define their own
roles, they had not. They would have preferred being allocated tasks and, “a roster could have
been an idea, so that everyone participated equally”. [21] Even though roles were informally
agreed during the group discussions, they sought formal definition and timetabling. As such, rather
that seeking to lead the project themselves, they would rather have just followed orders. There was
however, also some regret expressed that they had not been more active when given the chance,
so perhaps they may take a more active role in their future works and careers.
As a result of the student survey responses, it would seem that, when embarking upon a community project, finding people who are active and want to engage with the process would be beneficial.
These active participants could, in turn, lead and inspire others around them.
Perhaps, the installation built by the students demonstrated more of my determination to get
‘something’ built, as a researcher engaged with the Brøset process, than any conviction of the students. This goes to show how important it is to the proposed kitchen-garden project that inspired

and driven project partners are found. These people could either be environmentally astute and
active citizens or residents from in and around the area who care about the future development of
their neighbourhood. In turn, once the right mix of active participants has been reached, the involvement of students and other marginally interested parties could be encouraged.

7. Conclusion
This research is based on the assumption that action and architecture can be used to empower
and engage a community and that these new forms of engaging practice see a departure from
modernist ideals about the city. Following on from this, design can be used to be an aide to multidisciplinary activities since it can mediate between disciplines. It may also provide people with the
opportunity to explore themes of sustainability for themselves.
It also suggests that top-down strategic visions and processes can be complimented by bottom-up
community activities, that these activities can, in turn, be used to investigate methods of communicating with the general public, which do not rely on words or pictures but action.
The studies, to date, indicate that a framework for community activity and participation could assist
in the dissemination and accumulation of information regarding the proposed future suburb at
Brøset. If the live build of the framework proves to be a success, the model could be repeated at
other sites.
In order to construct the community participation framework there are three main moves required:
basic design, volunteer build and community participation.
The basic design strategy towards a framework was derived from the student investigations. As
such, any live build at Brøset would hope to pursue the use of reclaimed and recycled materials,
consider a simple frame design to allow space for public intervention and suggest events and activities. Following the experience of the built installation, transport of materials, the organization of
tasks and ease of construction and deconstruction become key points which ought to be considered in the design of any framework.
In order for the framework to get built, the involvement of active citizens is vital. These engaged
volunteers can add their experience, skills and drive to the build. They would form the beginning of
a much larger network, lead activities and inspire those around them. Naturally they would follow
the basic design of the framework, but given that reclaimed materials vary in size and that the designs ought to be fairly loose, there will be a high degree of co-design on site during the build and
possibly some redesign too.
The last stage of the live build would be the involvement of the greater community. By this point the
network of volunteers and co-designers should be large and ideas for on site activities and events
will have been discussed and determined. These activities may include anything from: seed sowing,
cooking classes, shared mealtimes, film showings to bicycle workshops and any number of child
friendly events.
If the framework is a success and the greater community engages well with it, then they will be
allowed to take full control over the management of the garden and activities. This could then become an example of engaging practice, where it could be demonstrated that a researcher and volunteer team had helped to enable the public to gain collective power over the processes of urbanization of their neighbourhood.
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Summary
What if learning was about knowledge and also about doing, being, interacting with others and
changing the world? What if your son/dougther/little neighbour was the one asking you for this
change, starting in your home?
Any action aimed at improving the quality of life in a city through more sustainable urban models,
based on a reference framework such as the Local Agenda 21, the Aalborg Plus 10 commitments
or the Leipzig Charter, calls for changes to its inhabitants' behaviour. The Environmental Local
Agents project drives this change by making the city's youngest inhabitants Leaders of Change.
They involve others (school friends, family members, neighbours) in direct action in their
neighbourhood, making the community participate independently in improving the city’s sustainability and quality of life.
Contrary to other projects linked to environmental education, this one is based on direct action.
Students act in their own neighbourhoods and lead the change in their surrounding areas,
expanding the effects of their actions to the city. This initiative is backed by the city council who,
through its ‘Local Agenda 21’ and with the support of strategic tools linked to the GIS, involves the
city’s key actors in the fields of urban sustainability, encouraging them to participate in the
improvement of the quality of life in their city.
Keywords: sustainability, participation, urban, environment, neighbourhood, education

1. Introduction
To understand the project’s impact, it’s important to know its structure. The Málaga City Council is
a public administration with a wealth of experience in coordinating projects and networks that have
a direct influence on public policies specifically related to the Urban Environment. The promoter of
the project, the Urban Environment Observatory (OMAU) www.omau-malaga.com works in direct
collaboration with the Mayor, giving it the opportunity to directly address different areas and policies.
The OMAU, whose work has been internationally recognised by organisations such as the UNHabitat Committee or the European Union, is directly linked to the main initiatives developed in
Urban Environment. As the body responsible for Local Agenda 21, it recognises and promotes the
urban environment as the integration of four principal areas of work: territory and city configuration,
the management of natural resources, social cohesion and economic development & governance
and citizen participation.

This organisation is coordinated via an integrated system of urban indicators developed on a
Geographical Information System (GIS) platform (based on a open source software under the
European Directive “ISNPIRE”) and plays a key role in the Malaga Local Agenda 21 & is the main
tool for providing strategic support to the activities carried out by the Local Environmental Agents.
This background gives the OMAU the opportunity to involve, from a technical viewpoint and with
the political support to its strategic framework, the key departments of the City Council. In addition
to the management of the Project by the OMAU and it’s execution by the Aula de la Naturaleza Las
Contadoras de Málaga, other groups and institutions participate in the project such as the
Municipal Energy Agency, the Málaga Transport Company (EMT), the Municipal Traffic and
Transport Area (through its Sustainable Mobility Plan), associations such as Madre Coraje or
Ruedas Redondas and private companies such as IKEA Málaga.
However, a change of attitude, capable of producing significant results in the city is not possible
without the citizen’s participation. This involvement can be encouraged by the action of the real
leaders, the children, recruited by the project as Local Environment Agents.
1.1 Objectives
In addition to those established as part of Málaga´s local Agenda 21, the following objectives
should be included:
Promote the progressive concern of the local education system in Málaga regarding
environmental issues and encourage their active participation in local areas and
neighbourhoods.
Put into practice some of the main standards stated in the original Local Agenda 21 for Malaga
(Standard principles of information, neighbourhood & shared responsibilities).
Encourage the autonomy and participation of teachers, students, families and neighbourhoods
through the generation of ideas, proposals for action and citizen participation which will
complement the environmental actions of the Malaga City Council, helping to improve specific
Local Agenda 21 indicators.
Extend the project to other geographical areas, something that cab be seen currently with the
established network with cities in North Morocco: Tangiers, Tetuan, Alhucemas and Nadir.

2.

Target

The target audience of the project are pupils and teachers of Primary, Secondary and 6th Form
Centres of Education which fall under the jurisdiction of the City of Malaga and it’s Metropolitan
area. The pupils will be in charge of designing and executing the activities, promoting change,
starting with their class mates and expanding this effect by carrying out a series of actions with
neighbours, relatives, shopkeepers and associations in the local area.

Fig. 1 Multiplying effect

2.1 Direct Impact
The project will have an impact in the immediate surrounding area of the Local Agents, such as
their school environment, through class mates and their local village or town through family
members, neighbours, shopkeepers and other people who live in the area.
2.2 Indirect Impact
Before the activities are started in the neighborhood, a study of the local area is carried out by the
GIS. This innovative tool provides us with prior knowledge of the layout of the local area,
highlighting those areas with a high concentration of shops, population density, access to green
zones, etc. This way, maximum efficiency is gained in the neighbourhood actions. It is estimated
that the impact of the activities carried out by the Local Agents extends to around 300m from the
places that they visit. This information allows us to ascertain the approximate number of citizens
who will be influenced by these activities.

3. Methodology
In support of the model ¨Awareness – action - monitoring – motivation¨ certain tools will be used
such as the Geographical Information System (GIS) which supports the activities being carried out
in the neighbourhoods by monitoring their effectiveness and efficiency in achieving the proposed
objectives.
The methodology employed is based on the training of natural awareness leaders, such as young
people, so that through a multiplying effect of the direct action in their areas, they may provoke
change in their surrounding area. The selection of participating schools, supported by the GIS,
ensures a complete coverage of all natural green areas included in the city planning.
This way of working has several advantages:
It increases the efficiency and effectiveness of the intervention.
The relationship between the costs and results is significantly reduced as the number of people
indirectly influenced is increased.
It increases the involvement of the target audience of the project, as they themselves are
directly responsible for changing the attitudes of the population.
It encourages the citizens’ autonomy and participation in the project with the end result of
improving the quality of life in their own city by acting to achieve sustainability.
3.1

Phases

The initial phase of the campaign at the beginning of the school year will start with a meeting of the
key players in the project, the teachers, and a discussion about possible improvements esure that
the project is always kept “live”. The following phases are involved:
3.1.1 Recruitment
After inviting all Primary and Secondary State and Private schools to participate, a selection
process will take place with criteria such as the geographical validity of the sample. Through a
geographical reference of the schools, we will select schools throughout the city so that the sample
will be representative, and that the activities will have maximum impact. The involvement of each
centre will be concentrated in a maximum of 2 classes (approximately 60 pupils) and their teachers.
This `Local Agent Team´ will lead the way for the School and be responsible for guiding,
encouraging and performing the activities to be carried out in the centre as well as the
neighbourhood, mg them the Environmental Agents in their districts.

In parallel, students from the University of Malaga are invited to participate through their Volunteers
Office, supportiing the children in the neighbourhood actions.
Additionally at this phase, the agents will be encouraged to participate in their own homes, making
them ‘Green Homes’ with the aim of reducing energy and water consumption during the school
year. They will also provide information about the billing of both services and be given a ‘basic
home kit’ that will help them to achieve these objectives. At the same time they will be involved in
a national network of sustainable homes.

Fig. 1 Participant schools by city planning areas
3.1.2 Awareness/training
Through talks, videos, practical examples and other educational resources, the Local Agents will
be trained in the different areas of interest. By following this method, an awareness of the reality of
the problem facing the urban environment will give way to an incentive to actively participate in the
search for solutions. In the case of Mobility, a practical workshop will take place in the participating
schools advising on the use and maintenance of bicycles as a main means of transport in
collaboration with cycling associations and the Town Council’s Plan for Sustainable Mobility.
This phase will conclude with a visit to Malaga’s OMAU where, after explaining their mission and
the characteristics of a bioclimatic building, they will hear a talk on the environment in general and
a focus on urban areas.
3.1.3 Action
This phase involves the implementation of actions in both schools and their surrounding
neighbourhoods. The mission of the Environmental Local Agents in schools is to act as a

spokesperson to raise the environmental conscience, implicit in the campaign, with the intention of
making the school as a whole,more respectful towards the environment. This important task is
developed through campaigns which the students design themselves and through which they aim
to communicate to fellow class mates the content of the different talks which they have attended
via different actions.
Action in the neighbourhoods is one of the most novel initiatives of this project since the
Environmental Local Agents will be key factors in helping the city of Málaga accomplish the
objectives established in the Local Agenda 21. With regards to the action in the neighbourhoods,
the project, through the help of OMAU, can count on the assistance of a key tool, the GIS. This
will provide us with an initial analysis of the zones where the activity will occur, thereby giveing us
an understanding the layout of the district, types of trading, situation of recycling containers,
demographics etc. This tool allows us to optimise the organisation of the project, maximising
impacts.
Once the zone has been studied and the action plan designed, the ALAs will go into the street on
foot to start the awareness campaign. This campaign is directed to the citizens and their
neighbours, who will be informed about the basic aspects of the campaign through questionnaires
and the distribution of informative material. At the same time they will visit shopkeepers,
distributing information and putting up posters, in short, becoming direct contributors to the events
happening in their neighbourhood. These actions will be supported by volunteers from the
University of Málaga collaborating in the project, and supporting the children to identify two key
players:
Associated shopkeepers. They will get identified by stickers, as collaborating businesses with
the Local Environment Agents of Málaga.
Households interested in participating as ‘Green Homes’ which will allow us to measure the
impact of the actions and the results not only in schools but in the neighbourhoods.

Fig. 2

Direct action in the neighborhoods

By carrying out these activities, we achieve both a direct and indirect impacts. The direct impact
will be achieved through people interviewed, shopkeepers visited and the ‘green homes’
associated with project. The indirect impact has been estimated at around a 300m radius from
each trader visited. Each district’s activity will be recorded on a ‘monitoring chart’ which will include
the results of the events as indicators which, by means of the GIS, will permit us to measure the
direct and indirect impact of the action.

Fig. 3 Analysis of the action zone and area of influence

Fig. 4 Monitoring Chart showing action in the neighbourhood

Besides the activities in the neighbourhoods, the ALAs will commemorate key annual events linked
to urban environment such as the “Earth Day”, simultaneously in all cities integrating the network,
in the main street of the historic centre.

Fig. 5 & 6 Direct action in the City Center

2.1.3 Assessment and action zones
The assessment of the results obtained for each school will be measured on a scale between the
quantitative indicator applied to each initiative (an indicator adapted from Local Agenda 21) and
the qualitative indicator (assessed by a body of activities carried out, and promotional and
audiovisual material provided voluntarily by each centre).
This combination allows us to value both the real results obtained as well as the effort made by
each school.
The assessment of the results obtained will be carried out in the following way:
Initiative for the conservation and reasonable use of water, and the conservation and
efficient use of energy
Schools will provide water and electricity bills from the first month until the end of the campaign
and the trends will be studied. The indicator in this case will be the difference in consumption from
before and after the campaign, divided by the total number of students in the centre.
Initiative to encourage recycling
The centres participating in this initiative will receive a container (donated to the OMAU by IKEA
Málaga for use in participating schools) where used batteries collected by pupils, relatives and
neighbours can be deposited, in addition to containers for recycling cooking oil. Ultimately the
containers will be collected and weighed. The result will be calculated by dividing the weight of the
batteries collected during the school term by the total number of pupils at the school.
Initiative for Sustainable Mobility
Before the development of the workshop, a questionnaire is filled out by the school student which
allows us to find out how they get to school. This questionnaire is repeated at the end of the school
year to measure the possible impact of the workshop in their daily trips. The extra participation in
optional actions related to the use of the bicycle will be taken in account.

Initiative for Social Cohesion
Integrally linked to the project are the values of social sustainability, such as tolerance and good
neighbourliness. Starting with the promotion of a district where both social and free market housing
are found in addition to the coexistence of different generations and cultures, the community will be
involved in campaigns to collect items which can be forwarded to the most needy through the
concept of ‘product life cycle’. The indicative result will be obtained by dividing the weight of the
items collected during the term (depending on the campaign) by the total number of pupils in the
school.
2.1.4 Incentives
This last phase attempts to motivate the key members of the project, the pupils and teachers of the
selected centres, through the public recognition of their participation in the improvement of the
sustainability of their city. Each initiative will have a winning centre according to the weighting of
the indicative results and the complementary activities which may be undertaken voluntarily.
There is the additional possibility of ‘Special Mentions’ for centres which, despite not having the
best results, have shown a considerable effort. The winning schools will receive a prize, usually in
the form of support materials for classes linked to the project’s theme, while the winning pupils will
enjoy a visit to the Nature Centre ‘Las Contadoras’ in the Malaga hills. The official presentation of
prizes will take place at an official event at the OMAU and be given out by the organisations
participating at each stage, and have media coverage.

Fig. 7 Award ceremony for the winning schools
3.2

Themes

The problems of the urban environment which are to be tackled by the schools, despite being
subject to the city’s own sustainability strategies, usually fall into the following categories:
The conservation and reasonable use of water: new habits for the reduction of its consumption.
The conservation and efficient use of energy: new habits for the reduction of consumption, and
new technology to promote energy efficiency.

Development of recycling: awareness of a product’s life cycle, recycling and cooperation.
Sustainable mobility: encouraging the use of public transport and more sustainable modes of
transport.
Social Cohesion: promote social, generational and cultural mix in the neighbourhood.
The integration of these elements, based on the urban model of a compact and complex city,
constitutes the theoretical base which marks the objectives of the project.

4. Annual Key Figures
With an annual budget of 40,000€, the project will finance the participation of 40 schools, which is
equivalent to 2,200 pupils accredited with the title ‘Local Environment Agent’. Some of the
average results are:
40 activities in the neighbourhoods
50 shopkeepers involved
59 activities in schools
20 schools to visit the Urban Environment Observatory (OMAU)
2.830 litres of used oil to be collected for recycling
60% of the schools participating will reduce their energy costs (with a 43% saving)
64% of the schools participating will reduce their water consumption (with a 52% saving)
1.500kg of used batteries collected.

5.

Conclusion & Acknowledgements

We work to promote a sustainable urban model which combines sufficient levels of urban density
and compactness with a variety of uses and functions. A model of a more efficient city which
favours, through its planning, the communication and exchange of goods and services between
citizens on a pedestrian level. This model is not possible without the citizen’s participation and the
interaction between technical and political representatives and the general public to modify urban
conduct, which up until now has been based on the consumption of resources. The Education
System, as a subsystem within the city, has the enormous potential to influence and fly the flag for
profound improvements to society in general and the local environment on a smaller scale.
Children and young people have a fundamental role as natural leaders. Their self-organisational
skills, supported by key actors of the city who represent knowledge, decision making and the city’s
inhabitants, provide the necessary autonomy for them to participate actively in improving their own
neighbourhoods, and as a consequence of the multiplying effect, to improve the quality of life in the
city as a whole. The measure of the impact of these actions in the neighbourhoods and their
repercussion on the variation of the city’s sustainability indicators is a goal still to be worked on.
Our thanks go to all who are making this of this project possible: from it’s design and coordination
by the Malaga’s Aula de la Naturaleza ‘Las Contadoras’ and the team at Malaga’s Urban
Environment Observatory (OMAU), to it’s implementation by the associations ‘Madre Coraje’ and
‘Ruedas Redondas’, Malaga Transport Company (EMT), the Municipal Energy Agency and the
Municipal Plan for Sustainable Mobility, IKEA, and most importantly to the teachers and pupils,
without them it would be impossible.
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Summary
This paper introduces the participatory design process of a youth centre in Phnom Penh,
Cambodia. The centre is designed by Finnish architectural working group Komitu, in collaboration
with Cambodian non-governmental organization Cambodian Volunteers for Society (CVS).
The project started in the spring 2010 through a course organized by the Aalto University
Department of Architecture. The participatory design process has advanced through different
workshops organized with the future users of the building. The aim is to start the construction
phase after the monsoon in November 2011.
Komitu's work is based on cultural sensitivity and sustainability. The aspect of social sustainability
builds   on   CVS’s   well-established organization and their local knowledge. They work with the
Cambodian youth through different programs in order to provide them with the skills they need to
make a positive effect on the Cambodian society. In Komitu's project empowerment of the local
youth is aimed at through supporting CVS's activities by building them new facilities and also
through the participatory design process itself. In the design process the aim is to awaken dreams
in the youth and then together produce concrete built results of them.
In the pursuit of ecological sustainability both technical and symbolic means are utilized. By
studying and developing the local traditional materials and techniques new sustainable ways of
building can be found and consolidated. The use and further development of compressed earth
blocks and bamboo building techniques offer a possibility to link the local tradition with modern
sustainable technology. When striving for ecological sustainability one should not forget the
symbolic power of architecture to convey new ideals through its aesthetics. A building can show a
built example of a new relationship between culture and nature.
Social responsibility as an important part of the architect's profession plays a strong role in the
project. Through challenging the roles of an architect by working on projects in disadvantaged
communities in the developing countries, we can broaden our professional identity and engage in
the change of our global society.
Keywords: humanitarian architecture, participatory design, South-East Asia, social sustainability,
ecological sustainability

1. Introduction
Komitu is a working group of six Finnish nearly graduated Architecture students from Aalto
University working in the field of humanitarian architecture. We are currently working in
collaboration with Cambodian NGO Cambodian Volunteers for Society (CVS) to realize a youth
centre in the disadvantaged urban neighbourhoods of Phnom Penh, Cambodia.
This paper will introduce the participatory design process of the Youth Centre and discuss the
questions rising through the process. We will look into the background of the project, the reasons
which inspired us to begin in the first place. Also the different aspects of sustainability in our work
will be challenged and discussed. Finally we will introduce the different stages of the Youth Centre
design process in a more detailed manner. The participatory design aspect is most clearly
represented in the workshops, therefore the methods used there are especially elaborated on.
CVS, our partner in the process, works with the Cambodian youth to provide them with
opportunities to learn, to get new experiences, and to unlock their potentials, so that they can
make positive contributions to the development of the Cambodian society. Cambodian Volunteers
for Society has two well-established programs; one for educated youth to make useful
contributions in both urban and rural communities while gaining work experience for their future
professional careers, and another for youth from disadvantaged urban communities to meet and
find solutions for common problems. Komitu collaborates with CVS to build them the facilities they
need to further develop their activities.
The project started in the spring 2010 through a course organized by the Aalto University
Department of Architecture. During the course the first workshops were organized in Phnom Penh,
Cambodia. In December 2010 we travelled back to Phnom Penh to introduce the first design for
the youth centre and to further develop it together with the future users. During the year 2011
Komitu will continue working on the design by studying the possibilities of the site and by further
developing the compressed earth block and bamboo structures together with our local engineering
collaborators. After the monsoon in November 2011 the construction phase will begin.

2. Why are We Doing It? - Our Motives for Starting the Project
In this chapter we will discuss our own motives for starting the project. We will look into the ideas
that pushed us to reconsider the role of an architect offered to us by our western society.
2.1

Social Responsibility - Broadening Perspectives of the Role of an Architect

What is the role of an architect? Is social responsibility embedded in the role of an architect? Can
architecture take a political stand and aim at changing the society on some level? Should
architecture strive to do this? Or does it reflect our attitudes and change our behaviour whether we
want it to or not? These are some of the questions we had in mind as we started our working group
Komitu.
In the global scale we are relatively well-off westerners with the luxury of spare time, and as such,
are in a good position to change things. With the possibility comes the responsibility; if we have the
means to help others build a better living environment, why would we not? The vast majority of
people are left on their own to solve problems arising from rapid urbanization and ecological
deterioration, while many good design solutions to these problems already exist. We believe that
the architect can take the side of those who lack the societal and financial power to effect the
development of their living conditions.
This new role requires a broadening of the approach; architecture as pure design of functions,
aesthetics and technical solutions ceases to be enough. We find ourselves working with questions
such as how to include local people in the design process and empower them through it, how to
work within the local power structures and simply how to fund our work and projects. By offering

architectural   services   to   the   ones   who   cannot   afford   the   help   they’d   need   to   enhance   their  
surroundings, we can learn to engage in the change of our society through our profession. The
social engagement of the architect can also bring new sense of meaning for the practising
professionals.
Nabeel Hamdi, who has practised widely in the field of participatory design, writes about the
changing   role   of   the   designer:   “a   new   activism   […]   offers   new   roles   and   responsibilities   to  
practitioners. It enables us to cultivate afresh the ideals of community, participation, and
governance.”   [1] We see that this new role could be developed using ideas from community art,
where the artist functions as a facilitator, director or conductor.
The widening of the role of an architect as a generalist who can gather together the skills of other
professions and facilitate the design processes in complex environments is a great opportunity to
tackle the complicated issues of sustainability. We hope that through our work in the field of
humanitarian architecture we can raise some of these questions to the general discussion.

3. Komitu’s  Principles
Komitu strives for cultural sensitivity and sustainability. We are working towards high-quality in
architecture artistically, functionally, technically and socially.
This chapter will look into the different aspects of sustainability in the Youth Centre project. First we
will concentrate on the social aspects of sustainability: the mind-set we are working in, the chosen
means of participatory design and the idea of open communication with colleagues. Then
ecological sustainability will be discussed through the technical aspects and symbolic qualities of
our work.
3.1

Social Sustainability

The most important prerequisite for collaboration is the sense of mutual respect. Both Komitu and
CVS have clear roles in the process of building the Youth Centre. The organization of CVS is
already there and has established their own approach on working towards empowering the
Cambodian youth. They have well-functioning programs in community volunteering and
supplementary education for the youth in the poor urban neighbourhoods. CVS also has the local
knowledge we as Finnish architects are lacking. Komitu then again has the architectural skills and
knowledge needed to design and realise a beautiful, functional and durable building to house
CVS’s  activities.
3.1.1 Participatory Design
Coming from a different culture and a different climate, we have a lot to learn in Cambodia. In order
to design a building that truly meets the needs of the future users, a building that symbolizes the
quality and objectives of their work and will serve them for many years to come we need to work in
close collaboration with the future users. Through the means of participatory design, invaluable
information can be gathered on the local social, cultural and climatic conditions and the functional
needs for the building. The participatory design process also works to build the sense of ownership
among the future users; the feeling among them that this truly is their building and they have the
right to use it for their own purposes, be proud of it and take good care of it for years to come.
The communication between the designer and the future users of the building is the main focus in
participatory   design.   In   Komitu’s   Youth   Centre   project   we   have   chosen   to   work   with   the   youth  
through workshops. Through these workshops we can show new possibilities and awaken dreams.
Then together with locals we can find the means to achieve some of these dreams. At the end of
the process we can see the finished building as a concrete result of the workshops where a better
future has been visualised.

3.1.2 Architecture as a Tool of Empowerment
Empowerment is helping people to see their existing strengths and possibilities and offering
opportunities where there are none. An architect can offer impulses, wake dreams in people, and
then build something concrete based on the responses. Participatory design practice works as a
catalyst, working with locals to look for and to find the necessary networks and connections to
make things happen.
Nabeel Hamdi suggests that people in disadvantaged positions may often need an outsider to see
their potential. A practitioner can build on the collective knowledge of a community and disturb the
order of things to create change. Sometimes the smallest intervention is enough to set things in
motion, whereas every now and then a big project ends up leaving everything as it was after the
dust has settled. The key for a successful intervention is listening. [1]
Architecture can be a powerful tool for relieving poverty through empowerment. Nabeel Hamdi
describes   empowerment   as   making   people   “secure   enough   to   become   interdependent”.   A  
practitioner can help people come together and get organized, and later assist the organization to
become more sophisticated. [1] This is what we believe we can do with CVS by working with them
to build them new facilities. We aim at giving them a better chance to continue their work by
helping them to scale up.
During the participatory process through workshops and other activities we can build a sense of
pride and importance in our work. This mechanism works in two directions. The local youth can
feel that they are taking part in shaping their future and we as designers can feel that we are doing
work that truly has a purpose. The outcome of the process is a concrete building and therefore we
will in the end have a standing example that dreams do come true. For the youth, this will serve as
a constant reminder that they can have a positive effect on the surrounding society.
3.1.3 Cultural Exchange with Local Professionals and Students
Through open interaction with the local non-governmental organizations, architects, planners and
students, we hope to broaden horizons for all parties. In Cambodia we have organized workshops
and lectures at the local universities and at a cultural centre, together with local NGO Sahmakum
Teang Tnaut. STT works in the field of promoting sustainable urbanization in Cambodia. Through
these interactions we hope to achieve discussion on the possible roles of the architect in a social
context and exchange ideas on the use and development of ecologically sustainable building
techniques and materials. While we can share with the local students ideas that may be lacking
from their architectural education, we ourselves gain invaluable feedback on our project and
knowledge that is deeply rooted in the local culture.
3.1.4 Open Collaboration with Colleagues Working for the Same Principles
In order to truly advance the principles we are working for, collaboration with colleagues working in
the same field is extremely important. Komitu is working with Finnish NGO Ukumbi whose mission
is to offer architectural services to communities in need. By sharing ideas of our work with the other
teams in Ukumbi we can reflect on our ethical principles and working methods. This collaboration
has proved to be very fruitful. The attitude of mutual respect needs to be cultivated here just as in
the participatory design processes. Architecture can be a very individual and competitive field but
we believe that the best results are gained by open sharing and development of ideas in groups.
3.2

Ecological Sustainability

Within ecological sustainability we have established two goals. By using as sustainable materials
and techniques as possible we can bring the environmental load of the project as low as possible.
At the same time we want the building not only to perform ecologically but also to show that it is
made with environmental considerations in mind. The symbolic value of the building should be
remembered throughout the design process as an important part of advancing ideas of ecological
sustainability, especially when working in an environment such as Cambodia where these

principles are not strongly visible in the development of society.
3.2.1 Aesthetics in Relation to Ecological Goals
Often aesthetics is seen by eco-conscious designers as a secondary question compared to the
basic sheltering quality of a building and its technical solutions. Susannah Hagan has studied this
problem in her book Taking Shape - A New Contract Between Architecture and Nature. She states
that in order for ecological architecture to have an impact on society, striving for beauty should gain
back its position as a fundamental part of the design process. Hagan does not believe that
architecture alone can achieve a social change but that architecture can advance that change by
making   it   visible   in   our   physical   surroundings.   “[...]   forms can have extraordinary power - to
interrogate, provoke and inspire. To dismiss this power as irrelevant to the present ideological
battle  is  to  fight  with  one  hand  tied.”  Eco-conscious architecture cannot afford to stay invisible. In
order for it to be convincing and influential it needs to be noticeable and attractive in its form.
Architecture must be sustainable both in relation to nature and to culture. [2]
3.2.2 Materials and Technology
When beginning a project in a foreign culture one needs to study the local building tradition as
widely as possible. All through the history of mankind people have built their shelters out of the
material  they’ve  had  at  hand.  Each  culture  has  built  their  dwellings  according  to  the  local  climate  
and the natural conditions. Therefore looking into the vernacular architecture of the region can
teach   us   how  to   build   sustainably   in   today’s   world.  By   developing   the  use  of   traditional   materials  
further we can find new ecologically sustainable building solutions and at the same time establish a
cultural connection with the local tradition.
In Cambodia the weather conditions with the regular flooding during the monsoon season pose a
special challenge on building. In the beginning we intended to use bamboo as the main material.
Bamboo was originally chosen because it is rapidly renewable, affordable and traditionally used in
the Cambodian culture. But as the project advanced we decided that for an urban location with
possible flooding a heavier material would be required. We decided to use compressed earth
blocks in the main load-bearing structures while the lighter elements, the light filtering space
dividers, the window louvers and the pergola structures would be made with bamboo.
Compressed earth blocks offer an option that consumes less energy than fired brick and concrete,
which are the most commonly used building materials in Cambodia today. Compressed earth
blocks have already been used in projects in the rural areas of Cambodia so technical information
on  the  material’s  use  in the local conditions is available. It is an interesting opportunity to introduce
this material in a more urban context and to further study its possibilities as an alternative to brick.
By also developing modern bamboo architecture that derives from local aesthetics and
craftsmanship we can promote the use of this undervalued material in modern day Cambodia.

4. The Process in Practice
In this part we will introduce the phases of the design process of the CVS Youth Centre in more
detail. Especially the methods for the participatory workshops will be elaborated on.
4.1

Where It All Started

The project originates in the co-operation of the Finnish Aalto University and the Cambodian Royal
University of Fine Arts. Since 1993 Department of Architecture at Aalto University, former Helsinki
University of Technology, has organized courses in developing countries to introduce students to
the reality of architecture, urban planning and design outside the western tradition. Led by Hennu
Kjisik and Veikko Vasko the field trips were first organized to Senegal and Benin. Within this
cooperation  was  laid  the  foundation  for  the  award  winning  and  much  published  Women’s  Centre  in  
Senegal by Hollmén Reuter Sandman Architects. Under the name City in Crisis, the course started
its cooperation with Cambodian actors in the spring 2008.

In 2009 three Komitu members Inari Virkkala, Noora Aaltonen and Sisko Hovila took part in the
City in Crisis course. During this course they travelled to Cambodia to work in close collaboration
with the Cambodian NGO STT in a workshop, learning about the local reality and the challenges of
uncontrolled urbanization in Phnom Penh. Six months later they travelled back to Phnom Penh to
present a compilation book of the course projects and to work with the local students on issues of
enhancing poor urban living environments. These experiences left an interest in the three to take
their involvement one step further and plunge into a realisation project in Cambodia.
The  rest  of  Komitu’s  members  Elina Tenho, Maiju Suomi and Tuuli Kassi had their first encounter
with Cambodia as they took part in the Aalto University Public Buildings Cambodia Studio in 2010.
The course was led by architects Saija Hollmén, Jenni Reuter and Helena Sandman, professor
Markku Komonen and Anna Heringer, as visiting lecturer and critic. The course consisted of
working periods in Finland and in Cambodia. During the time in Cambodia the students worked
with different local NGOs to identify specific needs and then to design small scale public buildings
for the use of these NGOs.
The idea for the Youth Centre was born during this course as Elina Tenho and Tuuli Kassi chose to
work with the Cambodian Volunteers for Society and together with them developed the room
program, organized the first workshop and afterwards made the first designs for the centre. From
this course also another project has made its way to reality, a vocational school built in March 2011
in Sra Pou, Oudong, Cambodia, by Anssi Kankkunen and Hilla Rudanko.
4.1.1 The First Participatory Workshop with CVS
In the beginning of the collaboration CVS already had the idea of a youth centre and the next step
was a spatial program developed in co-operation  between  us  and  the  youth  from  CVS.  Next  we’ll  
describe the preliminary workshop with the youth, which was held to get to know them and their
every-day realities as well as their needs for the centre.
The workshop began with a warm-up game where the two of us held pairs of pictures up and
asked the participants to choose which they liked better and to come stand next to it. The pictures
depicted e.g. 'reading inside' vs. 'reading outside' or 'being alone' vs. 'being in a group'. We learned
something about their preferences and a lot about Cambodian group coherence and politeness.
On most  cases  all  but  one  of  them  went  to  one  side:  they  chose  together  but  didn’t  want  to  leave  
one of us alone either.
Second part had the participants drawing their daily routines and schedules on a form we had
prepared. We learned that the Cambodian day starts a lot earlier then we had imagined, that most
of the youth take courses in the morning and work in the afternoon and evening. Many of them had
two jobs, and most of the girls did also several hours of house work every day.
The final part was an open discussion where we asked questions concerning their hobbies, their
dreams for the future, what they liked about their homes and neighbourhoods, and their wishes
about the youth centre. There were about ten people in the workshop so we were able to make
sure that even the quieter ones got to answer by directing the questions to each one in turn. Based
on their suggestions we reformulated the preliminary room program.
4.2

Making It Real

In summer 2010 after the Aalto University course we had in our hands the first design for the CVS
Youth Centre and the six of us decided that it was time to see if we could make what started as a
study project into something real. We formed our working group Komitu in order to design and
build the Youth Centre for Cambodian Volunteers for Society.
4.2.1 Finding Funding
Our first task after the decision to proceed with the project was to start gathering the funding. By
April  2011  our   project   has   received  funding  from  Finland’s  State   Committee  for   Architecture,   The  

Alfred Kordelin Foundation and The Finnish Association of Architects. So far the grants have
enabled us to travel back to Phnom Penh, pay for the costs induced by design work and to have
remuneration for a portion of our time spent on the project. We are currently working on the funding
for the rest of the project: grants, sponsors and private donations are sought. The costs for
realizing the project are divided between Komitu and CVS; we will find funding for the construction
costs and CVS will cover the charges for acquiring the site.
4.2.2 The Second Trip to Phnom Penh – Participatory Approach
After securing the first grants in November we started organizing a second trip to Phnom Penh.
The purpose of this trip was to continue the participatory design process and to find the necessary
local collaborators for the realization of the project. This was to happen through a workshop with
the CVS youth and interest groups, presentations
and discussions with local colleagues and
negotiations with possible engineering and
contracting collaborators.

Fig.1 Monorum Som from CVS translating,
Maiju Suomi and Elina Tenho presenting the
model in the participatory workshop in Kork
Kleang community, Phnom Penh, Cambodia

The design workshop with the youth and local
interest groups was carefully planned beforehand.
We wanted to identify the information we were
looking for, and then to find the means to get the
participants to share it with us. We already had the
sketch design to work with and wanted to hear
frank opinions about it so that we would be able to
further develop it. This preliminary design used
bamboo as its main material and as bamboo is
nowadays in Cambodia something of a forgotten
wisdom and now often seen only as 'the poor
man's timber', we wanted to present its
possibilities in modern architecture and see how
our audience would react to them.

As a basis for the structure of the workshop we used a method we ourselves had learned earlier in
the autumn at a workshop with Carin Smuts, a South African participatory design practitioner with
years of experience of working with different communities to
advance their living conditions through architecture. From this
method we identified different phases for the workshop and
then found our own specific methods suitable for our project.
Some of the methods were adapted from Nick Wates'
Community Planning Handbook. [3]
The practicalities of the workshop were organized in
collaboration with CVS staff. The chosen location was at a
relocation site close to the Phnom Penh airport, in a community
which could also be a possible location for the future youth
centre. We had participants from the active CVS youth and also
the local community leader was present.
To set the mood we began with a presentation on the potentials
of bamboo as a material in modern architecture. This visual
presentation with various interesting built examples had a
double function: to bring the mind-set from the everyday reality
into a place where you can start dreaming of future possibilities
and at the same time to inform the youth of the new ways to
use this traditional material. After the presentation we asked the
participants to comment on the pictures they had seen in our
Fig.2 A group designed the
presentation, now given to them in printed form in their
workshop folders. The comments were given by writing and new plan with a large courtyard

drawing on the prints. These individual exercises were deliberately done before showing our initial
design of the centre to the participants, in order to get an idea of their overall likings of different
ways of use of the material and spatial features and aesthetic qualities.
In the second part of the workshop we presented the youth centre project in its sketch phase.
Besides the drawing material we had a very detailed scale model to work with. The model could be
opened in various ways to present the indoor spaces and it proved to be an effective means of
communication in explaining the design. After the presentation
the participants got to work in groups on reorganizing the floor
plan in their own way. By doing this they gave their remarks to
us on what was successful and what should still be developed
in the design. The information we got from this phase was
mainly their concerns on the practical arrangements of the
building, e.g. making a larger shaded outdoor space, finding
more room for parking, placing functions differently in
connection with each other etc.
We ended the official part of the workshop with an open
discussion where we covered among others the subject of the
roof shape and the amount of rain water, the height of the
monsoon floods in the area and the fire safety of bamboo
structures. All in all we felt that the workshop was a success
and that we had had a well balanced mix of individual, small
group and larger group activities to bring everyone's voice out
to be heard. Even though challenged by the translation from
Khmer to English we believe we got a lot of information to help
us further develop the design.
After the workshop we expressed everyone our gratitude for
Fig.2 A young workshop
their participation and time by offering them a meal. We ate at
participant presenting her
the home of one of the community members, a beautiful meal
group’s  plan  and  suggestions  for   prepared by two of the community women.
the CVS youth centre
4.2.3 Lectures and Negotiations
During our stay in Phnom Penh we gave a lecture together with CVS at the Limkokwing University
to local students of architecture. Our presentation was a part of a lecture series called A Right to
the City organized by Sahmakum Teang Tnaut (STT). The lecture was divided into three parts; first
CVS presented their work, then we held two presentations, one on the possibilities of sustainable
modern bamboo architecture and one on the
youth centre's design. We were happy to hear
that many of the local students were very excited
about the possibilities of bamboo construction as
a modern continuation of the local tradition. We
also got some positive feedback on our project.
The most useful comments on the project were
heard at another venue as we later on in the trip
presented our project at the Meta House, a local
cultural centre, where a broad audience of local
architects, NGO-workers and students had
gathered to hear what we had to say and really
gave us some useful critique during the
discussion after the presentation. The rest of our
program in Phnom Penh was filled with various Fig.3 Local students examining the CVS
meetings with our local connections as well as youth centre model after our lecture at the
possible collaborators.
Limkokwing University in Phnom Penh

4.2.4 Finding a Site
In addition to the previous an important goal of the trip was to secure and study a site for the
centre. Unfortunately this was not possible during the trip. We were told that the procedure of
finding and securing a donation site was very challenging and might take up to six months so we
had to confine ourselves to that. But less than a month after returning home to Finland we received
a message from CVS telling they had now found a site. It would be offered to us through the
connections of Mr Son Chumchuon, the village chief of the community where we had held our
workshop. He had attended the workshop and we believe our presentation and dedication to
hearing the local youth's opinion convinced him to help the project go forward.
4.2.5 Future of the Project
Komitu is now working on analysing the new site. This summer 2011 we are possibly travelling
back to Phnom Penh to further study the qualities of the site and work with the future users of the
building. In addition to this we are studying and developing the building techniques with the earth
blocks and the bamboo elements. The fundraising continues. The plan is to start the building
phase in November 2011 after the monsoon season is over.

5. Discussion
While making a difference in the lives of those who most need it we ourselves are gaining a great
deal. By working on questions of social engagement through projects in the developing countries
we can broaden our professional identity as architects. Then, we can also bring back new ideas to
the western environment, where they can help us design our living environments according to the
new challenges posed by the needs of sustainability.
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Children and sustainable buildings: Learning through
community collaboration
Susan J. Wake
Unitec Institute of Technology, Auckland, New Zealand.

1. Introduction
Encouraging sustainable architecture education for children and youth, especially through ‘real’
(authentic) and ‘local’ (relevant) action-taking projects, is an important way to encourage learning
in the affective or attitudinal domain. This is due to the focus being ‘for’ (heart), rather than ‘about’
(head) or ‘in’ (hands) the environment [1]. Through learning transformations, led by projects being
‘heart-based’ [2], this may result in changed behaviour towards the environment both currently and
in the future, as these children become decision-making adults.
This paper therefore focuses on ways that children can engage in on-going learning about
sustainable buildings, through an ecology of learning approach that evolved in the eco-classroom
project, which is reported on here. A significant aspect of this was found to be community
collaboration that provided the specialist skills and knowledge, which ensured the authenticity and
relevance of the experience. In common with other co-design projects from the literature, the ecoclassroom project benefited from the involvement of passionate, socially and environmentally
minded people wanting to pass on knowledge and help empower children and youth through equal
participatory processes. This highlights the way community input enriched the process through
architectural expertise, local craftsmanship and a reciprocal valuing, sharing and learning about
sustainable principles in the built environment. Endorsing this, a return to the project site a year
after initial opening of the building indicates that the meaningfulness within the community that this
project has encouraged is being sustained and deepened. This is occurring, for example, through
further learning projects to complete or complement the eco-classroom and continued invitation to
community to contribute to and share the space.
In a world that is gradually acknowledging the importance of environmental sustainability within
specific discipline bases such as architecture, a project such as this provides architects and others
within the building profession with a tangible way of embracing fundamental tenets of architecture.
These include meeting the needs of individuals and communities for shelter, socialising and
learning in a democratic and sustainable way.

2. Project background
2.1

Eco-classroom project

The study school was a public primary school situated in the suburbs of a New Zealand city. It had
600 enrolments aged 5-11 and its government decile rating of 10 (highest) reflects the high socioeconomic neighbourhoods it draws its student body from.
Since late 2005 an annually changing group of students, who had chosen education for
sustainability (EfS) electives at the school, worked on an architectural project to co-design and coconstruct an eco-classroom that utilised eco-technology or low impact design principles such as
minimising environmental impact by using recycled and environmentally sustainable materials and
technologies. As a project carried out within the Enviroschools Programme, which was developed
by the Enviroschools Foundation (a non government organisation) for adoption by New Zealand
preschools, primary schools and high schools, an action-planning approach was taken. Students
first identified an issue, explored alternatives, took action and reflected throughout [3]. The issue
in this case was the need for a dedicated and special place for developing resources and teaching
EfS, as well as functioning as a welcoming and environmentally friendly space for other school and

community groups to use.
Following the early investigative work a concept plan and model of the eco-classroom was
developed in 2006-2008 led by the students’ research and decisions, in conjunction with the
school’s lead environmental education teacher (the teacher) as facilitator, and a local architecture
firm. The students were the clients who were learning about energy conservation and principles of
‘green building’ and wanting to apply this knowledge in the design process. Students also played a
leading role in presenting and disseminating information about the project to both the school and
wider community, including the Board of Trustees (BoT) for the school (who have considerable
input into the governance, especially financial, of the school) and potential project sponsors. The
latter was necessary because the New Zealand Government did not fund the building.
Detailed drawings followed and tender documents were prepared in 2009, with help from a project
manager (environmental engineer) appointed for this purpose. Students then contributed to
construction, for example laying insulation material, pre-wiring electrical cable and making clay
bricks for a heat-absorbing feature wall behind the pellet-burning fireplace. The building opened in
December 2009 although existing work to complete it and new projects associated with it are
ongoing (see Figure 1). The project is believed to be the first of its kind in a New Zealand school
and had full support and involvement from the principal, other school staff, parents and the BoT.
All class-time learning within the project fitted within the New Zealand Education Department
school curriculum.

2.2

Figure 1: The eco-classroom at opening.

Research design

A qualitative method of narrative inquiry [4] was
chosen for the study, whereby participants’ views or
stories were collected and analysed. It was important
to include both children’s and adults’ voices to enable
comparison and triangulation.
In addition the
Enviroschools Programme subscribes to Driscoll’s [5]
participatory philosophy of ‘shared decision-making’
and a ‘whole schools approach’ [6, 7] to EfS so
practicing democracy within my data gathering was
deemed essential.

Stories were collected in three ways. In 2008 focus groups were held with students (aged 9-11
years) who were involved in a working party for the project, and parents of these students
completed questionnaires. In 2009 interviews were conducted with key adult stakeholders
(architect, project manager, school principal, teacher, BoT member and Enviroschools Facilitator –
someone who is part of the Enviroschools Programme to provide assistance in planning the EfS
journey of a participating school [3]). All participants were asked questions about student learning
in the project including development of knowledge (cognitive), skills (psychomotor) and attitudes
and values (affective). Mapping the pedagogical factors alongside aspects of participation, design
and development of community relationships developed a matrix framework. All quotes included in
this paper were collected as part of this research process, unless otherwise stated.
It is important to acknowledge that the student group participating in this research was more
involved in the project than many students at the school. This was a deliberate choice since these
students had greater knowledge of the project. However, the fact these students were handpicked,
based on interest and motivation in EfS projects, to be part of the Eco-classroom Working Party,
coupled with the high socio-economic demographic of the school is a potential limitation to
extrapolation of these results.

3. Discussion
3.1

Making a case for co-design

The ways that children engage with spaces is connected to the way they would manipulate or
design the space. This is therefore likely to be different to the way adults would design. For
example, Roe’s [8] study into involvement of children in landscape decision-making showed
children understand the environment and value landscape features differently to adults. However,
in designing spaces for use by both children and adults (such as schools), Iltus and Hart [9]
caution not to get carried away with the romantic notion of childhood that leads to believing in the
need to leave children alone to reveal their innate creativity. Rather it is important for them to
collaboratively work with all ages, including adults, to a common end, that is certain to require
compromise on all sides. These researchers point out that a problem for many adults is lack of
conviction about children’s capability to plan, design and build, yet in examples from the literature
researchers and practitioners unanimously commented that they were impressed with the ideas
and ability children brought to the design table [e.g. 10, 11, 12].
Participation of children in design of their environments is a relatively new concept and design and
management practitioners are therefore often uncertain about it, feeling it untenably lengthens the
design process and therefore the budget. For example, with reference to a mis-match between
educational needs and design ideas, Woolner, Hall, Wall and Dennison [13, p. 247] concluded, “…
by further complicating and lengthening the design process, the genuine participation of a wide
range of people might make it still harder to balance the long-term need of design with the day-today requirements of teaching and learning”. Yet there are many advantages to carrying it out,
especially in the school environment. One of the most important is it potentially provides
participating students with integrated learning opportunities (e.g. written and oral communication,
teamwork, research, maths, science, art, environmental sustainability) during the process of
planning, designing and assisting in construction of their built environments [14]. This adds layers
of meaning and learning both to the experience and subsequent use of these spaces [9]. As a
result, it is frequently believed it has the potential to empower children by giving them a say in their
school environment [15, 16]. Other benefits include acknowledging children’s unique needs [17]
and tapping into their intimate knowledge of places they frequent [9, 18]. They also bring different
perspectives and fresh ideas that adults would probably never think of [19]. The resulting space is
therefore better utilised by young people, and through generation of greater ownership, less likely
to be vandalized [9]. Further, it has been suggested it improves designers abilities to tune into
children’s needs and wants when designing [9]. For example the BoT member said during the
interviews for my research into the eco-classroom project, “It’s like the architect, he loves doing
this so he’s doing a lot of things in his own time. Because actually he is learning how to create
design and architecture for kids … and he is also learning how to interface himself, working with
kids”.
Illustrating how far we have come Burke [15, p. 364] states:
Notions of participation in the design and construction of new or renewed learning
environments has become a powerful element in discourses of pupil empowerment.
Thus, children’s capacities and talents as innovators, researchers and designers,
realised in partnership with professional practitioners, has come to be generally
regarded as a legitimate and valuable factor in shaping and influencing the school of
the future.
Although this quote was made with reference to the ambitiously intentioned and funded Building
Schools for the Future Programme (BSF) in the United Kingdom, which was scrapped in 2010 due
to a change of government and fiscal policies [20], it does reflect a tide of change regarding our
views on children and childhood. Emerging since the 1990s, the post-modern construction of
childhood or the new social studies of childhood has seen the emergence of a view of children as
strong, empowered and full of potential [21]; what Loris Malaguzzi, founder of the Reggio Emilia
preschools in Northern Italy, termed a ‘rich child’ [22]. As a result, Piaget’s modernist
developmental model for children’s learning with its ‘hands-off’ approach [23] has been challenged
by socio-constructivist proposals such as Vygotsky’s [24] scaffolding and Rogoff’s [25] co-

construction. These emphasise the importance of adult role models to help scaffold learners
across the ‘zone of proximal development’ as Vygotsky [24] referred to it, in a partnership of coconstructed learning [26, 27].
3.2

The importance of community role models

Both adults and students acknowledged the importance of role models within the eco-classroom
project. For example the Enviroschools Facilitator said:
… it was extremely important to have the right sort of adults actually scaffolding it for
the kids. I think that was essential. If you hadn’t had those adults there ensuring that
each step was nurtured, then I don’t believe that it would’ve been as successful in
terms of the student participation.
The project strove to maintain this level of democracy, although the teacher acknowledged this
required vigilance, saying:
… the key thing is that it is their own initiative. It can be very tempting to want to totally
direct students. But once you do that they are very quick to realise that it’s not their
project anymore. It’s really important that they have the strong lead … they like being
involved in all the steps …
In this regard, the choice of practitioners and others from the community who worked with students
was critical. The principal elaborated as follows, “they have to buy into the philosophy … to make
it successful … otherwise it just blows the whole thing apart”. The teacher explained:
[The architect] is absolutely the right architect working with the children. Seeing them
as equals and going through exactly the same process he would go through with any
other client. Called them his clients, consulted at all the different stages, but also
revisited every new elective group that came in. They definitely felt part if it [the design
process].
Students agreed, for example saying, “[the architect] actually takes time with us to include the
features we want”. From his perspective the architect said, “I absolutely love it … I come back
from the classroom and think this is the best thing I do … The enthusiasm and liveliness of the kids
is just wonderful”.
In common with other architectural co-design projects reported in the literature [e.g. 11, 12, 28, 29],
the passionate vision and involvement of community and environmentally-minded persons was a
feature of the eco-classroom project. Another similarity was a focus on process, in contrast to
being outcome-driven. This was a consequence of being committed to a democratic learning
experience for children. In the words of the architect:
… what this is about isn’t the project in itself so much. It’s actually about what’s
happening to those students. … you are … building something into them and not the
building itself, which has got a future … a very important future.
Unlike Finland where architectural education for children is valued to the extent of making it
compulsory at primary school [30], in New Zealand schools students have little exposure to design
disciplines until the senior years of secondary school, and of specialist areas such as architecture,
not until university level. The experience of students involved in the eco-classroom project
(approximately 170 students were directly involved in the four plus years to opening of the
classroom) was therefore unusual and special, even without considering the participatory aspect of
the project. During the focus groups I held with students it was clear that the role of community
members in making this project possible was acknowledged and their input was greatly
appreciated by students, who were astute in recognising that environmental sustainability was not
the default position of practitioners and trades people. For example a student said, “Most
architects don’t put environmental features on things, they just do it ordinary”. They were also
aware of the pro bono generosity of community people, saying for example, “[The architect’s]
donating quite a lot of his time”. The teacher felt this was connected to the equality or democracy
of the project, saying:
I think they incredibly value what those community people are offering, whoever they
may be. I think they really start to respect … the time they are giving as well. … I think
it goes back to that building of relationships time and time again. Adults seeing kids as
equals …

A further key aspect was having fun during the
process of learning; in fact the Enviroschools
Facilitator believed “they will remember the fun bits …”
This was endorsed by students who said, “It’s fun but
we’ve probably all of us learnt heaps”. It was certainly
evident during the focus groups that events where
they had fun were well remembered and these were
activities with a high degree of relevance.
For
example, practical skills with a local focus that enabled
a lot of hands-on opportunities and were led by skilled
people, such as making mud bricks out of clay from
the school grounds to back the fireplace in the
classroom (see Figure 2). This led to comments such
as “I never knew being eco-friendly was so much fun!”
Figure 2: Students having fun making
mud bricks with craftspeople from the community.

3.3

Ecology of learning

It is important that the involvement of community members in the project should not be seen in
isolation, but as part of a integrated system, since involvement of community alone is not sufficient
to support a project this complex. My research established that an ‘ecology of learning’ was set up
that involved deliberate collaborations, operating as layers, with each interacting to generate

Figure 3: Development of an ‘ecology of learning’ approach in the eco-classroom project.

reciprocation and create synergies, in a similar way to biological ecologies. An example of how this
operated is described by the project manager:
… one of the main focuses of the project is a participatory approach, so they are
bringing in experts from the community as well as people from their own Board of

Trustees and other teachers, volunteers, parents and people like myself. So I think
that whole bringing in and working together is spreading the awareness in the wider
community.
Referring to Figure 3, at the centre of this approach was the focus on student learning. Within this
core are all the students who directly contributed to the project via their learning and experiences.
Supporting this was the second layer comprised of the embeddedness of both EfS principles and
democratic practices in the fabric of the school, alongside the direct encouragement from school
management such as the principal and BoT. In a fertile environment of support like this, ideas and
projects flourish. The third layer was the skilled facilitation and dedication of the teacher, who
fostered the eco-classroom project with passion and had full trust and respect from students. The
extensive expertise of different community members formed the fourth layer, most prominently
filled by the architect office and later the project manager, but also including the significant input of
craftspeople such as mud-brick makers, graphic designers (for an advertising brochure), plus
construction contractors. All these people worked within the process-focused environment of
learning and democracy that was established. The rest of the school (students and staff), parent
teacher association and other school committees, plus community members who donated services
and materials made up the fifth layer. Particularly within the school community these people
supported and celebrated the progress of the eco-classroom and helped with fundraising and
organisation, or separate projects that contributed. On the fringe, but none-the-less contributing
were other parents and caregivers, plus the wider community who were not actively involved. The
Enviroschools Programme, Facilitator and the National office and Director are also at this edge
due to the philosophy of the programme being to enable rather than direct projects in schools so
the school maintains ownership of their journey of environmental sustainability. However, it is
acknowledged they provided significant support, advice and resources for this project.
3.4

Ongoing projects and community connections

The eco-classroom project was successful in the way it managed the inevitable process of student
changeover during it’s long term (over four years to opening) design and build phase. However
the real test for the project is its durability in terms of ongoing learning and meaning after initial
completion and opening of the classroom. In keeping with its new name, ‘The Living Room’, it has
become a dynamic EfS learning experience within and without the school, as well as a focal point
for student ideas and empowerment. Children who were pre-schoolers when the first EfS elective
classes were held to gather momentum and ideas for the eco-classroom are now joining electives
to continue working through the original ‘wish list’ developed by those earlier students. The fresh
interpretation of these new student groups results in them customising ideas that were proposed

Figure 4 (above): Students pointing to the rain garden they designed
and installed.
Figure 5 (left): The water feature designed and made by students from
tin cans catches rainwater and aesthetically channels it into the
adjacent rain garden that absorbs it.

years earlier, as well as there being opportunity for making changes and considering new ideas.
For example Figures 4 and 5 show a rainwater catchment water feature that goes to a small rain
garden for soakage. Learning becomes intergenerational when older year groups help younger,
for example the teacher explained (pers. comm. 25/3/11) that year three students (seven years
old) did the research for the rain garden and planted it with assistance from year five and six
students (aged nine to eleven years. A beehive has also been added in response to a wish list
item asking to increase biodiversity around the classroom, and a lizard garden is planned. Expert
advice from the community is sought for all projects and the teacher has done a beekeeping
course to manage the beehive.
Inside the classroom monitoring is occurring to compare different insulation materials used and
electricity usage. The big plan is to fundraise for solar panels on the roof, which may be able to
heat the adjacent school swimming pool. The Eco-classroom Working Party has metamorphosed
into the Living Room Specialist Group who have weekly breakfast meetings to address issues;
currently they are writing an Operations and Maintenance Manual to capture the requirements of
maintaining the sustainable aspects of the room and pass this onto future generations. This
requires bringing in past students, professionals and craftspeople to truly find out ‘how the room
ticks’. Meanwhile they continue to welcome national and international visitors who are drawn to
visit the project and the students guide visitors around with great confidence and knowledge. As
the teacher explained (pers. comm. 25/3/11), “they feel a responsibility to keep it going. They are
proud of it because it is their project”. The room is regularly used by local community groups,
including a branch of the Environmental Education Association of New Zealand, the Enviroschools
Foundation for an annual Hui (gathering), sustainable education at tertiary level and local
environment action groups.

4. Conclusion
The seemingly simple design of the eco-classroom project and its product “The Living Room”
belied the complex functioning of the layers of people and levels of involvement that made it up.
This is illustrated in this paper by presenting its approach as an ‘ecology of learning’. For example,
due to the embeddedness of participation in the school and the project, students expected to be
treated as equals, meaning they were in a strong position to appreciate what the community could
offer their learning, via the project. In turn, the democracy evident throughout the project made this
a self-fulfilling prophesy since being treated as equals within the school and community set up a
cycle of achievement, recognition and pride that led to deepening student learning in the affective
domain (attitudes and values). The project was also authentic and locally grounded, which made
the experience more relevant to students. The architect was critical in providing technical and
design expertise, as well as having a socially-minded passion for teaching young people about
principles of environmental sustainability in buildings. In the process and important rapport
developed that was based on trust and respect with them.
The project also had a positive, and potentially attitudinal effect on the community in general by
drawing people into it, as something different and meaningful. Illustrating this, the project manager
said:
… the students have a really good effect on others due to their passion for their project.
I think this has influenced a lot the members of the community that they meet with … I
think it opens other people’s eyes … and maybe it opens people’s minds to the
possibility that there is a different way of doing things.
Finally, by regarding the project as on-going for successive students passing through the school, it
takes on an added dimension that keeps the journey and the learning live and continues to draw in
community involvement and build meaning within students, the school and the wider community.
Such positive, authentic and relevant learning about sustainable building at a formative age is
likely to reap future benefits in communities and the built environment, as the teacher later
elaborated:
Authentic learning gives students purpose. The project can be on a small or large
scale, it’s the concept of making a difference for sustainability that is important. As long

as it is truly student-led and ‘real life’ [authentic] then action can be achieved. It is also
equally important for students to reflect on the result and their planning process. EfS
can be school environment-based, community-based or for global benefit. … The
implications for this learning to become personal learning outside the classroom is also
exciting, powerful and will be a catalyst for future environmental choices students make
in their careers and lifestyles (pers. comm. 25/3/11).
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Summary
Sustainable architectures represent the result of multidisciplinary processes in which architects
assume the role of internal “hubs”, controlling the complex flow of information, coming from the
different professionals involved, and translate it into physical entities. The participation to the Solar
Decathlon competition represented a unique opportunity for defining, together with students, a
sustainable building in forefront of research. MSc students could thus comprehend sustainable
design as a meaningful process based on mathematical functions and parameters governing the
physical environment. Not only the design process but also the +hytte architecture has been
conceived in order to maximize the involvement of academics, researchers and society. Main
focuses in its conception were: maximizing pedagogical benefits of the design process, enhancing
research possibilities within the project and increasing social awareness around solar PV systems
and sustainability.
Keywords: solar decathlon integrated energy hytte

1. Introduction
Sustainable architectures represent the result of multidisciplinary processes in which architects
assume the role of internal “hubs”, controlling the complex flow of information, coming from the
different professionals involved, and translate it into physical entities. The Master of Science in
sustainable architecture at NTNU – Norwegian University of Science and Technology - aims at
educating students and professionals in shaping highly energy efficient buildings and use
competitive methods and solutions for lowering gas emissions in a life-cycle perspective [1]. The
participation to the Solar Decathlon competition represented a unique opportunity for developing
an integrated design process together with other departments and research centres, implementing
external relations with industries, professionals and public institutions. The design of the +hytte - a
small but technologically advanced mountain cabin - represented the opportunity for defining,
together with students, a sustainable building in forefront of research. MSc students could thus
comprehend sustainable design as a meaningful process based on mathematical functions and
parameters governing the physical environment.

2. Solar decathlon and the hytte.

Fig. 1 Norwegian building stock. Typologies and energy consumption
Norway is a country of outstanding natural beauty, whose fjords and mountains are revered by its
inhabitants. Cabins - or hytte - represent for many Norwegians “the necessary tool for conducting a
life close to pristine nature, outside modernity” [2]. With unequalled economic growth, hytta have in
the last twenty years become more numerous and bigger. Cabins can be often considered proper
second houses, frequently used for leisure purposes. That has led to a steady rise of energy
consumption and related CO2 emissions in this sector, “shifting the desire to live close to nature
from a core tenet of Norwegian culture to an unsustainable threat to nature” [2]. For this reason
second houses represent today the most dynamic architectural typology in energy statistics in
Norway (Fig.1) [3].
Municipalities and investors are today stressing the green potential of developing more
coordinated and denser settlements. A significant majority feels, however, that municipalities need
to be restrictive, both for environmental and social reasons. The clear preference for small
changes, is expression of the “desire to keep life at the second home as a predictable and
stabilizing factor in an otherwise dynamic existence” [6]. The introduction of new technologies only
apparently contrasts that desire. There is on the other hand a wide margin of action for stressing
the use of advanced technologies in this direction. A mountain cabin independent from the grid
thanks to the use of natural resources and solar technologies would strength the desired feelings
of distance from modern society and symbiosis with nature. Strong of this belief highly motivated
master students and faculty leaders are today developing an integrated design process aiming at
the construction of an energy positive hytte prototype aiming to be:
- Flexible; able to satisfy different functional requirements
- Easily assembled and disassembled in order to solve transport issues to Madrid and backwards.
- Energy positive; able to reduce its
thermal demand through passive
strategies while maximizing PV
energy production.
- Market ready; reflecting existing
desires of a targeted market.
- Elastic; aggregatable in row or
attachable to existing detached
houses, representing the most energy
thirsty architectural typology in
Norway
compensating
energy
efficiency lacks of the existing building
Fig. 2 The +hytte can be attached to existing building stock.
helping to cope with the high energy demand.

3. +hytte: flexibility and environmental sensitivity of form.
“A hytte is not something personal, but
something you share with your dears
and friends, each of whom can have a
different way of experiencing and
living it” [2]. Flexibility is therefore a
fundamental requirement: the plan of
the +hytte was for this reason
conceived as a living organism able to
assume different spatial configurations
in extremely short time (Fig.4).
Fig. 3 Section of the module along the buffer space
Hierarchization
of
architectural
components
was
therefore
fundamental. The two horizontal slabs, floor and roof, represent the only timeless elements within
the project; they are characterized by a high degree of abstraction creating an isotropic functional
space in between. Everything included between them can be moved and arranged in a different
position. The location of the two service boxes in two opposite corner of the plan was strategic to
solve technical issues like integration of the outer movable skin, but also enhance indeterminacy of
orientation and environmental adaptability of the prototype. In the +hytte environmental sensitivity
of form can be indentified with the flexibility of the plan (Fig.3): buffer spaces included between the
outer layer and the living space are able to assume different configurations and environmental
behaviours according to the external conditions. On the basis of a system of sensors, disposed
both inside and outside the house, buffer spaces will expand or draw back themselves letting the
interior space to breathe in symbiosis with the external environment. The roof, conceived as a grid
of valves will also adapt its environmental behaviour to the movements of the plan, filtering and
diffusing solar radiation and air (fig.3). PV leafs and valves disposed on the roof will be
characterized by high flexibility of angle in order to maximize sensitivity of form to different external
conditions. The inner layer of the roof will be highly insulated, minimizing summer heat gain and
preventing heat island effects. Integration of advanced phase changing materials in the inner layer
of the roof will be investigated in order
to stabilize temperature fluctuations
inside the house. The geometry of the
roof module will be rather complex
and will be controlled through
advanced digital modelling. On the
other hand all the vertical partitions
will be simpler and characterized by a
rather “low-tech” nature.
A variety of solar technologies and
active systems will be assessed
during the design process for
performance and cost effectiveness.
Prefabricated
slabs
thermally
activated through a reverse hydronic
system will be tested in combination
Fig. 4 Spatial flexibility and environmental adaptability with an efficient heat-recovery system.
become a one in the +hytte

4. Architectural design among academics, research and society.
The development of the +hytte represents a unique opportunity for enhancing internal relation with
other departments at NTNU while implementing external collaborations with private companies and
public institutions. Not only the design process but also the +hytte architecture has been conceived
in order to maximize the involvement of academics, researchers and society. It is a priority of the
solar decathlon competition to:

•
•
•
4.1

maximize pedagogical benefits of the design process,
enhance research possibilities within the project
increase social awareness around solar PV systems and sustainability.
Maximizing pedagogical benefits: the integration with the MSc

The MSc in sustainable architecture at
NTNU
is
an
interdisciplinary,
international
master
programme
including both theory and project
courses. The development of the
+hytte has been integrated in each
semester of the master programme. In
the first semester students developed
the concept and detailed within the
“Climate and Built Form” course; the
second semester will be used for
energy analyses and materials, in cooperation with Faculty of Engineering
Sciences and Technology and the
programme for Industrial Ecology; the
third semester will handle facility
management and user interaction
issues,
in
co-operation
with
Department
for
cross-cultural
studies;
Fig. 5 Interior view of the +hytte.
in the fourth semester students will
have the possibility of developing a master thesis intimately related to the SD project. The students
will be continuously trained in interdisciplinary co-operation with engineering departments and
research centres on the basis of already established collaborative relations.
Concepts were developed in the first semester with great enthusiasm and a positive
competitiveness among the groups of students that solved differently the issues arisen in the call
for proposal (Fig.6). Choosing one out of the four proposals was a hard task. Priority was given not
to design excellence but to the potential of the prototype for future development. A project
conceived as an open and flexible system would have work better for maximizing the involvement
of different research centres and permitting parallel development of its different components. The
selected concept has been then further developed by a smaller group of students in one week of
intensive work where ideas coming from other concepts were also integrated. The resulting
prototype was finally discussed again with all the students, which could recognise the project as
representative of the whole course. We believe that this feeling of attachment will be positive for
the future development of the prototype involving all the students again.

Fig. 6 The four proposals developed by the students at the MSc in sustainable architecture.

4.2

Maximizing research possibilities within the project.
In order to attract and maximize
research possibilities around the
+hytte two main issues have been
fundamental: developing the concept
on the basis of ongoing researches
and conceiving its structure as a
framework that would have parallel
permitted to test and develop different
components.
4.2.1 Integration
researches.

with

ongoing

On the basis of researches conducted
at NTNU a high grade of uncertainty
related to climate change and
technological development of new
components and materials is today
questioning traditional assumptions
around bioclimatic design in cold
climatic contexts, giving space to new
architectural
scenarios.
Passive
Fig. 7 Modularity and assembling strategy.
strategies once peculiar of warmer
climatic zones are now extending their geographic boundaries of applicability, leading architectural
design of energy efficient building into a new complexity. In-between spaces, a fundamental tool for
environmental control and efficiency of the architectural form, are today becoming more and more
important in cold climatic contexts. In the +hytte the buffer space surrounding the living zone will
permit to test a wide range of systems in the next eighteen months. Different preliminary
evaluations have been run in order to estimate the environmental behaviour of the structure and
the sensitivity of the model under different external conditions. Initial energy modelling of the
conceptual model has indicated an optimal environmental behaviour of the house, with extremely
low energy demand both for heating and cooling. Digital modelling will be in the future supported
by the information flow coming from simulation tools of different nature handled by SINTEF expert
energy modellers able to provide an accurate prediction of environmental performance.
Architectural design is therefore converted into a multidisciplinary meaningful process.
4.2.2 The “chassis” strategy
The +hytte structural frame was conceived as a “chassis” [4] while a collaborative model involving
different task specific layers of organization have been created. In order to facilitate and optimize
internal communication within the team and integration with ZEB the division in sub-teams reflects
the organization of the research centre in five work packages:

Fig. 8 Physical organization of the module reflect the internal organization of the group.

• WP1: building integration, solar technologies
• WP2: responsive envelope
• WP3: HVAC
• WP4: adaptive living interface team
• WP5: +hytte concept and potential
Three other groups will be responsible of digital modelling and fabrication, communication and
dissemination of information and business and fundraising issues. The project management board
will on the other hand supervise the project progress providing technical decisions and ensuring
financial support. An external advisory board, consisting of leading academics and professionals,
will be called upon to provide strategic council to the team on a regular basis. The project schedule
will be coordinated with the key solar decathlon phases and deadlines for the project development.
Sub-teams include both architects and engineers in order to guarantee an interdisciplinary
approach in handling the different issues and challenges that the development of the +hytte
supposes. Sub-teams will be leaded by NTNU professors and have one representative reporting
the work done in physical meetings appropriately scheduled.
4.3

Awareness, market feasibility and fund raising: designing on society desires.

The development of an energy
positive hytte is inevitably going to
attract a lot of interest from the public.
The Norwegian research centre on PV
- IFE - gives evidence of the increased
interest of the government towards
this technology. Many persons are
anyway
still
sceptical
about
applicability of these technologies in
such a climatic context. Researches
conducted at IFE and preliminary
Fig. 9 Flexibility and possible spatial distribution.
calculations proofed anyway a wide
margin of applicability and integration
of solar technologies in Norwegian
hytta. One of the main tasks of the
+hytte is that of disseminating
information around the use of
renewable energies and sustainability,
contributing to the awareness of
society on their importance. Building
the concept on the understanding of
existing Norwegian society desires
represent a fundamental requirement
also for market feasibility and fund
raising. A significant example is
represented by the user interface
development.
The inner layer of the +hytte, facing
Fig. 10 Aggregability into multiple housing.
the living space, is conceived as an
extended interface between the user and the exterior, between Norwegians and nature. It is
through this layer that users acquire awareness of the potential of the integrated building systems
in using external resources. A system of sensors displaced inside and outside the module will
provide diagnostics of thermal demand, performance and desired correction, monitoring all the
architectural components. Integrated systems filtering the access of solar radiation and air, like
shading devices and roof valves, will respond both to automatic and user-driven controls. The
department of Product Design has already developed a user friendly interface aiding decision
making about energy use choices by providing visualization of energy use in context; this interface
will be used as basis for further development. Private Norwegian companies provide already today
remote control of the heating system of hytta through the mobile phone. Some of these companies
might be interested in supporting NTNU in the development of such system.

Upon the return from the solar decathlon context week in Madrid the +hytte will be installed in the
Brøset housing municipal development where will be accessible by the public and will also become
a living Lab for action research on technology and lifestyles.

5. Conclusions
Solar decathlon represents a unique opportunity for the ZEB centre; the +hytte will become a
shared platform for strengthening internal relations and implementing the external ones. The +hytte
will finally work as a catalyst of interrelations between the entities involved: academics,
researchers and society; attracting their interest, through the comprehension of the “existing”, but
also stimulating the development of the “new”. Once back from Madrid the +hytte will become a
Living Lab for action research on technology and lifestyles in co-operation with private industries
and public institutions. Hundreds of students and researchers will benefit from the SD module in
the next eighteen months. NTNU will create a product that will affect the present detached houses
scenarios and effectively enter in the market since the very first stages of its life. The +hytte – a
small but technologically advanced mountain cabin – will strengthen the desired feelings of
distance from modern society and symbiosis with nature.
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Summary
The demand of energy-efficient, sustainable buildings enormously increases the complexity of
handling various materials, different technologies etc. Thus, the trend towards 0-impact buildings
and environments includes an efficient and effective handling of energy questions and requires
sustainable thinking, planning and acting for offering optimized energy use all along a complete
buildings lifecycle. A lot of different, complex and often even conflicting social, ecological and
economical aspects have to be considered. Experts in energy consulting services should be able
to handle these impacts effectively and efficiently while considering all requirements and effects in
the future. Nowadays, there exist a lot of different and imprecisely defined service offers and
education pathways have a lot of shortcomings, in this context. Hence, a concept for training
energy consultants and training modules has been developed.
Keywords: Energy Consulting, Qualification, Curricula, Vocational Training, Fields of Activities,
Skills, Competencies

1. Introduction
In the following years, the new market of energy consulting services is going to grow because of
the social and political actuality of the theme "energy". In combination with worldwide as well as
national climate protection strategies and packages of measurement which have been developed
accordingly, several studies revealed an extensive potential for saving energy. In the private as
well as in the industrial sector remarkable increases in energy efficiency are possible. Thus, by
way of example it is possible to reduce the average consumption of electricity until 2020 by 17%, in
the sector of private households even by about 33%. Also the use of regenerative energy sources
like photovoltaic systems or solar thermal energy have a great potential in the sector of private
households. In addition, the energetic property restoration can also be classified as a central political area of activity. The heating- and hot water provisioning, for example, has an average reduction
potential of about 16% till 2020 with the greatest potential in the private sector [1].
The awareness for the shortage of energy resources increased in the 1970s because of the oil
crisis. As a result the need for energy saving measures grew. In Germany the first legislation on
energy saving was passed in 1976. This was the foundation for further regulations aiming at saving

energy and reducing the CO2-emissionen level in the buildings sector [2]. Consequentially energy
consulting services in the building sector followed. The resulting consulting services were essentially a topic for architects, engineers, and experts of sound and thermal protection. Energy consulting services focussed mainly on non-residential construction and industrial production.
Figure 1 shows the development of individual energy consulting services in relation to the change
of legal requirement of the energy consumption of buildings in Germany. The energy saving regulation (EnEv) is a federal regulation of the German building-, environmental-, and administrative
law containing topics of energy saving heat protection
and systems engineering of
buildings. In 2001 this regulation first defined who is
allowed to issue energy
certificates. Only at this
1970
1980
2000
2010
2020
1990
point craftsmen were al1973 1977
1984
2002 2009
1995
lowed to exhibit energy certificates. As a result private
as well as public educational institutions offered
continuing and further training. In this context, the
EnEv from 2007 was
Fig. 1 History of Energy Consulting
amended and modified in
April 2009 containing more
rigorous regulations. The number of clients of energy consultants increases because of a growing
understanding for the advantages of energy consultancy. Taking the example of the "on-site
advice" of the Federal Ministry of Economics and Technology the general development of the
energy consultant market can be displayed. Consequentially, the number of the annual proposals
for the on-site energy consultation increases since the introduction in July 1998 disproportionate
[3].
The services which are currently offered as "energy consulting" range from consultations about
user behaviour, energy checks, initial advice without site visit, issue of energy certificates, on-site
advice in residential buildings, different advisory programmes promoted by public buildings as well
as detailed analyses based on thermally simulations. These services are offered by providers with
different qualifications all acting as energy consultants, irrespective of their qualifications. Nowadays, there exist a lot of different and imprecisely defined service offers and education pathways
without unitary standards. Existing legislation and regulations rarely give information about the
qualifications of energy consultants or the content of their services. The services provided do not
necessarily imply that energy consultancy is followed by actual energy savings and as a result
rarely show sustainable effects. In practice, however, the values which are aspired are not
achieved despite good energy-efficient strategies. Errors during implementation of efficiency
measures or missing adjustment of buildings are reasons which prohibit the success of energy
consultancy. As shown, energy consulting processes often do not go along the complete service
value chain and thus miss capacity of value adding.
As well, from the perspective of vocational education energy consulting is a little-researched
domain. In this volatile branch, few preliminary works exist. There is no framework of occupational
research in which demands of energy consultants are adequately described. The curricula in
vocational and further education of energy consultants exclusively describe contents from different
domains, mostly consider technical knowledge and miss interdisciplinary skills, e.g. interaction with
customers.
Thus, systematic and professional energy consulting services as well as adequate training

structures are necessary. In our studies we developed a qualification framework of energy
consulting which complies with the market demands. Our concept focuses on structuring the
contents of energy consulting curricula regarding both typical work tasks and competence-based
structures. We surveyed the activities along the full area of service offers and developed detailed
key competencies. We developed and validated a set of 11 fields of activities in energy consulting.
In those fields of activities, providing a generic, situated structure model for the complexes of work
tasks, we described the workplaces along the energy consulting service chain. Modern vocational
training structures encouraging education for sustainable development are necessary as a basis of
a successful work performance. One of the most important aspects is learning to act sustainably.
Our training modules offer the possibility to learn sustainable thinking and acting in real-life working
tasks.The inquiry, advancement and measurement of those competences is illustrated in this
article.

2. Developing Sustainable Solutions – Interaction Work and Conflicts
of Aims in Energy Consulting
Sustainability on a macro level describes the central idea of long-term
thinking for maintenance of well being, which contains environmental,
economic, and social dimensions. The term describes a pattern of
resource use that aims to meet human needs while preserving the
environment [4]. The three dimensions are mutually dependent to each
other and contain conflicting aims. In this context an Education for
Sustainable Development is an essential part [5]. People should learn
to find sustainable solutions, which includes the weighting between
conflicting aspects of “economic effectiveness”, “ecological
compatibility” and “social/corporative” responsibility (Fig. 2). As well,
within a single dimension of sustainability, energy consultants must
solve conflicts of aims. If an energy consultant e.g. attempts to work
out an ecological heating concept, a solution which minimizes the level
Fig. 2 Three dimensions
of CO pollution will propose a different approach than a solution which
for finding a sustainable
reduces e.g. the levels of dust, SOx, NOx etc. pollution. The required
solution
special skills, competencies and knowledge are subsumed under the
German term Gestaltungskompetenz [6]. A lot of occupational work tasks demand a great amount
of interaction with customers, cooperation partners etc. as well as exposure to uncertainties in the
execution of work tasks, which can be the result of conflicts of aims, for example. Energy
consultants are in need of special skills to accomplish those complex work tasks, which include
functional expertise on the one hand and interdisciplinary expertise on the other hand.
In work targets with
conflicts of aims, the
Individual
Individual
Solution
Solution
work task has to be
considered
from
Energy Consultant
Business Partner
different
dimensions.
Each
dimension,
Interaction
economy,
ecology
and
uno actu
society, has its special
Individual
Individual
demands.
Those
Solution
Solution
demands compete with
Input: Work task as a
Output: Balanced solution
each other and often
conflict of aims of several
to the conflicts between
Private Customer
working person n
competing dimensions
all parties. The solution
are conflictive. These
serves as a target for
further, following work
conflicts which are to be
tasks.
balanced and solved
provide the input for the
Fig. 3 Connection between work tasks and interacting working persons in interaction system (Fig
Energy Consulting
3).
Therefore,
we
designed an interaction
model to describe the connection between working persons and work tasks for sustainable work
performance with conflicts of aims.

The finding of the solution in a consulting process mostly is affected by the interaction between the
working persons acting uno actu, performing interaction work [7, 8]. Working persons e.g. are the
energy consultant, business partners, private customers or civil service agents. All participants
have their individual concept of finding a balanced solution. They interact with each other to find a
balanced solution. Because of this central idea of interaction work, the field of activity “conducting
consulting conversations” has such an enormous meaning for energy consultants. A sustainable
work performance (the fairly balanced solution) usually contains the next steps of work
performance, which may be the starting point for a subsequent work task along the service offer. It
may contain no conflicts of aims, but it also may bring new conflicts.
Those conflicts need to be addressed in qualification and teaching concepts. They provide a basis
to learn dealing with finding non-unitary solutions which satisfy interests of all three dimensions.
Today, vocational trainings mostly lack to consider the important non-technical, interdisciplinary
skills and learning to deal with interaction tasks needs to gain importance. By this, energy
consultants can perform their job effectively and add value to their company.

3. Qualification Concept for Energy Consulting Services
To establish professional structures in the entire job system of energy consulting, a unified
framework of qualification is necessary. As a core for modern, action-oriented structures for further
and vocational education, the fields of activities are used. Modern further and vocational training
concepts mostly feature a concrete reference to typical work situations. A first step for the
systematic illustration of energy consultant’s skills was the inquiry and validation of job-related
fields of activities (i.e. complexes of work tasks). To enumerate and validate the fields of activities,
curricular analysis, analysis of
processes and tasks as well as expert questionnaires and
workshops were conducted. The fields of activities represent a generic structure model for
complexes of work tasks and can be precised for concrete service offers.
Central idea of our concept is the implementation of a sustainable work performance following the
approach of vocational Education for Sustainable Development. A sustainable work performance
includes dealing with conflicts of
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Fig. 4 Fields of activities in energy consulting along the
like oral fact finding, assertiveness or
service chain
problem sensitivity. In our project,
those interdisciplinary skills have been
developed and graded to define the generic term Gestaltungskompetenz more closely.
.

The foundation for the range of services is made up along the entire chain of activities of an energy
consultancy for buildings. In this context, the required functional knowledge is systematized in an
activity scheme, which we developed [9]. To capture the whole range of services of energy
consultancy in the buildings sector, work processes and parts of performance of energy

consultancies were analysed, abstracted, and were described along a service chain in the form of
assignments. In the service chain, classical energy consulting services are mostly located between
the elements “Marketing, Sales and Distribution, Acquisition” and “Conception of Actions”.
Nowadays, energy consulting often stops too soon, and fails to acknowledge many potential
service offers. In the fields “Conception of Actions”, “Initiate actions, Escort implementation” and
“Efficiency control / Bringing into service”, there is a lack of services offered by energy consulting
providers, although a great market potential exists. The best concept, however, does not cause
any cost- or CO2 reduction, when it was wrong implemented. There exists a great need for a
success control of the projected energy saving. The proposed extension of the supply chain was
broadly approved during workshops with energy consultants and interviews with experts.
The fields of activities, which result from the expanded chain of service are “Escorting buildings in
service and monitoring services” and “Escorting implementation in services” as well as the
expansion of the fields of activities “Escorting conception of buildings in progress”, “Concepts of
energy use and modernization” and “Conducting, consulting, conversations”. From our own
research, we have accounted for following fields of activities, which are included in the majority of
current service offers: “Rating of status quo”, “Recording of status quo”, “Creating the offer of a
service”, “First contact with a customer” and “Preparing energy consulting services”. The additional
fields of activities, which result from a complete coverage of additional tasks located along the
service chain, implicate a supplement of the current further and vocation education offers, to satisfy
the demands of the market [10].
The Fleishman Job Analysis Survey (F-JAS) is used for the analysis of interdisciplinary skills. The
F-JAS is a trait oriented analysis technique to measure relevant abilities and capabilities needed
for the accomplishment of work related tasks [11]. This validated instrument exists of 73 items
including cognitive, psychomotor, physical, sensory as well as social and interpersonal skills. Items
in the survey dealing with psychomotor, physical and sensory skills were excluded by experts,
because they are less relevant for the work as an energy consultant. Items dealing with cognitive
as well as social and interpersonal skills are measured in total. Thereby the article exemplarily
focuses on work tasks within the service offer of on-site advisory services for residential buildings
which is funded by the German Federal Office of Economic and Export Control (BAFA), which is
one of the most important service offers in Germany [12]. They cover with the results from other
service offers we surveyed.
11 Experts (BAFA listed on-site advisors) were questioned, which are very familiar with their
function. For a small sample the F-JAS provides adequate reliable results (estimated intraclass
correlation > 0.706). Statistical analysis revealed that all abilities and capabilities were rated above
four on a scale from one to seven on average except one item. These results demonstrate the
importance of cognitive as well as social and interpersonal skills for the as an energy consultant
within on-site advisory services (see Figure1). Items rated as most important are: resistance to
premature judgment (5.7), assertiveness, oral fact finding, self sufficiency (all 5.5) as well as
written comprehension, problem sensitivity and dependability (all 5.4). Most striking are the low
fluctuations of the mean ratings between the individual items. 24 out of 43 items were rated within
the arithmetic average between 4.9 and 5.2 (for example social sensitivity, inductive reasoning,
information ordering or mathematical reasoning). The rather high standard deviations (0.5 to 1.63,
1.01 on average) are an indicator for the fluctuations in the exact level of skill needed depending
on the case of each work task. This emphasizes the complexity in the work of an energy consultant
once more. The collected data underline the wide range of well pronounced abilities and
capabilities which an energy consultant should have. For the development of sustainable solutions
in the context of work tasks of on-site advisory services, pure functional knowledge is not sufficient.
The cognitive as well as the social and interpersonal skills are also an essential component for the
work as an energy consultant. Thus, social and personal skills have a high impact on energy
consultants and need to be focused in special training modules. Exemplarily, a developed training
module to develop skills in interaction with other persons and finding sustainably solutions to a
typical work task will be presented in the next chapter.

4. Training modules for Energy Consultants
The developed fields of activities are based on business processes and are in accordance with a
service- and customer-orientation. Thus they give a situated, competence-based basis for modern
training structures. Modern training structures follow competence-based approaches, are situated
to typical work tasks [13] and include interdisciplinary skills like interaction with customers etc. as
well as general key competencies, e.g. acting autonomously and reflectively, using tools
interactively or joining and functioning in socially heterogeneous groups [14]. This concept
presented in the following paragraphs enables the learner to gain Gestaltungskompetenz.
Therefore, training modules were designed [15]. To combine competence development with the
uncertainty of energy consulting, constructivism and the principles of constructivist teaching offer a
viable didactical approach [16, 17]. Participants of the (for this purpose developed) modules are
confronted with typical tasks of an energy consultant in concrete situations and should develop a
technical correct and at the same time lasting, balanced solution for a fictitious customer. A central
work task within the context of on-site advisory services (as analyzed in chapter 3) is the
absorption and appraisal of data concerning the building- and heating system as well as the
development
of
concrete suggestions
regarding
energy
savings
and
a
description of the to be
expected target state.
In the example given
below,
the
tasks
respectively focus on
creation of modernization and energy
concepts and gaining
professional expertise
Fig. 5 Example of a group performing in a workshop
in balancing dimensions of sustainability. In sessions which usually last four hours, they first work out their individual
approaches and discuss them. Afterwards, according to the structure formation technique, the
participants wrote down their central thoughts and constructed their group solution as a network of
cards (Fig. 5).
A one family house (built in 1986, 200m² area, gas boiler from 1986) in the inner city of Aachen is
to be energetically optimized. The city attracts many tourists from nearby Netherlands and Belgium
as a Spa town. Because of a quite high air pollution the city is close to an anti-pollution zone being
proposed. This would have a remarkable negative effect on the city´s attractiveness for tourists
and thus huge economic drawbacks, which also may bring individual consequences. Those
generic drawbacks need to be considered in finding the solution. One essential aspect is to
balance out the three basic, technically viable solutions (gas fired condensing boiler, wood pellet
boiler and heat pump), each with a drawback. A totally coherent, all-satisfying standard solution
does not exist.
Under all circumstances, the heating concept must not exceed the limits for emission of dust, CO ,
NOx,, SOx etc., because that provokes the introduction of a anti-pollution zone, which would make
easy access to the inner city impossible, seriously threaten the lucrative Dutch/Belgian tourism in
Aachen and cause serious social-economic damage. To reduce heat loss, the windows and the
roof have to be replaced – but not the walls, because it is too expensive. Four technically viable
solutions were worked out: 1. A gas fired condensing boiler is inexpensive, but uses fossil fuel and
is plagued by high emissions (especially CO ), which barely fit the requirements to avoid an antipollution zone. 2. A wood pellet boiler is also inexpensive, uses natural resources (wood) and is
low in CO emission, but dust emissions are 3000% above anti-pollution zone levels. 3. A heat
pump is cheap, but requires well insulated walls to work efficiently. In this case, the walls (built in
1986) are too old, and replacing them would be too expensive. 4. A gas fired condensing boiler
with solar warm water support is more expensive than concept 1, but significantly reduces the

levels of emission and was identified as the most viable of the four solutions.
The challenge of the task lies in the weighting of the individual advantages and disadvantages of
every technical solution regarding contrary interests of the interacting partners (renter, house
owner, communities…) and site-specific circumstances (meaning as health resort). Promotion
possibilities provided by BAFA, for example need to be considered. Because of the formulation of
the task and the module structure important abilities and capabilities can be enhanced. Under
these are “resistance to premature judgment”, “assertiveness”, “oral fact finding”, “written
comprehension” as well as “problem sensitivity”.
First of all, members prepare their own, individual solutions and discuss afterwards their results in
working groups. With the help of a structure formation technique groups formulate their key ideas
and present their collective solution as a structured card-arrow network. This network should clarify
interdependencies, means-end relations and general thought patterns concerning the solution
model which can then be evaluated. During the moderated discussions and the development of the
solution networks members recognized that for the development of sustainable solutions many
different aspects need to be considered and weighted against each other. The elaborated
approaches show the success of the aspired skill development. In addition, the quality of the
solutions increased with the amount of finished tasks.

5. Measuring Tool for Energy Consulting Performance
A measuring tool for energy consulting has to evaluate, how an energy consultant has managed to
balance the conflicts of aims between economic, ecological and social demands. In this context, in
our studies, we developed a concept for measuring skills and adapted the measuring tool for
specific consulting work tasks [18]. Necessary is both declarative and procedural domain
knowledge, described by the level of job-specific professional knowledge and domain specific
problem solving capacity [19]. In addition, a measuring tool for energy consulting should allow
conclusions regarding the conscious approach of anticipated conflicts of aims and regarding the
reflected choice of the “best” solution. This observation leads to the levels of reflection mode to be
evaluated, i.e. the ability to reflect by reducing the complexity of a problem (stabilization) or
consciously including many different approaches (innovation) [20].
As an example, a concept for the field of activity “Concepts of energy use and modernization”
which is essential part of on-site advisory services will be presented. The concept is adapted to fit
the exercise mentioned before in chapter 4 and records the performance in finding a solution.
In practice, an energy consultant starts this exercise by designing different technical approaches,
presenting them in a semi-structured interview with a research interviewer and visualizing them in
a box-arrow-flowchart. Then, he evaluates the sustainability for each technical approach, chooses
the one which is most viable according to him and finally reflects on his solution in a second semistructured interview. From this data, the levels of professional competence, the enforcement of
sustainability and the level of reflection can be measured. The data of the energy consultant is
compared with the above mentioned reference solutions. The evaluation includes three steps, in
which the interviewee can reach up to 100 points each:
1. Evaluation of professional expertise (PE): the vital significance of broad-scale pollution
minimization has to be worked out, along with renovation of windows and roof and an
exhaustive and complete analysis of all four applicable heating concepts.
2. Evaluation of sustainability (S): an accurate and complete evaluation of the respective
economic, ecological and social impact of the heating concepts found in step 1 is to be
provided.
3. Evaluation of reflection mode (R): in the final semi-structured interview, the level of
reflection is assessed. During reflection of his line of thought, the interviewee should use an
innovative reflection mode, and to reflect on his decision, a stabilizing reflection mode.
For this exercise, the total score is calculated by the sum 40%*PE + 30%*S + 30%*R. If the energy
consultant reaches a very low sub score in each of the three categories, it negatively influences
the final score.

6. Discussion and Conclusions
In this paper we presented a concept to describe the work tasks in energy consulting situated and
with a focus on service- and customer-orientation. In general, our concept deals with four areas,
energy consultants need competencies in: overview on connected activities, special domain
knowledge, interfaces between domains, interfaces between interaction partners. We presented
interaction work and dealing with conflicts of aims as special topics in energy consulting services.
Furthermore we gave an example how to implement Education for Sustainable Development in
concrete training modules. Basing on the heterogeneous initial qualifications in energy consultancy
a proposal for a further training system for energy consultancy for buildings was developed, which
refers to the fields of action of energy consultants, developed within a process logic.
With the fields of activities, a qualification framework has been defined based on the results of our
studies. On a Makro-Level our conclusions are: An overview about the work related fields of
actions regarding the different range of services should be the basis for a professional activity
within energy consultancy. Furthermore, it is necessary to develop interdisciplinary skills, which are
essential within work of interaction and dealing with uncertainties. Furthermore, energy consultants
should possess a repertoire of standardized qualifications which are needed in the range of
services of an energy consultant. For example, the collection and documentation of the actual state
is essential for a required energy certificate as well as for a comprehensive, with contracting
contracts combined energy consultancy (fields of activities of the work related task without conflicts
of aims). Most activities of energy consultants are, however, characterized by conflicts of aims.
Here we want to differentiate between the fields of residential and non-residential buildings.
Residential building should be predominantly part of service offers from non-academics. Only
energy consultants with an academic degree have direct access to the sector of non-residential
buildings. Because of the work related experience in the residential building sector as well as the
training and further education in the more complex subsector of non-residential buildings there
should be a possibility to reach the sector of tasks initially carried out by academics. Aim of this
system of further education is to connect the fields of activity of energy consultancy and the
German as well as the European qualification frameworks. With the help of such descriptions of
activities it is possible to compare the work of energy consultants internationally.
The following steps include the expansion of further training modules and tasks for the
development of central skills which may be important for energy consultants. Therefore, attention
needs to be turned on the development of actions concerning the enhancement of communication
during consultancies and the acquaintance with work of interaction. Our next step is to develop
additional training modules and provide a concept for complete training offers.
Furthermore, in this paper we presented a concept of rating the performance of energy consultants
in a specific work task. On that basis, an instrument for measuring the skills and competencies of
energy consultants will be developed. In this context, first items have been developed. The
instrument will allow to determine the success of developing skills in training modules as well as to
identify shortcomings in skills of an individual energy consultant.
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Summary
This paper examines links between the education curriculum in schools and sustainability. While
predominantly concerned with the influence increased education can have on sustainability, it also
shows that sustainability can influence, in a positive manner, the educating environment and
learning objectives.
This paper also focuses on New Zealand (NZ) based initiatives aimed at improving the awareness
of sustainability in the education sector. Several case studies of recent educational building
projects are introduced to show the types of sustainable considerations that are being included in
the education sector in NZ.
Keywords:
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1. Introduction
Opus International Consultants Ltd (Opus) is a multi-disciplinary consultancy which has delivered
many building projects in New Zealand, Australia and the UK which focus on sustainability. Opus
has delivered many projects in the education sector, including several new schools and a number
of rebuilds and refurbishments. Sustainability has played an important role in all of these projects.
The funding model used by the Ministry of Education in NZ allows an additional contribution to be
made for the adoption and implementation of New Zealand GreenStar® principles to maximise the
potential for creating high performing schools.
There is a move to bring sustainable concepts into the education curriculum in schools so that
sustainable design becomes embedded into the learning process. The sustainable features
delivered on new school projects have been made highly visible to enable students to monitor and
record the benefits that sustainable design provides. Energy usage is monitored and renewable
energy is generated to reduce the demand for energy generated using fossil fuels. Water can be
observed being pumped from rainwater collection tanks by solar powered pumping systems. This
water is then used for flushing toilets and irrigation, thereby reducing the demand for treated water.
Students can tend to their vegetables in garden plots and develop an understanding of sustainable
habits for living.
This paper focuses on several New Zealand based educational buildings and the integration of
sustainable principles into the curriculum, including a number of programmes being run in NZ that
encourage sustainable thinking and technological developments.

A number of case studies are introduced. The authors share their experiences with a number of
example projects that have been completed in recent years, where there has been educational
curriculum considerations provisioned during the design and construction of the project. This
permits a greater level of influence to be made on our future generations, such that they are more
aware of the need to live in a more sustainable manner.

2. Sustainability Defined
Sustainability is defined by the Brundtland Commission as: “Meeting the needs of the present
without compromising the ability of future generations to meet their own needs". This statement is
very profound in that it highlights the need to allow future generations to endure without being
compromised by our present actions.
Further, the New Zealand Ministry for the Environment Definition for Environmentally Sustainable
Design (ESD) is that buildings are sustainable when they are “designed, built and operated with
low environmental, social and economic impacts (or actually start to have a positive environmental
impact) while enhancing the health, welfare and quality of life of the people that live and work in
them.”
Sustainable design is a multi-faceted, multi-disciplinary approach to building construction. It covers
the urban design impacts, access to public transport, processing and transport of raw materials,
the construction waste generated, the use of recycled material in the construction, energy usage
and operating costs, quality of the environment achieved, and ultimately, end of life disposal costs.
The ultimate level of sustainability is reached when a building has zero net impact on the
environment throughout its total life cycle. This ideal is extremely hard to achieve, especially for
commercial and institutional buildings. A more appropriate goal is therefore to minimise
environmental impact and maximise cost efficiency while maintaining a healthy internal
environment.

3. Sustainable Development in New Zealand
In New Zealand there is a growing awareness, particularly over the last five years, of the
importance of a sustainable built environment. This is reflected in a number of ways, including the
development of the New Zealand Urban Design Protocol, the establishment of the New Zealand
Green Building Council and Green Star rating schemes [1], and establishment of research
consortiums, such as Beacon Pathway.
Despite these initiatives, it is important to consider whether current actions are sufficient to bridge
the gap between the existing built environment in New Zealand and the sustainable built
environment we will need in the future. It is likely that a significant shift in thinking will be required,
along with a strategic response that identifies the actions necessary over the short, medium, long
and extra-long terms.“ [2]

4. Sustainability in Education
4.1

Policy Statement

Sustainable Development – developing long- term sustainable strategies for our economy, society,
environment, culture and way of life. Education helps New Zealanders to develop the skills and
knowledge to balance the pressures of social and economic progress on the environment and
natural resources. New Zealand’s future is dependent on long-term sustainable strategies for our
economy, society, environment, culture and way of life. Education and knowledge-transfer can add
value to primary production, help manage pressure on natural resources, and help restore our
indigenous ecosystems and biodiversity. Education providers and government education agencies
make up a significant sector of the New Zealand economy. Education organisations have a

responsibility to improve the sustainability of their own organisational work practices and to
influence the sector’s focus on sustainability.[3]
4.2

Design Considerations

The planning and development of modern learning environments in NZ is based on the Fielding
Nair model for 21st century learning [4]. This model, in conjunction with the development and
adoption of ESD benchmarks, including GreenStar®, provide significant opportunity to enhance the
education of our students with high levels of interaction between adjoining classrooms by the use
of common learning studios. Technology is extensively deployed throughout modern classroom
buildings, as well as plumbing services and appliances to enable cooking and creative art to be
delivered as part of the curriculum.
4.3

Architectural Design Features

A number of design features are required or encouraged as part of the design and development of
modern school classrooms in NZ:
• Natural light and ventilation needs to be in as many areas as possible e.g. skylights may need
to be included in large areas.
• Acoustics need to be the optimum for effective communication to happen. Walls, floors and
ceilings need to be designed to control reverberation and sound transmission.
• Separate noise controlled areas are important with a more open plan design where noisy
machinery or activities occur.
• Room reflects the curriculum. The look and feel of the space needs to reflect the innovative
character of the technology curriculum.
• Visual supervision capabilities - the teacher needs to be able to supervise students through a
variety of tasks related to an activity which could take place in any part of the building.
4.4

Resources and Publications

Sustainable living starts with the adoption of principles and developing of habits to respect, protect
and preserve the environment that we live in for future generations. Environmental, social,
economic and cultural issues are the four key areas to be considered in order to achieve an
optimal and sustainable outcome. In our endeavours to train our future generations to embrace
sustainable living, and take the lead on future development of the built environment that further
enhance our health and wellbeing, whilst allowing our environment and resources to endure.
Below we introduce several examples that operate within the education sector that encourage
students to develop suitable behaviours and enter a career where they can make a difference.
4.4.1 Enviroschools

[5]

The Enviroschools Foundation (TEF) is a charitable trust that
provides leadership, support, and opportunities that empower
children and young people to work in intergenerational ways to
create healthy, peaceful and resilient communities. Independent
and continuous support for young people participating in
environmental sustainability is ensured, regardless of changing
political priorities.
TEF provides an essential hub that brings together a large number of diverse organisations to
address the environmental, social, economic, and cultural issues facing communities. This
collaboration creates efficiencies by avoiding duplication, and facilitates innovative solutions. The
organisational structure of TEF ensures that programmes are participatory, locally relevant and
responsive to change. It provides flexibility for programmes to evolve to meet the needs of
children and young people, their schools and their communities.

The Enviroschools kaupapa is based on five guiding principles. Schools are encouraged to
integrate these five principles in all the learning and action they undertake.
•
•
•
•
•

Empowered Students are enabled to participate in a meaningful way in the life of their schools
and community, their unique perspectives are valued for the knowledge and insight that they
bring, and they are supported to take action for real change.
The principle of Learning for Sustainability recognises the types of teaching and learning that
foster student empowerment, decision-making, action and sustainable outcomes.
The principle of Māori Perspectives honours the status of tangata whenua in this land and the
value of indigenous knowledge in enriching and guiding learning and action.
Respect for the Diversity of People and Cultures acknowledges the unique gifts,
contributions and perspectives of individuals and groups, reinforcing the need for participatory
decision-making in Enviroschools.
Sustainable Communities act in ways that nurture people and nature, now and in the future,
to maintain the health and viability of our environment, society, culture and economy.

4.4.2 Neighbourhood Engineers

[6]

The Neighbourhood Engineers Awards are sponsored by Transpower and facilitated
by the Institute of Professional Engineers New Zealand (IPENZ). The aim of the
Awards is to create a greater awareness of the engineering profession and
encourage innovative thinking in the areas of engineering and technology.
Neighbourhood Engineers volunteer their services solely to assist students in
educational activities. Their advice may not be used or relied upon for any other
purpose.
The Awards are open to all primary, intermediate and secondary schools in New Zealand and are a
practical way to enhance the technology curriculum.
The long term aim is to excite and inspire more students to study for a career in technology,
engineering and science.

5. Case Studies
5.1

Wanaka Primary School – New School

5.1.1 Description of Project
The existing Wanaka primary school was both poorly
laid and was situated in the Western side of town.
The new Greenfield site was better placed to serve
the expanding population base on the Eastern side
of the town and allow stronger community links as it
was located adjacent to the town secondary school,
Mt Aspiring College. Opus completed the NZ$19M
project, in conjunction with Amalgamated Builders
and Octa project management, in September 2010,
allowing the school to relocate for the final (4th) term
- October to December 2010.
5.1.2 Key Sustainable Building Features

Fig. 1 Wanaka PS -Typical classroom pod

Building Envelope
• All buildings have gables and eaves that extend outside the main building envelope. These are
provided both to improve weather-tightness and to provide daylight glare control.
• The ends of the buildings and around columns finished with locally sourced schist stonework to
fit with the local environment.
• Insulation levels greater than those specified in the NZ Building Code were provided, in order
to minimise heat gains during summer and heat loss during the winter.
• To maximise the daylight levels in classrooms, roof lanterns were incorporated into the design
and positioned along the ridgeline of the roof. Sun control louvres were fitted along the glazed
face of the roof lanterns to prevent glare.
• Use of low VOC paints and solvents throughout.
Landscape Master Plan - site features
• Minimising the energy and resource usage on the site was achieved through intelligent
landscaping of the site to fit with the natural terrain.
• Ground or surface storm water run-off is drained to planted and grassed swales and garden
bed areas are designed to maximise soakage and subsurface infiltration.
• Apart from altering the site of a number of important mature exotic tree species from the
existing school site, and the planting of deciduous trees in key activity zones (to maximise
shade in summer and sun in winter), the dominant plant species is native tree, shrub and
ground cover species endemic to the area. Such an indigenous mix not only strengthens
ecological, educational and aesthetic values but also minimise watering requirements by using
plant material that is specifically adapted to local soil and climatic conditions.
• Paved courtyards to each classroom block provide enhanced outdoor learning space
opportunities in the form of extensive indigenous planting, drainage swales, low seating walls
for incorporating student art, large rocks (reused from on-site excavated material) as informal
seats, storage areas for composting and worm farms, vegetable plots and a variety of spatial
forms for both active and passive play and learning.
• The Wanaka Primary School provides a significant opportunity to extend existing
cycle/pedestrian linkages throughout the northern residential area of Wanaka Township.
Heating, Ventilation & Air- conditioning (HVAC)
• A flexible and efficient heating system was provided in the form of air-to-air heat pumps. The
availability of renewable electricity generation in NZ makes this viable.
• High levels of fresh air are provided to the spaces to ensure internally generated contaminants
are removed. The heat from the rejected air is recovered in heat exchangers and used to
temper the incoming air.
• Motorised louvres are provided in the roof lanterns to allow natural ventilation.

Lighting
• Linear fluorescent, compact fluorescent lamps (CFLs) in down lights and other amenity type
luminaires ensure an energy efficiency lighting system.
• Appropriate optics are provided on all lighting to ensure that light distribution within the
classrooms and other spaces within buildings is uniform and glare free. This ensures that the
installation is fit-for-purpose and allows the maximum flexibility for the use of the classrooms
and other spaces (use of projectors, computers etc).
• High frequency electronic ballasts are provided for all lighting to reduce flicker and enhance
user comfort.
• The use of multiple switch zones within classrooms maximises their flexibility, allowing for
partial lighting to be used if natural lighting is sufficient, or when the classroom is only being
used by the teacher outside normal school hours.
• Additional lighting controls in the form of occupancy and daylight sensors, dimming and time
clock controls were provided to further enhance the efficient use of the lighting system and
reduce energy consumption.
• Natural light into the classrooms is maximised through optimising the building orientation and
providing the roof lanterns on the ridgeline of the classroom pods. Toilet and cleaners areas in
the classroom pods have skylight and vented domes for natural light & ventilation.
5.1.3 Curriculum Links
In addition to the ESD features noted above for all of the classroom pods, one of the pods is used
as an ‘ECO’ pod learning resource. The ‘ECO’ pod includes features that display the
environmentally friendly aspects of the design and serves as an intrinsic learning resource in
raising the environmental awareness of the building users- with a high degree of interaction to
enhance the learning potential for the pupils.
•
•
•
•
•
•
•

Rainwater is captured from the roof of the building and collected in a storage tank.
Solar panels are used to power the flushing tanks’ pump, drawing water from the primary
storage tank.
The building structure & services are displayed via vision panels
An energy meter is provided to identify the environmental and economic benefits of the
initiatives.
Carbon Dioxide (CO2) sensors are integrated into the design to control the roof lantern louvres
and manage the demand for natural ventilation to each classroom.
A weather station is installed and integrated into school computer network to allow analysis of
weather conditions, energy usage and associated trends.
Garden plots provided adjacent to all classroom pods for use by the pupils to grow seasonal
fruit and vegetables.

Fig. 3 Wanaka PS - Vision panels to show building services, interactive energy meter

5.2

Clearview Primary School – New School

5.2.1 Project Description
Opus, in conjunction with Mainzeal Construction, delivered a new NZ$10M school a little over 12
months from Masterplan and Concept Design through to construction completion. Stage 1
included 17 classrooms to accommodate a roll of 400 pupils, administration buildings, school hall
and library on a 3 hectare site in Rolleston, Christchurch. Stage 2 expansion will provide a further
9 teaching spaces to cater for a maximum roll of 600. The school was completed and open for
classes in the first term of February 2010.

Fig. 4 Clearview PS -Typical classroom pod
5.2.2 Key Sustainable Building Features
Building Envelope
• All buildings have extended eaves to improve weather-tightness and to provide daylight glare
control.
• To maximise the daylight levels in classrooms, clerestory windows and skylights were
incorporated into the design.
• Use of low VOC paints and solvents throughout with extensive use of colour to provide each
block with an identity, plus create an attractive and inviting indoor environment.
Landscape Master Plan - site features
• Minimising the energy and resource usage on the site was achieved through intelligent
landscaping of the site to fit with the natural terrain.
• Ground or surface run-off is drained to planted and grassed swales and garden bed areas are
designed to maximise soakage and subsurface infiltration.
• Planting of deciduous trees in key activity zones (to maximise shade in summer and sun in
winter), the dominant plant species is native tree, shrub and ground cover species endemic to
the area. Landscaping designed to minimise watering requirements by using plant material
that is specifically adapted to local soil and climatic conditions.
• Paved central courtyard to link classroom blocks and extend existing cycle/pedestrian linkages
throughout the surrounding residential area.
Heating, Ventilation & Air- conditioning (HVAC)
• A flexible and efficient heating system was provided in the form of air-to-air heat pumps.
• Motorised louvres provided in the clerestory windows to allow natural ventilation.
• Centralised programmable control system to manage energy usage and permit consistent
environment control.
Lighting
• Linear fluorescent, compact fluorescent lamps (CFLs) in down lights and other amenity type
luminaires ensure an energy efficiency lighting system.
• Appropriate optics are provided on all lighting to ensure that light distribution within the
classrooms and other spaces within buildings is uniform and glare free. This ensures that the

•
•
•
•

installation is fit-for-purpose and allows the maximum flexibility for the use of the classrooms
and other spaces (use of projectors, computers etc).
High frequency electronic ballasts are provided for all lighting to reduce flicker and enhance
user comfort.
The use of multiple switch zones within classrooms maximises their flexibility, allowing for
partial lighting to be used if natural lighting is sufficient, or when the classroom is only being
used by the teacher outside normal school hours.
Occupancy sensors provided on classroom lighting to further enhance the efficient use of the
lighting system and reduce energy consumption.
Natural light into the classrooms is maximised through optimising the building orientation and
providing the clerestory windows and skylights, plus borrowed light from adjoining spaces.

Fig. 5 Clearview PS - Extended eaves, natural lighting via skylights and borrowed lights
5.2.3 Curriculum Links
Because Clearview Primary is a new school, the ‘enhanced’ curriculum is still in development.
This will include lesson plans on sustainable principles and living, and allow the school to be
accepted into the Enviroschools programme.
A number of the key building concepts including the extensive use of daylighting, fresh air via
natural ventilation and lighting controls are explained to pupils highlighting the need to make the
most of the environment and minimise energy use (and wastage).
Pupils also grow fresh fruit and vegetables in their own plots conveniently positioned to the rear of
the classroom blocks.
5.3

Porirua College – Redevelopment

5.3.1 Project Description
Opus is nearing completion for the 4 year, NZ$18.5M upgrade of Porirua College, North of
Wellington. The 600 pupil secondary school will be almost completely rebuilt with the design of the
new buildings supporting a 21st Century Learning model. Extensive consultation has driven both
the building design and the rethinking of the curriculum design and delivery. The overall vision has
been to break down the institutional ‘cells and bells’ style of traditional secondary school buildings
in New Zealand and thereby encourage greater interaction, engagement and motivation of
students in an open-style learning environment.
The predominant local indigenous Maori and Pasifika culture of the school community have
strongly influenced the design of the buildings, and landscaping. The buildings also incorporate a
number of environmentally sustainable design features, of which a major focus has been on the
quality of the indoor learning environment.

5.3.2 Key ESD Features:
•
•
•
•
•
•
•
•

Extensive re-use of existing buildings, many spaces opened up to enhance natural light.
Passive solar control through orientation of buildings.
Large roof overhangs and external louvres for weather-tightness and daylight glare control.
High quality of natural lighting within the internal environments.
Displacement ventilation system to delivery 100% fresh air. This will provide a high quality
internal environmental.
Centralised heat recovery chiller to maximise efficiencies in delivering stable indoor air
temperatures.
Selection of low emission volatile organic compound materials and finishes.
Significant use of timber from renewable sources as the primary structure.

Fig. 6 Porirua College – Refurbished classroom block, corridor before & after

Fig. 7 Porirua College – Refurbished gym, before & after

Fig. 8 Porirua College – New classroom block (typical)

5.4

Lyttelton Main School – Redevelopment

5.4.1 Project Description
Lyttelton Main School (LMS) is located in the port township of Lyttelton, adjacent to Christchurch.
The existing school buildings were approaching end of life and in need of replacement. Opus was
commissioned by the school board to trustees to develop a concept design for the building
replacement whilst maintaining and enhancing the schools community links and focus on
sustainability. The school had been very active in fundraising to top up the contribution made by
the MoE for building replacement, making use of the regular weekend farmers market, held within
the school grounds. The market and other similar activities demonstrate strong links with the local
community.
As at April 2011, the project has been submitted for building consent and the construction contract
is currently being tendered.
5.4.2 Key ESD Features
The $50,000 cash grant received from Yealands Winery (refer section 5.4.3) allowed several
building features to be included as part of the school redevelopment project. Double glazing
windows and a high degree of insulation are employed throughout the design, plus two large solar
hot water heating systems will be used to heat all of the domestic hot water in the new school
buildings.
The existing school are heated by a centralised diesel fired boiler which is approximately 5 years
old. The use of diesel however no longer fitted with the “green” image the school was aiming to
display to the local and wider community. Alternatives were investigated, with bio-diesel being
found to be the most viable alternative fuel source as this allowed the existing heating plant to be
retained. In New Zealand bio-diesel is grown on marginal land, so is not considered to offset food
production. The conversion to using bio-diesel was straight forward, requiring only slight re-tuning
of the boiler.
5.4.3 Curriculum Links
The school is very active in integrating sustainability into the curriculum and is a member of the
Enviroschools programme. Of particular note is that LMS, were recipients of the supreme award
for the “My Green Idea” promotion facilitated by Yealands Winery in 2009 [7]. In winning the award,
the school proposed a comprehensive plan to boost the school’s long term sustainability and
educate pupils on the needs and benefits of sustainable living. Their sustainability plan included:
• Litter free lunch days
• Worm farming
• Upgrading insulation
• Double glazing classroom windows
• Rainwater harvesting
• Solar panels
As the new building takes shape, there will be further opportunity to adapt he teaching curriculum
to include discussion on the new building features and then focus on the benefits that the high
performance buildings provide.

5.5

Sustainable Habitat Challenge (SHAC) [8]

5.5.1 Project Description
The Sustainable Habitat Challenge is a biannual challenge currently running in
New Zealand. Where teams made up of students, educators, local authorities
and trades people design and build/retrofit more sustainable housing. The aim is
to produce housing that is more efficient, affordable, adaptable, durable, simple,
healthy, and delightful buildings and neighbourhoods.
Opus International Consultants are a supporting partner of the SHAC
competition where we provide technical assistance and guidance to all of the
project teams throughout the competition. Opus’s roll was not to design the
buildings for the teams, but to help encourage and guide the teams during the
different stages of the competition.
5.5.2 Opus Contribution
Because Opus is a multi-disciplinary company, Opus was able to provide guidance to many of the
project teams on a wide range of topics. Because the majority of the contestants were
predominantly students and sometimes lacked all of the skills needed to design and build an entire
house. Opus was able to provide advice to the teams to ensure that the teams got to their desired
end result. Some of the guidance we provided to the teams were advice on the feasibility of some
of their designs, to budget construction costings during the construction phase of the competition.
By providing this guidance to the teams, we were able to encourage the team members when they
come up with exciting and initiative ideas on sustainable housing and also provide subtle
suggestions to the teams when we thought they might be going a little off tract with some of their
designs.

6. Key Outcomes/Benefits
Modern and well designed school buildings lead to high performance - High performance design
can impact a community from the classroom to the boardroom. [9]
6.1

Higher Academic Achievement

A growing number of studies are confirming the relationship between a school's physical condition,
especially its lighting and indoor air quality, and student performance. Recent studies in the US
Show that students with a high degree of natural light complete testing requirements approximately
20% faster than those operating in an environment with almost no natural light.
The message confirms what teachers, students, and parents have known anecdotally for years: a
better facility—one with great acoustics, lighting, indoor air quality and other high performance
features—will deliver better student outcomes.
6.2

Increased Average Daily Attendance (ADA)

A high performance school provides superior indoor air quality by controlling sources of
contaminants, providing adequate ventilation, and preventing moisture accumulation. Pollutants
are kept out of the classroom, stale air is eliminated, and mould growth is eliminated – all tactics
designed to reduce the sources of health problems and inhibit the spread of airborne infections.
The result will be fewer sick days for both students and teachers, especially those with asthma or
other respiratory problems. The majority of a school's operating budget is directly dependent on
ADA, so even a small increase can significantly boost the operating budget.

6.3

Reduced Operation Costs

High performance schools are specifically designed using life cycle cost methods to minimize the
long-term costs of ownership. They use less energy and water than standard schools and are
easier to maintain. As a consequence, overall operating costs are low and remain so for the life of
the facility. Savings can be used to supplement other budgets, such as special education,
computers, books, and salaries.
6.4

Increased Teacher Satisfaction and Retention

High performance classrooms are designed to be pleasant and effective places to work. Visual
and thermal comfort are high, acoustics are good, and the indoor air is fresh and clean. Such
environments act as positive factors in recruiting and retaining teachers and in improving their
overall satisfaction with their positions.
6.5

Reduced Liability

Because they are healthy and emphasize superior indoor environmental quality, high performance
school buildings reduce a district's exposure to health-related lawsuits.
6.6

Reduced Environmental Impacts

High performance school buildings are consciously designed to respond to and positively impact
the environment. They are energy and water efficient. They use durable, nontoxic materials that
are high in recycled content and are themselves easily recycled. They preserve pristine natural
areas on their sites and restore damaged ones. And they use non-polluting, renewable energy to
the greatest extent possible. As a consequence, high performance school buildings are good
environmental citizens and they are designed to stay that way throughout their entire life cycles.
These benefits arise only when communities establish high performance as a specific goal from
the very beginning, and fight for it, hard, over the course of the development process. A focus on
student and teacher outcomes, coupled with a concern for the environment and a commitment to
cost-effectiveness, will help ensure that the effort is successful and that any school - no matter
what its budget - achieves the highest performance level possible for its particular circumstances.

7. Conclusions
1. Environmentally sustainable building design is critically important, particularly within the
education sector in order to maximise the learning potential for our students, by providing high
quality learning spaces and environments.
2. A high level of interaction between the design and construction team and the school
stakeholders (including principal, teaching staff and board of trustees as well as Ministry of
Education representatives) is vital to ensure that design and functionality of the spaces can be
optimised.
3. Many sustainable building features can easily be integrated into the school curriculum to both
raise awareness and stimulate thought amongst our future generations.
4. Further influences on student behaviour can be made via the setting of challenges and
collaboration between educators, students, and designers.
5. The primary outcomes and benefits from sustainable design and high performance schools
include higher academic achievement, increased average daily attendance, lower operation
costs, improved teacher satisfaction and retention, decreased liability, and reduced
environmental impacts.
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Summary
The civil engineering, construction and real estate fields in Finland have expressed interest in an
English language programme for years, and recently the need for a more sustainable and energyefficient environment has reinforced this need. The Finnish government policy now includes the
need for a 60% reduction in energy use in buildings by the year 2050. In order to achieve this, the
Helsinki Metropolia University of Applied Sciences will establish a highly advanced international
Bachelor of engineering programme. Students from Finland and abroad were invited to join the
programme beginning in August, 2011. (1)
Keywords: sustainable development, civil engineering, life cycle, engineering education

4. Introduction
The primary goal of the Finnish Applied Science Universities is to answer the needs of industry
and the local municipality. The engineering consultants, construction companies and environmental services of the capital region have encouraged Metropolia to undertake the task of launching
this new programme, to educate the young engineers needed to implement the new energy requirements of Finland and the EU. This includes especially renovation works, where the major energy savings must be made to meet the targets set. The specific requests of industry also included
abilities for teamwork, international projects and IT. The number of foreign investors and construction companies in Finland has increased, and the transition to European standards is well underway. Growth in neighbouring countries is expected to be larger than domestic growth, so the potential for employment internationally in the region is much greater for those students who have
strong international skills.

5. Sustainable building engineering
5.1

The study programme

The task of balancing the civil engineering, HVAC and facilities management skills is difficult. The
student must have engineering skills for management, but also understand building physics and
energy use. We foresee that their main task in the future is not engineering design, but more towards building life cycle management for new low energy and passive buildings, and renovations
of existing buildings. (2)
Sustainable (ecological) land use planning needs more research on life cycle costs of planning
solutions, i.e. district heating vs. local geothermal solutions, renewable energy sources, district
refuse/recycling services and surface water drainage. (3) Sustainable materials and their local production is important, as well as recycling materials with liitle or no waste. Water resources should
be protected and used wisely, and waste water treated properly. New housing areas need to allow
for passive building envelope solutions, local (dwelling) ventilation systems and their life cycle cost-

ing. For new developments in brownfield areas, the polluted lands must be abated, and the results
monitored. The density of areas near public transportation must be high enough to support them.
Finally, we need innovation in the traditional construction industry for new methods and strategies
for international markets.

Sustainable Building Engineering Curriculum, 240 credits
Core Requirement Studies (3 cr)
Mathematics (15 cr)
Physics and Chemistry (24 cr)
Languages (18 cr)
Industrial Business and Facility Management (18 cr)
Information, Communication, CAD and BIM Technology (15 cr)
Construction Engineering (32 cr)
Indoor environment and energy efficiency (30 cr)
Life Cycle Engineering (15 cr)
Project studies (16 cr)
Work placement (30 cr)
Elective Studies (9 cr)
Bachelor's thesis (15 cr)
Fig. 1 The new curriculum (4)
5.2

Staff training

The international masters programme “Construction and real estate management” has been in
operation for over seven years, and Metropolia has gained valuable didactic experience in teaching international programmes as well as housing for foreign students, student tutors, cultural differences and even holidays. Metropolia has even employed one former ConREM graduate to teach
IT skills. The two-year masters programme has forty students each year.
Partner Universities have been invited to consider staff exchange possibilities, which will occur as
the programme grows and becomes known. Short-term exchange of experts on key issues such
as property management and facilities management have been successful, as well a few distance
learning courses.
For Metropolias’ own staff, a coaching course for teaching in English has been organised, to activate dormant English language skills and refresh the pedagogic tools that this programme requires
for an international level of study. Teaching the multi-cultural programme is a challenge requiring
more than just language skills. The mathematics level of students may vary more, the motivation
may be different and certainly the spoken and written language skills of the students will vary widely.
5.3

International partners

As the programme is in English, a two-way exchange semester with partner Universities of engineering is planned for the third year. These partner Universities can both add their own areas of
expertise to the Metropolia programme, as well as plan a full exchange semester for their own students coming to Helsinki. Education for sustainable engineers in Europe is growing strongly, and
the University of Applied Sciences Berlin, department of renewable energies already has a strong
exchange history with Metropolia on the Masters level. Other partners from Russia, Estonia, Lithu-

ania, Holland and Belgium have expressed interest in this exchange semester for sustainable
building engineers.
During the fourth year, students are encouraged to seek commissions from private industry for
their final works, which often leads to summer or full-time employment. Students who have a professional command of two or three languages are just the type of young engineers growing companies need. In Finland, doing business with both the east and the west has always been the policy, and it is never more true than today. Especially in construction, both the smaller Baltic and
enormous Russian markets have been very lucrative for Finland.
5.4

Future employment

Job placement will focus on the new low carbon and low energy sectors, serving society’s needs
for real sustainable development, both in the physical and social levels. Graduates may take export project tasks, international tasks, as well as municipal and state energy development tasks.
The skills obtained will prepare the graduate for working in the fields of Life cycle research, energy
certification and YVA environmental assessment and facilities management.
5.5

Skills for the future

Our programme will prepare young engineers to lead the sustainable construction process by understanding both the construction and HVAC fields for the whole life cycle of the building.
After completing the 4-year programme the student will understand life cycle engineering, including
traffic, building economics and carbon footprints. Traditional civil engineering skills such as basic
structures, materials, frameworks, new and renovation works as well as indoor environment, air
quality, comfort, heating, cooling, water and sewerage are the core of the programme. Facilities
management skills, maintenance, economics, contracts and HR are also support subjects for the
programme. The general subjects of mathematics, building physics and chemistry, language and
leadership complete the programme.
5.6

Environmental assessment tools

Students will research the environmental assessment tools in use in the world today, such as LEED
(USA), BREEAM (Great Britain) and DGNB (Germany), and understand their strong points. Other
evaluation tools for energy consumption and indoor comfort will help students to control indoor
climate.
3.

Conclusion

Finland and all of Europe need young skilled engineers to meet the future needs of managing,
maintaining and renovating sustainable buildings. Metropolias’ new Sustainable Building Engineering programme meets this challenge.
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